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respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
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U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3

Page 0000003



PTOISB/14 (11-08)
Approved for use through 06/30/2010. 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.

. Attorney Docket Number | H0024680-4511
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention | INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[ ] Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.)

Applicant Information:
Applicant 1

Applicant Authority ®nventor | ()Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
SELMA BEKTESEVIC

Residence Information (Select One) (¢) US Residency () NonUS Residency () Active US Military Service

City | Williamsville State/Province | NY Country of Residencei | US

Citizenship under 37 CFR 1.41(b}) BA
Mailing Address of Applicant:

Address 1 770 Maple Road, Apt. 9B

Address 2

City Williamsville State/Province NY

Postal Code 14221 Countryi | US

Applicant 2

Applicant Authority (e Inventor | {)Legal Representative under 35U.S.C. 117 {(OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
HSUEH SUNG TUNG

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City | Getzville State/Province | NY Country of Residencei | US

Citizenship under 37 CFR 1.41(b}) i us
Mailing Address of Applicant:

Address 1 16 Vassar Drive

Address 2

City Getzville State/Province NY

Postal Code 14068 Countryi | US

Applicant 3

Applicant Authority (®Inventor | (Legal Representative under 35 U.S.C. 117 (OParty of Interest under 35 U.S.C. 118

Prefix| Given Name Middle Name Family Name Suffix
HALUK KOPKALLI

Residence Information (Select One) () US Residency () Non US Residency () Active US Military Service

City | Statenlsland State/Province | NY Country of Residencei | US

EFS Web22.2 Page 0000004



PTOISB/14 (11-08)

Approved for use through 06/30/2010. 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.

Attorney Docket Number | H0024680-4511

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS

Citizenship under 37 CFR 1.41(b) i us
Mailing Address of Applicant:

Address 1 364 Giffords Lane
Address 2
City Staten Island State/Province NY
Postal Code 10308 Countryi | US

All Inventors Must Be Listed - Additional Inventor Informaticn blocks may be
generated within this form by selecting the Add button.

Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number 91970

Email Address patentservices-us@honeywell.com | Add Email | [Remove Email|

Application Information:

Title of the Invention INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS
Attorney Docket Number| H0024680-4511 Small Entity Status Claimed [ |

Application Type Provisional
Subject Matter Utility
Suggested Class (if any} Sub Class (if any)

Suggested Technology Center {if any)

Total Number of Drawing Sheets (if any) 3 Suggested Figure for Publication (if any)

Publication Information:
[ ] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Request Not to Publish. | hereby request that the attached application not be published under 35 U.S.

[] ©. 122(b)and certify thatthe invention disclosed in the attached application has not and will not be the subject of
an applicaticn filed in another country, or under a multilateral international agreement, that requires publication at
eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).

Enter either Customer Number or complete the Representative Name section below. [ both sections
are completed the Customer Number will be used for the Representative Information during processing.

Please Select One: () Customer Number (O US Patent Practitioner | () Limited Recognition (37 CFR 11.9)

EFS Web2.2.2 Page 0000005



PTOISB/14 (11-08)

Approved for use through 06/30/2010. 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.

Attorney Docket Number | H0024680-4511

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS

Customer Number 91970

Domestic Benefit/National Stage Information:

This section allows for the applicant to either ¢laim benefit under 35 U.S.C. 119(g), 120, 121, or 365{(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required by
35 US.C. 119(e) or 120, and 37 CFR 1.78{a){2) or CFR 1.78(a)(4), and need not otherwise be made part of the specification.

Prior Application Status
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD)

Additional Doemestic Benefit/National Stage Data may be generated within this form

by selecting the Add button. fad

Foreign Priority Information:

This section allows for the applicant to claim benefit of foreign priority and to identify any prior foreign application for which priority is
not claimed. Providing this information in the application data sheet constitutes the claim for priority as required by 35 U.S.C. 119(b)
and 37 CFR 1.55(a).

[ Remove |
Application Number Country i Parent Filing Date (YYYY-MM-DD) Priority Claimed
() Yes (& No
Additional Foreign Priority Data may be generated within this form by selecting the v

Add button.

Assignee Information:

Providing this information in the application data sheet does not substitute for compliance with any requirement of part 3 of Title 37
of the CFR to have an assignment recorded in the Office.

Assignee 1

If the Assignee is an Organization check here.

Organization Name | HONEYWELL INTERNATIONAL INC.

Mailing Address Information:

Address 1 101 Columbia Road
Address 2
City Morristown State/Province NJ
Country il us Postal Code 07962
Phone Number 973-455-2062 Fax Number 973-455-5904
Email Address patentservices-us@honeywell.com
Additional Assignee Data may be generated within this form by selecting the Add =53
button.
Signature:

A sighature of the applicant or representative is required in accordance with 37 CFR 1.33 and 10.18. Please see 37
CFR 1.4(d) for the form of the signhature.

EFS Web2.2.2 Page 0000006




Approved for use through

PTQ/SB/14 (11-08)
06/30/2010. 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.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

H0024680-4511

Application Number

Title of Invention INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS

Signature |/J. Eric Sumner/

Date (YYYY-MM-DD)| 2010-10-12

First Name John

Last Name

Sumner

Registration Number

58699

This collection of information is required by 37 CFR 1.76. 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 23 minutes to complete, including gathering, preparing, and submitting the completed application data
sheet 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.

EFS Web 2.2.2

Page 0000007



Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain informaticn in connection with your submission of the attached form related to
a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be advised that: (1) the general authority for the collection
of this information is 35 U.5.C. 2(b)(2); (2) furnishing of the information solicited is voluntary; and (3) the principal purpose for which the infermation is
used by the U.8. Patent and Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information Act (5 U.S.C. 552)
and the Privacy Act (& U.S.C. 552a). Records from this system of records may be disclosed to the Department of Justice to determine
whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a court, magistrate, or
administrative tribunal, including disclosures to opposing counsel in the course of settlement negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a request involving an
individual, to whom the record pertains, when the individual has requested assistance from the Member with respect to the subject matter of
the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need for the infoermation in
order to perform a contract. Recipients of information shall be required to comply with the requirements of the Privacy Act of 1974, as
amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records may be disclosed,
as a routine use, to the International Bureau of the World Intellectual Property Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of National Security
review (35 U.S5.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services, or his/her designee,
during an inspection of records conducted by GSA as part of that agency's responsibility to recommend improvements in records
management practices and programs, under authority of 44 U.5.C. 2804 and 2906. Such disclosure shall be made in accordance with the
GSA regulations governing inspection of records for this purpose, and any other relevant (i.e., GSA or Commerce) directive. Such
disclosure shall not be used tc make determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of the application pursuant
to 356 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 1561. Further, a record may be disclosed, subject to the limitations of 37
CFR 1.14, as a routine use, to the public if the record was filed in an application which became abandoned or in which the proceedings were
terminated and which application is referenced by either a published application, an application open to public inspections or an issued
patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law enforcement agency, if the
USPTO becomes aware of a violation or potential violation of law or regulation.

EFS Web2.2.2 Page 0000008



PATENT Attorney Docket No. H0024680-4511

INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS

FIELD OF THE INVENTION
[0001] The present invention relates to processes for producing haloalkenes, particularly,
though not exclusively, 2,3,3,3-tetrafluoropropane (HFO-1234yf) and/or 1,2,3,3,3-

pentafluoropropene (HFO-1225ye).

BACKGROUND OF THE INVENTION

[0002] Chlorine-containing compounds, such as chlorofluorocarbons (CFCs), have been
employed as refrigerants, foam blowing agents, cleaning agents, solvents, heat transfer media,
sterilants, aerosol propellants, dielectrics, fire extinguishing agents, and power cycle working
fluids. Such chlorine-containing compounds have proven to be detrimental to the Earth's ozone
layer. Many of the hydrofluorocarbons (HFCs), used as the substitutes of CFCs, have been found
to contribute to global warming. For these reasons, there is a worldwide effort to develop new
compounds that are more environmentally benign while at the same time being as effective, or
more effective, from a performance standpoint.

[0003] Applicants have come to appreciate that 1,1,1,2,3-pentafluoropropene (HFO-
1225ye) and 1,1,1,2-tetrafluoropropene (HFO-1234yf) are each useful in one or more of the
above mentioned applications. Accordingly, compositions containing either or both fluorinated
olefins are among the materials being developed for such use.

