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I. INTRODUCTION

1. My name is Sylvia D. Hall-Ellis. I have been retained as an expert by
Petitioner.

2. I have written this declaration at the request of Petitioner to provide
my expert opinion regarding the authenticity and public availability of several
publications. My report sets forth my opinions in detail and provides the bases for
my opinions regarding the public availability of these publications.

3. I reserve the right to supplement or amend my opinions, and bases for
them, in response any additional evidence, testimony, discovery, argument, and/or
other additional information that may be provided to or obtained by me after the
date of this declaration.

4, I am being compensated for my time spent working on this matter at
my normal consulting rate of $325 per hour, plus reimbursement for any additional
reasonable expenses. My compensation is not in any way tied to the content of this
Declaration, the substance of my opinions, or the outcome of this dispute. I have
no other interests in this proceeding or with any of the parties.

5. All of the materials that I considered are discussed explicitly in this

Declaration.
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II. QUALIFICATIONS

6. [ am currently an Adjunct Professor in the School of Information at
San José State University. I obtained a Master of Library Science from the
University of North Texas in 1972 and a Ph.D. in Library and Information Science
from the University of Pittsburgh in 1985. Over the last fifty years, I have held
various positions in the field of library and information resources. I was first
employed as a librarian in 1966 and have been involved in the field of library
sciences since, holding numerous positions.

7. [ am a member of the American Library Association (“ALA”) and its
Association for Library Collections & Technical Services (“ALCTS”) Division,
and I served on the Committee on Cataloging: Resource and Description (which
wrote the new cataloging rules) and as the founding chair of the Committee for
Education and Training of Catalogers and the Competencies and Education for a
Career in Cataloging Interest Group. I also served as the Founding Chair of the
ALCTS Division’s Task Force on Competencies and Education for a Career in
Cataloging. Additionally, I served as the Chair for the ALA Office of Diversity’s
Committee on Diversity, a member of the REFORMA National Board of
Directors, a member of the Editorial Board for the ALCTS premier cataloging

journal, Library Resources and Technical Services, and as a Co-Chair for the
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Membership Committee of the Library Research Round Table (LRRT) of the
American Library Association. Currently I serve as a member of the LRRT
Nominating Committee.

8. I have also given over one-hundred presentations in the field,
including several on library cataloging systems and Machine-Readable Cataloging
(“MARC”) standards. My current research interests include library cataloging
systems, metadata, and organization of electronic resources.

9. I have been deposed twenty-six times: (1) Symantec Corp. v. Finjan,
Inc., Petition for Inter Partes Review of U.S. Patent No. 7,613,926, IPR
2015-01892, May 26, 2016, on behalf of Symantec Corp.; (2) Symantec
Corp. v. Finjan, Inc., 14-cv-299-HSG (N.D. Cal.), on behalf of Symantec
Corp., September 14, 2017; (3) one deposition for ten matters: Intellectual
Ventures I LLC v. AT&T Mobility LLC; AT&T Mobility II LLC, New Cingular
Wireless Services, Inc., SBC Internet Services, Inc., Wayport, Inc., and Cricket
Wireless LLC, C.A. No. 12-193 (LPS); Intellectual Ventures Il LLC v. AT&T
Mobility LLC; AT&T Mobility IT LLC, New Cingular Wireless Services, Inc., SBC
Internet Services, Inc., Wayport, Inc., and Cricket Wireless LLC, C.A. No. 13-
1631 (LPS); Intellectual Ventures I LLC v. T-Mobile USA, Inc. and T-Mobile US,

Inc., C.A. No. 13-1632 (LPS); Intellectual Ventures Il LLC v. T-Mobile USA, Inc.
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and T-Mobile US, Inc., C.A. No. 13-1633 (LPS); Intellectual Ventures I LLC, v.
Nextel Operations, Inc., Sprint Spectrum L.P., Boost Mobile, LLC and Virgin
Mobile USA, L.P., C.A. No. 13-1634 (LPS); Intellectual Ventures II LLC v. Nextel
Operations, Inc., Sprint Spectrum L.P., Boost Mobile, LLC and Virgin Mobile USA,
L.P., C.A. No. 13-1635 (LPS); Intellectual Ventures I LLC, v. United States
Cellular Corporation, C.A. No. 13-1636 (LPS); Intellectual Ventures I LLC v.
United States Cellular Corporation, C.A. No. 13-1637 (LPS); Intellectual Ventures
HNLLCv. AT&T Mobility LLC, AT&T Mobility Il LLC, New Cingular Wireless
Services, Inc., C.A. No. 15-799 (LPS); Intellectual Ventures I LLC v. T-Mobile
USA, Inc. and T-Mobile US, Inc., C.A. No. 15-800 (LPS), on behalf of AT&T
Mobility LLC; AT&T Mobility 11 LLC, Boost Mobile, LLC Cricket Wireless LLC,
Nextel Operations, Inc., New Cingular Wireless Services, Inc., SBC Internet
Services, Inc., Sprint Spectrum L.P., T-Mobile USA, Inc., T-Mobile US, Inc.,
United States Cellular Corporation Virgin Mobile USA, L.P., and Wayport, Inc.,
November 15, 2016; (4) Hitachi Maxell, LTD., v. Top Victory Electronics (Taiwan)
Co. Ltd., et al., 2:14-cv-1121 JRG-RSP (E.D. Texas), on behalf of Top Victory
Electronics (Taiwan) Co. LTD, et. al., January 20, 2016; (5) Sprint Spectrum, L.P.
v. General Access Solutions, Ltd., Petition for Inter Partes Review of U.S.

