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| APPLICATION NUMBER PATENT NUMBER GROUP ART UNIT FILE WRAPPER LOCATION
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Correspondence Address / Fee Address Change

The following fields have been set to Customer Number 71407 on 10/29/2007

* Correspondence Address
*Maintenance Fee Address

The address of record for Customer Number 71407 is:
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; , PART B - FEE(S) TRANSMITTAL

'sma}) with applicable fee(s), to: Mail ~ Mail Stop ISSUE FEE
1

%

7Complete and send

; % Commissioner for Patents
- P.O. Box 1450

Alexandria, Virginia 22313-1450
or Fax  (571) 273-2885

Y transmitting the ISSUE FEE and PUBLICATION FEE (if required{}.eBloqks 1 through 5 should be completed where
the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as
erwise in Block |, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for

i
&

JAN 0 9 2006

.INSTRUCTIONS: This

"appropriate. All further co
indicated unless corrected ba]
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address) Note: A certificate of _mailirp§ can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying
ﬁapers. Each additional paper, such as an assignment or formal drawing, must

7590 12/20/2005 ave its own certificate of mailing or transmission.
Robert A. Kent Certificate of Mailing or Transmission
i i I hereby certify that this Fee(s) Transmittal is being deposited with the United
Halliburton Energy Services States Postal Service with su&i%ciem postage for first class mail in an envelope
2600 South 2nd Street addressed to the Mail Stog ISSUE FEE address above, or beinig facsimile
Duncan, OK 73536 transmitted to the USPTO (571) 273-2885, on the date indicated below.
3 - (Depositor’s name)
01/11/2006 CHGUYEN3 00000016 080300 10608291 yTammy Knight N4 PN
‘ M (Signature)
01 FC:1501 1400.00 DA _ Y (Date)
02 FC:1504 300.00 DA N A S AN
| APPLICATION NO. | FILING DATE [ FIRST NAMED INVENTOR ] ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
; 10/608,291 06/27/2003 Philip D. Nguyen 2002-1P-009210U1 8521

TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK PERMEABILITY AND FRACTURE CONDUCTIVITY IN A
SUBTERRANEAN WELL
H

i

i APPLN. TYPE | SMALL ENTITY | ISSUE FEE | PUBLICATION FEE | TOTAL FEE(S) DUE DATE DUE
nonprovisional NO $1400 $300 $1700 03/20/2006
| EXAMINER [ ART UNIT [ cLass-suscLass |
SUCHFIELD, GEORGE A 3676 166-280200
1. Change of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1Robert A, Ke
{d Change of correspondence address (or Change of Correspondence or agents OR, alternatively,
Addi PTO/SB/122 hed. 8 Bak
ress torm ) attached. (2) the name of a single firm (having as a member a 2Baker Botts
{1 "Fee Address" indication (or "Fee Address" Indication form registered attorney or agent) and the names of up to
PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no nameis 3
Number is required. listed, no name will be printed.

w

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assi%nee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)
Halliburton Energy Services, Inc. Duncan, OK

T

fflease check the appropriate assignee category or categories (will not be printed on the patent) : O individuat & Corporation or other private group entity 0 Government

;la4 The following fee(s) are enclosed: 4b. Payment of Fee(s):
Issue Fee [ A check in the amount of the fee(s) is enclosed.
Publication Fee (No small entity discount permitted) a Payment by credit card. Form PTO-2038 is attached.
(1) Advance Order - # of Copies A The Director is hereby anthorize: charge the required fee(s), or credit any overpayment, to
P Deposit Account Number 65—6g66 (enclose an extra copy of thx}; form). v

w

. Change in Entity Status (from status indicated above)
Oa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to a;faply the Issue Fee and Publication Fee (if any) or to re-alla_lp]y any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accgpted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records ofthe Unﬁ%&ales Patent and Tr!tt}e ark Office.

; T = " >
Authorized Signature “-<%<Lu l C{ /@ A L Date / - > = J) Z’/{ / é‘
. i

i

Typed or printed name Robert A. Kent Registration No. 28.626

This collection of information is required by 37 CFR 1.311. The information is recLuired to obtain or retain a benefit by the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submutting the completed application form to the USPTO. Time will vary de ending upon the individual case. Any comments on the amount of time you require to com lete
this form and/or suggestions for reducing this burden, should be sent to xe CEief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 22313-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

["TOL‘SS (Rev. 07/05) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0O. Box 1450

Alexandria, Virginia 22313-1450

WWW.USpLO.gov

NOTICE OF ALLOWANCE AND FEE(S) DUE

7590 12/20/2005 r EXAMINER l
Robert A. Kent SUCHFIELD, GEORGE A
Halliburton Energy Services
2600 South 2nd Street | ART UNIT [ earerNUMBER ]
Duncan, OK 73536 3676

DATE MAILED: 12/20/2005

[ AppLICATIONNO. | FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. | CONFIRMATION NO. |

}. 10/608,291 06/27/2003 Philip D. Nguyen 2002-1P-009210U1 8521

‘TITLE OF INVENTION: COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK PERMEABILITY AND FRACTURE CONDUCTIVITY IN A
SUBTERRANEAN WELL

APPLN. TYPE ] SMALL ENTITY 1 ISSUE FEE PUBLICATION FEE l TOTAL FEE(S) DUE ] DATE DUE J

nonprovisional NO $1400 $300 $1700 03/20/2006

THE APPLICATION IDENTIFIED ABOVE HAS BEEN EXAMINED AND IS ALLOWED FOR ISSUANCE AS A PATENT.
PROSECUTION ON THE MERITS IS CLOSED. THIS NOTICE OF ALLOWANCE IS NOT A GRANT OF PATENT RIGHTS.
THIS APPLICATION IS SUBJECT TO WITHDRAWAL FROM ISSUE AT THE INITIATIVE OF THE OFFICE OR UPON
PETITION BY THE APPLICANT. SEE 37 CFR 1.313 AND MPEP 1308.

THE ISSUE FEE AND PUBLICATION FEE (IF REQUIRED) MUST BE PAID WITHIN THREE MONTHS FROM THE
MAILING DATE OF THIS NOTICE OR THIS APPLICATION SHALL BE REGARDED AS ABANDONED. THIS
STATUTORY PERIOD CANNOT BE EXTENDED. SEE 35 US.C. 151. THE ISSUE FEE DUE INDICATED ABOVE
REFLECTS A CREDIT FOR ANY PREVIOUSLY PAID ISSUE FEE APPLIED IN THIS APPLICATION. THE PTOL-85B (OR
AN EQUIVALENT) MUST BE RETURNED WITHIN THIS PERIOD EVEN IF NO FEE IS DUE OR THE APPLICATION WILL
BE REGARDED AS ABANDONED.

;FIOW TO REPLY TO THIS NOTICE:

l Review the SMALL ENTITY status shown above.

if the SMALL ENTITY is shown as YES, verify your current If the SMALL ENTITY is shown as NO:
SMALL ENTITY status:

A. If the status is the same, pay the TOTAL FEE(S) DUE shown A. Pay TOTAL FEE(S) DUE shown above, or
above.

B. If the status above is to be removed, check box 5b on Part B - B. If applicant claimed SMALL ENTITY status before, or is now
Fee(s) Transmittal and pay the PUBLICATION FEE (if required) claiming SMALL ENTITY status, check box 5a on Part B - Fee(s)
and twice the amount of the ISSUE FEE shown above, or Transmittal and pay the PUBLICATION FEE (if required) and 1/2

the ISSUE FEE shown above.

II. PART B - FEE(S) TRANSMITTAL should be completed and returned to the United States Patent and Trademark Office (USPTO) with
your ISSUE FEE and PUBLICATION FEE (if required). Even if the fee(s) have already been paid, Part B - Fee(s) Transmittal should be
completed and returned. If you are charging the fee(s) to your deposit account, section "4b" of Part B - Fee(s) Transmittal should be
completed and an extra copy of the form should be submitted.

HI. All communications regarding this application must give the application number. Please direct all communications prior to issuance to
Mail Stop ISSUE FEE unless advised to the contrary.

3
IMPORTANT REMINDER: Utility patents issuing on applications filed on or after Dec. 12, 1980 may require payment of
maintenance fees. It is patentee's responsibility to ensure timely payment of maintenance fees when due.

i Page 1 of 3

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007.
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PART B - FEE(S) TRANSMITTAL

R T

. Complete and send this form, together with applicable fee(s), to: Mail ~ Mail Stop ISSUE FEE

- Commissioner for Patents

‘ P.O. Box 1450

v Alexandria, Virginia 22313-1450

or Fax (571)273-2885

INSTRUCTIONS: This form should be used for transmitting the ISSUE FEE and PUBLICATION FEE (if required). Blocks 1 through 5 should be completed where
appropriate. All further correspondence including the Patent, advance orders and notification of maintenance fees will be mailed to the current correspondence address as

indicated unless corrected below or directed otherwise in Block 1, by (a) specifying a new correspondence address; and/or (b) indicating a separate "FEE ADDRESS" for
maintenance fee notifications.

CURRENT CORRESPONDENCE ADDRESS (Note: Use Block 1 for any change of address)

Note: A certificate of mailing can only be used for domestic mailings of the
Fee(s) Transmittal. This certificate cannot be used for any other accompanying

gaper;. Each additional paper, such as an assignment or formal drawing, must
7590 ) 12/20/2005 ave its own certificate of mailing or transmission.
Robert A. Kent Certificate of Mailing or Transmission
i i I hereby certify that this Fee(s) Transmittal is being deposited with the United
Halliburton Energy Services States Postal Service with sus'f)lciem postage for ﬁr%l clgss mail in an envelope
2600 South 2nd Street addressed to the Mail Stog ISSUE FEE address above, or being facsimile
Duncan, OK 73536 transmitted to the USPTO (571) 273-2885, on the date indicated below.
{(Depositor's name)
(Signature)
i (Date)
APPLICATION NO. I FILING DATE I FIRST NAMED INVENTOR ATTORNEY DOCKET NO. I CONFIRMATION NO. I
: 10/608,291 06/27/2003 Philip D. Nguyen 2002-1P-009210U1 8521

‘;FITLE OF INVENTION: COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK PERMEABILITY AND FRACTURE CONDUCTIVITY IN A
.SUBTERRANEAN WELL

=

| APPLN. TYPE ] SMALL ENTITY | ISSUE FEE [ PUBLICATION FEE | TOTAL FEE(S) DUE | DATE DUE I

nonprovisional NO $1400 $300 $1700 03/20/2006
( EXAMINER [ ART UNIT | crasssuscLass |
SUCHFIELD, GEORGE A 3676 166-280200

1. Chanfe of correspondence address or indication of "Fee Address” (37 2. For printing on the patent front page, list
CFR 1.363). (1) the names of up to 3 registered patent attorneys 1

(3 Change of correspondence address (or Change of Correspondence or agents OR, altemnatively,

Address form PTO/SB/122) attached. (2) the name of a single firm (having as a member a 2

(3 "Fee Address" indication (or "Fee Address” Indication form registered attorney or agent) and the names of up to

PTO/SB/47; Rev 03-02 or more recent) attached. Use of a Customer 2 registered patent attorneys or agents. If no name is 3

Number is required. listed, no name will be printed.

. ASSIGNEE NAME AND RESIDENCE DATA TO BE PRINTED ON THE PATENT (print or type)

PLEASE NOTE: Unless an assignee is identified below, no assignee data will appear on the patent. If an assignee is identified below, the document has been filed for
recordation as set forth in 37 CFR 3.11. Completion of this form is NOT a substitute for filing an assignment.

DRONLINY

(A) NAME OF ASSIGNEE (B) RESIDENCE: (CITY and STATE OR COUNTRY)

1o e

bt

#
Please check the appropriate assignee category or categories (will not be printed on the patent) : O Individual 3 Corporation or other private group entity (3 Government

4a. The following fee(s) are enclosed: 4b. Payment of Fee(s):
{3 1ssue Fee { A check in the amount of the fee(s) is enclosed.
[ Publication Fee (No small entity discount permitted) O Payment by credit card. Form PTO-2038 is attached.
{1 Advance Order - #of Copies {1 The Director is hereby authorized by charge the required fee(s), or credit any overpayment, to
Deposit Account Number (enclose an extra copy of this form).

5. Change in Entity Status (from status indicated above)
Oa. Applicant claims SMALL ENTITY status. See 37 CFR 1.27. Ov. Applicant is no longer claiming SMALL ENTITY status. See 37 CFR 1.27(g)(2).
The Director of the USPTO is requested to a;f)ply the Issue Fee and Publication Fee (if any) or to rc-a%ply any previously paid issue fee to the application identified above.

NOTE: The Issue Fee and Publication Fee (if required) will not be accepted from anyone other than the applicant; a registered attorney or agent; or the assignee or other party in
interest as shown by the records of the United States Patent and Trademark Office.

Authorized Signature Date

y Typed or printed name Registration No.

Fhis collection of information is required by 37 CFR 1.311. The information is required to obtain or retain a benefit b% the public which is to file (and by the USPTO to process)
an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering, preparing, and
submitting the completed application form to the USPTO. Time will va degendin§ upon the individual case. Any comments on the amount of time you require to complete
this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce, P.O.
Box 1450, Alexandria, Virginia 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450,
Alexandria, Virginia 223l3g-1450.

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.
¥

PTOL-85 (Rev. 07/05) Approved for use through 04/30/2007. OMB 0651-0033  U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS
P.O. Box 1450
¢ Alexandria, Virginia 22313-1450
Www.uspto.gov

[ APPLICATION NO. ] FILING DATE | FIRST NAMED INVENTOR I ATTORNEY DOCKET NO. | CONFIRMATION NO. I
10/608,291 06/27/2003 Philip D. Nguyen 2002-1P-009210U1 8521
7590 12/20/2005 . I EXAMINER l
Robert A. Kent SUCHFIELD, GEORGE A
Halliburton Energy Services
2600 South 2nd Street [ arTumr PAPERNUMBER |
Duncan, OK 73536 3676

DATE MAILED: 12/20/2005

Determination of Patent Term Adjustment under 35 U.S.C. 154 (b)
(application filed on or after May 29, 2000)

The Patent Term Adjustment to date is 149 day(s). If the issue fee is paid on the date that is three months after the
mailing date of this notice and the patent issues on the Tuesday before the date that is 28 weeks (six and a half
months) after the mailing date of this notice, the Patent Term Adjustment will be 149 day(s).

If a Continued Prosecution Application (CPA) was filed in the above-identified application, the filing date that
determines Patent Term Adjustment is the filing date of the most recent CPA.

Applicant will be able to obtain more detailed information by accessing the Patent Application Information Retrieval
(PAIR) WEB site (http://pair.uspto.gov).

Any questions regarding the Patent Term Extension or Adjustment determination should be directed to the Office of
‘Patent Legal Administration at (571) 272-7702. Questions relating to issue and publication fee payments should be
directed to the Customer Service Center of the Office of Patent Publication at (703) 305-8283.

Page 3 of 3

l”TOL~85 (Rev. 07/05) Approved for use through 04/30/2007.
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Application No. Applicant(s)
. . 10/608,291 NGUYEN ET AL.
Notice of Allowability Examiner Art Unit
George Suchfield 3676

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address--
All claims being allowable, PROSECUTION ON THE MERITS IS (OR REMAINS) CLOSED in this application. If not included
herewith (or previously mailed), a Notice of Allowance (PTOL-85) or other appropriate communication will be mailed in due course. THIS
NOTICE OF ALLOWABILITY IS NOT A GRANT OF PATENT RIGHTS. This application is subject to withdrawal from issue at the initiative
of the Office or upon petition by the applicant. See 37 CFR 1.313 and MPEP 1308.

1. X This communication is responsive to 10/11/05.
2. [X] The allowed claim(s) is/are 1-38 and 73-107.

3. [J Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(d Al b)[J Some* c)[JNone ofthe:
1. [ Certified copies of the priority documents have been received.
2. [ Certified copies of the priority documents have been received in Application No. ____
3. [ Copies of the certified copies of the priority documents have been received in this national stage application from the
International Bureau (PCT Rule 17.2(a)).
* Certified copies not received: __

Applicant has THREE MONTHS FROM THE “MAILING DATE" of this communication to file a reply complying with the requirements
noted below. Failure to timely comply will result in ABANDONMENT of this application.
THIS THREE-MONTH PERIOD IS NOT EXTENDABLE.

4. [] A SUBSTITUTE OATH OR DECLARATION must be submitted. Note the attached EXAMINER'S AMENDMENT or NOTICE OF
INFORMAL PATENT APPLICATION (PTO-152) which gives reason(s) why the oath or declaration is deficient.

5. [J CORRECTED DRAWINGS ( as “replacement sheets”) must be submitted.
(a) (J including changes required by the Notice of Draftsperson’s Patent Drawing Review ( PTO-948) attached
1) [ hereto or 2) [J to Paper No./Mail Date _____
(o) O including changes required by the attached Examiner's Amendment / Comment or in the Office action of
Paper No./Mail Date _____

ldentifying indicia such as the application number (see 37 CFR 1.84(c)) should be written on the drawings in the front (not the back) of
each sheet. Replacement sheet(s) should be labeled as such in the header according to 37 CFR 1.121(d).

6. [] DEPOSIT OF and/or INFORMATION about the deposit of BIOLOGICAL MATERIAL must be submitted. Note the
attached Examiner's comment regarding REQUIREMENT FOR THE DEPOSIT OF BIOLOGICAL MATERIAL.

Attachment(s)
1. [ Notice of References Cited (PTO-892) 5. [] Notice of Informal Patent Application (PTO-152)
2. [0 Notice of Draftperson’s Patent Drawing Review (PTO-948) 6. X Interview Summary (PTO-413),
Paper No./Mail Date 12/8/05 .

3. X Information Disclosure State ents (PTO-1449 or PTO/SB/08), 7. X Examiner's Amendment/Comment

Paper No./Mail Date 7 Nas(os; It Qloq 1olulos
4. [] Examiner's Comment Regardmg ﬁequnreme(ﬂ for Dep dsit 8. [] Examiner's Statement of Reasons for Allowance

of Biological Material

9.[JOther

George Suchfield
Primary Examiner
Art Unit: 3676

U.S. Patent and Trademark Office
PTOL-37 (Rev. 7-05) Notice of Allowability Part of Paper No./Mail Date 20051209

STC Exhibit 1004, pg. 6




Application/Control Number: 10/608,291 Page 2
Art Unit: 3676

1. An examiner’s amendment to the record appears below. Should the changes and/or
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR
1.312. To ensure consideration of such an amendment, it MUST be submitted no later than the
payment of the issue fee.

Authorization for this examiner’s amendment was given in a telephone‘in‘terview with
Robert A. Kent on December 8, 2005.

The application has been amended as follows:

In claim 73, line 4, after “composite material”, the following recitation has been inserted:

-- that comprises one or more poly(orthoesters) -- .

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to George Suchfield whose telephone number is 571-272-7036. The
examiner can normally be reached on M-F (6:30 - 3:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, Brian Glessner can be reached on 571-272-6843. The fax phone number for the

organization where this application or proceeding is assigned is 571-273-8300.

STC Exhibit 1004, pg. 7



Application/Control Number: 10/608,291 Page 3
Art Unit: 3676

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

MSuch%gd

Primary Examiner
Art Unit 3676

Gs
December 9, 2005

STC Exhibit 1004, pg. 8



Application No. Applicant(s)
Examiner-Initiated Interview Summary 101608291 NGUYENET AL.
Examiner Art Unit
George Suchfield 3676
All Participants: Status of Application: pending
(1) George Suchfield. 3_ .
(2) Robert A. Kent. 4)___ .
Date of Interview: 8 December 2005 Time: Eastern Standard, p.m.

Type of Interview:
X Telephonic
(] Video Conference
(] Personal (Copy given to: [] Applicant  [[] Applicant's representative)

Exhibit Shown or Demonstrated: []Yes [XI No
If Yes, provide a brief description:

Partl.

Rejection(s) discussed:
35 USC 102

Claims discussed:
1 and new claim 73

Prior art documents discussed:
Cooke, Jr. (2003/0060374)

Part II.

SUBSTANCE OF INTERVIEW DESCRIBING THE GENERAL NATURE OF WHAT WAS DISCUSSED:
See Continuation Sheet

Part lil.

(] It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview
directly resulted in the allowance of the application. The examiner will provide a written summary of the substance
of the interview in the Notice of Allowability.

X It is not necessary for applicant to provide a separate record of the substance of the interview, since the interview
did not result in resolution of all issues. A brief summary by the examiner appears in Part Il above.

(Examiner/SPE Signature) (Applicant/Applicant’'s Representative Signature - if appropriate)

U.S. Patent and Trademark Office
PTOL-413B (04-03) Examiner Initiated Interview Summary Paper No. 20051209

STC Exhibit 1004, pg. 9




Continuation Sheet (PTOL-413B) Application No. 10/608,291

Continuation of Substance of Interview including description of the general nature of what was discussed: It was
indicated by the examiner that new claim 73 appeared to read on the reference to Cooke, Jr.'374, applied in the
previous Office action, insofar as the degradable pellet of Cooke, Jr. appeared to comprise or read on the recited
"degradable composite material" (note, e.g., Para [0030] on page 5). The examiner further indicated the amendment
to claim 1 wherein the degradable material is now limited to "one or more poly(orthoesters)" was still under
consideration, whereupon the attorney emphasized the arguments/traversal set forth in the REMARKS of the
amendment, most specifically, that the Anton Skrabal & Otto Ringer reference, with accompanying translation, noted
on page 13, provided evidence/explanation that the/a "poly(orthoester)” possessed the chemical structure and
properties/reactiveness of an ether, rather than an ester, and thus patentably distinguishes over the reference to
Cooke, Jr., and other cited/applied references. No agreement was reached, however, applicant's attorney gave the
examiner authorization to amend new claim 73 to include the same claim 1 limitation: "that comprises one or more
poly(otheresters)", in the event the examiner did determine claim 1 to be allowable..

STC Exhibit 1004, pg. 10



Application No. Applicant(s):
10/608,291
PHILIP NGUYEN ET AL.
Docket Number Group Art Unit | Filing Date
2002-P-009210U1
3672 June 27, 2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
13173358 03716765 | Ruitgtat: : 166 2801 09I02/58 ]
2—1-3.495.635— | 07/20/65 | Fast— 166 280.1 05/23/63—
%‘\ T T 1330z718 02707167 Fischer 166 _280.2—{——04/25165
o,\xv);\‘} 4—1-3-364-995 01/23/68—T-Atkins;-etal- —366— —2801—} — 02/14/66—
N
v 51 3:366:476————-0+/30/68—| Malone, et-al— —466— 2664 09/40/65—
B ‘3‘4123',4"\1\ 07115& g§!!!|§ jse 205 12/03/65
o= 3968830 QU376 T - 166~ 2801 05725173
3.998; 12727776 T Ameld-et-al—— —507 269 —OAMTeITS |
—"“"9"'_ o o Tao———
- 14,068,718 [TOWT7778_ | Cooke, Jretat— 466- 2802 10/26/76-
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. | DATE | COUNTRY CLASS | SUBCLASS :'ég"su;‘g"
A - | wo2004/007905 | 01/22/04 | PCT ediB 43p7 X
o4 2 | wo2000/57022 09/28/00 | PCT 218 37/p6 X
67 3. WO 2001/02698 01/11/01 | PCT E1!1B 43/27 X
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
Y. CHIANG ET AL.: “HYDROLYSIS OF ORTHO ESTERS: FURTHER INVESTIGATION OF THE FACTORS
(9 1. WHiICH CONTROL THE RATE-DETERMINING STEP,” ENGINEERING INFORMATION INC., NY, NY, VoL.
105, No. 23 (XP-002322842) ‘ 11/16/83
M. AHMAD, ET AL.. "ORTHO ESTER HYDROLYSIS: DIRECT EVIDENCE FOR A THREE-STAGE
07 2. | REACTION MECHANISM, "ENGINEERING INFORMATION INC., NY, NY, VoL . 101, No. 10 (XP-
002322843) 05/09/79
EXAMINER _( DATE CONSIDERED
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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2002-1IP-009210U1
Practitioner's Docket No. PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

in re application of: Philip D. Nguyen, et al.
Group No. 3672
Application No.: 10/608,291  Examiner: unknown
Filed: 6/27/2003
Forr COMPOSTIONS AND METHODS FOR IMPROVING PROPPANT PACK
PERMEABILITY AND FRACTURE CONDUCTIVITY IN A SUBTERREAN WELL
Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

STATEMENT FOR INFORMATION DISCLOSURE UNDER
37 CF.R. § 1.97(e)

NOTE: A statement must state either: “(1) that each item of information contained in the information disclosure
statement was cited in a communication from a foreign patent office in a counterpart forelgn application
not more than three months prior to the filing of the information disclosure statement, or (2) that no
item of information contained in the information disclosure statement was cited in a communication
from a foreign patent office in a counterpart foreign application and to the knowledge of the person
signing the statement after making reasonable inquiry, no item of information contained in the information
disclosure statement was known to any individual designated in § 1.56(c) more than three months prior
to the filing of the information disclosure statement.” 37 C.F.R. § 1.87(e).

Under the first statement under § 1.97(e), it does not matter whether any individual with a duty of
disclosure actually knew about any of the information cited before receiving the search report. The date
on the communication by the foreign patent office begins the 3-month period in the same manner as
the mailing of an Office action starts a 3-month shortened statutory period for reply. See § 6098(5),
M.P.E.P., 8th Edition.

CERTIFICATION UNDER 37 C.F.R. §§ 1.6(a) and 1.10*
(When using Express Mall, the Express Mail label number is mandatory;
Exprass Mall certification is optional)
| hereby certify that, on the date shown below, this correspondence Is being:
MAILING

deposited with the United States Postal Service in an envelope addressed to Commissioner for Patents, P.O.
Box 1450, Alexandria, VA 22313-1450

37 C.FR. § 1.8(a) 37C.F.R. § 1.10
ﬂ( with sufficient postage as first class mail. O as “Express Mail Post Office to Addressee”
Malling Labe! No. (mandatory)
TRANSMISSION
O facsimile transmitted to the Patent and Trad Office, (703) -

/
2505 Signature
- Chasidy Smith
(type or print name of person certifying)

* Only the date of filing (§ 1.6) will be the date used in a patent term adjustment calculation, although the date
on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § 1.703(f). Consider “Express Mail Post Office to Addressee” (§ 1.10) or facsimile transmission
(§ 1.6(d)) for the reply to be accorded the earfiest possible filing date for patent term adjustment calculations.

Date:

(Statement for Information Disclosure under 37 C.F.R. § 1.97(e) [6-8]—page 1 of 5)
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NOTE: “Section 1.97(e) makes it clear that a certification could contain either of two statements. One statement
is that each item of information in an information disclosure statement was cited in a search report from
a patent office outside the U.S. not more than three months prior to the filing date of the statement.
Under this certification, it would not matter whether any individual with a duty actually knew about any
of the information cited befere receiving the search report. In the alternative, the certification could state
that no item of information contained in the information disclosure statement was cited in a
communication from a foreign patent office in a counterpart foreign application and, to the knowledge
of the person signing the certification after making reasonable inquiry, was known to any individual having
a duty to disclose more than three months prior to the filing of the statement.” Notice of January 9,
1992, 1135 O.G. 13-25, at 13. (emphasis added). Thus: “if an item of information is submitted within
three months of being cited in @ communication from a foreign patent office in a counterpart foreign
application, the certification can be properly made regardless of any individual's previous knowledge
of the Information.” Id., 1135 O.G. at 19. See § 609B(5), M.P.E.P., 8th Edition.

NOTE: “The date on the communication by the foreign patent office begins the 3-month period in the same
menner as the mailing of an Office action starts a 3-month shortened statutory period for reply. If the
communication contains two dates, the mailing date of the communication is the one which begins
the 3-month period. The date which begins the 3-month period is not the date the communication was
recelved by a foreign associate or the date it was received by a U.S. registered practitioner. Likewise,
the statement will be considared to have been filed on the date the statement was received in the Office,
or on an earlier date of malling or transmission if accompanied by a properly exscuted certificate of
malling or facsimile transmission under 37 CFR 1.8, or if it is in compliance with the provisions for
“Express Mail” delivery under 37 C.F.R. 1.10.” See § 6098(5), M.P.E.P., 8th Edition.

NOTE: “The certification can be based on present, good faith knowledge about when information became known
without a search of files being made.” Thus, for example, the certification of § 1.97(e) does not preclude
the use of the certification in an application by corporations whose practitioners have over the years
reviewed thousands of patents and technical publications, even though they are unaware of the relevance
of any one thereof to the application. Notice of January 9, 1992, 1135 O.G. 13-15, at 19.

Ses § 609B(5), M.P.E.P., 8th Edition:

“if an information disclosure statement includes a copy of a dated communication from a foreign
patent office which clearly shows that the statement is being submitted within 3 months of the date
on the communication, the copy will be accepted as the required communication. It will be assumed,
in the absence of evidence to the contrary, that the communication was for a counterpart foreign
application.

“In the alternative, a statement can be made if no item of information contained in the information
disclosure statement was cited in a communication from a foreign patent office in a counterpart foreign
application and, to the knowledge of the person signing the statsment after making reasonable inquiry,
neither was it known to any individual having a duty to disclose more than 3 months prior to the filing
of the statement.”

NOTE: A copy of the foreign search report need not be submitted with the certification. Notice of April 20,
1992 (1138 O.G. 37-41, 40).

NOTE: “The phrase ‘after making reasonable inquiry’ makes it clear that the individual making the statement
has a duty to make reasonable inquiry regarding the facts that are being certified. The statement can
be made by a registered practitioner who represents a foreign client and who relies on statements made
by the foreign client as to the date the information first became known. A registered practitioner who
receives information from a client without being informed whaether the information was known for more
than three months, however, cannot make the statement without making reasonable inquiry. For
example, if an inventor gave a publication to the attorney prosecuting an application with the intent
that it be cited to the Office, the attomey should inquire as to when that inventor became aware of
the publication and should not submit a statement under 37 C.F.R. 1.97(e)(2) to the Office until a
satisfactory response Is received. The statement can be based on present, good faith knowledge about
when Information became known without a search of files being made.” Notice of April 20, 1992 (1138
0.G. 37-41, 39).

See § 609B(5), M.P.E.P., 8th Edition.

NOTE: *Aithough it is recognized that an individual actually becomes aware of the information in the
communication from a foreign patent office sometime after it was mailed, the mailing date of such a
communication, if it occurs prior to a first awareness of the same information, would determine the date
for filing of an information disclosure statement without a fee” in a certification procedure under § 1.97e).
Notice of January 9, 1992, 1135 O.G. 13-25, at 19 (emphasis added).

(Statement for Information Disclosure under 37 C.F.R. § 1.97(e) [6-8}—page 2 of 5)
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NOTE: The mere absence of an item of information from a foreign patent office communication Is not intended
to represent an opportunity to delay the submission of a item known more than three months prior to
the filing of an information disclosure statement to an individual having the duty of disclosure under
§ 1.56. 62 Fed. Reg. 53,131, 53,150 (Oct. 10, 1997).

NOTE: The IDS is considered filed as of the date It is received in the PTO, or on an earller date of mailing
or transmission if done so with a properly executed certificate of malling or facsimile transmission under
37 C.F.R. § 1.8, orif itis in compliance with the provisions for “Express Mall" delivery under 37 C.F.R.
§ 1.10. See § 6098(5), M.P.E.P., 8th Edition. '

NOTE: “The certification under § 1.97(e) should be made by a person who has knowledge of the facts being
certified. The certification can be made by a practitioner who represents a foreign client and who relies
on statements made by the foreign client as to the date the information first became known. A practitioner
who receives Information from a client without being informed whether the information was known for
more than three months, however, cannot make the certification without making reasonable inquiry.”
Notice of January 9, 1992, 1135 0.G. 13-25 at 19.

NOTE: “The term counterpart foreign patent application means that a claim for priority has been made in either
the U.S. application or a foreign application based on the other, or that the disclosures of the U.S. and
foreign patent applications are substantively identical (e.g., an application filed in the European Patent
Office claiming the same U.K. priority as claimed in the U.S. application).” Notice of April 20, 1992 (1138
0.G. 37-41, 39). See § 6098(5), M.P.E.P., 8th Edition.

NOTE: ‘“Individuals other than the attorney, agent or inventor may comply with this section by disclosing
information to the attorney, agent or inventor.” 37 C.F.R. § 1.56(d) and

“Indlviduals associated with the filing or prosecution of a patent application within the meaning of this
section are;

(1) each inventor named in the application:
(2) each attomey or agent who prepares or prosecutes the application; and

(3) every other person who is substantively involved in the preparation or prosecution of the
application and who Is associated with the inventor, with the assignee or with anyone to whom there
is an obligation to assign the application.” 37 C.F.R. § 1.56(c).

IDENTIFICATION OF INFORMATION DISCLOSURE STATEMENT
FOR WHICH THIS STATEMENT IS BEING MADE
1. This statement Is being made for the Information Disclosure Statement

k] accompanying this statement.
0 filed (date)

STATEMENT

NOTE: A statement under 37 C.F.R. § 1.97(e}) need not be in the form of an oath or a declaration under 37
C.F.R. § 1.68. A statement under 37 C.F.R. § 1.97(e) by a registered practitioner or any other individual
that the statement was filed within the 3-month period of either the first citation by a foreign patent
office or first discovery of the information will be accepted as dispositive of compliance with this provision
in the absence of evidence to the contrary. § 609B(5), M.P.E.P., 8th Edition.

(Statement for Information Disclosure under 37 C.F.R. § 1.97(e) [6-8]—page 3 of 5)
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2. |, the person(s) signing below state:

(O that each item of information contained in the information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart
foreign application not more than three months prior to the filing of the
information disclosure statement. 37 C.F.R. § 1.97(e)(1).

NOTE: The three month period starts from the mailing date of the foreign patent office communication. Notice

of January 9, 1992, 1135 O.G. 13-25 at 19. The mailing date is the “date on the communication by
the foreign patent office.” Notice of Apnil 20, 1992 (1138 O.G. 37-41, 39).

£ that no item of information contained in the information disclosure statement
was cited in a communication from a foreign patent office in a counterpart foreign
application and, to my knowledge, after making reasonable inquiry, no item of
information contained in this information disclosure statement was known to any
individual designated in § 1.56(c) more than three months prior to the filing of
the information disclosure statement. 37 C.F.R. § 1.97(e)(2).

NOTE: “The time at which information ‘was known to any individual designated in 37 C.F.R. 1.56(c)’ is the time
when the information was discovered In association with the application even if awareness of the
materality came later.” Notice of April 20, 1992 (1138 O.@G. 37-41, 40). Section 6098(5), M.P.E.P., 8th
Edition.

IDENTIFICATION OF PERSON(S) MAKING THIS STATEMENT
3. The person making this statement is
(check each applicable item)

(@ O the inventor(s) who signs below

SIGNATURE OF INVENTOR

(type name of inventor who is signing)

(b) O a person who is substantively involved in the preparation or prosecution of the
application, and who is associated with the inventor, with the assignee, or with
anyone to whom there is an obligation to assign the appiication (37 C.F.R.
§ 1.56(c)) and who signs below.

SIGNATURE OF PERSON MAKING STATEMENT

(type name of person who is signing)

Address of person who is signing

(Statement for Information Disclosure under 37 C.F.R. § 1.97(0)’ [6-8}—page 4 of 5)
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(c) {3 the practitioner who signs below on the basis of the information:
(check each applicable item)

O supplied by the inventor(s).
O supplied by an Individual designated in § 1.56(c).
X inthe practitlpner's file.

NL LV

SIGNATURE OF PRACTITIONER
Reg. No.: 28,626 Robert A. Kent
(type or print name of practitioner)
PO BOX 14131
Customer No.: P.O. Address
DUNCAN OK 73536-0440

Tel. No. 580)-251-3125

(Statement for Information Disclosure under 37 C.F.R. § 1.97(e) [8-8}—page 5 of 5)
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2002-IP-009210U1
PATENT

Practitioner’s Docket No.
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Philip D Nguyen, et al.

Application No: 107608, 291 Group No.: 3672
6/27/2003 Examiner: unknown
COMPSITIONS AND METHODS FOR IMPROVING PROPPANT PACK
PERMEABILITY AND FRACTURE CONDUCTIVITY IN A SUBTERREAN WELL

Commissioner for Pstents
P.O. Box 1480
Alexandria, VA 22313-1480

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
BEFORE MAILING DATE OF EITHER A FINAL ACTION
OR NOTICE OF ALLOWANCE (37 CF.R. § 197(c))

NOTE: 37 C.F.R 1.97: “fc) An information disciosure statement shall be considered by the Office if ed after
the period specified in paragraph (b) of this section, provided that the information disciosure statement
Is fled before the malling date of any of a final action under § 1.113, & notice of sllowance under § 1.311,
ar an action thet otherwise closes prosscution in the application, and It is sccompanied by one of:

(1) The statement specified in paragraph (a) of this section; or
(2 The fee set forth in § 1.17()."

NOTE: '#ahdacdmcrmﬂadﬁowmbwhmmﬂmmwwm the application
will be considered as not having had a final action or notice of allowance malled for purposes of
considering an information disciosure statement.” Notice of Aprll 20, 1992 (1138 O.G. 37-41, 39).

CERTIFICATION UNDER 37 O.F.R. §§ 1.8{a) and 1.10*
(When using Express Mall, the Express Mall iabel number is mandstory;
Express Mall certification Is optional)
| heraby certify that, on the date shown below, this correspondence is being:
deposited with the United States Postal Service in an envelope addressed to Commissioner for Patents, P.O.
Box 1450, Alexandria, VA 22313-1480

S7TCFR § 1800 S7CFR. §1.10°
© XK with sufficient postage as first ciass mall. O ss “Express Mail Post Office to Addresses”
Mailing Label No. {mandatory)
TRANSMISSION
O facsimile transmitted to the Patent and Ti Office, (703) - .
Signeture
e S
Tammy Knight
(type or print name of person certifying)

* Only the date of fing (§ 1.8) will be the date used in a patent term adjustment calcuistion, although the date
on any certificate of maling or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § 1.703(1). Consider “Express Mall Post Office to Addressee” (§ 1.10) or facsimile transmission
3 1.6609 for the reply to be accorded the earflest possible fiing date for patent term adustment caicuiations,

(Tranamittal of information Disclosure Statement before Mailing Date of Either a Final Action Or Notice of
Alowance [8-4}—page 1 of 3)

BEST AVAILABLE COPY
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NOTE: 37 CFA § 1.704(d)x “A paper containing anly an infonmation disclosure statement in compliance with
§§ 1.97 and 1.98 will not be coneidersd 8 fallure to engage in reasonable efforts to conclude prosecution
(processing or examinstion) of the application under paragraphs (cXB), (cX&), (KB or (cX10) of this
ssction ¥ & Is accompanied by a statement thet esch Nem of informetion contained in the information
disciosure statement wes cited in 8 communication from & foreign patent office in & counterpert
sppiication and that this communication was not received by any indivicual designated in § 1.56(0) more
than thirty deys prior (o the fiing of the information disclosure statement. This thirty-day perfod ls not
exianclabla.’
NOTE W information submitted during the period set forth in 37 C.F.R. 1.97c) with & certification ks used in
& new ground of rejection on unamended claima, the next Ofice action will not be made final since
in this shustion & Is clesr thet appiicant has submitied the information to the office promptly afer R
has become known and the information is being submitted prior 10 & final determination on patentabily
by the Ofice. However, the informstion submitted with a certification can be used in a new ground
of rejection and the next Office action made final, ¥ the new ground of rejection was necessitated by
amendiment of the application by appiicant. Where the information s submitted during this period with
a foe, the examiner may use the information submitied, e.g., printed publication or evidence of public
use, and mshe the next Office action final whether or not the ciaime have been amended, provided
that no other new ground of rejection which was not necessitated by amendment to the ciaims is
introduced by the examiner. See MPEP 708.07(s). if & new ground of refection s introduced that s
nelther necessltated by an amendmant 1o the claime nor based an the information submitted with the
foe sut forth in 37 C.F.R. § 1.17%), the Office action shall not be madse final,” Notice of Aprll 20, 1962
(1138 O.G. 37-41, 38
WARNING: “A petition for suspension of action to allow spplicant time 1o submit an information disciosure
staternent will be denied as falling to present good and sufficient reasons, since 37 C.F.R. § 1.97
provides adequate recourse for the timely submission of prior art for consiceration by the examiner.”
Notics of July & 1962 (1141 O.G. 63\ But see § 103(D) and (), Smited suspension of action in
8 continued prosecution application (CPA) led under § 1.53(c) and in a request for continued
examinetion (RCE) under § 1.114,

WARNING: No extension of time can be had under 37 C.F.R. 1.136 (a) or (b) for filng an IDS. 37 C.F.R. 1.97().

TIME OF TRANSMITTAL OF ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

1. The information disclosure statement transmitted herewith is being flled after three
months of the filing date of this national appiication or the date of entry of the national
stage as set forth in § 1.491 In an International application or after the malling date
of the first Office action on the merits, whichever event occurred last but before the

malling date of either:

(1) a final action under § 1.113 or

(2) a notice of allowance under § 1.311,
whichever occurs first.

STATEMENT OR FEE

2, Accompanying this transmittal is
(check either A or B below)

A. 3 a statement as specified in 37 C.F.R. § 1.97(e).
OR

B. [J the fee set forth in 37 C.F.R. § 1.17(p) for submission of an Information
disclosure statement under § 1.97(c). ($180.00).

(Tranemittal of information Disciosure Statement before Mailing Dete of Either a Final Action Or Notice of
Allowance. [8-4}—page 2 of 3
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FEE PAYMENT

(complete this item, if applicable)
s ApplcmtobctsﬂnopﬂomopaymfuwmmWCFﬂ.g117(p)fofwbmlsslon
of an information disclosure statement under § 1.97(c) ($180.00).
Fee due $

METHOD OF PAYMENT OF FIE

4,
O Attached is a ([J check [J money order in the amount of $
O Authorization is hereby made to charge the amount of $
X1 to Deposit Account No. _08=0300
O to Credit card as shown on the attached credit card information authorization
form PTO-2038.
WARNING: Credit card information should not be inchuded on this form as & may become public.
£ Charge any additional fees required by this paper or credit any overpayment in the
manner authorized above.
A duplicate of this paper Is attached.

N LU

SIGNATURE OF PRACTITIONER

Reg. No. 28,626
Robert A. Kent

(type or print name of practitioner)

Tel. No.: ( 580 251-3125
P.0. Box 1431

P.0. Address
Customer No.: Duncan, OK 73536-0440

(Tranamittal of information Disciosure Statement before Mailing Date of Either a Final Action Or Notice of
Allowance [0-4}—psge 3 of 3)
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U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
1. | 6,702,023 B1 03/09/04 | Harris, et al. 166 307 03/07/00
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2002-IP-009210U1

Practitioner's Docket No. PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application
of

Inventor(s)

for

Title of invention

In re application of: Philip D. Nguyen, et al.

Application No.: 0 10/608,291 Group Art Unit: 3672

Flled: 6/27/2003 Examiner; unknown

For: COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK
BTERRANEAN WELL

Mall g&%Mgrﬁgg},%aT% AND FRACTURE CONDUCTIVITY IN A SUBTERRAN

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 C.F.R. § 1.97(b))

CERTIFICATION UNDER 37 C.F.R. §§ 1.8(a) and 1.10*
nﬂ/hmudngExpldel,tInEmmMaﬂlabdnumbubmndM;
Express Mail certification is optional,)
| hereby certity that, on the date shown below, this correspondence Is being:
MAILING

¥ deposited with the United States Postal Service in an envelope addressed to Commissioner for Patents, P.O,
Box 1450, Alexandria, VA 22313-1450

37 C.FR. § 1.8(a) 37CFR. § 1.10°
XX with sufficient postage as first class mall. ) as “Express Mail Post Office to Addressee”
Maliing Label No. {mandstory)
TRANSMISSION
0O facsimile tranamitted to the Patent and Trad Office, (703) - a .
< Nk
Signature
Dato;\O_'—l&_
~ 1 3 h
(type or print name of person certitying)

* Only the date of filing (§ 1.&wllboﬂndato¢mdhnpabnttannacﬂm&nuncdwleﬂm,dﬁwghﬂndab
on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § 1.703(f). Consider “Express Mail Post Office to Addresses” (§ 1.10) or facsimile transmission
$ 1.6(d))rawmmummwmuﬂmaurwmmwmmrwamm

(rranmndoflnformaﬂonolsdosumsmmmmmMonmndFiﬂngorBefomMamnnglmOfﬂoo
Action [8-3}—page 1 of 3)
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NOTE: 37 C.F.R. 1.98(b): )
(1) Each U.S. patent listed In an information disclosure statement must be identified by inventor, patent
number, and issue date,

(2) Each U.S. patent application publication listed in an information disclosure statement shall be
idantified by applicant, patent application publication number, and publication date.

(3) Each U.S. application listed in an information disclosure statement must be Identified by the
Inventor, application number, and filing date.

(4) Each foreign patant or published foreign patent application listed in an information disclosure
statement must be identified by the country or patent office which issued the patent or published
the application, an appropriate document number, and the publication date indicated on the patent
or published appilication.

(5) Each publication listed in an Information disclosure statement must be identified by publisher,
author (if any), title, relevant pages of the pubiication, date, and place of publication.

WARNING: No extension of time can be had under 37 C.F.R. § 1.136 (a) or (b) for filing an IDS. 37 C.F.R.
§ 1.970).

NOTE: The “filing date of a national appiication” under 37 C.F.R. § 1.97(b) has two possible meanings. Where
the filing is a direct one to the United States Patent & Trademark Office, the filing is defined in 37 C.F.R.
§ 1.53(b) as “the date on which: (1) A specification containing a description pursuant to § 1.71 and
at least one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41." 37 C.F.R.
§ 1.97(b)(1). On the other hand, an Intemational application that enters the national stage occurs when
the applicant has filed the documents and fees required by 35 U.S.C. § 371(c) within the periods set
forthin § 1.494 or § 1.495. 35 U.S.C. § 371(c) requires the filing of the following: (1) the basic national
fee; (2) a copy of the international application, unless already sent by the International Bureau, and
optionally an English transiation if filed In another language; and, also optionally (3) amendments under
PCT Article 19, with a translation Into English if made In another language; (4) an oath or declaration;
and (5) a translation into English of any annexes to the intemational preliminary examination report, if
such annexes were made In another language. The optional items must be submitted later, with
surcharges. 37 C.F.R. § 1.97(b)(2).

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

The information disclosure statement submitted herewith is being filed within three
months of the filing date of the application or date of entry into the national stage of an
international application or before the mailing date of a first Office action on the merits,
whichever event occurs last. 37 C.F.R. § 1.97(b).

NOTE: *No certification or fee is due when the filing /s made within the above time period. It is advisable to
ensure that no Office action has been mailed if the disclosure statement is delayed until after three
months from filing.”

NOTE: *“An information disclosure statement will be considered to have been filed on the day it was received
in the Office, or on an earlier date of a malling If accompanied by a properly executed certificate of
mailing under 37 C.F.R. 1.8, or Express Mall certificate under 37 C.F.R. 1.10. An Office action is mailed
on the date indicated in the Office action.” Notice of Apnil 20, 1992 (1138 O.G. 37-41, 39). See also
§ 609, M.P.E.P., 8th Edition.

NOTE: “The term ‘national application’ includes continuing applications (continuations, divisions, continuations-
in-part) so three-months will be measured from the actual filing date of an application as opposed [sic]
to the effactive date of a continuing application.” Notice of Apnil 20, 1992 (1138 O.G. 37-41, 39).

(Transmittal of Information Disclosure Statement Within Three Months of Filing or Before Mailing of First Office
: Action [6-3}—page 2 of 3)
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NOTE: “An action on the merits means an action which treats the patentability of the claims in an application,
as oppased to only formal or procedural requirements. An action on the merits would, for example,
contaln a rejection or indication of allowability of a claim or claims rather than just a restriction
requirements (37 C.F.R. 1.142) or just a requirement for additional fees to have a claim considered (37
C.F.R. 1.16(d)). Thus, if an application was filed on Jan. 1 and the first Office action on the merits was
not malled until six months later on July 1, the examiner would be required to consider any proper
information disclosure statement filed prior to July 1.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

WARNING: “A petition for suspension of action to allow applicant time to submit an Information disclosure
statement will be denied as failing to present good and sufficient reasons, since 37 C.FR. § 197
provides adequate recourse for the timely submission of prior art for consideration by the examiner.”
Notice of July 6, 1992 (1141 0.G. 63). But see § 103(b) and (c), limited suspension of action in
a continued prosecution application (CPA) filed under § 1.53(d) and in & request for continued
examination (RCE) under § 1.114.

a

SIGNATURE OF PRACTITIONER

Reg. No.. 28,626 Robert A. Kent

(type or print name of practitioner)

PO BOX 1431
Customer No.: P.O. Address

Tel. No.: (580-251-3125

DUNCAN g 73536-0440

(Transmittal of Information Disclosure Statement Within Three Months of Filing or Before Mailing of First Office
Action [6-3]—page 3 of 3)
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Application No. Applicant(s):
J0-1449 10/608,291 Philip D. Nguyen, et al.
forma_tion '3:5°:?5“Fe Citation Docket Number Group Art Unit | Filing Date
in an Application 2002-1P-009210U1 3672 06/27/2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE

NON-PATENT DOCUMENTS

DOCUMENT (Including Author, Title, Source, and Pertinent Pages)

DATE

Cordes, et al., Mechanism and Catalysis for Hydrolysis of Acetals, Ketals, and Other
Esters, Department of Chemistry, Indiana University, Bloomington, Indiana, Chemical
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ToDD, ET AL, A CHEMCIAL “TRIGGER” USEFUL FOR OILFIELD APPLICATIONS, SOCIETY OF
PETROLEUM ENGINEERS, INC., SPE 92709

02/04/05

EXAMINER

DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U1

‘ % THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: §
NGUYEN ET AL. § Group Art Unit: 3672
§
Serial No.: 10/608,291 § -
§ Examiner: SUCHFIELD, GEORGE A.
Filed: June 27,2003 §
' §
Title:  “COMPOSITIONS AND METHODS FOR  § A
IMPROVING PROPPANT PACK § Atty. Docket No: 2002-1P-009210U1
PERMEABILITY AND FRACTURE §
CONDUCTIVITY IN A SUBTERRANEAN §
WELL” §
§
CERTIFICATE OF MAILING VIA EXPRESS MAIL
ATTY. DOCKET NoO.: 2002-IP-009210U1
GroOuP ARTUNIT: 3672
EXAMINER: SUCHFIELD, GEORGE A.
PURSUANT TO 37 C.F.R. § 1.10, | HEREBY CERTIFY THAT | HAVE
INFORMATION AND A REASONABLE BASIS FOR BELIEF THAT THIS
CORRESPONDENCE WILL BE DEPOSITED WITH THE UNITED STATES
PosTAL SERVICE AS EXPRESS MaIiL, PoST OFFICE TO
ADDRESSEE, ON THE DATE INDICATED BELOW, AND IS ADDRESSED
TO:
MAIL STOP AMENDMENT
HONORABLE COMMISSIONER FOR PATENTS
P-O. Box 1450
ALEXANDRIA, VA 22313-1450.
TAMMY KNIGHT D% 7
MAIL STOP AMENDMENT vRNIGH E
Commissioner for Patents EXPRESS MAIL LABEL: @‘034 '184 173\
P.O. Box 1450

Alexandria, Va 22313-1450

AMENDMENT AND RESPONSE UNDER 37 C.F.R. § 1.111 TO
NON-FINAL OFFICE ACTION, MAILED MAY 17, 2005
Sir:
In response to the Office Action mailed on May 17, 2005 (the “Office Action”),
please amend the above-identified application as follows:
. Amendments to the Claims are reflected in the listing of claims that
begins on page 3 of this paper.

09/12/2005 MAHKEDL 00000070 080300 10608291

01 FC:1251 120.00 DA Page 1

Response to Office Action Mailed May 17, 2005
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Application Serial No. 10/608,291
Attorney Docket No. 2002-IP-009210U1

Remarks/Arguments begin on page 11 of this paper.
Summary and Petition for Extension of Time to File this Response

begins on page 22 of this paper.

Page 2
Response to Office Action Mailed May 17, 2005
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Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U1

AMENDMENTS TO THE CLAIMS

This listing of claims will replace all prior versions, and listings, of claims in the application:
Claims:

1. (Currently Amended) A method of increasing the conductivity of a fracture in a
subterranean formation comprising the steps of:
providing a fracturing treatment fluid comprising a proppant composition, the
proppant composmon comprising proppant particulates and a degradable material eapable—ef

sle-that comprises one or more poly(orthoesters);

introducing the proppant composition to the fracture; and

allowing the proppant composition to form a proppant matrix having voids in the

fracture.

2. (Currently Amended) The method of claim 1 wherein the proppant particulates

eomprise are selected from the group consisting of sand, walnut hulls, ee=man-made proppant

particulates, and combinations thereof.

3. (Previously Presented) The method of claim 1 wherein the proppant particulates
have a size of about 10 to about 60 US mesh.

4. (Original) The method of claim 1 wherein the proppant composition further
comprises a curable resin, a tackifying agent, or both.

5. (Currently Amended) The method of claim 4 wherein the curable resin eemprises

i is selected from the group

consisting of epoxies, furans, phenolics, furfuryl aldehydes. furfuryl alcohols, and combinations

thereof.

6. (Previously Presented) The method of claim 1 wherein the proppant composition
comprises interlocking proppant particulates. -

7. (Currently Amended) The method of claim 1 wherein the degradable material
further comprises a degradable polymer or a dehydrated salt.

8. (Currently Amended) The method of claim 7 wherein the degradable polymer

comprises a second degradable material selected from the group consisting of polysaccharides,

chitins, chitosans. proteins, aliphatic polyesters, poly(lactides), poly(glycolides), poly(e-

caprolactones), poly(hydroxybutyrates), polyanhydrides. aliphatic polycarbonates, poly(amino

Page 3
Response to Office Action Mailed May 17, 2005
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Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U 1

acids), poly(ethylene oxides). polyphosphazenes, and combinations thereof ape

9. (Original) The method of claim 1 wherein the degradable material further
comprises a plasticizer.

10.  (Original) The method of claim 7 wherein the dehydrated salt comprises
anhydrous sodium tetraborate or anhydrous boric acid.

11.  (Currently Amended) The method of claim 1 wherein the degradable material
further comprises poly(lactic acid) and a compound chosen from the group consisting of sodium
borate and boric oxide.

12.  (Currently Amended) The method of claim 1 wherein the degradable material
further comprises a stereoisomer of a poly(lactide).

13.  (Previously Presented) The method of claim 1 wherein the proppant composition
comprises a poly(lactic acid) degradable material and bauxite proppant particulates, the bauxite
proppant particulates at least partially coated with a curable epoxy resin.

14.  (Original) The method of claim 1 wherein the degradable material is present in
the proppant composition in an amount sufficient to create a desirable number of voids in the
proppant matrix.

15.  (Original) The method of claim 1 wherein the degradable material is present in
the proppant composition in an amount of about 0.1% to about 30% by weight of proppant
particulates in the composition.

16.  (Currently Amended) The method of claim 1 wherein the degradable material
further comprises particles having a rod-like shape.

17.  (Currently Amended) The method of claim 1 wherein the degradable material
further comprises an inorganic or organic compound.

18.  (Currently Amended) The method of claim 17 wherein the inorganic or organic

compound eempsises is selected from the group consisting of sodium acetate trihydrate, L-

tartaric acid disodium, salt dihydrate, sodium citrate dihydrate, hydrate of an inorganic acid,

hydrate of an inorganic acid salt, sodium tetraborate decahydrate, sodium hydrogenphosphate

Page 4
Response to Office Action Mailed May 17, 2005
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Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U1

heptahydrate, sodium phosphate, dodecahydrate, amylose, starch-based hydrophilic
polymerpolymers, exa=cellulose-based hydrophilic pelymerpolymers, and combinations thereof.

19.  (Original) The method of claim 1 wherein the degradable material is a composite.

20.  (Currently Amended) A method of enhancing the permeability of a proppant

matrix comprising the step of introducing a plurality of voids into the proppant matrix by a

degradation of a degradable material that comprises one or more poly(orthoesters) within the
proppant matrix.
21.  (Currently Amended) The method of claim 20 wherein the proppant matrix

comprises a material selected from the group consisting of sand, walnut hulls, e man-made

proppant particulates, and combinations thereof.

22.  (Original) The method of claim 20 wherein the proppant matrix comprises a
curable resin, a tackifying agent, or both.
23. (Currently Amended) The method of claim 22 wherein the curable resin

in is selected from

the group consisting of epoxies, furans, phenolics, furfuryl aldehydes, furfuryl alcohols, and

combinations thereof.

24.  (Original) The method of claim 20 wherein the proppant matrix comprises
interlocking proppant particulates.

25.  (Currently Amended) The method of claim 20 wherein the degradable material
further comprises a degradable polymer or a dehydrated salt.

26.  (Currently Amended) The method of claim 25 wherein the degradable polymer

eemprises is selected from the group consisting of polysaccharides, chitins, chitosans, proteins,

aliphatic polyesters, poly(lactides), poly(glycolides), poly(e-caprolactones),

poly(hydroxybutyrates), polyanhydrides, aliphatic polycarbonates, poly(amino acids),

poly(ethylene oxides), polyphosphazenes, and combinations thereof a-pe

27.  (Original) The method of claim 20 wherein the degradable material further

comprises a plasticizer.

Page 5
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Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U1

28.  (Currently Amended) The method of claim 25 wherein the dehydrated salt
eemprises is selected from the group consisting of anhydrous sodium tetraborate, ee-anhydrous

boric acid, and combinations thereof.

29.  (Currently Amended) The method of claim 20 wherein the degradable material

further comprises poly(lactic acid) and a compound chosen from the group consisting of sodium
borate and boric oxide.

30.  (Currently Amended) The method of claim 20 wherein the degradable material
further comprises a stereoisomer of a poly(lactide).

31.  (Currently Amended) The method of claim 20 wherein the proppant matrix
comprises a poly(lactic acid) degradable material and bauxite proppant particulates, the bauxite
proppant particulates being at least partially coated with a curable epoxy resin.

32. (Originalj The method of claim 20 wherein the degradable material is present in
the proppant matrix in an amount sufficient to create a desirable number of voids in the proppant
matrix.

33.  (Currently Amended) The method of claim 20 wherein the degradable material is
present in the proppant matrix eempesitien in an amount of about 0.1% to about 30% by weight
of the proppant matrix pastieulates-in-the-compesition.

34.  (Original) The method of claim 20 wherein the degradable material comprises
particles having a rod-like shape.

35. (Currently Amended) The method of claim 20 wherein the at least a portion of the
voids in the proppant matrix are channel-like in shape.

36.  (Original) The method of claim 20 wherein the proppant matrix has a conductivity
equal to or greater than 4500 darcies at a pressure of about 2000 psi.

37.  (Original) The method of claim 20 wherein the proppant matrix has a conductivity
equal to or greater than 4500 darcies at a pressure of about 4000 psi.

38.  (Original) The method of claim 20 wherein the proppant matrix has a conductivity
equal to or greater than 4000 darcies at a pressure of about 6000 psi.

39. - 72. (Cancelled)

73.  (New) A method of increasing the conductivity of a fracture in a subterranean

formation comprising the steps of:

Page 6
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Application Serial No. 10/608,291
Attorney Docket No. 2002-]P-009210U1

providing a fracturing treatment fluid comprising a proppant composition, the
proppant composition comprising proppant particulates and a degradable composite material,

introducing the proppant composition to the fracture; and

allowing the proppant composition to form in the fracture a proppant matrix
having voids.

74.  (New) The method of claim 73 wherein the proppant particulates are selected
from the group consisting of sand, walnut hulls, man-made proppant particulates, and
combinations thereof.

75.  (New) The method of claim 73 wherein the proppant particulates have a size of
about 10 to about 60 US mesh.

76.  (New) The method of claim 73 wherein the proppant composition further
comprises a curable resin, a tackifying agent, or both.

77.  (New) The method of claim 76 wherein the curable resin is selected from the
group consisting of epoxies, furans, phenolics, furfuryl aldehydes, furfuryl alcohols, and
combinations thereof.

78.  (New) The method of claim 73 wherein the proppant composition comprises
interlocking proppant particulates. .

79. (New) The method of claim 73 wherein the degradable composite material further
comprises a degradable polymer or a dehydrated salt.

80.  (New) The method of claim 79 wherein the degradable polymer is selected from
the group consisting of polysaccharides, chitins, chitosans, proteins, aliphatic polyesters,
poly(lactides), poly(glycolides), poly(e-caprolactones), poly(hydroxybutyrates), polyanhydrides,
aliphatic polycarbonates, poly(amino acids), poly(ethylene oxides), polyphosphazenes, and
combinations thereof.

81. (New) The method of claim 79 wherein the dehydrated salt is selected from the
group consisting of anhydrous sodium tetraborate or anhydrous boric acid, and combinations
thereof.

82.  (New) The method of claim 73 wherein the degradable composite material further
comprises poly(lactic acid) and a compound chosen from the group consisting of sodium borate

and boric oxide.

Page 7
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Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U1

83.  (New) The method of claim 73 wherein the degradable composite material further
comprises a stereoisomer of a poly(lactide).

84.  (New) The method of claim 73 wherein the proppant composition comprises a
poly(lactic acid) degradable material and bauxite proppant particulates, the bauxite proppant
particulates being at least partially coated with a curable epoxy resin.

85.  (New) The method of claim 73 wherein the degradable composite material is
present in the proppant composition in an amount sufficient to create a desirable number of voids
in the proppant matrix.

86.  (New) The method of claim 73 wherein the degradable composite material is
present in the proppant composition in an amount of about 0.1% to about 30% by weight of
proppant particulates in the composition.

87.  (New) The method of claim 73 wherein the degradable composite material further
comprises particles having a rod-like shape.

88.  (New) The method of claim 73 wherein the degradable composite material further
comprises an inorganic or organic compound.

89.  (New) The method of claim 88 wherein the inorganic or organfc compound is
selected from the group consisting of sodium acetate trihydrate, L-tartaric acid disodium, salt
dihydrate, sodium citrate dihydrate, hydrate of an inorganic acid, hydrate of an inorganic acid
salt, sodium tetraborate decahydrate, sodium hydrogenphosphate heptahydrate, sodium
phosphate, dodecahydrate, amylose, starch-based hydrophilic polymers, cellulose-based
hydrophilic polymers, and combinations thereof.

90. (New) A method of enhancing the permeability of a proppant matrix comprising
the step of introducing a plurality of voids into the proppant matrix by a degradation of a
degradable composite material within the proppant matrix.

91.  (New) The method of claim 90 wherein the proppant matrix comprises a material
selected from the group consisting of sand, walnut hulls, man-made proppant particulates, and
combinations thereof.

92.  (New) The method of claim 90 wherein the proppant matrix comprises a curable

resin, a tackifying agent, or both.
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93. (New) The method of claim 92 wherein the curable resin is selected from the
group consisting of epoxies, furans, phenolics, furfuryl aldehydes, furfuryl alcohols, and
combinations thereof.

94,  (New) The method of claim 90 wherein the proppant matrix comprises
interlocking proppant particulates.

95.  (New) The method of claim 90 wherein the degradable composite material further
comprises a degradable polymer or a dehydrated salt.

96.  (New) The method of claim 95 wherein the degradable polymer is selected from
the group consisting of polysaccharides, chitins, chitosans, proteins, aliphatic polyesters,
poly(lactides), poly(glycolides), poly(e-caprolactones), poly(hydroxybutyrates), polyanhydrides,
aliphatic polycarbonates, poly(amino acids), poly(ethylene oxides), polyphosphazenes, and
combinations thereof.

97. (New) The method of claim 96 wherein the dehydrated salt is selected from the
group consisting of anhydrous sodium tetraborate, anhydrous boric acid, and combinations
thereof.

98.  (New) The method of claim 90 wherein the degradable composite material further
comprises poly(lactic acid) and a compound chosen from the group consisting of sodium borate
and boric oxide.

99.  (New) The method of claim 90 wherein the degradable composite material further
comprises a stereoisomer of a poly(lactide).

100. (New) The method of claim 90 wherein the proppant matrix comprises a
poly(lactic acid) degradable material and bauxite proppant particulates, the bauxite proppant
particulates being at least partially coated with a curable epoxy resin.

101. (New) The method of claim 90 wherein the degradable material is present in the
proppant matrix in an amount sufficient to create a desirable number of voids in the proppant
matrix.

102. (New) The method of claim 90 wherein the degradable composite material is
present in the proppant matrix in an amount of about 0.1% to about 30% by weight of the
proppant matrix.

103. (New) The method of claim 90 wherein the degradable composite material

comprises particles having a rod-like shape.
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104. (New) The method of claim 90 wherein at least a portion of the voids in the
proppant matrix are channel-like in shape.

105. (New) The method of claim 90 wherein the proppant matrix has a conductivity
equal to or greater than 4500 darcies at a pressure of about 2000 psi.

106. (New) The method of claim 90 wherein the proppant matrix has a conductivity
equal to or greater than 4500 darcies at a pressure of about 4000 psi.

107. (New) The method of claim 90 wherein the proppant matrix has a conductivity

equal to or greater than 4000 darcies at a pressure of about 6000 psi.
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REMARKS / ARGUMENTS
I General Remarks and Remarks Regarding the Restriction Requirement

Please consider the application in view of the following remarks.

During a telephone conversation with the Examiner on May 4, 2005, claims 1-38
were provisionally elected in response to the Examiner’s restriction requirement. This
provisional election is hereby confirmed and claims 39-72 have been cancelled. No amendment
to inventorship is necessitated by this election. Applicants respectfully reserve the right to
present the cancelled claims in one or more divisional applications.

II. Disposition of Claims

Claims 1-38 and 73-107 are pending in this application.

Claims 1,2, 5,7, 8, 11, 12, 16-18, 20, 21, 23, 25, 26, 28-31, 33, and 35 have been
amended to more clearly claim the present invention. These amendments add no new matter to
the application, and are supported by the specification as filed.

Claims 73-107 are new. These new claims add no new matter to the application,
and are supported by the specification as filed.

Claims 14 and 32 stand rejected under 35 U.S.C. § 112. Claims 1, 2, 7-9, 12, 14,
16, 17-21, 25-27, 30, 32, 34 and 35 stand rejected under 35 U.S.C. § 102(a). Claims 1-5, 7, 8,
14, 15, 17, 19-23, 25, 26, 32, 33, and 35 stand rejected under 35 U.S.C. § 102(b). Claims 3, 9,
12, 13, 15, 27, 30, 31, 33, and 36-38 stand rejected under 35 U.S.C. § 103(a). The Examiner has
objected to claims 6, 10, 11, 16, 24, 28, 29, and 34.

III. Rejections of Claims Under § 112

Claims 14 and 32 stand rejected under 35 U.S.C. § 112, second paragraph, as
being indefinite for failing to particularly point out and distinctly claim the subject matter which
Applicants regard as the invention. Applicants respectfully traverse.