[0004] Methods for producing HFO-1234yf and HFO-1225ye are known. In one
example, it is known that hexafluoropropylene (HFP) can be hydrogenated to produce

1,1,1,2,3,3-hexafluoropropane (HFC-236ea). HFC-236ea is then used as a reactant in a

PHI1 2623253v1 10/12/10
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dehydrogenation reaction to produce HFO-1225ye. It is further known that HFO-1225ye can be
hydrogenated to produce 1,1,1,2,3-pentafluoropropane (HFC-245eb) and that HFC-245¢eb can
then be dehydrofluorinated to produce HFO-1234yf.

[0005] U.S. Patent Application Publication No. 2009/0234165, the contents of which are
incorporated by reference herein, further provides that HFO-1225ye and HFO-1234yf can be
produced in a single facility. Most notably, it was realized that the hydrogenation of HFP can
yield both HFC-236ea and HFC-245eb and that these two products can be simultaneously
dehydrofluorinated to produce HFO-1225ye and HFO-1234yf, respectively. Processing
conditions are taught to be adjustable, so as to favor the selective conversion of one
hydrofluoroolefin over the other. Catalysts that may be used for such reactions were taught to
include metal catalysts, even more preferably one or more transition metal-based catalysts
(including in certain preferred embodiments transition metal halide catalysts), such as FeCls,
chromiumoxyfluoride, Ni (including Ni mesh), NiCl,, CrF;, and mixtures thereof, supported or
in bulk. Other catalysts include carbon-supported catalysts, antimony-based catalysts (such as
SbCls), aluminum-based catalyst (such as AlF;, Al,Os, and fluorinated Al,Oj3), palladium-based
catalysts, platinum-based catalysts, rhodium-based catalysts and ruthenium-based catalysts,
including combinations thereof.

[0006] Other examples of methods for the production of HFO-1225ye and HFO-1234yf
are set forth in, at least, U.S. Pat. No. 7,560,602, which is assigned to the assignee of the present
invention and is incorporated herein by reference. This patent discloses a similar
dehydrohalogenation process for producing 2,3,3,3-tetrafluoropropene (1234yf) and 1,1,1,2,3-
pentafluoropropene (HFO-1225ye) by catalytic dehydrofluorination of 1,1,1,2,3-

pentafluoropropane (245eb) and 1,1,1,2,3,3-hexafluoropropane (HFC-236ea), respectively.

PHI1 2623253v1 10/12/10
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Preferred dehydrohalogenation catalysts include fluorinated chromium oxide catalysts,
aluminum fluoride catalysts, ferric fluoride catalysts, mixtures of magnesium fluoride and
aluminum fluoride catalysts, nickel-based catalysts, carbon based catalysts, and combinations
thereof.

[0007] Alternative catalysts for such dehydrohalogenation reactions are also known.
U.S. Patent Application Publication No. 20100029997, for example, teaches the production of
hydroolefins (e.g. HFO-1234yf) by dehydrohalogenating HFC-245eb in the presence of
potassium hydroxide (KOH), sodium hydroxide (NaOH), Ca(OH),, CaO, and combinations
thereof. While particularly preferred catalysts include KOH, alternative catalysts also include
LiOH, Mg(OH)2 and NaOH.

[0008] Applicants have come to appreciate that during continuous processing using KOH
as a catalyst, the reaction proceeds until either the organic reactants or KOH is consumed. Upon
completion of the reaction, the reactor must be dismantled to remove the salt and/or salt
solutions. This, in turn creates, higher operating costs and reduces productivity. Accordingly,
more efficient process is desirable for removal of spent catalyst and recycle of unused or
regenerated catalyst and/or unused organics during a continuous process.

[0009] Applicants assert that the instant invention addresses the foregoing needs.

SUMMARY OF THE INVENTION

[0010] The instant invention relates, at least in part, to a method of increasing the cost
efficiency for dehydrohalogenation production of a fluorinated olefin by recovering and
recycling spent catalyst. In one aspect, the present invention relates to dehydrohalogenating a

fluorinated alkane (e.g. pentafluoropropanes and/or hexafluoropropanes) in the presence of KOH

PHI1 2623253v1 10/12/10
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to produce a fluorinated olefin (e.g. tetrafluoropropenes and/or pentafluoropropenes). Removal
of spent KOH from the reactor allows for facile separation of organic and KOH. This in turn
leads to lower cost associated with design and operation of complicated and highly specialized
separation equipment. Recycling the spent KOH leads to greater catalyst efficiency. Increased
productivity is similarly observed if KF salts are also isolated from the product stream, converted
back to KOH using calcium salts, and recycled to the reaction.
[0011] In one aspect, the instant invention relates to a method or process for
manufacturing of a fluoroolefin including: (a) hydrogenating a first haloolefin to produce a
haloalkane; (b) dehydrohalogenating the haloalkane in the presence of KOH to produce a second
haloolefin; (c) withdrawing a reaction stream comprising spent KOH; and (d) purifying spent
KOH. The first haloolefin may include a compound of formula (I)
(CX,Y3.0)(CR':R%),CX=CHpX;.m (1)

wherein each X is independently Cl, F, I or Br, provided that at least two Xs are F; each Y is
independently H, CL, F, I or Br; each R'is independently H, CL, F, I, Br or unsubstituted or
halogen substituted methyl or ethyl radical; each R is independently H, CI, F, I, Br or
unsubstituted or halogen substituted methyl or ethyl radical; n is 1, 2 or 3; a and b are each 0, |
or 2, provided thata+b=2;mis 0, 1 or2;and zis 0, 1, 2 or 3.
[0012] In further embodiments of the foregoing, the first haloolefin is comprised of a
compound of formula (IA)

CXhY3:CX=CHpnXo.m (IA)
wherein each X is independently Cl, F, I or Br, provided that at least two Xs are F; each Y is

independently H, CI, F, Tor Br;nis 1,2 or3;and mis 0, 1 or 2.

PHI1 2623253v1 10/12/10
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[0013] In even further embodiments of the foregoing, the first haloalkane is
hexafluoropropylene (HFP).
[0014] The intermediate haloalkane of the reaction process may be, in certain
embodiments, any compound of formula (II)
(CX,Y3:2)(CRYR%),CHXCH i Xo-m (1)
wherein each X is independently Cl, F, I or Br, provided that at least two Xs are F; each Y is
independently H, Cl1, F, I or Br; each R'is independently H, Cl, F, I, Br or unsubstituted or
halogen substituted methyl or ethyl radical; each R is independently H, C1, F, I, Br or
unsubstituted or halogen substituted methyl or ethyl radical; n is 1, 2 or 3; a and b are each 0, 1
or 2, provided thata+b=2:mis 0, l or2;and zis 0, 1, 2 or 3.
[0015] In further embodiments of the foregoing, the haloalkane is a compound of
formula (ITA):
(CX,Y3.0) CHXCH 1 X (ITA)
wherein each X is independently Cl, F, [ or Br, provided that at least two Xs are F; each Y is
independently H, CL, F, Tor Br;nis 1,2 or 3;and mis 0, 1 or 2.
[0016] In even further embodiments of the foregoing, the intermediate haloalkane is
1,1,1,2,3,3-hexafluoropropane (HFC-236ea) and/or 1,1,1,2,3-pentafluoropropane (HFC-245eb).
[0017] The second haloolefin may be, in certain embodiments, any compound of the
formula (I1I):
(CX,Y3.0)(CR'R%)CX=CHppi1 X 1.m (11D)
wherein each X is independently Cl, F, I or Br, provided that at least two Xs are F; each Y is
independently H, CL, F, I or Br; each R'is independently H, CI, F, I, Br or unsubstituted or

halogen substituted methyl or ethyl radical; each R is independently H, CI, F, I, Br or

PHI1 2623253v1 10/12/10
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unsubstituted or halogen substituted methyl or ethyl radical; nis 1, 2 or 3; a and b are each 0, 1
or 2, provided thata+b=2;: misOor l;and zis 0, 1, 2 or 3.
[0018] In further embodiments of the foregoing, the second haloolefin is comprised of a
compound of the formula (ITIA):