Patent No. 7,173,916, IPR 2017-01885, on behalf of Sprint Spectrum L.P.,
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July 13, 2018; (6) Nichia Corporation v. Vizio, Inc., 8:16-cv-00545; on
behalf of Vizio, Inc., October 12, 2018; (7) Intellectual Ventures I LLC, v. T-
Mobile USA, Inc., T-Mobile US, Inc., Ericsson Inc., and Telefonaktiebolaget LM
Ericsson, 2:17-cv-00557 (JRG), on behalf of T-Mobile USA, Inc., T-Mobile US,
Inc., Ericsson Inc., and Telefonaktiebolaget LM Ericsson, October 19, 2018; (8)
Pfizer, Inc. v. Biogen, Inc., Petition for Inter Partes Review of U.S. Patent No.
8,821,873, IPR 2017-01168, on behalf of Pfizer, November 3, 2018; (9) Finjan,
Inc. v. ESET, LLC and ESET SPOL. S.R.O., 3:17-cv-00183-CAB-BGS, on behalf
of ESET, January 15, 2019; (10) Finjan, Inc. v. Cisco Systems, Inc., 5:17-cv-
00072-BLF-SVK, on behalf of Cisco Systems, Inc., September 6, 2019; (11)
Facebook, Inc., Instagram, LLC and Whatsapp Inc. v. Blackberry Limited for Inter
Partes Review of U.S. Patent No. 9,349,120 B2, on behalf of Facebook, Inc.,
Instagram, LL.C and Whatsapp Inc., December 20, 2019; (12) 3Shape A/S and
3Shape Inc. v. Align Technology, Inc., Petition for Inter Partes Review of
U.S. Patent No. 7,156,661, IPR 2020-00222 and IPR 2020-00223, August 10,
2020, on behalf of 3Shape A/S and 3Shape Inc.; (13) Finjan Inc. v. Rapid?7,
Inc. and Rapid7 LLC, District of Delaware, 1:18-cv-01519-MN, September
15, 2020, on behalf of Rapid7 Inc. and Rapid7 LLC; (14) VLSI Technology

LLC v. Intel Corporation, Western District of Texas, 6:19-cv-00254, 6:19-
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cv-00255, 6:19-cv-00256, September 23, 2020, on behalf of the Intel
Corporation; (15) Finjan Inc. v. Sonicwall, Inc., Northern District of California,
5:17-cv-04467-BLF-HRL, October 27, 2020, on behalf of Sonicwall, Inc.; (16)
VLSI Technology, LLC v. Intel Corporation, District of Delaware, 1:18-cv-00966-
CFC-CIJB, February 5, 2021, on behalf of the Intel Corporation; (17) Unified
Patents, LLC v. 3BCOM, LLC, Petition for Inter Partes Review of U. S. Patent
7,127,210, February 11, 2021, on behalf of Unified Patents; (18) Finjan, Inc.
v. Qualsys, Inc., Northern District of California, 4:18-cv-07229-YGR, March 1,
2021, on behalf of Qualsys, Inc.; (19) Qualcomm, Inc. v. Monterey Research LLC,
Petition for Inter Partes Review of U. S. Patent 6,534,805, May 6, 2021, on behalf
of Qualcomm, Inc.; (20) Hulu, LLC v. Sound View Innovations, LLC, Petition for
Inter Partes Review of U. S. Patent 5,806,062, May 14, 2021, on behalf of
Hulu, LLC; and, (21) VLSI Technology LLC v. Intel Corporation, Western
District of Texas, 6:19-cv-00254, 6:19-cv-00255 and 6:19-cv-00256,
August 3, 2021, on behalf of Intel Corporation; (22) Liquidia Technologies,
Inc. v. United Therapeutics Corporation, Petition for Inter Partes Review of U. S.
Patent 10,716,793 B2, October 20, 2021, on behalf of Liquidia Technologies,
Inc.; (23) EcoFactor, Inc. v. Google, Inc., Western District of Texas, 6:20-cv-

00075 (ADA), 6:20-0078-ADA, and 6:20-cv-00080 ADA, October 27, 2021, on
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behalf of Google, Inc.; (24) Liquidia Technologies, Inc. v. United Therapeutics
Corporation, Petition for Inter Partes Review of U. S. Patent 10,716,793 B2,
March 11, 2022, on behalf of Liquidia Technologies, Inc.; (25) Juniper Networks,
Inc. v. Swarm Technology LLC, Petition for Inter Partes Review of U. S. Patent
9,852,004, May 5, 2022, on behalf of Juniper Networks, Inc.; and, (26)
ParkerVision, Inc. v. Intel Corporation, Western District of Texas, 6:20-cv-108
(ADA), October 26, 2022, on behalf of the Intel Corporation.

10. My full curriculum vitae 1s attached hereto as Appendix A.

III. PRELIMINARIES
A.  Scope of This Declaration

11. Iam not an attorney and will not offer opinions on the law. I am,
however, rendering my expert opinion on the authenticity of the documents
referenced herein and on when and how each of these documents was disseminated
or otherwise made available to the extent that persons interested and ordinarily
skilled in the subject matter or art, exercising reasonable diligence, could have
located the documents before February 22, 2012.

12. I am informed by counsel that an item is considered authentic if there
is sufficient evidence to support a finding that the item is what it is claimed to be. I
am also informed that authenticity can be established based on the contents of the

documents themselves, such as the appearance, contents, substance, internal
7
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patterns, or other distinctive characteristics of the item, taken together with all of
the circumstances. I am further informed that an item is considered authentic if it is
at least 20 years old, in a condition that creates no suspicion of its authenticity, and
in a place where, if authentic, it would likely be. Lastly, I have been informed that
a document’s authenticity can be established by comparison with an authentic
specimen.