With respect to this rejection, the Examiner writes that “[c]laims 14 and 32 are
deemed indefinite with respect to the recitation of ‘a desirable number of voids’ [since] the term
‘desirable’ is subjective or non-specific.” (See Office Action at §8.) Applicants respectfully
submit that this term is sufficiently definite to comply with 35 U.S.C. § 112. “The fact that claim
language . . . may not be precise, does not automatically render the claim indefinite under 35
U.S.C. § 112, second paragraph. Acceptability of the claim language depends on whether one of

ordinary skill in the art would understand what is claimed, in light of the specification.” See
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MANUAL OF PATENT EXAMINING PROCEDURE § 2173.05(b) (citations omitted). For example, a
limitation such as “an effective amount” has been held to be sufficiently definite when read in
light of the supporting disclosure and in the absence of any prior art which would give rise to
uncertainty about the scope of the claim. See MANUAL OF PATENT EXAMINING PROCEDURE
§ 2173.05(c) (citing Ex parte Skuballa, 12 U.S.P.Q.2d 1570 (Bd. Pat. App. & Inter. 1989)).
Here, Applicants are aware of no prior art that would create any uncertainty as to the scope of the
subject claims. Rather, one of ordinary skill in the art readily would ascertain, in light of
Applicants’ disclosure, that “a desirable number of voids” (as recited in claims 14 and 32) is a
number of voids effective to accomplish the objectives of that particular use from among those
described in the specification or known in the art. Accordingly, Applicants respectfully assert
that the use of the term “desirable” in the subject claims satisfies the requirements of 35 U.S.C.
§ 112, second paragraph, and respectfully request the withdrawal of these rejections.
IV.  Rejections of Claims Over Cooke I
A. Rejections of Claims Over Cooke I Under § 102(a)

Claims 1, 2, 7-9, 12, 14, 16-21, 25-27, 30, 32, 34, and 35 stand rejected under 35
U.S.C. § 102(a) as being anticipated by U.S. Patent Application Publication No. 2003/0060374
by Cooke, Jr. (“Cooke I’). With respect to this rejection, the Examiner writes:

[Cooke I] (note Figure 2¢) may employ a proppant composition in
the fracturing process comprising a mixture or composite of
proppant particulates and a degradable polymer, as called for in
independent claims 1 and 20.

[Cooke I] further discloses one or more of the degradable polymers
set forth in claims 8, 12, 18, 26 and 30 and may further use a
plasticizer, as called for in claims 9 and 27.

As per claim 14 and 32 it appears from the illustration in Figure 2¢
that a “desirable” number of voids will be present [upon]
degradation and removal of the degradable polymer phase.

As per claim 16 and 34, note that the proppant composition of
Figure 2c of [Cooke I], and thus the degradable polymer
component, appear to have a “rod-like” shape, as recited.

As per claim 35, it is deemed that the resulting void space(s)
created by the degradation of the degradable polymer will
necessarily be “channel-like” in shape, e.g., due to the
accompanying or resulting fluid-flow through the proppant matrix.
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(See Office Action at § 10 (emphasis added).) Applicants respectfully disagree.

In order to form a basis for a rejection under 35 U.S.C. § 102(a), a prior art
reference must disclose each and every element as set forth in the claim. MANUAL OF PATENT
EXAMINING PROCEDURE § 2131 (2004). Applicants respectfully submit that Cooke I does not
disclose each element as set forth in the rejected claims, as amended herein, since (1) Cooke I
does not disclose degradable materials that comprise one or more poly(orthoesters) as recited in
claims 1 and 20, as amended herein, and (2) Cooke I does not disclose degradable materials that
are composites, as recited in claim 19. Therefore, those claims, and all claims dependent
thereon, are allowable over Cooke I.

1. Rejections of Claims 1, 2, 7-9, 12, 14, 16, 17-21, 25-27, 30, 32, 34, and
35

Applicants respectfully submit that Cooke I does not anticipate claims 1, 2, 7-9,
12, 14, 16-21, 25-27, 30, 32, 34, and 35 since Cooke I does not disclose degradable materials that
comprise one or more poly(orthoesters), as recited in claims 1 and 20, as amended herein.
Although Cooke I does teach degradable materials that comprise “polyesters” (see Cooke I at
9 0023) for use in some contexts, Applicants respectfully submit that Cooke I does not disclose
or teach poly(orthoesters), either explicitly or inherently, since poly(orthoesters) are not
polyesters. Rather, the term “orthoester” is a misnomer, and orthoesters are actually understood
in the art to be ethers based on their chemical structure and in view of their lack of base-
catalyzed hydrolysis. See, e.g., Anton Skrabal & Otto Ringer, “The Hydrolysis Rate of
Orthoformic Acid Ethyl Ether,” CHEMICAL INSTITUTE OF THE UNIVERSITY OF GRAZ, at 1 (January
13, 1921) (“According to its behavior during hydrolysis, . . . this substance and presumably also
the analog compounds with the chemical group -C(OR);, where R signifies an alkyl, would be
designated properly as ethers and not as esters.”) (An English translation of this reference is
enclosed for the Examiner’s convenience.) Therefore, the disclosure of polyesters in Cooke I
does not disclose or teach (explicitly or inherently) the use of poly(orthoesters), which are
generally understood to be ethers. Applicants therefore respectfully assert that Cooke I does not
disclose all elements of claims 1 and 20, as amended herein, and thus these claims are allowable
over Cooke I. Moreover, since “a claim in dependent form shall be construed to incorporate by
reference all the limitations of the claim to which it refers,” and since claims 2, 7-9, 12, 14,

16-19, 21, 25-27, 30, 32, 34, and 35 depend, directly or indirectly, from claim 1 or 20, these
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dependent claims are allowable for at least the same reasons. See 35 U.S.C. § 112 {4 (2004).
Accordingly, Applicants respectfully request the withdrawal of these rejections.

2. Rejection of Claim 19

Applicants respectfully submit that Cooke I does not anticipate claim 19 since
Cooke I does not disclose degradable materials that are composites. Although the Examiner
asserts that Cooke I teaches “a mixture or composite of proppant particulates and a degradable
polymer,” Applicants respectfully submit that Cooke I does not disclose or teach the use of a

degradable material that is a composite, as that term is defined by Applicants in their disclosure.

Applicants have explicitly defined the term “composite” to refer to a degradable materiél
wherein “the degradable material [is] mixed with [an] inorganic or organic compound.” (See
“Description of Preferred Embodiments” at §033.) Cooke I does not explicitly disclose a
“composite” material, nor does it disclose any material that is formed according to the definition
provided by Applicants. Applicants therefore respectfully assert that Cooke I does not disclose
this element of claim 19, and thus this claim is allowable over Cooke I. Accordingly, Applicants
respectfully request the withdrawal of this rejection.
B. Rejections of Claims Over Cooke I Under § 103(a)

Claims 3, 15, 33, and 36-38 stand rejected under 35 U.S.C. § 103(a) as being
unpatentable over Cooke I. With respect to this rejection, the Examiner writes that “[t]he size
range of the proppant particles utilized in the methods of [Cooke 1], as recited in claim 3,” the
“resulting proppant matrix conductivity recited in claims 36-38,” and the “precise amount of
degradable material present in the proppant composition utilized by [Cooke 1], as called for in
claims 15 and 33 ... would have been an obvious matter of choice or design in carrying out the
fracturing process of [Cooke I].” (See Office Action at §13.) To form a basis for a § 103(a)
rejection, a prior art reference must teach or suggest each element in the claim. MANUAL OF
PATENT EXAMINING PROCEDURE § 2142 (2004). However, as discussed in Section IV.A.l.
above, Cooke I does not teach or suggest degradable materials that comprise one or more
poly(orthoesters), as recited in claims 1 and 20, as amended herein. Since claims 3, 15, 33, and
36-38 depend, either directly or indirectly, on claim 1 or 20, they incorporate this limitation
recited in claims 1 and 20, and thus Cooke I does not obviate dependent claims 3, 15, 33, and 36-

38. Accordingly, Applicants respectfully request the withdrawal of these rejections.
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V. Rejections of Claims Over Betzold
A. Rejections Over Betzold Under § 102(b)
Claims 1-5, 7, 8, 14, 15, 17, 19, 20, 22, 23, 25, 26, 32, 33, and 35 stand rejected
under 35 U.S.C. § 102(b) as being anticipated by U.S. Patent No. 6,328,105 to Betzold
(“Betzold”). With respect to this rejection, the Examiner writes:

[Betzold] (note col. 2, lines 33-62; col. 3, line 42 - col. 4, line 15)
discloses a process of fracturing and propping a subterranean
formation(s) with a proppant composition or composite especially
in view of the coating on the proppant particles, comprising a
mixture of a coated, bondable propping particles and removable
particles, wherein such removable particles may decompose or
degrade within the formation fracture, as called for in independent
claims 1 and 20.

As per claim 3, the average particle size range set forth in the
EXAMPLE of 800-1000 microns would appear to fall within the
mesh particle size range recited.

As per claims 4, 5, 22 [and] 23, the conventional coated particles
or coating formulations referred to in [Betzold] (note col. 3, lines
17-41) would appear to encompass those recited.

[Betzold] further discloses one or more of the degradable polymers
set forth in claims 8 [and] 26.

As per claim 14 and 32 it is deemed that in the operation of the
[Betzold] fracturing process, a “desirable” number of voids will be
inherently or necessarily present upon degradation and removal of
the degradable polymer phase, in order to allow flowback and
production of mineral fluids.

As per claims 15 and 33, the exemplary range set forth in [Betzold]
(note col. 5, lines 7-17) of 10-30% falls within the recited range of
“0.1% to about 30%.”

As per claim 35, it is deemed that the resulting void space(s)

created by the degradation of the degradable polymer in the

process of [Betzold] will necessarily be “channel-like” in shape,

e.g., due to the accompanying or resulting fluid-flow through the

proppant matrix.
(See Office Action at J 14 (emphasis added).) Applicants respectfully traverse.

In order to form a basis for a rejection under 35 U.S.C. § 102(b), a prior art
reference must disclose each and every element as set forth in the claim. MANUAL OF PATENT
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EXAMINING PROCEDURE § 2131 (2004). Applicants respectfully submit that Betzold does not
disclose each element as set forth in the rejected claims, as amended herein, since (1) Betzold
does not disclose degradable materials that comprise one or more poly(orthoesters) as recited in
claims 1 and 20, as amended herein, and (2) Betzold does not disclose degradable materials that
are composites, as recited in claim 19. Therefore, those claims, and all claims dependent
thereon, are allowable over Betzold.

1. Rejections of Claims 1-5, 7, 8, 14, 15, 17, 19, 20, 22, 23, 25, 26, 32, 33,
and 35

Applicants respectfully submit that Betzold does not anticipate claims 1-5, 7, 8,
14, 15, 17, 19, 20, 22, 23, 25, 26, 32, 33, and 35 since Betzold does not disclose degradable
materials that comprise one or more poly(orthoesters), as recited in claims 1 and 20, as amended
herein. Although Betzold does teach removable materials that may decompose or degrade that
comprise “polyester polymers” (see Betzold at col. 3, 1l. 50-53) for use in some contexts,
Applicants respectfully submit that Betzold does not disclose or teach poly(orthoesters), either
explicitly or inherently, since poly(orthoesters) are not polyesters. Rather, as discussed above,
the term “orthoester” is a misnomer, and orthoesters are understood in the art to be ethers based
on their chemical structure and in view of their lack of base-catalyzed hydrolysis. See, e.g.,
Anton Skrabal & Otto Ringer, “The Hydrolysis Rate of Orthoformic Acid Ethyl Ether,”
CHEMICAL INSTITUTE OF THE UNIVERSITY OF GRAZ, at 1 (January 13, 1921) (An English
translation of this reference is enclosed for the Examiner’s convenience.) Therefore, the
disclosure of polyesters in Betzold does not disclose or teach (explicitly or inherently) the use of
poly(orthoesters), which are generally understood to be ethers. Applicants therefore respectfully
assert that Betzold does not disclose all elements of claims 1 and 20, as amended herein, and thus
these claims are allowable over Betzold. Moreover, since “a claim in dependent form shall be
construed to incorporate by reference all the limitations of the claim to which it refers,” and since
claims 2-5, 7, 8, 14, 15, 17, 19, 22, 23, 25, 26, 32, 33, and 35 depend, directly or indirectly, from
claim 1 or 20, these dependent claims are allowable for at least the same reasons. See 35 U.S.C.
§ 112 g4 (2004). Accordingly, Applicants respectfully request the withdrawal of these
rejections.

2. Rejection of Claim 19

Applicants respectfully submit that Betzold does not anticipate claim 19 since

Betzold does not disclose degradable materials that are composites. Although the Examiner
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asserts that Betzold teaches “a proppant composition or composite” (e.g., coated proppant
particles), Applicants respectfully submit that Betzold does not disclose or teach the use of a

degradable material that is a composite, as that term is defined by Applicants in their disclosure.

Applicants have explicitly defined the term “composite” to refer. to a degradable material
wherein “the degradable material [is] mixed with [an] inorganic or organic compound.” (See
“Description of Preferred Embodiments” at §033.) Betzold does not explicitly disclose a
“composite” material, nor does it disclose any material that is formed according to the definition
provided by Applicants. Applicants therefore respectfully assert that Betzold does not disclose
this element of claim 19, and thus this claim is allowable over Betzold. Accordingly, Applicants
respectfully request the withdrawal of this rejection.
B. Rejections Over Berzold Under § 103(a)

Claims 36-38 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over
Betzold. With respect to this rejection, the Examiner writes that “[t]o provide resulting proppant
matrix conductivity recited in claims 36-38 would have been an obvious matter of choice or
design in carrying out the fracturing process of [Betzold].” (See Office Action at § 15.) To form
a basis for a § 103(a) rejection, a prior art reference must teach or suggest each element in the
claim. MANUAL OF PATENT EXAMINING PROCEDURE § 2142 (2004). However, as discussed in
Section V.A.1. above, Betzold does not teach or suggest degradable materials that comprise one
or more poly(orthoesters), as recited in claim 20, as amended herein. Since claims 36-38
depend, either directly or indirectly, on claim 20, they incorporate this limitation recited in claim
20, and thus Betzold does not obviate dependent claims 36-38. Accordingly, Applicants
respectfully request the withdrawal of these rejections.
VI. Rejections of Claims Over Betzold in View of Cooke 1

Claims 9, 12, 27, and 30 stand rejected under 35 U.S.C. § 103(a) as being
unpatentable over Betzold in view of Cooke I. With respect to claims 9 and 27, the Examiner
writes that “it would have been obvious to one of ordinary skill in the art to which the invention
pertains to employ a degradable polymer which further comprises a plasticizer and/or which has
been plasticized in the proppant composition utilized in the fracturing and propping process of
[Betzold), as taught by [Cooke I] (note para [0027]).” (See Office Action at § 16.) With respect
to claims 12 and 30, the Examiner writes that “it would have been obvious to one of ordinary

skill in the art to which the invention pertains “to employ a poly(lactide) as the degradable

Page 17
Response to Office Action Mailed May 17, 2005

STC Exhibit 1004, pg. 50



Application Serial No. 10/608,291
Attorney Docket No. 2002-1P-009210U1

polymer in the proppant composition utilized in the fracturing and propping process of [Betzold],
as taught by [Cooke I] (note para [0023]).” (See Office Action at §16.) To form a basis for a
§ 103(a) rejection, a combination of prior art references must teach or suggest each element in
the claim. MANUAL OF PATENT EXAMINING PROCEDURE § 2142 (2004). However, as discussed
in Sections IV.A.1. and V.A.l. above, neither Cooke I nor Betzold teaches or suggests
degradable materials that comprise one or more poly(orthoesters), as recited in claims 1 and 20,
as amended herein. Since claims 9, 12, 27, and 30 depend, either directly or indirectly, on claim
1 or 20, they incorporate this limitation recited in claims 1 and 20, and thus the combination of
Cooke I and Betzold does not obviate dependent claims 9, 12, 27, and 30. Accordingly,
Applicants respectfully request the withdrawal of these rejections.
VII. Rejections of Claims Over Betzold in View of Cooke I and Cooke I1

Claims 13 and 31 stand rejected under 35 U.S.C. § 103(a) as being unpatentable
over Betzold in view of Cooke I and U.S. Patent No. 4,068,718 to Cooke, Jr. et al. (“Cooke II).
With respect to this rejection, the Examiner writes that “it would have been obvious to one of
ordinary skill in the art to which the invention pertains to employ a poly(lactide) as the
degradable polymer in the proppant composition utilized in the fracturing and propping process
of [Betzold), as taught by [Cooke I] (note para [0023]),” and “[i]t would also have been obvious
to employ bauxite as the proppant particles in the process of [Betzold], as taught by [Cooke II]
(note col. 2, lines 13-34).” (See Office Action at §17.) To form a basis for a § 103(a) rejection,
a combination of prior art references must teach or suggest each element in the claim. MANUAL
OF PATENT EXAMINING PROCEDURE § 2142 (2004). However, as discussed in Sections IV.A.1.
and V.A.1. above, neither Cooke I nor Betzold teaches or suggests degradable materials that
comprise one or more poly(orthoesters), as recited in claims 1 and 20, as amended herein. Nor
does Cooke II teach or suggest degradable materials that comprise that comprise one or more
poly(orthoesters). Rather, Cooke II only discloses the use of proppant particulates composed of
sintered bauxite, and does not discuss the use of degradable materials at all. (See Cooke I at col.
2, 11. 16-22.) Since claims 13 and 31 depend, either directly or indirectly, on claim 1 or 20, they
incorporate this limitation recited in claims 1 and 20, and thus the combination of Betzold, Cooke
I, and Cooke II does not obviate dependent claims 13 and 31. Accordingly, Applicants

respectfully request the withdrawal of these rejections.
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VIII. Rejections of Claims over Atkins
A. Rejections Over Atkins Under § 102(b) \
Claims 1, 3, 7, 14, 17, 19, 20, 21, 25, 32, and 35 stand rejected under 35 U.S.C.

§ 102(b) as being anticipated by U.S. Patent No. 3,364,995 to Atkins et al. (“Atkins”). With
respect to this rejection, the Examiner writes:

[Atkins] (note col. 4, line 64 - col. 5, line 2) discloses a process of
fracturing and propping a subterranean formation(s) employing a
proppant composition in the fracturing fluid which comprises a
mixture or composite of proppant particulate and a degradable
material, such as a solid spacer material which chemically
decomposes in the fracture(s), as called for in independent claims 1
and 20.

As per claim 3, the recited range of 10-60 mesh falls within or is
encompassed by the proppant size range in [Atkins] (note col. 2,
lines 33-57) of 4-80 mesh.

As per claims 7 and 25, [Atkins] may employ either a degradable
polymer, i.e., a polysulfone and a dehydrated salt, such as a
carbonate as the degradable component in the proppant mixture.

As per claims 14 and 32, it is deemed that in the operation of the
[Atkins] fracturing process, a “desirable” number of voids will be
inherently or necessarily present upon degradation and removal of
the degradable polymer phase, in order to allow flowback and
production of mineral fluids.

As per claim 35, it is deemed that the resulting void space(s)

created by the degradation of the degradable polymer in the

process of [Atkins] will necessarily be “channel-like” in shape,

e.g., due to the accompanying or resulting fluid-flow through the

proppant matrix.

(See Office Action at § 18 (emphasis added).) Applicants respectfully traverse.

In order to form a basis for a rejection under 35 U.S.C. § 102(b), a prior art
reference must disclose each and every element as set forth in the claim. MANUAL OF PATENT
EXAMINING PROCEDURE § 2131 (2004). Applicants respectfully submit that Atkins does not
disclose each element as set forth in the rejected claims, as amended herein, since (1) Atkins does

not disclose degradable materials that comprise one or more poly(orthoesters) as recited in

claims 1 and 20, as amended herein, and (2) Atkins does not disclose degradable materials that
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are composites, as recited in claim 19. Therefore, those claims, and all claims dependent
thereon, are allowable over Atkins.

1. Rejections of Claims 1, 3, 7, 14, 17, 19, 20, 21, 25, 32, and 35

Applicants respectfully submit that Atkins does not anticipate claims 1, 3, 7, 14,
17, 19, 20, 21, 25, 32, and 35 since Atkins does not disclose degradable materials that comprise
one or more poly(orthoesters), as recited in claims 1 and 20, as amended herein. Rather, Atkins
only teaches the use of spacer materials that comprise carbonates, polysulfones, carbides, or
ammonium salts with a water soluble hydroxide. (See Atkins at col. 2, 1. 58-65.) Applicants
therefore respectfully assert that Atkins does not disclose all elements of claims 1 and 20, as
amended herein, and thus these claims are allowable over Atkins. Moreover, since “a claim in
dependent form shall be construed to incorporate by reference all the limitations of the claim to
which it refers,” and since claims 3, 7, 14, 17, 19, 21, 25, 32, and 35 depend, directly or
indirectly, from claim 1 or 20, these dependent claims are allowable for at least the same reasons.
See 35 U.S.C. § 112 14 (2004). Accordingly, Applicants respectfully request the withdrawal of
these rejections.

2, Rejection of Claim 19

Applicants respectfully submit that Atkins does not anticipate claim 19 since
Atkins does not disclose degradable materials that are composites. Although the Examiner
asserts that Arkins teaches “a mixture or composite of proppant particulates and a degradable
material,” Applicants respectfully submit that Atkins does not disclose or teach the use of a

degradable material that is a composite, as that term is defined by Applicants in their disclosure.

Applicants have explicitly defined the term “composite” to refer to a degradable material
wherein “the degradable material [is] mixed with [an] inorganic or organic compound.” (See
“Description of Preferred Embodiments™” at §033.) Arkins does not explicitly disclose a
“composite” material, nor does it disclose any material that is formed according to the definition
provided by Applicants. Applicants therefore respectfully assert that Atkins does not disclose
this element of claim 19, and thus this claim is allowable over Atkins. Accordingly, Applicants
respectfully request the withdrawal of this rejection.
B. Rejections Over Atkins Under § 103(a)
Claims 36-38 stand rejected under 35 U.S.C. § 103(a) as being unpatentable over

Atkins. With respect to this rejection, the Examiner writes that “[tJo provide resulting proppant
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matrix conductivity recited in claims 36-38 would have been an obvious matter of choice or
design in carrying out the fracturing process of [Atkins].” (See Office Action at § 15.) To form a
basis for a § 103(a) rejection, a prior art reference must teach or suggest each element in the
claim. MANUAL OF PATENT EXAMINING PROCEDURE § 2142 (2004). However, as discussed in
Section VIII.A.1. above, Atkins does not teach or suggest degradable materials that comprise one
or more poly(orthoesters), as recited in claims 1 and 20, as amended herein. Since claims 36-38
depend, either directly or indirectly, on claim 20, they incorporate this limitation recited in claim
20, and thus Atkins does not obviate dependent claims 36-38. Accordingly, Applicants
respectfully request the withdrawal of these rejections.
IX. Objections to Claims

The Examiner has objected to claims 6, 10, 11, 16, 24, 28, 29, and 34 as being
dependent upon a rejected base claim, but notes that these claims would be allowable if rewritten
in independent form including all of the limitations of the base claim and any intervening claims.
Claims 6, 10, 11, 16, 24, 28, 29, and 34 each depend, either directly or indirectly, from
independent claim 1 or 20. As Applicants have asserted herein that these independent claims, as
amended, are allowable over the prior art of record, the withdrawal of the objections to

dependent claims 6, 10, 11, 16, 24, 28, 29, and 34 is respectfully requested.
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SUMMARY AND PETITION FOR EXTENSION OF TIME OF ONE MONTH
TO FILE THIS RESPONSE

In light of the above remarks, Applicants respectfully request reconsideration and
withdrawal of the outstanding rejections. Applicants further submit that the application is now in
condition for allowance, and earnestly solicit timely notice of the same. Should the Examiner
have any questions, comments or suggestions in furtherance of the prosecution of this
application, the Examiner is invited to contact the attorney of record by telephone, facsimile, or
electronic mail.

Applicants hereby petition under the provisions of 37 C.F.R. §1.‘136(a) for a one-
month extension of time to file this Response. The Commissioner is hereby authorized to debit
the Deposit Account of Halliburton Energy Services, Inc., No. 08-0300 in the amount of $120.00
for the corresponding fee under 37 C.F.R. §1.136(a). Applicants believe that there are no
additional fees due in association with the filing of this Response. However, should the
Commissioner deem that any additional fees are due, including any fees for extensions of time,
Applicants respectfully request that the Commissioner accept this as a Petition Therefor, and
direct that any additional fees be charged to the Deposit Account of Halliburton Energy Services,
Inc., No. 08-0300.

Resp_t_ectfully submitted,

A

Robert A. Kent

Registration No. 28,626
Halliburton Energy Services, Inc.
2600 South Second Street

P.O. Drawer 1431

Duncan, OK 73536-0440
Telephone: 580-251-3125

ATTORNEY FOR APPLICANTS

Date: September 7, 2005
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THE HYDROLYSIS RATE OF ORTHOFORMIC ACID ETHYL ETHER

Introduction

Chemical Kinetics research is still far removed from knowing the time course of simple
hydrolytic reactions of the various substance classes with an ethereal bonded oxygen atom. Up to
now, orthocarboxylic acid esters, which are connected with important constitution problems and
synthetic methods, have in no way been worked up with regard to the kinetics of their hydrolysis.

A beginning will be made here with esters of the simplest orthocarboxylic acid, the
hypothetical orthoformic acid, and the hydrolysis of its ester that is most easily accessible,
orthoformic acid ethyl ester HC(OC;Hs)s, will be investigated. According to its behavior during
hydrolysis, which is the result of the investigation under consideration, this substance and
presumably also the analog compounds with the chemical group -C(OR)3, where R signifies an
alkyl, would be designated properly as ethers and not as esters, with this more proper designation
already being selected in the title.

From the rather comprehensive preparative literature available regarding this compound
and the closest homolog, orthoacetic acid ether, it was then possible to find a criterion
satisfactory enough to guide our work: during the hydrolysis--and we are still talking only about a
hydrolysis brought about by acids--it was always possible to find, as degradation products, only
bodies with an alkoxy group--namely, esters of the usual concerned acids--that is, formic acid, or
acetic acid esters, or their decomposition products, acid and alcohol.

It should therefore be assumed that the hydrolysis of orthoformic acid ether would be
calculated as a consecutive reaction with only one intermediate stage, in accordance with the
following reaction equations: \

" HC(OG,Hy) +H,0 — H.CO.0C,H,+2C,HOH, - (1)
H.C0.0G,H,+H,0 -~ H.CO.0H+C,H,0H ™ L@
--an assumption also confirmed by the eXperiment.

The rate of the second reaction, the saponification of the formic acid ester, in its
dependence on the concentration of the ester and the ions He and OH” of the water, is already
known [1]. Therefore, one had to determine the rate of the first reaction. According to
explanations made by R. Wegscheider [2], it was basically the determination of the constants of
three secondary reactions, the aqueous saponification, the alkaline saponification, and the acidic
saponification, in which constants--since the work was carried out in aqueous solution--it is
possible to include the constant water concentration.

As regards the analysis feasibility of the reaction mixture as a prerequisite for the
feasibility measuring of the reaction and the change in acidity, which occurs as a result of the
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reaction course and which influences the saponification rate, one can say the following. The first
of the two secondary effects takes place without an "acid toning"; its course therefore changes
nothing in the rate of the acidic and alkaline saponification. The second reaction releases an acid;
its course therefore delays the alkaline saponification and favors the acidic saponification. The
conversion after the second reaction results from the titration of the produced formic acid; the
conversion after the first reaction, from the produced formic acid and the produced formic acid
ester. The latter can be calculated accurately and quickly thanks to its very rapid alkaline
saponification, by excess alkali, which saponifies it, and back-titration with acid. The
prerequisite for the application feasibility of this analysis method is a corresponding resistance of
ortho ethers with respect to alkali. ,

In order to test this assumption, we had to therefore first investigate the behavior of the
ortho ether in a correspondingly alkaline medium.

The used orthoformic acid ethyl ether was a Kahlbaum preparation, always purified
shortly before its use by fractional distillation. The measurements were carried out in a
thermostat at 25°.

Therefore, the ortho ether was first introduced into a sodium carbonate solution and by
titration of the soda with 0.1N HCL, relative to bicarbonate, the change in titer was determined
[3]. The experiment, which extended over a week, produced only slight decreases in titer. With
regard to the very rapid alkaline saponification of the formic acid ester, only traces of the latter
can be present in the reaction mixture. After its formation after the first reaction, it must be
further saponified at a superior rate under the conditions of our experiment. The rate of the titer
decrease is, therefore, essentially indicated by the rate of the saponification of the ortho ether.

In order to test whether the slow saponification of orthoformic acidic ethyl in the soda
solution is an aqueous saponification, an acidic saponification, or an alkaline saponification, the
ortho ether was introduced into a 0.1N sodium hydroxide solution and its titer decrease was
determined with acid and phenolphthalein as the indicator. In this medium, the formic acid ester,
which forms slowly according to equation (1), leaves even more rapidly than in the soda solution,
and the titer change of the sodium hydroxide indicates the direct conversion of the ortho ether. In
the case of the aqueous saponification, the same rate was then to be predicted as in the soda
solution--in the case of the acidic saponification, a delayed rate, and in the case of the alkaline
saponification, an accelerated rate. The experiment produced constancy of the hydroxide titer for
one week. A very slight titer decrease, which could just be observed, is sufficiently explained by
the unavoidable absorption of atmospheric carbonic acid by the sodium hydroxide.

Thus, on the one hand, it was made probable that the ortho ether in the soda solution was
acidically saponified; on the other hand, it was determined that the orthoformic acidic ethyl is not

subject to an alkaline saponification or an aqueous saponification either--in any case, not in the
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amount of the otherwise previously found orders of magnitude, an [illegible], which is to be
understood in principle and is presupposed by the degree of accuracy of the analysis methods and
the duration of the measurements.

If the reaction in the soda solution really is an acidic saponification, a tremendously rapid
reaction of the ortho ether was to be expected for a mineral acid solution.

The saponification was therefore investigated in a 0.1-norm hydrochloric acid-acidified
solution and the measurement method was set up so that the first stage of the secondary effects,
the reaction of the ortho ether to formic acid ester, was revealed. A reaction mixture was
prepared that contained 0.1 mol ether and 0.1 mol HCI; samples of this were taken from time to
time, and allowed to flow into small flasks, in which there was an excess quantity of 0.1-norm
barite, and they were closed with cork plugs with soda lime tubes.

The saponification of the ortho ether had to be at a standstill at the time it was made
alkaline; on the other hand, the formic acid formed from it--to the extent that it, in turn, had not
been subjected to acidic saponification--had to be subjected to alkaline saponification very
rapidly. The titer decrease of the hydroxide present therefore had to correspond to the sum from
the formic ester and the formic acid and thus to the quantity of ortho ether consumed in the
reaction, after the deduction of the amount for the catalyst acid.

The titer decrease of barite hydroxide always exhibited, both with the sample
immediately taken after the preparation of the reaction mixture and also with all later samples, a
quantity of consumed ortho ether which was equal to its initial concentration. The experiment
was repeated--in order to be very certain--but the first sample taken immediately at the beginning
of the reaction always indicated complete conversion of the ortho ether.

The hydrolysis of ortho ether to formic acid ester in mineral acid solution therefore takes
place very rapidly. This also had to be demonstrable in a completely different way.

The hydrolysis of the formic acid ester takes place at a moderate, exactly known rate, in
mineral acid solution. If ortho ether is reacted in the acidic medium, the case of a two-stage
reaction was therefore present, in which the first stage takes place at an outstanding rate, in
comparison to the second one; the experiment can be shown by the one-stage rate equation of the
slower partial reaction. Therefore, if a measurement method was applied toward the same
reaction mixture, which was based on the following of the conversion according to the second
stage, the measurement of the produced formic acid, then the result would have to be the already
known rate constant of the formic acid ester according to the one-stage monomolecular
calculation.
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The reaction of the formic acid ester and the orthoformic acid ether in hydrochloric acid solution

The exact measurement of the constants of the acidic saponification of the formic acid
ester was done by Palomaa (1. c.) and involved a difficulty which, as in many similar cases, is
found in the rapid alkaline saponification of the ester. If one turns namely to the acid titer soda
and phenolphthalein determinations, then an increased consumption occurs due to the alkaline
saponification of ester still present at the titration endpoint and with the local excess of titer
solution at the site of influence. 4

In such cases, ammonia [4] was frequently selected, which, as a weak base, does not
exhibit this disadvantage, but instead makes the titration less exact. Palomaa sought a way out in
the middle in that he used the stronger ethylamine.

According to the design of the titration experiment by N. Bjerrum [5], however, the use
of weak bases and acids as measurement solutions does not cause any difficulties, and the work
is carried out with the best--that is, determined--titration exponents. We therefore used ammonia
and 6.35 as the best titration exponents, for which p-nitrophenol is a suitable indicator. The
titration error is then 0.03 cm” at the beginning and 0.1 cm’ at the end of the measurement, or
1%o, or 2% of the current ester concentration--this is, it corresponds to the desired accuracy.

The titration of Experiment 1 was carried out in this way. In Experiments 2 to 5, the work
was more rapid and simple, in that alizarine was used as an indicator and the titration was pale
yellow to purple [6]. The accuracy of this simplified experiment is, as the experiment teaches,
also sufficient.

For the rest, the procedure was very similar to that used by Palomaa, only the reaction
was undertaken in larger quantities, in that 500 cm? reaction mixture were prepared and samples
of 50 cm® were titrated.

Experimental series 1
Formic acid ethyl ester in hydrochloric acid solution
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gqo-m:;-smwm&.‘ - .

’l“‘, “"*X 5 “‘l--. k.
00 T ooreie L n — -
16-. . 006888 . 0-0163 " 0-0M3
les- . 0-04018 00192 : 0-0193
A%, . . -0-03518 - . .0Q-0197. . '0-0196
60"+ 0-02820 - 0-0085 -, _ 0-0192°
78 1001778  ~ 0°0193 T @-192
103 - 00i072 - 40187, +0-0192

i @W-——v—‘— PASTYRS

h& Soml... 0102

-

STC Exhibit 1004, pg. 60



N

Key: 1 Average
2 For

Experiment 2

Key: 1 Averagé —
2 For

Experiment 3

§a=u-112D, Sso0°00017 .
&5 Y 3 R 3
0:10230 . -

0-08844 - 0-0188  ~ 0-0/83
. 0-07658 - 0°0180° . - 0'018T

"0-00362 . 0-0188 0-0183
0705102 -~ - 0°018¢ 00183
0+03838 0-0178. . - 00188

- 002304 . -* 00176 . . .0°018Q
. 0 . :

G @wma. gromss

: e&.ssa 1.,. 0183

et 3910885, S = 008920

F8g88T.5 -

i

Key: 1 Averageu ‘
2 For

UL (DMine: .. o-0183

"8—'-,!1 S k Lt h

© . 0710042 T PR
4 008844 . 00181 ! 0-0181
* 0°07768 . --00188° . . 0-0183
0-06082 ' . -0-0188 - . 0-018§
- 006474 - 0-0188 - 0-0184,.
0:03008 - , 0-0185  0°0184
. 002242 00181 - - 0-0183.
' 0+00878 00180 - ' 0-01§3
« 0. ;

BfGr S==1... 0188 .

STC Exhibit 1004, pg. 61



»

Experimental series II
Orthoformic acid ethyl ether in hydrochloric acidic solution

Experiment 4
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In the tables, S signifies the concentration of the catalyst acid (hydrochloric acid), which,
like all other concentrations, is indicated in moles per liter; €, the equilibrium concentration of
the produced formic acid or the saponifiable fraction of the ester [7]; € - x the current
concentration of the saponifying ester, determined from the current acid titer and %; and t, the

time in minutes.

The rate constant was calculated according to the formula:

- - .

1 5-—-:

b= g

r,-: It
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--one time from two directly successive values of t and &, that is, according to the sequence
formula [8], and the other time, in the most common manner, according to the step formula,
which strips away the errors.

The average value of the constant, related to S = 1, of the acidic saponification of the
formic acid ester from all three experiments is 0.187 and completely agrees with the one found
by Palomaa. The best value, however, should be that of Experiment 1, since it is based on the
most accurate titration method (titration with a determined titration exponent). We therefore want
to hold on to the value:

ey v Co.
*=10:192 (25°). -
Experiments 4 and 5 with the orthoformic acid ethyl ether finally produced a good
constancy of k and for the value, related to S = 1, of the constant on average k = 0.1983--that is,
the same value as for the formic acid ethyl ester.

Thus, it appears to be proved that the orthoformic acid ethyl ether is converted into
formic acid ester at an unmeasurably rapid rate in a strongly acidic solution.

Experiment plan for the measurement of the rapid reaction

Since reaction (1) takes place unmeasurably fast in [He] = 0.1 solutions, but in {He] = 0.1
or [He] = 10" solutions is practically stationary, it was predictable that it progresses, with an
average acidity, at a rate that can be easily measured. It was also obvious that the most suitable
acidity should be sought by using various hydrogen ion buffers.

In order to slow the acidic saponification of the ortho ether, it was first undertaken in the
reaction mixture (gram formula weights per liter):

+, 0 T HC(OL,H))y+0- 04 CH,COOH 40 FCH,COONa,

that is, with the acidity [He] = 7.2 10°°. The measurement method was the same as the one
implemented at the beginning: taking of a sample in excess hydroxide and measurement of the
formic ester produced from the ortho ether. The first measurement, undertaken immediately after
the start of the reaction, produced a result of 50%. The hydrolysis is therefore also too fast at this
acidity for measurement.

Thus, there was a case of hydrogen ion catalysis of a speed so unusual that up to now, it
had not yet been observed in acidic saponifications.

The acidic saponification in the acetic acid-acetate solution again justifies the assumption
stated in the beginning, wherein the slow reaction observed in the soda solution is an acidic
saponification.
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The attempt was recently made to measure the reaction in a carbonate solution, wherein
to increase the rate, a copious bicarbonate additive was used. In fact, the decrease in soda titer
was then a noticeably more rapid decrease but a sign that the ortho ether was actually acidically
saponified in the soda solution; however, we soon abandoned those experiments: the reaction
was still too slow to give useful results and moreover, the carbonate-bicarbonate buffer with a
high bicarbonate concentration cannot withstand an experimental time of many days [9].

Something similar is true for an ammonia-ammonium salt buffer, which permits the
reduction of the acidity to [He] = 10THegible],

Thus, two paths appeared to be still open, wherein by following these paths, a suitable
reaction rate was promised: the selection of a buffer with the range around [He] = 10°® or one
around [He] = 107

The former path proved less feasible. To be sure, with [He] = 107, abandoning the formal
standpoint would have been particularly attractive. As can be seen from the finally determined
numerical value of the constant of the ortho ether and the already known one of the acidic and
alkaline saponifications of the formic acid ester, the two-stage reaction would really appear here
as such. Both partial reactions would have had rates of the same order of magnitude; the first
would be the acidic saponification of the ortho ether without acid toning and would have been
accelerated by hydrogen ions; the second, the alkaline saponification--the acidic saponification
would have been neglected--of the formic acid ester with acid toning and would have been
delayed by hydrogen ions. The mathematical expression of the entire process would be a system
of simultaneous differential equations of the following form:

| d : c’+1
r “ bl )

JJ. b__-,,

‘” o & (x y) "";.}’

Without going into the question of the integration of the system or the further possibilities
of operating with these equations, one can say that all methods would have made available
mathematical expressions of such complexity that their use with regard to the expected accuracy
of the analysis results appeared to be of very questionable value. As a result of the
simultaneously present buffer salts, a large alkali excess had to be taken, namely, for the
determination of the formic acid ester, so that x - y is determined as a small difference, that is,
not very accurate. Moreover, especially in the area [He] = 10°%, there is a lack of a buffer of
normal useability.
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In this case, like in many similar cases, working toward the simplest and most transparent
conditions possible is urgently recommended. Such conditions are given by the acidity
[He] = 107--that is, the measurement of the reaction in the neutrality areas.

Here, a phosphate buffer from primary and secondary phosphate is available. The
dissociation constant of the phosphoric acid after the second stage is 1.95 x 10”7, or with
sufficient accuracy, 2 x 107; the surroundings of a hydrogen ion concentration of numerical value
therefore had to be taken into consideration. As a rough calculation showed, the alkaline
saponification of the formic acid ester had to take place here very slowly already. Thus it was
possible to strive for a very substantial simplification of the conditions. If the reaction of the
ortho ether took place so rapidly that the saponification of the formic ester, which influences the
acidity, could probably be neglected for the duration of the reaction course which was followed,
then an isolation of the reaction of the first step, which is what we are dealing with, and which
takes place without acid toning, was attained in a medium of constant acidity--therefore, the
simplest time law, the one-stage equation of first order, is applicable to the time process to be
measured. ’

Of the reaction partners, only one was to be analyzed here, the produced formic acid
ester, and this could occur only by the alkaline saponification of the latter by an added
corresponding excess of hydroxide, wherein the reaction to be measured was appropriately
slowed down with an excess, and a subsequent back-titration to secondary phosphate.

In order to find out now whether these desirable experimental conditions could really be
implemented, -one had to find a clue for the rate at which the ortho ether reacts here, and thus,.on
the basis of these assumptions and without consideration as to whether they are exactly fulfilled,
some orienting preliminary experiments were first carried out with a ratio of the buffer 1:1--that
is, with an acidity [He] =2 x 107; the possible errors could, in no way, be so large as to be able to
at least determine the order of magnitude of the rate of the reaction.

These preliminary experiments showed that the reaction course, in fact, took place in a
few hours and produced, as a rounded-off, approximate numerical value, the constant 50,000,
relative to [He] = 1.

The meanings are as follows:

k constant of the acidic saponification of the ortho ether for [He] = 1.

ka constant of the alkaline saponification of the formic ester for [He] = 1.

k; dissociation constant of the phosphoric acid according to the second stage.
k3 dissociation constant of the phosphoric acid according to the third stage.

a starting concentration of the ortho ether.

T starting concentration of the primary phosphate.

c starting concentration of the secondary phosphate.
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h hydrogen ion concentration.

w=10" water constant for 25°.

X conversion variable of the first reaction.

y conversion variable of the second reaction.

For k, the orientation value k = 5 x 10%, for k,, the value [10] k, = 1400 was used.
Because it is simply a matter of the determination of the best experimental conditions, one can be
satisfied with approximate numerical values.

For the beginning of the reaction, the following is valid:

L L T T

. " “ -
_h,-=‘k.--6—,.‘ .. - : (3)

In the course of the reaction, a quantity y of formic acid is formed; it is stronger than the
phosphoric acid after the second stage and converts y moles of the secondary phosphate into
primary phosphate. Therefore, the followmg is valid for the current acidity:

4 . ’ L
‘ k-f, a-—y .(4)
By setting k as a constant according to (3), we produce an error F. It amounts to the

following in perccntage. -
’ Tty ®

_ &5 s -1'06; y(nﬂ) 160, e
L . g(q_y oaW
IR

In order to determine this error in an arbitrary stage of the reaction--that is, for an
arbitrary value of z, we need to know the relation between y and x, and because F should be
small, then one can be satisfied with an approximate relation. The approximation that we make
and that is fulfilled all the better, the smaller F or the more changeable h is, is that we neglect y
as small, in comparison to x, T and 6. Then, our simultaneous differential equations are
simplified and become:

“-—ma 3
& el @
y _, w | A :
dt .‘k. z, .‘i“ L

-

where h has the value according to (3).
Then, by division, it follows that:
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dy _hw 3z
ds T MW . Vg3
and integrated: . . L
= %7;— {a —hy—a In (a —-x)} +J.

-

The integration constant J follows from y = o for x = 0. Their use finally produces the

followmg as the sought relation:
"Ryt

-, . a N - . . ) .
J:__ 41‘. {aln-.-———-“__* —z}_ S (7)
According to this expression, the y for arbitrary a, x and h can be calculated and by the
use of y in (5), the error F, in its dependence on y and the buffer salt quantities T and G, can be
determined.

This was carried out for a number of cases, and sufficiently small values of F resulted for
a number of them.

The results obtained were evaluated for the experimental conditions to be established,
taking into consideration the viewpoints which are to follow.

The only possible type of analysis was already characterized. The main thing was to
manage with the lowest possible hydroxide excesses, if the analysis result, as a small difference,
was not to be very inaccurate.

Standing in the way of this was the presence of the buffer salt. The lower the quantities of
buffer salts to be used, the lower would be the hydroxide quantity. They should not be selected
too small, however, since from (5), it is clear that F is all the smaller, the larger the z and 7t and
G. Between these contrary considerations, therefore, a middle course would have to be sought
and found.

The hydroxide excess was to be dimensioned in such a way that the formic ester to be
analyzed saponifies quantitatively in a short time. With a small hydroxide excess, it first
saponifies in the excess hydroxide and then, when this is consumed, in a mixture of secondary
and tertiary phosphate. The reaction time for the ester saponification is sufficiently dimensioned
if we calculate it for the alkalinity which prevails at the end of the reaction. This alkalinity
follows, in accordance with the hydrolysis equ111br1um

£HPO”][0H’1 _g
[?0.'"1 TR

from the following quadratic equation:
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o W T[OH]
M= 3 Se o

or:

o+ (s + i) [OH]—X 1=, @

where S and T signify the "analytical concentrations” of the secondary or tertiary phosphate.
If we assume the formic ester to be saponified if it has been reacted to 99%, then the

reaction time R is calculated in minutes for the alkalinity [OH ], in accordance with the

following equation: . _
B[OHIR=1100. - . @

The hydroxide excess was so dimensioned that R is only fractions of a minute. Since the
formic ester first saponifies in an essentially alkaline medium, this statement is surely much too
generous; however, one is soon convinced that there is not much to spare here.

From these explained viewpoints, a series of experimental conditions were weighed, and

the following were selected as the most suitable:

¢+ (DVersuchweits 4 () Versichareihe B
P 1 S 1 B
) n..¢;,....~..l_-. " 008, L uge
Sieesiene 0208 Y 0nee
LA @D ETITT TR - et
Keileiidien, 00T - T e 00
x (@ . 00014 . . 000088
F®...L 12 33
Loinini, "0l - 7020
$lieinins. . 008, - 007
V'Tp...f...'.'l.v:.. ﬂ% - - 'f).qs_
S[OH (®...... o018 - - 001y
TR®)N.a 02 L 0m
Key: 1 Experimental series A
2 Experimental series B

The error which was calculated from (5) and which flows from the inconstancy of the
acidity appears indicated here for that x up to which the reaction was followed by
measuring--that is, for the end of the measuring. For the middle and beginning of the
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measurement, it is, of course, substantially less, so that the acidity, with sufficient accuracy,
should be assumed as constant.

L is the hydroxide quantity used for fixing the reacting system and for saponification of
the produced formic ester. It is, like the other concentrations, indicated in moles per liter in the
table.

The measurement of the acidic saponification of the ortho ether

The titration was done according to the data from Bjerrum for secondary phosphate--for a
titration exponent 9.57, and using a Soerensen standard solution, dyed with the indicator. 13
drops of a 1% alcoholic phenolphthalein solution was used on 100 cm” of the latter and the
titrated-out solution.

With this titration exponent, an acidic saponification of the ortho ether was not to be
feared; on the other hand, the use of a strong acid as the standard solution had to be avoided,
considering the local acid excess on the influence site, which could lead to an acidic
saponification of the ortho ether. The latter takes place without acid toning, that is, would be, in
fact, without disadvantageous effect, but leads to the formic ester, the latter of which is subjected
to an alkaline saponification in the solution to be titrated and would bring about an erroneous
reduced consumption of titration acid. For this reason, 0.1-norm acetic acid was used as the
standard solution, which was without importance for the accuracy of the titration, since the
dissociation constant of the acetic acid is substantially greater than k; of the phosphoric acid.

The execution of the experiments took place in the following manner:

As buffer salts, the Kahlbaum preparations KH,PO4 and Na,HPO,4-2H,0 "according to
Soerensen" were used. The weighed quantities were dissolved in a volumetric flask to 500 cm® in
boiled water and the ortho ether, weighed in by means of a Rey pipette, was added to the reaction
flask, filled to the mark; it was quickly brought to 25° and the reaction flask was suspended in the
thermostat.

The reaction flask was provided with a lifting apparatus which could be closed, which
permitted taking samples with the smallest possible evaporation losses. They were captured in a
volumetric flask to 50 cm® and from this, brought to a beaker (time reading), in which the
required quantity of hydroxide had already been added from an automatic pipette. After waiting
for some time (1/4 minute, see above), the back-titration with acetic acid took place.

The calculatlon was carried out accordmg to the followmg formula:

i e—x . - :
u"t,—t,lna—r, SRR ._(19}

The method, as it was described, did not allow us to expect any special accuracy, since
despite all limitation, one had to work with sizeable hydroxide excesses; the current

STC Exhibit 1004, pg. 69



14

concentration a - X, therefore, came out as a small difference. In addition, there are the
unavoidable mistakes, as a result of the effect of atmospheric carbonic acid, which is always
connected with investigations in which one must deal with strongly alkaline solutions for some
time.

Finally, another error source was taken into consideration, whose influence could not yet
be extensively eliminated, and which suppressed the degree of accuracy by another stage. This
was the evaporation of the formic acid ester, which, by itself, boils at 54° and has a high partial
vapor pressure in the 25° reacting mixture.

This fact of the accurate measurement of the acidic and alkaline saponification of that
ester is not very restricting. With these rapid reactions, the concentration of the volatile reaction
partner decreases rapidly with time, with the formation of nonvolatile reaction products, which
are measured. Here, however, the concentration of the volatile substance increases with time and
has the greatest values toward the end, that is, in the second unequally longer parts of the
reaction, and the volatile substance being formed is used for the measurement of the reaction
progress.

The mode of sampling mentioned above could also only reduce but not eliminate this
evil, since with the length of the reaction and the gradual emptying of the reaction flask, the air
space in the latter and thus the evaporation are greater and greater.

The loss as a result of the evaporation can also be seen from the experimental tables for
the values indicated there for the time infinity. The way out, which is often selected in such
cases, namely, to determine the current concentrations not from the starting values, but rather
from the end value, was not feasible here, because, in fact, the concentration of the reacting
substance was not reduced by the evaporation, but rather the concentration of the volatile
reaction product to be measured.

In the following tables, a signifies the weighed quantity of ortho ether, which was the
basis of the calculation; X,, the quantity of formic ester found by analysis at the end of the
reaction. Because a reverse reaction is certainly not present, X, = a should have been expected.
As a result of the evaporation, X, < a was found. The described phenomenon is manifested,
above all, in a strong decrease of the constant in the last fourth of the reaction. In Experimental
Series B, whose reactions were followed longer, the gradient is shown more clearly than in
Experimental Series A. The constant values found too small as a result of the evaporation were
placed in parentheses in the tables and were omitted in the calculation of the average. In the
following, we have the measurements.

Experimental Series A

. F=1X10-"..
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The first series kh was always calculated by interval integration; the second, by
integration from the very beginning. The average values of kh were calculated from all

combinations of all measurement results not placed in parentheses.
Better constancy of kh within the individual experiments could not be expected according
to the cited error sources.

The values of the experimental series A give, in turn, the following as the average:

Bk = 0-00674 (h = 1X10-7)

and the two of the experimental series B:

B =0-01894 (= 2X10-7),

Therefore, they are also like the acidity in the ratio 1:2, with a deviation of only

approximately 3%.
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Thus, it appears to be proved that the hydrolysis of the orthoformic acid ethyl ether to
formic acid ethyl ester can be calculated as a one-stage reaction, whose rate is proportional to the
concentration of the ortho ether and hydrogen ion.

If one relates the rate to the concentration unit of the ortho ether and hydrogen ion, one
obtains 6.85 x 10*, or rounded off:

k = 70,000 (25°%)

From this, a midpoint of [He = 0.1] minutes follows for 1 x 10 or--for the result as
99%--a reaction time of 6 x 10"*8™*) minutes, in agreement with the results of the
measurements in 0.1-norm HCI solution.

The results of the preliminary experiments also agree with the numerical value of the
constant. On one hand, 1 minute is calculated from it, namely for the mid-point in the acetic acid
experiment (h =7 x 10'6); on the other hand, for the result as only 10%, a reaction time of 20
days for the carbonate-bicarbonate experiment (h = 6 x 10"") and of 10,000 days for the
hydrolysis by 0.1N NaOH (h = 10™"%).

The chemical nature of the ethyl orthoformate
According to the result of our measurements, the orthoformic acid ether thus reacts in the
sense of the following equation:

- HE(OC,Hy), +H,0. =" HCOOC,H, +2C;H,5H~

at a rate h, which is proportional to the hydrogen ion concentration. For [He] = 1, k has the
tremendous value of 70,000.

The question of whether this rapid acidic hydrolysis takes place directly, at one go, or via
intermediate stages, remains unanswered. Both assumptions are compatible with the results of
the measurements. The "chemical feeling" is an argument for the stagewise course. The tendency
to assume stagewise reactions in the present case and in similar cases corresponds to our current
molecular-kinetic views, based on probability-theoretical views and supported by general
experience.

If we follow this tendency, we would have assumed at least two stagewise reactions:

HC(OCJ%*H Q- b HC(OC.H,?.OH*'C:H&H.

‘~’~

nc(qc,n,,),ou fl ncooc,n,+ c,H.om
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where between k) and k, equations would have to be valid, which have such a nature that in
measurements, the stagewise sequence with the constants k; and k, behaves exactly as the direct
reaction with the constant k. There are two relations which satisfy this condition,

Ist case. The constant k; is very large in comparison to k,. The orthoformic acid ester is
converted into the intermediate substance HC(OC,Hs),OH relatively rapidly and what is
measured is the conversion of the latter into formic ester. The measured constant k is k = k,. The
circumstance that the intermediate substance could neither be isolated nor proved up to know
speaks against this hypothesis. Since neither formic ester nor its saponification products are
formed in the alkaline-rendered medium, k; can be only very small in this medium. By dissolving
the ortho ether in dilute acid and the immediate alkalinization of the solution, the ortho ether
would have been converted almost completely into the intermediate product and it should have
been possible to detect the latter then and, for example, to isolate it by vacuum distillation. That
the preparative art has not yet succeeded in doing this speaks against the assumption k; << k.

2nd case. The constant k; is very small in comparison to k,. The ortho ether forms the
intermediate product HC(OC,Hs),OH relatively slowly; it is reacted to formic ester, in turn,
relatively fast. The measured constant k is k = k;. That the intermediate substance has not yet
been detected, not to speak of being isolated, speaks in favor of the assumption k; << ks,

However, direct observations made with another substance which has hydroxyl and
alkoxyl bonded to the same carbon speak for k; << k,. We are referring to the saponification of
the carbonic acid [11]. This reaction also takes place like a one-stage reaction, according to the

measurements:

CO(OC,H,), +2H,0 -+ CO(OH}, +2C,H,QH,

which, just like the hydrolysis of the formic acid ortho ether, can be though as broken down into
 the stage sequence.

. ¥ ; :
EOLOC,Hy), +H,O =+ CO(OC,H,JOH+C;H,0H,
CO(OGHYOH+H,0 > CO(OH)+C,H,0H

Here, however, we have the possibility of exposing the second of the two stagewise reactions in
that it is possible to prepare the intermediate substance in the form of a sodium salt and to
investigate it directly with regard to its reactivity. If one brings this sodium salt into aqueous
solution, then the experiment teaches that it reacts with all ratios--that is, with any acidity taken

into consideration--almost instantaneously to form carbonic acid and alcohol.
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If we accordingly break down the measurable reaction of the saponification of the
carbonic acid ester into a stagewise sequence, then as regards the constants of the stage sequence,
k; << ky and k =k are necessarily linked to this breakdown, as additional conditions.

The conditions with the carbonic acid ester and the additional circumstance that very
generally, the monoalkyl and monoaryl derivatives of the geminal glycols "are mostly difficult to
understand" [12] are an argument for the fact that we have also assumed that k; << k3 and k =k;
for the stage sequence of the ortho formic acid ether hydrolysis as probable.”

Analogous with the carbonic acid ester, the rapid reaction, according to the second stage,

can also be either the result of an 1ntram01ecular process

HG(OC,H,),OH - Hcooc.u,+c,ﬁ OH

or that of another stagew1se sequence

L
HC(OC,H,),OH-;—H,O - HC(OC,H,)(OH),+(,,H50H
nC(oc,H,)(om, oz HCO, 0c, Hy+H,0.

with our ortho ether also whereln it was not possible to reach a decision.

*[Molecular-kinetically, one has thus said the following. It is the stagewise reaction of a substance with two identical
and identically bonded reactive groups X. Such a substance has the structural formula XAAX, It reacts according to
the foliowing stagewise scheme: S o

XAAX :’.xjaz-t 244z

If one designates with u the constant of the group rate of the substance XAAX--that is, the speed at which a
certain group X of this substance reacts, then the rate k; at which one or the other group reacts in XAAX is k; = 2,.
With regard then to the rate k; after the second stage, then one should distinguish here among three cases:

1. The reaction of the group X takes place independently--that is, (see R. Wegscheider Monatshefte fiir
chemie, 9 (1908), 91 and 36 (1915), 471), uninfluenced whether the second group X is still present or is already
replaced by X. Then, K2 = x. '

This case is, among other things, realized in the acidic saponification and esterification of the normal oxalic
acid homologs and tartaric acid and in the acidic and alkaline saponification of the esters of ethylene glycols. In the
electrolytic dissociation of divalent symmetrical acids and bases, it is present, if the ratio 8,:5, of the constants of the
stagewise electrolytic dissociation is 4, which is approximately true with phenolphthalein and with crystal violet,
since there is a connection between 8,:3, and the ratios of the kinetic constants of the stagewise sequences of the
electrolytic dissociation.

2. The reactivity of the group X is a dependent one in the manner that X reacts more slowly if the other X
has already reacted--that is, is replaced by Z. Then, k<2, This case appears to be the rule. It is, for example, realized
in the alkaline esterification of the esters of the normal oxalic acid homologs and tartaric acid. It is also realized in
the stagewise electrolytic dissociation of the symmetrical acids and bases, in that §,:9, is large as a rule and very
frequently, very much larger than 4. (see E. Q. Adams, Journ. Am. Chem. Soc., 38(1915), 1503).

3. The reaction of the group X is an independent one in the manner that X reacts more rapidly if the other X
has already reacted. Then, k, > x. This case is realized in the saponification of the carbonic acid ester. It appears to

be realized, perhaps very generally, in the saponification of the ethers and esters of geminal glycols.]
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Another question to be discussed on the basis of our reaction-kinetic finding is that of the
characterization of the chemical nature of ethyl orthoformate. In this regard, in any case, one can
say that the latter has to be eliminated from the class of esters and classified as an ether.

If R designates an alkyl and A, an acyl, then it is possible to establish three types of
substances with an ethereal bonded oxygen atom with regard to the process of the hydrolysis and
the all the rest of the chemical characteristics:

Type I (ethers): ROR~
Type II (esters): AOR~
Type IlI (anhydrides): AOA”

This separation is not to be understood as a fundamental one but rather probably only as a
gradual one, since, as P. E. Verkade [13] has shown, there is extensive agreement between the
carbonic acid, on the one hand, and alcohol, on the other hand, and with regard to the chemical
behavior of the two substance classes--if one disregards the specific reactions of carbonic acids
caused by the carbonyl group--there is no basic difference.

If, on the one hand, an analogy exists between acyl and alkyl, then there is, on the other
hand, such an analogy between alkyl and hydrogen. The view of the hydrogen atom as the
simplest alkyl of saturated hydrocarbons goes back to J. H. van't Hoff [14] and was recently
explained convincingly, namely, by K. Kubierschky [15]. Our overview therefore includes the
free carboxylic acids and limiting cases of the esters and alcohols and water, as limiting cases of
ethers. The important reaction of the saponification or hydrolysis proves to be then a case of
"ester interchange," wherein one understands the phenomenon that the substances with an ether
oxygen in reaction with other substances with ether oxygen are able to exchange their acyls and
alkyls.

If one assumes multivalent alcohols and carboxylic acids as well as zwitter structures and
the oxycarboxylic acids, then these substances are able to form internal ethers, esters, and
anhydrides, in addition to the "external” ones. The carbonyl compounds, for example, are then to
be understood as internal ethers of geminal glycols. Therefore, all organic compounds with an
oxygen atom whose two valences are bonded to C or H fall into our overview.

Other organic compounds can be conceived, once again proceeding from our three types,
derived in such a manner that R, A, RO, AO, or O are, stepwise, replaced by other analogous
elements or element groups, wherein one arrives at compounds which, with regard to behavior
and synthesis, exhibit a closer or more distant analogy with ethers, esters, and anhydrides. In this
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way, one arrives at a nomenclature of the organic compounds whose original type is designated
as the most general of our three types, the ester type.‘

Therefore, if clear transitions and continuities exist, then it is nevertheless
recommendable, in the interest of the classification and the categorizing of individual substances
into groups belonging together, to first stress what differentiates and separates. The showing of
continuities and the search for laws for their gradation are tasks of later development.

The process of hydrolysis or saponification belongs among the reactions of our three
substance types, which are also investigated quantitatively and therefore are known with the most
accuracy: o '

‘ROR'+H,0 = ROH+R OH,
' AOR4H,0 + 4A0HA+ROH,’
AOA'+H,0 ~ AOH+4 OH,
the reactions, in a correspondingly strong dilution, take place more or less completely.

The principle of chemical kinetics regarding all possible reactions as also actually taking
place, which comes from the general striving toward as uniform as possible an explanation of all
natural events, leads us to assume the general time law of a secondary effect for the process of
hydrolysis with unchangeable water concentration:

—dV _
g SR OHTVARH VLY, . g

where V signifies the concentration of the hydrolyzing substance. The three rate constants
Ka, ks, kw should be designated as the constants of the alkaline saponification, the acidic
saponification, and the aqueous saponification.

The concentrations [OH"] and [He] are not independent of one another, but rather linked
by the following relationship: ) _ ) )

HIOH)=w®, - gz

wherein it should be noted that the reaction leading to this equilibrium condition is established,
according to experience, at an outstanding rate, so that the equation (12) is always fulfilled.

From (11) and (12), it can readily be seen that with a certain acidity, the rate of
saponification -dV/dt must be a minimum. We experience the minimum condition if after
inserting [OH] from (12) into (11), we differentiate the latter equation according to [He] and set
the derivation equal to zero, wherein we receive the following:

* It would be very appealing to go into more detail regarding the "ester nomenclature" of the organic substances. I
will postpone this until more experimental material, above all, rate measurements are available. The "reactivity” of
the substances, the "mobility" of the atom and groups find their exact expression in the rate constants, wherein one
has to consider that, as is known, the occurrence or nonoccurrence of a conceivable reaction in organic chemistry is
far more frequently based on kinetics than energy, from which the importance of chemical kinetics for organic
chemistry may be deduced. (A. S.)
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{H'] Vel T e

We can also write the condmon (13) in the followmg form:

ok
which says that the rate of saponlﬁcatlon is a minimum, if [He] behaves relative to [OH"] like the
constant of the alkaline saponification to the constant of the acidic saponification.
If we conceive of the saponification taking place with a constant acidity, perhaps

regulated by a suitable buffer, then its mmlmum rate is given by the following equation:

: —-JV
= Zb.V-i-b
& "t as)

where ki, has the following meanmg ] o
R ==Y T

On the other hand, there are two maximum values of rates of saponification, whose
conditions can be approached by using solutions as alkaline as possible, or as acidic as possible;
in this undertaking, however, one encounters limits, theoretically and practically.

The task of the kinetics is to determine all three saponification constants numerically, at
least according to the order of magnitude. Relatively high values of one or the other of the
constants can be easily measured, or if the pertinent reaction is immeasurably fast, can be easily
determined. The case is different with relatively small values.

If a small constant of the water saponification is to be measured, then one will bring about
the condition of the minimum rate. Then, k,, will still have to be measured, if it is of the same
order of magnitude as 2 kn, [see equation (15)]. If ky<<2kp, then there is no prospect of being
able to determine its value.

For the purpose of measuring a relatively small k, or ks, one will approximate the
conditions of the maximum rates. The case that one cannot measure, for example, k; in a strongly
acidic solution, because even under this condition, ks [He] is small, in comparison to k, [OH"], is
hardly expected according to previous experiences which have been gained with regard to the
order of magnitude of the constants. According to these experiences, the range of the
saponification constants, although large, is substantially smaller than that of the realizable
acidities of around 14 powers of ten. In the most extreme case, therefore, one will be able to
determine a halting of the saponification and thus the inability to measure k; as a result of its
smallness.

On the other hand, it may happen that one cannot get any idea regarding the order of
magnitude of ks because even in very acidic solution, is small in comparison to ks [He]. Then,
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occasionally, by adding an inert solvent, it is possible to shift the ratio k; [H*]:k,, enough, in favor
of ks [He], so as to at least be able to establish the fact of the existence of an acidic
saponification.

If we now survey the saponification of our three substance types with ether oxygen atoms,
with regard to the absolute and relative values of k,, ks and ky, then one can state the following
on the basis of previous observations and measurements.

Carboxylic acid esters. The constant of the alkaline saponification is very large and very
different with the individual esters. For example, for the first methyl of the oxalic acid ester, it is
of the order of magnitude [16] 10%; for a large number of other methyl esters, the order of
magnitude 1 and below.

The constant of the acidic saponification is small; with the various esters, not very
different, of the approximate order of magnitude 101" apd below.

The saponification rate minimum is, accordingly, in the vicinity of the neutral point, but
always on the acidic side of the sample, for example, for ethyl acetate with [H"] =3 x 107

An aqueous saponification can generally not be determined--which says that a possible k,,
is, under all conditions, small in comparison to k,[OH"] or k;[He]. If measurements are present in
the saponification minimum [17], they are an argument for a vanishingly small ky, even in
comparison to 2 kp, [equation (15)]. It would be desirable to increase these measurements and in
particular to extend them to esters with extreme saponification rates.

Alkaline, in addition to acidic saponification, with nondetectable aqueous saponification
and k, > k; require, with the carboxylic acid esters, a sharply pronounced saponification
minimum in the area of the weakly acidic reaction, as can be seen from curve II of the figure
(abscissa acidity, ordinate reaction rate for V = 1, both in a logarithmic count) on the ethyl
acetate as an example.

The relations between the three constants, explained here, are valid, as a rule, only for the
carboxylic acid esters. With sulfonic acid esters and mineral acid esters, the conditions are
substantially different [18].

However, with the carboxylic acid esters also, there are remarkable deviations from the
rule. Thus, H. Johansson and H. Sebellus [19] have been able to detect a measurable aqueous
saponification, in addition to an immeasurably rapid alkaline saponification” and a measurable
acidic saponification during the hydrolysis of the glycolide to glycologlycolic acid and the lactide

* . . . . . . . .