(CX1Y34)CX= CHp1 X1 (IITA)
wherein each X is independently Cl, F, I or Br, provided that at least two Xs are F; each Y is
independently H, C1, F, lor Br;nis 1,2 or 3;and mis O or 1.
[0019] In even further embodiments of the foregoing, the second haloolefin is 2,3,3,3-
tetrafluoropropene (1234yf) and/or 1,1,1,2,3-pentafluoropropene (HFO-1225ye).
[0020] In embodiments where the second haloolefin is HFO-1225ye and/or HFO-1234yf,
the foregoing reactions can be produced in a single facility having four unit operations. More
specifically, hydrogenation of HFP with hydrogen is known to yield both HFC-236ea and HFC-
245eb. Like HFC-236ea, HFC-245¢eb subsequently can be dehydrofluorinated to produce a
desirable product. In particular, HFC-236ea can be dehydrofluorinated to produce HFO-1225ye
and HFC-245eb can be dehydrofluorinated to produce HFO-1234yf. Thus, both HFO-1225ye
and HFO-1234yf can be produced using a single set of four unit operations: hydrogenation of the
starting material, separation of the desired intermediate, dehydrofluorination of the intermediate
to produce the desired product, followed by another separation to isolate the desired product.
For example, in a preferred system, HFP and H are reacted in a hydrogenation reactor to form
an intermediate product stream comprising HFC-236ea and/or HFC-245eb. The relative
concentrations of HFC-236ea and HFC-245eb is dependant on reaction conditions in the
hydrogenation reactor, such as pressure, temperature, and relative concentration of reactants in

the reactor. If the desirable end product is HFO-1225ye, then processing conditions preferably
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favor the production of HFC-236ea. That is, the hydrogenation reactor is operated to produce an
intermediate product stream rich in HFC-236ea which is subsequently separated from the
intermediate process stream and fed into a dehydrofluorination reactor to form a final product
stream comprising HFO-1225ye. This HFO-1225ye is then separated from the final product
stream and recovered as a purified product. If the desirable end product is HFO-1234yf, then
processing conditions preferably favor the production of HFC-245eb. That is, the hydrogenation
reactor is operated to produce an intermediate product stream rich in HFC-245eb. This can be
accomplished by operating the hydrogenation reactor under conditions favorable to convert the
HFP into HFC-236ea and then converting the HFC-236ea into HFC-245eb. The HFC-245eb is
then separated from the intermediate product stream and fed into a dehydrofluorination reactor to
form a final product stream comprising HFO-1234yf. This HFO-1234yf is then separated from
the final product stream and recovered as a purified product.

[0021] In addition, when HFO-1234yf is the desired product, HFO-1225ye can be
introduced into the hydrogenation reactor at some point and then converted into HFC-245¢eb.
The source of this HFO-1225ye can be either a separate feed stream and/or a recycle stream (i.e.,
recycling HFO-1225ye derived from HFC-236ea as noted above). The HFC-245¢b is again
separated from the intermediate product stream and fed into a dehydrofluorination reactor to
form a final product stream comprising HFO-1234yf. This HFO-1234yf is then separated from
the final product stream and recovered as a purified product.

[0022] With any of the foregoing, the final dehydrofluorination step (e.g. 245eb =
1234yf or 236ea = 1225ye) occurs in the presence of at least a potassium hydroxide (KOH)
catalyst. The amount of catalyst used, or mole ratio of catalyst to organic, will vary depending

on the particular parameters present in each embodiment as discussed above, or otherwise herein.
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In certain embodiments, the mol ratio of KOH to organic feeds (e.g. HFC-245eb and/or HFC-
236ea) is from less than 1 to 3, preferably 1-1.5.

[0023] Dehydrohalogenation can be performed in any suitable reaction vessel or reactor.
In certain non-limiting embodiments, the reactor includes one or a series of Continuously Stirred
Tank Reactors (CSTR), where organic (e.g. HFC-236ea and/or HFC-245eb) and KOH are fed
continuously into the reactor. From the reaction product stream, a stream of spent KOH may be
withdrawn and purified on a continuous or intermittent basis.

[0024] In certain embodiments, the stream of spent KOH further includes one or more
dissolved organics, such as, but not limited to HFC-236ea and/or HFC-245eb. The spent KOH
may be purified from such organics using one or more known separation methods. Such
methods include, but are not limited to, distillation and/or phase separation. The resulting KOH
can then be, optionally, concentrated and recycled back to the dehydrohalogenation reaction
independently, or otherwise with one or more organics, as provided herein.

[0025] In further embodiments, the product stream also includes a salt by-product of the
dehydrohalogenation reaction, such as potassium fluoride (KF). KF may be isolated from the
product stream using known techniques and converted to KOH using known methods. For
example, in one embodiment, KF is converted to KOH in the presence of CaF,, as described
herein. The resulting KOH can be, optionally, concentrated and recycled back to the
dehydrohalogenation reaction independently, or otherwise with one or more organics, as
provided herein.

[0026] Additional embodiments and advantages of the instant invention will be readily

apparent to one of skill in the art based on the disclosure provided herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a process flow diagram showing the production of fluoroolefins
according to an embodiment of the invention.

[0028] FIG. 2 is a process flow diagram showing the hydrogenation unit operation
according to an embodiment of the invention.

[0029] FIG. 3 is a process flow diagram showing the hydrogenation unit operation
according to another embodiment of the invention.

[0030] FIG. 4 is a process flow diagram showing the first separation unit operation
according to an embodiment of the invention.

[0031] FIG. 5 is a process flow diagram showing the first separation unit operation
according to another embodiment of the invention.

[0032] FIG. 6 is a process flow diagram showing the dehydrofluorination unit operation
according to an embodiment of the invention.

[0033] FIG. 7 is a process flow diagram showing the dehydrofluorination unit operation

according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] The instant invention relates, at least in part, to a method increasing the cost
efficiency for dehydrohalogenation production of a fluorinated olefin by recovering and
recycling spent catalyst. In one aspect, the present invention relates to dehydrohalogenating a
fluorinated alkane (e.g. pentafluoropropane and/or hexafluoropropane) in the presence of KOH

to produce a fluorinated olefin (e.g. tetrafluoropropenes and/or pentafluoropropenes). Removal
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of spent KOH from the reactor reduces design and operation costs and recycling the spent and/or
regenerated KOH leads to improved catalyst efficiency.
[0035] In certain embodiments, the fluorinated olefins of the present invention include
one or more C3 to C6 fluoroalkenes, preferably compounds having a formula as follows:

X'CF R,
where X' is a C2, C3, C4, or C5 unsaturated, substituted or unsubstituted, alkyl radical, each R is
independently Cl, F, Br, I or H, and z is 1 to 3. Highly preferred among such compounds are
propenes and butenes having from 3 to 5 fluorine substituents, and among these
tetrafluoropropenes (HFO-1234) and pentafluoropropenes (HFO-1225) are especially preferred.
[0036] In one embodiment, the processes for producing the fluorinated olefins of the
present invention include reacting a fluorinated olefin starting material with a degree of halogen
substitution of N+1 having substantially the same number of carbon atoms as the fluorinated
olefin(s) to be synthesized with a degree of halogen substitution of N. The fluorinated olefin
starting material preferably, though not exclusively, has a degree of fluorine substitution of N+1
and is exposed to reaction conditions effective to produce a reaction product containing one or
more fluorinated alkanes having the same number of carbons atoms as the final olefin. This
olefin conversion step includes a reaction that is sometimes referred to herein for convenience,
but not necessarily by way of limitation, as a reduction or hydrogenation step. The resulting
fluorinated alkane is then converted to a fluorinated olefin having a degree of fluorine
substitution of N. This alkane conversion step comprises a reaction that is sometimes referred to
herein for convenience, but not necessarily by way of limitation, as a dehydrohalogenation
reaction or more particularly in certain embodiments as a dehydrofluorination or

dehydrochlorination reaction.
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[0037] Based on the foregoing, in one aspect of the present invention, the processes for
producing a fluoroolefin includes the following steps:

(a) hydrogenating a compound of formula (I):

(CX,Y3.0)(CR'R%),CX=CHuX.m (D
under conditions effective to form at least one fluorinated alkane of formula (II)
(CXaY3.0)(CRR*),CHXCH 1 Xom (1D

where:

each X is independently Cl, F, I or Br, provided that at least two Xs are F;

each Y is independently H, CI, F, I or Br;

each R'is independently H, CI, F, I, Br or unsubstituted or halogen substituted methyl or
ethyl radical;

each R, is independently H, CL, F, I, Br or unsubstituted or halogen substituted methyl or
ethyl radical;

nis 1,2 or 3;

a and b are each 0, 1 or 2, provided that a+b = 2;

mis 0, 1 or2;and

z1s 0, 1, 2 or 3; and

(b) dehydrohalogenating the compound of formula (II) under conditions effective to
produce a fluoroolefin with a lower degree of fluorine substitution than the compound of formula
(I), preferably to produce a compound of formula (III):