13. Iam informed by counsel that a printed publication qualifies as
publicly accessible as of the date it was disseminated or otherwise made available
such that a person interested in and ordinarily skilled in the relevant subject matter
could locate it through the exercise of ordinary diligence.

14.  While I understand that the determination of public accessibility under
the foregoing standard rests on a case-by-case analysis of the facts particular to an
individual publication, I also understand that a printed publication is rendered
“publicly accessible” if it is cataloged and indexed by a library such that a person
interested in the relevant subject matter could locate it. That is, I understand that
cataloging and indexing by a library is sufficient, although there are other ways
that a printed publication may qualify as publicly accessible. One manner of
sufficient indexing is indexing according to subject matter category. I understand

that the cataloging and indexing by a single library of a single instance of a
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particular printed publication is sufficient, even if the single library is in a foreign
country. I understand that, even if access to a library is restricted, a printed
publication that has been cataloged and indexed therein is publicly accessible so
long as a presumption is raised that the portion of the public concerned with the
relevant subject matter would know of the printed publication. I also understand
that the cataloging and indexing of information that would guide a person
interested in the relevant subject matter to the printed publication, such as the
cataloging and indexing of an abstract for the printed publication, is sufficient to
render the printed publication publicly accessible.

15. Tunderstand that routine business practices, such as general library
cataloging and indexing practices, can be used to establish an approximate date on
which a printed publication became publicly accessible. I also understand that the
indicia on the face of a reference, such as printed dates and stamps, are considered
as part of the totality of the evidence.

B.  Persons of Ordinary Skill in the Art

16. Iam told by counsel that the subject matter of this proceeding relates
generally to manufacturing of inorganic alkali chemicals.
17. I have been informed by counsel that a “person of ordinary skill in the

art at the time of the inventions” is a hypothetical person who is presumed to be
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familiar with the relevant field and its literature at the time of the inventions. This
hypothetical person is also a person of ordinary creativity, capable of
understanding the scientific principles applicable to the pertinent field.

18. I am told by counsel that persons of ordinary skill in this subject
matter or art would have had the equivalent of either (i) a Master of Science in
Chemical Engineering, or an equivalent field, or (i1) a Bachelor of Science in
Chemical Engineering or an equivalent field as well as two years of experience in
the manufacturing or process development of inorganic alkali chemicals. This level
of skill is approximate, and more experience would compensate for less formal
education, and vice versa.

19. It is my opinion that such a person would have been engaged in
research, learning through study, and practice in the field and possibly through
formal instruction the bibliographic resources relevant to his or her research. By
not later than the late 1990s, such a person would have had access to a vast array of
long-established print resources in the field, as well as to a rich set of online
resources providing indexing information, abstracts, and full text services for

publications relevant to the field of this dispute.

10
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C. Authoritative Databases

20.  In preparing this report, I used authoritative databases, such as the
OCLC WorldCat, the Library of Congress Online Catalog, the China Academic
Library and Information System (CALIS), IEEE Xplore database, and the digital
repositories ResearchGate and Semantic Scholar, to confirm citation details of the
various publications discussed.

21.  OCLC WorldCat Database. The OCLC was created “to establish,
maintain and operate a computerized library network and to promote the evolution
of library use, of libraries themselves, and of librarianship, and to provide
processes and products for the benefit of library users and libraries, including such
objectives as increasing availability of library resources to individual library
patrons and reducing the rate of rise of library per-unit costs, all for the
fundamental public purpose of furthering ease of access to and use of the ever-
expanding body of worldwide scientific, literary and educational knowledge and

information.”! Among other services, OCLC and its members are responsible for

! Third Article, Amended Articles of Incorporation of OCLC Online Computer
Library Center, Incorporated (available at

https://www.oclc.org/content/dam/oclc/membership/articles-of-incorporation.pdf)

11
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maintaining the WorldCat database,’ used by independent and institutional
libraries throughout the world.

22. IEEE Xplore.? Librarians in academic, special, and large public
libraries are familiar with the /EEE Xplore database. In working with
undergraduate and graduate students, researchers, scientists, and the public,
librarians are intimately familiar with the /EEE Xplore database and rely on its
content for access to reliable, accurate publications. Established to serve as a
database for the IEEE’s ebooks, standards, conference papers, technical reports,
and journal articles, and related documents dating from 1988 to the present and
selectively from 1913 to 1987, IEEE Xplore is a scholarly research database that
includes 5.7 million documents which is known for its reputable curation and
maintenance of documents and publication information. The /EEE Xplore database
accurately reports dates of publications and events and accurately reports locations
of events in accordance with standard practices for major industry journals.
Approximately 20,000 new documents are added to /EEE Xplore each month.
Abstracts are free to access, but access to full text requires a subscription or

institutional login.

2 http://www.worldcat.org/

3 https://ieeexplore.ieee.org/Xplore/home.jsp
12
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23. The IEEE Xplore requires peer review before publishing content. |
have used IEEE publications in print and online for nearly 50 years. Currently I
have access to IEEE documents as part of the resources for faculty through the
King Library at San Jos¢é State University. In addition to covering material from
the IEEE, the /EEE Xplore also covers materials from the Institution of
Engineering and Technology. The IEEE Xplore digital library provides Web access
to more than 5.5-million full-text documents from some of the world's most highly
cited publications. Approximately 20,000 new documents are added to /EEE
Xplore each month. Abstracts are free to access, but access to full text requires a
subscription or institutional login.