In the meantime, we were able to measure this rapid reaction so that now an ester is present in the lactide, of which
all three constants k,, k, and k,, are known according to the numerical value. We will soon report on our
measurements.
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to lactolactic acid. The case of a carboxylic acid ester saponification, therefore, is present here, in
which ky, can no longer be neglected, in comparison to [He] ks.

As regards lactones, y-lactones behave normally--that is, like the majority of the other
carboxylic acid esters. As concerns B—lactones, on the other hand, the same researchers [20] were
able to show particularly extreme deviations from normal behavior, if the hydrolysis of the
B-lactones is not catalyzed by the hydrogen ion (or is catalyzed only a little).

With regard to the valid relation ky, << [He]k;, the B-lactones already bring to mind the
acid anhydrides.

Carboxylic acid anhydrides. The saponification or hydration of carboxylic acid
anhydrides [21] is characterized by a high value of the constant of the water saponification. For
example, ky, = 0.17 for acetic anhydride at 25°, corresponding to a mid-point of around 4 min. In
comparison to this amount, [He] k; is difficult to validate, and the claim by A. C. D. Rivett and
N. V. Sidgwick [22] that the hydrogen ion does not accelerate the hydration of acid anhydrides is
easily understandable. On the other hand, K. J. P. Orton and M. Jones [23] are able to state that
this hydrolysis is also accelerated by the hydrogen ion, although not as obviously as the ester
saponification. The two researchers have also shown that the acids are, namely, very effective
catalysts in water-poor media. In addition to the water saponification, therefore, the acidic
saponification of the anhydrides is certain.

The acceleration of the hydration of anhydrides by acids (hydrochloric acid, sulfuric
acid), moreover, is very clearly obvious also from older observations of a more qualitative nature
[24].

The hydroxyl ion is an extraordinarily effective catalyst for the hydration reaction. The
constant of the alkali saponification could not yet be determined up to now [25]. The difficulties
lie less in the high value of k, than in the magnitude of ky, i.e., are of a similar type as those
which oppose the determination of k. Since the saponification in a medium-strong acidic
solution is a purely aqueous saponification, [OH ]k, must be small in comparison to k, in these
solutions. Therefore it would be easy to reduce [He] in such a way that [OH ]k, is large in
comparison to Ky; then [OH ]k, + ky is all the larger, however, because ky, has, in fact, a high
value and thus the reaction arrives at the limit of measurability. One has to reckon with these
difficulties, therefore, in the measurement of k,. In any case, it is already possible to say today
that the k, of slowly alkaline-saponifying anhydrides is approximately as large as the k, of rapidly
alkaline-saponifying esters.” Therefore, the reactivity of an acyl A with regard to the alkaline

1 hope to be able to report soon on the alkaline saponification of anhydrides, at least as concerns the order of
magnitude of k. (A. S.).
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saponification in the anhydride AOA' is generally larger than in the ester AOR, so that
.anhydrides undergo alkaline saponification more rapidly, on average, than esters.

According to what has been said, the saponification curve of carboxylic acid anhydrides
has approximately the course of curve III of our figure. Since the ratio k,:k has a greater value
than with the esters, the saponification minimum is shifted more toward the acidic side and as a
result of the relation ky, << 2k, moreover, completely leveled.

Ethers. In comparison to esters and even more, in comparison to carboxylic acid
anhydrides, ethers are very frequently, but not always, characterized by great reactivity. This low
reaction capacity is manifested also in their behavior in the hydration or saponification process.
Many ethers react with water, only very slowly, to form alcohol and this slow reaction is very
probably an acidic saponification.

The oldest pertinent observations on ethyl ether are owed to A. Lieben [26]. Pure ether
exhibits an iodoform reaction as a result of alcohol formation, in the presence of water, after a
few months, more rapidly at 100° in a sealing tube. The circumstance that basic bodies, such as
lime and caustic potash, do not attack the ether according to Lieben, whereas acids and salts
change it, is an argument, with some probability, that the reaction with water is not a purely
aqueous saponification either, but rather an acidic saponification, caused by the hydrogen ions of
the water. It is therefore always [He]ks>ky,.

That the hydrolysis of ethers is an acidic saponification follows from numerous
observations of rapidly hydrolyzing ethers and from some measurements. The value of the
constant k, is very dependent on the nature of the alkyl. According to Eitekoff [27], the ethers of
tertiary alcohols are saponified more rapidly than the ethers of secondary alcohols; the latter
again more rapidly than the ethers of primary alcohols; the ethers of unsaturated alcohols
saponify more rapidly than the ethers of saturated alcohols.

Enol ethers [28] hydrolyze particularly rapidly under the influence of acids, or the
hydrogen ion. Thus, vinyl ethyl ether is smoothly split into alcohol and aldehyde, according to
Wislicenns [29], by allowing it to drip into dilute sulfuric acid: ‘

~CHy=CH.0.CH, -+ CH,=CH.OH 3* CH,.CHO:

According to A. Faworsky [30], isopropenyl ethyl ether is completely broken down into
alcohol and acetone, rapidly and when cold, by 1% sulfuric acid:

oy ool oo
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Just as the ethers of tertiary alcohols hydrolyze more rapidly than the ethers of secondary
alcohols, the ethers of tertiary enols also appear to react more rapidly than the ethers of enols
whose hydroxyl is secondarily bonded.

The greater hydrolysis rate of enol ethers, in comparison to the lower rate of ethers of
unsaturated alcohols, corresponds to the much greater influence of the o-substitution, in
comparison to the B-substitution.

In contrast to the rapidly hydrolyzing ethers of tertiary enols, phenol ethers are
characterized by a great stability, a sign that not only the type of bonding of the alcohol group,
but rather the entire core structure of the alkyl is decisive for the reaction rate.

Furthermore, aldehyde and ketone acetals have an ether nature.” They are rapidly
hydrolyzed in the presence of acids to alcohol and aldehyde, or ketone [31]. Here too, acetals of
ketones appear to react more easily that those of aldehydes [32].

Following acetals, polysaccharides and glycosides should be noted. Their hydrolysis, like
the much investigated cane sugar inversion, or the splitting of salicin into dextrose and saligenin
[33], are acidic saponifications, in that the hydrolysis rate is proportional to the hydrogen ion
concentration.

The ether character in carboxylic acid ethers, which have three alkoxyl groups bonded to
the same carbon atom, appears potentiated to a certain extent. Acidic saponification takes place
here, as we were able to show for one case, at a great rate in a neutral solution also; indeed, this
was even possible in a weakly alkaline solution, at a noticeable rate.

The designation of alkylated orthocarboxylic acids as esters is thus not justified. The
hypothetical parent substances also bear their name incorrectly; they should be properly
designated as geminal glycerols; the first member HC(OH); should therefore be called a
methenyl glycerol [34].

If one places the value 70,000 for methenyl glycerol ethyl ether, 0.01 for the sugar cane
inversion [35], and the surely very small value of the acidic ethyl ether hydrolysis, which has not
yet been quantitatively measured, in parallel, the one obtains an idea of the range within which
the k; of the ether saponification can fluctuate.

This range surely does not stand, to an extent, according to the range of k, in the ester
saponification and is supposedly just as comprehensive as the range of k, of the anhydride
saponification.

Reactive ethers are also characterized by a large k;, like the most reactive anhydrides are
by a large k,. Esters hold the middle; their reactive representatives have high values of ks and k,,

' At present, we are busy with the measurement of the hydrolysis of acetals and acyl derivatives of germinal glycols,
the latter having a natural ester nature. (A. S.)
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which, however, supposedly remain behind, measured on the values of ks, or k, of reactive ethers,
or anhydrides.

The general reactivity of ethers, esters, and anhydrides runs symbatic to the saponification
rate. The rapidly saponifying representatives of these substance classes are therefore also the
most effective alkylation or acylation agents. They are used in the synthesis. The slowly
saponifying agents are, on the other hand, of practical importance as inert solvents.

According to the numerical values of the saponifying constants, the ethers of saturated,
primary alcohols, above all, are taken into consideration for this purpose.

As concerns k, and k,, of the ether saponification, there are no signs for a noticeable water
saponification, to the extent that measurements are available. Similarly as with the esters,
therefore, ky, should probably be small also, in comparison to [He]ks.

On the other hand, signs of an alkaline saponification are present at times, even though
the areas where ethers predominantly undergo an alkaline saponification hardly fall any longer
into the range of aqueous solutions.

Thus, the phenol ethers are split with a longer heating with alcoholic alkali or by the
alkali melt [36]. Ethers of multivalent phenols' are partially or stagewise saponified, just like the
esters of multivalent carboxylic acids [37].

In any case, the k, is very small in comparison to the k, with the typical ethers, so that the
saponification minimum should lie in strongly alkaline areas and, from time to time, should not
even be realizable. From constancy reasons, however, one should be able to infer a saponification
minimum.

Curve I of the figure shows the course of the saponification curve of the ethers, as we, to
some extent, are justified in assuming it, on the basis of our previous experience, as typical for
this substance class.
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If we consequently arrange the three substance types with the ether oxygen atom into the

following series:

ethers, esters, anhydrides,
then the numerical values of k,, and the ratio k,:k; increase in the same sequence, whereas the
saponification minimum is shifted from the area of the strongly alkaline reaction into the area of
the acidic reaction and at the same time, flattens out more and more.

It was already stressed that all gradations are able to appear here. Thus, the phenol ethers
impart the transition from ether to the slowly saponifying esters; the lactides and [3-lactones, the
transition from esters to carboxylic acid anhydrides. It will be possible to frequently find such
transitions with a further study of the saponification phenomenon.

Of the three substance types, esters have been investigated the best and accordingly the
theory of ester saponification* has flourished the most. Every new standpoint will be able to cast
new light also on this much discussed problem. The question is whether this does not apply also
to the standpoint of the analogy of the three substance types with the ether oxygen atom, assumed
by Verkade and, in the present case, also by us.

As van't Hoff has already explained [38], the ester AOR has two places in the molecule
on which the attack of the saponifying agents (w‘ater, acid, base) can take place:

cAtolr
e 4 0 8

He suspects that during the saponification by alkali, the attack takes place at site 2 and
during the saponification by acids, at site 1, and supports his suspicion on the status of
investigations at the time, wherein the rate during the alkaline saponification was to be
determined primarily from the nature of the alkyl and, during the acidic saponification, on the
nature of the acyl.

The material available to van't Hoff is quite insufficient. One needs only to look at the
values of k, for the methyl ester of formic acid, acetic acid, benzoic acid, oxaminic acid**, oxalic
acid, malonic acid, sebacic acid, etc., in order to immediately see how enormously great is the
influence of the acyl during the saponification with bases. Thus, van't Hoff's suspicion collapses.

From the fact wherein k, is very large, in comparison to k, with acid anhydrides, which
have only site 1, and very small at that, in comparison to the ethers which have only site 2, one

" References to comprehensive explanation of these theories may be found in H. Johansson and H. Sebelius, Ber.
Chem. Ges., 52 (1919), 747, Footnote 3.

- The publication of an investigation on the oxaminic acid ester saponification is taking place approximately
simultaneously. (A. S.)
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would rather conclude that during the ester saponification by alkali, the attack takes place at site
1 and, by acids, at site 2. Therefore, exactly the opposite of the van't Hoff hypothesis.

One would proceed more correctly, however, if the view is again adopted, wherein every
possible reaction actually takes place. Then it must be assumed that with all three types of ester
saponification (alkaline, acidic, and aqueous saponification), the attack takes place at both sites 1
and 2, since anhydrides that have only site 1 de facto follow all three saponification routes, and
ethers that have only site 2 follow at least basically all three saponification routes.

For the esters--and analogous for the "mixed ethers" and "mixed anhydrides"", reflections
which one can generally make and, in a similar manner, has also repeatedly made for substances
with two reactive groups are then valid. The saponification of the ester AOR takes place
according to the two secondary reactions or--because the latter are identical and different only
with respect to their ' reactlon mechanism"--according to the two "quasisecondary reactions":

A--— 0*--- R+HOH - AOH+ROH.
'l

_A:-— O i R+HOH A OH +R OH

e .
If x, signifies the conversion and k,", ks”, kv, the three constants of the first reaction; x,,
k. k", kw”, ky"” the corresponding variables of the second reaction, then the following is valid
for the only measurable summation rate:
dx '__ d(+%) _ . :
car T oAt T - '
(g,.;.nf,') [OH/] (a—x)+ (& +7z")(H ] (a-—x)-c-(l’m-a- ) (a*x). (l 7)

1f a is the starting concentration of the ester.

A comparison with equation (11) gives the following relations for the constants k,, ks, kv
of the saponification of the ester AOR:

&=H+W' oo T
ket § o
kaf—o&*’ w o ' ~ -

.,.4‘

* This mode of designation appears to us not only shorter, but rather also more correct than the usual one: "mixed
ethers and "mixed anhydrides."

" If the inequality of the two halves of the molecule is not attributable, like here, to the two ligands, but rather to the
nonsymmetry of the nucleus, that is, if the substance with the unequal halves is of the formula X-AB-X, then actual
secondary reactions take place with secondary effects.
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If the two reactive groups bonded to the ether oxygen atom are identical, then a "pure
ether" ROR or a "pure anhydride" AOA is present, and k," =k,", etc., is necessary and
accordingly:

.-;;,‘-_-_1 1A
Ry = 2K,
by = 2H,

222,
3.

Then 0.5 k,, 0.5 ks, 0.5 ky signify the rates at which a certain group from the pure ether or

Al

il

the pure anhydride saponifies, or the "group rate." They are, of course, half as great as the rates
Ka, ks, ku, at which one or the other of the identical groups react.

With pure ethers and pure anhydrides, the group constants k,, ks, ky, etc., are given,
therefore, with the experimentally determinable constants k,” = k,”” = 0.5 k,; with mixed oxides,
they remain unknown.

The question is now whether from the constants of the two pure oxides XOX and X'OX/,
one may infer the constants of the mixed oxides XOX'.

This is readily possible in the limiting case that the reactive groups react uninfluenced
and independent of one another. If, therefore, the X is saponified out, at the same group rate,
from the XOX, as from the XOX', and the X', at the same group rate, from the X'OX', as from the
XOX, then:

--kf =03 +4ga) ) . R
ke=05(p +4) p . (19)
by = 0'5 (g, +42), RS

where the indexed k designates the constants and mixed oxide, and p and q, the constants of the
two pure oxides.

Equations (19) state that the rate is equal to the sum of the group rates or that the rate of
the mixed oxide is equal to the arithmetic mean from the rates of the two pure oxides. ’

If one tests the equations (19) with the aid of the measurements, then it is evident that
they are not fulfilled in reality. If we take ethyl acetate as an example, then k would signify the
saponification constant of this ester; p, the constants of acetic acid anhydride; g, the constants of
ethyl ether. It is true that only the water constant of the anhydride is not known from the
constants of the two pure oxides, according to the value, but one knows, with certainty, that q, is
very small, in comparison to p,, and qy, in comparison to py, and very probably, also g, in
comparison to ps. From this and from (19), it would follow that ethyl acetate should react half as
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rapidly as the acetic anhydride on all three saponification paths. Not just that this is, by far, not
true, but that the reciprocal ratios of the three saponification constants are quite different with the
ester from the anhydride was further shown above.

Now, acetyl and ethyl are two groups lying far from one another, and it is perhaps to be
expected from the very beginning that the condition which is the basis of the equations (19) is
fulfilled all the better, the more similar, in a chemical sense, the two groups bonded on the
bridging oxygen behave. We can cite as such a case the mixed anhydride of acetic acid and
propionic acid measured by P. E. Verkade [39]. For 25°, the constants of the water saponification
of the three substances are the following:

Acetyl oxide Propionyl oxide Mixed anhydride
0.1641 0.0857 0.1206

In this conceivably most favorable case, equation (19) is also fulfilled only in a very

approximate manner:

© 0-5(0:1641 + 0-0857) = 01249 ~ 0- 1206,

The two groups bound on the bridging oxygen -O- thus do not react independently of one
another; they influence each other.

That was rather predictable according to the experience gained up to now with the esters
of dibasic acids and diacidic alcohols. According to this experience, the condition of the
uninfluenced reaction of two groups is all the better fulfilled, the longer the atom chain which
links the two reactive groups with one another. The shortest chain which revealed a still
uninfluenced reaction of the ligands in three cases (acidic saponification of oxalic acid ester,
acidic and alkaline saponification of ethylene glycol esEer) was the following chain:

~0—C—C—0—,
whereas already the following chain (case of carboni,c acid ester and orthoformic acid ether):
produced an extraordinarily strong reciprocal influencing of the ligands. Thus, one should expect,
all the more, the latter for the chain -O-.
Instead of the equations (19), therefore, equations of the following form:

- B=05(pf4ag)- . QY
have to appear, where f and g are factors which manifest numerically the reciprocal influence of
the groups X and X' in XOX'. The factors must be created in such a way that they approximate

the value one to the extent that X and X' approximate identity, so that for X'=X,f=g=1, in
which limiting case (20) goes over into (19).
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One will be able to progress in the search for corresponding functions for f and g when
the three constants of a larger number of pure ethers and pure anhydrides and the corresponding
mixed oxides become known some day. For the time being, there is only one single case where
testing is possible: the already mentioned water saponification of acetic acid-propionic acid
anhydride. Here it is poss1ble to brmg (20) in the following form:"

4:;., b 5(1’... \/—H»‘\/T)t.

where 9 is the dissociation constant of the acid of the pure anhydride with the
saponification constant p,, and 33 has the analogous meaning
IfonesetsS. =1.82x10° and82- 1.31 x 107, then:

e =0 5.(0: 1641)(0 8484.40° 0857)(1 1787) ...0 1201,

that is, within the errors, identical with the experimentally found value k,, = 0.1206.

Since acetic acid and propionic acid are chemically very close, this agreement is
temporarily not yet able to say very much.

The task of chemical kinetics must be to calculate in advance the rate of the
saponification of all esters from as few natural constants as possible. If one considers that, as it
was possible to show recently [40], in addition to the chemical nature of the reacting substances,
their concentration is also decisive for the degree of the independence of the reacting groups and
that the "constants" of the reaction rate are approximately constant only over small ranges, cne
will not be able to avoid agreeing with E. Faerber [41], who stated: "Every explanation, even that

of a chemical reaction, is a never-ending task."

The saponification of the formic acid ethyl ester
The hydrolysis of methenyl glycerol ethyl ether to formic acid ester:

_HC(OC,H,); + H,0 — HCOOC;H,+2C,H,0H _ (1)
is followed by the sapnnification of the latter to formic acid: ‘

HCOOC,H,+H,0 - HCOOH+CH,0H.© - (2)

Whereas the ﬂrst reaction takes place at a noticeable rate only under the catalytic
influence of the hydrogen ion and therefore is a typical ether saponification, the second reaction
is catalyzed just as well by hydrogen ions, such as the hydroxy ion--that is, belongs to the class of
ester saponifications.

’ This form is closely related to Verdade's "reduced hydration constants."
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Accordingly, there is an acidic and an alkaline saponification constant of reaction (2). The

former was determined in the preceding as:

Rk, = 0192
The constant of the alkaline saponification was measured up to now according to two
electrochemical methods and purely chemically, with the aid of an iodide-iodate solution as a
hydrogen ion buffer.

In the latter solution, the reaction proceeds more slowly than desired. In an
ammonia-ammonium salt solution, the rate can be measured at leisure, but there are concerns
regarding this method, since secondary reactions with the formation of amide are not improbable.
The even stronger alkaline reaction of the carbonate-bicarbonate buffer makes possible the
measurability only with a large addition of bicarbonate. Under these conditions, those evils to
which reference was already made in great detail have to be accepted. Nevertheless, taking into
consideration that better methods are not known at the time, it appeared recommendable to
measure the reaction in this way also.

The execution and calculation of the experiment was done in the same way as in the past
[42].

Experiment 12

BEE B R A N
0 . 0-0592 = ~-
ceoB ... ..0c0306 - T01?
] ©.0%0362 019 <.
. 8- - . o-0zes. V18
215 0-0080 . 0010 ¢

st () il 0018
Key: 1 Average

Using 6 x 10! for the second dissociation constant of the carbonic acid, [OH'] = 1:
- kg = 1080,
a value is calculated which agrees sufficiently with the one found in the iodide-iodate solution,

when one considers that the acidities in which the work was carried out here and there differ by
three powers of ten.
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The high value of k, corresponds to the strength of the formic acid. The view that an ester
saponifies, as a rule, all the more rapidly, the stronger its carboxylic acid, has been repeatedly
expressed and as a whole, more or less confirmed by experience. On the other hand, the high
value k; of the acidic saponification is striking. The formic acid esters saponify acidically 20 to
30 times more rapidly than the acetic acid esters and homologs. The large k, can be related with
the acid strength, since the esters of much stronger acids than formic acid saponify acidically
more slowly than the formic acid ester. The high value of k, appears rather to be based in the
chemical nature of the formic acid.

In fact, the formic acid is, both according to its behavior and its formula, just as much
carboxylic acid (hydrogen carboxylic acid) as aldehyde (oxyformaldehyde). For the aldehyde
nature of the formic acid, there is its easy oxidizability, which is completely in contrast to the
difficulty with which acetic acid oxidizes; also the circumstance that, similar to the formaldehyde
and certain aldehydes: . )

2H.CO.H+H,0 — CH,0H+HCOOH.
it is able to give the Cannizzaro reaction:
2HO.CQ.H+H,0 = CH,(OH), + HO.CO:OH,’
Formic acid Formaldehyde Carbonic acid
namely, if some of their salts are rapidly heated, and finally, the additional circumstance that
according to M. Prudhomme [43] and its thermochemical data, it behaves like a mixture of
carboxylic acid and aldehyde alcchol.

One will therefore hardly be mistaken if the rapid alkaline saponification of ethyl formate
is attributed to its ester nature (formic acid ester), and the rapid acidic saponification, to its ether
nature (ethoxy formaldehyde). As was shown in the preceding, the rapid acidic saponification is
characteristic for the reactive ether. As an ether of a secondary alcohol and in view of the similar
atom group as in methenyl glycerol ether, with which it is genetically related, the rapid acidic
saponification of the ethoxy formaldehyde is not surprising.

Consequently, we have a substance present in ethyl formate which mediates the transition
from esters to reactive ethers in a manner similar to the way phenol ethers form the transition
from ethers to reactive esters.

Summary
The hydrolysis rate of orthoformic acid ethyl ether was measured. It takes place via
formic acid ester as a comprehensible intermediate stage:
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HC(OC,Hy), +H,0 ~ HCOOC,H+2 C,H,0H,
"'HCOOC,H, +H;0.~ HCOOH+C,H,0H

The second reaction is a common ester saponification. Its already known constants of the
acidic and alkaline saponification were recently measured. k; = 0.192 and k, = 1080 were found
for 25°.

As concerns the first reaction, it was determined that it takes place immeasurably slowly
in an alkaline solution. From this it follows that the ethyl orthoformate noticeably hydrolyzes
neither by water alone nor under the influence of hydroxy ions.

On the other hand, the reaction takes place immeasurably rapidly in a étrongly acidic
solution. The production of formic acid from the ortho ether in mineral acid solution must
therefore take place at a rate which is equivalent to the rate of the acidic saponification of ethyl
formate k; = 0.192. The measurements have confirmed this.

For the measurement of the rapid reaction, a hydrogen ion buffer from primary and
secondary phosphate proved to be suitable. For the determination of the reaction progress, the
produced formic acid ester was determined by analysis. The latter reacts with the acidity of the
phosphate buffer and during the time of the experiments to an only very slight extent. Thus, the
process of the hydrolysis of the ortho ether to formic ester was isolated, and at the same time, its
course attained in a medium of constant acidity. The measurements produced a first-order
reaction and the proportionality between rate and hydrogen ion concentration. The rate constant,
relative to [He] = 1, has the value k = 70,000, which is unusually high in comparison with other
acidic saponifications.

Following these experiment results and in connection with pertinent explanations by P. E.
Verkade, the saponification of the three substance types, ROR', AOR, AOA' where R signifies
alkyls and A acyls, was theoretically discussed and the proper classifications of ethyl

orthoformate as ether type was indicated.
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See also W. Lippert, Lieb. Ann., 276 (1893), 176.

W. Ostwald, Journ. prakt. Chemie, 29 [2], (1884), 385.

R. Stoermer and B. Kahlert, Ber. chem. Ges., 34 (1901), 1812.

L. Bouveault, Bull. Soc. Chim., [3], 19 (1898), 75.

J. H. van't Hoff, Lectures on theoretical and physical chemistry, 2nd Edition, No. 3
(Braunschweig 1903), p. 139.

Rec. trav. chim., 35 (1913), 79 and 299.

See A. Skrabal and E. Singer, Monatshefte fiir Chemie, 41 (1920), 339.
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ﬂ'ber die Hydrblysegeschwindigkéit des

. Orthoameisensiureithylithers: |
. .'.Von. ‘o .
Anton Skraib'al,'k- M. Akad., und Otto Ringer

| SR '7"_"‘(M_;( f Temgur;

. & .
. Aus dem Chemischen Institut der Universitit Graz

. (Vprgelegt in der Sitzung am 13. Jinner 1921)
. Einleitung.

" . . Von der Kenntnis des Zeitverlaufes der einfachen hydro-
lytischen Reaktionen der verschiedenen Stoftklassen mit iitherartigr
- gebundenem Sauerstoffatom ist die chemische Kinetik noch weit =
entfernt. So sind auch bis heute: die Orthocarbonsiiureester, die *
im ZusdaMmenhang mit wichtigen Konstitutionsprotlemens und syn- -
thetischen Methoden stehen, hinsichylich der Kinetik ihrer Hydrolyse:
in keiner Weise -bearbeitet. - . ' % : I g
’ Es soll hier mit den Estern der einfachsten Orthocarbonsiiure.
der hypothetischen Orthoameisensiiure, ein Anfang gemacht und
< die Hydrolyse ihres am_leichiesten zugiinglichen Esters,.dés, Onthg=. -
ameisensdureiithylesters HC(OC,H;),, untersucht werden. Nach dem
Verhalten dieses Stoffes bei der Hydrolyse; das das Ergebnis -vor-
liegendet Untersuchung bildet, wiiren er und voraussithtlich auch
die .analogéen Verbindungen mit der Atomgryppe — C(OR);, wo R
ein Alky! bedeutet, sachgeméfer als Ather und nicht als:-Ester zu-
- heczeichnen, welche sachgemiifere Bezeichnung bereits im Titel
‘géwihlt wurde. S :
Aus der {iber diese Verbindung und dié néchste homg&%{;’,
den Orthoessigsiiureiither, vorliegenden, ziemlich umfangréiehen . pr-
parativen Literatur lief sich nun ein Anhakispunkt SO ‘einwandfrei
herausfinden, daB er fiir unsere Arheit richtunggebendissgig konnie-- ..
es konnten® bei der Hydrolyse — und zZwar ist imigérlnur von' .
‘viner durch .Sduren bewirkten die Rede —-als Abbauprodukte stets -

3 -,
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A. Skrubn'l-:\ind O. Ringer,

: K

" nur Kmper mit einer Alkoxylgruppe namhch die Ester der betrer--
fenden gewdhnlichen Sduren, also dér Ameisensiure-, beziehungs-
‘weise Essigsiureester, oder deren weitere Zersetzungsprodukte Siure

“und Alkohol, vorgefunden werden. :
Es durfte daher angenommen’ werden dafl die Hydrolyse des
Orthoamexsensaureathers snch entﬁprechend den Reakuonsglenchungen

" HC(OC, H5),+I-LO - H.CO.0C,H, +2C,H,O0H, (1)
H.CO.0GH;+H,0-~ H.CO.OH+CHOH - - . (3

) fe.c_hn'eris'ch .»als:-'_Eirie':.":Folgeréaktion mit nur einer Zw'ischenstut‘é :
behandéln lassen wilrde, eme Annahme dle durch .das Experiment
auch» bestutxgt wurde .
% Die: Geschwmd:gl\ext der zweiten Reaktxon der Verseifung.

s Amelsensameestens in. 1hrex Abhzmgwkext von den Konzentranon

N a‘r'also die Geschwmdtgkelt der erstenA
r-Darlegungen von R, Wegscheider? handelte.
um' die Ermittlung der- Konstanten von drei
"—'-jWassen ersexfung, der alkahschen Ver-

W .

jAnalvsxerbarkext des’ Reaknonsgemnsches als
tizung filr die- MeBbarkeit der Reaktion und_ die infolge des
verlaufes - éintretende, -die Versexfungsgeschmndlgkett be-
ssende: Veranderung dter Aziditét. anbelangt, so ist folgendes -
zu-sagen; Dle -erste der.beiden Folgewirkungen geht ohne »Saure-
Inge v Verlauf dndert also nichts. an der. besehwmdxg-
1d dlkahschen Versett‘ung Dze zwette Reaktmn..

Letzterer laBt s;ch ‘dank seiner .
5 "ff,ung, durch iiber schussxges Alkali, - =
s u 'R ktitrierung - mit Saure - genau und rasch
V ra sseizung fir die Anwendbarkeit dieser Analyseu— )

entSpfechende Resistenz’ des Orthoathem gegen- . .

'tzung zy. prllfen, war daher zunachst das

»5ia,

] .,f phys.k Chcuuc, 11 (1910), 550; A ‘Skrabal .
r Chengie, 38 (1917), 194; M. H.Pslomaa, Ann
’I’otm4 (1913), No 2

enne 41 (1902) 53.7< Vgl auch nbxd 30(1899), :19'3 g

L
g
‘
£
&

!’E.‘iﬁ»&
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Qer'-:béhutzfe‘ LOrthéarﬁe’i‘Seﬁélhyliitﬁef.war_ ein Kzihlﬁ::xum-’sch.es

Praparat; das immer knapp vor séiner Verwendung durch gebrochene:
. Destillation. gereinigt ‘wurde:-Die Messungen geschahen im Thermo- .-

staten bei 25°,. "0 =~ _ S :
Es wurde also zundchst der Orthodther in: eine _Natriurr_x-
carbonatlésung gebracht und durch Titration der. Spds mit

'Hygraxysegesqywindiggat déé'-~onnameisemapremymmcr;. oo

0-1-nbtm. HCI. zu ‘Bicarbonat di¢. Titerdnderung festgestellt.! Der

Versuch, .der sich’iiber eine Woche erstreckte, -ergab nur geringe -

A T’ifé’x_'a.-bnah,me'gt. Im-Hinblick auf “die. Sehr rasche alkalische Ver-

. Titerabnahme -wird also ‘wesentiich durch die Geschwindigkeit der
.. Verseifung .des :Orthoiitherg -angegeben.”” X

‘wurde - der Orthodther

. L N

e ganz ge_ringféigige-"I_Tgtetab,ﬁahme, die eben noch-zu
' ~war, ist geniigend “durch, die
l"irQﬂ‘.{l‘anfgggp‘higﬁsﬁtﬂ‘efm;;‘tzgie'-, Natronlauge erkla#. S

g kgt A

| ther il der Sodaléstung Sauer verseifte, andrerseits festgestellt, da8
: thowmeisensaure . Athyl weder einer- alkalischen

h. einer. Wasservers eifung unterljegt, jedenfalls
der_ sobist -bisher vorgefundenen Gré8enordnungen,’
dje zipiell “aufzufassen und durcli den Grad

me
solh: 50 'war filr- éine' m ineralsaure Losung eine
.Reaktion "des. Orthodthers zu .erwarten. A .
““dalfer in ‘einer 0*1-norm. salzsauren

olgewirkingen, die Reaktion des Orthoithers

#0.(1919),363

.e'its'_.Wa.Hrs.,chéinli_c'h" gemacht, daB der Ortho- -

thoden und die Dauer der Messungén -

6Reaktxon I der Sodaldsurig wirklich eine saure. -

dte: T4 gfﬁodéﬁjggﬁ;de:siéhe A éi’rgbi! und E. Singer,

U fn‘,"'zix‘;prﬁfeti‘,-";-bb"‘,dgg;t‘ggggﬁtr{e; Verseifung des ‘orthoameisen-
Atyls™in. der: >odaldsung eine ‘\Vasservenseifung. ‘einé saure

unvermeidliche Aufnahme .

ersy und "die " MeBmethode so eingerichtet, daf die, :

~.
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.1'2 e A..Skrabél und O;Ringer._ o
zu Amelsenséureestet, bloﬂgelegt war, E$ Wurde eih Reaktions-
gemisch bereitet, das 0-1 Mole. Ather und 0°1 Mole HCl . enthielt,
'dxesem von-Zeit zu Zsit Proben -entnommen, in Kolbchen, in welche"

. sich. eine iiberschiissige Menge 0-1-norm. Baryt befand, einfliefien
~ gelassen und diese mit Korkpfropfen die Natronkalkrohren trugen,
- verschlossen. - - -
: ..Die Versexﬁmg das. Orthoathers muﬁte im Augenbltck des:-
" Alkalischmachens stillstehen, der’ aus ihm; gebnldete Amexsensaure-'
- esterhingegen, soweit_ er- nicht seinerseits schon sauer verseift.war,
- " sehr .rasch alkalisch verseifen.- Die. Titérabnahie der. vorgelegten -
.,‘Laug& muBte also nach.Abzug des Betrages fiir die Katalysator--’
- . sdure-der Surhme aus Ameisenester und Ameisensdure “und damit
"+ der Menge des in der Reakhon verbrauchten Or;hoathers ent— .
. ‘sprechen. 2. L
Die Txterabnahme der Barytlauge zeigte nun stets sowohl be:
. der. sofort nach der Bereitiing des Rea.ktlomgemtsches entnommenen
: Proﬁi, als auch ber alIen bpateren eine- Menge- verbrauchten Ortho-,
. ithers an,. die glexch des§en Anfangskonzentratxon war. Der‘Versuch
. "wurde, um ganz sicher zu gehen, wiederholt, immer. aber ' gzeigte-
i+ die’ erste,."gleich zu Begmn der Reakfion entnommene Probe den
-'--}-—"vonstanmgen Umsatz dgs Orthodthers an. .
.. Die Hydrolyse des Orthoidthers zu. Ame:sensaureester
Verfolgt amithin -in mineralsaurer Losung unmefbar rasch.
’ Dles muﬁte smh auch auf einem- vollxg anderen Wege zZeigen la.ssen ,
_ “Die” Hydrolyse des ‘Ameisensdureesters geht in mineralsaurer’.
,Losung mit. maﬂtger genau bekannter. Geséhwmdxgkext vor_ sich.-
Wénn Ortnoatngr_ in_dem sauten Medium reagxeljte,_ so lag daher
. der Fall einer zwenstuﬁgen Reaktion vor, bei dem die erste Stufe
: der ‘Zweiten gegenuber mit uberragender Geschwindigkeit verlduft,
.in welchiem nicht seltenenFalle, wie zuerst van’t Hoff zeigte, der
; Vorgang durch die einsiufige. Geschwmdxgke:tsglexchung der lang-.
- samerén Teilreaktion dargestellt werden kann.. Wurde alsé dem.
- gleicher Reaktionsgemisch gegeniiber eine MeSmethode ange- -
wendet, die sich auf die Verfolgung des Umsatzes nach der zweiten
' Stufe, auf die: Messung der gebildeten Ameisensdure grﬁng.ete,‘
so mufite ﬂggﬁ der. emstuﬁgen monomolekularen Rechnung die
schon bekannte Geschw1nd1gke1tskonstante des Amelsen-
: saureesters herauskommen '. e :

Dm Reaktlon des. Amelsensaureesters und des
Ortheamexsensaureathers in salzsa.urer Losung'

Dxe genaue Messung der Konstante der sauren Versenfung'
des ‘Amelsensdureesters ist di::h Patomaa (L c) erfolgt und war ;
- it einer Schwxengkett ‘verbunden, die wie in  vielen ahnltchen
Fillen in der raschen aikalischen Versexfung des Esters gelegen ist. %
V-_Wendet man namhch zur Bestlmmung des Sauretxters N atron, un¢§

STC Exhibit 1004, pg. 99



’ : I': : ' .
< - Hvdrolysegwch\vmdngkeit des Orthoamelsensaurodfh)lnmers 13

Phenolphtalem an, so erwachst ein Mehkyerbrauch durch d:e L
alkalische Versetfung des noch vorhandenen Estefs im- Tltrahons- ‘
endpunkte und bei dem lokalen Uberschuﬂ an Txterlosung an der ' . -

Einflustelle.

-In solchen Fillen wurde hauﬁg als MaBlosung Ammomak‘
-gewihlt, das als schwache Basis. diesen Nachteil nicht ) zelgt
dafiir aber die Titration - weniger genau macht. Palomaa’ suchte
den Ausweg in der Mltte mdem er dns sturkere Athylamm ver-’
wendete. - :
" Nach der Ausbildung des Ttmevverfahrens durch N. B jerrum’ -

btetet jedoch die An’wendung -schwacher* Basen, und Sduren als
MaBlosungen keine. Schwxengkexten, sowie mit den- besten, also
‘bestimmten Txtnerexponenten gearbeitet wird.. Wir benutzten
also Ammoniak und 6:35 als-den . besten Titrierexponenten, fiir
welchen p- Nltrophenol gin geeigneter Indikator ist. Der Titrierfehler
ist dann 0°03 cm® zu,_Begmn und Q' 1cm’ zu Ende-der Messung
~oder 1%, bez1ehungswe|se 2°/o der laufenden Esterkonzenttatxon
--entspricht also, der erwunschten Genauigkeit. .
" Auf diése’ Weise ist die Titrierung” des Velsuches 1 gemacht
- worden. Bei den Versuchen 2 bis 5 wurde rascher und .einfacher
verfahren, indém Alizarin als Indikator benutzt “und’ ven BlaBgelb
auf. Lila titriert wurde.® Die. Genauxgkext diesgs vereinfachten Ver-: .
‘ fahrens ist, wie der Versuch lehrt, ebenfalls eine genugende e
.. Jm Ubrigen winrde. ganz 4hnlich wie bei Palomaa vorgegangen,
" nur ‘wurde die Reaktion in gréBeren Mengen vorgenommen, indem
+ 500 o’ Reaktxonsgemxsch berenfet ‘und roben 'zu, 50 cm’® titriert

wurden : - e R P L
\»' g ' Versuchsrexhe T o ’ ce
o Amensensﬁureithylester in salzsaurer Lasung S -

~ Versuch 1. :
- ‘ = 009948, §==0-00034. -
TosT 00 T ocor9M0 . 0 — -
e 15-. -7 0-05962 0-0193 © " 0-0i3 - . -
« - J25- . o-04018 0-0192 - 00493 . —.
el A%, L -0-03518 - . . 0-0187. . . 0-0195 ' -
=Ll Vg0t it 0.02520 - 0-0185 - 0-0192
78 . 001778 0-0193 " 0°0192
5 - o 01072 -9-0187 <0°0192

Mittel.. o‘-0191‘, .
B fir S—I . 0°102 ‘

' IVgi 2.B. A l(axlan, Monatsheﬂe fijr .Chemie, 28 (1907 1187.
‘2-Theorie der alkal. und azidim. .Titrierungen, Stuttgart 1914. .
8 Vgi A Skrabal Mom!tsheﬁe fir- Chemle, 38 (1917), 29
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* A Skrabal und O. Ringer,'._

Versuch 2. .. - .
f=u 11250. =0-00017 . A
; . t ' §—x ok R T
R -0 _ - 0110230 . - S - .
— s 0-08844 - 0-0189 0-0182
: 18 . 0-07658" 0:0180° . - 0°018f
a 26 : 10-06362 . 0-0186 0-0183
. "33 © . 005102 - 0-0184 . 00183 .
: 54 0:03836 0-0178. . - -0-0182 . -
B . 83 ° 002304 . - 0°0i78 ..0'0180Q SN
" . . -.. . e
Tooe- ot T Mittel... 0-0181
“ k fur,S=1.,. 0'183
o ' . .
—k | | Versuch 3. - o
: e g nosas s=0 09920 Lo
£ fs—-_.r_ Y S |
R T 0-10042 = R
Tt 0-08844 . 0°0181 0-0181
14 T 007768 . - 00188 . . 0-0183
- 22 0-06682 . - 0-0188 - . 0-0185
< 33 . 0°05474 - 0°0182 - 0-0184 .
50 0-03908 - _ 0-0185 0:018¢ |
. aseT . 0-02242 0-0181 - - 0°0183 -
R © 0-00878 0-0180 - 0-0182
. el Mittel;.. 0°0183 - :
. . . -, i L .- » -
T e © R fir S=1... 018 ' T
S~ © . Versuchsreihe I. .~ . .

o Orthoamemensauredthyldther in salzsaurer Losung..

4 . . -

e . Versuch 4 S _' :
SRR z—=-ol 12035, S= 0-09788 -
ST AU S S “
———— o= -
R 0:102827 - 0°0196 0-0195
—. 18/, T 0:08660. 0-0193 0-0194
TTT 2780 0-07002 - g-0las 00104
40 005548 0-0181 0-0183 ‘wazim. .
,55 0 0°042000 - 0-0188°  0-0191 :
78 " 002740 . 0-0186 0-0189
118. . 001280 - 7 0-0194 . 0-0191

- “Mittel.'., 0-0191
kfir S=1,.. 0195
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Hydrolysegesghm‘ndigkéit.des Orthoameiseérisiureithylithers. . 15
- ~-Mersiich 5. ~ -- ,
$=10°10455, §i=0-00831, e .

§—r &
0-00652 |

g
o ' - - . .
. 7. ’ Q‘O%’;_ ""’0'6!0’4’ S U‘OIM?- . .
‘15 007248 - . 0:0189 700191
- 26 0-05880 S0°QI80 - - 0-0101,
39 0°04630 " 0:0184° :.  0-0188 .
56 0-03354 * 0-018y- 0-0180 -
. 77 0-02258 " 0-0188 ;. 0-0189
- ‘ Mistel. .. 0-0189 )

___In den Tabellen bedeutet S die Konzentration Jder Katalysator-
séure (Salzsdure), 'die, wie ‘alle iibrigen Konzentrationen, in Molen
pro Liter angegeben ist, -¢ die’ Gleichgewichtskonzentration .der ge-’

- bildeten - Ameisensdure oder der .verseifbare ~Anteil.'des Esters,!
{2z die .aus. dem laufénden Siuretiter. und ¢ und S ermittelte
" laufende ‘Konzentration des. verseifenden Esters und ¢ die Zeit in
o Minuten. o e T o
. " .Die Geschwindigkeitskonstanté wurde nach der' Formel Y

Uk frS=1... 0-102

* . ~
[}

TR L e
TR L S =

—und—zwar einmal aus je -zwei unmittelbar - aufeinanderfolgenden - — .~
‘Werten von ¢ und .~ also nach der Schrittformel,® und das . -

~ " andere Mal in der meist {iblichen Weise “nach der“die Fehler ab-

. ‘schleifendent Sprungforinel berechnet. . :

.. Det Mittelwert der auf S = | bezogenen Konstanten der

. sla“lu'en Verseifiung des Ameisensdureesters sus allen drei Ver-
_suchen betriigt 0187 und stimmt mit dem von Palomaa gefundenen

. - Vollkomirien iberein.- Als bester Wert - solt jedoch der des Ver-

- suches I.jgelten, da er- auf dem genauesten Titrationsverfahren

. (Titration"'mijt einem bestimmten Titrierexponenten) fuft Wir wollen

 also a_nb'd_gxlq Wert ft"gs_thalten;' A

T E=0-192 (25°).

“ ... Die Versuche 4 und 5 mit dem Ofthoameisensauredthyl-

" ather ergaben endlich eine gute Konstanz ven % und fir den
auf S ==-1-bezogenen Wert. der Konstante. im Mittel k = 0-793, =

- also d‘gqigl-_b‘en-.wer_t' wie der Ameisensdureithylester. - -

.
——mey— b —

2 Vel'W. O'stwald, Joum..E. prait. Chemis, {2}, 28 (1883), 449,
Vgl A.S§krabs), Monstshiefie, fir Chémie, 35 (1014), 1087,

I
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18 . . : E ASkrabal undOnger, o -

: Damlt e:schemt es bewwSen, da8_d der Orthoameljen..:é
A.saureéthylather in stark saurer Losung unmeBbar rasch”
Cin Amensensaureester ubergeht ‘ .

Versuchsplan fﬁr die’ Messung der raschen Reaktxon

© Weil: dxe ReaktuTn‘(i) in Losungen [H] = 0 B unmeﬂbar g

. rasch’ geht. in Losungen [OH] = 0-1 oder [H'] = 1013 aber so-

- gut wie’ still- steht, war. vorauszusehern, daB. sie” bel -einer mlttlerenj::.

_ Aziditit. rmt einet leicht-mefibaren Geschwmdlgkelt vorwiirts schreitet, -

Es. war ~ ferner mhehegend, durch Anwendung’ verschiedener’

Wasserstoffxonp uffer die’ geeignetste- Aziditit aufzusuchen. ‘

Um die saure Verselfung des Othoiithers " zu verlangsamen,~

_ wurde sie zunﬁchat in. dem Reaktlonsgermsch (Grammformelgewnchte .
i o Ltter)—”~ . i s S e e .

0 1 HC(O(, H5),+0 O-’l- CH COOH +0 l CH COONa

*\also bel der -\z:dntat [H] 7 ‘>X10‘fi vorgenomm&n' Die Meﬁ‘ N
. hiethode war dxeselbe wie die zu Anfang' gehandhabte: Auffangen
“éiner, Probe- in iiberschiissiger- Lauge: und Messung- des. aus. dem:
Orthoather gebnldeten Ameisenesters. Die erste,” sofort ngch Ingang-*
“ setzung. det :Reaktion vorgenommene- Messung ergab “einen. Ablauf |
za‘—ﬁﬁ“/'“ Die Hydrolyse ist also auch ben dreser Azxdxmt far d:e :
Messung zu rasch. . : o
< i X Daniit war ein Fait von’ Wasseratofﬁon z{atalyse gegeben _
. von S0 ungewohnhcher Geschwmdlgkext wie sie bisher bei
‘ sauren Versenfungen noch mcht beobachtet. worden war., B
- pig" rasche Versex!'ung in.der Essxgsaure Acetatldsung recht-
fertxgt neuerdmgs die eingangs.ausgesprochene Vermutung, wonach
" ~dig in. der. Sodaldsung beqbacbteie langsame Reaktlon eine saure .
y Vefs:etmgg'set R N — .
e Es wurde kurze Ze;t versucbt dxe Regkmon in emet Carboriat- ;
oo 1QsUng. essgn,- Wobej zur Ethohung der Geschwindigkeit ein’
_:;mchimher Bu}" riatzushtz -angewandt wurde: Tatsichlich: wac Rls- .
T4lanu, die. Abodbme : des. Sodatiters einc: merklich, raschere; abefmals’
i ichien, daB der. Orthodther -in, der-Sodaldsung. .wirklich sauer”
ft, doch wuarde Von jenen Versuchen bald Abstand genommen: Die
Reaktxon waf uo"h 1mmer Zu }angsam-, um brauchbare Reéulta;te

_}tkfﬁl"'"n.é é\_mménmkrAmmonsa]zpuﬁ‘er, der dxe:
(=107 %e*rabzaserzén* erlaubt.

MEE ) m-'( ¢

WS RT e
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Hydrolysegeschwindigkeit-des ‘Orthoameisénsiiureithylithers. - 17 K

-~ Damit erschienen noch zwei-Wege offen, deren'Einschlagung
- ein geeignetés Reaktionstempo ‘versprach: die Wahl eines -Puffers
" mit dem Bereich um [H'] = IO"’-.herum_ oder eines solchen - um
{,H‘]':IO‘," B .. co . S
_ Auch -der erstere Weg erwies sich nicht als gut. gangbar.
Zwar wiire bei [H'].= 10~® die Aufgabe vom formalen Standpusnkte-
- besonders reizvoll gewesen. Wie -aus’.dem schlieBlich ermittelten
. .Zahlenwert der Konstante des Orthodthers und-den schon bekannten
" der sauren und alkaljschen - Verseifung-'des . Ameisensiureesters =
~..hervorgeht, wire die zweistufige Reaktion hier wirklich- als .
_solche aufgetreten; Beide Teilreaktionen hitten Geschwindigkeiten
gleicher GroBenordnung gehabt, di¢ erste wire die saure Verseifung
des Qrthoiithers ohne. SduretSnung und durch Wasserstoffion be- J
* schleunigt, . die - zweite . 'die -alkalische . Verseifung — die ‘saure
wiire ‘zu- vernachlassigen gewesen — des Ameisensdureesters mit
~ Séuretdnung und durch Wasserstoffion verzbgert gewesen. Der
" mathematische - Ausdruck des ganzen Vorganges wire ein System

.simultaner Differentialgleichungen’ von der Form:

T e ae
. T B T (a-—2) -
".” _'_.kl\a t) b—-_j"'l
L T "‘N = ky (I—'_y)f?;J' l . E
o Ohne ‘a.ﬁf =ldi¢ .:Frqge -der 'Int_egra't'io_n‘ des Systénxs',oder de;«‘-
 weitéren MOgIichiKeiten -mit diesen .Gleichungen ein-..

zygehen, kann ‘gésagt”werden, da8_ alle: Methoden mathematische
“Ausdriicke- von derartiger . Kompliziértheit zur Verfligung gestelit
* hiitten, 'daB ihre Benutzung im Hinblick - auf - die zu erwartende
- Genauigkeit der Analysenergebnisse. von ‘sehr fraglichem Werte er-
. schien. Der gleichzeitig anwesenden Puffersalze wegen miifite nidm-
lich zur Bestimmung des Ameisensiiureesters ein.groBer AlRaliitber--
* schuf genommen :werden, so da8 sich” x~—y Sals kléine: Differenz,
- -also nut wenig genau. eemittelt. Uberdies mangelt es gerade in dem
. “Gebiets THT = 109" an-einem Puffer. von normaler Brauchbarkeit. -
. In diesém wie in vielen dhplichen Fillen ist die Hinarbeitung *
:auf ‘mdglichst esirifache und durchsichtige Verhiltnisse

7

dringend geboten, Solche- liefert die Aziditat [H'}=10-"," also die -
.Messung der Reaktion im Neutralititsgebiete.’ .
- /Hier sjeht" ein. Phosphatpuffer. aus primdrem und.sekundirem .
Phosphat zur. Vérfiigung.: Die Dissoziationskonstante der Phosphor-
. 'Sdure nach der 2weiten: Stufe ist 1-93X 10-7 oder mit hinreichender »
. ‘Genauigkeit- 2 107, dje Umgebung einer Wasserstoffionkonzentra:
- tion: diesés - Zahlenwertes war." also. in.. Betracht. zu -ziehen: Die
- alkalische Verseifung des: Ameisensiureesters muste, wie éine Uber- = -
. Schiagstechnung. -ergab, -hier; sthon sehr langsam erfoigen. Damit -

a . o o e

B-Heft Nr.1 gnd &
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]8 R T ;\,Skrab-ni- und 0. Ringer,

N ~Konnte- eine. sehr wesentliche Veremfachung der Verhiiltnisse ange-'

strebt . werden Verlief hier die Reaktion des Orthoatﬁers SO rasch, .
daf fiir die Dauer des verfolgten Reaktionsablaufes die die Aziditit

' beeinflussende Versexfu:xg des Ameisenesters vernachlidssigt werden

| . durfte, so war eme Isolierwnyg der Reuktion der ersten Stufe,

’ um die -es sich ja handelt, und die ohne Séduretonung verliuft, in-

einem Medium konstanter Aziditiit erreicht, mithin auf:den zu

-messenden Zeityorgang das einfachste Zextgesetz die einstufige

Gletchung erster, Ordnung, anwendbar, . .
Von-den Reaktionspartnern war hier nur einer zu analysieren,."

" der.. _gebildete - Ameisensdureester, und diés konnte ‘nur durch:
“alkalische Verseifung des letzteren durch einen hinzugefiigten ent-

sprechenden Uberschu$. an Lauge, wobei die zu messende Reaktion -

- . unter einem zweckentsprechend gebremst. wiurde, und nachhenge_

Rucktxtnenmg auf sekunddres Phosphat geschehen.

Um nun zu erfahren, ob diese wiinschenswerten ' Versuqhs--

7 -'bedmgungen wirklich reahsnerBar wiiren, muBte zunichst ein Anhalts- .

- punkt. fiir die Geschwmdxgkelt mit .der der Orthoither hier reagiert, -

gefunden ‘werden, - und.so” wurden zunichst unter Zugrundelegung

" dieser ‘Annakmen, ohne ‘Riicksicht darauf, ob ‘sie exakt erfallt sind,

emnge ,px’xentxerende Vorversuche .bei einem. Verhdltnisse
-dér Puffersalze'1:1, also bei einérAziditat [H] =2X 10-7 aus-
- gefihrt; sa grof konnten die etwaigen Fehler keineswegs sein, um
""’Ef'\*aremgstens die GréBenordnung der Reakt:onsgeschwm- 'f
ﬁlgkelt erkennen 2zu lassen. = .

- Diese Vor!_e_zaushueig:éﬁ_nuﬁ,;;dan_m:_keaknnnsamm_m_

-

“-der Tat in wenigen Stunden erfoigte, und lieferten als abgerundeten,
ungef*ahren Zahtenwert die Konstante 50000, bezogen auf [H]=1..
. - Min war es maglich, die ganze Versuchsanordnung auf eine
exakte Basis zu stellen. Wie dies erre:cht worden ist, soll im
folgenden kurz gezeigt ‘werden, o :
Es solten- bedeuten: - .

- k Konstante der sauren Versexfung des Orthoithers fﬁr'
[H}= '

=3 N
T 72 Kotistante. der a.lkahschen Versexfung des Ameisen-
T esters fur [OH = 1. _

Ry D:ssoznahonskonstante‘ der Phosphorsaure nach der
) ‘. zweiten Stufe.

SRy D:ssozxauonskonsta.nte der Phosphorsliure nach der dritten °
-~ ‘Stufe. .
ST Anfangskonzenh-atnon des Orthoathers ..
R LI .. e priméren Phosphats. -

' ‘ T sekundaren Phosphats
kaserstoﬁ" onkonzenlratio

w... IO"# Wasserkonstante for-25°% - -~ — °

X Umsalzvanable der ersten Reakuon. ;
‘_‘_A-.p;j' EERPE S ; zwexten e :
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Hydrolysegeschwindigkeit des. Or;hoameisensiiur'eiith\Ilit'hcrc‘ A 19° -
Fiir & wurde der One,ntnerungswert k= 3X104, fiir k éer--

" Wert! k. = 1400 benutzt. Weil es sich lediglich um dre Ermuttlung
der besten Versuchsbedmgungen handelt, darf man snch mit unge-

fihren Zahlenwerten begnligen.” = . _ . A
Fiir den Beginn der Reak_tnon_gx_lt: o et e
: ~Iz = 'kz-;- @)

CIm Zuge *der’ Reagctnon entsteht eme Menge Yy an Améeisen~
" sdure, sie ist starker als die Phosphorsaure nach der zweiten Stufe
und ‘verwandelt y Mole des sekundiren ' Phosphats. in pnmates
Phosphat. Es gilt daher fir die laufende Azldntat ’ :

-

oo _ B 1:+_y . O
L h...k L . 4
“"'"".f""”"‘:' : . g ——y o o C ,()
. Indem wu' h als konstant nach (3) setzen, machen wir
einen’ Fehler F Er betragt in Prozent‘en i P
- "'—-‘.'— ’_ " . N .“A.‘ ] .
F= 27 2 100 = 20D 660 0 )
. ¥ S T N
: . ks';‘ -

Um diésen Fehler in q{n‘ém beliebigen Stadium'der '.Reaktio.r.:‘

kenptms der Beziehung zwischen y -und %, urd we:. F klein sein
soll, so darf man sich mit einer annih&rnden Bezlehung be- -
gm.lgen Die Annd.herung. die wir machen und die um so besser
erfiilit ist, je Kleiner das- F oder je unverinderlicher das 4 ist, .be- .
steht darin, da8 wir y als klein gegenilber x, = und a vernach- .
lassigen Dann vereinfachen .sich unsere snmultanen leferentxal-
glexchungen und werden: - :

= kh(a—2), -' :
' ' ©®

~ -i?lé 7&!& |

N w .‘.,
i

wo h den Wert 'h'a.,ch (3) hat. ‘
-Hierin folgt durch Division

1 K. Skrabal und A. Sperk, ) ¢,
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o 20. " A Skratal’ und O. Ringer,_

und integriert: _. ’
. ka

= —%— —) Y.
) ‘y__ 7 {a—=x aln(a t'))-!—

: .. Die Integrahonskonstante J folgt aus y.= 0 fm r = 0. Ihre
Emsetzung ergxbt schliefllich als gesuchte Bezxehung

SN 7% '/ Sooa ) h’_
SN -J"=-W~{“‘-“3:;".‘}; Cm

ST Nach diesem Ausdruck kdnnen nun die ¥ fiir beliebige «, z
und’ & berechnet und durch Einsetzung von y in (5) die Fehler-F-

in ihrer Abha.ngngkelt von -y und den Puﬁ'ersalzmengen T und

.- ermittelt werden.

--——-—-—-——-—Etes-w&rde- &ir eine- Relhe von Fﬁllen durchgefuhrt und es
S . ergaben sich- fﬁr eine Anzahl von ihnen genﬂgend kleine Werte
‘von F.
o D:e erha.ltenen Resultate wurden file- - die festzusetzenden
-~ Versuchsbedingungen unter Berdcksnchtlgnng noch folgender Ge‘
sichtspunkte verwertet. :
R bie - einzig ‘mogliche. Art der Analyse wurde schon gelenp--
' zexchnet. Die Hauptsacbe war, mit mdglichst geringen Lauten-

kleme Dll’ferenz ‘nicht_sehr ungenau sein- sollte

: .._Dem...stand_enIgegen die Anivesenheit . der. Puﬂ'ersalze Je

. 'nermgere Mengen an Puffersalzen verwendet werden ducften, um
' 'so geringer durfte die Laugenmenge angesetzt werden, Sie durften ’

:  jedoch:nicht zu=gering gewihlt werden, denn aus (55 geht hervor,

~ da8 F um so kleiner ist, je gréB8er n und o sind. Zwischen diesen

- entgegengesetzten Rilcksichten. muSBte alsn. der- Mnttelweg gesucht

.~ und. gefunden werden.

: Der Lg.ugenuberschuﬁ war" so zu bemessen, da8 der zu
ana!ysxerend Ameisenester jp kurzer Zeit quantitativ verseift. Bei
— geringem Lasgentiberschu verseift er zundchst i in der tiberschiissigen

' 'Lauge - und dagn, wenn diese verbraucht, in einem GemiSch von

. 'sekunddrem. und tertidrem’ Phosphat. Die Reaktlonszext fir die.
s Estervefsexfung ist reichlich bemessen, wenn wir sie fiir die, Alkalitit
.. berechnen, die zu Ende der Reaktmn herrscht. Diese Alkahmt
folgt, entsprechend dem Hydrolysegletchgewxcht

i e “"’”7 TR

aus der quadrahschen Glei‘chung '2'1,;_‘ '
Loy T e w T_[OH]
- l. - [OH) = =" —- .,
S l '] By - S+ [OH] ’g
R o L E
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H;d.mlysegeschwindikkéjt des Oﬂhoméigensﬁukﬁti;yliithzrs. 21
6.der : AR . - : : o
'[OH']’+’(S + i) [OH)— 2.7 = ¢, 8 -
. . R VA ) ko _ .
wo 'S und" T - die Qan‘al'ytischexi Kotizentratio'nen-' des sekundiren
beziehungsweise tertidren Phosphats bedeuten. . .
, Nehmen wir den Ameisenester als verseilt an, wenn et sich
zu, 999/, umgesétzt hat, so berechnet sich fiir die Alkalitit [OH’]
_die® Reaktionszeit, R‘ini Minuten nach der Gleichung o g
s L[OHIR=1p100. @

.. Der Laugentiberschu$ wurdé so bemessen, da R nur Minuten- . .
bruchteile betrigt. Weil' der ' Ameisenester zundchst in einem -3
wesentlich alkalischeren Medium verseift, ist diese Festsetzung
sicher_viel zu reichlich, man iiberzeugt sich jedoch bald, daB hier -

- nicht viel .zu’ ersparen isf, . S - e
_Ays diesen datgelégten ‘Gesichtspunkten wurden nun Reihen
- von Versuchsbedingungen erwogen und. schliefllich die  folgenden

—

- uls die geéignetsten gewdhlt: - _
Cer . Versuchsreihe 4 - © Versuchsreibe B '
R USSR :_0:-1' - o1
T Tt e w003, .. uus
' ulivei. 008 . v 0.8 .
T B@IITIIOT ORI - st
B o T S 10 AP PV A
Sy @ ... boois- . . 000098
F@:........ 72 33 -
R AU 0 1 0-20
- T & . T 0-07
ame Talliiee. . 0:06 _ 005 .
CLOHY @)L 008 - eois - T
STURE.. 0025 - oot a

. .-, Der nach (5) berechnete, aus der: Inkonstanz der Aziditit
fliefende Fehler erscheint hier fiir jenes x angegeben, bis zu welchem
die Reaktion messend verfolgt wurde, also fiir :das Ende der
‘Messung, Fir.Mitte und Anfang’ der Messung ist er natdrlich
~ wesentlich geringer, so daf die Aziditat mit hinreichender Genauig-

- keit als” konstant ‘angenommen werden durfle. - ' :
& Ly 18t die zur Fixierung des reagierenden,Syglewis und zur
' . Verseifung des gebildeten Ameisenesters angewandte Laugenmenge.
Sie ist, wie die librigen” Konzentrationen, in derTabelle in ‘Molen
Pro Liter angefihet. . = . Lo R -
. A e
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22 L A. Skrafml und O. Ringer,

-

Dle Messung 'der. sa.uren Verselﬁxng des Orthoa.thers

PN

Die Titration geschah nach den ' Angaben BJerrums 20
. sekunddrem Phosphat, und zwar zu einern- Titrierexponenten 9- 57-
. und, unter Verwendung einer. mit dem  Indikator angefarbten -
- S8rénsen’schen Standardlosung ‘Auf 100 om® der letzteren ‘sowie
der austitrierten Lésung wurden .13 Tropfen eiper empromnuxgeu
_ -alkoholischen Phenoiphtalelnlésung ‘berrutzt:
. > . Bei diesem Tntne:exponenten ‘war eine saure‘Verselfung des-
. Orthaathers richt zu befiirchten,> hingegen muBte die Anwendung
einer starken Siure als'MaBl6sung vérmieden werden mits
Rucksncht auf--den lokalen Saureiiberschu8 an der Einflugstelle,der .
zur ‘sauren Verseifung des Orthodthers filhren konnte. Letztere ver:. -
léuft ohne Sauretonung, wiite also an sich ohne nachteilige.
————f-%\&rkung'*ﬁxhrtvjedoch zu Ameisenester, welich letzterer in der zus.
" titrierenden Losung alkalisch verseift und einen fehlerhaften‘Mmdeb ,
.+ verbrauch. an Titriersiure herbeifitlhren wiirde. Aus d:esem Grunde”
" wurde -0 I-norm. Essigsdure als Ma8l§sufig benutzt, was fir
.- die Genau:gke:t der Titration ohne Belang war, da die DiSsoziations-
.- -konstapte’ der Essrgsaure wesentlxch grbﬁer 1st als k, der Pbosphor- .
: sdure:
. Die Durcnfuhrung der Versuche g&scr‘ah folgendermaﬁen A
~=—=—+—Als Puffersalzé wurdén die Kahlbaum’schen Praparate KH,?O, -
. und ‘Na,HPO, .2 H,0 snach Sﬁrensenu verwendet. . Die ein---

]

'ausgekochtem Wasser geldst - und der mxttels emer Rev schen
'Pipette eingewogene Orthodther hmzugegeben bis zur, Marke auf-
- gefiillt; in den Reaktionskolben (ibergegossen, rasch adf 25° gebracht ~
'~ "und der Reaktionskolben-in den Thermostaten gehangt '

S Der Reaktionskolbén war mit einer abschiieSbarén Hébervor-
. richtung. versehen, die es gestattéte, “unter moghchst.klemen Ver-'
.. i ..damplungsveriusten’ die Proben zu entnehmen. "Diese. wurden in -
- gifrem MaBkolben zu 50 cns’ aufgefangen ‘und von diésem in ein-
" . ebracht (Zeitablesung), in welches zuvor .aus einer -
_ ~automatischen Pxpette die " erforderliche Menge Lauge gegeben::
.| worden war. Nach einigem ' Zuwarten (e Mmute, s;ehe oben) erfolgte v
O dies Rﬁckutnetung mit . Essxgsahre ' . .
T Dxe Betechnung geschah nach der Formel

..1 ,Tkh:_-. 1 2%
A ~t—-—t a——-:v3

ao)

-

T Bte ‘Methode wie sie- geschxldert, lieB keme besondere Genaung 3
,kezt ezwarten, ‘da trotz alfer Einschriinkung mit ziemlichen Laugen-w
- -ubersthiisseri gearbeitet werden musbte,- dié laufende Konzentration

o B=E dahet als kleine . Differenz. herauskam Dazu treten noch dleg;

~

'eziézsr;iia
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ﬂydmlyéeggﬁbh\s'ﬁiﬁ&keit des Orthoameisensiureiithylithers! 23 ,

unvermeidlichen Fehler, -die infolge Einwirkung' der Luftkohlensaure
stets mit Arbeiten verbunden $ind, bei denen einige: Zeit hindyrch -
mit stark alkalischen Ldsungen umigegangen werden muB.

> Endlich kam n3ch eine weitere Fehlerquelle in Betracht, deren
‘EinfluB nicht noch weitergehend ausgeschaltet - werden konnte, und
die den- Grad der-Genauigkeit um’ noch eine Stufe herabdriickte.
Es war dies die' Verdampfung des Ameisensdureesters, der
fr sich bei 54° siedet und in dem reagierenden Gemisch von 25°
“einen hohen Teildampfdruck aufweist: =~ I

.* Nun ist dieser Tatbestand der genauen Messung der sauren
"und alkalischen- Verseifung jenes -Esters wenig hinderlich,. Bei
diesen raschen Reaktionen sinkt die Konzentration des '_ﬂﬂéﬁ{ig'en

- Reaktionspartners mit der Zeit' rasch. ab unter. Bildung nicht- -
_flichtiger Reaktionsprodukte, die' gemessen werden. Hier aber-
-nimmt . die Konzentration des fliichtigen- Stoffes mit der Zeit zu-.
- und hat die groSten Werte gegen Ende, also im zweiten, -ungleich

eaktionsfort- .