(CX,Y3.)(CRYR%)ZCX=CHppi1 X 1. (11D)

where each n is the same value as in formula (I) and mis O or 1.
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[0038] In further non-limiting embodiments, the reactant of formula (I) may include a
three carbon olefin of formula (IA) wherein z is 0, namely
CX,Y3.CX=CH; X»., IA)

to produce a three carbon alkane of formula (IIA) as follows:

(CX,Y3.)CHXCH 1 Xoom (ITA)
where X,Y, n, and m are all as indicated above, which compound is then dehydrohalogenated to
form a compound of formula (IIIA)

(CX1Y30)CX= CHps1 X m (ITITA)
where n is the same value as in formula (IA) and mis O or 1.
[0039] In even further embodiments, the instant invention provides a saturated terminal
carbon of the compounds of formulas (I) or (IA) that is fully substituted with fluorine (for
example, n on the saturated terminal carbon is 3 and each X on that carbon is F). In such
embodiments, the compound of Formula (I) or (IA) is preferably a fluoropropene having from
three to six fluorine substituents, and potentially other halogen substituents, including for
example hexafluoropropene (that is, Z is 0, nis 3, m is 0, and all X are F) or pentafluoropropene
(thatis, Zis O, nis 3, mis 1, and all X are F). the resulting compound of formula (II) or (IIA) is
selected from the group consisting of, one or more of the following fluorinated alkanes:
pentafluoropropane (HFC-245) and hexafluoropropane (HFC-236), including all isomers of each
of these, but preferably 1,1,1,2,3-pentafluoropropane (HFC-245eb) , 1,1,1,2,3,3-
hexafluoropropane (HFC-236ea) and combinations of these. In certain preferred embodiments
the fluorinated alkane produced by the conversion step has a degree of fluorine substitution of

N+1.
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[0040] In any of the foregoing reactions, the step wherein the olefin is converted to an
alkane is carried out under conditions effective to provide a formula (I) conversion of at least
about 40%, more preferably at least about 55%, and even more preferably at least about 70%. In
certain preferred embodiments the conversion is at least about 90%, and more preferably about
99%. Further in certain preferred embodiments, the conversion of the compound of formula (I)
or (IA) to produce a compound of formula (II) is conducted under conditions effective to provide
a formula (II) or (ITA) selectivity of at least about 60%, more preferably at least about 80%, and
more preferably at least about 90%, and even more preferably about 100%.

[0041] In any of the foregoing reactions, the step wherein the alkane is converted to a
fluorinated olefin having a degree of fluorination of N is carried out under conditions effective to
provide a formula (II) conversion of at least about 40%, more preferably at least about 55%, and
even more preferably at least about 70%. In certain preferred embodiments the conversion is at
least about 90%, and more preferably about 95%. Further in certain preferred embodiments, the
conversion of the compound of formula (II) to produce a compound of formula (III) is conducted
under conditions effective to provide a formula (I1I) selectivity of at least about 60%, more
preferably at least about 80%, and more preferably at least about 90%, and even more preferably

about 98%.

THE HYDROGENATION STEP
[0042] Although it is contemplated that the hydrogenation or reduction step may be
conducted in batch operation, it is preferred that the hydrogenation reaction is carried out as a
substantially continuous operation. While it is contemplated that the hydrogenation reaction may

be conducted in a single reaction vessel, this reaction step may comprise two or more reactors or
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reaction stages in parallel, in series, or both, or any combination of reactor designs. In addition, it
is contemplated that the reaction step may include one or more feed preheating steps or stages,
depending on the particulars of each application.

[0043] While it is possible that the reaction may involve in certain embodiments a liquid
phase reaction, it is contemplated that in certain embodiments the hydrogenation reaction
comprises at least one vapor phase reaction stage.

[0044] In one embodiment of the present invention, as illustrated in Figure 2, the
hydrogenation step comprises a reaction step A having associated therewith at least a first flow
path or feed stream 1A, at least a second flow path or feed stream 1B and at least a third flow
path or feed stream 2, with each flow path being independently operable. In such embodiments,
it is preferred that the first flow path or feed stream 1A comprises HFP and preferably
substantially all of the HFP being fed to the reaction step A, the second path or feed stream 1B
comprises HFO-1225ye, and preferably substantially all of the HFO-1225ye being fed to the
reaction step A (it being recognized that the feed stream 1B in many embodiments will have a
substantially zero flow and that in other embodiments this feed stream 1B may in fact be a
recycle stream from subsequent operations in the process). The feed stream 2 comprises the
hydrogenation agent, preferably Hs, for the reaction step A. Flow path or stream 4 is at path for
allowing introduction of a recycle stream into the reaction step. In some embodiments, the actual
flow of recycle stream 4 is zero, but in preferred embodiments, the recycle stream comprises a
relatively low temperature stream comprising a portion of the reaction product stream 3A after it
has been cooled and/or separated, the content of recycle stream 4, when present, preferably being

relatively rich in HFC-236ea, HFC-245¢b, or a combination of these.
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[0045] In another preferred embodiment of the present invention as illustrated in Figure
3, the hydrogenation step comprises at least a first reaction step Al and a second reaction step
A2. In one embodiment, the first reaction step Al, which may comprise one or more reaction
stages in parallel or in series or a combination of parallel or series, having associated therewith at
least a first flow path or feed stream 1A and at least a second flow path or feed stream 2A, with
each flow path being independently operable. In such embodiments, it is preferred that the first
flow path or feed stream 1A comprises HFP and preferably substantially all of the HFP being fed
to the reaction step A, the second path or feed stream 2A comprises the hydrogenation agent,
preferably H,, for the reaction step A. Flow path or stream 4A is at path for allowing
introduction of a recycle stream into the reaction step. In some embodiments, the actual flow of
recycle stream 4A is substantially zero, but in preferred embodiments, the recycle stream
comprises a relatively low temperature stream comprising a portion of the reaction product
stream 3A after it has been cooled and/or separated, the content of recycle stream 4, when
present, preferably being relatively rich in HFC-236ea, HFC-245¢b, or a combination of these.
[0046] In connection with the reaction stage converting HFP in the hydrogenation reactor
at step Al, it is preferred in certain embodiments to use a trickle bed reactor. It is contemplated
that the reaction is such case proceeds as follows:

CF;CF=CF; + H, = CF;CHFCF,H (HFC-236ea).

A major side reaction of this process yields HFC-245eb and HF. It is believed that 245eb is
formed from 236ea by hydrodefluorination and/or by dehydrofluorination followed by reduction:
HFC-236ea + H, = HFC-245eb + HF.

[0047] The second reaction step A2, may comprise one or more reaction stages in

parallel or in series or a combination of parallel or series, having associated therewith at least a
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first flow path or feed stream 1B and at least a second flow path or feed stream 2B, with each
flow path being independently operable. In such embodiments, it is preferred that the first flow
path or feed stream 1B, when present, comprises HFO-1225ye, and preferably substantially all of
the HFO-1225ye being fed to the reaction step A. The second path or feed stream 2B comprises
the hydrogenation agent, preferably H,, for the reaction step A2. Flow path or stream 4B is at
path for allowing introduction of a recycle stream into the reaction step. In some embodiments,
the actual flow of recycle stream 4B is zero, but in preferred embodiments, the recycle stream
comprises a relatively low temperature stream comprising a portion of the reaction product
stream 3A and/or 3B after it has been cooled and separated, the content of recycle stream 4B,
when present, preferably being relatively rich in HFC-236ea, HFC-245eb, or a combination of
these. Flow path or stream 10 is at path for allowing introduction of a second recycle stream into
the reaction step, which in preferred embodiments comprises at least a portion of the reaction
product stream 6 after being processed to comprise a stream relatively rich in HFO-1225ye.
[0048] In connection with the reaction stage converting HFO-1225ye in the
hydrogenation reactor at step A2, it is preferred in certain embodiments to use a trickle bed
reactor. It is contemplated that the reaction is such case proceeds as follows:

CF;CF=CFH (liq) + H, (gas) = CF;CHFCFH, (HFC-245eb - gas)
A major side reaction is contemplated to be:

HFC-245¢eb + H, - CF;CHFCH; (HFC-254) + HF

[0049] Preferably, the hydrogenation reaction conditions are controlled in the reaction in
order to achieve the desired conversion and/or selectivity in accordance with the present
invention. As used herein, the term “reaction conditions™ is intended to include the singular and

means control of any one or more processing parameters, including possibly using or not using a
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reaction vessel or stage, which can be modified by the operator of the reaction to produce the
conversion and/or selectivity of the feed material in accordance with the teachings contained
herein. By way of example, but not by way of limitation, conversion of the feed material may be
controlled or regulated by controlling or regulating any one or more of the following: the
temperature of the reaction, the flow rate of the reactants, the presence of diluent, the amount of
catalyst present in the reaction vessel, the shape and size of the reaction vessel, the pressure of
the reaction, and any one combinations of these and other process parameters which will be
available and known to those skilled in the art in view of the disclosure contained herein. The
size and shape, and other characteristics of the reaction vessel itself may vary widely with the
scope of the present invention, and it is contemplated that the vessel associated with each stage
may be different than or the same as the vessel associated with the upstream and downstream
reaction stages. Furthermore, it is contemplated that all reaction stages can occur inside a single
vessel, provided that means and mechanisms necessary to control conversion are provided. For
example, it may be desirable in certain embodiments to utilize a single tubular reactor for each
reaction stage, providing conversion control by judicious selection of the amount and/or
distribution of catalyst throughout the tubular reactor. In such a case, it is possible to further
control the conversion in different sections of the same tubular reactor by controlling the amount
of heat removed from or added to different sections of the tubular reactor.

[0050] Those skilled in the art will be readily able to select the type of catalyst(s) used
for the hydrogenation step of the present invention in view of the teachings contained herein. For
example, it is preferred in certain embodiments that at least one, but preferably all, reaction
stages utilize palladium catalyst, preferably 1% palladium on carbon, either alone or in

combination with other catalysts. In this regard one or more of the hydrogenation catalysts
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disclosed in US Patent 5, 679,875, which is incorporated herein by reference, may be used for
one or more of the reaction stages in accordance with the present invention. In certain preferred
embodiments, the catalyst preferably comprises palladium supported on carbon, such as a carbon
mesh.

[0051] Thus, certain embodiments of the present methods comprise bringing a
fluorinated olefin in accordance with formula I and a hydrogenation agent, such as H,, into
contact with a first amount of catalyst in at least a first reaction stage to produce a reaction
stream comprising hydrofluorocarbon(s), unreacted fluorinated olefin and hydrogen. In certain
preferred embodiments the hydrogenation step is followed by a preferred separation step as
described below. While it is contemplated that a wide variety of hydrogenation reaction
temperatures may be used, depending on relevant factors such as the catalyst being used and the
most desired reaction product, it is generally preferred that the reaction temperature for the
hydrogenation step is from about 50°C to about 150°C, preferably about from 75°C to about
115°C, and even more preferably from about 90°C to about 100°C.

[0052] In general, it is also contemplated that a wide variety of reaction pressures may be
used, depending again on relevant factors such as the specific catalyst being used and the most
desired reaction product. The reaction pressure can be, for example, from about 100 psig to about
300 psig, preferably about from 150 psig to about 250 psig, and even more preferably about 200
psig.

[0053] Applicants have found, without being bound by or to any particular theory, that
the use of a cooled recycle stream 4, 4A, or 4B in the hydrogenation reaction allows the feed
materials to serve as a means for removing heat from the hydrogenation reaction. Since the

reduction or hydrogenation reaction of the present invention is generally exothermic, and usually
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substantially exothermic, the use of such a recycle material has the effect in preferred
embodiments of maintaining the reactor temperature below that which would exist if the recycle
were not used, assuming all other process conditions were maintained the same.

[0054] It is contemplated that the amount of hydrogen used may vary widely. In
preferred embodiments, the hydrogen is feed to the reaction step as a gas in a Hj:olefin feed ratio
of from about 1:1 to about 2:1, and even more preferably ratio of from about 1:1 to about 1.5:1,

and even more preferably about 1.3:1.

THE HYDROGENATION REACTION EFFLUENT SEPARATION
[0055] In certain preferred embodiments, the present invention also includes the step of
cooling at least a portion reactor product stream (3, 3A, 3B) to remove at least a portion of the
heat of reaction. In many preferred embodiments, this cooling step is included as part of the
preferred aspects of the separation step B, which are described in connection with Figures 4, 5
and 6 below. Preferably the ratio of cooled recycled reaction product to fresh feed is about 12:1,
with the temperature of the recycle stream preferably being at about 50 °C to about 100 °C, and
even more preferably about 70 °C. In addition, in order to help remove heat of reaction, it is
preferred in certain embodiments to introduce the fresh feeds and/or the recycle feeds to the
reaction in the liquid phase and allowing the heat of reaction to evaporate the liquid feed and/or
the reaction products and withdrawing the reaction products in the gas phase.
[0056] With reference now to Figure 4, the reaction product streams 3A and 3B are
directed to a separation step B, which comprises in the embodiment of Figure 4 a cooling step B1
which produces one or more cooled reaction product streams 3AB, which in turn are fed to one

or more separation stages B2. It is contemplated that those skilled in the art will be able to devise
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without undue experimentation many means and mechanisms for attaining such cooling in view
of the teachings contained herein and all such means and mechanisms are with the scope of the
present invention. The preferred separation step B2 preferably includes at least a first separation
step which produces a first stream 4 relatively rich in unreacted hydrogen, fluorinated alkane,
such as HFC-236ea and/or HFC-245eb, or a combination of these, which may be recycled, with
or without further processing, to the reaction step A. A second stream 5, which is relatively rich
in the fluorinated alkane, such as HFC-236ea and/or HFC-2435eb, is also produced from the
separation step B2.

[0057] In one preferred embodiment shown in Figure 4A, the separation step comprises,
in addition to the cooling step B1 and the separation step B2 which produces at least a first
cooled stream 4A containing a portion of the reaction product, which is preferably recycled to
the reaction step A, and a crude product stream 100 which is fed to a further separation step B3
in which a substantial portion of excess hydrogen in the stream 100 is purged from the stream
and sent for disposal or further processing in stream 4B. The stream 101 from the separation step
B3 is then feed to a further separation step B4 where unwanted by-products are removed in
stream 4C and one or more product streams SA and 5B are produced. In preferred embodiments,
stream 5A is relatively rich in a first fluorinated alkane, preferably HFC- 236ea, and a second
stream 5B rich in a second fluorinated alkane, preferably HFC-245eb.

[0058] In another embodiment described with reference now to Figure 5, the reaction
product streams 3A and 3B are each directed to a separate separation steps, which comprise
separate cooling steps B1 and B1°, each of which produces one or more cooled reaction product
streams 3A’ and 3B’, which in turn are fed to separate separation stages B2 and B2’ to produce a

first stream SA relatively rich in a first of the fluorinated alkane products, such as HFC-236ea
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when the feed stream 3A is rich in HFP, and a second reaction product stream 5B relatively rich
in a second of the fluorinated alkane products, such as HFC-245eb when the feed stream 3B is
rich in HFO-1225ye. A stream 4 (not shown) as described above in connection with Figure 4
may also be removed from each of the steps B2 and B2’. In addition, the particular embodiments
shown and described in Figure 4A may also be adapted for use in connection with one or both

the separation steps B and B’ shown in Figure 5.