24.  ResearchGate.* A European-based social networking site for
scientists and researchers to share papers, ask and answer questions, and find
collaborators, ResearchGate is the largest academic social network in terms of
active users, although other services have more registered users. Features available
to ResearchGate members include following a research interest and the work of
other individual participants, a blogging feature for users to write short reviews on
peer-reviewed articles, private chat rooms for sharing data, editing documents, or

discussing confidential topics, and a research-focused job board. ResearchGate

13
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indexes self-published information on user profiles and suggests members to
connect with others who have similar interests. Member questions are fielded to
others who have identified relevant expertise on their profiles.

25. As o0f 2021, ResearchGate had more than 20 million scientists, with
its largest user-bases coming from Europe and North America. Most of
ResearchGate's users are involved in medicine, biology, engineering, computer
science, agricultural sciences, and psychology.

26.  Semantic Scholar.> A project developed at the Allen Institute for
Artificial Intelligence and publicly released in November 2015, Semantic Scholar
is designed to be an Al-backed search engine for scientific journal articles which
uses a combination of machine learning, natural language processing, and machine
vision to add a layer of semantic analysis to the traditional methods of citation
analysis, and to extract relevant figures, entities, and venues from papers. Semantic
Scholar is designed to highlight important, influential papers, and to identify the
connections between them.

27.  As of January 2018, following a 2017 project that added biomedical

papers and topic summaries, the Semantic Scholar corpus included more than 40

4 https://www.researchgate.net/

3> https://www.semanticscholar.org

14

China Chengda, EX1005, p. 15


https://en.wikipedia.org/wiki/Allen_Institute_for_Artificial_Intelligence
https://en.wikipedia.org/wiki/Allen_Institute_for_Artificial_Intelligence
https://en.wikipedia.org/wiki/Allen_Institute_for_Artificial_Intelligence
https://en.wikipedia.org/wiki/Allen_Institute_for_Artificial_Intelligence
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Artificial_intelligence
https://en.wikipedia.org/wiki/Scientific_journal
https://en.wikipedia.org/wiki/Scientific_journal
https://en.wikipedia.org/wiki/Scientific_journal
https://en.wikipedia.org/wiki/Scientific_journal
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Natural_language_processing
https://en.wikipedia.org/wiki/Natural_language_processing
https://en.wikipedia.org/wiki/Machine_vision
https://en.wikipedia.org/wiki/Machine_vision
https://en.wikipedia.org/wiki/Machine_vision
https://en.wikipedia.org/wiki/Machine_vision
https://en.wikipedia.org/wiki/Semantic_analysis_(linguistics)
https://en.wikipedia.org/wiki/Semantic_analysis_(linguistics)
https://en.wikipedia.org/wiki/Citation_analysis
https://en.wikipedia.org/wiki/Citation_analysis
https://en.wikipedia.org/wiki/Citation_analysis
https://en.wikipedia.org/wiki/Citation_analysis
https://www.researchgate.net/
https://www.researchgate.net/
http://www.semanticscholar.org/
http://www.semanticscholar.org/

million papers from computer science and biomedicine. In March 2018, Doug
Raymond, who developed machine learning initiatives for the Amazon

Alexa platform, was hired to lead the Semantic Scholar project. As of August
2019, the number of included papers had grown to more than 173 million after the
addition of the Microsoft Academic Graph records, already used by Lens.org.

D. Indexing

28. A researcher may discover material relevant to his or her topic in a
variety of ways. One common means of discovery is to search for relevant
information in an index of periodical and other publications. Having found relevant
material, the researcher will then normally obtain it online, look for it in libraries,
or purchase it from the publisher, a bookstore, a document delivery service, or
other provider. Sometimes, the date of a document’s public accessibility will
involve both indexing and library date information. However, date information for
indexing entries is often unavailable. This is especially true for online indices.

29. Indexing services use a wide variety of controlled vocabularies to
provide subject access and other means of discovering the content of documents.
The formats in which these access terms are presented vary from service to service.

30. Before the widespread development of online databases to index

articles in journals, magazines, conference papers, and technical reports, libraries

15
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purchased printed volumes of indices. Graduate library school education mandated
that students learn about the bibliographic control of disciplines, the prominent
indexing volumes, and searching strategies required to use them effectively and
efficiently. Half of the courses that I studied in library school were focused on the
bibliography and resources in academic disciplines.

31. Librarians consulted with information seekers to verify citations,
check availability in union catalogs, printed books catalogs, and the OCLC
database, and make formal requests for materials, e.g., books, conference
proceedings, journal articles. Requests were transmitted using Telex machines,
rudimentary email systems, and the United States Postal Service. During my
career, | have performed and supervised staff who handled these resource sharing
tasks.

32.  Online indexing services commonly provide bibliographic
information, abstracts, and full-text copies of the indexed publications, along with
a list of the documents cited in the indexed publication. These services also often
provide lists of publications that cite a given document. A citation of a document is
evidence that the document was publicly available and in use no later than the

publication date of the citing document.

16
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IV. LIBRARY CATALOGING PRACTICES
A.  Machine-Readable Cataloging (MARC) Standard

33. I am fully familiar with the library cataloging standard known as the
MARC standard, which is an industry-wide standard method of storing and
organizing library catalog information.® MARC was first developed in the 1960s
by the Library of Congress. A MARC-compatible library is one that has a catalog
consisting of individual MARC records for each of its items. Today, MARC is the
primary communications protocol for the transfer and storage of bibliographic

metadata in libraries.”