‘lingeren Teile ‘der ‘Reaktion, und zur Messung. des R
schrittes dient der sich'bildende fliichtige Stoff. . - S
©__Auch die obeén “erwihnte Art' dér Probenentnihme JKonnte
~diesen Ubelstand: nur’ vermindérn, nicht aber beseitigen, "denn mit .
- der. Dauer der Reaktion und der -allmihlichen Entleerung des
".Reaktionskolbéns _wird ‘der Luftraum "imi.- letsteren und damit die

" Verdampfung immer groBer. . - - o .
.- Der Verlust infolge Verdampfung .ist auch aus den Versuchs-
tabellen-ersichtlich aus-den_dort .angtgebenen Werten fiir die Zeit -

S : 3 vl Lt g e N - : .
némlich “der, die..iaufende. Konzentration nicht aus dem Anfangs-
werte, sondern aus dem Endwerté zu ermifteln, war hier "nicht.
‘gangbar, ‘weil ja_durch die Verdampfung nicht die Konzentration .
' des reagierenden Stoffes, sondern die zu messende ‘des fliichtigen
-Reaktionsproduktes vermindert wurde. U

" . Inden folgenden Tabellen bedeutet a die éingewogéne Menge .

'des’ Orthodthers,’ die "der . Berechnung ' zugrunde gelegt wurde,
" ¥oo.die’ zu  Ende der.Reaktion durch Analyse gefundene Menge des

- Ameisenesters. - Weil »«Gegenreaktion sicher picht: vorliegt, hitte
‘%o = @ erwartet werden dirfen. Infolge Verdampfung wurde
%o <'a gefunden. Die geschilderte Erscheinung gibt sich vor.ajlem
in" einem starken Absinken der Konstanten im letzten. Viertel der
- Reaktion zu' erkennen. In det Versuchsreihe B, deren Reaktionen
langer ‘verfolgt wurden,’ zeigt.sich. das Gefille deutlicher dls in der .
- Versuchsreihie 4, Die infolge der Verdampfung zu klein gefundenen
Konstanteriwerte wurden i den Tabellen eingeklammert und bei
- der Berechnting des Mittels weggelassen. Wir lassen nun die Mes- °

o -

——— e - ORI
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A. Skrabal und O. Ringer,
" Versuchsreihe 4. ¢ -
= 1X10"1..
- Versuch 6. .
" a4 = 0-10049, too = 0-10288
+ A =2 kb *h
R 0°00859 - - -
28 0-08254 . .0-0071. _0-0071
57 0-06631 V- 0089 0-0069
04 _ 0°05185 00086 © 0-0069
153 0-03497 . 0-0087 _0-0068
ki = 000879
i~ ... Versuch' 7.
* ‘ ,a=o.-1‘|‘7oo,- .g¢=u-mﬁré
. a—x. " R 1 kh
. 0. , 010350 L= Tt
.28 0-08958 . .~ 00071 0:0071
47 -0+07684_ - * 00084 0: 0067
82 106094 - 00085 " 0°0067
.15 - 04580 U-0066 - . : 0- 0086
185 -(0°03210) . .0°0059) (0 0084) .
o . kk=0-0088+ _° :
Versuch 8..
_ 4= 011340, reo =0-10680 .
1 g— Y bk
0 © 40862 - -
IR - 0-0835 0-0082 00062
, . 0-0703 0°0068 . - 0-00689
. *IT. . 00584 00071 . 0-0068
. . .18 0:0423 .0 00070 0-0069
. . kA ='000685 '
| Versuch 9.
s .._,.'=-.o-x'1203. oo == 0° 10448
! T a—x . [ kk ik
L 010543 — —
0-09369 " 0-0082 0-0062
. 0-07837 - 0°0075 00070
. ,0°06255 - 0-0084— 00068
004863 00086 - 0:0087
0-03433 0-0084 0-0086 - -

LS vones-
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Hydrulysegeschwindigkeit des Orthuameisénsiureithylithers. 25 .
+ ° Versuchsreihe B.
h = 2X10-1, , R

A V_er's'u;:h" 10.
- a = 0:09733, roo-= 0-08988

S . g  kk ’ kh
- 0 . 0-08405 —- T -
T3 - r088o7 - 0-0t41° 00141 .
‘- 53 . - 0-03987 . . 00141 - 1:014]
81 - 0-02865: Uo144 00142 .
117 5 T0-01847) (v-0102)  o-0129) . °
168 - (0-01258) (0-0078) (0-0114)
kh= 0°01415
. oo
| .- Versuch® 11,
- ‘a=-:0'10527, Xeq = 0:09621
B A Ik kD .
0 . «mossz7-~ = - :
S G- 007808 ¢ 0-0135 e G135
2000 T 0-08705 00149 010143 : N
3% - 0-05535 0-0137  "0-0141
89 . - 0:03541 " yeolap - ' 0°0134
— - 0245 i __{0-0129)
13870 0-0i709) (00120) (0°0120) T oo

I.k-0 01373, . o

Dze erste Rexhe k/z wurde immer durch mtervallwense In-
tegrierung, die:- zweite durch Integnerung von Anfang an berechnet.
Die Mnttelwerte von 2k wurden aus allen I\ombmanonen aller

.. nicht emgeklammerten MeBergebmsse errechget.

.. - Die. Konstanz von k& innerhalb der einzelnen Versuche
‘Kunnte nach den angefuhrten Fehlerquellen mcht besser erwartet -

_ Werdenm.
' Die Werte{ det;-&'ersuchsrezhe A geben xhrerse:ts als Mlttel
,\ ” = . RR=10°00674 (k= 1X10-7) 1
'.und dle zwelgder VersuchsrexheB . . ‘ o .
kh:001394 (h—2)<10~') .

Sxe stehen also "ebenso wie die Azldxtat im Verhaltmsse 1:2 -
A.mnt einer- Abwetchung von nur etwa 3%.
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26

. Damit erschemt nachgewfesen, daB su:h die Hydrolyse des
OrthoamelsensaureAthylathers zu Ameisensdureithylestér als
eine einstufige Reaktion berechnen idfit, deren Geschwindigkeit
der Konzentration von Orthoather und Wasserstofﬁon
- proportnonal ist. ¢

* Bezieht man dxe Geschwmdlgke:t auf. dié I\onzentrauonsemhelt'
'von Orthoither und Waqserstoffxon, S0 erhalt man 6: 85)(10‘ ‘oder:

ab efunde
g } k = 70000 (2 ).

Hleraus folgtl/.mr fH]1 = 0 1 eife Halbxemngsze:t vort
~ o 1X10 Mmuten oder — fiir den Ablauf zu 990/0 — eine Reaktions- :
. zeit von 6X 10~% Minuten, im Einklange mit dem Ergebmsse der
" ‘Messungen in O* l-normy HCl-Lisung :
_.____.,Auch.d.x‘e—Ergebnxsse .der'Vorversuche stxmmen mit dem
~ Zahlenwert: der- Konstante iibersin. Auf der einen Seite’ berechnen
" sich nédmlich aus. ibr fiir -die Ha,iblerungszest in dem. Essigsdure-
-« Acetat-Versuch (A = 7X !0“‘*') 1 Minute, auf der anderen Seite fiir
. .dten. Ablnuf zu- nur 109, eine Rea.ktxonszett von 20 Tagen fiit den
" Carbontat.Bicarbonat-Versuch (5 = 6 X 10—11) und-ven 10000 Tagen
fUI‘ dw Hvdrolyse durqﬁ 0 l~norm NaOH (h = 10‘")

"’“‘"*'“ﬂbex» dxe cfx’érméche Natur des Athylorthot’qi'mlats.

) Nacfx dém Ergebms tinserer Messungen reagxert sonach der
Oﬂhoamexsensﬁureather 1m_Sinne .déi"» Gleicit Im_ I "','_“—h,——
s k [ r L.
HC(OC H,,),+H O - HCOOC H5+2C Hy OH)

mxt einer Geschmndxgkext ®, die der Wasserstoff ionkonzentration
proportwnal ist. Far [H'] =1 hat % den .ungeheuren Wert von 70000. °

e s Ob diese rasche saure Hydrelyse direkt, in einem Zuge, ader
7. ber ; ;Zwischenstufen verlauft, diese Frage bleibt unentschieden.
N Berde Am),,:-_ n sind -mit. dem--Etgebnis der Messungen vertriig-
ilich. .Das’ *c em;sche defim!u spricht fiir den’Stufenverlauf.. Die
' Nezo'ung, Stufenreaktmgn im vorliegenden' Falle und in ahnl:chen_
' Fillen- - -anzunehmen, entspncht -unseren derzeitigen molekular
i_kmenschen, anf” wahrschemlxchkeltstheoretxschen ‘Ansthauungen
“beruhenden und auf allgememe Erfahrungen sxch stutzenden Vor-
" 'steﬂu‘ngen Lok
‘Folgen' wir- dlbser Ne:gung, so hatten wir mmdestegs zwei
Stufenréaknonen anzunehman : .

o HC(OC H) +-H 0 - HC(OC,H,;sOH*'CszOH

I

HC(oc,H,), H - HCOOC H, +C H,OH
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.Hydrol'y-segeschwindigke_it des OriboMeisenéilhrciit_byliithers. - 27

" wo zwischen k, und %, Beziehungen gelten missen, die s6° geartet,
daf sich meBnerisch die §tufenfolge mit den Konstanten k; und #,
genau so ‘wie ‘die direkte Reaktion mit der Konstanten £ verhiit.
Es sind Zwei Beziehungen, ‘di¢ dieser Bedingling Geniige leisten.

1. Fall.. Die Konstante £, ist sehr grofi gegenjiber k,. -Der
Orthoameisensiureither geht relativ rasch .in den’ Zwischenstoff
HC(OC,H;,),0H. iiber tnd was gemessen wird, ‘imie Umwandlung- -
des letzteren in Ameisenester. - Die gemessene’ Konsfante & ist 4 — R,.

* Gegen- diese Hypothese spricht der Umstand, da8 der Zwischen-

~ sich im alkalisch gemachten Medium weder Ameisenester ‘noch
seine Verseifingsprodukte bilden, kann %, in’ diesem Medium ' nur
sehr. klein sein. Durch Aufldsung des Orthoiithers in verdiinnter -
Sdure und sofortige -Alkalisierung dér Lésung maste sich der Ortho-
dther so gut wie ‘vollstindig in das Zwischér_lproduk,t_, .verwandeln

“"und " letzteres Sich sodann nachweisen: und z. B. durch Vakuum-

- destillation isolierén lassen. Da8 dies der priparativen Kunst. noch

.-micht gelungen, spricht gegen di¢c Annahme %, » 4, o
.~ 2. Fall. Die Konstante kg ist sehr klein' gegentiber &,. . Der

- Orthodther bildet relativ langsam den Zwischensfoff HC(OC,H;),0H,
der, sich seinerseits relativ rasch "zu. Ameisenester. umsetzt. Bie
‘gemessene Konstante % ist & — k. Daf sich der Zwischenstoff noch
nicht.‘na;:hweis_,_en, geschweige denn’ isglieren lieB, spricht zugunsten
derAqrinhmek,«kg. . L :
' Aber auch direkte Beobachtungen, die an einem anderen

—Stoffe’ _gemacht _worden _sind, ‘welcher an denselben Kohlenstoff -
Hydroxy! .und Alkoxyl gebunden ﬁi%,““s.“i"é‘,ém"r_r"mr‘k, < B Wir-—
.meinen die Verseifung der Kohleq_sa,ureester."' Auch. diese
Reaktion verlduft nach den Messungen wie eine einstufige Reaktion

e koo -
-, COOC,H,), +2H,0 ~ CO(OH),+2C,H,0H,

- die. ,eb-gnsé wie die Hydrolyse des :Ameisenséiureonhqéithers in dic
Stufenfolge . . L T S :

o & S
~ CO(OCH,),+H,0 = CO(OC,H,)OH +C,H,0H,
ey 5y . ‘ -
- CO(OC,H)OH+H,0 — CO(OH);+C,H,0H

‘Zerlegt gédacht werden kann, Hier hat man es aber in der Hand,
-die zweite der beiden Stufenreaktionen bloBzulegen, indem sich
der Zwischenstoff in Form® seines Natriumsalzes darstejlen - und in
~bezug, auf seine Reaktionsfihigkeit direkt untersuchen 1a8t. ‘Bringt
man dieses Natriumsalz in wisserige Losung,. so lehrt der Versuch,

. 1'A.Skrabal, Monatshéfte fir Chemie, 38 (1817), 305.

A s s
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.28 ~ - A.Skrabal und O.Ringer,
daB es unter’ allen Verhaltm:.sen, d h bel Jeder in Betracht kom--
menden Azxdltat, so gut wie momentan zZu Kohlensaure und Alkohol
reagiert. -

-Wenn - wir demnaeh der allgemeinen Neigung folgend dxe_
‘meBbare Reaktion der Verseifung der -Kohlensdureester in eine
“Stufenfolge’ zerlegen, so sind, was die Konstanten der Stufen-
folge anbelangt, notwendig an diese Zerlegunyals wextere Bedm-
- gungen R, << k, und k = k; geknlipft. o

* -."Die Verhiltnisse beim Kohlensjureester. sowie der weitere .
Umstaud, daﬂ ganz allgemein’ die Monoalkyl- und Monoacyl-
* derivate der Geminal- thkole smeist schwer zu fassen sinds!
sprechen dafdr, daB wir auch flr die Stufenfolge der Orthoame:sen-,
sdureamerhydrotyse k <k und k= k als wahrschemhch anzu-
' nehmen haben? R o _ o

- . .

o

.1 V.Meyer und P Jacobson Leﬁrb organ Chcmxe,"‘z Auﬂ l, 2 (Leipzng
~"1918), p. 620

Lo R / Mo’tekularkinehsch xst damit tolgendes gesagt. Es bandelt su:h um die.
7.7 stufenweise Reaktion eines Stoffes .mit awei identischen und idéntisch gebundenen
- reakhonstdlugm Gruppen X. Em solcher Stoff hat das Formelhbiid. XAAX Er reagxert
nach dcm-Stufemchema ot _ Co. N

N o’ Y . ’ Lo

' Cee T XAAJL-—»XAAZ-EZAAZ. .

[

‘”Beteaclmet ® d:e Konstm!e der Gruppengescbwmdlgkeit des Stoffes.
XAAX d. h. die Geschwindigkeit, mit welcher eine. bestiminte Gnippe X dieses
bzolfes magxen, so ist die Geschwmd:gke:t k,. mit . welcher dis' eine oder die
‘andére Gruppe in XA&AX reagiert, k, = 2x." Was alsdann die Geschwindigkeit k,
nacﬁ ‘der " zweiten mmmmm d*rerPiIfe—-:w—unﬁasebeiden- -

: 1. Die Resktion der -Gruppe X erfolgt unabhiéngig, d. I (vgl R. Weg- °
{ . sehcider, Monatshefte fir Chemie, 29 (1908), 91, und 36 (1915), 471) unbe-
- -.einfluBt davon, ob die zweite- Gruppe X noch vorhanden oder schon durch Z-
- ersetst ist. Dann it ky =i
S . . Dieser Fall ist u. a, realisiert bei der sauren Versenfung und Vcrestcrung
©. def ndrmaren Oxdsaurehomologeu und der Weingdure und bei der sauren und
alkalischen Verseifung der Ester des: Athylenglykols. Bei def elektrolytischen Dis--

_ seziation zwexwerbgcr c}mmetnscher Séuren und Basen licgt er vor, wenn das

L ‘erhiiltnis 3, 33 der Konstanten der stufenweisen elektrolytischen Dissoziation 4

Lo 7 ist, was apnifiernd. beim Phenolplitilein und beim Krystallviolett zutrifft, denn

" . . gwischen ¥ : 35 und den Verbitnissen der kinetischen Konstanten der Stufen- :
: folgen der elektrogyuschen Dissozistion ‘besteht ein Zusammenhang;

“Js. o . 2. Die Reaktionsfibigkeit der Gruppe X ist- eine abhiingige, in der- Wexsc,
.da.ﬂ das X ‘langsamer reagiert, wenn das andere X schon reagiert hat, also
L. dorth Z ersetzt ist. Dann ist ky << w. Dieser Fall scheint die Regel zu bilden, Er
. . ist Dbeispielsweise realisiert* bex der alkalischen ‘Verseifung der Ester der nor-
. - malen Oxdlsiurehomologen und der. Weinsiure.. Er ist-ferner verwisklicht bei der 3
. stufenweisen elektrolytischen Dissoziation der symmetrischen Siuren tnd Basen,
. indem -8, : 3y in der Regel grifer, sehr hiufig s¢hr viel groBer als 4 1st. (gl
E Q. Adams, Journ, Am. Chem. Soc., 38 (1916), 1503). . ..
P 3. Die Reiiktion. derG'ruppe X ist_eine abhingige, in.der We{se daﬂ das X' -
.. ° . tascher reigiert, wenn das wndere X bereita reagiert hat. Dann ‘st k>
- ", Dieser Fall ist bei der Verséifung der Kohlensiureester realisiert. Er scheint vzd- ;

- leicht ganz "aligemein bei der Versexfung der Ktber und Ester der Geminalglykole
Vemrkluht zO sein. - '

Tyl

-

uiiv
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Hyd}olysegescliwindigkeif des O&houmeisensiiuwﬁtbﬂiithers. . 29.-
- T . . . . ’ . . o . L. .
) Analog wie beim Kohlensdureester kann auch "bei unserem
‘Orthoiither die rasche Reaktion nach der zweiten Stufe ent-
‘weder das Ergebnis eines intramolekularen Vorganges::

‘ HC(OC,H,),0H . - HCOOC,H, + C,H,0H -
oder das einer weiteren Stufenfolge: - .

- HC(OC,H),OH+H,0 = HC(OC,H,)(0H), +G,H,0H,
. ’ 7] :

o © . -
- 'HC(OC H,)(OH), - -HCO, OC&H& +H,0.

sein,-worilber nicht entschieden zu werden vermag. .
R Eine andere, auf Grund unseres reaktionskinetischen Beflrides
“zu erdrternde_Frage ist die nach der Charakterisierung der.
chemischen Natur des Athylorthoformiats. In 'dieser Hinsicht.
" jst: jedenfalls zu sagen, daB letzteres gus der Klasse der Ester
auszuscheiden und in die Gruppe der Ather einzureihen ist,
' Bezéichnet R ein Alkyl, 4 ¢in Acyl, so lassen sich hinsicht-
lich des Vorganges der “Hydrolyse sowie der’ ganzen dbrigen
chemischen Charakteristik drei Typen von Stoffen mit-dther- -
artig gebundenem Sauerstoffatom feststellen: .ot

 Typus.l. (Ather): ' ROR',
A [ (Es:ter).: * AOR,
IR 3 Il (Anhydride): 40 4.

]

— T —— e

.

Diese Trennung wird als keine _'ﬁrinzipielle, _sondern wahr-
" ~Cheinlich' nur als . eine graduelle "aufzufassen sein, denn, wie
" 'P. E./Verkade? gezeigt hat, besteht zwischen Carbonsidure einer-
~ seits,. Alkoholi ‘andrerseits ‘'weitgehende Oberein‘ﬁétimn;ung
~ und hinsichtlich des chemischen Verhaltens der beiden Stoffklassen
. -~ Wenn man von den spezifischen Reaktionen der Carbonséuren,
. .«die’ durchk die Carbonylgruppe bedingt sind, absieht — kein -
grundsitzlicher Unterschied. - T o
.- 'Wenn_auf f%ep einen- Seite eine Analogie zwischen Acyl
. und Alkyl -besteht;. so besteht auf der anderen Seite eine solche
‘zwischen Alkyl und Wasserstoff. Die Auffassung- des Wasser-
“stoffatoms als. einfachstes Alkyl der Grenzkohlenwasserstoffe rejcht
. bis auf J.H. van't Hoff* zuriick und wurde vor einiger Zeit nament-
- lich von K. Kub'i’e'r'scihvky-"fﬁberzeugend dargetan. Unsere Ulgersicht
schlieSt daher die' frejen Carbonsauren ql{rGrenzﬁille der Ester und
di.:efmrkpholef und: das Wasser _als Grenzlille der Ather ‘ein. Die

| -1 Chem: Weekblad, 17°(1914); 754, vgl. auch ibid, 75 (1918), $03.
L e Anisichten Gber die. organ.-Chemie (Braunschweig '1878), 281.
C . -7 8 Zeitsche. f. angew. Chemie, 26, 1. (1913), ?30..'_ - e -

- . .o . . -
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.- 30 L \bkrnbal und 0. nger,,

w ichtige Reaktion der ‘Verseifung oder Hydrolysc erweist sich .
alsdann als ein Fall von »Umesterungs, worunter man die Er-
‘scheinung versteht, daB8 die Stpffe mit einem Athersauerstofl in
‘Reaktion mit anderen Stoffen mit Athersauastoff ihre Acyle und

. Alkyle auszutauschen. vermdgen..
Geht man von mehrwertigen, Alkoholen und Carbonsauren
- suwie den Z“mergcbzldcn den O\ycarbonf-auren, aus, wvermogen
"d\ese Stoffe neben den »duflerenc. auch innere Ather, Ester und
-Anhydride zu bilden.  Die, Carbonylverbindungen beispielsweise ™
sind ‘alsdann als’ innere Ather der Geminalglykole aufzufassen. In
‘unsere “Ubersicht fallen somit .alle organisch2n Verbindungen
mit einem Sauerstoffatom, desseﬁ zwei Vulen‘zen an C
oder H gebunden sind. o : A
. Andere organische Verbmdungen lassen sich w:eder, von.
-’—-——ﬂ:mscrerr—drehTyperr -dusgehend, in -der Weise- abgeleitet denken,
daB man schrittiveise’ R, 4, RO, A0 oder O durch andere analoge
- “*Elemente oder Elementgruppen ‘ersetzt, wodurch man zu Verbindungen
"+ gelangt, dié’in bezug auf ‘Verhalten und Synthese nihere oder
.. ... fernere Analogie mit den- Atbem, Estern und Anhydriden zeigen.
- 'Auf diesem Wege getangt man zu einer- Systematik der orga-
nischén Verbindingen, -als deren Urtyp- sich -der allgememste
unserer ‘drei Typen, der Estertypus; hinstellt.t. '
-Bestehen -also  deutliche Uberg,ange und Kontinuititen, so.
'cmpﬁeh(t es sich denmoch im- Interesse der Klassifikatton und Ein-
reihung der einzelnen Stoffe .in Zusammengehérige Gruppen, vor-
-~ néchst: das Unterschiedliche ' und Trennende hervorzuheben. Das
—  Aufzeigen ‘der. Kontinuititen und die Aufsuchung der Gesetze 1hrer'
‘ ‘ Abstufung -sind Aufgaben der spiteren Entwicklung. % " —
' Zu den Reaktionen unserér drei Stofftypen, die auch quanti-
“tativ untersucht und also' am genauesten bekannt sind, gehort der
-.'Vorgang der Hydrolyse oder Verselfung nach den Reakt:ons—
~gIe1chungen - :
) ;_' ROR'+H,O - ROH—!-R’OH
AOR+H20 > AQH+ROH

(AO4+HO . AOH+ 4/ OH,

: ,welche Reaktxonen in entsprechend starker Verdﬁrinung mehr oder
2 wemger vollstand:g veriaufen

S Es ware von- groﬂem Rexz, auf die’ :Estersystemaukc der organlschea S{oﬂe
- des miheren einzugehen. - Ich’ will dies vértagen, bis mehr expetimentelles Maten

.- vor -allem Gschwmdigkeltsmessungen, :vorliegen werden.. Die »Reaktionsfahigkeit«

i ... der-Stoffe, die .sBeweglichkeite der Atome und. Gruppen finden in den Géschwindig-

. kextskonstanten ihren~exakten Ausdruck, wobeéi -zu berdcksichtigen ist,. da8 bekannt-
. Tlich das Stattfinden .oder Ausbleiben einer denkbaren-Reaktion in-der organischen _
. Chemie weit: hiufiger als durch epergetische, Momente durch kinetische bedingt "

.. ' wird, .woraus :-die Bedeutung der- chemischen Kmebk ﬁir dne orgamsche Chemie *
. hervorgehen mag (A S) .

= " f - . "
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Hydrolysegeschwindigkeit des Orthoameisensiureithylithers. = 31 )

Der aus deni aligemeinen Streben nach’ einer ‘moglichst ein-
heitlichen Darstellung alles Naturgeschehens hervorgegangene Grund-
satz der chemischen Kinetik, alle moglichen Reaktionen als auch:
wirklich. erfolgend” anzusehen, fiibrt uns dazu, fiir den Vorgang
der Hydrolyse bei - unverinderficher Wasserkonzentration das
‘allgemeine Zeitgesetz einer Nebenwirkung anzunehmen:

—dV o o
S S ROHIVALE Vb Y, A

‘wo V die Konzentration des hydrolysiérenden Stoffes bedeutet. - Die -
drei Geschwindigkeitskonstanten . k,, &, %, sollen.‘als die" Kop-
stanten der alkalischen Verseifung, der sauren- .Verseifung
und der Wasserverseifung bezeichnet werden. - .

- .'Die Konzentrationen [OH'} und [H'] sind voneinander nicht

—unabhiingig, sondern-durch die Beziehung verknipft: -
| R 1 ey

.wobei zuy bemerken ist, daB die zu dieser Gleichgewichtsbedingung

fiihrehden Reaktionen ‘erfahrungsgemdsB mit iberragender Geschwin-
digkeit sich_einstellen, so da8 di€ Beziehung (12) immer erfilit ist_ .
"~ Aus (1I) und'(i2) ist ohnéweiters ersichtlich, daB bei ejner

. bestimmten Aziditit die Verseifungsgeschwindigkeit -
—dVidt ein  Minimum sein muB. Wir erfahren die Minimums--
bedingung, wenn wir nach Einsetzung von [OH'] aus (12) in. (1 1 -
letztere Gleichung nagh [H']. differenzieren und die Ableitung gleich .
Null setzen, wobei wir bekommen: S :

-

: . A - '
N fH'1'=.\/'v-k“" | | 3

3
.- .Man kann die Bed‘ingl;ng..(IS) auch in der Form schreiben:

di¢ besagt, ‘da8 die Verseifungsgeschwindigkeit ein Mini-.
mum. ist, wenn sich [(H'] zu {OH/) wie die Konstante der
alkalischéen: zut ‘Konstante der sauren Verseifung verhilt.
- . Denkefr wir uns die Verseifung bei konstanter Aziditit; .
etwa durch-einen geeigneten.Puffer geregelt, verlaufend, so ist ihre
Minimalgeschwindigkeit durch die Gleichung gegeben:

T = tkaVakY, .

S . NS

WO kn digBedeutung hati 0 -
SR T =k = T g

B ]
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32 R . A.Skrabal und O.Ringer,
. . -

. Auf der anderen Seite gibt es zwei Hochstgerte der
Geschwindigkeiten der Vefseifung, deren B_eding;;g:g?an sich
durch Anwendung.mbglichst; alkalischer, beziehung weise Mmoglichst
.saurer Losungen ndhern kann, in diesem Viorhaben aber theoretisch
und praktisch.'auf Grenzen sto6t. . -
" Aufgabe der Kinetik ist es, alle' drei Verseifungskon-.
© * stanten zahlenmaBig, wenigstens der GroBenordnung nach, zu
+ ermitteln. Relativ hohe Werte der einen: oder der anderen der
.| drei Konstanten werden leicht zu mes3en, beziehungsweise, wenn
" . die. betreffende Reaktion unmefbar,rasch, leicht festzustellen

"+ "..sein. Anders steht es mit den relativ kleinen Werten. -
“Soll .eine kleine - Konstante’ der Wasserverseifung ge-
messen werden, s0 wird man~ die Bedingung der Minimums-
geschwindigkéit herbeifihren. Alsdann wird &, noch zu messen
sein, wenn es ‘von ‘derselben GroSenordnung ist ‘wie. 2%, [siehe -
‘Gleichung (15)].. Wenn k, < 22%,, so besteht keine Aussicht, seinen

.. Wert feststellen zu ‘KRbénnen:, -

- man sich .dén- Bedingungen. der ‘Maximalgéschwindigkeiten.

. «adhern. Der Fall, daB man beispielsweise %, in sfark saurer Losung
©+ ~- -darum nicht messen kann, weil selbst unter dieser Bedingung %,[H'}*
~.¥7 Klein gegeniiber' £, [OH'} ist, . ist nach den-bisherigen’ Erfahrungen,
die’ Beziliglich der Grofenordnung der Konstanten gemacht worden
. -sind, kaum zu erwarten. Nach diesen Erfahrungen ist der Bereich
- -——der-Verseifungskonstanten, wenn_ an.sich gro8, so'doch. wesentlicly
. _Kkleiner als der. der realisierbaren Azidititerr von rund 14 Zehner-
.7 "potenzeén. Man wird also im duBefsten Falle Stillstand der Verseifung
" und_damit die UnmeBbarkeit. von ks infolge seiner Kleinheit fest-

-stellen kdnnen. . - o
Dagegen kommt es vor, daB man sich tiber  die GréBenord-
nung beispielsweise von ¥, darum keine Vorstellung verschaffen
kann, weil selbst in stark saurer Lésung k;[H'] kiein gegenilber 2,
- ist. Alsdann gelingt.es mitunter durch Zugabe eines inerten Lésungs-
.~ mittels das Verhiltnis &,[H'): &,, zugunsten von #,[H"] soweit zu
“si " verschieben, um . wenigstens die 'Tatsache 'des Vorliegens einer
' sa[uren"‘Vers;gg{ggg- konstaticren zu kionnen.. - Co . ‘
. UOberblicken' wir nunmehr die Verseifung ‘unserer drei. Staff-
- typen mit.Athersauerstoffatomen bezilglich der absoluten und. reja-
_: tiven Werte von ks, %, und &, so ist auf Grund bisheriger Beob-
. ag;?.mngen und Messungen folgendes festzustellen,” * . ST
: . Carbonsdureester. Die Konstante der alkalischen. Ver-
" o seifung ist Sehf groB udd bei den einzelnen ‘Estern Sehr ver-
~~SChileden. Beispielsweise ist sie fiir das erste Methyl. des Oxal-
. -=siduree
- .-andereg Methylester von  der. GrdSenordnung 1 und darunter.

-

- - D L . B S N RSP asl et '
Literatur bei- A. Skrabal’ und A, Matievic:- Monatshefe fiir Chemie, 39 -
765-; A. Skrabal ung »E'.'{§ip§_e c, ibid., 42 (1920), /339, e i

LN

Zwecks' Messung eines relativ kleineh 'k, oder 'k, wird -

ers’ von. der GréBenordnung? 109 fur eine groBe - Zahl

e ..
Nt i
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Hydrolyscgesch'indigkdt des Orthoameisemiureiithvlithers 33
Die I\onstante der ‘SgAIten \'erse:fung ist klem bei den A
verschledenen Estern picht £ekr, verschieden, von der ungefahrcn o
Grdfienordnung 10—? und darunter. - - .
. Das Versexfungsgeschwmd1gke1tsm|mmum liegt dem-
. nach in. der Ndhe des Neutralpunktes, aber immer auf der :
. sauren, Seite. desselben, bexsplelswense fur Athylacetat bei -
- |H} =3X 106, ’
- Eine Wasse‘:v;rsexfung ist im . allgememen nicht festzu-
- stellen, 'womit gesagt ist, da8 -ein etwaiges B, unter allen Verhdlt- °
- nissén klein gegeniber &, [OH4-oder &, [H'). ist--Soweit Messunger
- wiim Verseifungsminimum? - vorliegen, sprechen sie flir ein. selbst
gegenuber 2%, [Gleichung (15)] verschwindend kieines ky. Es wire *
wilnschenswert, diése Messtungen zu vermehren " und .insbesonders
* auch -auf Ester mxt extremen Verselfungsgeschwmdlgkelten aus-
'zudehnen‘ : -
e - Alkalische - neben saurer Versexfung Jl nicht nachwelsbarer
, 'Wasserversexfung und’ ka> ks bedingen bei den Carbonsdureestern
" ein scharf ansgepragtes Versexfungsmlmmum im Gebiete
der ‘'schwach ' sauren ‘ Reaktion, ‘wie, aus der Kurve Il der Figur-
_(Abszxsse Aziditdt, Ordinate Reaktionsgeschwindigkeit fur V = I,
" beide in Iogarlthmxscher Zahlung) am Athylacetat als Beispiel zu = -
-ersehen ist. , ’
Die hier dargelegten Bezxehungen zwxschen den drei I\onbtanten
.- gelteni - nur. ‘als Regel fir die Carbonsidureester. Bei Sulfon-
. siddreestern und Mmeralsaureestern hegen die \'erhaltmsse
" avesentlich anders.? _
Aber auch -bei den Carbonsaureestem gibt ‘&s bemerkenswerte.
Abweithungen voao der ‘Regel. So haben H. Johansson und
H, Sebelius?® bei der Hydrolyse des @lykohd: zu Glykologlykol- —
sdure und des Lactids zu Lactomilchsiure neben einer unmefibar -
- raschen alkal;schen Verseifungt und einer meBibaren sauren Ver-
~.seifung -eine meBbare Wassnrverselfung feststellen konnen. Es
. liegt also. hier ‘der Fall einer. Carbonsaureestervemexfung vor, bet_
welcher %, gegeniiber [H'}k; ni¢cht mehr zu vernauhlassxgen ist:
;- Was die, Lactone anbelangt, so verhalten sich die y-Lactone
' mormal, d. h. wie die Mehrzahl der iibrigen Carbonsiureester. Was
. hmg‘egen die 8- Lactone betnﬁt, S0 konnten d:eselben ‘Forscher?

»

- 1 J J A.'W‘us, Zextschr f. physik. Chemne, 11 (189‘3), ZEE und 12 (189'!)
;14 H.v. Euler. und J. Laurin, Arkiv fiir Kemi, Mineralogi och Geolog-l, 7 (1920,
r. 30..
4 Literstur bex R. ,Wegsche:der Ber. chem. Gs., 52 g919), 235.
i3 Ber, chem. Ges., 52 (1019), 745. .
o 4 Es ist uns inzwischen gelungen, auch diese rasche Reaktion zu mensen, ‘s
<laf uunmchr in dem. Lactid - ein Ester vorliegt, von welchem alle drei Koa-
) .,~'stanten ka, &; und & - dem Zahlenwerte nach bekannt sind. W‘tr werden uhcr
unsere - Messungen in Bilﬂe berchten. - | S i ~
L l;er ehem Ges 51 (1918)\ 480. " e
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‘besonders .extreme Abwexchun"en vom. nbmalen ' Verhalten auf— '
zexgen, insoferp die Hydrolyse der B- Lactone -durch Wasserstoff-
ion nicht (oder wemg) katalysnert wird, . - . .

- Hinsichtlich der geltenden - Beziehung &, > [H]k, ermnem
'die B-Lactone bereits an die Saureanhydnde '

Carbonsaureanhydnde. Die Verselfung oder Hydratxsxemng

_'der Carbonsiureanhydride? ist- durch einen hohen Wert der Kon-
stante der Wasserverselfung gekennzejchaet. Bexsplerswenqe

: - ist fiir Acetanhyd;xd bgi,. 26° - &y, = 0-17, "entsprechend emer
~ Halbierungszeit von rund 4 Minuten. Gegenuber diesem Betrag
©- " kommt [H7)k. schwerzur Geltung und die Behauptung von
. A C:D.Rivett und N.V.Sidgwick? daf Wasserstoffion . die

. Hydratisiering. -der -Sdureanhydride —nicht beschleunigt, ist leicht

*. .. verstindlich. Dem hingegen haben K:J. P. Orton und -M.Jones?®
_._feststellen kdnnen, da8 auch. diese Hydrolyse durch Wasserstoff-
“ion. beschleumgt wird, wenn auch: nicht~so augenscheinlich wig

_ -die Esterverseifung. Die beiden Forscher haben. ferner gezeigt, daB

' dxe Sduren namentlich in wasserarmen Medien sehr wirk- -
: ' same Katalysatoren sind. Neben der Wasserverseifung ist -
also die saure.Verseifung der Anhydnde feststehend. .

. "+ Die Beschleunigung der Hydratnsxemng der Anhydnde durch
- Sdufen (Salzséure, Schwefelsiure) -geht Ubrigens ganz: zweifellos
auch’ aus_dlteren Beobachtungen mehr qualitativer Natur hervor.t
“’"‘""“"Hydroxyhon ist ein auBerordentuch wirksamer Kata-
k lysator. fir die Hydratisierungsreaktion. ! Die.. Konstante der
_alkalischen Verseifung konnte bisher_noch nicht ermittel
‘werden.” Die Schwxengkelten liegen - wemger an dem hohen Wert
von k, al§ an-der GroBe von R, sind also dhnlicher Art wie die,
die sich’der Ermittlung :von k, entgegenstellen. Weil die Verseifung
. in- mittelstarksaurer Losung eine reine Wasserversenfung ist, muf§
. -in diesen. Ldsungen [OH'} %; klein gegen %, sein. Es wire daher
©ein Leichtes; [H] derart zu verringern, daf [OH ks gegen ky, gro -
i . -ist, alsdann ist- aber, weil E, an sich einen ‘hohen Wert hat,
"ot JOH) Ra+ky um so grbﬂer und damit die Reaktion an dxe Grenze
" der MeBbarkeit gelangt. Mit- diesen Schwierigkeiten. hat man also -
" bei-der Messunig  von %, zu rechnen. Immerhin 148t sich sctiom
~heute sagen, da8 das k,. ‘langsam alkalisch verseifender Anhydride™
ungeﬁhr ebenso groﬂ lsL wietdas %, rasch a.lkahsch verselfender

 ; 1 Siche msbesondere die. Arbetten von P. E. Vcrkade id den. Rec trav. chxm

o7 -2 Journ, Chem. Soc., 97 (1910), 732 und 1677 Vgl auch B A Wllsdon
' und N. V. Sidgwtck |h1d. 103:(1813), 1959. :

- .3 Jotrn. Chem. Soc., 201, (1912); 1708. :

S 33 Vg‘l w. & J.Volhard, Lice. Ann., 26? (1892), 5! ' R. Wegschexder und -
E“Sp&th ‘Monatshefte. fiir Cheuue, 30 (1809), 841,

~. 5. Uber eins- Schitzung von Rg beim’ Kamphersdureanbydrid siehe B, H W:ls- .
-_~~don :md N V. Sxdgw:ck Journ Chem. Soc., 102 (1915}, 879 . '
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Hydrolysegeschwindigkeit des O&omgisénsﬁureithyliitl:ers. . 8

Fster.! Es ist also die Rea!gtions@hi.gkeit eines Acyls'-A b.eziigh'ch
der alkalischen Verseifung in dem Anhydrid 404 im allgenieinen

grofer als in dem Ester AOR, so daf die Anhydride durch.
schnitflich rascher alkalisch verseifen als die Esger. =

" Nach dem Gesagten hat die Ve rseifungskurve der Carbon-
sdureanhydride ungefdhr den Verlauf der Kurve Il unserer Figar: -
Weil das Verhiltnis %, : &, " einen groferen. Wert hat als bej den
Estern, ist das.Verseifungsminimum stirker nach der sauren

- Seite verschoben und infolge der Relation %, = 2 k. Uberdies ganz
eingeebnet.: o . R '

. Ather. Gegeniiber den Estern und noch mehr gegeniiber. den
Carbonséureanhydriden sind die Ather sehr héufig, -aber.nicht immer
".durch’ grofie Reaktionstrdgheit gekennzeichnet, - Dieses gefinge
Reaktionsvermdgen kommt auch inflhrem Verhalten it Hydratations-
—.«eder»«Verseiﬁm’gsgg__ : um lké?dm(:k. Mit Wasser reagieren viele .
Ather nur sehr lahgsdm zu ‘AlkGhol und diese langsame Reaktion .

ist sehr wahrschéinlich eine- saure Verseifung: - -, .

..~ Die iltesten” hierhergehorigen Beobachtungen am Athylither
verdanken wir A. Lieben.? Reiner Ather zeigt bei Gegenwart’ von’
- Wasser' nach einigen Monaten, rascher bei 100° jm Einschmelzrohr,
Jodoformreaktion infolge Alkoholbildung. - Der Umstand; dag basische:
Korper, wie Kalk und Atzkali, den Ather nach Lieben nicht an-

- greifen, wihrend: Sduren und Salze ‘ihn .verindgrn, ‘spricht mit
¢éiniger Wahrscheinlichkeit dafiir, ‘da8 auch die Reaktion mit Wasser
keine reiné Wasserverseifung, &ondern eine saure, durch das
Wasserstoffion des Wassers bedingte Vetseifung ist. Es ist «also

.,iimméfir[H']-k,_>.»§,v.' . S oL

Das die ‘Hydrolyse der Athér eine saure Verseifung -
ist, folgt -aus zdhlreichen Beobachtungen an rascher hydrolysierenden
Athern und aus einigen Méssungen. Der Wert der Konstanten %, ist
sehr von der Natur des Alkyls abhingig. -Nach A. Eltekoff3

"verseifen - die -Ather tertidrer Alkohole rascher als die Ather

.Sekundirer ‘Alkohole, letztere wieder rascher .als die Ather pri-.
marer -Alkohole, “die Ather urigesar igter Alkohole verseifen

- regeher alg die” Ather gesittigter Alkohole. S A
*- .  Besonders rasch hydrolysieren unter dem Einflug von Siuren,
beziehungsweise' des, Wasserstoffioiis die Enoldthert So wird
V’iny!iihylﬁthet__rn'ach‘J.“_.Wisﬁgqg,'gs‘ durch. Eintropfenlassen in
verdiinnte Schwefelsdure glatt. 7 Alkhol und Aldehyd gespalten: ..

. CH,=CH.0.CH, » CH,=CH.OH = CH, .CHO:

| f

.- .1 Ich ‘hoffe iiber die alkalische Verseifung 'der” Anlydride, wenigstens was.

die GroBenordnting von kq-anbelangt, demniichst berichten zu konnén: (ArS). .-
*‘Ue!r. Aﬂﬂ., !65 (1873)1 134« ’ S L D S N B

+ 8 Ber. chem. Ges,, 10 (1877), 704 und 1802, . . -

.- A L.Krnorr, Bef, chem. Ges., 39 (1908),- 1409. - . :

Liéb, Anns, 192 (1878); 119, -
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Nach A. Fa.worsky1 w:rd Iso;:ropenylathylather schon durch
19/, ige- Schwefelsdure rasci” und in der Kilte \ollstandtg in Alkohol

und Aceton zedegt

S CH - CHy . " CHy - = .
T coca,~-_- COH = COo .
_ - il L coe
: CHy. 0o CHo o CHy o

hbenso wie die Kther tertidrer Alkohole rascher hydrolysneren
“als _me_ Ather sekunddrer Alkohole, scheinen  auch die Ather
" tertidrer Enole rascher zu reagieren als die. Athef der Enole
deren Hydroxyl sekundir: gehunden:ist. - .
-~ Die graSere Hydrolysegeschmnd\gkelt der. Enolather gegen-
uber der geringeren der Ather: ungesétngter Alkohole- ent-
spncht dem viel groBeren. Eldﬂuﬂ der a-Sub,stxtutxon gegennber dem
der [%Substttunon, . ‘
.Im . Gegensatz. 2 den rasch bydrolysnerenden Athern der -
Ny ternaren ‘Enole sind die Phenoldther durch groSe Bestandng- N
ke:t gekennzeichnet, ein. Zeichen, da8 nicht- allein "die Art der
~Binduhg’ der Alkoholgruppe, ‘soridern - die 'gesamte Kernstruktur-
des’ Atkyls fae. die’ Reaktlonsgeschwmdxgkext bestimmend ist. - -
wAmemmr besitzen ferner die Aldehyd- und Keto nacetale’ .
' Sie. werden  bei. Gegenwart voh- Sduren rasch zu’Alkohol und-’
- Aldehyd, bezwhnngswetse Keton . hydrolysmrt.‘ Auch ‘hier: scheinen
- “die Acetale’ der Ketone: feichter zu reagieren- als .die der Aldehyde‘
- " Im- AnschluB’ an. die-. Acetale wiren - die Pol,gsacchande'
. und Glykoside namhaft zu machen.. Ihre Hydrolyse, wie die viel-
‘untersuchte Rohrzackermvers:on, ‘oder, die Spaltung des Salicins®’
~inz Rextrose .und Saligénin, .sind" saure ‘Verseifungen, indem die
"-Hydtolysegescbwmdlgkelt der’ Wasserstoff 1onkonzen£ratlon . pro-

k rt n'sE:',m-eﬂ!:herx:ﬂnr,L die’ drei Alkoxylgruppen an das-
ji'seuae'll‘foﬁﬁ‘“if(%i’t'atom gebunden ‘haben: Die " saure- Versexfung '
.erfalgt.” hier;. wie. wir fir. einen JFall zeigen konnten, auch m' neu- -
> m;t groBer, ja- SQIbst noch ‘in schwach alkahschef

_pz. end 1321(901), 331 Vgl auch M. Grodzlu. Ber.

m- Ges.. 40(19227),,3903. e ' L
v ;J-. E-tal’l Zeztscbr. puymls Chém:e, !8 ( 895). 240
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H)ﬂrolysegescix“indigkdy des ‘Orthoameisensilureithyliithers. 37

E Die Bezeichnung der alkylierten Orthocarbonsduren als Ester
_ist somit nicht gerethtfertigt. Auch. die hypothetischén Muttersub- -
stanzen tragen ihren Namen mit Unrecht,” sie wiren sachgemagBer
als Geminalglyoerine zu bezeichnen; das erste Glied HC(OH),

- sollte, also Methenylglycerin heilen.? e
Stelit’ man:"den- Wert - 70000+ fiir Methenylglycerindthylither,
0:01 fiir die Rohrzuckerinversion® und den ‘ﬁ‘l‘a’-se r kleinen
Wert der bisher noch nicht quantitativ. gemessenen :sauren Athyl-.
dtherhydrolyse in eine Parallele,- so erhilt man eine Vorstellung
von ‘dem Bereich, innerhalb welcher ‘das % .der Atheryerseifung
- sich bewegen' kann. - : ST e o
.. Dieser Bereich steht an Umfang sicherlich nicht nach dem
Bereich von- 2, bei. der Esterverseifung. und ist mutnralich ebenso .
‘umfassend wie ‘der Bergich von %, der Anhydridverseifung,
: . Die reaktionsfahigen Ather sind. dur¢h ein grofes ks ebenso
"7 gekennzeichnet, ‘wie  die reaktionsfihigsten 'Anhydride durch ‘ein
grofles %, Die Ester halten'die Mitte, ihre reaktiven Vertreter haben
hohe Werte von %; und %,; die aber, an den Werten_von %, be-
. ziehungsweise k, der .reaktiven Athel",»beziehungsweise Anhydride

gemgsseri, mutmaglich zuriickbleiben. T

.~ Mit’ der Verseifungsgeschwindigkeit symbat verlduft
. die. allgemeine Reaktionsfihigkeit der Ather, Ester und An-

hydride. Die ‘rasch verseifenden Vertreter dieser Stoffklassen -

sind daher auch die wirksamsten .
-Alkylierungs-, beéziehungswegise =~ |
‘Acylierungsmittel. "Man macht von N\
ibnen in'der Synthese Gebrauch. Die
- langsam verseifenden 'sind hingegen
als inerte . Ldsungsmittel von prak- i -
. tischer Bedeutung.” = - . ~ah
" Nach den numerischen Weérten
- der Verseifungskonstanten kommen fiir
diesen  Zweck vor allem die Ather-
- gesdttigter, primidrer Alkohole in
Betracht. . ‘ '

z

7 T

‘ . g
.Y Was. &, unti‘ “ky der -Atherver- - log (B] —>
. seifung -anbelangt, so sind, soweit " , T
Messungen worliegen; Anzeichen fiir eine merkliche Wasser-
‘verseifung nicht vorhanden.. Ahnlich wie bei den Estern, dirfte -

also auch bei den Athern 2, klein gegeniiber [H']k, sein,
Dagegen liegen. zuweileth -Anzeichen einer alkalischen” - "
Verseifung . vor, ‘wenn auch die Gebiete, wo Ather vorwiegend

_ alkalisch verseifen, kaum mehr in den Bereich wisseriger
Losungen fallen. -~ , =~ . Lo, 2

1 Vgl auch 'W. Lippert; Lieb: Arin,, 276 (1893), 176. .
+ .7 3W. Ostwald, Joum. prakt. Chemie, .29 [2]; (1884), ags. .

-
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So werden dle Phenolather bei langerem Erhxtzen mit -
alkohohschem Alkali . oder- durch die Alkalischmelze ge-

‘ spauenl Ather.mehrwertiger Phenple werden dabci, ganz so
wie' die Ester mehrwertxger Carbonsauren, partiell- oder stufen-
weise verseift.?

] Jedenfalls’ ist das ka bei den typischen Athern sehr klem
. gegeniiber dem %, so daf das Versenfun,gsmxmmum im stack _
alkalischen.Gebiete l:eoen und mitunter gar nicht r realxsxer-
bar.seip dirfte. Aus’ Stengkeltsgrunden wird man aber auf ein -

"\ersequi\gsmlmmum schliefen diirfen, .

- .. " .Die Kurve [ der Figur zeigt den Verlauf der Versexfunws-

kurve der Ather, wie wir ihn auf Grund unseter bisherigen Er- ‘
- fahrungen -als- typlsch for diese. Stoffkla.sse anzunehmen emxger-
maBén berechtigt sind. -
Oi" en wir .sonach dxe. drel Stofftypen rmt Athersauerstoff—
3 Reiher—-—-— - .
w . JAther, Ester, Anhydnde

- .
£, .

'so ‘néhmen _in derselben Relhenfolge die numerischen Werte
- von' by und des Verhaltnisses: &, : k; zu, wihrend sich. das Ver-
”WWWWdem Gebiete der stark alkalischen Reaktion
.. in das Gebiet’ der sauren Reaknon v_erschlebt und’ g&nchzemg immer
-~ mehr gbflacht. - .
L Da8. hier., alle Abstufungen aufzutreten vermogen, wurde.
~~seHON Betont. So_vermitteln -die Phenolither den Ubergang von den
Athern zu den ‘langsam verseifenden Estem, -die Lactide und
- B-Lactone den Ubergang von den Estérn zu den Tarbonsiure-
anhydriden. Derartige U\m‘gang'e ‘werded sich- hei Weiterem Studium -
= _des Verseifungsphidnomens noch vielfach auffinden lassen, *— "
L - Voii den drei Stofftypen sind die Ester am besten unfersucht
“ 5 und demgemaB ist auch die Theori¢ der Esterverseifung?
- bisher am weitesten gediehen. Jeder neue Standpunkt wird auf
diesés-vielerdrterte Problem auch neues Licht zu-werfen vermogeu ,
. . Es frégt sich, ob dies nicht auch fiir den von Verkade und im
:-Yorhegenden auch ‘vori uns eingénammenen Standpunkt der Ana-
r¢jBtofftypen mit Athersauerstoffatom zutrifft.

0 Wie. sbhonA van't Hoff¢ dargetan hat, besitzt-der Ester AOR

zwei# Stellen’ im Molekil, an welchen der Angriff der versexfenden
"5 Agenaen (Wasser, Saure, Base s‘tattﬂnden kann:

A -= O --R.

4 2 .

RS R Stoerr_ner und B Knhlerl Ber. chem. Ges., 34 (1801), 181”
'3 L. Bouveauylt, Bull. Soc. Chun {3}, 19 (1898), 75.
L 3 Hinweise auf znsammenfassendc Darstellungen dieser” Theorien- ﬁnden sich
bei H Jaliansson und H, Sebslius, Ber. chem. Ges., 52 (1819), 747, FuBnote 3.
L 4 3 H van't Hofl, Vortesuhgen uber tbeoret.—-lmd physik Chemie, 2. Auﬂ
. 3. Heﬁ (-Brsﬁhschwerg 1903), p- 139, , . e

-
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"Er vermutet, da8 bei der Verseifung durch.Alkali der Angriff
an der Stelle 2, bei* der Verseifung durch Sduren an der Stelle |
erfolgt, und stiltzt seine Vermutung " auf -den damaligen Stand der
"Untersuchungen, wonach die Geschwindigkeit bei der .alkalischen.

" Vetseifung in erster Linie von der Natur des' Alkyls, bei der
'saur en von der Natur des Acyls bestimmt werden soll,

" Das Material, das van't Hoff vorgelegen ist, ist ganz unzu-
.tinglich. Man braucht sich nur die Werte von 2, fiir die Methyl-
—ester der -Ameisensdure, Essigsdure, Benzoesdure, Oxaminsdure,!

‘Oxalsdure, Malonsiure, ‘Sebacinséure. etc. vor Augen zu halten, um
_ sofort zu erseken, wie ungeheuer grofl der EinfluB des Acyls
bei der Verseifung mit Basen ist. Damit fdllt die Vermutung®
van't Hoff's in 'sich zusammen. - :
- - - "Aus der Tatsache, wonach %, gegenliber *; bei ded Sdure-
anhyd.r:’ide'n,- dte nuf - die ‘_S;elle I haben, sehr grof, bei denm -
__Athern, die nur. die Stelle 2’ aufweisen, verschwindend klein
ist, wire viel -eher- zw schlieBen, daB bei der Esterverseifiung
‘durch Alkali_der Angrifi-an:der Stelle 1, durch Sduren an der
Stelle-2 erfolgt.. Also gerade das Gegenteil der van't Hoff'schen
. Hyp’othese.' . . . T . .

: . wird aber richtiger gehen, wenn man sich wieder der
Auffassung anschlieBt, wonach jede mbdgliche Reaktion -auch =
tatsdchlich - stattfindet. Dann wird man annehmen miissen;, da - "
bei allen drei Arten.der Esterverseifung (alkalische, saure und

. Wasserverseifung) der Angriff an beider Stellen 1 und 2 erfolgt,

_ denn.die Anhydride, die’ nur die Stelle 1 haben, gehen de facto, die

. -Ather, die nur die Stelle- 2 ‘haben, wenigstens grundsitzlich alle -
drei  Verseifungswege. . n ' ' o

" g3 ° Fir die Ester — und analog fiir ‘die Mischitherd*uamt—~
‘»Mischanhydride«? — gelten dann Uberlegulgen, die man allgemein

" fiir _Stoffe mit zwei-reaktionsfihigen Gruppen machen kann
und. in iihnlicher Weise auch wiederholt gemacht hat. Die Verseifung
‘des Esters AOR erfolgt hiernach nach den zwei Nebenreaktionen
‘oder — “wei™ letztere  identisch und.- nur..in bezug auf ihren

. »Reaktionsmechanismus« - verschieden ' sind ~— nach dei zwei
1..»Quasinebenreaktionens:® | '
© " A<~ 0-— R+HOH ~ AOH+ROH,

1

. e e .

e ol < . - . .
... .1 _Die Vertffentlichung ciner Untersuchung iiber die Oxaminsiyreesterverseitung .
erfolgt ungefilir gleichzeitig, (A. S.) '~ U o -
. © -2 Diese Bezeichnungsweise erscheint uns nicht nur Kkiirzer, sondern duch
sachgemifier ais die Gbliche: »gemischte Athére und sgemischte Anhydridee.-

. - 3Ist di¢ Ungleichheit der beiden’ Halften ‘des Molekiils nicht wie hier- aulk °
dic ‘beiden Liganden, sondern auf die Unsymmetrie des Kerns’ zuriickzufiihren,
ist also der Stoff. mit den ungleichen Hilften von -der Formel X—AB—X, so ver-

laufen wirkliche Nebenrealktionen ‘mit Folgewirkungen. - - .

S ,..,3_—5—.4 O‘-"E-:—R%HOH - AOH+ROH.

e
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: Bedeuten x, den Umsatz und K, kI H, die diei Konstanten -
der ersten Reaktion, z,, 4% %; die entsprechenden. GroBen -der
zweiten Reaktion, so gilt fir die allein-mefibare Summen geschwin-

dngkett _

dr d(x'-l-xs)

'd,t - at . T . : : .
(k’ +ﬁ”)[03'](a—-X)+(k’ +k")£H](d-x)+(k’ +k’.’u)(a—~f). (17)

. wenn a die- Anfangskonzentratxon des Esters ist.
. Ein Vergleich mit" Gleichung (11) ergibt fir die Konstanten

‘:f Vl k,k,, der Vetse:fung des Esters AOR die Bez:ehungen . .

. "kg_k‘-i-k‘" | S

, ; RN AE_D L B ‘ (13)..
e =)o ‘

Smd die belden, an “das Athersauerstoffatom gebundenen,
R reakt:onsfahlgen Gruppen 1deutlsch liegt also ein »Reindthers
- ROR oder ein’ vRelnanhydrld- AOA vor, so ist notwendtg.
Nz = ¥2 usw. und demgemﬁﬂ " o ,
T k= 2R, _::_Zkt,’,

>~W o . ks '—: 2” : ?"kg;" A' -
;,.w = z,.,,, = 2%{..
e ‘Es bedeuten dann O: Sk.z, '0-5 4, 0 5kw die, Geschwindig- -

. keiten; mit welchen eine bestimmte Gruppe aus dem Reiniither
.~ oder dem Reinanhydrid verseift, oder. die -Gruppengeschwmdng-
_ keitene.- Sie sind natilrlich halb so gro8 wie die Geschwindigkeiten
0 Ra By ke, mit welchen die eine oder die andere der identischen -
‘Gruppen reagiert. _
: Bei® Reindthern und Remanhydnden sind mit den experi-
;.. mentell: nittetbaren Konstanten. k‘,k kn also auch die
- GruppenkOnstanten &, = ¥, = 0:5k, usw. gegeben bei
. ‘stcboxyden bleiben sie unbekannt "

, 'Es fragt sich aun, ob. ‘marn aus den Konstanten. der beiden .
'_:Remoxyde XOX und X’OX* auf die Konstanten des, MlSch-
_.'onydes XOX'" zu schliefen’ \'ermag.

Dies’ ist -ohneweiters in dem Grenzfalle moghch dag die .
-}rea,knonsfahtgen Gruppen ‘unbeeinfluft und unabhingig von-
einan der reagieren. Wenn also das X mit derselben Gruppen-
; digkeit dus. demr XOX wie aus-dém XOX', und.das X' .
“mit derselben’ Gruppengeschwmdtgkent.aus dem X’OX’ wie aus
‘,j;-demk XOX’ herausversexn dann ist R .. _
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_H‘\'drol:\-'segeschwindigkgit des’ Oﬂhoamei’seﬁsliiureathylmhe-s, 41 -
.. ke =0'5¢p, +qa), ) . :
ke =0'5(p, +74,), o . (19)
" k=05 (7, +4i), B

W& die indizierten % die Konstanten des Mischoxydes und p und 7
die der beiden Reinoxyde bezeichnen. S
.. Die Gleichungen (19) besdgen, da8 die Geschwindigkeit gleich
der'Summe der Gmppengesch;vindjggceitgn oder dag die Geschwindig- o
keit -des. Mischoxydes - gleich dem arithmetischen Mittel aus den
"Geschwindigkeiten der beiden Reinoxyde ist. w :
* Priift man die Gleichungen (19) an der Hand der Messungen-
so zeigt sich, -da8 sie in der Wirklichkeit nicht erfillt.sind. Nehmen
.wir Athylacetat als Beispiel, so wilrden die % die eifungs-
konstanten “dieses Esters, ' die r die Konstanten des Essigsdure-
_.anhydrids, die g die Konstanten des Athylidthers bedeutén. Von den

Sicherheit, dafi g, gegeniiber’ Pa. und 9. gegeniiber p,, und sehr
“wahrscheinlich auch g;- gegenilber p, verschwindend klein ist. Hier-
2us und aus (18) wiirde folgen, daB auf allen drei Verseifungswegen

trifft, auch die" wechselseitigen Verhiltnisse der dfei Vemseifungs-
konstanten ‘sind ‘bei dem Ester ganz atdete als bej dem Anhydrid,
wie weiter oben gezeigt worden vist~ ’ o

‘Nun sind Acetyl und Athyl zwei fern voneinander abliegende -

T istviet YOI VOIrniRTsin ¥0 gewatligen, daB die
den Gléichungen (18): zugrundeliegende Redingung um 'so besser
.erfllt ist, je #hnlicher sich in chemischeér Hinsicht die beiden an .
den Briickensauerstoff gebundenen Gruppen verhalten. Als einen
derartigen -Fall k6nnen wir das von P.E. Verkade' gemessene -
Mischanhydrid der Essigsdure und Propionsiure heran.
ziehen. 'Fir - 25° sind. die Konstanten der ‘Wasserverseifung
der drei Stoffe die folgenden: ‘ ST .

" Acetyloxyd o I}mﬁionyiosyd‘ . .\'ljschnnhydrid - o .
0-1641 " 0-0857 - - o0-1208° . @ .
-' .. Y . . . Lt '4: . ,A. .
. Auch in diesem denkbar giinstigsten Falle ist Gleichurig ( 19)
nur ganz ung‘eﬁihr'erfﬁllt: , - :

7 0°5(0:1641 + 0-0857) — 01249 ~. 0-1206.

Die beiden an den Brickensauerstoff —0~ gebuh-
denen Gruppe.n'reagi_eren semit nicht 'unabhing,ig vonein- .
ander, sie beeinflussen sich gegenseitig. N
—— : e =T . .
1 Rec. trav. chim,, 35 (1913), 79 und 299, . . e
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| 42 . V - .A;-Siuabal'und.'O.Ringe"r, _ T~ .

‘Das war nach den. bei den Estem 2weibasischer Sauren un
zwe:saunger Alkohole ,gemachten bisherigen Erfahrungen meml:c :
‘vorauszusehen. Nach diesen Erfahrungen ist die Bedingung der - 4
unbeeinfluBten Reaktion zweier Gruppen um so besser erfillt, .. ..
je lianger die Atomkette ist, die die beiden reaktnonsﬁﬁh:gen._
Gruppen miteinander verbindet. Dte kiirzeste Kette, die. in drei.
Fallen (saure Verseifung der Oxalsdureester, saure und alkalische
" Verseifung der -’ithylenglykolcster) nbch unbeemﬂuBte Reaktmn der

nganden zeigte;, w ar. die' Kette =~ L .
. | _=0—C— c-,_o__ : L ‘
i { wahrénd berexts dxe Kette (F all der Kohlensaureecter und des Orhn-
: amexsensaureatherq) ‘ . L _
. . —O C—0— . ;-

auBerordehthch starke gegenseatnge Beemﬂussung der nganden er--
gab. Um so mehr ist letztere fir die Kette -O— zu erwarten.

.. 7 _An Stelle der Glenchungen (19) haben daher Glexchungen der' o
“ Form . . . - '
SR e R=0 5(pf+qg) e e

zu. tre;en, wo_ f undg Faktoren smd die die gegenaemge‘
‘Beeimflussung der Gruppen X und X' in XOX' zahlenmaBig.
. zum Ausdruck bringen. Die Faktaren miissen derart beschaffen sein,
. ._daB sie -sich in dem MaBe dem Werte Eins: nihern, als’ X und 7
7 der Identitit nhahekommen,. so daB_fir. X' 5= X auch' f = g— I
wu'd in welchem Grenzfa!le (20) in( 19\ uberge__', A
——AT ﬁmwmprecnender Funktionen fur f urxd ra
wird man schreiten kdhnen, wern die drei Konstanten emer groBeren-
Zahl von Reindthern undJigmanhydndeh sowie der entsprechenden
.~Mnschoxyde emmil"ﬁ’k—'“t sein werden. Emstwe:len liegt nur ein
- einziger Fall vor, wo ein. Probleren moglich -ist: die schon erwihnte
Wasserverselfung des. Essigsaure: Prop:onsaureanhydnd~
-_,:"’_'Hu:r liﬁt sich (20) in die Form? bringen: - - -

& =0 5(p~\/——+q.y\/ ) ' o

“Wo. 8; die D:ssozxaﬁonskonstange der Siure des" Remanhydnds mit
:'der Verselfungskonstante Piw ist und 6 die -analoge Bedeutung hat.

. 'Setzt . marn 8 =1 82)(10"5 und 8 = 1-31X10-5, .50 wxrd'
k, =.0-5(0" 1641)(0 8484-+0-0857 X 1-1787) = 0-1201,

-'; jalso mner_halg c;;ro g‘ehler xdentxsch mit dem’ expenmentell gefundenen N
' e p == 0 .

771 Diesa. Form steht in’ nahei- Bézieh‘hng-iu aen sreduzierten. Hydrataﬁons.v
komtantenc von Verkade s : B .o o
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Hydrolysegeschwindigkeit des Orthoameisensdureithiylithers. 43

Weil Essigsdure und Propipnsiure’ chemisch sehr .nahestehend
~ sind, vermag diese Ubereinstimmung vorlaufig noch nicht viel zu
besagen. - .. 7 BT S
' Aufgabe der chemischen’ Kinetik muB es sein, aus méglichst
wenig Naturkonstanten die . Geschwindigkeit der Verseffung aller
Ester vorauszuberechnen. Hilt man sich vor Augen, daB, wie vor
kurzem!® gezeigt werden konnte, neben der chemischen Natur .
- der ‘reagierenden Stoffe auch ihre Konzentration fir den Grad
der Unabhingigkeit der reagierenden Gruppen - maBgebend ist, daB8
die »Konstantene« der Reaktionsgeschwindigkeit nur iiber geringe
Bereiche ‘anndhernd konstant sind, so wird man nicht umhin
" kognen, E. Fidrber® recht zu geben, welcher den Ausspruch getan:
‘»Jede Erklarung, auch die einer chemischen Reaktion, ist eine
- unendliche. Aufgabe.« . . ‘ L

B

s . . Die Verséifi‘i'ﬁg des Ameisensaureathylesters.

Auf die Hydrolyse dés Methenylglycerinithylithers zu Ameisen-
sdureester:’ © . . . 0 - T s .
- .HC(OC,H;); + H,0 - HCOOC,H+ 2C,H,0H W

 folgt die. Verseifung des’ letzteren zu Amieisensdure: _ ‘
.~ HCOOC,H,+H,0 - HCOOH+CH,OH... - (2)

, Wihrend die erste Reaktion rhit merklicher Geschwindigkeit -
" nur unter dem katalytischen EinfiluB des Wasserstoffions erfolgt
. und also eine typische Atherverseifung ist, wird ‘die zweite
~ . Reaktion ebensowohl durch ‘Wasserstoffiofs, wie Hydroxylion kata-
.lysiert, gehort also-zur Klasse der Esterverseifungen. o
- DemgemiB gibt es eine saure und eme alkalische Ver-
seifungskonstante _der Reaktion (2). Die erstere wurde im vorher-. .

gehenden zu. -

b =0-192

~eemittelt. ‘Die Konstante der -alkalischen Verseifung wurde bisher °

-nhach zwei elektrochemischen Methoden und rein chemisch

_@it: Hilfe “einer Jodid-Jodat-Lésung als Wasserstoffionpuffer ge-

. ..messen. T T L

-7 In letzteter Losung verlduft die Reaktion langsamér als er-

‘wilnscht. . In einer Ammoniak- Ammonsalzlésung ist die Geschwindig-

-, Keit bequem meBbar, doch. bestehen dieser Methode gcgenilber
Bedenkeh, da Nebenreaktionen unter Amidbildung nicht unwahr-

. _‘
‘ =2rR00

.. Vgl A. Skrabai ind“E. Singer, Monatshefte. fir Chemie, 2 (19720), 339.
... % Die: Naturwissenschaflen, & (1920), 322. S .

s
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44. . : A Skrabal ond O. Ringer, . -

Bicarbonatpuffers erméglicht die MeBbarkeit nur bei_groBem -Bi-
carbonatzusatz. Unter diesen Verhiltnissen sind jene (_)belstand’e in
Kauf zu nehmen, auf welche schon ausfithrlich verwiesen wurde.
Trotzdem erschien.es mit Riicksicht darauf, daBl bessere Mett_mdgn
- zurzeit nicht bekannt sind, angezeigt, die Reaktion auch auf diesemr
. Wege zu messen. - T S

- Die Durchfihrung und Berechnung des Versuches geschah i
derselben Weise wie seinerzeit.? S .