DEHYDROHALOGENATION
[0059] The dehydrofluorination step can be carried out in a liquid phase in the presence
of a caustic solution or a gas phase in the presence of a dehydrofluorination catalyst. It is
contemplated that the reaction may be carried out batchwise, continuously or a combination
thereof.
[0060] In one embodiment the converting step involves a reaction in which HFC-245eb
and/or HFC-236ea is contacted with a dehydrohalogenating agent such as potassium hydroxide
(KOH), sodium hydroxide (NaOH), Ca(OH)2, Ca0O, and combinations thereof to form the
fluorinated olefin. If KOH is used, such a reaction may be described by way of illustration, but

not necessarily by way of limitation, by the following reaction equations (1) and (2):

CF;-CHF-CHF; + KOH — CF;CF=CHF + KF + H,0 (1)
CF;-CHF-CH,F + KOH — CF;CF=CH, + KF + H,0 (2)
[0061] In such embodiments, KOH is provided as a caustic aqueous solution comprising

from about 2% to about 100%, more preferably from about 10% to about 50%, and even more
preferably from about 10% to about 30% by weight of KOH. In further embodiments, the

caustic solution, and preferably the KOH solution, is brought to a temperature of from about
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20°C to about 100°C, more preferably from about 20°C to about 90°C, and most preferably from
about 20°C to about 70°C. The reaction pressure in such embodiments may vary, depending on
particular processing parameters of each application. In certain embodiments, the reaction
pressure ranges from atmospheric pressure, super-atmospheric pressure or under vacuum. The
vacuum pressure, when used, in certain embodiments ranges from about 5 torr to about 760 torr.
[0062] It is contemplated that the amount of catalyst used, or mole ratio of catalyst to
organic, will vary depending on the particular parameters present in each embodiment. In certain
embodiments, the mol ratio of KOH to organic feeds (e.g. HFC-245eb and/or HFC-236ea) is
from less than 1 to 3, preferably 1-1.5. In further embodiments, the contact time, which is
expressed as the ratio of the volume of the catalyst (ml) to the total feed flow (ml/sec) is from
about 0.1 seconds to about 1000 seconds, and preferably from about 2 seconds to about 120
seconds.

[0063] The foregoing reaction equations (1) and (2) can be accomplished using any
suitable vessel or reactor. Such vessels or reactors should be constructed from materials which
are resistant to corrosion, such as nickel and its alloys, including Hastelloy, Inconel, Incoloy, and
Monel. In certain embodiments, this reaction is performed using one or a series of Continuously
Stirred Tank Reactors (CSTR). In this type of reactor, organic feed (e.g. HFC-236ea and/or
HFC-245eb) and KOH would be fed continuously into the reactor and the resulting product
stream formed would be fed into a condenser or distillation column for separation of 1225ye
and/or 1234yf from and un-reacted 236ea and/or 245eb, as well as other by-products of the
reaction.

[0064] In certain preferred embodiments, spent KOH is removed from the product stream

either periodically or continuously and is recycled back to the reactor for reuse. As noted
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previously, Applicants have discovered that, during continuous processing, using KOH as a
catalyst, the reaction proceeds until either the organic reactants (e.g. HFC-236ea and/or HFC-
245eb) or KOH is consumed. This increases costs of productivity because the reactor must be
dismantled upon completion of the reaction to remove the salt and/or salt solutions. By recycling
the KOH, however, such costs may be reduced and the system made more efficient.

[0065] Spent KOH may be withdrawn from the reactor by a product stream either
continuously or intermittently using one or more known separation techniques. To this end,
spent KOH separation may occur using any known compound separation techniques, such, but
not limited to, distillation, phase separation, etc. In certain embodiments, withdrawal of spent
KOH is especially beneficial for component separation as it allows for facile separation of
organic and KOH. This in turn leads to lower cost associated with design and operation of
complicated and highly specialized separation equipment.

[0066] The product stream containing spent KOH typically carries with it some dissolved
organic (e.g. HFC-236ea and/or HFC-245eb). By stopping the stirrer and then removing spent
KOH during the time agitation is stopped, separation of KOH and such organic can be
facilitated. Spent KOH and dissolved organic would be taken into a container where additional
separation of KOH and organic can be accomplished using one or more of the foregoing
separation techniques. In one embodiment, for example, KOH is separation by distillation, i.e.
by heating organic just above boiling point of 236ea and/or 245eb, thus fractionating the organic
from the spent KOH. Alternatively, one can use phase separator to separate between the two
phases. The organic free KOH isolate can be immediately recycled to the reactor or can be

concentrated and the concentrated solution can be returned to reactor.
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[0067] In further embodiments, the product stream containing the spent KOH also
includes potassium fluoride (KF). Again, the KF/KOH containing product stream can be
separated using any of the foregoing methods, thus isolating KF from KOH. In certain
embodiments, isolated KF then can be converted back to KOH and recycled back to the
dehydrohalogenation reaction. For example, Ca(OH), can be used for KF conversion according
to reaction below.

2KF + Ca(OH), — 2KOH + CaF,
CaF, will precipitate from the foregoing reaction while KOH is isolated and recycled back to
reactor. Recycling of spent KOH leads to better efficiency of the catalyst use. Moreover, the use
of Ca(OH), to convert salt to KOH increases catalyst use and avoids costs associated with
disposal of salt, and/or purchase of new raw material.
[0068] In one embodiment of the present invention, and referring to Figure 6, the
dehydrohalogenation step comprises a reaction step C having associated therewith at least a first
flow path or feed stream SA, at least a second flow path or feed stream 5B and at least a third
flow path or feed stream 8, with each flow path being independently operable. In such
embodiments, it is preferred that the first flow path or feed stream SA comprises HFO-236ea and
preferably substantially all of the HFO-236ea being fed to the reaction step C, the second path or
feed stream 5B comprises HFC-245eb, and preferably substantially all of the HFO-245¢eb being
fed to the reaction step C (it being recognized that the feed stream 5B in many embodiments will
have a substantially zero flow). Flow path or stream 8 is at path for allowing introduction of a
recycle stream into the reaction step. In some embodiments, the actual flow of recycle stream 8
is zero, but in preferred embodiments, the recycle stream comprises a relatively low temperature

stream comprising a portion of the reaction product stream 6A after it has been cooled and/or
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separated. The content of recycle stream 8, when present, may include unreacted organic (e.g.
HFC-236ea, HFC-245eb) and spent KOH. Each may be purified or recovered, as provided
herein and recycled.

[0069] In another preferred embodiment of the present invention as illustrated in Figure
7, the dehydrohalogenation step comprises at least a first reaction step C1 and a second reaction
step C2. The first reaction step C1, which may comprise one or more reaction stages in parallel
or in series or a combination of parallel or series, having associated therewith at least a first flow
path or feed stream SA and at least a second flow path or feed stream 8A, with each flow path
being independently operable. The second reaction step C2, which may comprise one or more
reaction stages in parallel or in series or a combination of parallel or series, having associated
therewith at least a first flow path or feed stream 5B and at least a second flow path or feed
stream 8B, with each flow path being independently operable. In such embodiments, it is
preferred that the first flow path or feed stream SA comprises HFO-236ea and preferably
substantially all of the HFO-236ea being fed to the reaction step C, the second path or feed
stream 5B comprises, when present, HFO-245eb and preferably substantially all of the HFO-
245eb being fed to the reaction step C. Flow path or streams 8A and 8B are flow paths for
allowing introduction of a recycle stream comprising at least a portion of unreacted feed back or
recycled KOH, as defined herein. In some embodiments, the actual flow of recycle streams 8A
and 8B are substantially zero, but in preferred embodiments, the recycle streams comprises
relatively low temperature streams comprising a portion of the reaction product streams 6A and
6B after they have been cooled and separated.

[0070] Preferably, the reaction conditions are controlled in the reaction in order to

achieve the desired conversion and/or selectivity in accordance with the present invention. As
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used herein, the term “reaction conditions™ is intended to include the singular and means control
of any one or more processing parameters, including possibly using or not using a reaction vessel
or stage, which can be modified by the operator of the reaction to produce the conversion and/or
selectivity of the feed material in accordance with the teachings contained herein. By way of
example, but not by way of limitation, conversion of the feed material may be controlled or
regulated by controlling or regulating any one or more of the following: the temperature of the
reaction, the flow rate of the reactants, the presence of diluent, the amount of catalyst present in
the reaction vessel, the shape and size of the reaction vessel, the pressure of the reaction, and any
one combinations of these and other process parameters which will be available and known to
those skilled in the art in view of the disclosure contained herein. The size and shape, and other
characteristics of the reaction vessel itself may vary widely with the scope of the present
invention, and it is contemplated that the vessel associated with each stage may be different than
or the same as the vessel associated with the upstream and downstream reaction stages.
Furthermore, it is contemplated that all reaction stages can occur inside a single vessel, provided
that means and mechanisms necessary to control conversion are provided. For example, it may
be desirable in certain embodiments to utilize a single tubular reactor for each reaction stage,
providing conversion control by judicious selection of the amount and/or distribution of catalyst
throughout the tubular reactor. In such a case, it is possible to further control the conversion in
different sections of the same tubular reactor by controlling the amount of heat removed from or
added to different sections of the tubular reactor.