6 The full text of the standard is available from the Library of Congress at

http://www.loc.gov/marc/bibliographic/

7 Almost every major library in the world is MARC-compatible. See, e.g., MARC
Frequently Asked Questions (FAQ), Library of Congress,
https://www.loc.gov/marc/faq.html (last visited October 29, 2022) (“MARC is the

acronym for Machine-Readable Cataloging. It defines a data format that emerged
from a Library of Congress-led initiative that began nearly fifty years ago. It
provides the mechanism by which computers exchange, use, and interpret
bibliographic information, and its data elements make up the foundation of most
library catalogs used today.”). MARC is the ANSI/NISO Z39.2-1994 (reaffirmed
2016) standard for Information Interchange Format.

17
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34.  Since at least the early 1970s and continuing to the present day,
MARC has been the primary communications protocol for the transfer and storage
of bibliographic metadata in libraries.® As explained by the Library of Congress:

You could devise your own method of organizing the
bibliographic information, but you would be isolating your library,
limiting its options, and creating much more work for yourself. Using
the MARC standard prevents duplication of work and allows libraries
to better share bibliographic resources. Choosing to use MARC
enables libraries to acquire cataloging data that is predictable and
reliable. If a library were to develop a “home-grown” system that did
not use MARC records, it would not be taking advantage of an
industry-wide standard whose primary purpose is to foster
communication of information.

Using the MARC standard also enables libraries to make use of
commercially available library automation systems to manage library
operations. Many systems are available for libraries of all sizes and
are designed to work with the MARC format. Systems are maintained

and improved by the vendor so that libraries can benefit from the

8 A complete history of the development of MARC can be found in MARC: Its
History and Implications by Henrietta D. Avram (Washington, DC: Library of
Congress, 1975) and available online from the Hathi Trust
(https://babel.hathitrust.org/cgi/pt?id=mdp.39015034388556:view=1up:seq=1; last
visited October 29, 2022).

18
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latest advances in computer technology. The MARC standard also
allows libraries to replace one system with another with the assurance
that their data will still be compatible.

Why Is a MARC Record Necessary? LIBRARY OF CONGRESS,

http://www.loc.gov/marc/umb/um01to06.html#part2 (last visited October 29,

2022).
35. Thus, almost every major library in the world is MARC-compatible.

See, e.g., MARC Frequently Asked Questions (FAQ), LIBRARY OF CONGRESS,

https://www.loc.gov/marc/faq.html (last visited October 29, 2022) (“MARC is the
acronym for MAchine-Readable Cataloging. It defines a data format that emerged
from a Library of Congress-led initiative that began nearly fifty years ago. It
provides the mechanism by which computers exchange, use, and interpret
bibliographic information, and its data elements make up the foundation of most
library catalogs used today.”). MARC is the ANSI/NISO Z39.2-1994 standard
(reaffirmed in 2016) for Information Interchange Format. The full text of the
standard is available from the Library of Congress.’

36. A MARC record comprises several fields, each of which contains

specific data about the work. Each field is identified by a standardized, unique,

? http://www.loc.gov/marc/bibliographic/
19

China Chengda, EX1005, p. 20


https://www.loc.gov/marc/faq.html
https://www.loc.gov/marc/faq.html
http://www.loc.gov/marc/bibliographic/
http://www.loc.gov/marc/bibliographic/

three-digit code corresponding to the type of data that follow. For example, a
work’s title is recorded in field 245, the primary author or creator of the work is
recorded in field 100, an item’s International Standard Book Number (“ISBN”) is
recorded in field 020, an item’s International Standard Serial Number (“ISSN”) is
recorded in field 022, an item’s Library of Congress call number is recorded in
field 050, and the publication date is recorded in field 260 under the subfield “c.”
1d.'° If a work is a periodical, then its publication frequency is recorded in field
310, alternate publication frequency is recorded in field 321, and the publication
dates (e.g., the first and last publication) are recorded in field 362, which is also
referred to as the enumeration/chronology field.!!

37. MARC records also include several fields that include subject matter

classification information. An overview of MARC record fields 1s available

19Tn some MARC records, field 264 is used rather than field 260 to record

publication information. See http://www.loc.gov/marc/bibliographic/bd264.html

(last visited October 29, 2022) (“Information in field 264 is similar to information
in field 260 (Publication, Distribution, etc. (Imprint)). Field 264 is useful for cases
where the content standard or institutional policies make a distinction between
functions™).

' http://www.loc.gov/marc/bibliographic/bd3xx.html
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through the Library of Congress website.!? For example, 6XX fields are termed
“Subject Access Fields.”!*> Among these, for example, is the 650 field; this is the
“Subject Added Entry — Topical Term” field.!* The 650 field is a “[s]ubject added
entry in which the entry element is a topical term.”!> These authenticated subject
entries “are assigned to a bibliographic record to provide access according to
generally accepted thesaurus-building rules (e.g., Library of Congress Subject
Headings (LCSH), Medical Subject Headings (MeSH)).” !¢

38.  Further, MARC records include call numbers, which themselves
indicate a subject and physical location within the library collections. For example,
the 050 field is the “Library of Congress Call Number.”!” A defined portion of the
Library of Congress Call Number is the classification number, and “source of the
classification number 1s Library of Congress Classification and the LC

Classification-Additions and Changes.”'® Thus, included in the 050 field is a

12 http://www.loc.gov/marc/bibliographic/

13 http://www.loc.gov/marc/bibliographic/bd6xx.html

14 http://www.loc.gov/marc/bibliographic/bd650.html
5 1d.
16 14.
17 http://www.loc.gov/marc/bibliographic/bd050.html
18 1d.
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subject matter classification. Each item in a library has a single classification
number. A library selects a classification scheme (e.g., the Library of Congress
Classification scheme just described or a similar scheme such as the Dewey
Decimal Classification scheme or the National Library of Medicine Classification
scheme) and uses it consistently. When the Library of Congress assigns the
classification number, it appears as part of the 050 field. If a local library assigns
the classification number, it appears in a 090 field. In either scenario, the MARC
record includes a classification number that represents a subject matter
classification.