— ..

s s Versuch 2. - -
~ 7 0-0991 HCOOC,H,+ 0°0991 Na,CO, + 0-3 NaHCO,
. ' I  a—x _ Tk ' i

o, 0-0592 . e : ‘

L8 ... .0°0508 ot _ o
21 " .0°0362 o190 T -

N1 S 0:0262 . 0-16 o

25 0-0080 - 0°19 .

© Mittel... 018

L ,U'ﬁter--Bemitzuﬁg von 6X10-11 fiir d_ié zweite Dissoziations- )
~ konstante der Kohlensapre berechnet sich fir [OH] = 1:
e 2 T R, = 1080,

- ein Wert, der niit dem in"dgr Jodid-Jodatldsung’ gefundenen gentigend
tib_er_einstimmt,'wewan bedenkt, da8 die Azidititen, bei weichen
hier und “dort .geaf®¥itet wurde, um drei Zehnerpoténqen ausein-
anderliegen., : o S E

“Der hohe Wert- von k, entspricht der Stirke der Ameisen-

. s#@ure.- Die Anschauung, daB .ein Ester in <der Regel,um so rascher - .
‘ verseift, je stirker seine Carbonsdure ist, ist wiederholt geduSert
worden und im groBen ganzen- durch die Erfahrung so ziemlich
"bestitigt. Auffallend hingegen.ist der hohe Wert % der sauren
Verseifung.: Die Ameisensidureester verseiféen sauer 20- bis 30mal
rascher als.di& Essigsaureester und Homologen. Mit der Sdurestirke
kann das- groBe %, kaum in Zusammenhang gebracht werden, denn
die: Ester viel stdrkerer ‘Sduren »als Ameisensdure verseifen’ sauer-

- langsamer als die' Ameisensdureester. Der hohe Wert von & scheint
. vielmehr in. der chemischen Natur der Ameisensiure begriindet

" zu sein. - A T . : , ,

_ .In der Tat ist die Ameisensdure sowohl ihrem Verhalten wie
‘ihrer -Formel . nach ebensowohl Carbonséure (Wasserstoffcarbon-
sdure) wie Aldehyd (Oxyformaldehyd). Fiir die Aldehydnatur der
Ameisensdure spricht ihre leichte Oxydierbarkeit, die ganz im -

L3

' 1-A.Skrabal und E. Singer, Monatshéfte fir Chemic, 40 (1919), 363
. . . N . ] . . .
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_ Hydrolysegeschwindigkeit. des Orthon}neiseﬁsiihreithylﬁthers.' T 45

 Gegensatz steht zur Schwierigkeit, mit " welcher Essigsiiure zu
" oxydieren ist, ferner der Umstand, daB sie, ihnlich dem Formaldehyd
* und gewissen Aldehyden {iberhaypt: . . T )

2H.CO.H+H,0 - CH,0H+HCOOH, " °
 die Cannizzaro'sche Reaktio‘n,-zu'ge,ben' v.érmag:
o 2HO.CQ.H+H,0 -+ CH,(OH), + HO.CO:OH,

Ameisensiure ., . . Formaldehyd = Kohlensiure

" namentlich, wenn einzelne ihrer Salze rasch erhitzt werden, sowie
schlieBlich der weitere Umstand, da8 sie sich nach M. Prud’homme!
~ auch_ihren thermochemischen Daten niach wie ein Gemisch
aus’ Carbonsédure und Aldeliydaikohol verhiit.
. Man wird daher kaum fehlgehen, wenn man die rasche ’
~atkalische. Verseifung  des Athylformiats auf seine Esternatur
{Ameisensdureester), die rasche saure Verseifung auf seine-Ather- o
natur (Athoxyformaldehyd) zurlickfiihrt. Wie im vorstehenden - ge-
-~ zeigt'wurde, ist die rasche saure Verseifung fiir die reaktionsfahigen
Ather. charakteristisch. ‘Als Ather .eines sekunddren Alkohols und
im Hinblick auf die #hnliche Atomgruppierung wie im MethenyI-
glycerindther, mit welchem er im genetischen Zusammenhang steht,
. ist die ‘rasche saufe Verseifung des Athoxyformaldehyds nicht. ver-
-wunderlich. . o —— 4 L
. In'dem Athylformiat haben,wir demh:ich einen Stoff vorliegen,
der dern .Ubergang voh den Estern zu den reaktionsfiitigen Athern
vermittelt, dhnlich wie die Phenotither der-Ubergangvon-den-Athern
zu den reaktionstriigen Estern bilden. ' i

o . Zusammenfassung. A .
- Es wurde die Hydrolysegeschwindigkeit des Orthoameisen-

- sduredthyldthers gemessen. Sie verlduft ‘ber Ameisensiiureester

» als'faBbare Zwischenstufe: . . = . L '

T HC(OCH)+Hy0 = HCOOC,H, +2 C,H,OH,

:.~  HCOOCgH,+H,0 .~ HCOOH+C,H;OH.

...~ Die 2wéit,e,Réakﬁon ist eine gew&ﬁnliche E’stei-vcrs_éifung. :
Ihre schon bekannten Konstanten der sauren und alkalischen
Verseifung wurden neuerlich gemessen.- Far 25° wurde: ks = 0- 192

und k, = 1080 gefunden. ,

. Was-die erste Reaktion anbelangt, s6 wurde festgestellf, da8
sie ‘i "alkalischer Losung unmeBbar langsam vor sich geht.
"Hieraus folgt,.da8 das Athylorthoformiat weder durch Wasser allein
- noch -unter dem Einflu8 von~Hydroxylion merklich hydrolysiett.

‘ "1 Journ. ‘de. chim.. §hysiqi'xe,»'15,,(1918),'43§. ST : e
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46 . A Skrabdl und O. Ringér, Hydi'olysegeséh\vindigkcit ete.

ngegen verlduft dxe Réaktion in starl\ saurer Losung

" unmeBhar rasch. Die Bildung von Ameisensdure aus dem Ortho-
" iither. in mineralsaurer Losung mu8 daher mit einer Geschwindigkeit
erfoigen, die der Geschwindigkeit der saurer Verseifung des Athyl-

" formiats ks = 0192 glexchkommt ‘Die Messungen haben dies be-

- stiitigt.
Zur Messung der rascﬁen Reaknon erwies- sxch -ein-
Wasserstoffmnpuﬂ'er aus primidrem und .sekunddrem Phosphat” ge-
_eigpet. Zur Ermittlung des Reaktionsfortschrittes wurde der gebildete .
* " Ameisensdureester durch-Analyse bestimmt Letzterer reagiert bei -
.der Aziditdt des Phospha.tpuffers und. wihrend der Dauer der Ver-
'suche zu einem qwur sehr geringen Ausma8. Damit war der Vorgang
der Hydrolyse des:Orthodthers zu Ameisenéster isoli&rt.und gleich-
zéitig sein Verlauf in einem Medium konstanter Aziditit erreicht.
Die Méssungen ergaben eine Reaktion erster Ordnung und-die
D l’roportlonahtat zwxscheo Geschwmdlgkelt und Wasser-
. stoffionkonzentration. Die.auf. (Hl=1 bezogene Geschwindig-
‘keitskonstante hat den im Vergleich mit- andereti sauren Versexfungen '
- upgewdhnlich hohen Wert k= 70000. - :
s Im . AnschiuB: an diése Expenmentalergebmsse und im Zu-
, sammenhang mijt hlethergehongen Darlegungen -von P. E. Verkade
- wurde die. Verseifung der drei Stofftypen ROR', AOR," A04, wo
. R Alkyle, 4 Acyle bedeuten, thedretisch besprochen und. die Zu-
‘*gefrﬁri‘gkert des- Athylorthoforrmats zum ﬁtherty pus aufgezexgt

qlA
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Application Serial No. 10/608,291 \
Attorney Docket No. 2002-1P-009210U1

1

In re Application of: V8
NGUYEN ET AL. v § Group Art Unit: 3672
8
Serial No.:  10/608,291 §
§ - Examiner: SUCHFIELD, GEORGE A.
Filed: June 27, 2003 §
§
Title:  “COMPOSITIONS AND METHODS FOR  §
IMPROVING PROPPANT PACK § Atty. Docket No: 2002-1P-009210U1
PERMEABILITY AND F[T_ACTURE §
CONDUCTIVITY IN A SUBTERRANEAN §
WELL” ‘~ ‘ §
§
S
ll , C - CERTIFICATE OF MAILING VIA EXPRESS MAIL
?‘J ATTY. DOCKETNO.: 2002-IP-009210U1
S GROUP ART UNIT: 3672
EXAMINER: SUCHFIELD, GEORGE A.
PURSUANT TO 37 C.F.R. § 1.10, ] HEREBY CERTIFY THAT | HAVE
INFORMATION AND A REASONABLE BASIS FOR BELIEF THAT THIS
CORRESPONDENCE WILL BE DEPOSITED WITH THE UNITED STATES
POSTAL SERVICE AS EXPRESS MAIL, POST OFFICE TO
ADDRESSEE, ON THE DATE INDICATED BELOW, AND IS ADDRESSED
TO:
MAIL STOP AMENDMENT
MAIL STOP AMENDMENT HONORABLE COMMIiSSIONER FOR PATENTS
Honorable Commissioner of Patents . : P.0.Box 1450
P. O. Box 1450
Alexandria, VA 22313-1450
DATE
EXPRESS MAIL LABEL: éb ( rgL] 7 S l7/ / ’]3( !IS
TRANSMITTAL LETTER

Dear Sir:

Applicants hereby submit the following documents to be filed with the United
States Patent and Trademark Office:

. Amendment and Response to Office Action, Mailed May 17, 2005,
including Petition for Extension of Time of One Month to File this Response;

. Courtesy copy of original copy and an English translation of An{o'ﬁ
Skrabal & Otto Ringer, “The Hydrolysis Rate of Orthoformic Acid Ethyl Ether,” CHEMICAL

INSTITUTE OF THE UNIVERSITY OF GRAZ (January 13, 1921); and

Page 1
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AMENDMENT TRANSMITTAL LETTER (Large Entity) Docket No.
Applicant(s): Mark R. Fernald et al. CC-0675
Application No. Filing Date Examiner Customer No.| Group Art Unit | Confirmation No.
10/712,818 11-12-03 Douglas N. Washburn 2863 8840

Invention: An Apparatus Having and Array of Clamp on Piezoelectric Film Sensors for Measuring Parameters of a
Process Flow within a Pipe

COMMISSIONER FOR PATENTS:

erewith is an amendment in the above-identified application.

The fee has been calculated and is transmitted as shown below.

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA ADDITIONAL
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT RATE FEE
TOTAL CLAIMS 36 - 25 = 1 X $50.00 $550.00
INDEP. CLAIMS 2 - 3 = 0 x  $200.00 $0.00
Multiple Dependent Claims (check if applicable) a $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $550.00

No additional fee is required for amendment.

Please charge Deposit Account No. in the amount of

A check in the amount of  $550.00 to cover the filing fee is enclosed.

The Director is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account  50-0260

Any additional filing fees required under 37 C.F.R. 1.16.

M Any patent application processing fees under 37 CFR 1.17.

O Payment by credit card. Form PTO-2038.

WARNING: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

W/ é é// Dated: 06 September 2005
V4

X OO

SignatureC—"7
Robert D. Crawford
CiDRA Corporation | hereby certify that this correspondence is being deposited with
50 Barnes Park North the United States Postal Service with sufficient postage as first
Wallingford, CT 06492 class mail in an envelope addressed to "Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450" [37 CFR 1.8(a)] on
6 September 2005 .
(Date)
Signature of Person Mailing(Correspondence
cc: Robert D. Crawford
Typed or Printed Name of Person Mailing Correspondence

P11LARGE/REV09
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TRANSMITTAL
FORM

(to be used for all correspondence after initial filing)

g8 —o5

U.S. Patent and Trade

g collection of informg

V23
/

PTO/SB/21 (09-04)

Approved for use through 07/31/2006. OMB 0651-0031

mark Office; U.S.
ion unless it di

DEPARTMENT OF COMMERCE

ralid O ontrol pumber.

10/608,291
Filing Date 06/27/2003
First Named Inventor Nguyen, et al.
Art Unit 3672

Examiner Name

George A. Suchfield

\ Total Number of Pages in This Submission | 110

Attorney Docket Number

2002-1P-009210U1

J

ENCLOSURES

(Check all that apply)

Fee Transmittal Form

D Fee Attached

Amendment/Reply
D After Final

D Affidavits/declaration(s)

Extension of Time Request
Express Abandonment Request

Information Disclosure Statement

L0004 O

D Drawing(s)

Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Terminal Disclaimer
Request for Refund
CD, Number of CD(s)

D Landscape Table on CD

After Allowance Communication to TC

Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

Original Copy and English Translation
Return Postcard

NOUOO OO

Certified Copy of Priority
Document(s)

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

HaWrgy Services,

Inc.

Signature

SN 4 A

—
rinted name & obert A. Kent

Date

g - 71— 2003

I Reg. No.

I 28,626

-

CERTIFICATE OF TRANSMISSION/MAILING

~

the date shown below:

I hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on

Signature \)\ \M&
_ DO L
wped or printed name | Tammy Knight O Q pate q / 7 / O { /

. / !
This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (4nd by the USPTO to
process) an application. Confidentiality is govemned by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PTO/SB/17 (12-04v2)
7‘ ,nn;\ Approved for use through 07/31/2006. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
| ind & Panerwark Redurtinn Act of 1995 no nersans am reauired to rasnand to a enlleddion of infarmation unless it disnlavs a valid OMB eontml number

Effective on 12/08/2004. Complete if Known )
%ﬂsusn, f the Cansolidated Appropritons Act 2005 (HR. 4818). [~ e T oo
FEE TRANSMITTAL [Firgome 06/27/2003
For FY 2005 First Named Inventor | Nguyen, et al.

Examiner Name George A. Suchfield
Art Unit 3672
Attomey Docket No. | 2002-IP-009210U1

] Applicant claims small entity status. See 37 CFR 1.27

TOTAL AMOUNT OF PAYMENT | ($) 120.00

METHOD OF PAYMENT (check all that apply)

I:I Check D Credit Card D Money Order E] None ':l Other (please identify):

Deposit Account Deposit Account Number:_08-0300 Deposit Account Name;_Halliburton
For the above-identified deposit account, the Director is hereby authorized to: (check all that apply)

Charge fee(s) indicated below D Charge fee(s) indicated below, except for the filing fee

Charge any additional fee(s) or underpayments of fee(s) [/ | credit any ove t
under 37 CFR 1.16 and 1.17 redit any overpayments

WARNING: Information on this form may become public. Credit card information should not be included on this form. Provide credit card
information and authorization on PT0O-2038.

FEE CALCULATION
1. BASIC FILING, SEARCH, AND EXAMINATION FEES
FILINGSFEE"SE SEARCH FEES EXAMINATION FEES
mall Entity Small Entity Small Entity
Application Type ~ Feo (S} ~ Fee (§] Fee(S) = Fes(s) = Fee(s)  Fes(s) Fees Paid (5)
Utility 300 150 500 250 200 100
Design 200 100 100 50 130 65
Plant 200 100 300 150 160 80
Reissue 300 150 500 250 600 300
Provisional 200 100 0 0 0 0
2. EXCESS CLAIM FEES Smatl Entity
Fee Description Fee ($} Feo (3)
Each claim over 20 (including Reissues) 50 25
Each independent claim over 3 (including Reissues) 200 100
Multiple dependent claims 360 180
Total Claims Extra Claims Fee ($) Eee Paid {$) Muitiple Dependent Claims
-200rHP = X = Fee ($) Fee Paid ($)
HP = highest number of total claims paid for, if greater than 20.
Indep. Claims Extra Claims Fee ($) Feo Paid ($)
-30orHP = X =

HP = highest number of independent claims paid for, if greater than 3.

3. APPLICATION SIZE FEE

If the specification and drawings exceed 100 sheets of paper (excluding electronically filed sequence or computer
listings under 37 CFR 1.52(e)), the application size fee due is $250 ($125 for small entity) for each additional 50
sheets or fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37 CFR 1.16%5).

Total Sheets Extra Sheets Number of each additional 50 or fraction thereof Fee ($) Fee Paid {$)
-100= 150= _____ (round up to a whole number) x =
4. OTHER FEE(S) Fees Paid ($)
Non-English Specification, $130 fee (no small entity discount)
Other (e.g., late filing surcharge): One-Month Petition for Extension of Time 120.00
———
SUBMITTED BY % _ w
. { Registration No.
Signature . 7, | Redsiaton No og a6 Telephone 560.951-3125
Name (PrintType)| Robert A. Kent Date F—)-Z0Y_

This collection of information is required by 37 CFR 1.136. The information is required to obtain or retain a benefit by the public which is to file (and by the
USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 30 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments
on the amount of ime you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent
and Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.

STC Exhibit 1004, pg.

140



Application Serial No. 10/608,291 \
Attorney Docket No. 2002-1P-009210U1

1

In re Application of: V8
NGUYEN ET AL. v § Group Art Unit: 3672
8
Serial No.:  10/608,291 §
§ - Examiner: SUCHFIELD, GEORGE A.
Filed: June 27, 2003 §
§
Title:  “COMPOSITIONS AND METHODS FOR  §
IMPROVING PROPPANT PACK § Atty. Docket No: 2002-1P-009210U1
PERMEABILITY AND F[T_ACTURE §
CONDUCTIVITY IN A SUBTERRANEAN §
WELL” ‘~ ‘ §
§
S
ll , C - CERTIFICATE OF MAILING VIA EXPRESS MAIL
?‘J ATTY. DOCKETNO.: 2002-IP-009210U1
S GROUP ART UNIT: 3672
EXAMINER: SUCHFIELD, GEORGE A.
PURSUANT TO 37 C.F.R. § 1.10, ] HEREBY CERTIFY THAT | HAVE
INFORMATION AND A REASONABLE BASIS FOR BELIEF THAT THIS
CORRESPONDENCE WILL BE DEPOSITED WITH THE UNITED STATES
POSTAL SERVICE AS EXPRESS MAIL, POST OFFICE TO
ADDRESSEE, ON THE DATE INDICATED BELOW, AND IS ADDRESSED
TO:
MAIL STOP AMENDMENT
MAIL STOP AMENDMENT HONORABLE COMMIiSSIONER FOR PATENTS
Honorable Commissioner of Patents . : P.0.Box 1450
P. O. Box 1450
Alexandria, VA 22313-1450
DATE
EXPRESS MAIL LABEL: éb ( rgL] 7 S l7/ / ’]3( !IS
TRANSMITTAL LETTER

Dear Sir:

Applicants hereby submit the following documents to be filed with the United
States Patent and Trademark Office:

. Amendment and Response to Office Action, Mailed May 17, 2005,
including Petition for Extension of Time of One Month to File this Response;

. Courtesy copy of original copy and an English translation of An{o'ﬁ
Skrabal & Otto Ringer, “The Hydrolysis Rate of Orthoformic Acid Ethyl Ether,” CHEMICAL

INSTITUTE OF THE UNIVERSITY OF GRAZ (January 13, 1921); and

Page 1
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AMENDMENT TRANSMITTAL LETTER (Large Entity) Docket No.
Applicant(s): Mark R. Fernald et al. CC-0675
Application No. Filing Date Examiner Customer No.| Group Art Unit | Confirmation No.
10/712,818 11-12-03 Douglas N. Washburn 2863 8840

Invention: An Apparatus Having and Array of Clamp on Piezoelectric Film Sensors for Measuring Parameters of a
Process Flow within a Pipe

COMMISSIONER FOR PATENTS:

erewith is an amendment in the above-identified application.

The fee has been calculated and is transmitted as shown below.

CLAIMS AS AMENDED
CLAIMS REMAINING HIGHEST # NUMBER EXTRA ADDITIONAL
AFTER AMENDMENT PREV. PAID FOR CLAIMS PRESENT RATE FEE
TOTAL CLAIMS 36 - 25 = 1 X $50.00 $550.00
INDEP. CLAIMS 2 - 3 = 0 x  $200.00 $0.00
Multiple Dependent Claims (check if applicable) a $0.00
TOTAL ADDITIONAL FEE FOR THIS AMENDMENT $550.00

No additional fee is required for amendment.

Please charge Deposit Account No. in the amount of

A check in the amount of  $550.00 to cover the filing fee is enclosed.

The Director is hereby authorized to charge payment of the following fees associated with this
communication or credit any overpayment to Deposit Account  50-0260

Any additional filing fees required under 37 C.F.R. 1.16.

M Any patent application processing fees under 37 CFR 1.17.

O Payment by credit card. Form PTO-2038.

WARNING: Information on this form may become public. Credit card information should not be
included on this form. Provide credit card information and authorization on PTO-2038.

W/ é é// Dated: 06 September 2005
V4

X OO

SignatureC—"7
Robert D. Crawford
CiDRA Corporation | hereby certify that this correspondence is being deposited with
50 Barnes Park North the United States Postal Service with sufficient postage as first
Wallingford, CT 06492 class mail in an envelope addressed to "Commissioner for Patents,
P.O. Box 1450, Alexandria, VA 22313-1450" [37 CFR 1.8(a)] on
6 September 2005 .
(Date)
Signature of Person Mailing(Correspondence
cc: Robert D. Crawford
Typed or Printed Name of Person Mailing Correspondence

P11LARGE/REV09
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o
2002-IP-00921001 PATEk\‘\}/

Practitioner’'s Docket No.

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Philip D. Nguyen, et al.

Application No: 10 /608,291 Group No.: 3677
Filed: 6/27/2003 Examiner: ;nknown
For. COMPOSITIONS AND METHODS FOR IMPROVINGPROPPANT
PACK PERMEABILITY AND FRACTURE CONDUCTIVITY IN A SUBTERRANEAN

Mail gt%IﬁLAmendment
Commissioner for Patents
P.0O. Box 1450

Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
BEFORE MAILING DATE OF EITHER A FINAL ACTION
OR NOTICE OF ALLOWANCE (37 CF.R. § 1.97(c))

NOTE: 37 C.F.R. 1.97: "(c) An information disclosure statement shall be considered by the Office if filed after-
the period specified In paragraph (b} of this section, provided that the information disclosure statement
is filed before the mailing date of any of a final action under § 1.113, a notice of allowance under § 1.311,
or an action that otherwise closes prosecution in the application, and it is accompanied by one of:

(1) The statement specified in paragraph (e) of this section; or

(2) The fee set forth in § 1.17(p).”

NOTE: “If a final action or notice of allowance is mailed in an application and later withdrawn, the application
will be considered as not having had a final action or notice of allowance malled for purposes of
considering an information disclosure statement.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

CERTIFICATICN UNDER 37 C.F.R. §§ 1.8(a) and 1.10*
(When using Express Mail, the Express Mail label number is mandatory;
Express Mail certification is optional.)

| hereby certify that, on the date shown below, this correspondence is being:
MAILING

{3 deposited with the United States Postal Service in an envelope addressed to Commissioner for Patents, P.O.
Box 1450, Alexandria, VA 22313-1450 .

37 C.FR. § 1.8(a) 37CF.R.§ 1.10°
] with sufficient postage as first class mail. O as “Express Mail Post Office to Addressee”
Mailing Label No. {mandatory)
TRANSMISSION

[0 facsimile transmitted to the Patent and Trademark Office, (703) -

Signature

Date:
- Chasidy Smith

(type or print name of person certifying)

* Only the date of filing (§ 1.6) will be the date used in a patent term adjustment calculation, although the date
on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § 1.703(). Consider “Express Mail Post Office to Addressee” (§ 1.10) or facsimile transmission
(§ 1.6(c)) for the reply to be accorded the earliest possible filing date for patent term adjustment calculations.

(Transmittal of Information Disclosure Statement before Mailing Date of Either a Final Action Or Notice of
Allowance [6-4}—page 1 of 3)

BEST AVAILABLE COPY
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NOTE: 37 C.F.R. § 1.704(d): “A paper containing only an information disclosure statement in compliance with
§§ 1.97 and 1.98 will not be considered a failure to engage in reasonable efforts to conclude prosecution
(processing or examination) of the application under paragraphs (c)(6), (c)(8), (c)(9), or (c)(10) of this
saction If it is accompanied by a statement that each item of information contained in the Information
disclosure statement was cited in a communication from a foreign patent office in a counterpart
application and that this communication was not received by any individual designated in § 1.56(c) more
than thirty days prior to the filing of the information disclosure statement. This thirty-day period is not
extendable.’

NOTE: “If information submitted during the period set forth in 37 C.F.R. 1.97(c) with a certification is used in
a naw ground of rejection on unamended claims, the next Office action will not be made final since
in this situation It is clear that applicant has submitted the information to the office promptly after it
has become known and the information is being submitted prior to a final determination on patentability
by the Office. However, the information submitted with a certification can be used in a new ground
of rejection and the next Office action made final, if the new ground of rejection was necessitated by
amendment of the application by applicant. Where the information is submitted during this period with
a fee, the examiner may use the information submitted, e.g., printed publication or evidence of public
use, and make the next Office action final whether or not the claims have been amended, provided
that no other new ground of rejection which was not necessitated by amendment to the claims is
introduced by the examiner. See MPEP 706.07(a). If & new ground of rejection is introduced that is
neither necessitated by an amendment to the claims nor based on the information submitted with the
foe set forth in 37 C.F.R. § 1.17(p), the Office action shall not be made final.” Notice of April 20, 1992
(1138 O.G. 37-41, 39).

WARNING: “A petition for suspension of action to allow applicant time to submit an information disclosure
statement will be denied as failing to present good and sufficlent reasons, since 37 C.F.R. § 1.97
provides adequate recourse for the timely submission of prior art for consideration by the examiner.”
Notice of July 6, 1992 (1141 O.G. 63). But see § 103(b) and (c), limited suspension of action in
a continued prosecution application (CPA) filed under § 1.53(d) and in a request for continued
examination (RCE) under § 1.114.

WARNING: No extsnsion of time can be had under 37 C.F.R. 1.136 (a) or (b) for filing an IDS. 37 C.F.R. 1.97()).

TIME OF TRANSMITTAL OF ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

1. The information disclosure statement transmitted herewith is being filed after three
months of the filing date of this national application or the date of entry of the national
stage as set forth in § 1.491 In an international application or after the mailing date
of the first Office action on the merits, whichever event occurred last but before the
mailing date of either:

(1) a final action under § 1.113 or
(2) a notice of allowance under § 1.311,
whichever occurs first.

STATEMENT OR FEE

2. Accompanying this transmittal is
(check either A or B below)
A ;', a statement as specified in 37 C.F.R. § 1.97(e).

B. [0 the fee set forth in 37 C.F.R. § 1.17(p) for submission of an information
disclosure statement under § 1.97(c). ($180.00).

(Transmittal of Information Disclosure Statement before Mailing Date of Either a Final Action Or Notice of
Allowance [6—4}—page 2 of 3)

BEST AVAILABLE COPY
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FEE PAYMENT

(complete this item, if applicable)

3. Applicant elects the option to pay the fee set forth in 37 C.F.R. § 1.17(p) for submlss‘lon
of an information disclosure statement under § 1.97(c) ($180.00).

Fee due $

METHOD OF PAYMENT OF FEE

4,
[ Attached Is a [J check [J money order in the amount of $
[0 Authorization is hereby made to charge the amount of $
XX to Deposit Account No. 08-0300

(O to Credit card as shown on the attached credit card information authorization
form PTO-2038.

WARNING: Credit card information should not be included on this form as it may become public.

O Charge any additional fees required by this paper or credit any overpayment in the
manner authorized above.

A duplicate of this paper is attached.

A

SIGNATURE OF PRACTITIONER

T

Reg. No.
g 28,626( Robert A. Kent

{type or print name of practitioner)

Tel. No.: (58Q-251-3125
PO BOX 1431

P.O. Address

Customer No.: DUNCAN OK 73536-0440

(Transmittal of Information Disclosure Statement before Mailing Date of Either a Final Action Or Notice of
Allowance [6-4}—page 3 of 3)

BEST AVAILABLE COPY
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PTO-1449

Application No. Applicant(s):

10/608,291 Philip D. Nguyen, et al.
8 {Qn Disclosure Citation Docket Number Group Art Unit | Filing Date:
P Application 2002-1P-009210U1 3672 06/27/2003
»
|
Ly
‘i’?] U.S. PATENT DOCUMENTS
o
e pRSMENT NO. | DATE | NAME CLASS | SUBCLASS | FILING DATE
5,607,905 03/04/97 | Dobson, Jr. et al. 507 211 03/15/94
6,394,185 B1 05/28/02 | Constien 166 296 07/27/00
6,761,218 B2 07/13/04 | Nguyen et al. 166 278 04/01/02
US
2002/0125012 A1 | 09/12/02 | Dawson et al. 166 300 01/08/02
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE

SKRABAL ET AL., THE HYDROLYSIS RATE OF ORTHOFORMIC ACID ETHYL ETHER, CHEMICAL

INSTITUTE OF THE UNIVERSITY OF GRAZ, PAGES 1-38 01/13/21
Heller, et al., Poly(ortho esters) — From Concept To Reality, Biomacromolecules, Vol. 5,
No. 5, 2004 (pp. 1625-1632) 05/09/79

Schwach-Abdellaoui, et al., Hydrolysis and Erosion Studies of Autocatalyzed Poly(ortho
esters) Containing Lactoyl-Lactyl Acid Dimers, American Chemical Society, Vol. 32, No.
2, 1999 (pp. 301-307)

Ng, et al., Synthesis and Erosion Studies of Self-Catalyzed Poly(ortho ester)s,
American Chemical Society, Vol. 30, No. 4, 1997 (pp. 770-772)

Ng, et al., Development Of A Poly(ortho ester) prototype With A Latent Acid In The
Polymer Backbone For 5-fluorouracil Delivery, Journal of Controlled Release 65 (2000),
(pp. 367-374)

Rothen-Weinhold, et al., Release of BSA from poly(ortho ester) extruded thin strands,
Journal of Controlled Release 71, 2001, (pp. 31-37)

Heller, et al., Poly(ortho ester)s — their development and some recent applications,
European Journal of Pharmaceutics and Biopharmaceutics, 50, 2000, (pp. 121-128)

Heller, et al., Poly(ortho esters); synthesis, characterization, properties and uses,
Advanced Drug Delivery Reviews, 54, 2002, (pp. 1015-1039)

Heller, et al., Poly(ortho esters) For The Pulsed And Continuous Delivery of Peptides
And Proteins, Controlled Release and Biomedical Polymers Department, SRI
International, (pp. 39-46)

Zignani, et al., Subconjunctival biocompatibility of a viscous bioerodable poly(ortho
ester), J. Biomed Mater Res, 39, 1998, pp. 277-285

Toncheva, et al., Use of Block Copolymers of Poly(Ortho Esters) and Poly (Ethylene
Glycol), Journal of Drug Targeting, 2003, Vol. 11(6), pp. 345-353

Schwach-Abdellaoui, et al., Control of Molecular Weight For Auto-Catalyzed Poly(ortho
ester) Obtained by Polycondensation Reaction, International Journal of Polymer Anal.
Charact., 7: 145-161, 2002, pp. 145-161

Heller, et al., Release of Norethindrone from Poly(Ortho Esters), Polymer Engineering
and Science, Mid-August, 1981, Vol. 21, No. 11 (pp. 727-731)

EXAMINER

DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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NOTE: “Section 1.97(a) makes k clear that a certification could cantain either of two statements. One statement
bMﬂMthmMﬂmWMuWhnmwm
& pstent office outsice the U.S. not more than three manthe prior to the filing date of the statement.
MMMRMMMMWWMM.MMMMW
of the information cited before receiving the sserch report. in the a'termative, the certification could state
m:nmummmnmmmwmmmn.
communication from & foreign patent office in a counterpart foreign appiication and, to the
of the person signing the certification afler making ressonable inquiry, was known to any individual heving
.wuaua-mmmmwcmmdmw'mamg
1982, 1136 O.G. 13-28, at 13 (emphesls sddec). Thus: “¥ an item of information is submitied within
mmummhamm.ﬁmmh-wm
MNMmNMMWdWWhmw
of the information.” id., 1136 O.G. st 18. Ses § 6008(%), M.P.EP., 8th Ecition.

NOTE: mummmqmwpnnmmnsmmnmm
m-mmdmmmuuammmmum Y the
communicetion containg two dates, mmmammbmmmm
the 3-month period. mnmwmmwhmmuhmm
m».mm«uunmmuauwmm
the statement will be considered to have been fled on the date the statement was recelved in the Office,
or on an earfier date of meiling or tranamission If acoompanied by a properly executed certificate of
mailing or facaimile transmission under 37 CFR 1.8, aor if & is in compiiance with the provisions for
“Express Mail" delvery under 37 C.F.R 1.10." Ses § 6008(%), M.P.EP,, 8th Edition,

appiication.

“in the alternative, nmcmbonndollmlbmdhmmhmm
WMWthmmm.mmdﬂahlmm
appiication and, mmmammmnmwmmm
on:lm.rwullm nmyhdmmm-mwmﬂmmsmwmmm

the statement.”

NOTE: Amdfmmmmwmummmmmdwm
1992 (1138 0.G. 37-47, 40

NOTE: mm‘mmmwmunwmnwmmm
m.mwmmmwmmmunmm The staterment can
be made by s registered practitioner who represents a W*nmmmmmm
wmmm-bmmmmnMMAwmm
mmm-mwmmmmmﬂm“mum
mmmmmmmmmmmmfa
mﬂ.”nhm&mnmmmmmnnyﬂmrahgmmm“m
that it be cited to the Office, mmmm-»mmmbm-md
the publication and should not submit a statement under 37 C.F.R. 1.97(e)(2) to the Office until
satisfactory response /s received. mm«:.m-bndmmmmmm
al;nmmm w:mumWM'MdMﬂn 1862 (1138

Ses § 60989, M.P.EP., 8th Editon.

NOTE: 'MRbWMUWMMMMdeMMM
wmuwm.mpmmmnkummma-dwu
M?Rm”bohmd“mmmmmm

(Statement for Information Disciosurs under 37 CF.R. § 1.97(e) [B-83—page 2 of 9
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2. |, the person(s) signing below state:

[0 that each item of information contained in the information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart
foreign application not more than three months prior to the filing of the -
information disclosure statement. 37 CF.R. § 1.97(eX1).

NOTE: The three month period starts from the mailing date of the foreign patent office communication. Notice

o January 8, 1992, 1138 0.G. 13-25 ot 18 The mailing daie is the “date on the communication by
the foreign patent office.” Notice of Aprl 20, 1992 (1138 0.Q. 37-41, 38

£3 that no item of information contained in the information disclosure statement
was cited in a communication from a foreign patent office in a counterpart foreign

application and, to my knowledge, after making reasonabie inquiry, no item of
information contained in this information disclosure statement was known to any
individual designatsd in § 1.56(c) more than three months prior to the filing of
the information disclosure statement. 37 C.F.R. § 1.97(e)(2).

NOTE: “The time at which information ‘was known o any individual designated in 37 C.F.R. 1.58c)’ is the time
when the informstion was discovered in sssociation with the application even if awareness of the
materaily came iater.® Notios of April 20, 1962 (1138 O.G. 37-41, 40). Section 8098(), M.P.EP., 8th
Eciition.

IDENTIFICATION OF PERSON(S) MAKING THIS STATEMENT

3. The person making this statement is
(check sach applicable item)
(@ O the inventor(s) who signs below

SIGNATURE OF INVENTOR

(type name of inventor who Is signing)

() O a person who is substantively involved in the preparation or prosecution of the
application, and who is associated with the inventor, with the assignee, or with
anyone to whom there is an obligation to assign the application (37 C.F.R.
§ 1.56(c)) and who signs below.

SIGNATURE OF PERSON MAKING STATEMENT

type name of person who fa signing)

Address of person who is signing

(Statement for Information Disciosure under 37 CF.R. § 1.97(e) (3-8}—page 4 of 5
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rew

© 3 the practitioner who signs below on the basis of the information:
(check each applicable item)

O supplied by the inventor(s).
O supplied by an individual designated in § 1.56(c).

in the practitioner’s flle.

A LD

SIGNATURE OF PRACTITIONER
Reg. No.: 28,626 Robert A. Kent

(ype or print name of practitionen)
Tel. No. (580 251-3125 P.0. Box 1431
Customer No.: P.O. Address

Duncan, OK 73536-0440

(Statement for information Disciosure under 37 C.F.R. § 1.97(e) [6-8)—page S of 5)
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PAT N TS

Eealel Moy 2002-TP-009210111
IR ERUNNTEDES AR SERAT N ITFAIND) QEFICH!

2 /O coplen®eR €% Philip D. Ngyuen, et al.
MeglertsA N2 10 /608,291 Grevp Nowt 3672
BUWiACs

Pices 06/27/2003 °
fFez COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK

PERMEABILITY AND FRACTURE CONDUCTIVITY IN A SUB-
Cemeternsy fe7 Potomy TERRANEAN WELL

Py )(/480)
\V/AY223,13911450)

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
MALING DATLS OF A MNAL ACTION
OR NOTICL OF ALOWANCL: (7 CIFI § 157(6)
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e poited caoeind [ poeaEh (3) €7 3 CosPery, prevwed a3 tn0 latermiten €Celecyio BEXmoR?
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NOTE 37 CFR § 1.704ik °A paper cantaining anly an information disclosure staterent n compliance with
[ ] 1.97 and 1.98 will not be considered & fallwre 10 engage in reasonable efforts #o canclude prosscution
frocessing or examinationy of the application undar paragraphe (B, (B, (i or (cX10) of this
ssction ¥ R ls sccompenied by 8 stetement that esch Aem of informetion cantained In the informetion
discioswre ststement wes chied In a communication from & foreign patent office in & counterpant

and that this communication was not received by any individual designated in § 1.56k) more
than thity dnys prior 10 the g of the information disciosure siaterment. This thirty-day period ls not
: edenciabls.’

NoTE o information submitied during the period set forth In 37 CFR. 1.97) with g certification ks used It
a new ground of rejection on unamendied claime, $he next Ofice action will not be mads fnal since
o this shustion & §s cleer thet applicant has submitted the information o the ofice promptly sher R
has become lnown and the information i being submitiad prior 10 & final determination an patentsbilty
ummmuwwm.m”vuummm
dwmuummmurnmmdmumu
amendiment of the application by applicant. Where e information s submitied during this perad with
a e, he emaminer may e the informelion submitied, 6.9, printed publicetion or evidence of public
use, and make the next Ofice action final whether or not the claime have been amended, provided
that no other new ground of rejection which was not necessiated by emendment to the claime s
niroduced by the examiner. See MPEP 708.07(2). ¥ a new ground of rejection is introduced thet b
nalther necessitated by an amendmaent 10 the claims nor besed on the information submitted with the
20 st forth In 37 C.F.R. § 1.178) the Office sction shall not be made final.® Notice of Aprl 20, 1908
(1138 O.Q. 3741, 38

WARNINGY “A petiian for suspenaion of action 1o allow appiicant time 1o submR an information dilsciosure

statement will De denied as falling 10 present good and sufficient ressons, since 37 C.F.R § 197
provides adequele recourse for the timely submiselon of priar art for consicsration by the examiner.
Notice of Ady & 1968 (1141 0.G. 8% But see § 105%) and (), Amited suspension of action in
a continusd prosscution application (CPA) fled under § 1.53() and in a request for continued
examinstion (RCE under § 1.114,

WARMING: No extenelon of time can be had under 37 C.F.R. 1.136 (8} or ) for ffing an I08. 37 C.F.R. 1.97().

TIME OF TRANSMITTAL OF ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

1. The information discliosure statement transmitted herewith is being filed after three
months of the filing date of this national application or the date of entry of the national -
stage as set forth in § 1.491 In an intemational application or after the malling date
of the first Office action on the maerits, whichever event occurred last but before the
maling date of either:

(1) a final action under § 1.113 or
(2 a notice of allowance under § 1.311,
whichever occurs first.

STATEMENT OR FES

2. Accompanying this transmittal is
(check either A or B below)
A I3 a statement as specified in 37 C.F.R. § 1.97(e)

B [ the fee set forth In 37 C.F.R. § 1.17(p) for submission of an information
disciosure statement under § 1.97(c). ($180.00)

(Tranamittal of information Disciosure Statement before Maiing Dete of Eher 8 Finel Action Or Notice of
Allowence. [B-4)—page 2 of 3
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FEE PAYMENT

(complete this item, if applicable)

s Ammommopumwmhmumwaa?asng 1. 17(p)formbmlsslon
of an information disciosure statement under § 1.87(c) ($180.00).

Fee due $

METHOD OF PAYMENT OF Fii

4,

0 Attached is a [J check [J money order in the amount of $

] Authorization is hereby made to charge the amount of $
@ to Deposit Account No. _08=0300

[J to Credit card as shown on the attached credit card information authorization
form PTO-2038.
WARNING: mmwmuuwmum,ummm

i Charge any additional fees required by this paper or credit any overpayment in the
manner authorized above.

A duplicate of this paper Is attached.

el AL

SIGNATURE OF PRACTITIONER

Reg. No. 28,626
Robert A. Kent
) (type or print name of practitioner)

Tel. No.: ( 589 251-3125

P.0. Box 1431

P.O. Address
Customer No.: Duncan, OK 73536-0440

(Tranamittal of informetion Disciosure Statement before Maling Oste of Either a Final Action Or Notice of
Allowance [8-4}—pege 3 of 3
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Application No. Applicant(s):

' g 0-1449 10/608,291
& - . Citati PHiLIP D. NGUYEN, ETAL.
«g\nformation Disclosure Citation Docket Number Group At Unit | Filing Date
) = in an Application
7 205 2002-1P-009210U1 3672 06/27/2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE | NAME CLASS | SUBCLASS | FILING DATE
1. | 6,131,661 10/17/00 | Conner, et al. 166 300 08/03/98
2. | 5,143,698 11/07/00 | Murphey, et al. 507 145 12/04/98
3. | 2002/0036088 A1 | 03/28/02 | Todd 166 300 01/09/01
4. | 2005/0006095 A1 | 01/13/05 | Justus, et al. 166 295 07/08/03

FOREIGN PATENT DOCUMENTS

DOCUMENT NO. | DATE | COUNTRY CLASS | SUBCLASS |JRANSLATON
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE

EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

U.S. Patent and Trademark Office
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. ) 2002-IP-009210U1
Practitioner’s Docket Ne. PATENT
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
in re application of: Philip D. Nguyen et al.
No: 10 4608,291 Group No.: 3672 -
No.: George Suchfield

Application
Flled: June 27, 2003 Examiner:
Forr Compositions And Methods For Improving

Proppant Pack Permeability And Fracture
Conductivity In A Subterranean Well
for %m

P.O. Box 1450
Alexandria, VA 22313-1480

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
BEFORE MAILING DATE OF EITHER A FINAL ACTION
OR NOTICE OF ALLOWANCE (37 CF.R. § 1.97(c)

NOTE 37 GF.R 1.97: “&) An information disciosure staferment shall be considered the Ofice ¥
hmmhMNdMMMMhMmm
ks Siad betore the maiing date of eny of a fhal action under § 1.1140mdmm0 1311,
wumum“mnmmuumuma
(1) The staternent specified in paragreph ) of this section; or

() The fes set forth in § 1.17).°
NOTE 'laﬁduﬁnamhd“mhwhmwmwm appiicstion
ﬂhMumMMa“mamdMM%d
coneidering an information disalosure statement.” Notios of Aprl 20, 1982 (1138 O.Q. 3741, 38).

| (¥ 1 Expvess Mok, 0 Exracs ot o e 0
Bxpress Mall certification I opdionel)
| harsby certify that, on the date shown below, this comespondence is being:
' MALING
b @ 4 wmm%mmmnmmuwum P.O.
CPA.§110°

STCFA § 100
£X with suficient postage as first class mall, O s “Express Mall Post Office 10 Addresses”
Malling Lsbel No. mendatory)

TRANSIMISSION
O facsimie tranemitted 1o the Patent and Trademark (] . Ay

MJ#H#S ne
Tammy Knight
Mpe ar print neme of person certiying)

* Only e date of fing § 1."””“”“.”““““““
into account in determining

an any certicate of maling or tranemission under § 1.8 continuse 0 be taken
timeiinese. See § 1.7050 mmummnwa 1.1Q) or facaimile tranemiseion

. ] 1Mbnm~umnmwnuhmmmm
amammmmma—am.mmamu
' MMIGS
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NOTE 37 CFA § 1.704¢E A paper caniahing only an information disciosure staternent In compliance with
§8 1.87 and 1.98 will not be consicered 8 falkse 10 engage b ressonable efforts 19 conckude prosscution
rocessing or examination) of the application under paragraphe (G, X8, (X8, or (X1Q) of this
ssction ¥ R b scoompeniad by & statermant that esch Mem of information contained it the informetion
discloswre stalement wes clied b 8 comvmunication fom & foreign patent ofice i a counterpant
applivation and thet this comwaniosiion was not received by any indivichal designated b § 1.586 more
mm’-moumdummm This thirty-day period i not
NOTE ¥ nfowrstion submitied during the period set forlh s ST CL.AR 1.971) with a certiicetion b used
8 new ground of rejsction on uramendad claing, he naxt Ofice action will not be medy fnal since
i this shusiion & b cleer thet epplicant hes submitied $he informetion ©© the ofice promplly sl R
has becanse inouwn and the informetion & being submitied prior 1 & final determination an patentabily
by the Ofice. However, the information submitied with g certiication can be used In 8 new ground
of rjsction and the nast Ofice sotion made final, ¥ the new ground of rejsction was necessieled by
amandinent of the spplication by epplioant. Where the information ks submitied during his period with
& g, he ammbr may use he Inkormelion submitied, 6.8, printed publicetion or evidence of publio
s, and maie the next Ofice action final whether or not the clains have been emendad, provided
that no other new ground of rejsction which was not necessisted by amendment 1o the claims b
introduced by the examiner. See MPEP 708.070y. ¥ a new ground of rejection is introcuced thet s
nslither necsssiinied by an amendiment 19 $he clains nor based an the informetion submitisd wilh the
o0 sut forth b 37 C.FA. § 1.170) the Ofice action shall not be made Snel.® Notice of Apdl 20, 1908
(1138 .4 3741, 3
WARMINGY “A petition for sapeneion of solion 10 allow applicant ime 10 submit an informetion disclosure
statenent will be danied as Aiing 1o present good end sufiiclent ressons, since 37 C.FA. § 1.97
provides adequats recowrse for he Simely submiselon of prior art for coneicration Dy the examiner,®
Notlos of Ady & 1908 (1141 Q.Q. 63 But see § 1050y and (), Emited suspension of action b
8 continued prosscution applicstion (CPA) fled under § 1.554) and in 8 request for continued
amminstion RCEH undwr § 1.114,

WARNING:  No axtension of time can be had under 37 C.F.R. 1.136 ) or by for ing an I08. 37 C.FR 1970

TIME OF TRANSMITTAL OF ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

1. The information disciosure statement transmitted herewith is being flied after three
months of the filing date of this national appiication or the date of entry of the national
stage a8 set forth In § 1.481 In an intemational application or after the mailing date
of the first Office action on the merits, whichever event occurred last but befove the
maling date of either: :

(1) a final action under § 1.113 or
(3 a notice of allowance under § 1.311,
whichever occcurs first.

check either A or B below)
A a statement as specified in 37 CF.R. § 1.97(e).

A 0O hfnadfahhS?O.F.ﬂ.!M?(p)faMubndmhfam
disciosure statement under § 1.97(c). ($180.00)

(Tranamittsl of ijormation Discloswre Staternent before Maling Dete of Exher 8 Finel Action Or Notice of
Alowence B3-G—pege 2 of §
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FEE PAYMENY

(complete this item, ¥ appiicable)
s wmmmbmhmwwhwarngnm)mm
of an information disciosure statement under § 1.97(c) ($180.00).
Fes due §

- METHOD OF PAYMENT OF Fis

4,

O Attached ls & [J check [J money order in the amount of $

0 Authorization is hereby made to charge the amount of $
O to Deposit Account No.
O to Credit card as shown on the sttached credit card information authorization

form PTO-2038.

WARNING: Crecit'card inkrmetion shoukd net be inckuded on this form as & may become publia

O Charge any additional fees required by this paper or credit any overpayment in the
manner authorized above.
A duplicate of this paper Is attached.

Reg. No. 28,626

Robert A. Kent

e or print name of practitioner)

Tel. No.: ( 580 251-3125
P.0. Box 1431

P.O. Address

Customer No.:
Duncan, OK 73536-0440

(Tranamittsl of Information Disciosure Statement before Maling Dete of ERher & Final Action Or Notice of
Allowarce [3-4)—page 3 of 3
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«

. : ' 2002-1P-009210U1
. Practitioner's Docket No. PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Fhilip D. Nguyen et al.
Group No. 3672

Appiication No.: 10 /608,291 Examiner: George Suchfield

Flled:  june 27, 2003
For: Compositions And Methods For Improving Proppant Pack Permeability

c ﬁnd F&cﬁuﬁe Conductivity In A Subterranean Well!

P.O. Box 1450
Alexandria, VA 22313-1450

STATEMENT FOR INFORMATION DISCLOSURE UNDER
37 CF.R. § 1.97(c)

NOTE: A statement must state either: (1) that each item of information contained in the information disciosure
deﬂhamﬁdmhnahmmmnawmw

mmwmmmwmm 1.56(c) more than three months
wunmdmmmmm-a?c.nnu.sm. prior
wwmwmmsv.mnmmmmmmmma of
mwmmmdmmummmmummm n::g.b
mummmmmmmmmmm the same manner as

M.P.E.P., 8th Edion.

CERTIFICATION UNDER 37 C.F.R. §§ 1 and 1.10*
mmmmnmww&nm
Ewuwmmnm,)

lwmmmmmmw.mmmhm
MAILING

£ deposited with the United States Postal Service in an envelope addressed to
Box 1450, Alexandria, VA 22313-1480 Cormmissioner for Patants, P.O.

37C.FR § 1.8(a) 37CFR § 1.10°
B with sufficient postage as first class mail. 0] as “Express Mail Post Office to Addresses”
Mailing Label No. (mandatory)
TRANSMISSION

O facsimile transmitted to the Patent and Trademark (703 - .

m@m/os o S0
Tammy Knight

{type or print name of persan certifying)

* Only the date of fling (§ 1.qwuwuwh-mmmmm

. on any certificate of maling or transmission under § 1.ammbomm1m¢ccwnmdm;':w;‘h:
timeliness. See § 1.mmmmmommm-a 1.10) or facsimlle transmission
[/} 1.amhumouwmmpmmmummmm

mmmmom”mawanu.mq(&q—wtds)
|
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NOTE: “Section 1.97(e) makes it Clear that a certification could contain either of two statements. One statement
Is that each item of information (n an information disciosure statement was cited in a search report from
& patent office outside the U.S. not more than three months prior to the fiiing date of the statement.
Under this cartification, it would not matter whether any individual with a duty actuslly knew about any
of the information cited before receiving the search report. In the altemative, the certification could state
that no item of information contained in the information disciosure staternent was cited in a
communication from & foreign patent office in a counterpart foreign application and, to the knowledge
of the persan signing the certification after making ressonable inquiry, was known to any individual having
& duty to disciose more than three months prior to the fiing of the statement.” Notice of January 9,
1992, 1138 O.G. 13-25, at 13. (smphasis added). Thus: “If an item of information is submitted within
three months of being cited in a communication from a foraign patent office in a counterpert foreign
appiication, the certification can be properly made regardisss of any indivicdual’s previous knowledge
of the information.” id., 1138 O0.G. at 19. See § 6098(8), M.P.EP., 8th Edition.

NOTE: “The date on the communication by the foreign patent office begins the 3-month period in the same
manner a3 the malling of an Office action starts a 3-month shortened statutory period for reply. If the
communication contains two dates, the mailing date of the communication is the one which begins
the 3-month period. The date which begins the 3-month period is not the date the communication was
received by a foreign associate or the date it was received by a U.S. registered practitioner. Likewiss,
the statement will be considered to have been filed on the dste the staternent was received in the Office,
or on an earfier date of maiing or transmission If acoompanied by a properly axecuted certificate of
malling or facsimile transmission under 37 CFR 1.8, or if It is in compliance with the provisions for
“Express Mail" delivery under 37 C.F.R. 1.10.” See § 6098(8), M.P.E.P., 8th Edition.

NOTE: “The certification can be based on present, good faith knowisdge about when information became known
without a search of files being made.” Thus, for example, the certification of § 1.97(s) doss not preciude
the use of the certification in an application by corporations whose practitioners have over the yesrs
reviswed thousands of patents and technical publications, even though they are unaware of the relevance
of any one therecf to the application. Notice of January 9, 1982, 1135 O.G. 13-18, at 19.

See § 6098(5), M.P.E.P., 8th Edition:

“if an information disciosure statement inciudes a copy of a dated communication from a foreign
patent office which clearly shows that the statement is being submitted within 3 months of the date
on the communication, the copy wil be acceptsd as the required communication. It will be assumed,
in the absence of evidence to the contrary, that the communication was for & counterpart foreign
application.

“in the altemative, a statement can be made if no item of information contained in the information
disclosure statement was citad in 8 communication from a foreign petent office in a counterpert fareign
mmmmmwmmmmwwmwm
neither was it known to any individual having a duty to disciose mare than 3 months prior to the fiing
of the statement.”

NOTE: A copy of the foreign search report need not be submitted with the certification. Notice of April 20,
1992 (1138 O.Q. 37-41, 40).

NOTE: “The phrase ‘after making reasonable inquiry’ makes it clear that the indvidusl making the staternent
has a duty to mske reasonable inquiry regarding the facts that are being certified. The statement can
be made by a registered practitioner who represents a foreign client and who reliss on statements made
by the foreign client as to the date the information first became known. A registered practitioner who
receives information from a client without being informed whether the information was known for more
than thres months, however, cannot make the statement without making ressonable inquiry. For
example, if an inventor gave a publication to the attorney prosecuting an application with the intent
that it be cited to the Office, the attomey should inquire as to when that inventor became eware of
the publication and should not submit & statement under 37 C.F.R. 1.97(s)(2) to the Office until a
satisfactory response Is received. The statement can be based on present, good faith knowledge about
when information became known without & search of files being made.” Notice of April 20, 1992 (1138
0.G. 37-41, 39).

See § 6098(5), M.P.EP., 8th Edition.

NOTE: “Although it is recognized that an individual actually becomes aware of the information in the
communication from a foreign patent office sometime after it was malled, the malling date of such a
communication, if it occurs prior to a first awareness of the same information, would determine the date
MMdMMWMWaM'MlMWMMQ 1.97(@)
Notice of January 9, 1992, 1135 0.G. 13-25, at 19 (emphasis addec).

(Statement for Information Disciosure under 37 CF.R. § 1.97(s) [8-8}—page 2 of 5)
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NOTE: WMMdedMMlmmmmwmbnaw
MMMMMMMMdaMMMMMmmmw
umdmmmwmmmmummmdwm
§ 1.58 82 Fed. Rag. 53,131, 53,150 (Oct 10, 1997)

NOTE: The DS is considered filed as of the date X is received in the PTO, or on an earlier date of malling
unmhdmﬂm”mapwmmdnnﬂngwmwm
37CFR. § 1.aunnuhmmnmmmmwwwymarcﬁn
§ 1.10. See § 6098(), M.P.EP., 8th Ediion.

mmmumwm.mmmmwmmm.Amm
mmmm.mmmmmanmu
more than three months, however, cannot make the certification without making ressonable inquiry.®
Notice of Jenuery 8, 1992, 1138 0.G. 13-25 et 19.

NOTE: WWWMMWMMthMMMMhm
muawmwammumdmumammmduuaw
MMMnMWhmmm&dhm&mw
mmmmuxm-wmdhmuamwwmdmmrwnm
0.G. 37-41, 39). See § 6098(%), M.P.E.P, 8th Edition.

NOTE: ‘“individusis cther than the attorney, agent or inventor may comply with this section by disclosing
information (o the sttomey, agent or inventor.® 37 C.F.R. § 1.56(c) and

“Individuals associsted with the fling or prosecution of a patent application within the meaning of this
section are:

(1) esch inventor named in the application: )
wmmwmmmwmmmmm

(3) every other person who is substantively invoived in the preparation or prosecution of the
and who is associated with the inventor, with the assignee or with anyone to whom there

application
is an abligation to assign the appiication.” 37 C.F.R. § 1.56(c).

IDENTIFICATION OF INFORMATION DISCLOSURE STATEMENT
FOR WHICH THIS STATEMENT IS BEING MADE
1. This statement Is being made for the Information Disclosure Statement
accompanying this statement.
O filed (date)

STATEMENT

NOTE: A statement under 37 C.F.R. § 1.97fe) need not be in the form of an oath or a deciaration under 37
C.FR. § 1.68 A statement under 37 CF.R. § 1.97(e) by a registerad practitioner or any other indivicusl
that the statement was filed within the 3-month period of either the first citation by a foreign patent
office or first discovery of the information will be accepted as dispositive of compliance with this provision
in the absence of evidence to the contrary. § 6098(5), M.P.E.P., 8th Edition.

(Statement for Information Disclosure under 37 C.F.R. § 1.87(e) [6-8}—pege 3 of 5)
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2. |, the person(s) signing below state: )
£3 that each item of Information contained in the information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart
foreign application not more than three months prior to the filing of the
information disclosure statement. 37 C.F.R. § 1.97(eX1).
NOTE: The three month period starts from the maliing date of the foreign patent office communication. Notice

of January 8, 1992, 1135 O.G. 13-25 at 19. The mailing date is the “date on the communication by
the foreign patent office.® Notice of April 20, 1992 (1138 O.G. 37-41, 39

0O that no item of information contained in the information disclosure statement
was cited in a communication from a foreign patent office in a counterpart foreign
application and, to my knowledge, after making reasonable inquiry, no item of
information contained in this information disclosure statement was known to any
individua! designated in § 1.58(c) more than three months prior to the filing of
the information disciosure statement. 37 C.F.R. § 1.97(e)}(2).

NOTE: “The time at which Information ‘was known to any indivicual designated in 37 C.F.R. 1.58(c)’ /s the time
when the information was discovered in association with the application even if awareness of the
materaiity came Iater.” Notice of April 20, 1992 (1138 0.G. 37-41, 40). Section 6098(3), M.P.E.P., 8th
Edition.

IDENTIFICATION OF PERSON(S) MAKING THIS STATEMENT

3. The person making this statement is
(check each applicable itern)
(@) O the inventor(s) who signs below

SIGNATURE OF INVENTOR

(type name of inventor who is signing)

(o) O a person who is substantively involved in the preparation or prosecution of the
application, and who is assoclated with the inventor, with the assignee, or with
anyone to whom there is an obligation to assign the application (37 C.F.R.
§ 1.56(c)) and who signs below.

SIGNATURE OF PERSON MAKING STATEMENT

(type name of person who is signing)

Address of person who is signing

(Statement for Information Disciosure under 37 C.F.R. § 1.97(s) [8-8}—pege 4 of 5)
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(©) @ the practitioner who signs below on the basis of the Information:
(check each applicable item)

O supplied by the inventor(s).
O supplied by an individual designated in § 1.56(c).
in the practitioner’s file.

VA

SIGNATURE OFf PRACTITIONER
Reg. No.: 28,626 _Robert A. Kent
or name of practitioner)
Tel. No. (251) 3125 type or print
P,0, Box 1431
Customer No.: P.O. Address

_Duncan, OK 73536-0440

(Statement for information Disciosure under 37 C.F.R. § 1.97(e) [6-8}—page 5 of 5)

STC Exhibit 1004, pg. 163



PATENT 2002-1P-009210U1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Proppant Pack Permeability And Fracture
Conductivity In A Subterranean Well

Philip D. Nguyen et al. )
) Art Unit: 3672

Serial No.: 10/608,291 )
' )

Filed: June 27, 2003 ) Examiner: George Suchfield
)
For: Compositions And Methods For Improving )
)
)

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:
The following documents are known to Applicants or Applicants' attormeys and are
submitted for the Examiner to consider in the above-captioned application.

U. S. PATENTS

U.S. Patent Number 3,173,484 issued 03/16/1965 to Jimmie L. Huitt, et al;

U.S. Patent Number 3,195,635 issued 07/20/1965 to Clarence R. Fast;

U.S. Patent Number 3,302,719 issued 02/07/1967 to Paul W. Fischer;

U.S. Patent Number 3,364,995 issued 01/23/1968 to Bobby L. Atkins, et al;

U.S. Patent Number 3,366,178 issued 01/30/1968 to William T. Malone, et al;
U.S. Patent Number 3,455,390 issued 07/15/1969 to J. P. Gallus;

U.S. Patent Number 3,968,840 issued 07/13/1976 to Jack F. Tate;

U.S. Patent Number 3,998,744 issued 12/21/1976 to Vernon W. Arnold, et al; and

U.S. Patent Number 4,068,718 issued 01/17/1978 to Claude E. Cooke, Jr., et al.
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FOREIGN PATENTS

The foreign art contained in this supplemental information disclosure statement was first
cited in any communication from a foreign patent office in a counterpart foreign application not
more than three (3) months prior to the filing of the information disclosure statement.

International Publication Number WO 2004/007905 A1 published 01/22/2004 to Ralph
Edmund Harris, et al;

International Publication Number WO 00/57022 published 09/28/2000 to Ralph Edmund
Harris, et al;

International Publication Number WO 01/02698 A1 published 01/11/2001 to Ralph
Edmund Harris, et al.

OTHER MATERIALS

Y. Chiang, et al.: “Hydrolysis of Ortho Esters: Further Investigation of the Factors Which
Control the Rate-Determining Step,” Engineering Information Inc., New York, NY, Vol. 105,
No. 23, (XP-002322842), November 16, 1983;

M. Ahmad, et al.: “Ortho Ester Hydrolysis: Direct Evidence for a Three-Stage Reaction
Mechanism,” Engineering Information Inc., New York, NY, Vol. 101, No. 10, (XP-
002322843), May 9, 1979, and

Foreign communication from a related counterpart (International Application

PCT/GB2004/005309, filed 12/17/2004), mailing dated 04/13/2005.
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Copies of the aforementioned non-patent references and Form PTO-1449 are submitted

herewith.

Respectfully submitted,

YA

Robert A. Kent

Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125

STC Exhibit 1004, pg. 166



Application No. Applicant(s):
10/608,291
PHILIP NGUYEN ET AL.
Docket Number Group Art Unit | Filing Date
2002-1P-009210U1
3672 June 27, 2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
1. 3,173,484 03/16/65 | Huitt, et al. 166 280.1 09/02/58
2. 3,195,635 07/20/65 | Fast 166 280.1 05/23/63
3. 3,302,719 02/07/67 | Fischer 166 280.2 01/25/65
4. 3,364,995 01/23/68 | Atkins, et al. 166 280.1 02/14/66
S. 3,366,178 01/30/68 | Malone, et al. 166 280.1 09/10/65
6. 3,455,390 07/15/69 | Gallus 166 295 12/03/65
7. 3,968,840 07/13/76 | Tate 166 280.1 05/25/73
8. 3,998,744 12/21/76 | Amold, et al. 507 269 04/16/75
0. 4,068,718 01/17/78 | Cooke, Jr., et al. 166 280.2 10/26/76
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. | DATE | COUNTRY CLASS | SUBCLASS zggNSLA;'OON
1. WO 2004/007905 | 01/22/04 | PCT E21B 43/27 X
2. WO 2000/57022 09/28/00 | PCT E21B 37/06 X
3. WO 2001/02698 01/11/01 | PCT E21B 43/27 X
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
Y. CHIANG ET AL.: “HYDROLYSIS OF ORTHO ESTERS: FURTHER INVESTIGATION OF THE FACTORS
1. WHICH CONTROL THE RATE-DETERMINING STEP,” ENGINEERING INFORMATION INC., NY, NY, VoL.
105, No. 23 (XP-002322842) ' 11/16/83
M. AHMAD, ET AL.. “ORTHO ESTER HYDROLYSIS: DIRECT EVIDENCE FOR A THREE-STAGE
2. REACTION MECHANISM, “ENGINEERING INFORMATION INC., NY, NY, VoL . 101, No. 10 (XP-
002322843) 05/09/79
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

U.S. Patent and Trademark Office
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.O. Box 1450
Alexandria, Virginia 22313-1450
WWW.USPo.gov

| APPLICATION NO. FILING DATE | FIRST NAMED INVENTOR [ ATTORNEY DOCKET NO. | CONFIRMATION NO_—I
10/608,291 06/27/2003 Philip D. Nguyen 2002-1P-009210U1 8521
7590 05/17/2005 [ EXAMINER _I
Robert A. Kent SUCHFIELD, GEORGE A
Halliburton Energy Services
2600 South 2nd Street [ ART UNIT [ paerNumBER |
3672

Duncan, OK 73536

DATE MAILED: 05/17/2005

Please find below and/or attached an Office communication concerning this application or proceeding.

PTO-90C (Rev. 10/03)
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Application No. Applicant(s)

10/(608,291 NGUYEN ET AL.
Office Action Summary Examiner Art Unit

George Suchfield 3672

- The MAILING DATE of this communication appears on the cover sheet with the correspondence address —~
Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) FROM
THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed

after SIX (6) MONTHS from the mailing date of this communication.
- If the period for reply specified above is less than thirty (30) days, a reply within the statutory minimum of thirty (30) days will be considered timely.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any

eamned patent term adjustment. See 37 CFR 1.704(b).

Status

1)XI Responsive to communication(s) filed on 21 March 2005.
2a)[] This action is FINAL. 2b)X] This action is non-final.
3)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 4563 O.G. 213.

Disposition of Claims

4)X] Claim(s) 1-72 is/are pending in the application.
4a) Of the above claim(s) 39-72 is/are withdrawn from consideration.
5[] Claim(s) _____is/are allowed.
6)X] Claim(s) 1-5,7-9,12-15,17-27 and 30-33 is/are rejected.
7)X. Claim(s) 6,10,11,16,28,29 and 34 is/are objected to.
8)Xl Claim(s) 1-72 are subject to restriction and/or election requirement.