[0071] The resulting products may be isolated from the product stream using one or more

methods known in the art and purified accordingly.
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EXAMPLES
[0072] The following examples are provided for the purpose of illustrating the present

invention but without limiting the scope thereof.

[0073] Example 1:
[0074] CSTR was used to convert 245eb to 1234yf. The reactor was designed and

operated in such a way that the end of the dip tube was in the middle of KOH phase. After the
startup, organic and fresh KOH constantly go in. Organic out (the overhead portion) is constantly
taken out. In a typical cycle organic and KOH flow in and overhead is taken out for 30 min.
Flowrates are 5 and 12 ml/min, respectively. The mixture is stirred during this period of time.
Then stirrer is stopped for 10 min, while feeds still go in. While stirrer is off, after 10 min,
applicable valves for the spent KOH to go out were open. Between 500 and 550 g (careful
material balance is calculated, so that reactor was not overfilled or emptied out) was taken out
every 40 min.

[0075] Experiment was carried out for 7 hours. Temperature was 48 °C. Pressure was 45
psig. GC area percent of the organic feed was ~97% of 245eb, the rest being most probably 254.
The flowrates translate to mol ratio of KOH to G-245eb of 1, or slightly above 1. Theoretical
residence time was 100 min.

[0076] Scrubber PCC (SPCC) was used to collect spent KOH and organic that was
carried out with spent KOH. Organic was trapped in MeCl, which was added to SPCC. The
volume of MeCl, inside the SPCC was 15% of the total volume of liquid in SPCC. Product and
un-reacted organic was collected in PCC that were held in dry ice. Vapor samples were taken

once in an hour while liquid samples were taken at much longer intervals.
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[0077] Overall mass balance was 94% for organic. Average conversion was 48%.

Selectivity to 1234yf was 73%.

[0078] Example 2:
[0079] The second experiment was carried out in the same fashion as the experiment 1,

except that pressure and temperature were 48 psig and 47 C. Experiment lasted 6 hours and

overall conversion was 69%. Selectivity to 1234yf was 75%.

[0080] Example 3:
[0081] Reactor was loaded with 807 ml of organic. The feed was analyzed by GC to

reveal Area % for 236ea as 97.70. There was no 1234yf in this feed, while the % of 1225ye was
0.03. After loading the reactor with organic, 1641 ml of 25% KOH is added. Therefore mol ratio
of KOH to 236ea was 1.23.

[0082] The flowrates of 236ea and KOH were 2 and 4 ml/min. Pressure was 35-45 psig.
Reactor temperature was 42-45 C.

[0083] Spent KOH was taken out of reactor periodically (it was fed continuously as was
organic; overhead product was taken out continuously — semi-continuous operation). In this
semi-continuous mode KOH and organics flowed into stirred reactor for 50 min. Then stirrer was
stopped for 10 min while reactants were still going in. Afterwards 290-300 g of spent KOH was
taken out (by watching the change in the weight on the scale). Then stirrer was started as was the
clock for 50 min time period.

[0084] Spent KOH was collected in scrubber PCC (SPCC). SPCC was pre-filled with
methylene chloride (the target was to have 15-20 wt% of MeCl, in the final spent KOH-MeClI2
solution). Analysis of methylene chloride layer revealed that ~70 GC area % was 236ea. There

was small amount of 1225ye (~2%) while the rest were some unknown heavies. In order to
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confirm that all organic was extracted with MeCl,, part KOH was added to part MeCl, (i.e. 1:1).
GC analysis revealed that amount of organic was negligible.
[0085] Overall mass balance was 88.67%. Residence time was 200 min. The conversion

was ~50%. Selectivity to 1225ye was 63%. The reaction was carried out for the total of 97 hours.
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CLAIMS
What is claimed is:
1. A method for producing at least one fluorinated olefin comprising:
a. hydrogenating a starting material stream comprising at least one alkene according
to Formula (I):
(CX,Y3.0)(CR'R%),CX=CHpXo.m )
by contacting said starting material with a reducing agent to produce an intermediate
product stream comprising at least one alkane according to Formula (II):
(CX,Y32)(CR'R%),CHXCH 1 Xo.m (ID
where:
each X is independently Cl, F, I or Br, provided that at least two Xs are F;
each Y is independently H, CL, F, I or Br;
each R is independently H, Cl, F, I, Br or unsubstituted or halogen substituted methyl
or ethyl radical;
each R, is independently H, Cl, F, I, Br or unsubstituted or halogen substituted methyl
or ethyl radical;
nis 1, 2 or 3;
aand b are each 0, 1 or 2, provided that a+b = 2;
mis 0, 1 or2; and
zis0,1,20r3;
b. optionally, separating said intermediate product stream into a plurality of
intermediate product streams, said plurality of intermediate product streams

comprising two or more streams selected from the group consisting of a first
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stream rich in at least a first alkane according to Formula II, a seconds stream rich
in at least a second alkane according to Formula I, and an alkane recycle stream;
c. dehydrofluorinating, in the presence of KOH, at least a portion of said
intermediate process stream from step (a) or said plurality of intermediate process
streams of step (b) to produce an alkene product stream comprising 1,1,1,2,3-
pentafluoropropene and at least one additional alkene having a lower degree of
fluorine substitution compared to the degree of fluorination of the compound of
formula (I); and
d. withdrawing from a dehydrofluorinated product stream a product reaction stream
comprising spent KOH; and
e. purifying spent KOH.
2. The method of claim 1 wherein said additional alkene is a compound according to
formula (III):
(CX1Y3.0)(CR'R*)ZCX=CHyps1 X 1.m (11D)
where each of X, Y, R', Rz, n, a, and b is the same value as in formula (I) and m is O or 1.

3. The method of claim 2 wherein Z is 0.

-4, The method of claim 3 wherein mis O or 1.

>i The method of claim 4 wherein said n is 3.

6. The method of claim 5 wherein X is F.

f i The method of claim 1 wherein said reducing agent is H.

8. The method of claim 1 wherein said starting material stream comprises

hexafluoropropylene and said additional alkene is 1,1,1,2-tetrafluoropropene.

9. A method for producing 1,1,1,2-tetrafluoropropene comprising:
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a. hydrogenating a starting material stream comprising hexafluoropropylene by
contacting said starting material stream with a reducing agent in a hydrogenation
reactor to produce an intermediate stream comprising 1,1,1,2,3-
pentafluoropropane or 1,1,1,2,3,3-hexafluoropropane;

b. dehydrofluorinating, in the presence of KOH, said 1,1,1,2,3-pentafluoropropane
or said 1,1,1,2,3,3-hexafluoropropane in a dehydrofluorination reactor to produce
a product stream comprising 1,1,1,2-tetrafluoropropene or 1,1,1,2,3-
pentafluoropropene;

c. withdrawing from the product stream a second product stream comprising spent
KOH; and

d. purifying spent KOH.

10.  The process of claim 9 wherein the second product stream further comprises a dissolved
organics.
11.  The process of claim 10 wherein the dissolved organics are selected from the group

consisting of 1,1,1,2,3,3-hexafluoropropane (HFC-236ea) or 1,1,1,2,3-pentafluoropropane (HFC-
245¢eb).

12. The process of claim 9 wherein the spent KOH is purified using at least one separation
method.

13. The process of claim 12 wherein the separation method is selected from the group
consisting of distillation or phase separation.

14. The process of claim 9 further comprising, optionally, concentrating the purified KOH
and recycling it back to the dehydrohalogenation reaction.

15. The process of claim 9 wherein the reaction stream further comprises KF.
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16. The process of claim 15 further comprising converting KF to KOH in the presence of
CaFg.
17. The process of claim 17 further comprising, optionally, concentrating the converted KOH

and recycling it back to the dehydrohalogenation reaction.
18. A process for the manufacture of a fluoroolefin comprising:
(a) dehydrohalogenating a haloalkane in the presence of KOH to produce a haloalkene;
(b) withdrawing a reaction stream comprising spent KOH; and
(c) purifying spent KOH.
19. The process of claim 18 wherein the haloalkane is comprised of a compound of formula
(ITA):
(CXnY3n)CHXCH 1 Xomm (ITA)
wherein each X is independently selected from the group consisting of CL, F, I and Br; each Y is
independently selected from the group consisting of H, Cl, F, I, and Br; nis 1,2, or 3; and m is 0,
1 or 2.
20. The process of claim 19 wherein the haloalkane is 1,1,1,2,3,3-hexafluoropropane (HFC-
236ea) or 1,1,1,2,3-pentafluoropropane (HFC-245¢b).
21, The process of claim 18 wherein the haloalkene is comprised of a compound of formula
(ITIA):
(CXaY3.0)CX=CHm1 X).m (IITA)
wherein each X is independently selected from the group consisting of CI, F, I and Br; each Y is
independently selected from the group consisting of H, CL, F, I, and Br; nis 1,2, or 3; and m is 0

orl.