39.  For MARC records created by libraries other than the Library of
Congress (e.g., a university library or a local public library), the classification
number may appear in a 09X (e.g., 090) field."

40. OCLC provides its members online access to MARC records through
its OCLC bibliographic database. When an OCLC member institution acquires a
work, it creates a MARC record for this work in its computer catalog system in the
ordinary course of its business. MARC records created at the Library of Congress

were initially tape-loaded into the OCLC database through a subscription to

19 http://www.loc.gov/marc/bibliographic/bd09x.html
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MARC Distribution Services daily or weekly. Once the MARC record is created
by a cataloger at an OCLC member institution or tape-loaded from the Library of
Congress, the MARC record is then made available to any other OCLC members
online, and therefore made available to the public. Accordingly, once the MARC
record is created by a cataloger at an OCLC member institution or is tape-loaded
from the Library of Congress or another library anywhere in the world, any
publication corresponding to the MARC record has been cataloged and indexed
according to its subject matter such that a person interested in that subject matter
could, with reasonable diligence, locate and access the publication through any
library with access to the OCLC bibliographic database or through the Library of
Congress.

41.  When an OCLC member institution creates a new MARC record,
OCLC automatically supplies the date of creation for that record. The date of
creation for the MARC record appears in the fixed field (008), characters 00
through 05. The MARC record creation date reflects the date on which, or shortly
after which, the item was first acquired or cataloged. Initially, field 005 of the
MARC record is automatically populated with the date the MARC record was
created in year, month, day format (YYYYMMDD) (some of the newer library

catalog systems also include hour, minute, second (HHMMSS)). Thereafter, the
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library’s computer system may automatically update the date in field 005 every
time the library updates the MARC record (e.g., to reflect that an item has been
moved to a different shelving location within the library). Field 005 is visible when
viewing a MARC record via an appropriate computerized interface, but when a
MARC record is printed to hardcopy, no “005” label appears. The initial field 005
date (i.e., the date the MARC record was created) does appear, however, next to
the label “Entered.”?° The date upon which the most recent update to field 005
occurred also appears, next to the label “Replaced.” Thus, when an item’s MARC
record has been printed to hardcopy—as is the case with the exhibits to this
report—the date reflected next to the label “Entered” is necessarily on or after the
date the library first cataloged and indexed the underlying item.

42.  Once one library has cataloged and indexed a publication by creating
a MARC record for that publication, other libraries that receive the publication do
not create additional MARC records—the other libraries instead rely on the

original MARC record. They may update or revise the MARC record to ensure

20" 1In this report, I sometimes refer to the “Entered” entry as field 008, characters

00-05. Field 005 is visible when viewing a MARC record via an appropriate
computerized interface. But when a MARC record is printed directly to hardcopy
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accuracy, but they do not replace or duplicate it. This practice does more than save
libraries from duplicating labor, it also enhances the accuracy of MARC records.

It also allows librarians around the world to know that a particular MARC record is
authoritative. In contrast, a hypothetical system wherein duplicative records were
created would result in confusion as to which record is authoritative.

43.  The date of creation of the MARC record by a cataloger at an OCLC
member institution reflects when the underlying item is accessible to the public.
Upwards of two-thirds to three-quarters of book sales to libraries come from a
jobber or wholesaler for online and print resources. These resellers make it their
business to provide books to their customers as fast as possible, often providing
turnaround times of only a single day after publication. Libraries purchase a
significant portion of the balance of their books directly from publishers
themselves, which provide delivery on a similarly expedited schedule. In general,
libraries make these purchases throughout the year as the books are published and
shelve the books as soon thereafter as possible in order to make the books available
to their patrons. Thus, books are generally available at libraries across the country

within just a few days of publication.

from the OCLC database, the “005” label is not shown. The date in the 005 field

instead appears next to the label “Replaced.”
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V. PUBLICATIONS
A.  Fubook chapter [Exhibit 1003]

44.  Attached hereto as Exhibit 1003 is a copy of an excerpt from the book
titled Practical Inorganic Chemical Technology edited by Dexue Fu, Changchun
Liu, Jingcheng Tian, Longdao Wang, and Zhansheng Cheng (hereafter “Fu”) and
issued by Xi’an Jiaotong University Press with an August 1999 copyright date. The
excerpt is Chapter 7, Section 7.2, “Soda Ash Industry: Preparation of Soda Ash by
Ammonia Soda Process.” Exhibit 1003 is a true and correct copy of the title page,
copyright page, table of contents, and Fu chapter in Chinese (pages 254-284),
which was obtained from Tsinghua University Library under my instruction. The
text in Exhibit 1003 is complete; no pages are missing, and the text on each page
appears to flow seamlessly from one page to the next; further, there are no visible
alterations to the document. Exhibit 1003 is a true and correct copy in a condition
that creates no suspicion about its authenticity. Attachment la is the English
translation of Exhibit 1003. The English translation includes the title page,
copyright page, table of contents, and Fu chapter.

45.  Attached hereto as Attachment 1b is a true and correct copy of the
metadata record for this book from the Tsinghua University Library online catalog.
The library ownership is indicated by the presence of the library’s name at the

bottom of the screen. The Tsinghua University Library uses the ALMA integrated
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library system,?! a product of Clarivate,™ “ a global leader in providing trusted
insights and analytics to accelerate the pace of innovation.”?? The book is
identified by title, author, subjects, creation (publication) date, language (Chinese),
and ISBN (7-5605-1169-4). I personally identified and retrieved the library catalog
record which is Attachment 1b.