Application Papers

9)[] The specification is objected to by the Examiner.
10)[] The drawing(s) filed on is/are: a)[] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).
11)[]] The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12){T] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
a)(JAll b)[C] Some * )] None of:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No. ______
3.[]] Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
* See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) E Notice of References Cited (PTO-892) 4) [:l Interview Summary (PTO-413)
2) (] Notice of Draftsperson’s Patent Drawing Review (PTO-948) Paper No(s)/Mail Date.
3) X Information Disclosure Statement(s) (PTO-1449 or PTO/SB/08) 5) [ Notice of Informal Patent Application (PTO-152)
Paper No(s)Mail Date 3/21/05:1/25/05. 6) D Other:
U.S. Patent and Trademark Office

PTOL-326 (Rev. 1-04) Office Action Summary Part of Paper No./Mail Date 05052005

?
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Application/Control Number: 10/608,291 : Page 2
Art Unit: 3672

1. Restriction to one of the following inventions is required under 35 U.S.C. 121:

L Claims 1-38, drawn to method of fracturing and propping a subterranean

formation, classified in class 166, subclass 280.2.

II. Claims 39-72, drawn to a composition, classified in class 507, subclass 219.
The inventions are distinct, each from the other because of the following reasons:
2. Inventions I and II are related as product and process of use. The inventions can be
shown to be distinct if either or both of the following can be shown: (1) the process for using the
product as claimed can be practiced with another materially different product or (2) the product
as claimed can be used in a materially different process of using that product (MPEP
§ 806.05(h)). In the instant case the composition could be psed in other applications or
processes, such as in gravel packing a well or in the treatment of other permeable material, such
as in a soil remediation or soil stabilization process. Also, the composition would appear to have
utility as a filter media in an above-ground water treatment or separation process.
3. Because these inventions are distinct for the reasons given above and have acquired a
separate status in the art as shown by their different classification, restriction for examination
purposes as indicated is proper.
4. Becauée these inventions are distinct for the reasons given above and have acquired a
separate status in the art because of their recognized divergent subject matter, restriction for
examination purposes as indicated is proper.
5. During a telephone conversation with Robert A. Kent on May 4, 2005 a provisional
election was made without traverse to prosecute the invention of Group I, claims 1-38.

Affirmation of this election must be made by applicant in replying to this Office action. Claims
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Application/Control Number: 10/608,291 Page 3
Art Unit: 3672 '

39-72 stand withdrawn from further consideration by the examiner, 37 CFR 1.142(b), as being
drawn to a non-elected invention.

6. Applicant is reminded that upon the cancellation of claims to a non-elected invention, the
inventorship must be amended in compliance with 37 CFR 1.48(b) if one or more of the
currently named inventors is no longer an inventor of at least one claim remaining in the
application. Any amendment of inventorship must be accompanied by a request under 37 CFR
1.48(b) and by the fee required under 37 CFR 1.17(3).

7. The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the
subject matter which the applicant regards as his invention.

8. Claims 14 and 32 are rejected under 35 U.S.C. 112, second paragraph, as being indefinite
for failing to particularly point out and distinctly claim the subject matter which applicant
regards as the invention.

Claims 14 and 32 are deemed indefinite with respect to the recitation of “a desirable
number of voids”. Since the term “desiraﬁle” is subjective or non-specific, these claimS fails to
“distinctly claim the invention”, as required by the statute.

9. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(a) the invention was known or used by others in this country, or patented or described in a printed publication in this
or a foreign country, before the invention thereof by the applicant for a patent.

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on
sale in this country, more than one year prior to the date of application for patent in the United States.

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed

in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
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Application/Control Number: 10/608,291 Page 4
Art Unit: 3672

international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this
subsection of an application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language. ’

10.  Claims 1,2, 7-9, 12, 14, 16, 17-21, 25-27, 30, 32, 34 and 35 are rejected under 35
U.S.C. 102(a) as being anticipated by Cooke, Jr. (2003/0060374).

In one embodiment, Cooke, Jr. (note Figure 2c) may employ a proppant composition in
the fracturing process comprising a mixture or composite of proppant particles and a degradable
polymer, as called for in independent claims 1 and 20.

Cooke, Jr. further discloses one or more of the degradable polymers set forth in claims 8,
12, 18, 26 and 30 and may further use a plasticizer, as called for in claims 9 and 27.

As per (;laim 14 and 32 it appears from the illustration in Figure 2c that a “desirable”
number of voids will be preseht up degradation and removal of the degradable polymer phase.

As per claims 16 and 34, note that the proppant composition of Figure 2¢ of Cooke, Jr.,
and thus the degradable polymer component, appear to have a “rod-like” shape, as recited.

As per claim 35, it is deemed that the resulting void space(s) created by the degradation
of the degradabie polymer will necessarily be “channel-like” in shape, e.g., due to the
accompanying or resulting fluid-flow through the proppant matrix.

11.  The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made. )

12.  This application currently names joint inventors. In considering patentability of the

claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of the various
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claims was commonly owned at the time any inventions covered therein were made absent any
evidence to the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out
the inventor and invention dates of each claim that was not commonly owned at the time a later
invention was made in order for the examiner to consider the applicability of 35 U.S.C. 103(c)
and potential 35 U.S.C. 102(e), (f) or (g) prior art under 35 U.S.C. 103(a).

13.  Claim 3, 15, 33 and 36-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Cooke, Jr. (2003/0060374).

The size range of the proppant particles utilized in the method of Cooke, Jr., as recited in
claim 3, and the resulting proppant matrix conductivity recited in claims 36-38 would have been
an obvious matter of choice or design in carrying out the fracturing process of Cooke, Jr. based
on, e.g., the characteristics or composition of the subterranean formation(s) actually encountered
in the field and/or based on routine experimentation for process optimization or economic
feasibility.

Similarly, the precise amount of degradable polymer present in the proppant composition
utilized by Cooke, Jr., as called for in claims 15 and 33, would also have been an obvious matter
of choice or design in carrying out the fracturing process of Cooke, Jr. based on, e.g., the
characteristics or composition of the subterranean formation(s) actually encountered in the field,
such as the structural integrity and/or degree of consolidation of the formation matrix.

14. Claims 1-5, 7, 8, 14, 15, 17, 19, 20, 22, 23, 25, 26, 32, 33 and 35 are rejected under 35
U.S.C. 102(b) as being anticipated by Betzold (6,328,105).
Betzold (note col. 2, lines 33-62; col. 3, line 42 - col. 4, line 15) discloses a process of

fracturing and propping a subterranean formation(s) with a proppant composition or composite,
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especially in view of the coating on the proppant particles, comprising a mixture of a coated,
bondable propping particles and removable particles, wherein such removable particles may
decompose or degrade within the formation fracture, as called for in independent claims 1 and 20.

As per claim 3, the average particle size range set forth in the EXAMPLE of 800-1000
microns would appear to fall within the mesh particle size range recited.

As per claims 4, 5, 22, 23, the conventional coated particles or coating formulations
referred to in Betzold (note col. 3, lines 17-41) would appear to encompass those recited.

Betzold further discloses one or more of the degradable polymers set forth in claims 8,
26.

As per claim 14 and 32 it is deemed that in the operation of the Betzold fracturing
process, a “desirable” number of voids will be inherently or necessarily present upon degradation
and removal of the degradable polymer phase, in order to allow flowback and production of
mineral fluids.

As per claims 15 and 33, the exemplary range set forth in Betzold (note col. 5, lines 7-17)
of 10-30 % falls within the recited range of “0.1% to about 30%”.

As per claim 35, it is deemed that the resulting void space(s) created by the degradation
of the degradable polym.er in the process of Betzold will necessarily be “channel-like” in shape,
e.g., due to the accompanying or resulting fluid-flow through the proppant matrix.

15.  Claims 36-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over Betzold
(6,328,105).
To provide resulting proppant matrix conductivity recited in claims 36-38 vvvould'have

been an obvious matter of choice or design in carrying out the fracturing process of Betzold based
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on, e.g., the characteristics or composition of the subterranean fonnatiop(s) actually encountered
in the field and/or based on routine experimentation for process optimization or economic
feasibility.
16. Claim 9, 12, 27 and 30 are rejected under 35 U.S.C. 103(a) as being unpatentable over
Betzold (6,328,105) as applied to claim 1 above, and further in view of Cooke, Jr.
(2003/0060374).

As per claims 9 and 27, it would have been obvious to one of ordinary skill in the art to
which the invention pertains, to employ a degradable polymer which further comprises a
plasticizer and/or which has been plasticized in the proppant composition utilized in the
fracturing and propping process of Betzold, as taught by Cooke, Jr. (note Para [0027]), applied
above, in order to impart improved characteristics to such degradable polymer, such as decreased
viscosity.

As per claims 12 and 30, it would have been further obvious to one of ordinary skill in

the art to which the invention pertains, to employ a poly(lactide) as the degradable polymer in
the proppant composition utilized in the fracturing and propping process of Betzold, as taught by
Cooke, Jr. (note Para [0023]), applied above, based upon, e.g., the availability and/or cost
effectiveness of poly(lactide) relative to other conventional degradable polymers.
17.  Claim 13 and 31 are rejected under 35 U.S.C. 103(a) as being unpatentable over Betzold
(6,328,105) as applied to claim 1 above, and further in view of Cooke, Jr. (2003/0060374) and
Cooke, Jr. et al (4,068,718).

As per claims 13 and 31, it would have been obvious to one of ordinary skill in the art to

which the invention pertains, to employ a poly(lactide) as the degradable polymer in the proppant
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composition utilized in the fracturing and propping process of Betzold, as taught by Cooke, Jr.
(note Para [0023]), applied above, based upon, e.g., the availability and/or cost effectiveness of
poly(l.;alctide) relative to other conventional-degradable polymers. It would also have been obvious
to employ bauxite as the proppant particles in the process of Betzold, as taught by Cooke, Jr. et al
(note col. 2, lines 13-34), in order to impart enhanced compressive strength and resistance to
formation fluids.

18. Claims 1, 3, 7, 14, 17, 19, 20, 21, 25, 32 and 35 are rejected under 35 U.S.C. 102(b) as

being anticipated by Atkins et al (3,364,995).

Atkins et al (note col. 4, line 64 — col. 5, line 2) discloses a process of fracturing and
propping a subterranean formation(s) employing a proppant composition in the fracturing fluid
which comprises a mixture or composite of a proppant particulate and a degradable material, such
as a solid spacer material which chemically de.composes in the fracture(s), as called for in
independent claims 1 and 20.

As per claim 3, the recited range of 10-60 mesh falls within or is encompassed by the
proppant size range in Atkins et al (note col. 2, lines 33-57) of 4-80 mesh.

As per claims 7 and 25, Atkins et al may employ either a degradable polymer, i.e., a
i)olysulfone and a dehydrated salt, such as a carbonate as the degradable component in the
proppant mixture.

As per claims 14 and 32, it is deemed that in the operation of the Atkins et al fracturing
process, a “desirable” number of voidé will be inherently or necessarily present upon degradation
and removal of the degradable polymer phase, in order to allow flowback and production of

mineral fluids.
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As per claim 35, it is deemed that the resulting void space(s) created by the degradation
of the degradable polymer, carbide or carbonate component in the process of Atkins will
necessarily be “channel-like” in shape, e.g., due to the accompanying or resulting fluid-flow
through the proppant matrix.

19. Claims 36-38 are rejected under 35 U.S.C. 103(a) as being unpatentable over Atkins et al
(3,364,995).

To provide resulting proppant matrix conductivity recited in claims 36-38 would have
been an obvious matter of choice or design in carrying out the fracturing process of Atkins et al
based on, e.g., the characteristics or composition of the subterranean formation(s) actually
encountered in the field and/or based on routine experimentation for process optimization or
economic feasibility.

20.  The prior art made of record and not relied upon is considered pertinent to applicant's
disclosure.

It is noted that the reference to Huitt (3,173,484) also discloses a method of fracturing
and propping a subterranean formation utilizing a proppant mixture or composite of proppant
particles and a soluble or decomposable component. Hence, it is deemed cumulative to the
references applied above against one or more of the pending claims, such as claims 1 and 20.
Accordingly, any amendment(s) to the pending claims in response to this Office action must
distinguish over Huitt’484, as well.

21. Claims 6, 10, 11, 16, 24, 28, 29 and 34 are objected to as being dependent upon a rejected
base claim, but would be allowable if rewritten in independent form including all of the

limitations of the base claim and any intervening claims.
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Any inquiry concerning this communication or earlier communications from the
examiner should be directed to George Suchfield whose telephone number is 571-272-7036. The
examiner can normally be reached on M-F (6:30 - 3:00).

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, David Bagnell can be reached on 571-272-6999. The fax phone number for the
organization wl;ere this application or proceeding is assigned is 703-872-9306.

Information regarding the status of an application may be obtained from the Patent
Application Information Retrieval (PAIR) system. Status information for published applications
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished
applications is available through Private PAIR only. For more information about the PAIR
system, see http://pair-direct.uspto.gov. Should you hgve questions on access to the Private PAIR
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free).

/g%?x Suchﬁéid

Primary Examiner
Art Unit 3672

Gs
May 6, 2005
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Page2of 4

STC Exhibit 1004, pg. 186



Application No. Applicant(s)
PTO-144 -
0-1449 10/608,291 Philip D. Nguyen, et al
Information Disclosure Citation in an Docket Number Group Art Unit | Filing Date
U.S. PATENT DOCUMENTS
DOCUMENT ISSUE/PUB. FILING
NO. DATE NAME CLASS | SUBCLASS DATE
6,569,814 B1 05-27-03 Brady, et al. 507 201 04-20-00
6,667,279 B1 12-23-03 Hessert, et al. 507 225 11-13-97
6,681,856 Bl 01-27-04 Chatterji, et al. 166 294 05-16-03
| 6,686,328 BI 02-03-04 | Binder 510 446 - | 070999
US .
\ 2003/0188766A 1 10-09-03 | Banerjee, et al. 134 7 12-19-02
us
2004/0055747A1 03-25-04 Lee 166 278 09-20-02
SOD4/0106S25A1 06-03-04 | Willbert, er . 507 200 10-17-03
us .
2004/0138068A1 07-15-04 | Rimmer, et al. 507 100 12-19-03
Us . i
2004/0152601A1 08-05-04 Still, et al. 507 100 10-27-03
P OA/D1S2602A1 08-05-04 | Boles 507 100 01-15-04
FOREIGN PATENT DOCUMENTS
DOCUMENTNO. |  DATE COUNTRY CLASS | SUBCLASS [yooT No.
(57 WO 99727229 06-03-99 PCT E21B 43/26 X
WO 01/87797 Al 11-22-01 PCT C04B 28/02 X
WO 03/027431 A2 04-03-03 | PCT E21B - X
WO 03/027431 A3 04-03-03 PCT E21B 43/26 X
69 EP 0510762 A2 04-16-92 | Europe CLID 17/00 X
EXAMINER

DATE CONSIDERED »§/(p /0 5

Ceorge §ucﬁ11£é\r\

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Application No. Applicant(s)
PTO-1449 10/608,291 Philip D. Nguyen, et al
Information Disclosure Citation in an | Docket Number Group Art Unit | Filing Date
Application 2002-IP-009210U1 % (‘na\ 06/27/2003
FOREIGN PATENT DOCUMENTS
DOCUMENTNO. |  DATE COUNTRY CLASS | SUBCLASS v T No
NON-PATENT DOCUMENTS

DOCUMENT (Including Author, Title, Source, and Pertinent Pages)

Cantu, et al, Laboratory and Field Evaluation of a Combined Fluid-Loss-Control Additive and Gel
Breaker for Fracturing Fluids, SPE 18211, Society of Petroleum Engineers, 1990

Love, et al, Selectively Placing Many Fractures in Openhole Horizontal Wells Improves Production,
SPE 50422, Society of Petroleum Engineers, 1998

McDaniel, et al, Evolving New Stimulation Process Proves Highly Effective in Level 1 Dual-Lateral
Completion, SPE 78697, Society of Petroleumn Engineers, 2002

Albertsson, et al, Aliphatic Polyesters: Systhesis, Properties and Applications, Advances in Polymer
Science, Vol. 157, 2002

Dechy-Cabaret, et al, Controlled Ring-Opening Polymerization of Lactide and Glycolide, American
Chemical Society, Chemical Reviews, A-Z, AA-AD, received 2004

Funkhouser, et al, Synthetic Polymer Fracturing Fluid for High-Temperature Applications, SPE 80236,
Society of Petroleum Engineers, 2003

Chelating Agents, Encyclopedia of Chemical Technology, Vol. 5 (764-795)

Vichaibun, et al, A New Assay for the Enzymatic Degradation of Polylactic Acid, Short Report,
ScienceAsia, Vol. 29, 2003 (pp. 297-300)

Halliburton, SurgiF rac™ Service, A Quick and Cost-Effective Method to Help Boost Production From
Openhole Horizontal Completions, Halliburton Communications, H03297, 2002

Halliburton, Cobra Frac™ Service, Coiled Tubing Fracturing—Cost-Effective Method for Stimulating
Untapped Reserves, HO2319R, Halliburton Energy Services, 2000

Halliburton, CobraJet Frac™ Service, Cost-effective Technology That Can Help Reduce Cost Per BOE
Produced, Shorten Cycle Time and Reduce Capex, Halliburton Communications

Blauch, et al, Aqueous Tackifier and Methods of Controlling Particulates, Patent Application No.
10/864,061, filed 06-09-04

67

Blauch, et al, Aqueous-Based Tackifier Fluids and Methods of Use, Patent Application No. 10/864,618,
filed 06-09-04

EXAMINER G 0 (e 4%& ‘&e X A DATE CONSIDERED

5/6/05

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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P1O-1449 100608291 | Phiip D, Nauyen eral,
I ion Disclosure Citation in an | Docket Number Group Art Unit | Filing Date
0 £ Application 2002-IP-09210U1 g (0‘7 > 06-27-2003
A A
Lo 2% % } U.S. PATENT DOCUMENTS
; o
. 64‘ NT ISSUE/ FILING
ezt No. PUB. NAME CLAS? SUBCLASS | R
147 2.238,671 04-1541 | Woodhouse 166 21 02-09-40
l 3,784,585 01-08-74 .Schmitt et al. 260 861 10-21-71
3,828,854 08-13-74 Templeton et al. 166 307 10-30-73
3,868,998 03-04-75 Lybarger et al. 166 278 05-15-74
4,169,798 10-02-79 DeMartino <252— ~8.33R. 10-25-77
4,470,915 09-11-84 Conway 252~ 8:55R— 09-27-82
4,716,964 -01-05-88 Erbstoesser et al. 166 284 12-10-86
4,809,783 03-07-89 Hollenbeck et al. 166 307 01-14-88
4,843,118 06-27-89 Laietal. 524 555 06-19-87
4,961,466 10-09-90 Himes et al. <166 -250— 01-23-89
4,986,354 01-22-91 Cantu ez al. 166 279 09-14-88
5,082,056 01-21-92 Tackett Jr. 166 295 10-16-90
5,439,055 08-08-95 Card et al. 966 L 280— 03-08-94
5,460,226 10-24-95 Lawson et al. 166 300 05-18-94
5,591,700 01-07-97 Harris et al. 507 204 12-22-94
6,162,766 12-19-00 Muir et al. 507 267 05-29-98
6,180,615 ' 02-20-01 | Sydansk 166 270 12-15-98
. L 6,242,390 06-05-01 Mitchell et al. 507 211 07-31-98
09 6,387,986 05-04-02 Moradi-Araghi et al. 523 211 06-24-99
FOREIGN PATENT DOCUMENTS | ‘
DOCUMENT NO. DATE COUNTRY' | CLASS | SUBCLASS ;::NSME?
()7 WO 04/038176 Al 05/06/04 United States E21B 43'/27 n/a
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages)
EXAMINER  ~ colae gu(/L \Qé\c\ DATE CONSH)EREDS/Q /d z

EXAMINER: Initial if citation congidered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Applicaﬁon No. Applicant(s)
PTO-1449 10/608,291 Philip D. Nguyen et al.
. . Docket Number Group Art Unit | Filing Date
tion in an P ne
Information 2002-IP-09210U1 26 06-27-2003
U.S. PATENT DOCUMENTS
DOCUMENT ISSUE/PUB. FILING
NO. DATE NAME CLASS | SUBCLASS DATE

b5 6,669,771 1230-03 | Tokiwa et al. 106 162 12-08-02

f 6,710,019 03-23-04 | Sawdon etal. 507 136 07-16-99

US 2001/0016562 08-23-01 Muir ez al. 507 201 11-29-00

US 2003/0060374 03-27-03 Cooke Jr. 507 200 09-24-02

US 2003/0114314 06-19-03 Ballard et al. 507 100 12-19-01

US 2003/0130133 07-10-03 Vallmer 507 100 12-11-02

US 2003/0234103 12-25-03 Lee et al. 166 293 06-20-02

US 2004/0014607 01-22-04 Sinclair et al. 507 200 07-16-02

@? US 2004/0040706 03-04-04 Hossaini et al. 166 278 08-28-02

FOREIGN PATENT DOCUMENTS

DOCUMENTNO. |  DATE COUNTRY CLASS | SUBCLASS [y T No.

(ﬁ WO 04/037946 Al 05-06-04 United States CO9K 7/00 n/a

NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages)
EXAMINER

Ceotae Suchtie)d

DATE CONSIDERED '5/& /0 <
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2002-IP-009210U1 10/608, 291
LIST OF PATENTS AND PUBLICATIONS
FOR APPLICANT'S INFORMATION APPLICANT
DISCLOSURE STATEMENT Philip D. Nguyen, et al
(Use several sheets if necessary) FILING DATE GROUP
06/27/2003 3672

U.S. PATENT DOCUMENTS

Filing
EXAMINER Date if
INITIAL Document No. Date Name Class | Subclass | Appropriate
59 AR 6,599,863 07/29/03 |Palmer, et al 507 219
AB
AC
AD
AE
AF
AG
AH
Al
AJ
AK
FOREIGN PATENT DOCUMENTS
Translation

Document No. Date Country Class | Subclass | Yes No
AL
AM

OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
AN
AO
AP
EXAMINER DATE CONSIDERED
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-1449 (Modified) ) ATTY. DOCKET NO. SERIAL NO.
2002-IP-009210U1 10/608,291
LIST OF PATENTS AND PUBLICATIONS
FOR APPLICANT'S INFORMATION APPLICANT
DISCLOSURE STATEMENT Philip D. Nguyen, et al
(Use several sheets if necessary) FILING DATE GROUP
06/27/03 3@‘)?\

U.S. PATENT DOCUMENTS

, Filing
EXAMINER ) * Date if
INITIAL Document No. Date Name Class | Subclass | Appropriate
W AR 3,955,993 05/11/76 [Curtice, et al 106 662
/ AB 3,948,672 04/06/76 |Harnsberger 106 720
] AC 6,485,947 11/26/02 |Rajgarhia, et al 435 139
AD 4,526,695 07/02/85 |[Erbstoesser, et al 507 219
AE 6,172,011 01/09/01 [Card, et al 507 204
AF 5,924,488 07/20/99 |Nguyen, et al 166 280
AG| 6,209,643 04/03/01 |Nguyen, et al 166 276
AH 6,047,772 04/11/00 |Weaver, et al 166 276
AT 5,908,073 06/01/93 |Nguyen, et al 166 276
AJ 5,791,415 08/11/98 |Nguyen, et al 166 280
AK 4,694,805 09/22/87 | Armbruster 166 280
AL 4,785,884 11/22/88 |Armbruster 166 280
59 AM 6,328,105 12/11/01 | Betzold 166 280
FOREIGN PATENT DOCUMENTS
Translation
- Document No. Date Country Class | Subclass Yes No
9 | AN |WO 03/027431 |04/03/03 |United States L izall N
! AO
AP
AQ
AR
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
AS
AT
AU
EXAMINER DATE CONSIDERED

Ceoige Soclhe\l s/¢/os
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MPEP 609; Draw line through citation if not in conformance and not considered. Include
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APPLICANT
Philip D. Nguyen, et al

(Use several sheets if necessary) FILING DATE GROUP
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U.S. PATENT DOCUMENTS
Filing
EXAMINER . pate if
INITIAL Document No. Date . Name Class | Subclass | Appropriate
(-9 AR 4,387,769 06/14/83 |Exbstoesser, et al 507 219
ARB 4,526,695 07702785 |Erbstoesser, et al 507 219
AC 6,172,011 01/09/01 |Card, et al 507 204
AD 5,924,488 07720799 |Nguyen, et al — 466 —280—
AE 6,209, 643 04/03/01 |Nguyen, et al 166 276
\ AF 6,047,712 Gd/11/00 |weaver, et al 166 276
\ AG 5,908,073 06/01/99 |Nguyen, et al 166 276
| AH 5,191,415 08711/98 |Nguyen, et al 1d6 280
AT 4,694,905 09/22/87 |Armbruster 166 280
AJ 4,785,884 11/22/88 [Armbruster 1 240
/-G BK 4,986,355 01/22/91 |Casad, et al 166 295
FOREIGN PATENT DOCUMENTS
Translation
Document No. Date Country Class | Subclass | Yes No
AL
AM
OTHER ART (Including Author, Title, Date, Pertinent Pages, Ete.)
AN “Poly (phenyllactide) : Synthesis, Characterization, and Hydrolytic
Degradation” published in Biomacromolecules, Vol. 2, No. 3, 2001, pages
6? 658-663 by Tara L. Simmons and Gregory L. Baker.
RO “Synthesis and Propertles of Polymers Derived from Substituted Lactic
(y? Acids” published.in 2001 American Chemical Society, Chapter 12, pages
147-159 by Mao Yin, Tara L. Simmons and Gregory L. Baker.
AP “Preparation and Characterization of Substituted Polylactides”
5? published in 199 American Chemical Society, Volume 32, Number 23, pages
9711-7718 by Mao Yin and Gregory L. Baker.
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U.S. PATENT DOCUMENTS
Filing
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154 AH 6,323,307 11/27/01 |Bigg, et al 528 354
AI
AJ
AK
FOREIGN PATENT DOCUMENTS
Translation
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ThaS

Practitioner’s Docket No. __2002-1P-009210U1 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application
of

Inyentor(s)
for A Title of invention

OR

In re application of: Philip D. Nguyen, et al

Application No.: 0 10/ 608,291 Group Art Unit:

Filed: 06/27/2003 Examiner:
For: Compositions and Methods for Improving Propgint Pack Permeability and

Fraﬁture Conductivity in a Subterranean We

Mall Stop
Commissioner for Patsnts

P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 C.F.R. § 1.97(b))

CERTIFICATION UNDER 37 C.F.R. §§ 1.5(a) and 1.10*
{(When using Exprees Mall, the Express Mall /abel number is mendatory;
Express Mall certification Is optional)

1 hereby certity that, on the date shown below, this comespondence le being:
2 wmmmmmsﬂuhmmmaommhpm.ao.
Box 1450, Alexandria, VA 22313-1450

37 CFR. § 1.8(a) 37CFR. § 1.10°
with sufficient postage as first class mall. - [0 as “Express Mail Post Office to Addressee”
Mailing Label No. {mandatory)
TRANSMISSION

o fwdnﬂohmiﬂdhﬂnPlMNTrd'nqo\mgam — &&
AN N \&ﬂ\\

Date: 3 v g Q D
Tammy Knight
{type or print name of person certifying)

* Only the date of filing (§ 1.qnunmwnammmmdmmm
on any certificate of mailing or transmission under § 1.amwummwmmhdowm
timeliness. See § 1.703(1). Consider “Express Mail Post Office to Addressee” (§ 1.10) or facsimile transmission
% 1.6(c) ummbumwmmmmummmm

Ummammmmmmurmammdmom«
Action [6-3]—page 1 of 3)
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NOTE: 37 C.F.R 1.98p) .
a)wusmhuhmhmmmwmumwwmmmpm
number, and issue date,
wmu.&mmmmumwnmmwmmmtwu
identified by appiicart, petent application publication number, and publication date,
mwu.amumhuhmhmmmmmwulmmuyw
inventor, application number, and fling date.
(JJMWmMaWMMWMIbthWMMMMm
mmumummwpmmmwmwam
MMMWMMMM”M&NMM“M
or published application.
@mnmmwnmmmmmmmumwwpuum
mwmmmmdmnmmmmdmmm

WARNING: mmumcmummsn.ﬁn.s1.133(.)wmformmlosarar.u

§ 1.970).
NOTE: mmma-mdaum‘msrc.nno 1.97(1y has two possibie meanings. Where
umhaa-umwmwummummmmhmharcﬁn
J1.Mn%MMMO)Awmm‘mmNoltnmd

ot joast one cleim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent

and Trademark Office in hmdﬂbﬂdhmhwhmm-nqlwbyf 1.41.°37 C.FR.

$ 1.97m;mmwmmhmmmmmnmmpmm

mwmwummumuuuacnrwmmmm

forthin§ 1.494or § 1.495.35US.C. § 371c) requires the fling of the following: (1) the basic national

mm.npydmhmmmmmmmmuymmmmm.m
[}

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

The Information disclosure statement submitted herewith is being filed within three
mmﬂud&nﬁlhgdataofmeappucatbnwdmofenuylmothonaﬂmalstaqeofm
international application or before the malling date of a first Office action on the merits,
whichever event occurs last. 37 C.F.R. § 1.97(b).

monthe fom fling.”
NOTE: 'Mmmmthwabmﬁhdmwdaynwm
hlhoOﬂla.aranmwheram“ll a eaxecuted certificate of

nmuammmmmmmumummdmom
Action [8-3)}—page 2 of 3)
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NOTE: 'demmmom"mmmwhmmuwmmdmdahnhmm
a8 opposed to only formal or procedural requirements. An action on the merits would, for example,
mm.mummudqudacunummmmnmm
requirements (37 C.F.AR. 1.1w«m.mumuwm-mmm
C.F.R. 1.18(c)). Thus, Iif an application was flled on Jan. 1 and the first Office action on the merits wag
Mnnﬂdmﬂahmﬂnb&mdiyt,wmmumwbmdd.rmm
mmmwwmummuyr.-mdadmzo. 1992 (1138 0.G. 37-41, 39),

WARNING: 'AmwmmdmwmwmmMmmmm
staternent will be denied as /ailing to present good and sufficiant ressons, since 37 C.F.R. § 197
m.d‘mmbtdbMMdmmhrMbymm'
Nodice of July 6, 1992 (1141 0.G. 63). But see § 1030 and (c), kmited suspension of sction in
& continued prosecution application (CPA) fled under § 1.53(d) and In a request for continued
examination (RCE) under § 1.114,

Reg. No.. 28,626 Robert A. Kent

Tol. No.: (589 251-3125 (e or print name of practitioner)
P.0. Box 1431

Customer No.: P.O. Address

Duncan, OK 73536-0440

amammmmmmmam«mmamom
4 Action [8-3}—pege 3 of 3)
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PATENT 2002-1P-009210U1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants:  Philip D. Nguyen, et al
Art Unit: Unknown
Serial No.:  10/608,291
Filed: 06/27/2003 Examiner: Unknown
For: Compositions and Methods
For Improving Proppant
Pack Permeability and

Fracture Conductivity in a
Subterranean Well

)
)
)
)
)
)
)
)
)
)
)

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are

submitted for the Examiner to consider in the above-captioned application.

U. S. PATENTS
U.S. Patent Number 6,763,888 B1 issued 07/20/04 to Ralph Edmund Harris, et
al;
U.S. Patent Application Publication Number 2004/0261993 A1 published
12/30/04 by Philip D. Nguyen (S/N 10/608,319, Ref. No. 2003-IP-010077UH1,

filed 06/27/03);
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U.S. Patent Application Publication Number 2004/0261995 A1 published
12/30/04 by Philip D. Nguyen, et al (S/N 10/608,291, Ref. No. 2002-1P-
009210U1, filed 06/27/03);
U.S. Patent Application Publication Number 2004/0261996 A1 published
12/30/04 by Trinidad Munoz, Jr., et al (S/N 10/609,031, Ref. No. 2002-I1P-
009052U1, filed 06/27/03); and
U.S. Patent Application Publication Number 2004/0261999 A1 published
12/30/04 by Philip D. Nguyen (S/N 10/608,373, Ref. No. 2003-1P-010077U2,
filed 06/27/03).

FOREIGN PATENTS

European Patent Number 0 879 935 A3 published 02/10/99 by Jim D. Weaver,

et al.
PAPERS/OTHER
None.
BROCHURES
None.
2
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Copies of the aforementioned non-patent references and Form PTO-1449 are

submitted herewith.

Respectfully submitted,

Sf 14T

Robert A. Kent

Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125
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PTO-1449

Application No.
10/608,291

Applicant(s)
Philip D. Nguyen, et al

. - P : Docket Number Group Art Unit | Filing Date
Information Disclosure Citation in an
Application 2002-1P-009210U1 06/27/2003
U.S. PATENT DOCUMENTS
6,763,888 B1 07/20/04 Harris, et al 166 305.1 03/20/00
us
2004/0261993A1 Nguyen (Ref. No.
(US Pat. App. Ser. | 128004 1 '5003.1P-010077U1) 166 276 06/27/03
No. 10/608,319)
us
2004/0261995A1 Nguyen, et al (Ref. No.
(US Pat. App. Ser. | 12/30/04 | 5002 1P-009210U1) 166 279 06/27/03
No. 10/608,291)
uUs
2004/0261996A1 Munoz, Jr., et al (Ref. No.
(US Pat. App. Ser. | 1230104 | 5002.1P-009052U1) 166 279 06/27/03
No. 10/609,031)
uUs
2004/0261999A1 12/30/04 Nguyen (Ref. No. 166 292 06/27/03

(US Pat. App. Ser.
No. 10/608,373)

2003-1P-010077U2)

FOREIGN PATENT DOCUMENTS

DOCUMENT NO. DATE COUNTRY CLASS | SUBCLASS [es | No'
EP 0879 935 A3 10-02-99 Europe E218 43/26 X
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

Page | of 1
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BEST AVAILABLE COPY _E o/

Practitioner’s Docket No. _2002-1P-0092100] PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application

of inventor(s)

for 4 Title of invention
OR

In re application of: Philip D. Nguyen, et al

Application No.: 0 10/608,291 Group Art Unit:
Filed: 06/27/2003 Examiner:
For: Compositions and Methods for Improving Proppant?Pack Permeability

Malil 3%38 Rractilnt'fgnfonductivity in a Subterranean Well

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS OF FILING OR
‘BEFORE MAILING OF FIRST OFFICE ACTION (37 C.F.R. § 1.97(b))

CERTIFICATION UNDER 37 C.F.R. §§ 1.8(a) and 1.10*
(When using Express Madl, the Express Mail iabel number is mandatory;
. Express Mall certification s optional.)
| hereby certiy that, on the date shown below, this correspondencs Is being:
. MAILING
] dmmmmuwsmmmhmmmmmmmmfupm.no.
Box 1450, Alexandria, VA 22313-1450

37CFR. § 1.8(a) S7CFR. § 110"
with sufficient postage as first class mal. - (] as “Express Mail Post Office to Addressee”
Mailing Label No. {mandatory)
TRANSMISSION

O facsimile transmitted to the Patent and Trad Office, (703) BN i
—MY\C}:\‘«\M\ LA KNO\\%
O QO

Tammy Knight

{type or print name of person certifying)

* Only the date of filing (§ 1.6) will be the date used in & patent term adjustment caiculation, aithough the date
on any certificate of maliing or transmission under § 1.8 continues to be taken into sccount in determining
timeliness. See § 1.703()). Consider “Express Mall Fost Office to Addressee” (§ 1.10) or facsimile transmission
[(} 1.mummwummmmmmrupmmmm

nmmammmmmmmamawmdnmm
Action [8-3}—page 1 of 3)
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BEST AVAILABLE COPY

NOTE: 37 C.F.R 1.98p) .
(1) Each U.S. patent kisted in an information disciosure statement must be identifled by inventor, patent
number, and issue date. ,

(2) Esch U.8. patsnt application publication listed in an Information disclosure statement shall be
identifled by applicant, patent application publication number, and publication date.

(3) Each U.S. appiication listed in an information disciosure statement must be Identifled by the
inventor, application number, and fling date.

(4) Each foreign patent or published foreign patent application listed in an information disciosure
staternent must be identified by the country or patent office which issued the patent or published
the application, an appropriste document number, and the publication date indicated on the patent
or published application.

(5) Each publication listed in an information disciosure staternent must be identified by publisher,
author (f any), title, relevant pages of the publication, date, and piace of publication.

WARNING: No axtension of time can be had under 37 C.F.R. § 1.136 (a) or (b) for filing an IDS. 37 C.F.R.

§ 1.970).

NOTE: The “fiing date of a national application” under 37 C.F.R. § 1.97(b) has two possible meanings. Where
umb.mmmmmmwarmomwmghmumsrc.ﬁn
§ 1.53() as “the date on which: (1) A specification containing a description pursuant to § 1.71 and
at joast one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41." 37 C.F.R.
§ 1.97@m)1). On the other hand, an intemational application that enters the national stage occurs when
the applicant has fled the documents and fees required by 35 U.8.C. § 371(c) within the periods set
forthin§ 1.494 or § 1.495. 35 U.S.C. § 371{c) requires the filing of the following: (1) the basic national
fee; (2) a copy of the international application, uniess aiready sent by the Intemational Bureau, and
optionally an English transiation If filed in another language; and, aiso optionally (3) amendments under
PCT Article 19, with a transiation Into English if made in another language; (4) an oath or declaration;
and (5) a translation into English of any annexss to the international preliminary examination report, if
such annexes were made in another language. The optional items must be submitted later, with
surcharges. 37 C.F.R. § 1.97()X2).

IDENTIFICATION OF TIMRE OF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

The information disclosure statement submitted herewith is being filed within three
months of the filing date of the application or date of entry Into the national stage of an
International application or before the malling date of a first Office action on the merits,
whichever event occurs last. 37,C.F.R. § 1.97(b).

NOTE: “No certification or fee is due when the filing /s made within the above time period. It is advisable to
ensure that no Office action has besn malled if the disciosure statement is delayed untll after three
months from filing.°

NOTE: “An information disciosure statement will be considered to have been filed on the day it was received
in the Office, or on an sarfier date of a malling if accompanied by a properly executed certificate of
maiing under 37 C.F.R. 1.8, or Express Mail certificate under 37 C.F.R. 1.10. An Office action is mailed
on the date indicated in the Office action.® Notice of April 20, 1992 (1138 O.G. 37-41, 39). See also
§ 609, M.P.E.P., 8th Edition.

NOTE: “The tarm ‘national application’ includes continuing applications (continuations, divisions, continuations-
in-part) so three-months will be measured from the actual filing date of an application as opposed [sic]
to the effactive date of & continuing application.® Notice of April 20, 1982 (1138 0.G. 37-41, 38).

(Tranemittal of Information Disclosure Statement Within Three Months of Filing or Before Maiiing of First Office
Action [6-3}—page 2 of J)
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BEST AVAILABLE cOpy

NOTE: “An action on the merits means an action which treats the patentability of the claims in an spplication,
&8 opposed to only formal or procedural requirements. An action on the merits would, for example,
contain a rejection or indication of allowability of a claim or claims rather than just a restriction
requirements (37 C.F.R. 1.142) or just a requirement for additional fees to have s claim considered (37
C.F.R. 1.16(d)). Thus, if an application was filed on Jan. 1 and the first Office action on the merits was
MnWmﬂﬂthmMi.ﬂnMwwdthndedwwm
information disciosure staterment fJed prior to July 1.° Notice of April 20, 1992 (1138 0.G. 97-41, 39).

WARNING: °A petition for suspension of action to aliow applicant time to submit an information disclosure
statement will be denled as faifing to present good and sufficient ressons, since 37 C.F.R. $ 197
mmmummwdmmfammwmmf
Notice of July 6, 1992 (1141 O.G. 63). But see § 103(b) and (c), Kmited suspension of action in
a continued prosecution spplication (CPA) filed under § 1.53(d) and In & request for continued
examination (RCE) under § 1.114.

SIGNATURE OF PRACTITIONER
Reg. No.. 28,626 Robert A. Kent
Tel. No.: (580 2513125 (iype or print name of practitioner)
P.0. Box 1431
Customer No.: P.O. Address

Duncan, OK 73536-0440

amwwammobmmmmmuﬁwwsmumdmm
. Action [6-3]—page 3 of 3)
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PATENT 2002-IP-009210U1
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

B1icants: Philip D. Nguyen, et al

Art Unit: Unknown

Serial No.:  10/608,291
Filed: 06/27/2003 Examiner: Unknown
For: Compositions and Methods

For Improving Proppant
Pack Permeability and
Fracture Conductivity

)
)
)
)
)
)
)
)
;
In a Subterranean Well )

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are

submitted for the Examiner to consider in the above-captioned application.

U.S. PATENTS

U.S. Patent Number 4,817,721 issued 04/04/89 to Kenneth W. Pober;
U.S. Patent Number 5,142,023 issued 08/25/92 to Patrick R. Gruber, et al;
U.S. Patent Number 5,247,059 issued 09/21/93 to Patrick R. Gruber, et al;
U.S. Patent Number 5,359,026 issued 10/25/94 to Patrick R. Gruber;

U.S. Patgnt Number 5,475,080 issued 12/12/95 to Patrick R. Gruber, et al;
U.s. Patént Number 5,484,881 issued 01/16/96 to Patrick R. Gruber, et al;

U.S. Patent Number 5,536,807 issued 07/16/96 to Patrick R. Gruber, et al;
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U.S. Patent Number 5,594,095 issued 01/14/97 to Patrick R. Gruber, et al;

U.S. Patent Number 5,839,510 issued 11/24/98 to Jim D. Weaver, et al;

U.S. Patent Number 5,849,401 issued 12/15/98 to Ali Zakareya El-Afandi, et al;

U.S. Patent Number 6,326,458 B1 issued 12/04/01 to Patrick Richard, Gruber, et al;
U.S. Patent Number 6,439,309 B1 issued 08/27/02 to Ronald M. Matherly, et al;

U.S. Patent Number 6,488,091 B1 issued 12/03/02 to Jim D. Weaver, et al;

U.S. Patent Application Number 10/947,427 filed 09/20/04, Methods for Improving
Proppant Pack Permeability and Fracture Conductivity in a Subterranean Well by
Matthew E. Blauch, et al, (Ref. No. 2002-IP-009210U1P1);

U.S. Patent Application, Serial No. Unassigned and filing date currently unknown,
Compositions and Methods for Improving Fracture Conductivity in a Subterranean ‘Well
by Bradley L. Todd, et al, (Ref. No. 2002-IP-009210U1P2); and

U.S. Patent Application, Serial No. Unassigned and filing date currently unknown,
Compositions and Methods for Improving Fracture Conductivity in a Subterranean Well
by Bradley L. Todd, et al, (Ref. No. 2002-IP-009210U1P3).

FOREIGN PATENTS

Int’] Patent Publication No. WO 93/15127 A1 published 08/05/93 by Patrick R. Gruber,
et al;

Int’1 Patent Publication No. WO 94/07949 A1 published 04/14/94 by Patrick Richard
Gruber, et al;

Int’] Patent Publication No. WO 94/08078 A1 published 04/14/94 by Patrick Richard
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Gruber, et al;

Int’l Patent Publication No. WO 94/08090 A1 published 04/14/94 by Patrick Richard
Gruber, et al;

Int’1 Patent Publication No. WO 95/09879 A1 published 04/13/95 by Patrick Richard
Gruber, et al; and

Int’] Patent Publication No. WO 97/11845 A1 published 04/03/97 by Ali Zakareya El-

Afandi.
PAPERS/OTHER
None.
BROCHURES
None.

Copies of the aforementioned non-patent references and Form PTO-1449 are submitted
herewith.

Respectfully submitted,

St

Robert A. Kent

Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125
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| (o) (a)
)
. LY
PTO-144 . Application No. Applicant(s):
-1449 10/608,291 PHILIP D. NGUYEN, ET AL
Information [:\iscl;:sm:re Docket Number Group Art Unit | Filing Date
in an Application 2002-1P-009210U1 06/27/2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
1. 4,817,721 04/04/89 | Pober 166 295 12/14/87
2. 5,142,023 08/25/92 | Gruber, et al 528 354 01/24/92
3. 5,247,059 09/21/93 | Gruber, et al 528 354 08/24/92
4. 5,359,026 10/25/94 | Gruber 528 354 07/30/93
5. 5,475,080 12/12/95 | Gruber, et al 528 354 03/22/93
6. 5,484,881 01/16/96 | Gruber, et al 528 354 08/23/93
7. 5,536,807 07/16/96 | Gruber, et al 528 354 08/23/93
8. 5,594,095 01/14/97 | Gruber, et al 528 354 07/27/94
9. 5,839,510 11/24/98 | Weaver, et al 166 276 01/14/97
10. | 5,849,401 12/15/98 | El-Afandi, et al 428 215 05/03/96
11. | 6,326,458 B1 12/04/01 | Gruber, et al 528 354 10/07/93
12. | 6,439,309 B1 08/27/02 | Matherly, et al 166 276 12/13/00
13. | 6,488,091B1 12/03/02 | Weaver, et al 166 300 06/11/01
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. | DATE | COUNTRY CLASS | suBcLAss \T(E‘S‘NSLAII'C?"
A. WO 93/15127 A1 08/05/93 | PCT C08G 63/06 X
B. WO 94/07949 A1 04/14/94 | PCT C08K 11/00 X
C. | wo94/08078 A1 | 04/14/94 | PCT DO1F 6/62 X
D. WO 94/08090 A1 04/14/94 | PCT D21H 19/28 X
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
EXAMINER DATE CONSIDERED
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

U.S. Patent and Trademark Office
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Application No. Applicant(s):
PTO-1449 10/608,291 PHILIP D. NGUYEN, ET AL
Information Disclosure Citation Docket Number Group Art Unit | Filing Date
in an Application 2002-1P-009210U1 : 06/27/2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
14 US Patent App. Blauch, et al (Ref. No. 2002-
| No. 10/947,427 - IP-009210U1P1) - - 09/20/04
US Patent App.
15. | (Serial No. Todd, et al (Ref. No. 2002-
Unassigned) - IP-009210U1P2) - - -

US Patent App

16. | (Serial No. . € Todd, et al (Ref. No. 2002-

Unassigned) A%P-oogzmuwa) - - -
O o

e :

e

FOREIGN PATENT DOCUMENTS

DOCUMENT NO. | DATE | COUNTRY CLASS | SUBCLASS \T('EQNSLAJ'C‘))N
E. | wogs/o9879A1 | 04/13/95 | PCT Co8G 63/08 X
WO 97/11845A1 | 04/03/97 | PCT B32B 27/08 X
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE

EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

U.S. Patent and Trademark Office
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Practitioner's Docket No. __2002-1P-0092100U1 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application

of
Inventor(s)
for :
Title of Invention
OR

In re application of:  philip D. Nguyen, et al

Application No.: 0 10/ 608,291 Group Art Unit;
Filed: 06/27/2003 : --= = ¢ Examiner:
For. Compositions and Methods for Improving Proppant Pack Permeability and

Fracture Conductivity in a Subterranean Well
Mail Stop Amendment Y '

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 C.F.R. § 1.97(b))

CERTIFICATION UNDER 37 C.F.R. §§ 1.8(a) and 1.10*
(When using Express Mall, the Express Mail label number is mandatory;
Express Mall certification s optional.)

| hereby certify that, on the date shown below, this correspondence is being:
MAILING

deposited with the United States Postal Service in an envelope addressed to Commissioner for Patents, P.O.
Box 1450, Alexandria, VA 22313-1450

37 CFR. § 1.8(s) 37CF.R. § 1.10*
with sufficient postage as first class mall,. - [J as “Express Mall Post Office to Addressee”
Maifing Label No. {(mandatory)
TRANSMISSION

[0 facsimile transmitted to the Patent and deumﬁ’{(fﬂ::z (703) . L

NINatW NN \Q\\&\\
Signature

\ QYN

Tammy Knight

(type or print name of person certitying)

Date:

* Only the date of fillng (§ 1.6) will be the date used in a patent term adjustment calculation, aithough the date
on any certificate of mailing or transmission under § 1.8 continues to be taken into sccount in determining
timeliness. See § 1.703(f). Consider “Exprass Mail Post Office to Addressee” (§ 1.10) or facsimile transmission
(§ 1.6(ch) for the reply to be accorded the earfiest possible fling date for patent term adjustment calculations.

(TmnsmitwotlnformeﬂonDlsdoamStatMMﬂﬂnThmMonﬂudFﬂingaBemeamng‘dﬁmOfﬂco
Action [6-3}—page 1 of 3)
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NOTE: 37 C.F.R. 1.98): ) .
(1) Each U.S. patent listed In an information disclosure statement must be identified by inventor, patent
number, and issue date.

(2) Each U.S. patent appiication publication listed in an Information disclosure statement shall be
identified by applicant, patent application publication number, and publication date.

{3) Each U.S. application listed In an information disclosure statement must be identified by the
inventor, application number, and filing date.

(4) Each foreign patent or published foreign patent application listed in an information disclosure
staterment must be identified by the country or patent office which issued the patent or published
the application, an appropriate document number, and the publication date indicated on the patent
or published application.

(5) Each publication listed in an information disclosure statement must be identified by publisher,
author (if any), title, relevant pages of the publication, dats, and place of publication.

WARNING: No extension of time can be had under 37 C.F.R. § 1.136 (a) or (b} for filing an IDS. 37 C.F.R.

§ 1.970).

NOTE: The “filing date of a national application” under 37 C.F.R. § 1.97(b) has two possibie meanings. Where
the filing is a direct one to the United States Patent & Trademark Office, the filing Is defined in 37 C.F.R.
§ 1.53(b) as “the date on which: (1) A specification containing a description pursuant to § 1.71 and
at least one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41.“ 37 C.F.R.
§ 1.97(b)(1). On the other hand, an international application that enters the national stage occurs when
the applicant has filed the documents and fees required by 35 U.S.C. § 371(c) within the periods set
forthin § 1.494 or § 1.485. 35 U.S.C. § 371(c) requires the filing of the following: (1) the basic national
fee; (2) a copy of the intemational application, unless already sent by the International Bureau, and
optionally an English translation if filed in another language; and, also optionally (3) amendments under
PCT Article 18, with a tranalation into English if made in another language; (4) an oath or declaration;
and (5) a translation into English of any annexes to the Intemational preliminary examination report, if
such annexes were made In another language. The optional items must be submitted later, with
surcharges. 37 C.F.R. § 1.97b)2).

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT

The information disclosure statement submitted herewith is being filed within three
months of the filing date of the application or date of entry into the national stage of an
international application or before the malling date of a first Office action on the merits,
whichever event occurs last. 37 C.F.R. § 1.97(b).

NOTE: “No certification or fee is due when the filing is made within the above time period, It is advisable to
ensure that no Office action has been mailed if the disclosure statement is delayed until after three
months from filing.”

NOTE: 'Anlnlomtlondsclosunamamtwfllbccomldundtohawbnnﬁledonmodayitwasmcdved
lnthoOlﬂee,oronanurﬂwdnmdanwﬂngﬂmnpmbdbyapmpufyexmwmmamol
malling under 37 C.F.R. 1.8, or Express Mall certificate under 37 C.F.R. 1.10. An Office action is mailed
on the date indicated in the Office action.” Notice of April 20, 1992 (1138 O.G. 37-41, 39). See also
§ 609, M.P.E.P., 8th Edition.

NOTE: “The term ‘national application’ includes continuing appilications {continuations, divisions, continuations-
wwmmwummmmmmammumuww
to the effective date of a continuing application.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

UWMMMMMWMMMHHMWWMWWMMW
Action [8-3)}—page 2 of 3)
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NOTE: “An action on the merits means an action which treats the patentability of the claims in an application,
as opposad to only formal or procedural requirements. An action on the merits would, for example,
contaln a rejection or Indication of allowability of a claim or claims rather than just a restriction
requirements (37 C.F.R. 1.142) or just a requirement for addltfonal fees to have a claim considered (37
C.F.R. 1.16{d)). Thus, If an application was filed on Jan. 1 and the first Office action on the merits was
not malled until six months later on July 1, the examiner would be required to consider any proper
Information disclosure statement filed prior to July 1.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

WARNING: “A petition for suspension of action to allow applicant time to submit an information disclosure
statement will be denied as falling to prasent good and sufficient ressons, since 37 C.F.R. § 197
provides adequate recourse for the timely submission of prior art for conaideration by the examiner.”
Notice of July 6, 1992 (1141 0.G. 63). But see § 103(d) and (c), limited suspension of action in
a continued prosacution application (CPA) filed under § 1.53(d) and In a request for continued
examination (RCE) under § 1.114.

SIGNATURE OF PRACTITIONER

Reg. No.: 28,626 Robert A. Kent

Tel. No.: (580 251-3125 (iype or print name of practitioner)
P.0. Box 1431

Customer No.: P.O. Address

Duncan, OK 73536-0440

(Tmnamlttaloflnfonnat!onDlsdosumStatememWIMThmMonlhoofHHngorBeforonﬂngo'FlntOfﬂoo
_ Action [8-3}—page 3 of 3)
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Q PATENT 2002-IP-009210U1
I/)74 2 ©
{ 2y &
%7 qg..é? IN THE UNITED STATES PATENT AND TRADEMARK OFFICE
RADENE
Applicants: Philip D. Nguyen )
) Art Unit: Unknown
Serial No.: 10/608,291 )
)
Filed: 06/27/2003 ) Examiner: Unknown
)
For: Compositions and Methods )
For Improving Proppant )
Pack Permeability and )
Fracture Conductivity )
In a Subterranean Well )
SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT
COMMISSIONER FOR PATENTS

Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are

submitted for the Examiner to consider in the above-captioned application.

U.S. PATENTS
U.S. Publication Number 2004/0231845A1 published 11/25/04 by Claude E. Cooke, Jr.

FOREIGN PATENTS

None.
PAPERS/OTHER

None.
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BROCHURES
None.
Copies of the aforementioned non-patent references and Form PTO-1449 are submitted
herewith.
Respectfullysubmitted,

ol 4 2l

Robert A. Kent
Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125
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Application No. Applicant(s):
PTO-1449 . 10/608,291 PHILP D. NGUYEN, ET AL
Information Disclosure Citati “Docket Number Group Art Unit | Filing Date
£2002-1P-009210U1 06/27/2003
&
% A
U.S. PATENT DOCUMENTS W it
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
1 us
) 2004/0231845A1 11/25/04 | Cooke, Jr. 166 279 05/14/04
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. | DATE | COUNTRY CLASS | SUBCLASS l:g"s"“;g’"
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages) DATE
EXAMINER DATE CONSIDERED
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

U.S. Patent and Trademark Office
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Practitioner's Docket No. __2002-1P-009210U1 PATENT
. IN THE UNITED STATES PATENT AND TRADEMARK OFFICR

Patent application

of

Inventor(s)
for
Title of invention
OR

In re application of: Philip D. Nguyen, et al

Application No.: 0 10/608,291 Group Art Unit:
Filed: 06/27/2003 Examiner:
For: Compositions and Methods for Improving Proppant Pack Permeability

nd Fracture Conductivity.In a Subterranean Well
Com ilonorforamnn Y .

P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS' OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 CF.R. § 1.97(b))
+ CERTIFICATION UNDER 37 C.F.A. §§ 1.5(a) and 1.10°
(When using Express Mal, the Express Mall iabel number is mandatory;
Express Mail certification is optional)

Ihmycmmmmwmmm.mmhbdm:

Box 1450, Alexandria, VA 22313-1450

37 C.FR. § 1.8(a) 37CFR. § 1.10°
B with sufficient postage as first class mail. O as “Express Mai! Post Office to Addressee”
Maiiing Label No. (mandatory)
TRANSMISSION

O facsimile transmitted to the Patent and T: Office, (703) — :
L@&\\\\\\’\\a\ 'N(%\& .

m%@éﬁ — O Q)

Tammy Knight

{type or print narme of person certifying)

* Only the date of filing & 1.owumanmwhammmmmmm
on any certificate of mailing or transmission under § 1.8mdmmtobetnhmlmacca¢mhdetumlnlng
tmeliness. See § 1.mm-mmwommm'(5 1.10) or facsimile transmission
(] I.GM)brmmﬂybbomwdﬂuWMﬁnd:whrmwmdmmm

amudwmmmmmamaamumamom
Action [8-3}—page 1 of 3)
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NOTE: 37 CF.R 1.98p)
(1) Each U.S. petent listed in an information disciosure statement must be identified by inventor, patent
number, and issue date.
(2) Each U.S. patent application publication listed in an information disciosure statement shall be
identified by sppiicam, patent applicstion publication number, and publication date.
@)Eamusmpacadmlbudlnmhlwnaﬂmdadmmmmannwuldmﬂﬂodbym
inventor, application number, and fiing date.
(4) Each foreign patent or published foreign patent application listed in an information disclosure
staternent must be identified by the country or patent office which issued the patent or published
the appiication, an appropriate document number, and the publication dste indicated on the patent
or published application. ]
@MmMWMminfwmﬂmdlsdmthmuﬂbﬂdmﬂMbyMw
author (if any), title, relevant pages of the publication, date, and piace of publication.
WARNING: Nomubnddmunbohadwmrﬂc.l’.ﬁ.}1.138(00@)0!%&!08.370.#’.}1
§ 1.970). ’
NOTE: The “filing date of a national application® under 37 C.F.R. § 1.97(d) has two possibie meanings. Where
Mﬁﬂngbadlwmbmurdbdsmmm&TIWMOMQ.UHWHMMH.??C.F.R.
§ 1.530) = 'ﬂndﬂbmwmdr:n)Aspodﬂcaﬂmmthadmfpdmmnms 1.71 and
at least one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41. 37 C.F.R.
$ 1.9mm;mmmm,mmmwmmmummmmm
mmmmmmmmawmwmbyuu.sc.g371(c)wlmvnmam
forthin § 1.484 or § 1.496. 35 U.S.C. § 371(c) requires the filing of the following: (1) the basic national
bo;(znwpydﬂnmmmw“ﬂuﬂm,ummmbyﬂnlnm&ﬂm.md
optionaily an English transiation it filed in another language; and, also optionally (3) amendments under
PCT Article 15, with a transiation into English if made in ancther language; (4) an oath or deciaration;
mm.mmmm&dhholmymswﬂnhmwmmmmmﬁ
such annexss were made in another language. The optional items must be submitted later, withr
surcharges. 37 C.F.R. § 1.97(b)2). .

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
mrommu.nucl.osunl STATEMENT

The information disclosure statement submitted herewith is being filed within three
months of the fliing date of the application or date of entry into the national stage of an
international application or before the mailing date of a first Office action on the merits,
whichever event occurs last. 37 C.F.R. § 1.97(b).

NOTE: -mmm«unumwmlgmwmummmnbmno
mwmmnﬂmhubmmdbdimndmmbmwwwu
months from filing.”

NOTE: “An information disciosure staternent will be considered to have been filed on the day It was received
hmmammmmdamvwwammmd
malling under 37 C.F.R. 1.8, or Express Mail certificate under 37 C.F.R. 1.10. An Office action is mailed
MMMW#’WCMW'NM&G{MM19”{11380.6.37-41,8&300“0
5].800, M.P.E.P., 8th Edition.

NOTE: mmwm'lmmmm(mmmm
nmnmmmwummmwmdudmmuwm
to the effective date of a continuing application.” Notice of April 20, 1982 (1138 O.G. 37-41, 39).

amm«mmmswmmmamuammdﬁmom
Action [8-3}—page 2 of 3)
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NOTE: 'Mmmmmanmmmmmmwnydﬂnddmhmappﬂuﬂm
&3 opposed to only formal or procedural requirements. An action on the merits would, for example,
contain & rejection or indication of allowability of a claim or ciaims rather than just a restriction
requirements (37 C.F.R. 1.142) or just a requirement for additional fees to have a claim considerad (37

' C.FR. 1.16(d). Thus, if an appiication was filed on Jan. 1 and the first Office action on the merits was
notmﬂedunﬂdxmmlcnrm.lwyi,mownlnerwouldbomquimdwoomlderanyproper
information disclosure statement fied prior to July 1.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

WARNING: 'Amﬂdmbrunpaﬂmdmwaﬂowapplwnﬂmtowmmlnfomﬂmdlwowm
statament will be denied as falling to present good and sufficient reasons, since 37 C.FR. § 1.97
m.daqmbmbrmﬁmlymwwmlwmwbymm'
Notice of July 6, 1992 (1141 0.G. 83). But see § 103() and (c), limited suspension of action in
a continued prosecution application (CPA) filed under § 1.53(d) and in a request for continuad
axamination (RCE) under § 1.114.

Reg. No: 28,626 KGHEZE AL Reme

Tel. No.: (580) 251-3125 (M’O‘dian of practitioner)
P.0. Box 1431

Customer No.: PO

Duncan, OK 73536-0440

amummmmmuwmmmmmmmmdmmwwmmmmdmom
Action [8-3}—page 3 of 3)
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PATENT 2002-IP-009210U1

For Improving Proppant
Pack Permeability and
Fracture Conductivity
In a Subterranean Well

Applicants: Philip D. Nguyen, et al )
) Art Unit: Unknown
Serial No.: 10/608,291 )
)
Filed: 06/27/2003 ) Examiner: Unknown
)
For: Compositions and Methods )
)
)
)
)

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are
submitted for the Examiner to consider in the above-captioned application.

Each item of information contained in this supplemental information disclosure statement
was first cited in any communication from a foreign patent. office in a counterpart foreign
application not more than three (3) months prior to the filing of the information disclosure
statement.

U. S. PATENTS

U.S. Patent Number 6,059,034 A issued 05/09/00 to Allan R. Rickards, et al;
U.S. Patent Number 6,114,410 A issued 09/05/00 to Donald E. Betzold; and

U.S. Publication Number 2003/0060374 A1 published 03/27/03 by Claude E. Cooke, Jr.
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FOREIGN PATENTS

PCT Application No. WO 02/012674 A1 published 02/14/2002 by Hugh Bourne, et al;
European Patent Number 0 879 935 A2 published 11/25/1998 by Jim D. Weaver, et al;
and

UK Patent Number GB 2 348 907 A published 10/18/2000 by Allan R. Rickards, et al.

OTHER MATERIALS
Foreign communication from a related counterpart (International Application
PCT/GB2004/002719, filed 06/24/2004) mailing dated 10/18/2004 and Written Opinion.

Copies of the aforementioned non-patent references and Form PTO-1449 are submitted

@ly submitted,
AL %

Robert A. Kent
Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125

herewith.
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Application No. Applicant(s):
PTO-1449 10/608,291 PHILIP D. NGUYEN, ET AL
Informa.tion Disclos Docket Number Group Art Unit | Filing Date
2002-1P-009210U1 . 06/27/2003
U.S. PATENT DOCUMENTS
DOCUMENT NO. | DATE NAME CLASS SUBCLASS | FILING DATE
1. 6,059,034 A 05/09/00 | Rickards, et al. 166 280 05/27/98
2. 6,114,410 A 09/05/00 | Betzold 523 130 08/04/98
us .
3. 2003/0060374A1 03/27/03 | Cooke, Jr. 507 200 09/24/02
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. | DATE | COUNTRY CLASS | SuBCLASS \T(EQNSLA;'SN
1. WO 02/12674 A1 02/14/02 | PCT E21B 37/06 X
2. EP 0 879 935 A2 11/25/98 | EUROPE _E218B 43/26 X
3. GB 2348 907 A 10/18/00 | UK E21B 43/26 X
NON-PATENT DOCUMENTS
DOCUMENT (including Author, Title, Source, and Pertinent Pages) DATE
1 Foreign Search Report and Opinion (PCT Appl. No. GB2004/002719) 06/24/04
EXAMINER DATE CONSIDERED
EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through
citation if not in conformance and not considered. Include copy of this form with next communication to the applicant.

U.S. Patent and Trademark Office
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Practitioner’s Docket No, 2002-1P-009210U1 PATS

. IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application
of
Inventor(s)
for
Title of invention
OR

In re application of: PhilipnD. Nguyen, et al

Application No.:10 / 608,291 Group Art Unit;
Filed: 06/27/03 Examiner:
For: Compositions and Methods for Improving Proppant Pack Permeability

and Fracture Condudtivity in.a Subt Wel
Commlsalongfiorgm y ubterranean Well

P.O. Box 1450
Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION D.ISCLOSURE STATEMENT
WITHIN THREE MONTHS' OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 CF.R. § 1.970b))

. CERTIFICATION UNDER 37 C.F.A. 88 1.8{(a) and 1.10*
(When using Express Mall, ﬂnEmdelhbolnumberisthem
. Express Mail certification is optional,)
lhmycenﬁytha.mmdmshownbelow.mbwmmbbelng:
MAILING

@ deposited with the United States Postal Service in an envelope addresssd to Commissioner for Patents, P.O.
Box 1450, Alexandria, VA 22313-1450

37 C.FR. § 1.8(a) 37CFR. § 110"

& with sufficient postage as first class mail. O as “Express Mail Post Office to Addressce”

Maliing Label No. (mendatory)
TRANSMISSION

O facsimile transmitted to the Patent and T k Office, (703) .. -
Sl O

Date: L’ Q

Tammy Knight

(type or print name of person certifying)

* Only the date of filing ($ 1.6)wlﬂbeﬂndammodlnap¢mmadlwm,mmm
on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § i.mConddu'ExpmaMlemomumAddrm'(g 1.10) or facsimile transmission
$ 1.6() hmmmmmwmwmmauhmmwwmm

UmdlmwmmMMMﬁﬂanBdeﬁlmemom
Action [6-3}—page 1 of 3)
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NOTE: 37 C.F.R. 1.98p):
(1) Each U.S. patent listed in an information disclosure staternent must be identified by inventor, patent
number, and issue date.
(2) Each U.S. patent application publication listed in an information disclosure statement shall be
identified by appiicant, patent application publication number, and publication date.
(3) Each U.S. appilication listed in an information disclosure statement must be Identified by the
inventor, application number, and filing date.
(4) Each foreign patent or published foreign patent application listed in an infarmation disclosure
Staternent must be identified by the country or patent office which issued the patent or published
the appilication, an appropriate document number, and the publication date indicated on the patent
or published application.
(5) Each publication listed in an information disclosure statement must be /dentified by publisher,
author (if any), title, relevant pages of the publication, date, and place of publication.
WARNING: No extension of time can be had under 37 C.FR. § 1.138 (g) or (b) for filing an IDS. 37 C.F.A.
§ 1.970).
NOTE: The “fiing date of a national application® under 37 C.F.R. § 1.97(b) has two possibie meanings. Where
the filing Is a direct ane to the United States Patent & Trademark Office, the filing is defined in 37 C.F.R.
§ 1.53) as “the date on which: (1) A specification containing & description pursuant to § 1.71 and
at lsast one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41.” 37 C.FR.
§ 1.97()(1). On the other hand, an intemational application that enters the naticnal stage occurs when
mappﬂmthnﬂlodmmwandfeesmquimdbywu.s.c. § 371(c) within the periods set
forthin § 1.494 or § 1.495. 35 U.S.C. § 371(c) requires the filing of the following: (1) the basic national
fee; (2) a copy of the intemational application, uniess already sent by the Intemational Bureau, and
optionally an English translation if filed in another language; and, also optionally (3) amendments under
PCT Article 19, with a transiation into English if made in another language; (4) an oath or declaration;
and (5) a transiation into English of any annexes to the international preliminary examination report, if
such annexss were made in another language. The optional iterns must be submitted later, with'
surcharges. 37 C.F.R. § 1.97()(2).