33
PHI 2623253v1 10/12/10

Page 0000041



PATENT Attorney Docket No. H0024680-4511

22, The process of claim 21 wherein the haloalkene is 2,3,3,3-tetrafluoropropane (HFO-
1234yf) or 1,2,3,3,3-pentafluoropropene (HFO-1225ye).

23. The process of claim 18 wherein the dehydrohalogenation occurs using a continuously
stirred tank reactor.

24, The process of claim 18 wherein the spent KOH is withdrawn from the reactor

continuously or intermittently.

23. The process of claim 18 wherein the reaction stream further comprises a dissolved
organics.
26. The process of claim 25 wherein the dissolved organics are selected from the group

consisting of 1,1,1,2,3,3-hexafluoropropane (HFC-236ea) or 1,1,1,2,3-pentafluoropropane (HFC-
245eb).

27.  The process of claim 18 wherein the spent KOH is purified using at least one separation
method.

28.  The process of claim 27 wherein the separation method is selected from the group
consisting of distillation or phase separation.

29.  The process of claim 18 further comprising, optionally, concentrating the purified KOH

and recycling it back to the dehydrohalogenation reaction.

30.  The process of claim 18 wherein the reaction stream further comprises KF.

31. The process of claim 30 further comprising converting KF to KOH in the presence of
CaF,.

32. The process of claim 31 further comprising, optionally, concentrating the converted KOH

and recycling it back to the dehydrohalogenation reaction.

33, A process for the manufacture of a fluoroolefin comprising:
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(a) dehydrohalogenating 1,1,1,2,3,3-hexafluoropropane (HFC-236ea) or 1,1,1,2,3-
pentafluoropropane (HFC-245¢b) in the presence of KOH to produce 2,3,3,3-tetrafluoropropane
(HFO-1234yf) or 1,2,3,3,3-pentafluoropropene (HFO-1225ye);

(b) withdrawing a reaction stream comprising spent KOH; and

(c) purifying spent KOH.

34.  The process of claim 33 wherein the dehydrohalogenation occurs using a continuously
stirred tank reactor.
35. The process of claim 33 wherein the spent KOH is withdrawn from the reactor

continuously or intermittently.

36.  The process of claim 33 wherein the reaction stream further comprises a dissolved
organics.
37.  The process of claim 36 wherein the dissolved organics are selected from the group

consisting of 1,1,1,2,3,3-hexafluoropropane (HFC-236ea) or 1,1,1,2,3-pentaftluoropropane (HFC-
245¢eb).

38. The process of claim 33 wherein the spent KOH is purified using at least one separation
method.

39. The process of claim 38 wherein the separation method is selected from the group
consisting of distillation or phase separation.

40. The process of claim 33 further comprising, optionally, concentrating the purified KOH

and recycling it back to the dehydrohalogenation reaction.

41. The process of claim 33 wherein the reaction stream further comprises KF.
42.  The process of claim 41 further comprising purifying KF from the reaction stream.
35
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43, The process of claim 33 further comprising converting KF to KOH in the presence of
CaF,, optionally, concentrating the KOH and recycling it back to the dehydrohalogenation

reaction.
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ABSTRACT

The instant invention relates, at least in part, to a method increasing the cost efficiency
for dehydrohalogenation production of a fluorinated olefin by recovering and recycling spent
catalyst. In one aspect, the present invention relates to dehydrohalogenating a fluorinated alkane
(e.g. pentafluoropropane and/or hexafluoropropane) in the presence of KOH to produce a
fluorinated olefin (e.g. tetrafluoropropenes and/or pentafluoropropenes). Removal of spent KOH
from the reactor allows for facile separation of organic and KOH. This in turn leads to lower
cost associated with design and operation of complicated and highly specialized separation
equipment. Recycling the spent KOH leads to better utilization of KOH. In creased productivity
is similarly observed if KF salts are also isolated from the product stream, converted back to

KOH using calcium salts, and recycled to the reaction.

37
PHI1 2623253v1 10/12/10

Page 0000045



PATENT

10
4
8
................... 1 E‘............. ""}‘_‘.
r 3 i
H B o.M ¢ — ®
¥ & &
l -l.j- +3
‘o
FIGUEE |
5 e
48
I&
: 4 &t
S e T N >
- Le—1
5, | pss " oy
BT F] e S
i i L
D e —_—
2 D . “
13

FESIRE 2

PH1 2610843v1 10/12/10

FHMIBE 3

1/3

Attorney Docket No. H0024680-4511

Page 0000046



PATENT

.?.
S
a0 e H] R Bﬁ _____________ >
____________________ ..,
3B
FEAIRE S
& H
Lk .
3 ' 3B b
_____________ o , T
........................... = |
3B

FEGUEE 44

3% o .

“““““““““““ » ¥ .
EES

““““““““““““ = i ® 356
Sk 3

FRGURE S

PH1 2610843v1 10/12/10

2/3

b

5&

A3

Attorney Docket No. H0024680-4511

| Be |

Page 0000047



PATENT

——
¥A
- 5% ' .
&8 - £F | >
¥ Y
£
o o .
- S\ “a s
Y —
i £
2 | .
a1
L
FESHRE & FEMIEE 7

PH1 2610843v1 10/12/10

3/3

Attorney Docket No. H0024680-4511

Page 0000048



Electronic Patent Application Fee Transmittal

Application Number:

Filing Date:

Title of Invention: INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS
First Named Inventor/Applicant Name: SELMA BEKTESEVIC

Filer: John Eric Sumner/Michele Greenberg

Attorney Docket Number: H0024680-4511

Filed as Large Entity

Provisional Filing Fees

Description Fee Code Quantity Amount Y B:S{tsa; in
Basic Filing:
Provisional application filing 1005 1 220 220
Pages:
Claims:

Miscellaneous-Filing:

Petition:

Patent-Appeals-and-Interference:

Post-Allowance-and-Post-Issuance:

Extension-of-Time:

Page 0000049




o . Sub-Total in
Description Fee Code Quantity Amount UsSD($)
Miscellaneous:
Total in USD ($) 220

Page 0000050




Electronic Acknowledgement Receipt

EFS ID: 8608617
Application Number: 61392242
International Application Number:
Confirmation Number: 2500

Title of Invention:

INTEGRATED PROCESS FOR THE MANUFACTURE OF FLUORINATED OLEFINS

First Named Inventor/Applicant Name:

SELMA BEKTESEVIC

Customer Number:

91970

Filer:

John Eric Sumner/Michele Greenberg

Filer Authorized By:

John Eric Sumner

Attorney Docket Number:

H0024680-4511

Receipt Date: 12-0CT-2010

Filing Date:

Time Stamp: 15:58:06

Application Type: Provisional
Payment information:
Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $220
RAM confirmation Number 2883
Deposit Account
Authorized User
File Listing:
Document G > File Size(Bytes)/ Multi Pages
Number Pecument Dascription Flie N Message Digest | Part/.zip| (ifappl.)

Page 0000051




1104892

1 Application Data Sheet int11B.PDF no 5
15cd1Bdce5c3B8923273 JefBadhd Mdees)
badd
Warnings:
Information:
161044
2 int183.PDF yes 37
d2e25ch?aeM4b 1289130585 145dbfd 724
aibbe
Multipart Description/PDF files in .zip description
Document Description Start End
Specification 1 29
Claims 30 36
Abstract 37 37
Warnings:
Information:
33750
Drawings-only black and white [i .
3 rawings-only a.c ana wnite line int184.PDF K 3
drawings
aBfB0Sd aal 792719151 7esdT aeeaal be7h|
ediGiG
Warnings:
Information:
29890
4 Fee Worksheet (PTO-875) fee-info.pdf no 2
9 fedBelbdcd Boea 1 B34 103301692 7|
n
Warnings:
Information:

Total Files Size (in bytes): 1329576

Page 0000052




This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similarto a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/R0O/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

Page 0000053