46. Based on finding a copy of the Fu book in the Tsinghua University
Library and metadata record in its online library catalog attached as Attachment
1b, it is my opinion that the book titled Practical Inorganic Chemical Technology
was publicly available on or shortly after August 31, 1999, as shown in the
creation date field.

47. Attached hereto as Attachment 1c is a true and correct copy of the
MARC record for the book titled Practical Inorganic Chemical Technology
obtained from the OCLC bibliographic database. 1 personally identified and
retrieved the MARC record that is Attachment 1c. As previously noted, the library
that created the record is recorded in field 040 with a unique library code. For

Attachment Ic, that library code is “CALIS,” which means that the MARC record

21 https://exlibrisgroup.com/products/alma-library-services-platform/

22 https://clarivate.com/about-us/
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for this book was created at the China Academic Library and Information System
Office (Peking, China).

48.  As can be seen in the “Entered” field in the MARC record for this
exhibit, a cataloger at the China Academic Library and Information System Office
created OCLC record number 768918563 on April 29, 2000, as shown in the
“Entered” field (“20000429”). The ISBN on Exhibit 1003 (7-5605-1169-4)
matches the ISBN in field 020 of Attachment 1c. Therefore, the book 1s the same
one that the cataloger used to create Attachment 1b in the China Academic Library
and Information System Office. The library continues to update and enhance this
MARC record to meet current cataloging rules. The most recent enhancement to
Attachment 1c occurred on October 10, 2015, as shown in the “Replaced” field
(“20151015”). I personally identified and retrieved the MARC record that is
Attachment 1c.

49.  Further, as of April 29, 2000, the MARC record attached hereto as
Attachment Ic was accessible through any library with access to the OCLC
bibliographic database, which means that the corresponding publication was
publicly available on or before that same date through any library with access to

the OCLC bibliographic database or through an individual library.
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50. WorldCat, the public view of the OCLC bibliographic database,
indicates that the MARC record for the book titled Practical Inorganic Chemical
Technology as cataloged at the China Academic Library and Information System
Office is currently available from 2 libraries.?® Based on finding a copy of Exhibit
1003 in the Tsinghua University Library and metadata record in its online library
catalog attached as Attachment la, it is my opinion that the Fu book titled
Practical Inorganic Chemical Technology was publicly available on or shortly
after April 29, 2000.

B.  Xibook [Exhibit 1004]

51.  Attached hereto as Exhibit 1004 is a copy of excerpts from the two-
volume book titled Waste-Free Technological Processes by Xi Deli (hereafter
“X1”) issued by Tsinghua University Press with a February 1990 copyright date.
The excerpt is a selection from the paper titled “Sodium Carbonate” (page 225).
Exhibit 1004 is a true and correct copy of the title page, copyright page, table of
contents, and text in Chinese (page 225), which was obtained from Tsinghua
University Library under my instruction. The text in Exhibit 1004 is complete;
there are no visible alterations to the document. Exhibit 1004 is a true and correct

copy in a condition that creates no suspicion about its authenticity. Attachment 2a

23 https://www.worldcat.org/title/768918563
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i1s the English translation of the excerpts from Exhibit 1004. The English
translation includes the title page, copyright page, table of contents, and chapter
excerpts.

52.  Attached hereto as Attachment 2b is a true and correct copy of the
metadata record for this book from the Tsinghua University Library online catalog.
The library ownership is indicated by the presence of the library’s name at the
bottom of the screen. The Tsinghua University Library uses the ALMA integrated
library system,?* a product of Clarivate,™ “a global leader in providing trusted
insights and analytics to accelerate the pace of innovation.”? The book is
identified by title, language (Chinese), and ISBN (7-302-00507-9). 1 personally
identified and retrieved the library catalog record which is Attachment 2b.

53. Based on finding a copy of the Xi book in the Tsinghua University
Library and metadata record in its online library catalog attached as Attachment
2b, it is my opinion that the two-volume book titled Waste-Free Technological
Processes was publicly available on or shortly after February 28, 1990, as shown

on the copyright page of Exhibit 1004.

24 https://exlibrisgroup.com/products/alma-library-services-platform/

25 https://clarivate.com/about-us/
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54. Attached hereto as Attachment 2c is a true and correct copy of the
MARC record for the two-volume book titled Waste-Free Technological Processes
obtained from the OCLC bibliographic database. 1 personally identified and
retrieved the MARC record that is Attachment 2c. As previously noted, the library
that created the record is recorded in field 040 with a unique library code. For
Attachment 2c, that library code is “N5SL,” which means that the MARC record for
this book was created at the National Library of China (Beijing, China).

55. As can be seen in the “Entered” field in the MARC record for this
exhibit, a cataloger at the National Library of China created OCLC record number
299298501 on July 20, 1992, as shown in the “Entered” field (“19920720”). The
ISBN on Exhibit 1004 (7-15063-3415) matches the ISBN in field 020 of
Attachment 2c¢. Therefore, the book is the same one that the cataloger used to
create Attachment 2b in the National Library of China. The library continues to
update and enhance this MARC record to meet current cataloging rules. The most
recent enhancement to Attachment 2¢ occurred on August 21, 2018, as shown in
the “Replaced” field (“20180821). I personally identified and retrieved the
MARC record that is Attachment 2c.

56.  Further, as of July 20, 1992, the MARC record attached hereto as

Attachment 2c was accessible through any library with access to the OCLC
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bibliographic database, which means that the corresponding publication was
publicly available on or before that same date through any library with access to
the OCLC bibliographic database or through an individual library.