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT
.

The information disclosure statement submitted herewith Is being filed within three
months of the filing date of the appiication or date of entry into the national stage of an
international application or before the mailing date of a first Office action on the merits,
whichever event occurs last. 37 C.F.R. § 1.97(b).

NOTE: 'NocuﬂﬂcaﬂanorkolsdwwhonMHIMgisrhadowimInMaboveﬂmmmRlsadvlsabblo
cnmthatnoOMcoacﬂonhaauonmalbdifmodlsdosumsmammlsdalayodumﬂaﬁuﬂmo
months from filing.”

NOTE: 'M/nfonnaﬂondbdosunsmanemwﬂlbeconslduadfohavobecnﬂlcdonmwyhmmedwd
inthoOfﬂco,wmmewﬂwdabolamdllngifmpanbdbyapmpulymuwdwﬂﬂmof
malling under 37 C.F.R. 1.8, or Express Mall certificate under 37 C.F.R. 1.10. An Office action is mailed
on the date indicated in the Office action.” Notice of Apnil 20, 1992 (1138 O.G. 37-41, 39). See also
§ 609, M.P.E.P., 8th Edition.

NOTE: “The term ‘national application’ includes continuing applications (continuations, divisions, continuations-
nmwmmmmuummmmﬂmmudmwmmmw
to the effective date of a continuing apphication.” Notice of April 20, 1982 (1138 0.G. 37-41, 39).

ammm:mmwsmmmmmmarmusmwmdnmom
Action [8-3}—page 2 of 3)

.
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NOTE: 'MWMMMMMWMMWMWMMWMMMWW.
a3 opposed to only formal or procedural requirements. An action on the merits would, for example,
contain a rejection or Indication of allowability of a claim or claims rather than just a restriction
requirements (37 C.F.R. 1.142) or just a requirement for additional fees to have a claim considerad 37

' C.F.R. 1.16(d). Thus, if an sppiication was filed on Jan. 1 and the first Office action on the merits was
not mailed until six months latar on July 1, the examiner would be required to consider any proper
information disclosure statement filed prior to July 1.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

WARNING: “A petition for suspension of action to allow applicant time to submit an information disclosure
staternent will be denied as falling to present good and sufficient reasons, since 37 C.FR. § 1.97
mmmummmwmmumwmm'
Notice of July 6, 1992 (1141 O.G. 63). But see § 103() and (c), limitad suspension of action in
& continued prosecution application (CPA) filed under § 1.53(d) and in a request for continued
examination (RCE) under § 1.114.

. SIGNATURE OF PRACTITIONER
Reg. No.: 28,626 Robert A. Kent
Tel. No.: (580 251-3125 wwpﬂntnmofpmcﬂw
P.0. Box 1431
Customer No.: P.0.*Address

Duncan, OK 73536-0440

»

nmmulmmumswmmmmmmmaammmdrmomu
Action [8-3}—page 3 of 3)
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PATENT 2002-IP-009210U1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicants: Philip D. Nguyen, et al
Art Unit: Unknown

Serial No.: 10/608,291
Filed: 06/27/2003 Examiner: Unknown
For: Compositions and Methods

For Improving Proppant
Pack Permeability and
Fracture Conductivity in
A Subterranean Well

e e e e N’ e N N e

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are

submitted for the Examiner to consider in the above-captioned application.

U.S. PATENTS

U.S. Patent Number 2,703,316 issued 03/01/55 to Bentley J. Palmer;

U.S. Patent Number 3,272,650 issued 09/13/66 to Russell L. MacVittie;

U.S. Patent Number 3,819,525 issued 06/25/74 to David L. Hattenbrun;

U.S. Patent Number 3,912,692 issued 10/14/75 to Donald James Casey, et al;
U.S. Patent Number 4,172,066 issued 10/23/79 to Maurice L. Zweiglé, et al;
U.S. Patent Number 4,460,052 issued 07/17/84 to Judith Gockel;

U.S. Patent Number 4,498,995 issued 02/12/85 to Judith Gockel;
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U.S.

U.s.

u.s.

U.S.

U.s.

uU.s.

U.S.

u.s.

U.s.

u.s.

U.s.

U.S.

u.s.

U.s.

U.S.

u.s.

u.s.

U.S.

u.s.

U.S.

U.S.

Patent Number 4,797,262 issued 01/10/89 to Thomas S. Dewitz;

Patent Number 5,249,628 issued 10/05/93 to Jim B. Surjaatmadja;
Patent Number 5,295,542 issued 03/22/94 to R. Clay Cole, et al;

Patent Number 5,325,923 issued 07/05/94 to Jim B. Surjaatmadja, et al;
Patent Number 5,330,005 issued 07/19/94 to Roger J. Card, et al;
Patent Number 5,360,068 issued 11/01/94 to Eve S. Sprunt, et al;
Patent Number 5,363,916 issued 11/15/94 to Ronald E. Himes, et al;
Patent Number 5,373,901 issued 12/20/94 to Lewis R. Norman, et al;
Patent Number 5,386,874 issued 02/07/95 to Steven B. Laramays, et al’
Patent Number 5,396,957 issued 03/14/95 to Jim B. Surjaatmadja, et al;
Patent Number 5,402,846 issued 04/04/95 to Alfred R. Jennings, Jr., et al;
Patent Number 5,464,060 issued 11/07/95 to Arthur H. Hale, et al;
Patent Number 5,497,830 issued 03/12/96 to Joel L. Boles, et al;

Patent Number 5,499,678 issued 03/19/96 to Jim B. Surjaatmadja, et al;
Patent Number 5,505,787 issued 04/09/96 to Kyouichi Yamaguchi;
Patent Number 5,512,071 issued 04/30/96 to Benny S. Yam, et al;
Patent Number 5,604,186 issued 02/18/97 to Charles V. Hunt, et al;
Patent Number 5,670,473 issued 09/23/97 to William H. Scepauski;
Patent Number 5,698,322 issued 12/16/97 to Fu-Jya Tsali, et al;

Patent Number 5,765,642 issued 06/16/98 to Jim B. Surjaatmadja;

Patent Number 5,833,000 issued 11/10/98 to Jim D. Weaver, et al;
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U.S. Patent Number 5,853,048 issued 12/29/98 to Jim D. Weaver, et al;

U.S. Patent Number 5,893,416 issued 04/13/99 to Peter Arne Read;

U.S. Patent Number 5,964,291 issued 10/12/99 to Hugh M. Bourne, et al;

U.S. Patent Number 6,004,400 issued 12/21/99 to Phillip W. Bishop, et al;
U.S. Patent Number 6,024,170 issued 02/15/00 to Michael A. McCabe, et al;
U.S. Patent Number 6,028,113 issued 02/22/00 to William H. Scepanski;

U.S. Patent Number 6,123,965 issued 09/26/00 to Jules S. Jacob, et al;

U.S. Patent Number 6,135,987 issued 10/24/00 to Fu-Jya Daniel Tsai, et al;
U.S. Patent Number 6,169,058 B1 issued 01/02/01 to Hoang V. Le, et al;

U.S. Patent Number 6,202,751 B1 issued 03/20/01 to Jiten Chatterji, et al;
U.S. Patent Number 6,209,646 B1 issued 04/03/01 to Baireddy R. Reddy, et al;
U.S. Patent Number 6,214,773 B1 issued 04/10/01 to Phillip C. Harris, et al;
U.S. Patent Number 6,260,622 B1 issued 07/17/01 to Reinoud Hendrik Jurgen Blok, et
al;

U.S. Patent Number 6,311,773 B1 issued 11/06/01 to Bradley L. Todd, et al;
U.S. Patent Number 6,357,527 B1 issued 03/19/02 to Lewis R. Norman, et al;
U.S. Patent Number 6,364,945 B1 issued 04/02/02 to Jiten Chatterji, et al;
U.S. Patent Number 6,390,195 B1 issued 05/21/02 to Philip D. Nguyen, et al;
U.S. Patent Number 6,422,314 B1 issued 07/23/02 to Bradley L. Todd, et al;
U.S. Patent Number 6,454,003 B1 issued 09/24/02 to Kin-Tai Chang, et al;

ia, et al;
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U.S. Patent Number 6,488,763 B2 issued 12/03/02 to Lance E. Brothers, et al;

U.S. Patent Number 6,494,263 B2 issued 12/17/02 to Bradley L. Todd,;

U.S. Patent Number 6,508,305 B1 issued 01/21/03 to Harold D. Brannon, et al;

U.S. Patent Number 6,527,051 B1 issued 03/04/03 to Baireddy R. Reddy, et al;

U.S. Patent Number 6,554,071 B1 issued 04/29/03 to Baireddy R. Reddy, et al;

U.S. Patent Number 6,569,814 B1 issued 05/27/03 to Mark E. Brady, et al;

U.S. Patent Number 6,667,279 B1 issued 12/23/03 to James E. Hessert, et al;

U.S. Patent Number 6,681,856 B1 issued 01/27/04 to Jiten Chatterji, et al;

U.S. Patent Number 6,686,328 B1 issued 02/03/04 to Christopher James Binder;

U.S. Publication Number 2003/0188766 A1 published 10/09/03 by Souvik Banerjee, et
al;

U.S. Publication Number 2004/0055747 A1 published 03/25/04 by Li-Jien Lee;

U.S. Publication Number 2004/0106525 A1 published 06/03/04 by Dean Willberg, et al;
U.S. Publication Number 2004/0138068 A1 published 07/15/04 by Brett Rimmer, et al;
U.S. Publication Number 2004/0152601 A1 published 08/05/04 by John W. Still, et al;

U.S. Publication Number 2004/0152602 A1 published 08/05/04 Joel Lynn Boles.

FOREIGN PATENTS

Int’l Publication Number WO 99/27229 A1 published 06/03/99 by Allan R. Rickards, et
al;

Int’] Publication Number WO 01/87797 A1 published 11/22/01 by Samuel Danican, et al;
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Int’l Publication Number WO 03/027431 A2 published 04/03/03 by Claude E. Cooke, Jr.;
Int’l Publication Number WO 03/027431 A3 published 04/03/03 by Claude E. Cooke, Jr.;
European Patent Number 0 510 762 A2 published 10/28/92 by Mark Philip Houghton, et
al.

PAPERS/OTHER

Laboratory and Field Evaluation of a Combined Fluid-Loss-Control Additive and Gel
Breaker for Fracturing Fluids, SPE 18211, published 1990 Society of Petroleum
Engineers by Lisa A. Cantu, et al;

Selectively Placing Many Fractures in Openhole Horizontal Wells Improves Production,
SPE 50422, published 1998 Society of Petroleum Engineers by T. G. Love, et al;
Evolving New Stimulation Process Proves Highly Effective in Level 1 Dual-Lateral
Completion, SPE 78697, published 2002 Society of Petroleum Engineers by B. W.
McDaniel, et al;

Aliphatic Polyesters: Synthesis, Properties and Applications published 2002, Advances
in Polymer Science, Volume 157, Springer-Verlag by Ann-Christine Albertsson, et al;
Controlled Ring-Opening Polymerization of Lactide and Glycolide published 2004
American Chemical Society, Chemical Reviews, A-Z, AA-AD, by Odile Dechy-Cabaret,
et al;

Synthetic Polymer Fracturing Fluid for High-Temperature Applications, SPE 80236,
published 2003 Society of Petroleum Engineers by Gary P. Funkhouser, et al;

Chelating Agents, Encyclopedia of Chemical Technology, Volume 5, 764-795;
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A New Assay for the Enzymatic Degradation of Polylactic Acid, Short Report, published
ScienceAsia 29 (2003): 297-300 by Virun Vichaibun, et al;
Patent Application Number 10/864,061 filed 06/09/04, Aqueous Tackifier and Methods of
Controlling Particulates by Matt Blauch, et al;
Patent Application Number 10/864,618 filed 06/09/04, Aqueous-Based Tackifier Fluids
and Methods of Use by Matt Blauch, et al.

| BROCHURES
SurgiF rac™ Service, A Quick and Cost-Effective Method to Help Boost Production From
Openhole Horizontal Completions, HO3297, published 2002 Halliburton
Communications;
Cobra Frac™ Service, Coiled Tubing Fracturing—Cost-Effective Method for Stimulating
Untapped Reserves HO2319R, published 2000 Halliburton Energy Services, Inc;
Cobralet Frac™ Service, Cost-effective Technology That Can Help Reduce Cost Per
BOE Produced, Shorten Cycle Time and Reduce Capex published Halliburton

Communications.
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Copies of the aforementioned non-patent references and Form PTO-1449 are
submitted herewith.

Respectfully submitted,

A

Robert A. Kent

Registration No. 28,626
Halliburton Energy Services
P. O.Box 1431

Duncan, OK 73536-0440
580-251-3125
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Application No. Applicant(s)
PTO-1449 10/608,291 Philip D. Nguyen, et al
Docket Number Group Art Unit | Filing Date
Information Disclosure Citation in an 2002-IP-009210U1 06/27/2003
CTTS‘E\ Application
) U.S. PATENT DOCUMENTS
ik POCUMENT 'pUB. NAME cLass | suBcLass | "ILING
DATE

2,703,316 03-01-55 Palmer 260 78.3 06-05-51
3,272,650 09-13-66 MacVittie 134 7 02-21-63
3,819,525 06-25-74 Hattenbrun 252 132 08-21-72
3,912,692 10-14-75 Casey et al. 260 78.3 09-24-74
4,172,066 10-23-79 Zweigle et al. 260 29.6TA 09-26-77
4,460,052 07-17-84 Gockel 175 72 08-10-81
4,498,995 02-12-85 Gockel 252 8.5LC 07-01-83
4,797,262 01-10-89 Dewitz 422 142 06-03-87
5,249,628 10-05-93 Surjaatmadja 166 305 09-29-92
5,295,542 03-22-94 Cole, et al. 166 278 10-05-92
5,325,923 07-05-94 Surjaatmadja, et al. 166 308 09-30-93
5,330,005 07-19-94 Card, et al. 166 280 04-05-93
5,360,068 11-01-94 Sprunt, et al. 166 259 04-19-93
5,363,916 11-15-94 Himes, et al. 166 276 06-16-93
5,373,901 12-20-94 Norman, et al. 166 300 07-27-93
5,386,874 02-07-95 Laramay, et al. 166 300 11-08-93
5,396,957 03-14-94 Surjaatmadja, et al. 166 308 03-04-94
5,402,846 04-04-95 Jennings, Jr., et al. 166 259 11-15-93
5,464,060 11-07-95 Hale, et al. 166 293 04-12-94
5,497,830 03-12-96 Boles, et al. 166 300 04-06-95
5,499,678 03-19-96 Surjaatmadja, et al. 166 298 08-02-94
5,505,787 04-09-96 Yamaguchi 134 4 01-28-94
5,512,071 04-30-96 Yam, et al. 51 307 02-25-94
5,604,186 02-18-97 Hunt, et al. 507 204 02-15-95
5,670,473 09-23-97 Scepanski 510 445 06-06-95

EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation if

not in conformance and not considered. Include copy of this form with next communication to the applicant.
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PTO-1449

Application No.

Applicant(s)

10/608,291 Philip D. Nguyen, et al
. . cqge e Docket Number Group Art Unit | Filing Date
Information g‘;;'l‘i’cs:t';f"at"’“ AL 1 2002-1P-009210U1 ’ 0612772003
U.S. PATENT DOCUMENTS
I
DOC;J(I;{ ENT ?’SU%E/ NAME CLASS | SUBCLASS F]gkl’y];;
DATE
5,698,322 12-16-97 Tsai, et al. 428 373 12-02-96
5,765,642 06-16-98 Surjaatmadja 166 297 12-23-96
5,833,000 11-10-98 Weaver, et al. 166 276 02-18-97
5,853,048 12-29-98 Weaver, et al. 166 279 04-21-98
5,893,416 04-13-99 Read 166 304 11-28-97
5,964,291 10-12-99 Bourne, et al. 166 279 02-28-96
6,004,400 12-21-99 Bishop, et al. 134 2 07-09-97
6,024,170 02-15-00 McCabe, et al. 166 300 06-03-98
6,028,113 02-22-00 Scepanski 514 643 09-27-95
6,123,965 09-26-00 Jacob, et al. 424 489 08-18-98
6,135,987 10-24-00 Tsai, et al. 604 365 12-22-99
6,169,058 B1 01-02-01 Le, et al. 507 222 06-05-97
6,202,751 B1 03-20-01 Chatterji, et al. 166 276 07-28-00
6,209,646 B1 04-03-01 Reddy, et al. 166 300 04-21-99
6,214.773 B1 04-10-01 Harris, et al. 507 271 09-29-99
6,260,622 B1 07-17-01 Blok, et al. 166 305.1 12-23-98
6,311,773 Bl ’ 11-06-01 Todd, et al. 166 280 01-28-00
6,357,527 Bl 03-19-02 Norman, et al. 166 300 | 05-05-00
6,364,945 B1 04-02-02 Chatterji, et al. 106 677 12-13-00
6,390,195 B1 05-21-02 Nguyen, et al. 166 276 10-27-00
6,422,314 Bl 07-23-02 Todd, et al. 166 312 08-01-00
6,454,003 B1 09-24-02 Chang, et al. 166 270 06-14-00
6,488,763 B2 12-03-02 Brothers, et al. 106 692 10-05-01
6,494,263 B2 12-17-02 Todd 166 312 01-09-01
6,508,305 B1 01-21-03 Brannon, et al. 166 293 09-14-00
6,527,051 Bl 03-04-03 Reddy, et al. 166 300 07-12-02
6,554,071 B1 04-29-03 Reddy, et al. 166 293 07-12-02
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation if
not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Application No. Applicant(s)
PTO-1449 s
10/608,291 Philip D. Nguyen, et al
: . sg ge e Docket Number Group Art Unit | Filing Date
Information Disclosure Citation in an
Application 2002-1P-009210U1 06/27/2003
U.S. PATENT DOCUMENTS
DOCUMENT ISSUE/PUB. FILING
NO. DATE NAME CLASS | SUBCLASS DATE
6,569,814 B1 05-27-03 Brady, et al. 507 201 04-20-00
6,667,279 Bl 12-23-03 Hessert, et al. 507 225 11-13-97
6,681,856 Bl 01-27-04 Chatterji, et al. 166 294 05-16-03
6,686,328 Bl 02-03-04 Binder 510 446 07-09-99
Us .
2003/0188766A 1 10-09-03 Banerjee, et al. 134 7 12-19-02
us
2004/0055747A1 03-25-04 Lee 166 278 09-20-02
Us .
2004/0106525A1 06-03-04 Willbert, et al. 507 200 10-17-03
Us .
2004/0138068A 1 07-15-04 Rimmer, et al. 507 100 12-19-03
Us .
2004/0152601A1 08-05-04 Still, et al. 507 100 10-27-03
us
2004/0152602A1 08-05-04 Boles ; 507 100 01-15-04
FOREIGN PATENT DOCUMENTS
SLATIO
DOCUMENT NO. DATE COUNTRY CLASS | SUBCLASS yes T No.
WO 99/27229 06-03-99 PCT E21B 43/26 X
WO 01/87797 Al 11-22-01 PCT C04B 28/02 X
WO 03/027431 A2 04-03-03 PCT E21B - X
WO 03/027431 A3 04-03-03 PCT E21B 43/26 X
EP (0510762 A2 04-16-92 Europe Cl11D 17/00 X
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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i Application No. Applicant(s)
PTO-1449 10/608,291 Philip D. Nguyen, et al
Information Disclosure Citation in an Docket Number Group Art Unit | Filing Date
Application 2002-1P-009210U1 06/27/2003
FOREIGN PATENT DOCUMENTS
DOCUMENTNO. |  DATE COUNTRY CLASS | SUBCLASS [vor T No.

NON-PATENT DOCUMENTS

DOCUMENT (Including Author, Title, Source, and Pertinent Pages)

Cantu, et al, Laboratory and Field Evaluation of a Combined Fluid-Loss-Control Additive and Gel
Breaker for Fracturing Fluids, SPE 18211, Society of Petroleum Engineers, 1990

Love, et al, Selectively Placing Many Fractures in Openhole Horizontal Wells Improves Production,
SPE 50422, Society of Petroleum Engineers, 1998

McDaniel, et al, Evolving New Stimulation Process Proves Highly Effective in Level 1 Dual-Lateral
Completion, SPE 78697, Society of Petroleum Engineers, 2002

Albertsson, et al, Aliphatic Polyesters: Systhesis, Properties and Applications, Advances in Polymer
Science, Vol. 157, 2002

Dechy-Cabaret, et al, Controlled Ring-Opening Polymerization of Lactide and Glycolide, American
Chemical Society, Chemical Reviews, A-Z, AA-AD, received 2004

Funkhouser, et al, Synthetic Polymer Fracturing Fluid for High-Temperature Applications, SPE 80236,
Society of Petroleum Engineers, 2003

Chelating Agents, Encyclopedia of Chemical Technology, Vol. 5 (764-795)

Vichaibun, et al, A New Assay for the Enzymatic Degradation of Polylactic Acid, Short Report,
ScienceAsia, Vol. 29, 2003 (pp. 297-300)

Halliburton, SurgiFrac™ Service, A Quick and Cost-Effective Method to Help Boost Production From
Openhole Horizontal Completions, Halliburton Communications, HO3297, 2002

Halliburton, Cobra Frac™ Service, Coiled Tubing Fracturing—Cost-Effective Method for Stimulating

Untapped Reserves, HO2319R, Halliburton Energy Services, 2000

Halliburton, Cobralet Frac™ Service, Cost-effective Technology That Can Help Reduce Cost Per BOE
Produced, Shorten Cycle Time and Reduce Capex, Halliburton Communications

Blauch, et al, Aqueous Tackifier and Methods of Controlling Particulates, Patent Application No.
10/864,061, filed 06-09-04

Blauch, et al, Aqueous-Based Tackifier Fluids and Methods of Use, Patent Application No. 10/864,618,
filed 06-09-04

EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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7%

Practitioner's D_ock.l No. _2002-1P-009210U1 PATENT

. IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application
of
Inventor(s)
for
Title of invention
OR

In re application of: Nguyen, et al

Application No.:10 /608,291 Group Art Unit:

Filed: 06/27/2003 Examiner: .
For: Compositions and Methods for Improving Proppant Pack Permeability

and Fracture Conductivity in a Subterranean Well
Commissioner for Patents '

P.O. Box 1480

Alexandria, VA 22313-1450

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS' OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 CF.R. § 1.97(b))

. CERTIFICATION UNDER 37 C.F.R. 8 1.8(a) and 1.10*
(When using Express Mall, the Express Mail label number is mandstory;
EmeMwﬂﬂuﬁonbopﬂond.)
lherebycerﬁfythat.mﬁndateahownbebw.mm\dumhbdm:
MAILING

K deposited with the United States PoualSewbohmenvabpeaddmdwComMmuforPatm, P.O.
Box 1450, Alexandria, VA 22313-1450

37 CFR. § 1.80) 37CFR. § 110"
K with sufficient postage as first class mall. O as “Express Mail Post Office to Addressee”
Mailing Label No. (mandatory)
TRANSMISSION

O facsimie transmitted to the Patent and T Office, (703) - .
: AR TR %ﬂ\\(&\\
o (225 04 . o O

Tammy Knight
(tvoe or print name of person certifying)

* Only the date of filing (§ 1.e)wmuunmmm-mmmmmwm
on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § 1.703m.CauIdar'EmlmMnaPouOﬂbotoAddrm'(§ 1.10) or facsimile transmission
s 1.qq)ummwumwmmmmmrmmwwmm

nmwalmummwmmmamngaammmmdmom
Action [8-3}—page 1 of 3)
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NOTE: 37 C.F.R. 1.98p): .
H)Eadru.s.mtlmmmlnmmdsdmmmmmwumbymm
number, and issue date.

(2) Each U.S. patent appiication publication listed in an information disclosure statement shail be
identified by appiicam, patent application publication number, and publication dats.

(3) Each U.S. application listed inanlnfomaﬂondladmmmmmmboldmﬂﬁodbyvn
inventor, application number, and filing date.

(4) Each foreign patent or published foreign patent application listed in an information disclosure
mmuimmbymmammwwfmmmwm
the appiication, an appropriate document number, and the publication date indicated on the patent
or published application.

(5) Each publication listed in an information disdmumsmnunmuuboldwﬂﬂodbypublidm,
author (if any), title, relevant pages of the publication , date, and piace of publication.

WARNING: No extension of time can be had under 37 C.F.R. § 1.136 (a) or (b) for filing an IDS. 37 C.F.A.

§ 1.970.

NOTE: The “flling date of a national application” under 37 C.F.A. § 1.97(b) has two possible meanings. Where
the filing /s a direct ane to the United States Patent & Trademark Office, the filing is defined in 37 C.F.R.
§ 1.53(b) as “the date on which: (1) A specification containing a description pursuant to § 1.71 and
at least one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41." 37 C.F.R.
§ 1.97()(1). On the other hand, an intemational appiication that enters the national stage occurs when
mappllcmthasﬂbdﬂndocwnmtsandleesmulmdbyasusc.5371(c)wimmmpoﬂodsm
forthin§ 1.494 or § 1.495. 35 U.S.C. § 371(c) reqiires the filing of the following: (1) the basic national
fee; (2) a copy of the intemational application, unless already sent by the Intemational Bureau, and
optionally an English transiation if filed in another language; and, also optionally (3) amendments under
PCT Articie 19, wlm:ﬂmalaﬂonmtofnyiahilmadolnamtmrhmmmoﬂhwdodanﬂm;
mdﬁ)anndaﬂmlnwsnglbhofmymmxeswmmwmﬁwmmlmmmaﬂonMﬂ
such annexes were made in another language. mopdmdlmmustboaubnwmdlm with
surcharpes. 37 C.F.R. § 1.97(b)(2).

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
INFORIATIOH.DIOGI.OSUIII STATEMENT

The information disclosure statement submitted herewith is being filed within three
months of the filing date of the application or date of entry into the national stage of an
international application or before the mailing date of a first Office action on the merits,
whichever event occurs last. 37 C.F.R. § 1.97(b).

NOTE: 'Abeerﬂﬂuﬂawrbclsdwwlnnmoﬂlhgisn‘ndowmnvnabovoﬂmpaiod.khadvlubbto
anaumMmOMuecﬂmhuMmdbdifﬂndlsdmmmlsdolwwmmm
months from filing.”

NOTE: 'Mmlommdmdbdoawummwwaconwwmmumﬂbdmdndayhmm
hmm.wmmwﬁwdawolanWﬁng#mnmbdbyawmodMﬂmd
maifing under 37 C.F.R. 1.8, or Express Mall certificate under 37 C.F.R. 1.10. An Office action is mailed
onﬂndablndmbdlnlhoOﬁooacﬂm.'NoﬁcaoIMm1992(11380.6.37-41,39).890#30
§ 609, M.P.E.P., 8th Edition.

NOTE: “The term ‘national application’ inciudes continuing applications (continuations, divisions, continuations-
bmnmmwﬂummwmmdmdmmuw
wﬂnoﬂoeﬂwdauolacmﬁnmappla&bn.'mwwzo, 1992 (1138 O.G. 37-41, 39).

ammofrmmwsmmmmmmarmasmwmmﬂmom
Action [8-3}—page 2 of 3)

.
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NOTE: “An action on the merits means an action which treats the patentability of the claims in an appiication,
&8 opposed to only formal or procedural requirements. An action on the merits would, for example,
contain a rejection or indication of allowabillty of a claim or claims rather than just a restriction
requirements (37 C.F.R. 1.142) or just & requirement for additional fees to have a claim considersd (37

' C.F.R. 1.16(). Thus, if an application was filed on Jan. 1 and the first Office action on the merits was
not mailed until six months later on July 1, the examiner would be required to consider any proper
information disclosure statement filed prior to July 1.” Notice of April 20, 1992 (1138 O.G. 37-41, 39).

WARNING: “A petition for suspension of action to aliow applicant time to submit an information disclosure
statament will be denied as failing to present good and sufficient reasons, since 37 C.F.A. § 1.97
provides adequate recourse for the timely submission of prior art for consideration by the examiner.”
Notice of July 6, 1992 (1141 O.G. 63). But see § 103(b) and (c), limited suspension of action in
a continued prosecution appilication (CPA) filed under § 1.53(d) and in a request for continued
examination (RCE) under § 1.114.

~ SIGNATURE OF
Reg. No: 285626 Robert A. Kent
Tel. No.: (580 251-3125 (M’O;G’Pﬂntnm of practitioner)
Customer No.: P.OI."MOX 1431

Duncan, OK 73536-0440

(Transmittal of information Disciosure Statement Within Three Months of Filing or Before Mailing of First Office
Action [6-3}—page 3 of 3)
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PATENT 2002-IP-009210U1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

For Improving Proppant
Pack Permeability and
Fracture Conductivity in
A Subterranean Well

Applicants: ‘ Philip D. Nguyen, et al. )
) Art Unit: Unknown
)
Serial No.: 10/608,291 )
)
Filed: 06/27/2003 ) Examiner: Unknown
)
For: Compositions and Methods )
)
)
)
)

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are

submitted for the Examiner to consider in the above-captioned application.

U.S. PATENTS

U.S. Patent Number 2,238,671 issued 04/15/41 to John C. Woodhouse;

U.S. Patent Number 3,784,585 issued 01/08/74 to Edward Emil Schmitt, et al;
U.S. Patent Number 3,828,854 issued 08/13/74 to Charles C. Templeton, et al;
U.S. Patent Number 3,868,998 issued 03/04/75 to James H. Lybarger, et al;
U.S. Patent Number 4,169,798 issued 10/02/79 to Ronald N. DeMartino;
U.S..Patent Number 4,470,915 issued 09/11/84 to Michael W. Conway;

U.S. Patent Number 4,716,964 issued 01/05/88 to Steven R. Erbstoesser, et al;
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U.S. Patent Number 4,809,783 issued 03/07/89 to Keith H. Hollenbeck, et al;

U.S. Patent Number 4,843,118 issued 06/27/89 to Ta-Wang Lai, et al;

U.S. Patent Number 4,961,466 issued 10/09/90 to Ronald E. Himes, et al;

U.S. Patent Number 4,986,354 issued 01/22/91 to Lisa A. Cantu, et al;

U.S. Patent Number 5,082,056 issued 01/21/92 to James E. Tackett, Jr.;

U.S. Patent Number 5,439,055 issued 08/08/95 to Roger J. Card, et al,

U.S. Patent Number 5,460,226 issued 10/24/95 to Jimmie B. Lawson, et al;

U.S. Patent Number 5,591,700 issued 01/07/97 to Phillip C. Harris, et al;

U.S. Patent Number 6,162,766 issued 12/19/00 to David J. Muir, et al;

U.S. Patent Number 6,189,615 issued 02/20/01 to Robert D. Sydansk;

U.S. Patent Number 6,242,390 issued 06/05/01 to Thomas O. Mitchell, et al;

U.S. Patent Number 6,387,986 issued 05/14/02 to Ahmad Moradi-Araghi, et al;
U.S. Patent Number 6,669,771 issued 12/30/03 to Yutaka Tokiwa, et al;

U.S. Patent Number 6,710,019 issued 03/23/04 to Christopher Alan Sawdon, et al;
U.S. Patent Number 2001/0016562 issued 08/23/01 to David J. Muir, et al;

U.S. Patent Number 2003/0060374 issued 03/27/03 to Claude E. Cooke, Jr.;

U.S. Patent Number 2003/0114314 issued 06/19/03 to David A. Ballard, et al;
U.S. Patent Number 2003/0130133 issued 07/10/03 to Daniel Patrick Vollmer;
U.S. Patent Number 2003/0234103 issued 12/25/03 to Jesse Lee, et al;

U.S. Patent Number 2004/0014607 issued 01/22/04 to A. Richard Sinclair, et al; and

U.S. Patent Number 2004/0040706 issued 03/04/04 to Mohammad Hossaini, et al.
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FOREIGN PATENTS

PCT International Publication Number 2004/037946 A1 published 05/06/04 to Dean
Willberg, et al; and

PCT International Publication Number 2004/038176 A1 published 05/06/04 to John Still,
et al.

Copies of the aforementioned references and Form PTO-1449 are submitted herewith.

Respectfully submitted,

Q{d&b

Robert A. Kent

Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125
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icati o. Applicant(s
PTO-1449 10/608.291 Phlip D. Neuyen et al.
. . PSP Docket Number Group Art Unit | Filing Date
mﬂ';;‘l’j:;zf ftationinan 1 5002-1p-09210U1 " 06-27-2003
&
JUL 01 2004 ’o:n\i U.S. PATENT DOCUMENTS
%e » Am&!&/é COENT | pUB. NAME CLASS | SUBCLASS | 'I-ING
DATE
2,238,671 04-15-41 Woodhouse 166 21 02-09-40
3,784,585 01-08-74 Schmitt et al. 260 861 10-21-71
3,828,854 08-13-74 Templeton et al. 166 307 10-30-73
3,868,998 03-04-75 Lybarger et al. 166 278 05-15-74
4,169,798 10-02-79 DeMartino 252 8.55R 10-25-77
4,470,915 09-11-84 Conway 252 8.55R 09-27-82
4,716,964 ‘01-05-88 Erbstoesser et al. 166 284 12-10-86
4,809,783 03-07-89 Hollenbeck ez al. 166 307 01-14-88
4,843,118 06-27-89 Lai et al. 524 555 06-19-87
4,961,466 10-09-90 Himes et al. 166 250 01-23-89
4,986,354 01-22-91 Cantu et al. 166 279 09-14-88
5,082,056 01-21-92 Tackett Jr. 166 295 10-16-90
5,439,055 08-08-95 Card et al. 166 280 03-08-94
5,460,226 10-24-95 Lawson et al. 166 300 05-18-94
5,591,700 01-07-97 Harris et al. 507 204 12-22-94
6,162,766 12-19-00 Muir et al. 507 267 05-29-98
6,189,615 02-20-01 Sydansk A 166 270 12-15-98
6,242,390 06-05-01 Mitchell et al. 507 211 07-31-98
6,387,986 05-04-02 Moradi-Araghi et al. 523 211 06-24-99
FOREIGN PATENT DOCUMENTS
DOCUMENTNO. | DATE COUNTRY CLASS | SUBCLASS oot No.
WO 04/038176 A1 05/06/04 United States E21B 43/27 n/a
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages)
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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Application No. Applicant(s)
FTO-1449 10/608,291 Philip D. Nguyen ef al.
. : Docket Number Group Art Unit | Filing Date
Inf ation tion in an
niormatt 2002-IP-09210U1 06-27-2003
U.S. PATENT DOCUMENTS
DOCUMENT ISSUE/PUB. FILING
NO. DATE NAME CLASS | SUBCLASS DATE
6,669,771 12-30-03 Tokiwa et al. 106 162 12-08-02
6,710,019 03-23-04 Sawdon et al. 507 136 07-16-99
US 2001/0016562 08-23-01 Muir et al. 507 201 11-29-00
US 2003/0060374 03-27-03 Cooke Jr. 507 200 09-24-02
US 2003/0114314 06-19-03 Ballard et al. 507 100 12-19-01
US 2003/0130133 07-10-03 Vallmer 507 100 12-11-02
US 2003/0234103 12-25-03 Lee et al. 166 293 06-20-02
US 2004/0014607 01-22-04 Sinclair et al. 507 200 07-16-02
US 2004/0040706 03-04-04 Hossaini et al. 166 278 08-28-02
FOREIGN PATENT DOCUMENTS
DOCUMENT NO. DATE COUNTRY CLASS | SUBCLASS ;‘::NSLAIT\;gN
WO 04/037946 Al 05-06-04 United States CO9K 7/00 n/a
NON-PATENT DOCUMENTS
DOCUMENT (Including Author, Title, Source, and Pertinent Pages)
EXAMINER DATE CONSIDERED

EXAMINER: Initial if citation considered, whether or not citation is in conformance with MPEP § 609. Draw line through citation
if not in conformance and not considered. Include copy of this form with next communication to the applicant.
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JUN 2 1 200 ~

Application Serial No. 10/608,291
Attorney Docket No. HES 2002-IP-009210U1

AYHE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of: §
Nguyen, et al § Group Art Unit:  Unassigned
§
Serial No.: 10/608,291 §
§ Examiner: Unassigned
Filed: June 27,2003 §
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Title: “COMPOSITIONS AND METHODS FOR §
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PERMEABILITY IN A SUBTERRANEAN §
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CERTIFICATE OF MAILING VIA REGULAR MAIL
ATTY. DOCKET No.: HES 2002-1P-009210U1
GROUP ART UNIT: UNASSIGNED
EXAMINER: UNASSIGNED
PURSUANT TO 37 C.F.R. § 1.10,  HEREBY CERTIFY THAT | HAVE
INFORMATION AND A REASONABLE BASIS FOR BELIEF THAT THIS
CORRESPONDENCE WILL BE DEPOSITED WITH THE UNITED STATES
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Honorable Commissioner of Patents ALEXANDRIA. VA 22313-1450.
P. O. Box 1450 .
Alexandria, VA 22313-1450 AM-0
TAMMY KNIGHT DATE
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Dear Sir:

Applicants hereby submit the following documents to be filed with the United

States Patent and Trademark Office:
1. Preliminary Amendment

2. Return receipt postcard.
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Please date stamp and return the enclosed postcard evidencing receipt of these
materials.

Applicants believe $86.00 in fees are due in association with this filing. However,
the Commissioner is authorized to debit Deposit Account No. 08-0300 of Halliburton Energy

. Services, Inc., for any underpayment of fees that may be due.

Respectfully submitted,

LL il A7

Robert A. Kent

Reg. No. 28,626

Halliburton Energy Services
P.O. Box 1431

Duncan, Oklahoma 73536-0102
Telephone: (580)251-3125

ATTORNEY FOR APPLICANTS

Date: é"/?”&i/
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] Y UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

NGUYEN, ET AL
Serial No.:  10/608,291
Filed: June 27, 2003

Title:  “COMPOSITIONS AND METHODS FOR
IMPROVING PROPPANT PACK
PERMEABILITY IN A SUBTERRANEAN
WELL”

MAIL STOP AMENDMENT
Honorable Commissioner of Patents
P. O. Box 1450

Alexandria, VA 22313-1450
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Group Art Unit:

Examiner:

Unassigned

Unassigned

Atty. Docket No: HES 2002-1P-009210U1

CERTIFICATE OF MAILING VIA REGULAR MAIL

ATTY. DOCKET NoO.: HES 2002-IP-009210U1
GROUP ART UNIT: UNASSIGNED
EXAMINER: UNASSIGNED

PURSUANT TO 37 C.F.R. § 1.10, | HEREBY CERTIFY THAT | HAVE
INFORMATION AND A REASONABLE BASIS FOR BELIEF THAT THIS
CORRESPONDENCE WILL BE DEPOSITED WITH THE UNITED STATES
POSTAL SERVICE AS EXPRESS MAIL, POST OFFICE TO
ADDRESSEE, ON THE DATE INDICATED BELOW, AND IS ADDRESSED
TO:

MAIL STOP AMENDMENT

HONORABLE COMMISSIONER FOR PATENTS

P. 0. Box 1450

ALEXANDRIA, VA 22313-1450.

oA1-O4

DATE

TAMMY KNIGHT

PRELIMINARY AMENDMENT

Prior to examination on the merits, please amend the application as follows and

consider the included remarks. No office action with respect to this case has been issued;

therefore, Applicants believe this Preliminary Amendment is timely filed.

10608291
86.00 DA
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Application Serial No. 10/608,291
Attorney Docket No. HES 2002-IP-009210U1

CLAIM AMENDMENTS

Please amend the claims as follows.

1. (Original) A method of increasing the conductivity of a fracture in a subterranean
formation comprising the steps of:

providing a fracturing treatment fluid comprising a proppant composition, the proppant
composition comprising proppant particulates and a degradable material capable of undergoing
an irreversible degradation downhole;

introducing the proppant composition to the fracture; and

allowing the proppant composition to form a proppant matrix having voids in the
fracture.

2. (Currently Amended) The method of claim 1 wherein the proppant particulates

comprise sand, walnut hulls, or man-made proppant particulates a-man-made-proppants.

3. (Currently Amended) The method of claim 1 wherein the proppant particulates
have a size of about 10 to about 60 US mesh.

4. (Original) The method of claim 1 wherein the proppant composition further
comprises a curable resin, a tackifying agent, or both.

5. (Original) The method of claim 4 wherein the curable resin comprises an epoxy,
furan, phenolic, furfuryl aldehyde, or furfuryl alcohol resin.

6. (Currently Amended) The method of claim 1 wherein the proppant composition
comprises interlocking proppant particulates.

7. (Original) The method of claim 1-wherein the degradable material comprises a

degradable polymer or a dehydrated salt.
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8. (Currently Amended) The method of claim 7 wherein the degradable polymer

comprises a polysaccharide, a chitin, a chitosan, a protein, an aliphatic polyester, a

poly(lactide), a poly(glycolide), a poly(s-caprolactone), a poly(hydroxybutyrate), a

polvanhvdride, an aliphatic polycarbonate, a poly(orthoester), a poly(amino acid); a

poly(ethylene oxide), or a polyphosphazene polysaccharides,-chitins;-chitesans; proteins;

9. (Original) The method of claim 1 wherein the degradable material further

comprises a plasticizer.

10.  (Original) The method of claim 7 wherein the dehydrated salt comprises
anhydrous sodium tetraborate or anhydrous boric acid.

11.  (Original) The method of claim 1 wherein the degradable material comprises
poly(lactic acid) and a compound chosen from the group consisting of sodium borate and boric
oxide. |

12.  (Original) The method of claim 1 wherein the degradable material comprises a
stereoisomer of a poly(lactide).

13.  (Currently Amended) The method of claim 1 wherein the proppant composition

comprises a poly(lactic acid) degradable material and bauxite proppant particulates, the

bauxite proppant particulates at least partially having-been coated with a curable epoxy resin;
14. (Original) The method of claim 1 wherein the degradable material is present in
the proppant composition in an amount sufficient to create a desirable number of voids in the

proppant matrix.
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15.  (Original) The method of claim 1 wherein the degradable material is present in
the proppant composition in an amount of about 0.1% to about 30% by weight of proppant
particulates in the composition.

16.  (Original) The method of claim 1 wherein the degradable material comprises
particles having a rod-like shape.

17.  (Original) The method of claim 1 wherein the degradable material comprises an
inorganic or organic compound.

18.  (Original) The method of claim 17 wherein the inorganic or organic compound
comprises sodium acetate trihydrate, L-tartaric acid disodium, salt dihydrate, sodium citrate
dihydrate, hydrate of an inorganic acid, hydrate of an inorganic acid salt, sodium tetraborate
decahydrate, sodium hydrogenphosphate heptahydrate, sodium phosphate, dodecahydrate,
amylose, starch-based hydrophilic polymer, or a cellulose-based hydrophilic polymer.

19.  (Original) The method of claim 1 wherein the degradable material is a composite.

20.  (Currently Amended) A method of enhancing the permeability of a proppant
matrix comprising the step of introducing a plurality of voids into the proppant matrix by a
degradation of a degradable material within the proppant matrix.

21. (Currently Amended) The method of claim 20 wherein the proppant matrix

comprises sand, walnut hulls, or man-made proppant particulates a-map-made-proppant
particilates.

22, (Original) The method of claim 20 wherein the proppant matrix comprises a
curable resin, a tackifying agent, or both.

23.  (Original) The method of claim 22 wherein the curable resin comprises an epoxy,

furan, phenolic, furfuryl aldehyde, or furfuryl alcohol resin.
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24.  (Original) The method of claim 20 wherein the proppant matrix comprises
interlocking proppant particulates.

25.  (Original) The method of claim 20 wherein the degradable material comprises a
degradable polymer or a dehydrated salt.

26.  (Currently Amended) The method of claim 25 wherein the degradable polymer

comprises a polysaccharide, a chitin, a chitosan, a protein, an aliphatic polyester, a

poly(lactide), a poly(glycolide). a poly(s-caprolactone), a poly(hydroxybutyrate), a

polyanhvdride, an aliphatic polycarbonate, a poly(orthoester), a poly(amino acid); a

poly(ethylene oxide), or a polyphosphazene polysaccharides;chitins;-chitosans; proteins;

27.  (Original) The method of claim 20 wherein the degradable material further

comprises a plasticizer.

28.  (Original) The method of claim 25 wherein the dehydrated salt comprises
anhydrous sodium tetraborate or anhydrous boric acid.

29. (Original) The method of claim 20 wherein the degradable material comprises
poly(lactic acid) and a compound chosen from the group consisting of sodium borate and boric
oxide.

30.  (Original) The method of claim 20 wherein the degradable material comprises a

stereoisomer of a poly(lactide).
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31.  (Currently Amended) The method of claim 20 wherein the proppant matrix

comprises a poly(lactic acid) degradable material and bauxite proppant particulates, the

bauxite proppant particulates havingbeen at least partially coated with a curable epoxy resin;

1 o polviacticneid desradabl ial.

32.  (Original) The method of claim 20 wherein the degradable material is present in

the proppant matrix in an amount sufficient to create a desirable number of voids in the proppant
matrix.

33.  (Original) The method of claim 20 wherein the degradable material is present in
the proppant composition in an amount of about 0.1% to about 30% by weight of proppant
particulates in the composition.

34.  (Original) The method of claim 20 wherein the degradable material comprises
particles having a rod-like shape.

35.  (Original) The method of claim 20 wherein the at least a portion of the voids in
the proppant matrix are channel-like in shape.

36.  (Original) The method of claim 20 wherein the proppant matrix has a
conductivity equal to or greater than 4500 darcies at a pressure of about 2000 psi.

37.  (Original) The method of claim 20 wherein the proppant matrix has a
conductivity equal to or greater than 4500 darcies at a pressure of about 4000 psi.

38.  (Original) The method of claim 20 wherein the proppant matrix has a
conductivity equal to or greater than 4000 darcies at a pressure of about 6000 psi.

39.  (Currently Amended) A proppant matrix eempesition comprising:

proppant particulates, the proppant particulates defining a plurality of voids

formed by an irreversible degradation of a degradable material and
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40. . (Currently Amended) The proppant matrix eempesition of claim 39 wherein

the proppant particulates comprise sand, walnut hulls, or man-made proppant particulates &
man-made proppant particulates.
41.  (Currently Amended) The proppant matrix eempesitien of claim 39 wherein

the proppant particulates have a size of about 10 to about 60 US mesh.
42.  (Currently Amended) The proppant matrix eempeosition of claim 39 wherein
the proppant matrix eempeosition further comprises a curable resin, a tackifying agent, or both.

43.  (Currently Amended) The proppant matrix eempesition of claim 42 wherein

the curable resin comprises an epoxy, furan, phenolic, furfuryl aldehyde, or furfuryl alcohol
resin.

44.  (Currently Amended) The proppant matrix eempeosition of claim 39 wherein

the proppant matrix eempeosition comprises interlocking proppant particulates.
45. (Currently Amended) The proppant matrix eempesition of claim 39 wherein
the degradable material comprises a degradable polymer or a dehydrated salt.

46.  (Currently Amended) The proppant matrix eempeosition of claim 45 wherein

the degradable polymer comprises a polysaccharide, a chitin, a chitosan, a protein, an

aliphatic polyester, a poly(lactide), a poly(glycolide), a poly(e-caprolactone), a

poly(hydroxybutyrate), a polyanhydride, an aliphatic polycarbonate, a poly(orthoester), a

poly(amino acid); a poly(ethylene oxide), or a polyphosphazene pelysaccharides, chitins,

47.  (Currently Amended) The proppant matrix eempesition of claim 39 wherein

the degradable material further comprises a plasticizer.
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48. (Currently Amended) The proppant matrix eempesition of claim 45 wherein
the dehydrated salt comprises anhydrous sodium tetraborate or anhydrous boric acid.

49.  (Currently Amended) The proppant matrix eempesition of claim 39 wherein

the degradable material comprises poly(lactic acid) and a compound chosen from the group

consisting of sodium borate and boric oxide.

50.  (Currently Amended) The proppant matrix eempeosition of claim 39 wherein
the degradable material comprises a stereoisomer of a poly(lactide).

51.  (Currently Amended) The proppant matrix eempeosition of claim 39 wherein
the proppant particulates comprise eempesition eomprises-a bauxite proppant particulates;-the
bauxite proppant-particulates-having-been at least partially coated with a curable epoxy
resin, and wherein the degradable material comprises poly(lactic acid) a-pelylactic-acid
degradable-material.

52. (Cancelled)

53.  (Currently Amended) The proppant matrix eempeosition of claim 39 wherein

the degradable material comprises particles having a rod-like shape.

54. (Currently Amended) The proppant matrix eempesition of claim 39 wherein
the degradable material comprises an inorganic or organic compound.

55. (Currently Amended) The proppant matrix eempesition of claim 54 40
wherein the inorganic or organic compound comprises sodium acetate trihydrate, L-tartaric acid
disodium, salt dihydrate, sodium citrate dihydrate, hydrate of an inorganic acid, hydrate of an
inorganic acid salt, sodium tetraborate decahydrate, sodium hydrogenphosphate heptahydrate,
sodium phosphate, dodecahydrate, amylose, starch-based hydrophilic polymer, or a cellulose-

based hydrophilic polymer.
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56.  (Currently Amended) The proppant matrix eempesition of claim 39 wherein
the degradable material is a composite.

57. (Currently Amended) A proppant matrix permeability enhancing

ix comprising proppant

composition fe
particulates and a degradable material.

58. (Currently Amended) The composition of claim 57 wherein the proppant

particulates comprise sand, walnut hulls, or man-made proppant particulates a-man-made
proppant-particulates.
59. (Currently Amended) The composition of claim 57 wherein 57wherein the

proppant particulates have a size of about 10 to about 60 US mesh.

60.  (Original) The composition of claim 57 wherein the proppant composition further
comprises a curable resin, a tackifying agent, or both.

61.  (Original) The composition of claim 60 wherein the curable resin comprises an
epoxy, furan, phenolic, furfuryl aldehyde, or furfuryl alcohol resin.

62. (Original) The composition of claim 57 wherein the proppant composition
comprises interlocking proppant particulates.

63. (Currently Amended) The composition of claim 57 wherein 57wherein the

degradable material comprises a degradable polymer or a dehydrated salt.
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64.  (Currently Amended) The composition of claim 63 wherein the degradable

polymer comprises a polysaccharide, a chitin, a chitosan, a protein, an aliphatic polyester, a

poly(lactide), a poly(glycolide), a poly(e-caprolactone), a poly(hydroxybutyrate), a

polyanhydride, an aliphatic polycarbonate, a poly(orthoester), a poly(amino acid); a

poly(ethylene oxide), or a polyphosphazene pelysaccharides;chitins;-chitosans;proteins;

65.  (Original) The composition of claim 57 wherein ihe degradable material further
comprises a plasticizer.

66.  (Original) The composition of claim 63 wherein the dehydrated salt comprises
anhydrous sodium tetraborate or anhydrous boric acid.

67.  (Original) The composition of claim 57 wherein the degradable material
comprises poly(lactic acid) and a compound chosen from the group consisting of sodium borate
and boric oxide.

68.  (Original) The composition of claim 57 wherein the degradable material )
comprises a stereoisomer of a poly(lactide).

69.  (Currently Amended) The composition of claim 57 wherein the proppant

composition comprises a poly(lactic acid) degradable material and bauxite proppant

particulates, the bauxite proppant particulates having been at least partially coated with a

curable epoxy resin;-and-a-pelylacticacid-degradable-material.

70.  (Original) The composition of claim 57 wherein the degradable material is
present in the proppant composition in an amount of about 0.1% to about 30% by weight of

proppant particulates in the proppant composition.
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71.  (Original) The composition of claim 57 wherein the degradable material
comprises particles having a rod-like shape.

72.  (New) A proppant matrix comprising proppant particulates and a plurality

of voids, the plurality of voids formed by an irreversible degradation of a degradable

material.

11
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Application Serial No. 10/608,291
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REMARKS
All amendments are made in a good faith effort to advance the proéecution on the merits
~ of this case. Applicants reserve their rights to subsequently take up prosecution on the claims as
originally filed in this or an appropriate continuing application.
Applicants respectfully request that these amendments above be entered and submit that
these amendments will put the claims in condition for allowance. Antecedent basis for these

amendments can be found throughout the specification.
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CONCLUSION

Applicants have made an earnest attempt to place this case in condition for
allowance. For the foregoing reasons and for other reasons clearly apparent, Applicants
respectfully request full allowance of all pending claims. If the Examiner believes a telephone
conference or an interview would advance prosecution of the Application, the undersigned
attorney for Applicants is happy to conduct such a conference at the convenience of the
Examiner.

Applicants believe $86.00 in fees are due in association with this filing.

However, the Commissioner is authorized to debit Deposit Account No. 08-0300 of Halliburton

Energy Services, Inc., for any underpayment of fees that may be due.

Respectfully submitted,

-J/L//K

Roberf A: Kent

Reg. No. 28,626

Halliburton Energy Services
P.O. Box 1431

Duncan, Oklahoma 73536-0102
Telephone: (580) 251-3125

ATTORNEY FOR APPLICANTS

Date: é"/7’0/
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PATENT 2002-IP-009210U1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

For Improving Proppant
Pack Permeability and
Fracture Conductivity
In a Subterranean Well

Applicants: Philip D. Nguyen, et al )
) Art Unit: 3672
Serial No.: 10/608,291 )
)
Filed: 06/27/2003 ) Examiner: Unknown
)
For: Compositions and Methods )
)
)
)
)

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are

submitted for the Examiner to consider in the above-captioned application.

U.S. PATENTS

U.S. Patent Number 6,599,863 issued 07/29/03 to Bentley J. Palmer, et al.
Copies of the aforementioned references and Form PTO-1449 are submitted herewith.

lly submitted,

£

Robert A. l{ent
Registration No. 28,626
Halliburton Energy Services
P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125
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FORM PTO-1449 (Modified) ATTY. DOCKET NO. SERIAL NO.
2002-IP-009210U1 10/608, 291
LIST OF PATENTS AND PUBLICATIONS
FOR APPLICANT'S INFORMATION APPLICANT
DISCLOSURE STATEMENT Philip D. Nguyen, et al
(Use several sheets if necessary) FILING DATE GROUP
06/27/2003 3672
U.S. PATENT DOCUMENTS
Filing
EXAMINER Date if
INITIAL Document No. Date Name Class | Subclass | Appropriate
AA 6,599,863 07/29/03 |Palmer, et al 507 219
AB
AC
AD
AE
AF
AG
AH
AT
AJ
AK
FOREIGN PATENT DOCUMENTS
Translation
Document No. Date Country Class | Subclass Yes No
AL
AM
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
AN
AO
AP
EXAMINER DATE CONSIDERED
EXAMINER: Initial if reference considered, whether or not citation is in conformance with
MPEP 609; Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant.
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2002-1P-009210U1 ’ PATENT

ioner’'s Docket No.

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Patent application

of
Inventor(s)
for _
Title of invention
OR

In re application of: Philip D. Nguyen, et al

Application No..lo s 608,291 Group Art Unit; 3672

Filed: 06/27/2003 Examiner: .

For: Compositions and Methods for Improving Proppant Pack Permeability and
Fracture Conductivity in a Subterranean Well

Assnstant Commissioner for Patents :

Washington, D.C. 20231

TRANSMITTAL OF INFORMATION DISCLOSURE STATEMENT
WITHIN THREE MONTHS OF FILING OR
BEFORE MAILING OF FIRST OFFICE ACTION (37 C.F.R. § 1.97(b))
CERTIFICATION UNDER 37 C.F.R. §§ 1.8(a) and 1.10*

(When using Express Mail, the Express Mail label number is mandatory;
Express Mail certification is optional.)

1 hereby certify that, on 'the date shown below, this correspondence is being
MAILING

éf deposited with the United States Postal Service in an envelope addressed to the Assistant Commissioner

for Patents, Washington, D.C. 20231
: 37 C.F.R. § 1.8(a) 37 C.F.R. § 1.10°
K with sufficient postage as first class mail. O as "Express Mail Post Office to Addressee”
) Mailing Label No. {mandatory)
. TRANSMISSION
D facsimile transmitted to the Patent and Trademark\Office, (703)
: V&\\(\\\(\(\X\ g‘{\x\(g\\k
Sng\'lJ Ure

Date: \\_A_- ?)' Q\\’ | ’ ' ioh
. . Tammy Knight

{type or print'name of person certifying)

* Only the date of filing (§ 1.6) will be the date used in a patent term adjustment calculation, although the date

on any certificate of mailing or transmission under § 1.8 continues to be taken into account in determining
timeliness. See § 1.703(f). Consider “Express Mail Post Office to Addressee” (§ 1.10) or facsimile transmission
(§ 1.6(d)) for the reply to be accorded the earliest possible fi ling date for patent term adjustment calculations.

(Transmittal of Information Disclosure Statement Wlthun Three Months of Filing or Before Mailing of First Office
Action [6-3]—page 1 of 3)
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NOTE: 37 C.F.R. 1.98Mb): . )
(1) Each U.S. patent listed in an information disclosure statement must be identified by inventor, patent

number, and issue date.
(2) Each U.S. patent application publication listed in an information disclosure statement shall be

identified by applicant, patent application publication number, and publication date.
{3) Each U.S. application listed in an information disclosure statement must be identified.by the

) inyemor, application number, and filing date.
(4) Each foreign patent or published foreign patent application listed in an information disclosure
the patent or published

statement must be identified by the country or patent office which issued
the application, an appropriate document number, and the publication date indicated on the patent

or published application.
(5) Each publication listed in an information disclosure statement must be identified by pub/isher,
author (if any), title, relevant pages of the publication, date, and place of publication.

WARNING: No extension of time can be had under 37 C.F.A. § 1.136 (a) or @) for filing an IDS. 37 C.FR.

§ 1.97. .
NOTE: The “filing date of a national application” under 37 C.F.R. § 1.97(b) has two possible meanings. Where
the filing is a direct one to the United States Patent & Trademark Office, the filing is defined in 37.C.F.R.
§ 1.53() as “the date on which: (1) A specification containing a description pursuant to § 1.71 and
at Jeast one claim pursuant to § 1.75; and (2) any drawing required by § 1.81(a), are filed in the Patent
and Trademark Office in the name of the actual inventor or inventors as required by § 1.41.737 C.FA.
§ 71.97()(1). On the other hand, an international application that enters the national stage occurs when
the applicant has filed the documents and fees required by 35 U.S.C. § 371(c) within the periods set
forthin § 1.4940r§ 1.495. 35 U.S.C. § 371(c) requires the filing of the following: (1) the basic national
fee; (2) a copy of the international application, unless already sent by the International Bureau, and
optionally an English translation if filed in another language; and, also optionally (3) amendments under
PCT Article 19, with a translation into English if made in another language; (4) an oath or declaration;
and (5) a translation into English of any annexes to the international preliminary examination report, 'if
such annexes were made in another language. The optional items must be submitted later, with
surcharges. 37 C.F.R. § 1.97(b)(2). . i

IDENTIFICATION OF TIME OF FILING THE ACCOMPANYING
INFORMATION DISCLOSURE STATEMENT )

w

The information disclosure statement submitted herewith is being filed within three
months of the filing date of the application or date of entry into the national stage of an
international application or before the mailing date of a first Office action on the merits,’

whichever event occurs last. 37 C.F.R. § 1.97(b).
NOTE: “No certification or fee is due when the filing is made within the above time period. It is advisable to
ensure that no Office action has been mailed if the disclosure statement is delayed until after three

months from filing.”
“An information disclosure statement will be considered to have been filed on the day it was received
or on an earlier date of a mailing if accompanied by a properly executed certificate of

in the Office,
maifing under 37 C.F.R. 1.8, or Express Mail certificate under 37 C.F.R. 1.10. An Office action is mailed
on the date indicated in the Office action.” Notice of April 20, 1992 (1138 O.G. 37-41, 39). See also

§ 609, M.P.E.P.,, 8th Edition. .

NOTE: “The term ‘national application’ includes continuing applications (continuations, divisions, continuations-
in-part) so three-months will be measured-from-the actual filing da{e of an application as opposed [sic]
to the effective date of a continuing application.” Notice of April 20, 7992 (1138 0.G. 37-41, 39).

NOTE:

(Transmittal of Information Disclosure Statement Within Three Months of Filing or Before Mailing of First Office
Action [6-8}—page 2 of 3)
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“An action on the merits means an action which treats the patentability of the claims in an application,
as opposed to only formal or procedural requirements. An action on the merits would, for example,
. contain a rejection or indication of allowability of a claim or claims rather than just a restriction

requirements (37 C.F.R. 1.142) or just a requirement for additional fees to have a claim considered 37
C.F.R. 1.16(c)). Thus, if an application was filed on Jan. 1 and the first Office action on the merits was
not ‘mailed until six months later on July 1, the examiner would be required to consider any proper
information disclosure statement filed prior to July 1.” Notice of April 20, 1992 (1138 0.G. 37-41, 39).

WARNING: “A petition for suspension of action to allow applicant time to submit an information disclosure
statement will be denied as failing to present good and sufficient reasons, since 37 C.F.R. § 1.97
provides adequate recourse for the timely submission of prior art for consideration by the examiner.”
Notice of July 6, 1992 (1141 O.G. 63). But see § 103(b) and (c), limited suspension of action in
a continued prosecution application (CPA) filed under § 1.53(d) and in a request for continued

examination (RCE) under § 1.114.

SIGNATURE OF PRACTITIONER

NOTE:

Reg. No.:_ 28,626 __Robert A. Kent
(type or print name of practitioner)

P.0. Box 1431
Customer No.: - P.O. Address
Duncan, OK 73536-0440

“Tel. No.: (580) 251-3125

(Transmittal of Information Disclosure Statement Within Three Months of Filing or Before Mailing of First Office
Action [6-3]}—page 3 of 3)
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PTO/SB/21 (03-03)

Approved for use through 04/30/2003. OMB 0651-0031

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Cl io i j i i f

are reguired o re a.Cf r,
Application Number 10/608,291

TRANSMITTAL Filing Date 06/27/2003

FORM First Named Inventor Philip D. Nguyen
(to be used for all correspondence after initial filing) Art Unit
Examiner Name
Attorney Docket Number -1P-
\ Total Number of Pages in This Submission | Y 2002-1P-009210U1 j

ENCLOSURES  (Check all that apply)

After Allowance Communication

Fee Transmittal Form Drawing(s) to a Technology Center (TC)

D Fee Attached

Appeal Communication to Board
of Appeals and Interferences
Appeal Communication to TC

Licensing-related Papers

0 0O

Amendment/Reply Petition (Appeal Notice, Brief, Reply Brief)
Petition to Convert to a . .
After Final Provisional Application Proprietary Information

Power of Attorney, Revocation
Change of Correspondence Address Status Letter

Other Enclosure(s) (please

EI Affidavits/declaration(s)

L0000 0
MNOOOO

Extension of Time Request Terminal Disclaimer Identify below):

Express Abandonment Request Request for Refund }V\?M IAVES
: \

Information Disclosure Statement CD,NumberofCD(s) PTo 1M4Y4

Certified Copy of Priority [ Remarks |

Document(s) Supplemental IDS & PTO-1449

Response to Missing Parts/
Incomplete Application

O O 0.

Response to Missing Parts
under 37 CFR 1.52 or 1.53

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Robert A. Kent
or

Individual h ; e

Signature X_ﬁ;‘/( cl) /g é

Date F-12 -}

4 CERTIFICATE OF TRANSMISSION/MAILING \

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United
first class mail in an envelope addressed to: Commissioner for Patents, Washington, DC 20231 on this date:

Typed or printed Tagmy L. Knight ~

(Stnate Sosentecrs o re S Jome] IS OF

This collection of information is required by 37 CFR 1.5. The lnfo@is required to obtain or retaigeneﬁt by the public which is to file (and by the USPTO (o
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, Washington, DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:
Commissioner for Patents, Washington, DC 20231.

If you need assistance in completing the form, call 1-800-PTO-9199 (1-800-786-9199) and select option 2.
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PATENT 2002-IP-009210U1

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

For Improving Proppant
Pack Permeability and
Fracture Conductivity in
A Subterranean Well

Applicants: Philip D. Nguyen, et al )
) Art Unit: Unknown
Serial No.: 10/608,291 )
)
Filed: 06/27/2003 ) Examiner: Unknown
)
For: Compositions and Methods )
)
)
)
)

SUPPLEMENTAL INFORMATION DISCLOSURE STATEMENT

COMMISSIONER FOR PATENTS
Alexandria, VA 22313-1450

SIR:

The following documents are known to Applicants or Applicants' attorneys and are
submitted for the Examiner to consider in the above-captioned application.

Each item of information contained in this supplemental information disclosure statement
was first cited in any communication from a foreign patent office in a counterpart foreign
application not more than three (3) months prior to the filing of the information disclosure
statement.

U. S. PATENTS

U.S. Patent Number 3,955,993 issued 05/11/76 to Beverly A. Curtice, et al;

U.S. Patent Number 3,948,672 issued 04/06/76 to Bobby G. Harnsberger;

U.S. Patent Number 6,485,947 issued 11/26/02 to Vineet Rajgarhia, et al;

U.S. Patent Number 4,526,695 issued 07/02/85 to Steven R. Erbstoesser, et al;
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U.S. Patent Number 6,172,011 issued 01/09/01 to Roger J. Card, et al;

U.S. Patent Number 5,924,488 issued 07/20/99 to Philip D. Nguyen, et al;
U.S. Patent Number 6,209,643 issued 04/03/01 to Philip D. Nguyen, et al;
U.S. Patent Number 6,047,772 issued 04/11/00 to Jim D. Weaver, et al;
U.S. Patent Number 5,908,073 issued 06/01/99 to Philip D. Nguyen, et al;
U.S. Patent Number 5,791,415 issued 08/11/98 to Philip D. Nguyen, et al;
U.S. Patent Number 4,694,905 issued 09/22/87 to David R. Armbruster;
U.S. Patent Number 4,785,884 issued 11/22/88 to David R. Armbruster; and
U.S. Patent Number 6,328,105 issued 12/11/01 to Donald E. Betzold.

FOREIGN PATENTS

International Publication Number WO 03/02731 issued 04/03/03 by Claude E. Cooke, Jr.
Copies of the aforementioned references and Form PTO-1449 are submitted herewith.

Respectfully submitted,

Robert A. Kent &
Registration No. 28,626
Halliburton Energy Services

P. O. Box 1431

Duncan, OK 73536-0440
580-251-3125
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Sheet 1 of 1

M1449 (Modified) ATTY. DOCKET NO. SERIAL NO.

2002-IP-009210U1 10/608,291
LIST OF PATENTS AND PUBLICATIONS
FOR APPLICANT'S INFORMATION APPLICANT
DISCLOSURE STATEMENT Philip D. Nguyen, et al

(Use several sheets if necessary) FILING DATE GROUP

06/27/03

U.S. PATENT DOCUMENTS

Filing
EXAMINER Date if
INITIAL Document No. Date Name Class | Subclass | Appropriate
AA 3,955,993 05/11/76 [Curtice, et al 106 662
AB 3,948,672 04/06/76 |Harnsberger 106 720
AC 6,485,947 11/26/02 |Rajgarhia, et al 435 139
AD 4,526,695 07/02/85 | Erbstoesser, et al 507 219
AE 6,172,011 01/09/01 [Card, et al 507 204
AF 5,924,488 07/20/99 [Nguyen, et al 166 280
AG 6,209,643 04/03/01 [Nguyen, et al 166 276
AH 6,047,772 04/11/00 [Weaver, et al 166 276
AT 5,908,073 06/01/99 [Nguyen, et al 166 276
AJ 5,791,415 08/11/98 [Nguyen, et al 166 280
AK 4,694,905 09/22/87 |Armbruster 166 280
AL 4,785,884 11/22/88 | Armbruster 166 280
AM 6,328,105 12/11/01 | Betzold 166 280
FOREIGN PATENT DOCUMENTS
Translation
Document No. Date Country Class | Subclass Yes No
AN |[WO 03/027431 [04/03/03 [United States E2 1B ] X
AO
AP
AQ
AR
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
AS
AT
AU
EXAMINER DATE CONSIDERED

EXAMINER: Initial if reference considered, whether or not citation is in conformance with
MPEP 609; Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant.
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PTO/SBIO5 (03-01)
Approved for use through 10/31/2002. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB. control number.

UTILITY | Attorney Docket No, | 2002-IP-009210U1 |
PATENT APPLICATION First Inventor Philip D. Nguyen, et al
TRANSMITTAL Title | Compositions and Methods for Improving
~(Only for new nonprovisiorial applicationskunder 37 CFR1.53(b) | Express Mail Label No.| EU265557354US J

Assistant Commissioner for Patents

APPLICATION ELEMENTS ADDRESS TO: pox Patent Application

See MPEP chapter 600 concerning utility patent appl/catlon contents. Washington, DC 20231 o a—
[V] Fee Transmital Form (e.g., PTO/SB/17) 7.[ ] cD-ROMorCD-Rin duplicate, large table or | @] @ =
(Submit an original and a duplicate for fee processing) Computer Program (Appendix) S
Applicant claims small entity status. . 4 e L ! - ;—m‘
D 8. Nucleotide and/or Amino Acid Sequence Submission niN So
2 See 37 CFR 1.27 g 4o =2,
(if applicable, all necessary) R =4 —::;
Specification Total Pages |21 / D —c
3. (pr’;ferred amangement set forth be[)Iow) v ] a. D Computer Readable Form (CRF). a q\-_h:Q
- Descriptive title of the invention o ’ b. Specification Sequence Listing on: 8 53 Eg .
- Cross Reference to Related Applications . ) N =",
- Statement Regarding Fed sponsored R & D i. (] cD-ROMorCD-R (2 copies); or o = ;
- Reference to sequence listing, a table, i D paper
or a computer program listing appendix ' L )
-"Background of thg Invention - C. D Statements verifying identity of above copies
- Brief Summary of the Invention '
- Brief Description of the Drawings (if filed) | ACCOMPANYING APPUCATION PARTS
- Detailed Description ) 9. . Assignment Papers (cover sheet & document(s))
- Claim(s) 37 CFR 3.73(b) Stat
; ement “Power of
- Abstract of the Disclosure ) 10. (when there is an assignee) Attorney

4. [:l Drawing(s) (35 U.S.C. 113) [ Total Sheets :I ] 1. I:] English Translation Document (ifapp(l;'cal?le) (S
opies o

| Information Disclosure v | OPE
[ Total Pages - ] 2. |v] Statement (IDS)/PTO-1449 v] Citations
13. D Preliminary Amendment -

Return Receipt Postcard (MPEP 503)
(Should be specifically itemized)

5. Oath or Declaration

- Newly executed (original or copy)
Copy from a prior application (37 CFR 1.63 (d
b D py prior app ( (d)) 1.

(for continuation/divisional with Box 18 completed)
i DELETION OF INVENTOR(S) 15. Certified Copy of Priority Document(s)

Signed statement attached deleting inventor(s) [:] (if foreign priority is claim ed)
Nonpublication Request under 35 U.S.C. 122

named in the prior application, see 37 CFR
1.63(d)(2) and 1.33(b). (b)(2)(B)(i). Applicant must attach form PTO/SB/35
or its equivalent.

6. [:L Application Data Sheet. See 37 CFR 1.76 17. - Other: EXpifé'S'ﬁ'Mall Certificate”

18. If a CONTINUING APPLICATION, check approprlate box, and supply the requisite information below and in a preliminary amendment,
or in an Application Data Sheet under 37 CFR 1.76:

D.Conlmuat«on D Divisional D Conlmuatlon-lmpart_(ClP) of prior application No.:. /-
Group Art Unit:

Prior application information: Examiner: . e
For CONTINUATION OR DIVISIONAL APPS only: The entire disclosure of the prior application, from which an oath or declaration is supplied under
Box 5b, is considered a part of the disclosure of the accompanying continuation or divisional application and Is hereby incorporated by reference.

The inclorporation can only be relied upon when a portion has been inadvertently omitted from the submitted application parts.
] 19. CORRESPONDENCE ADDRESS

or Correspondence address below

EI Customer Number or Bar Code Labe/

Name . Robert A. Kent
. Halliburton Energy Services
Address 2600 South 2nd Street
City Duncan 'Efafe OK Zip Code | 73536
Country |usa | Telephone |580-251-3125 |  Fax [580-251-3917

( Naime (Pnnt/T ype) Robert A. Kent | Registration No. (Attorney/Agent) 28,626 |
LS/gnalure ‘ % Q m& Date | ¢ ’,? S —a75 J

Burden Hour Statement: This form is estimated to take 0.2 hours to compléte. Time wiil vary depending upon the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO: Assistant Commissioner for Patents, Box Patent Application,

Washington, DC 20231.
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for FY 2003

Effective 01/01/2003. Patent fees are subject to annual revision.

espond to a collection of information unless it displays a vatid OMB control number.
Complete if Known \

. PTOISB/17 (01-03)
Approved for use through 04/30/2003. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Pavaork Reduction Act of 1995, no persons are reguired to r

Applicaﬁon Number

Filing Date

First Named Inventor

Philip D. Nguyen, etial

D Applicant claims small entity status. See 37 CFR 1.27

Examiner Name

\_ TOTAL AMOUNT OF PAYMENT ($) 1738.00

Art Unit

Attorney Docket No.

ZOOZ;LP-OOQZIOUI

METHOD OF PAYMENT (check all that apply)

FEE CALCULATION (continued)

|_lcneck [ credit card ﬁ Money [J otner [Jnone
E Deposit Account:

Deposit

Account

Number
Deposit

Account
Name

The Commissioner is authorized to: (check all that apply)

Charge fee(s) indicated below - Credit any overpayments
DChar'ge any additional fee(s) during the pendency of this application|
DCharge fee(s) indicated below, except for the filing fee
to the above-identified deposit account.

08-0300

_ _FEE CALCULATION
1. BASIC FILING FEE
Large Entity Small Entity
Fee Fee [Fee  Fee Fee Description Fee Paid
ode “Code
1001 750 2001 375 Utility filing fee 0
1002 330 2002 165 Design filing fee
1003 520 2003 260 Plant filing fee
1004 750 2004 375 Reissue filing fee
1005 160 2005 80 Provisional filing fee
~ SUBTOTAL (1) ($) 750.00
|2 EXTRA CLAIM FEES FOR UTILITY AND REISSUE
Fee from

Extra Claims Fee Paid
romtCiams (B8] 20 - LA8.] x (18] {864 |
Independent -

{odepende 3= x[84 14 84 ]

ims
Multiple Dependent

(I S

Large Entity § Small Entity

Fee Fee Fee Fee Fee Description

Code ($) Code ($)

1202 18 2202 g Claims in excess of 20

1201 84 2201 42 Independent claims in excess of 3

1203 280 2203 140 Multiple dependent claim, if not paid

1204 84 2204 42 **Reissue independent claims
over original patent

1205 18 2305 9 **Reissue claims in excess of 20
and over original patent

SUBTOTAL (2) $) 948,00

*=or number previously paid, if greater; For Reisstues, see above

3. ADDITIONAL FEES

Large Entity , Small Entity
Fee e '::;’ Eize ':;)“ Fee Description Feo Pai
1051 130 |2051 65 Surcharge - late filing fee or oath
1052 50 |2052 25 Surcharge - late provisional filing fee or
cover shest
1053 130 |1053 130 Non-English specification
1812 2,520 [1812 2,520 For filing a request for ex parte reexamination
1804 920*| 1804 920* Requesting publication of SIR prior to
Examiner action
1805 1,840°| 1805 1,840* Requesting publication of SIR aftér
Examiner action
1251 110 | 2251 55 Extension for reply within first month
1252 410 { 2252 205 Extension for reply within second month
1253 930 | 2253 465 Extension for reply within third month
1254 1,450 | 2254 725 Extension for reply within fourth month
1255 1,970 | 2255 985 Extension for reply within fifth month
1401 320 | 2401 160 Notice of Appeal
1402 320{ 2402 160 Filing a brief in support of an appeal
1403 280 | 2403 140 Request for qial hearing
1451 1,510 | 1451 1,510 Petition to institute a public use proceeding
1452 110 | 2452 55 Petition to revive - unavoidable
1453 1,300 | 2453 650 Petition to revive - unintentional
1501 1,300 | 2501 650 Utility issue fee (or reissue)
1502 470 | 2502 235 Design issue fee |
1503 630 2503 315 Plantissue fee
1460 130 | 1460 130 Petitions to the Commissioner
1807 50| 1807 50 Processing fee under 37 CFR 1.17(q)
1806 180 | 1806 180 Submission of Information Disclosure Stmt
wan do| a0 Rocoringench et esseren eS| 40
1809 750 | 2809 375 Filing a submission after final rejection
(37 CFR 1.129(a))
1810 750 | 2810 375 For each additional invention to be
examined (37 CFR 1.128(b))
1801 750 | 2801 375 Request for Continued Examination (RCE)
1802 900] 1802 900 Request for expedited examination
of a design application
Other fee (specify)

*Reduced by Basic Filing Fee Paid

susToTAL 3) [$) 40.00 |

(" SUBMITTED BY
| _SUBMITT

(Complete (if applicable)

Name (Prin/Tipe) Robers, A. Kent

I Registration No. I
Attorney/Agent) 28 9 626

(7 TE

Signature L A N

Telephone 580_951-3125
vae | p-AS-I3

WARNING: Information on this form may become public, Credit card information should not
be included on this form. Provide credit card information and authorization on PTO-2038.

This collection of information is required by 37 CFR 1.17 and

1.27. The information is required to obtain or retain a benefit by the public which is to file (and by the

USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete,
including gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on

the amount of time you require to complete this form and/or suggestions fo
Trademark Office, U.S. Department of Commerce, Washington, DC 20231.

Commissioner for Patents, Washington, DC 20231. .

r reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:

If you need assistance in completing the form, call 1-800-PT0O-9199 (1-800-786-9199) and select option 2.
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Practition #s Dock t No. _2002-1P-009210U1 ' pATENf

IN THE UNITED STATES PATENT AND TRADEMARK' FFICE

In re application of: Philip D. Nguyen, et al
Application No.: 0 / Unknown Group No.: Unknown

Filed: Concurrently Herewith Examiner:  Unknown
Compositions and Methods for Improving Proppant Pack Permeability

and Fracture Conductivity. in a Subterranean Well

1

For:

Assistant Commissioner for Patents
Washington, D.C. 20231

EXPRESS MAIL CERTIFICATE

“Express Mail” label number _EU265557354US

Date of Deposit \po- ™\ - Q\C‘(\:D)

I hereby state that the followmg attached paper or fee

Specification with 21 Pages
Information Dlsclosure Statement with PTO-1449 & References

Return Postcard

Declaration )
Power of Attorney

Statement Under 37 CFR 3.73(b)
Assignment with Recordation Sheet
Fee Transmittal

Patent Application Transmittal

ylsbemg deposited with the United States Postal Service “Express Mail Pdst Office to
Addressee” service under 37 C.F.R. § 1.10, on the date indicated above and is addressed
to the Assistant Commissioner. for Patents, Washington, D.C. 20231.

Tammy Knight

Tip or printed name of
SO 8N

) Signature of perso papero
NOTE: The label number need not be placed on each page. It should, however: on the Arstpage

of each separate document, such as, a new application; amendment, assignment, and transmittal lotter

for a fee, along with the certificate of mailing by "Express Mail.” Although the label number may be
) on checks, such a practice is not required. In order not to-deface forrmal drawings It is suggested that

mebbelnumberbeﬂacedmmobadofwdrbnnddmwngwmdmmngsbeacwnpamedby
a set of informal drawings on which the label number is placed.

(Express Mail Certificate [8-3])
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HES 2002-1P-009210U1 .

COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK
PERMEABILITY AND FRACTURE CONDUCTIVITY
IN A SUBTERRANEAN WELL

BACKGROUND OF THE INVENTION

71. Field of the Invention

[001] The present invention relates to enhancing fluid flow from
subterranean formations. More particularly, this invention relates to providing improved
proppant matrixes within fractures in a subterranean formation. |
2. Description of the Prior Art ‘ ’

[002] Hydrauiic fracturing is a technique -for stimulaﬁng the production
of a s"ubterraﬁean formation. The technique normally irivolves (1) injecting a viscous
liqﬁid through a wellbore into a formation at a chosen rate and pressure to overcome the
earth’s stresses and form a fracture in the formation; and (2) placing proppant particulates

~in the fracture to, infer alia, maintain the fracture in a propped condition when the
injection pressure is released. The resultaﬁt propped fracture provides a conductive
channel in the formation for fluids to flow to the wellbore. , _

[003] The degfee of stimulation afforded by the ‘hydraulic fracture
treatment is largely dependent on the permeability and width of the propped fracture.
Thus, the productivity of the well in effect becomes a function of fracture conductivity.
To enhance well productivity, it may be necessary to enhance fracture conductivity.

[004] Oftentimes, to effectively prop open the fractures as well as
prevent proppant particulate flowback, the proppant particulates are caused to consolidate
into proppant matrixes within the fractures. One conventional means of doing this is to
use resin-coated proppant particulates so that when the resin cures downhole, the
proppant particulates can consolidate into a mass within the fractures. Other methods
have also been used to facilitate the consolidation of the proppant particulates within the
fractures. . ‘

[005] Although consolidating the proppant particulates within a fracture
may have some benefits, for example preventing proppant particulate flowback, such
methods may adversely affect the conductivity of the fracture. That is, some methods of
consolidating proppant particulates themselves may introduce a barrier to the free flow of

fluids from the subterranean formation to the wellbore for subsequent production.
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Fracture conductivity may suffer as a résult. This is undesirable as this may affect overall
well productivity. »

[006] To counteract this potential problem, many different techniques
have been developed. One technique involves adding calcium carbonate or salt to the
proppant composition. When the proppant particulates consolidate, after a subsequent
fluid is added to the wellbore, the calcium carbonate or salt is dissolved out of the matrix.
Atlleast orie problem associated with this method is the incomplete removal of the
:calcium carbonate or salt if not adequately contacted with the subsequent fluid. Another
method has been to add wax beads to the proppant composition. Once incorporated into
the consolidated proppant particulates, the wax beads melt as a fesult of the temperature
of the f(‘)rmaltion.~ A problem with this method is that the wax may re-solidify in the well
causing countless problems. Another met'hod'that has been used is to add an oil-soluble
resin to the proppant composition, however, this method has not been successful because
-of, inter alia, nonumform removal of the particles.

[007] Another way to address fracture conductivity and proppant matrix

' .permcablhty has been to use bigger proppant particulates. However, there are practical
limits to the size of the proppant that may be used. For instance, if. too large of part1cles
are used premature screen out at the perforations and/or fractures during the proppant
stage of fracturing treatment often occurs as large size proppant particulates are being
injected into the fractures. In addition, by using too large of proppant particles, the
“ability to control formation sand is lost as the formation sand or fines tend to invade or
penetrate the large pore space of the pfoppant pack during production of hydrocarbons,

thus choking the flow paths of the fluids.
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SUMMARY OF THE INVENTION
[008] The present invention relates to enhancing fluid flow from
subterranean formations. More. particularly, this invention relates to providing improved
proppant matrixes within fractures in a subterranean formation.

[009] * An example of the methods of the present invention of increasing
the conductivity of a fracture in a subterranean formation comprises ‘the steps of
providing a fracturing treatment fluid comprising a proppant composition, the proppant
composition comprising proppant particulates and a degradable material capable of
undergoing an irreversible degradation downhole; intrbducing the proppant composition
to the fracture; and allowing the proppant composition to form a proppant matrix ha;ving
voids in the fracture. B ‘

[010] An example of the proppant compositions of the present invention
comprisés proppant particulates, and a degradable material that undergoes an irreversible
degradation downbhole.

- [011] The objects, features and advantages of the present invention will
be readily apparent to those skilled in the art upon a reading of the description of the

preferred embodiments which follows.
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DESCRIPTION OF PREFERRED EMBODIMENTS

[012] The present invention provides irhproved compositioﬁs and
methods for enhancing fluid flow from a subterranean formation. In preferred
embodiments, the present invention provides compositions and methods for enhancing
subterranean well productivity by enhancing fracture conductivity. The compositions
and methods of the present invention may be used to enhancé the permeability of
‘proppant matrixes within fractures so that fluids from the/subterranean formation may
flow more freely to the wellbore without negatively affecting the ability of the proppant
matrix to perform other desired functions-withih the fracture, e.g., maintaining the
integrity of a fracture or providing a sand control means.

[013] The proppant‘c.ompositions of the present invention may be used in
conjunction with any suitable fracturing fluid. These compositions comprise proppant
particulates and a degradable material capable of undergoing an irreversible degradation
downhole. The term “irreversible” as used herein means that the degradable material
once degraded downhole, it should not recrystallize or recons;)lidate while downhole,
e.g., the degradable material 'should degrade in situ but should not recrystallize or
reconsolidate in situ. The terms “degradation” or. “degradable” refer to both the two
relatively extreme cases of hydrolytic degradation that the degradable material may
undergo, i.e., heterogeneous (or bulk erosion) and hbmogeneous (or surface erosion), and
-any stage of degradation in between these two. This degradation can be a result of, inter
alia, a chemical or thermal reaction or a reaction induced by radiation.

[014] Any proppant particulate suitable for use in subterranean
applications is suitable for use in the compositions and methods of the present invention.
For instance, natural sand, ground walnut hulls, man-made proppants, including bauxite,
ceramics, polymeric materials, or the like are suitable. Suitable sizes range from 4 to 100
U.S: mesh, but are preferably in the range of 10 to 60 US mesh. In some embodiments,
the proppant particulates may be coated with a curable resin.‘ Even though using

! - proppant particulates-that have been coated with curable resin is preferable, the metho\ds
of the present invention are applicable for use with uncoated proppant particulates.

[015] If a curable resin is used, the proppant particulates can either be

precoated or coated on-the-fly with a curable resin. Any type of curable resin that will
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enable the proppant particulates to consolidate within a fracture in the formation is
suitable for use in the present invention, e.g., epoxies, furan, phenolics, furfuryl aldehyde,
furfuryl alcohol, or mixtures thereof. If a curable resin is utilized, preferably the
proppant particulates are coated with a curable Tesin prior to being mixed with the
,degradabble material. Any portion of the proppant particulates may be coated with a
curable resin. For instance, just the tail-end portion, the first portion and the tail-end
‘portion, or the entirety of the proppant particulates may be coated. In certain
embodiments, at least a majority of the proppant particulates are coated with curable resin
and allowed to consolidate in-situ to form a hardenable mass.

[016] Alternatively, a tackifying agent could be used rather than a

| curable resin. If used, the tackifying agent is preferably but not necessarily incorporated
with the proppant particulates before they are mixed with the degradable material. The
tackifyihg agent, inter alid, helps distribute the degradable material within the proppant
-composition and keep it in place within the proppant matrix. Using a tackiﬁer as opposed
-to a curable resin cduid be especially useful if the degradable material utilized has a low
‘density or specific gravity or has a substantially different particle size than the proppant
pqrticulates. In one embodiment of the present invention, the tackifying agent is coated
onto the proppant particulates early in the proppant stage of the fracturing treatment.
Then, resin-coated proppant particulates are used during the tail-in stage of the fracturing
treatment. In another embodiment, the tackifying agent and the curable resin are coated
on the propparit ‘parti(:ulates ihtermitlently. «-

[017] In any event, to appreciate some of the beneficial effects of the
present invention; the proppant particulates should consolidate within a fracture in the
foﬁnation to form a proppant matrix. The term “proppant matrix” as used herein simply
-refers to a consolidation of proppant within a fracture adjacent to a wellbore in a
subterranean- formation. The mechanism by which the proppant matrix consolidates
within the fracture is not important, e.g., a curable resin, or a tackifying agent. Any
suitable method can be used, including mechanical methods, e.g., interlocking proppant
particulates. Thus, in a preferred embodiment, the removal of the degradable material

occurs after the proppant matrix has developed some substantial compressive strength or
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stability inside the fracture to minimize shifting or rearrangenient of proppant particulates -

within the pack. . | ‘ o '

[018] The degradable material is incorporated m the proppant
composition and becomeés distributed throughout the proppant matrix, most preferably .
uniformly; as the proppant matrix forms. After the requisite time period dictated by the
characteristics of -the pérticu]ar degradable ndaterial utilized,k the degradable material

* undergoes an irreversible degradation. This degradation, in effect,r'causes the degradable
material to substantially be removed from the proppant matrix. As a resnlt, voids are
ereeted in the proppant matrix. TheseAvpids enhance the permeability of the matrix,

" which results, inter alia, in enhanced conductivi‘ty. ‘Enhanc_ed fracture conductivity
enhances well preductivity, ns, well prodnctivity is a function, inter alia, of fracture

~ conductivity. » |

[019] Nonlimiting examples of degradable r'na'teriais that may be used in

conjunction ‘with the present invention include but are not limited to _degradable
polymers, dehydrated salts, and/or mixtures of the two
' v [020] As for degradable polymers, a polymer is conSIdered to be
“degradable” herein if the degradation is due to, inter alia, chemleal and/or radical
process such as hydrolysis, oxidation, or UV radiation. The degradability of a polymer
depends at least in part ‘on its backbone structure. . For. instance, the presence of
hydrolyzable and/or oxidizable linkages in the backbone often yields a matefial that will
degrade as described herein. The rates at which such polymers degrade are dependent ‘on
the type of repetitive unit, comf)osition,‘ sequence, length, molecular geometry, molecular

~ weight, mQrphology (e.g., crystallinity, size ‘of spherulites, and orientation),

' hydrophilicity, hydrophobicity, surface area, and additives. Also, the enyironment to

: w}tich the polymer is subjected may affect how it degrades, e.g., temperature, presence of
moisture, oxygen, microorganisms, enzymes, pH, and the like. ‘

[021] Suitable examples of degradable polymers that may be used in

accordance with the present invention include but are not limited to those described in the
publication of Advances in Polymer Science, Vol. 157 entitled “Degfadable Aliphatic
Polyesters” edited by A.-C. Albertsson.  Specific ‘exémples include homopolymers,
random, block, graft, and star- and hyper-branched aliphatic polyesters.

R
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Polycondensation’ reactions, ring-opening polymerizations, free radical polymerizations,
anionic polymerizations, carbocationic polymerizations, coordinative ririg-Opéning
polymerization, and any other suitable process may prepare such suitable polymers.
Specific examples of suitable polymers include polysaccharides such as dextran “or
cellulose; chitins;. chitosans; proteins; aliphatic  polyesters; poly(lacfides);
poly(glycolides); poly(g-caprolactones); poly(hydroxybutyrates); poly(anhydrides);
‘aliphatic polycarbonates; poly(orthoesters); poly(amino acids); poly(ethylene oxides);
and polyphosphazenes.  Of these suitable polymers, aliphatic polyesters and
poiyanhydrides are preferred.

[022] Aliphatic polyesters degrade chemically, inter alia, by hydrolytic
cleavagé. Hydrolysis can be catalyzed by either acids or bases. Generally, duriﬂg the
hydrolysis, carboxylic end groups are formed during chain scission, and this inay enhance
the rate of further hydrolysis. This mechanism is known in the art as “autocatalysis,” and
is thought to make polyester matrices more bulk eroding.

[023] Suitable aliphatic polyesters have the general formula of repeating

units shown below:

Formula I

where n is an integer between 75 and 10,000 and R is selected from the group consisting
of hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatoms, and mixtures theredf. Of the
suitable aliphatic polyesters, pdiy(lactide) is preferred.” Poly(lactide) is synthesized either
from lactic acid by a condensation reaction or more commonly by ring-opening -
polymerization of cyciic lactide monomer. Since both lactic acid and lactide can achieve
“the same repeating unit, the general term poly(lactic acid) as used herein refers to formula
I without any limitation as to how the polymer was made such as from lactides, lactic
aéid, or oligomers, and without reference to the degree of polymerization or level of

plasticization.

I
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[024] The lactide monomer existé generally in three different forms: two
stereoisomers L- and D-lactide and racemic D,L-lactide (meso-lactide). The oligomers of

lactic acid, and oligomers of lactide are defined by the forrnuia:

HO g H
Formula IT -0

where m is aﬁ integer 2<m<75. Preferably m is an integer and 2<m<10. These limits
correspond to number average molecular weights below about 5,400 and below about
720,’]respeétively. The chirality of the lacﬁde units provides a means to adjust, inter alia, '
" degradation rates, as well as physical and mechanical properties. Poly(L-lactide), for
instance, is a‘ éemiérystalline polymer with a relatively slow hydrolysis rate. This could
be desirable in applications of the present invention where a slower degradation of the
degradable particulate is desired. Poly(D,L-lactide) may be a more amorphous polymer
with a resultant faster hydrolysis rate. This may be suitable for other applications where
‘amore ‘rapid debgradation may be appropriate. The stereoisomers of lactic acid may be
used individually or combined to be used in accordance with the present invention. v v
Additionally, they may be copolymerized with, for example, glycolide or other
mondmers like e-caprolactone, 1,5-dioxepan-2-one, trimethylene carbonate, or other
suitable monomers to obtain polyméré with different properties or degradation tirﬁes.
A Addifion_ally, the lactic acid stereoisomers can be modified to be used in the present

invention by, inter alia, blending, copolymerizing or ‘otherwise mixing the stereoisomers,
blending, copolymerizing or otherwise mixing high and low molecular weight
pollylactiAdes, or by blending, copolymerizing or otherwise mixing a polylactide with
another polyester or polyesters. .. ' _

[025] Plasticizers may be present in the poiymeric degradable materials
of the present invention. The plasticizers may be present in an amount sufficient to
provide the desired characteristics, for example, (a) more effective compatibilization of

the melt blend components, (b) improved processing characteristics during the blending

[
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and processing steps, and (c) control and regulation of the sensitivity and degradation of
the polymer by moisture. Suitable plasticizers include but are not limited to derivatives

of oligomeric lactic acid, selected from the group defined by the formula:

Formula III _ o}

where R is a hydrogen, alkyl, aryl, alkylaryl, acetyl, heteroatom, or a mixture thereof and
R is saturated, where R' is a hydrogen, alkyl, arSIl, alkylaryl, acetyl, heteroatom, or a
mixture thereof and R' is saturated, where R and R' cannot both be hydrogen, where q is
an integer and 2<q<75; and mixtures thereof. Preferably q is an integer and 2<q<10. As
~ used herein the term “derivatives of oligomeric lactic acid” includes derivatives of
-oligomeric lactide.. In addition to the other qualities above, the plasticizers may enhance
the degradation rate of the degradable polymeric materials. The plasticizers, if used, are
" preferably at least intimatgly incorporated within the degradable polymeric materials.
[026] Aliphatic poljresters useful in the present invention may be
prepared by substantially any of the conventionally known manufacturing methods such
as those described in U.S. Patent Nos. 6,323,307; 5,216,050; 4,387,769; 3,912,692; and
2,703,316, the relevant disclosures of which are incorporated herein by reference.
| [027] Polyanhydrides are another type of particularly suitable degradable
polymer useful in the present inventiohl Polyanhydride hydrolysis proceeds, inter alia,
via free carboxylic acid chain-ends to yield carboxylic acids as final degradation
products. The erosion time can be. varied over a broad range of changes in the polymer
backbone.  Examples of suitable polyanhydrides include poly(adipic anhydride),
poly(suberic anthdride), poly(sebacic anhydride), and poly(do&ecanedioi_c anhydride).
Other suitable examples include but are not limited to poly(maleic anhydride) and
poiy(benioic anhydride). ﬁ
[028] The physical properties of degradable polymers .depend on sevéral

factors such as the composition of the repeat units, flexibility of the chain,‘ presence of
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polar groups, molecular:mass, degree of branching, crystallinity, orientation, etc. For
example, short chain branches reduce the degree of cryStallinity of polymers while long
chain branches lower the melt viscosity and impart, inter alia, elongativo‘nal viscosity with
tension-stiffening behavior. The properties of the material utilized can be further tailored
by blending, and copolymerizing it with another polymer, or by a change in the
macromolecular architecture (e.g., hyper-branched polymers, star-shaped, or dendrimers,
_etc.). The properties of any such suitable degradable polymers (e.g., hydrophobicity,
hydrophilicity, rate of degradation, etc.) can be tailored by introducing select functional
. groups along the polymer chains. For example, poly(phenyllactide) will degrade at about
1/5th of the rate of racemic poly(lactide) at- av pH of 7.4 at 55°C. One of ordinary skill in
the art with the benefit of this disclosure will be able to determine the appropriate
degradable polymer to achieve the desired physical properties of the degradable
polymers. , _ . -

[029] Dehydrated salts may be ﬁsed, 1n accordance with the present
invention as a degradable material. A dehydrated salt is suitable for use in the present
invention if it will degrade over time as it hydrates. For example, a particulate solid
anhydrous borate material that degrades over time 'rnay:be suitable. Specific examples of
particulate solid anhycirous borate materials that may be used include but are not limited |
to anhydrous sodium tetraborate‘ (also known as anhydrous borax), and anydrous boric
acid. These anhydrous borate materials are only slightly soluble in water. However, with
time and heat in a subterranean environment, the anhydrous borate materials react with
‘the surrounding aquedué fluid and are hydrated. The resulting hydrated borate materials
are highly soluble in water as compared to anhydrous borate materials and as a result
degrade in the aqueous fluid. In.some instances, fhc total time required for the anhydrous
borate materials to degrade in an aqueous fluid is in the range of from about 8 hours to
about 72 hours depending upon the temperature of the subterranean zone in which they
are placed. Other examples include organic or inorganic salts like acetate trihydrate.

[030] Blends of certain degradable materials may also be suitable. One
example of a suitable blend of materials is a mixture of poly(lactic acid) and sodium
borate where the mixing of an acid and base could result in a neutral solution where this

is desirable. Another example would include a blend of poly(lactic acid) and boric oxide.

10
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Other materials that undergo an irreversible degradation may also be suitable, if the
products of the degradation do not undesirably interfere with either the conductivity of
the proppant matrix or with the production of any of the fluids from the subterrangan
formation. . . '

[031] In choosing the appropriate degradable material, one should
cbnsjder the degradation products that will result. These degradation products should not
adversely affect other operations or components. The choice of degradable material also

~ can depend, at least in part, on the conditions of the well, e.g., wellbore temberature. For
i‘nstaﬁcé, 1actideé have been found to be suitable for lower temperature wélls, ‘including
those within the range of 60°F to 150°F, and polylaétidés have been found ;[o be suitable
for wéll bore temperatures above this range. Also, poly(lactic acid) may be suitable for
higher temperaturé wélls. Some stereoisomers of poly(la;:tide)lor mixtures of such.
. stereoisomers may be suitable for even higher temperature applications. Dehydrated salts
~ may also be suitable for higher temperature wells. ‘ ,

[032] Also, we have found that a preferdble result is achieved if the
degradable material degrades slowly over time as opposed to instantancously. Even more
preférable results have been obtained when the degradable material does not begin to
degrade until after the proppant matrix has developed some compressive strength. The
'slow.degradation of the degradable material, inter alia, helps to maintain the stability of
the proppant matrix. ; '

[033] If the application in which the degradable material will be used
does not contain a component that will enable the degradable material to degrade, e.g., in
a dry gas hole, then in alternative embodiments of the present invention, the degradable
material cah be mixed with inorganic or organic compound to form what is referred to
herein as a composite. In preferred alternative embodiments, the inorganic or organic
compound in the composite is hydrated. Examples of the hydrated organic or inorganic
solid corhpounds that can be utilized in the self-degradable diverting material include, but
are not limited to, hydrates of organic acids or their salts such as sodium acetate
trihydrate, L-tartaric acid disodium salt dihydrate, sodium citrate dihydrate, hydrates of
inorganic acids or their salts such as sodium tetraborate decahydrate, sodium hydrogen

phosphate heptahydrate, sodium phosphate dodecahydrate, amylose, starch-based

11
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hydrophilic polymérs, and cellﬁiose-based hydrophilic polymers. Of ‘these, sodium

acetate trihydrate is preferred. The lactide units of the aliphatié polyester and the
releasable water of the ofgaﬂic or inorganic solid corripéund utilized are preferably
‘present in the mixture in equal molar amounts. The degrédable ‘material is then in a -
sense sclf—degfa_dable, in that the degradable should at least partially degrade in the
releasable water provided by the hydrated organic or inorganic compound which
* dehydrates over time when heated in the subterranean zone.

7[034] The sp'eciﬁc features of the degradable material may be chosen or

modified to provide the proppant matrix with optimum conductivity while maintaining its

| desirable ﬁltering‘capability.' VPrefe‘rably, the degfadable material is selected to have a
size, and shape similar to the size and shape of the curable pro’ﬁpant particulates to help
maintain substantial uniformity within the mixture. It is preferablé if the proppant )
particulates and the degradable material _do - not segfegate within the p:roppaﬁt
composition. Whichever degradable fnateria] is utilized, the degradablé materials may
have any shape, depending on the desired éh_aracteristics of the resultant voids in the
proppant matrix - including but not limited to particles ‘having the physical shapé of
platelets, shavings, flakes, ribbons, rods, sfrips, sphefbids, toroids, pelléts, tabléts,' or any
other physical shape. The physical shape of the degradable material should Be cHoAsen S0
as to enhanbe the desired shape and relative composition of the resultant voids within the
proppant matrix. For ’t;xample, a rod-like particle shape may be suitable in app'li'cations

* wherein channel-like voids in the proppant matrix are desired. - One of ordinary skill in
the art with the benefit of this disclosure will recognize the specific degradable material
and the preferred size and shape for a given abplication. »

[035] The proppant composition can either be pre-blended and then
transported to the well site, or it can be prepared on-the-fly at the well site and then
introduced downhole. Preferably, the proppant particles and the degradable material
should be Amixed so as to form a uniform cohesive mixture in the fracturing treatment
fluid. Any conventional ‘fracturing fluid may be used in accordance with the ‘p'resen't
invention. _

[036] The concenfration of the degradable material in the proppant

composition ranges from about 0.1% to about 30%, based on the weight of the proppant

12
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in the mixture. A concentration of degradable material between about 1% and about 5%
by weight of the proppant is preferable. Additionally, the relative amounts of the
degradable material in the proppant composition should not be such that when degraded,
an undesirable percentage of voids result in the proppant matrix making the proppant
matrix potentially' ineffective in maintaining the integrity of the fracture. One of ordinary
skill in the art with the benefit of this disclosure will recognize an optimum concentration
of degradable material that provides defairable values in terms of enhanced conductivity
or permeability without undermining the stability of the proppant pack itself.

- [037] To facilitate a better understanding of the present invention, the
following examples of preferred embodiments are given. In no way should.such
examples be read to limit the scope of the invention. . '

EXAMPLES: o
[038] Proppant matrixes were formed by mixing 20/40-mesh bauxite
proppant with various amounts of degradable material, specifically polylactic acid. 250
grams of proppant was first coated with 11 ml of a curable epoxy resin. Polylactic acid
partiCLilates_ were then added to the resin—coated proppant and blended thoroughly to-form
a homogencous blend. The amounts of polylaciic acid added to each composition \ivere
0%, 5%, and 10% and 20% by weight of the proppant particulates in the composition.
Mixing the mixture with water formed a slurry. The slurry was then packed into a brass
flow cell and placed in an oven to be cured under a 500-psi stress load at 275°F for 4
days. After this curing period, permeability testing was performed for the consolidated
proppant matrixes. Table 1 reports thé resulting perrneability values obtained for the

proppant matrixes.

13
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TABLE 1

9

Azl:,l((i)(lll:; (t)(f fnf;yl::f)ﬁ;;??wﬁng l:/l:;te ' Proppant(I’I;l:rl(c;:;meability
| 0o | 52
5 | | 100
LU 163
20 - : 167

[039] As can be seen from Table 1, the permeability of the i)roppant
matrix was enhanced by the addition of the degradablé material, specifically polylactic
acid particulate. This enhancement incfeased with the percentage by weight of the

_ degradable material utilized. :

[040] Thus, the i)resent invention is well adapted to carry out the objects
éﬁd attain the ends and advantages mentioned as well as those which are inherent therein.
‘.While‘numef:ous changes may be made by those skilled in the art, such changes are

encompassed within the spirit and scope of this invention as defined by the appended

claims.

14
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What is claimed is:

1. Amethod of incréasing the conductivity of a fracture in a subterranean
fortﬁatidn comprising the steps of: _ ‘

providing a fracturing treatment fluid bompris;'ng a proppant com_position,

the proppant composition comprising proppant particulates and a degradable material
capable of undergoing an irreversible degradation downhole; »
introducing the proppant composition to the fracture; and
allowing the proppant composition io form a proppant matrix having voids
in the fracture. » '

2. Thé method of claim 1 wherein the proppﬁnt particulates comprise sand,

walnut hulls, or a man-made pfoppants.

3. The method of claim 1 wherein the proppant particulates have a size of 10
to 60 US mesh, _
4. The method of claim 1 wherein the prop_pant composition further

_comprises a curable resin, a tackifying agent, or both.
. 5. The method of claim 4 wherein the curable resin comprises an epoxy,

furan, phenolic, ﬁirfu,ryl aldehyde, or furfuryl alcohol resin.

6. 'The method of claim 1 wherein the proppant composition comprises '
interlocking proppant.
7. The method of claim 1 wherein the degradable material comprises a’

degradable polymer or a dehydrated salt.

8. The method of claim 7-whérein the degradable polymer comprises

- polysaccharides, chitins, chitosans, proteins, aliphatic polyesters,vpoly(lactides),

poly(glycolides), poly(e-caprolactones), poly(hydroxybutyrates), polyanhydrides,
aliphatic polycarbonates, poly(orthoesters), poly(amino acids); poly(ethylene oxides), or
polyphosphazenes. . | ’

9. The method of élaim 1 wherein the degradable material further comprises
a plasticizer.

10.  The method of claim 7 wherein the dehydrated salt comprises anhydrous

sodium tetraborate or anhydrous boric acid.

15
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11.  The ;nethod of claim 1 wherein the degradable matérial comprises
poly(lactic aéid) and a compound chosen from the group consisting of sodium borate and
boric oxide.

12. The method of claim 1 wherein the (iegradable material comprises a

. stereoisomer of a poly(lactide). ‘
13.  The method of claim 1 wherein the proppant composition comprises a
- bauxite proppant, the bauxite proppant having been coated with a curable epoxy resin,
and a polylactic acid degradable material. - '
14, The method of claim 1 wherein the degradable material is present in the
™ proppant composition in an amount sufficient to create a desirable number of voids in the
proppant matrix. o o .
-15.  The method of claim 1 wherein the degradable materiAal is present in the
" proppant composition in an amount of about 0.1% to about 30% by weight of proppant
particulates in the composition.

16. The method of claim 1 wherein the degradable material comprises
particles having a rod-like shape. ‘

17. The method of claim 1 wherein the degradable material comprises an
. inorganic or organic compound. ’ | ‘

18.  The method of claim 17 threin the inorganic or organic compound
comprises sodium acetate trihydrate; L-tartaric acid disodium, salt dihydrate, sodium
citrate dihydrate, hydrate of an inorganic acid, hydrate of an inorganic aciél salt, sodium
tetraboréte decahydrate, sodium hydrogenphosphate heptahydrate, sodium phosphate,
dodecahydrate, amylose, starch-based hydrophilic polymer, or a cellulose-based
hydrophilic pblymer. -

19.  The method of claim 1 wherein the degradable material is a composite.

20. A method of enh_amcing the permeability of a proppant matrix comprising
the step of introducing voids into the proppant matrix by a degradation of a degradable
material within the matrix.

21.  The method of claim 20 wherein the proppant matrix comprises sand,

walnut hulls, or a man-made proppant particulates.
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22.  The method of claim 20 wherein the proppant matrix comprises a curable

resin, a tackifying agent, or both. '
' 23.  The method of claim 22 wherein the curable resin comprises an epoxy,

furan, phenolic, furfuryl aldehyde, or furfuryl alcohol resin.

24.  The method of claim 20 wherein the proppant métrix comprises
interlocking proppant particulatés. .

25. | The method of claim 20 wherein the degradable material comprises a
“degradable polymer or a dehydrated salt. ,

26..  The method of claim 25 wherein the degradable polymer comprises
pdlyséccharides, chitins, chitosans, proteins, aliphatic polyesters, poly(lactides),

. poly(glycolides), poly(e-caprolactones), poly(hydroxybutyrates), polyanhydﬁdes, |
aliphatic polycarbonates, poly(orthoesters), poly(amino-acids); poly(ethylene oxides), or
polyphosphazenes.

27.  The method of claim 20 wherein the degradable material further comprises
a plasticizer. o

' 28. The method of claim 25 wherein the dehydrated- saIt comprises anhydrous

sodium tetraborate or anhydrous boric acid. . \

29. - The method of claim 20 wherein the degradable material comprises
poly(lactic acid) and a compound chosen from the group consisting of sodium borate and
boric oxide.

30.  The method of claim 20 wherein the degradable fnaterial comprises a
stereoisomer of a poly(lactide). - -

31.  The method of claim 20 wherein the proppant matrix comprises a bauxite >
proppant particulates, the bauxite prdppant particulates having been coated with a curable |
epoxy resin, and a polylactic acid degradable material.

32.  The method of claim 20 wherein the degradable material is present in the
‘proppant matrix in an amount sufficient to create a desirable number of voids in the
proppant matrix.

33.  The method of claim 20 wherein the degradable material is présent invthe
proppant composition in an amount of about 0;1% to abovut 30% by weight of proppant

particulates in the composition.

17
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34. A The method of claim 20 wherein the degradable material compriseé -
particles having a rod-like shape.

35.  The method of claim 20 wherein the at least a portion of the voids in the
proppant matrix are channel-like in shape. |

36. A proppant coniposition comprising:

' -proppant particulates, and o
a degradable material that undergoes an irreversible degradation

downhole. - ,

37.  The composition of claim 36. wherein the proppant pmriculafes comprisé

sand, walnut hulls, or a man-made proppant partrculates

38. The composition of claim 36 wherein the proppant particulates have a a size
of 10 to 60 US mesh: ’ '
39.-  The composition of claim 36 wherein the proppant coniposition'further .

comprises a curable resin, a tackifying agent, or both. ‘
40.  The composition of claim 39 wherein the curable resin comprises an
epoxy, furan phenolic, furfuryl aldehyde, or furfuryl alcohol resin.
41‘.' The composition of claim 36 wherein the proppant composmon comprlses
mterlockrng proppant pamculates " '
42. . The composmon of claim 36 wherein the degradable vmateria,l comprises a
| degradable polymer or a dehydrated salt. 7
43.  The composition of claim 42 wherein the degradable polymer comprises
polysaccharides, chltrns chrtosans proteins, aliphatic polyesters poly(lactrdes)
poly(glycolides), poly(e- caprolactones) poly(hydroxybutyrates), polyanhydrldes
aliphatic polycarbonates, poly(orthoesters), poly(amino acids); poly(ethylene ox1des),'or
‘ polyphosphazenes. | | | |
44, The composrtron of claim 36 wherein the degradable material further
comprises a plasticizer. '
45. \Th‘e composition of claim 42 wherein the dehydrated salt comprises

anhydrous sodium tetraborate or anhydrous boric acid.

18
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46.  The composition of claim 36 wherein the degradable material comprises
poly(lactic acid) and a compound chosen from the group.consisting of sodium borate and
bori¢ oxide. | |

47.  The composition of claim 36 wherein the degradable material comprises a
stereoisomer of a poly(lactide).

- 48.  The composition of claim 36 wherein the proppant composition comprises
' aibauxit’e' proppant particulates, the bauxite proppant particulates having been coated with
a curable epoxy resin, and a polylactic acid degradable material.

49.  The compositien of claim 36 wherein the degradable material is present in
the prop'pant composition in an amount of about 0.1% to about 30% by weight of the
partlculates in the composmon / »

50. The composition of claim 36 wherem the degradable material comprises
particles having a rod-like shape A

51. The compositidn of claim 36 wherein the degradable material compﬁses

‘an 1norgamc or organic compound | v ‘

52.  The composition of claim 37 wherein the i 1norgan1c or organic compound
comprisea sodium acetate trihydrate, L-tartaric acid disodium, salt dihydrate, sodium
citrate dihydrate, hydrate of an inorganic acid, hydrate of an inorganic acid salt, sodium
tetraborate decahydrate, sodium hydrogenphosphate hieptahydrate, sodium phosphate,
dodecahydrate amylose, starch-based hydrophilic polymer, or a cellulose—based

hydrophlhc polymer.
53.  The composition of claim 36 wherein the degradable material is a
" composite. ‘

* 54, A composition for enhancing the permeability of a proppant matrix
comiprising proppant particulates and a degradable material.
55.  The composition of clairh 54 wherein the proppant particulates cdmpn'se
sand, walnut hulls, or a'man—made proppant paniculates.
56.  The composition of claim 54wherein the proppant particulates have a size
of 10 to 60 US mesh. , |
| 57.  The composition of claim 54 wherein the proppant composition further

comprises a curable resin, a tackifying agent, or both.

19
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58. The composition of claim 57 wherein the curable resin éofnprises an

epbxy, furan, phenolic, furfuryl aldehyde, or furfuryl alcohol resin.
| 59.  The composition of claim 54vwherein the proppant composition comprises
interlocking proppant particulates. »

60.  The composition of claim 54wherein the dégradable material comprises a
degradable polymer or a dehydrated éalt. .

61.. The composition of claim 60 wherein the degradable polymer cbmprises
polysaccharides, ‘chitins, chitoséns, proteins, aliphatic polyesters, poly(lactides), '
vpoly(glyccb)lides), poly(e-caprolactones), poly(hydrokybutyrates), polyanhydrides,
aliphatic polycarbonates, poly(orthoesters), poly(amino acids); poly(ethylene oxides), or

_ polyphosphazenes. | ‘
| 62.  The compositidh of claim 54 wherein the degradable material further
comprises a plasticich. | |

63. The composition of claim 60 wherein the dehydrated salt cvomprises
anhydrous sodium tetraborate or anhydrous boric acid. '

64. Tﬁe composition of claim 54‘wherein the degradable material comprises
poly(lactic acid) and a compound cho§'en from the groﬁp consisting of sodium borate and
boric oxide.

\ 65.  The composition of claim 54 wherein the degradable material comprises a
stereoisomer of a poly(lactide). A
66. - The composition of claim 54 wherein the proppant composition comprises
- "a bauxite proppant particulates, the bauxite proppant particulates having beeﬁ coated with
a curable epoxy resin, and a polylactic acid degradable material.

- 67. The composition of claim 54 wherein the degradable material is present in
the prOppant,compositibn in an amount of about‘ 0.1% to about 30% by weight of
proppant particulates in the proppant éomposiﬁon. |

68. The composition of claim 54 wherein the degradable material comprises>

particles having a rod-like shape.
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_COMPOSITIONS AND METHODS FOR IMPROVING PROPPANT PACK
PERMEABILITY AND FRACTURE CONDUCTIVITY
IN A SUBTERRANEAN WELL
ABSTRACT

- [041] The present invention relates to enhancing fluid flow from
subterranean formations. More particularly, this invention relates to providing improved
‘ proppant matrixes within fractures in a subterranean formation. An example of the
ethods of increasing the conductivity of a fracture in a subterranean. formation
comprises the steps of providing a fracturing treatment fluid comprising a proppant
composition, the proppant composition comprising proppant particulates and a
degradable mateﬁal capable of undergoing an irreversible degradation downhole;
introducing the proppant composition to the fracture; and allowing the proppant

- composition to form a proppant matrix having voids in the fracture.
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PTO/SB/O1 (10-01)

Approved for use through 10/31/2002. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Attorn_y Docket Number_| 2002-1P-009210u1 T\
DECLARATION FOR UTILITY OR T
DESIGN _ First Named Inv_ntor Philip D. Nguyen, et al ,
' ‘ — o |=
PATENT APPLICATION | COMPLETE. ':TE’FKNOWN e :H =
k (37 CFR 1.63) . Application Number SN=0
’ =
ili : ™~
Declaration |:| Declaration Filing Date o =&
Submitted OR Submitted after Initial ; o —u
Art Unit o =
with Initial Filing (surcharge o=— =0°
Filing (37 CFR 1.16 (e)) | 81] =
. . ) . required) Examiner Name B . 3 7

As the below named inventor, | hereby declare that:
My residence, mailing address, and citizenship are as stated below next to my name.

I'believe | am the original and first inventor of the subject matter which is claimed and for which a patent is sought on the invention entitled:

Compositions and Methods for Improving Propp'ant Pack Permeability and Fracture
Conductivity in a Subterranean Well

(Title of the Invention)
the specification of which

EI is attached hereto

OR
[:I was filed on (MM/DD/YYYY) és United States Application Number or PCT International
Application Number . and was amended on (MM/DD/YYYY) (if applicable).

| hereby state that | have reviewed and understand the contents of the above identified specification, including the claims, as amended by
any amendment specifically referred to above.

| acknowledge the duty to disclose information which is material to patentability as defined in 37 CFR 1.56, including for continuation-in-part
applications, material information which became available between the filing date of the prior application and the national or PCT
international filing date of the continuation-in-part application.

| hereby claim foreign priority benefits under 35 U.S.C. 119(a)-(d) or (f), or 365(b) of any forelgn apphcatlon(s) for patent, inventor's or plant
breeder's rights certificate(s), or 365(a) of any PCT international application which designated at least one country other than the United
States of America, listed below and have also identified below, by checking the box, any foreign application for patent, inventor's or plant

breeder's rights certificate(s), or any PCT international application having a filing date before that of the application on which priority is
claimed. .

Prior Foreign Application Foreign Filing Date Priority Certified Copy Attached?
Number(s) Country (MM/DD/YYYY) Not Claimed YES NO

| 4 O
: [] L1 O
[] L1 0O
L] L1 [

D Additional forelgn application numbers are listed on a supplemental priority data sheet PTO/SB/OZB attached hereto:
[Page 10f2]

Burden Hour Statement: This form is estimated to take 21 minutes to complete. Time will vary depending upon the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington, DC
20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.
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Approved for use through 10/31/2002. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995 no persons are required to respond to a collection of information unless it contains a valld OMB control number.

DECLARATION — Utility or Design Patent Application

N

Direct all correspondence to: Iz Customer Number

or Bar Code Label

OR ‘ Correspondence address below

Robert A. Ként

.Name i : ‘ v
Halliburton Energy Services
Address P.O. Boxr1431w - | , |
Duncan , | OK . | 73536-0440
City e 7 _State ‘ lzr 7
USA ' 580-251-3125. 580-251-3917
.Country . - Telephone Fax

| hereby declare that all statements made herein of my own knowledge are true and that all statements made on‘information and belief
are believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so
made are punishable by fine or imprisonment, or both, under 18 U.S.C. 1001 and that such willful false statements may jeopardize the
vahdlty of the applzcatlon or any patent issued thereon.

NAME OF SOIL‘E OR FIRST INVENTOR : D - A petition has been filed for this ur)signed inventor

Given Name Fhilip D. Family Name Nguyen
| (first and middle [if any]) ) y " or Surname
1 ‘Inven‘tor's W\ A %) . . : é' // 2/0 3
_Signature . ) 7 a —~ _ Date
‘Duncan / / s/ OK | USA us
Residence: City : , State Country Citizenship
‘ ' 1107 W. Jones Ave. '

Mailing Address . ‘ L i
Duncan T OK : ' 73533 USA
City : . . State ZIP ‘ Country
“NAME OF SECOND INVENTOR: D A petition has been filed for this unsngned |nventor

Given Name Bradley L. : : Family Name TOdd

(first and middie {if any]) . or Surname

Inventor's ; o ) ' :

Signature M[b\ ) IM . Date Q//”ZA 3

. F o\ j |

Duncan , OK USA - 4

Residence: City B State ) Country ~ = Citizenship

1810 Windsor Drive ' '

Mailing Address . . .

Duncan - OK 73533 USA

City - K State ZIP Country

Additional inventors are being named on the 1 _!'supplemental Additional Inventor( ) sheet(s) PTO/SB/OZA attached hereto

[Page 2 of 2]
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¢ Approved for use through 10/31/2002. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information uniess it contains a valid OMB control number.

‘ : ADDITIONAL INVENTOR(S)
DECLARATION C Supplemental Sheet
, Page 1 of 1
lName of Additional Joint Inventor, if any: [1 A petition has been filed for this unsigned inventor
Trinidad Munoz Jr.
Given ' Family Name
Name . or Surname
Inventor’s —-_— . ’ - -
Signature-’m;// Date 6/2 ’ 3
Duncan OK USA us
Residence: City ) State - Country . Citizenship
701 Drexal Place o
Mailing Address
Mailing Address ) )
- ' oK 73533  |USA
City Duncan . ) State zZip B Country
- Name of Additional Joint Inventor, if any: [] A petition has been filed for this unsigned inventor
Given . ‘ Family Name
‘Name ) or Surname ]
Inventor's ' .
Signature L _ i Date
Residence: City ) \State . Country Citizenship
Mailing Address
Mailing Address
City ) o State zp Country
Name of Additional JOint Inventdr' if any: 1 A petition has been filed for this unsigned inventor
Given Co . . Family Name
Name or Surname
Inventor’s ‘ . '
|_Signature - i . _| Date
Residence: City State Country i ’ Citizenship
Mailing Address
Mailing Address 2
City . . State ZIP_ 'Country

Burden Hour Statement: This form is estimated to take 21 minutes to complete. Time will vary depending upon the needs of the individual case. Any comments
on the amount of time you are required to complete this form should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, Washington,
DC 20231. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Patents, Washington, DC 20231.
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: INFORMATION
DECLARATION oo
Rogistration
Halliburton Energy Services, | Baker Botts

Inc. Practitioners Practitioners

William E. Shull P9,438 - Bcott F. Partrid“ge, »’ . 28,142
Michael D. McCully - 29,566 Mitchell D. Lukin ~ 30,772
Mark A. Smith o 0,220 ~ Flaude E. Cooke, Jr 34,142
William M. Imwalle 35,904 PaulN. Katz ~~ - 35917
Paul I. Herman | 37,'349 Ronald L. C‘hichester' 36,765
! Robert A. Kent ’ ~ |28.626 HowaArd Speight 37,733
CraigW. Roddy 36,256 Michael Hawes " | 38487
John W. Wustenberg 35,415 Rogef J. Fulghum _39,678'
Michael Locklar ' 44,878

Carey C. Jordan : | 47,646,

- |John Shumaker 52,223

David C. sukis | 52260
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PTO/SB/81 (02-01)
. Appraved for use thraugh 10/31/2002. OMB 0651-0035
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persons are required to respond to a collection of information unless it display a valid OMB control number.

Application Number

: Filing Date )
First Named Inventor Philip D. Nguyen, et al
Compositions and Methods

'POWER OF ATTORNEY OR  [1y
AUTHORIZATION OF AGENT [ Group i

Please type a plus sign (+) inside this box ——P> E]

Examiner Name i
\_ Attorney Docket Number | 2002-TP-009210U01
I hereby appoint:'
. _ . Place Customer
Practitioners at Customer Number L ] — Number Bar Code
- OR ) Label here
[j Practitioner(s) named below:
Name Registration Number

See attached

to transact all

as my/our attorney(s) or agent(s) to prosecute the application identified ébove. and
business in the United States Patent and Trademark Office connected therewith.

Please change the correspond'ence address for the above-identified application to:

The above-mentioned Customer Number.
Place Customer

j — 3 | NumberBarCode
. Label here

OR .
D Practitioners at Customer Number [

OR

Firm or
Individual Name - N
Addreés B '
Address ' v '
City e | state]
Country ‘ .
Telephone ' ' l Fax r
tam the:
D Applicant/inventor.

[X] Assignee of record of the entire interest. See 37 CFR 3.71.
Statement under 37 CFR 3.73(b) is enclosed. (Form PTO/SB/96).

SIGNATURE of Applicant or Assignee of Record

_lze ]

Name Robert A. Kent
Signture Xl G FFul
—_— \, .
Date é - /ZS -03
NOTE: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required. Submit multiple

forms ifmore than one signature is required, see below*.

3 *Tolal of forms are submitted.
Burden Hour Statement: This form-is estimated to take 3 minules to complete. Time will vary.depending upon the needs of the.individual case. Any comments on
the  amounl of time you are requirgdto complete this form should be sent lo the Chief information Officer; U.S. Patent and Trademark Office, Washington, DC

20231. DONOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO:-Assistant Commissioner for Patents, Washington, DC 20231.
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. - PTO/SB/96 (08-00)
Approved for use through 10/31/2002. OMB 0651-003 1
U.S.Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond fo a collection of information unless it displays a valid OMB control number.

STATEMENT UNDER 37 CFR 3.73(b)

Applicant/Patent Owner;___Philip D. Nguyen, et al ,
» Filed/Issue Date;_Concurrently Herewith

Application No./Patent No.:_Unknown
,ﬁroyl_g__zgp,p_@nLE@gk_Egrm@abiL ty_and Frpcturc

Entitled:__Compositions and Methods for Im
Conductivity in a Subterranean
Halliburton FEnergy Services, Inc.a corporation
(Type of Assignee, e.g., corporation, partnership, university, government agency, etc.)

{Name of Assignee)

»

states that it is:
1. the assignee of the entire right, title, and lnterest or

2.0 an assrgnee of less than the entire right, title and mterest :
The extent (by, percentage) of its ownership interest is _ %

in the patent application/patent identified above by virtue of either:

A: [ ¥ An assignment from the inventor(s) of the patent application/patént identified above. The assignment
was recorded in the United States Patent and Trademark Office at Reel _,Frame _ , or for

which a copy thereof is attached.

OR
B.[ } A chain of title from the mventor(s) of the patent applycatlon/patent identified above, to the current

assignee as shown below:
1. From: ) To:___
The document was recorded in the United States Patent and Trademark Office at
. Frame , or for which a copy thereof is attached.

Reel
To:

2. From:,
The document was recorded in the United States Patent and Trademark Office at
, Frame. , of for which a copy thereof is attached.

Reel ‘
To:

3. From: ' i
The document was recorded in the United States Patent and Trademark Office at
, Frame , or for which a copy thereof is attached.

Reel
[ ]Additional doéuments in the chain of title are listed on a supplemental sheet

[ X] Copies of assignments or other documents in the chain of title are attached.
[NOTE: A separate copy (i.e., the original assignment document or a true copy of the original document)

must be submitted to Assignment Division in accordance with 37 CFR Part 3, if the assugnment is to be
recorded in the records of the USPTO. See MPEP 302.08]

The wndersigned (whose title is supplied below) is authorized to act on behalf of the assignee

é '}? S -07 _Robert_A. Kent
‘ Date . \;tziped or pnnt%mé
= ( & 78.L

v ! i
7 .
N Slgnature/,

Senior Counsel
. Title

Burden Hour Statement: This form is estimated to take 0.2 hours lo complete. Time will vary depending upon the needs of the individual case. Any comments on
the amount of time you are required to complete this form should be sent to the Chief information Officer, U.S. Patent and Trademark Office, Washingtan, DC
20231. DO KOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Assistant Commissioner for Palents, Washington, DC 20231.
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Sheet 1 of 2
FORM PTO-1449 (Modified) ATTY. DOCKET NO. SERIAL NO.
2002-1P-009210U1 Unknown
1LIST OF PATENTS AND PUBLICATIONS
FOR APPLICANT'S INFORMATION APPLICANT
DISCLOSURE STATEMENT Philip D. Nguyen, et al
(Use several sheets if necessary) FILING DATE GROUP
Concurrently Herewith Unknown
U.S. PATENT DOCUMENTS
Filing
EXAMINER Date if
INITIAL Document No. Date Name Class | Subclass | Appropriate
AR 4,387,769 06/14/83 | Erbstoesser, et al 507 219
AB 4,526,695 07/02/85 | Erbstoesser, et al 507 219
AC 6,172,011 01/00/01 | Card, et al 507 204
AD 5,924,488 07/20/99 |Nguyen, et al 166 280
AE 6,209,643 04/03/01 |Nguyen, et al 166 276
AF 6,047,772 04711700 |Weaver, et al 166 276
AG 5,908,073 06701799 |Nguyen, et al 166 276
AH 5,791,415 08/11/98 [Nguyen, et al 166 280
Al 4,694,905 09/22/87 [Armbruster 166 280
AJ 4,785,884 11/22/88 [Armbruster 166 280
AK 4,986,355 01/22/91 | Casad, et al 166 295
FOREIGN PATENT DOCUMENTS
Translation
Document No. Date Country Class | Subclass Yes No
AL
AM
OTHER ART (Including Author, Title, Date, Pertinent Pages, Etc.)
AN “Poly(phenyllactlde): Synthesis, Characterization, and Hydrolytic
Degradation” published in Biomacromolecules, Vol. 2, No. 3, 2001, pages
658-663 by Tara L. Simmons and Gregory L. Baker.
AO “Synthesis and Properties of Polymers Derived from Substituted Lactic
Acids” published in 2001 American Chemical Society, Chapter 12, pages
147-159 by Mao Yin, Tara L. Simmons and Gregory L. Baker.
AP “Preparation and Characterization of Substituted Polylactides”
published in 199 American Chemical Society, Volume 32, Number 23, pages
7711-7718 by Mao Yin and Gregory L. Baker.
EXAMINER DATE CONSIDERED

FXEMINER: 1Initial it reference Considered, whether or not Citation is in conformance with
MPEP 609; Draw line through citation if not in conformance and not considered. Include
copy of this form with next communication to applicant.
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LIST OF PATENTS AND PUBLICATIONS
FOR APPLICANT'S INFORMATION APPLICANT
DISCLOSURE STATEMENT philip D. Nguyen, et al
(Use several sheets if necessary) FILING DATE GROUP
Concurrently Herewith Unknown

U.S. PATENT DOCUMENTS

Filing
EXAMINER Date if
INITIAL Document No. Date Name Class | Subclass | Appropriate
AR 4,715,967 12/259/87 |Bellis, et al 252 8.551
AB 4,886,354 12/12/890 |Welch, et al 356 70
AC 4,986,353 01/22/91 |Clark, et al 166 279
AD 4,957,165 09/18/90 |Cantu, et al 166 295
AE 4,848,467 07/18/80 | Cantu, et al 166 281
AF 3,960,736 06/01/76 |Free, et al 252 8.55
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OTHER ART (Including Author, Title, Date, pertinent Pages, Etc.)
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AP
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L ( 1 [ o3 : Docket No. HES 2002-IP-009210U1
ASSIGNMENT

Whereas, /We, Philip D. Nguyen, Bradley L. Todd and Trinidad Munoz, Jr. of Stephens
County, Duncan, Oklahoma, have invented “Compositions and Methods for Improving
Proppant Pack Permeability and Fracture Conductivity in a Subterranean Well” for which
I have made application for Letters Patent of the United States; and

Whereas, HALLIBURTON ENERGY SERVICES, INC., a Delaware Corporation, having a place
of business at 10200 Bellaire Boulevard, Houston, Texas 77072 is desirous of acquiring an
interest therein;

NOW, THEREFORE, in consideration of the sum of ten dollars ($10.00) and other good and
valuable consideration, the receipt and sufficiency of which is hereby acknowledged, /'We, by
these presents do sell, assign and transfer and convey unto HALLIBURTON ENERGY
SERVICES, INC., its successors and assigns, the full and exclusive right, for the United States of
America and its territorial possessions and for any and all foreign countries, in and to the said

invention, described in the Patent Application first executed on _June 12, 2003 ,

submitted concurrently herewith, and any divisional, continuing or reissue application based on
the present application preparatory to obtaining Letters Patent of the United States therefor; said
invention, application and any and all Letters Patent issuing therefor to be held and enjoyed by
HALLIBURTON ENERGY SERVICES, INC, for its own use and behoof, and for its legal
representatives, successors and assigns, to the full end of the term for which said Letters Patent
may be granted, as fully and entirely as the same would have been held by me and had this
assignment and sale not been made.

And I do further agree to sign all papers, make all rightful oaths and do all requisite acts
for the filing of any disclaimer or for the filing and assignment of any divisional, continuing or
reissue application or applications for patent based on the present application, as well as for any
other U.S. or foreign application for patent which relates to the said invention.

And I do further agree to communicate to HALLIBURTON ENERGY SERVICES, INC,,
its successors, assign or other legal representatives, such facts relating to the invention disclosed
in the present application or Letters Patent issuing thereon as may be known to me, and to testify

as to such facts in any interference or other litigation.
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Executed this \a = day of June, 2003, at Duncan, Stephens County, Oklahoma U.S.A.

794’4\ Z d/\)

gnature

State of Oklahoma )
) ss
County of Stephens )

Before me personally appeared said Philip D. Nguyen and acknowledged the foregoing
instrument to be his free act and deed this & day of June, 2003.

MNsenecen X\LN%

A0 (Notary
Q > ’—\;@62&) A S

Executed this \3 "~ _day of June, 2003, at Duncan, Stephens County, Oklahoma U.S.A.

/?WZ& ZCY//é/

S1gnature

State of Oklahoma )
) ss
County of Stephens )

Before me personally appeared said Bradley . Todd and acknowledged the foregoing

instrument to be his free act and deed this V{7 day of June, 2003.
Seal >\C\M\m ' \IFM
N\ 20 ublic)
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N
Executed this \Q day of June, 2003, at Duncan, Stephens County, Oklahoma U.S.A.

—

Signature

State of Oklahoma )
) ss
County of Stephens )

Before me personally appeared said Trinldad Munoz, Jr. and acknowledged the foregoing

instrument to be his free act and deed this A\ = day of June, 2003.
Seal )\QW\MM\/\&AV
Public
-\ - 00 ‘
fﬁFO AESA %
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