57.  WorldCat, the public view of the OCLC bibliographic database,
indicates that the MARC record for the two-volume book titled Waste-Free
Technological Processes as cataloged at the National Library of China is currently
available from 5 libraries.?® Based on finding a copy of Exhibit 1004 in the
Tsinghua University Library and metadata record in its online library catalog
attached as Attachment 2a, it is my opinion that the Xi two-volume book titled
Waste-Free Technological Processes was publicly available on or shortly after
July 20, 1992.

C. Hou book excerpt [Exhibit 1006]

58.  Attached hereto as Exhibit 1006 is a copy of an excerpt from the book
titled Selected Works of Hou Debang selected by Li Zhichuan and edited by Chen
Xinwen (hereafter “Hou”) issued by Metallurgy Industrial Press with a 1990
copyright date.  The excerpt is a selection from the paper titled “Alkali and
Chlorine Products” (pages 162-163). Exhibit 1006 is a true and correct copy of the

title page, copyright page, table of contents, and text in Chinese (2 pages), which

26 https://www.worldcat.org/title/299298501
32

China Chengda, EX1005, p. 33


https://www.worldcat.org/title/299298501
https://www.worldcat.org/title/299298501

was obtained from Tsinghua University Library under my instruction. The text in
Exhibit 1006 is complete; no pages are missing, and the text on each page appears
to flow seamlessly from one page to the next; further, there are no visible
alterations to the document. Exhibit 1006 is a true and correct copy in a condition
that creates no suspicion about its authenticity. Attachment 3a is the English
translation of the excerpts from Exhibit 1006. The English translation includes the
title page, copyright page, table of contents, and chapter excerpt.

59. Attached hereto as Attachment 3b is a true and correct copy of the
metadata record for this book from the Tsinghua University Library online catalog.
The library ownership is indicated by the presence of the library’s name at the
bottom of the screen. The Tsinghua University Library uses the ALMA integrated

(13

library system,?’” a product of Clarivate,™ “a global leader in providing trusted
insights and analytics to accelerate the pace of innovation.”?® The book is
identified by title, author, series, language (Chinese), and ISBN (7-5024-0751-0). I

personally identified and retrieved the library catalog record which is Attachment

3b.

27 https://exlibrisgroup.com/products/alma-library-services-platform/

28 https://clarivate.com/about-us/
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60. Based on finding a copy of the Hou book in the Tsinghua University
Library and metadata record in its online library catalog attached as Attachment
3b, it is my opinion that the book titled Selected Works of Hou Debang was
publicly available on or shortly after July 31, 1990, as shown on the copyright page
of Exhibit 1006.

61. Attached hereto as Attachment 3c is a true and correct copy of the
MARC record for the book titled Selected Works of Hou Debang obtained from the
OCLC bibliographic database. I personally identified and retrieved the MARC
record that is Attachment 3c. As previously noted, the library that created the
record is recorded in field 040 with a unique library code. For Attachment 3¢, that
library code is “N5SL,” which means that the MARC record for this book was
created at the National Library of China (Beijing, China).

62. As can be seen in the “Entered” field in the MARC record for this
exhibit, a cataloger at the National Library of China created OCLC record number
299129259 on November 21, 1990, as shown in the “Entered” field (“19011217).
The ISBN on Exhibit 1006 (7-5024-0751-0) matches the ISBN in field 020 of
Attachment 3c. Therefore, the book is the same one that the cataloger used to
create Attachment 3b in the National Library of China. The library continues to

update and enhance this MARC record to meet current cataloging rules. The most
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recent enhancement to Attachment 3¢ occurred on February 4, 2020, as shown in
the “Replaced” field (“20200204”). I personally identified and retrieved the
MARC record that is Attachment 3c.

63.  Further, as of November 21, 1990, the MARC record attached hereto
as Attachment 3¢ was accessible through any library with access to the OCLC
bibliographic database, which means that the corresponding publication was
publicly available on or before that same date through any library with access to
the OCLC bibliographic database or through an individual library.

64. WorldCat, the public view of the OCLC bibliographic database,
indicates that the book titled Selected Works of Hou Debang as cataloged at the
National Library of China is currently available from 6 libraries.? Based on
finding a copy of Exhibit 1006 in the Tsinghua University Library and metadata
record in its online library catalog attached as Attachment 3a, it is my opinion that
the Hou book titled Selected Works of Hou Debang was publicly available on or
shortly after November 21, 1990.

D. Dalian book [Exhibit 1008]

65.  Attached hereto as Exhibit 1008 is a copy of an excerpt from the two-

volume book titled Soda Technology, 2™ edition, compiled by the Dalian Research

29 https://www.worldcat.org/title/299129259
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& Design Institute of Chemical Industry (hereafter “Dalian”) issued by Chemical
Industry Press with a 2004 copyright date. The excerpt is a selection from Chapter
16, “Three Wastes in Production Process Based on Ammonia-Soda Process and
Their Treatment and Comprehensive Utilization: Section III: Comprehensive
Utilization of Wastes to Produce Chemical Products” (volume 1, pages 402-406).
Exhibit 1008 is a true and correct copy of the title page, copyright page, table of
contents, and text in Chinese (pages 402-406), which was obtained from Tsinghua
University Library under my instruction. The text in Exhibit 1008 is complete; no
pages are missing, and the text on each page appears to flow seamlessly from one
page to the next; further, there are no visible alterations to the document. Exhibit
1008 is a true and correct copy in a condition that creates no suspicion about its
authenticity. Attachment 4a is the English translation of the excerpts from Exhibit
1008. The English translation includes the title page, copyright page, table of
contents, and chapter excerpt.

66. Attached hereto as Attachment 4b is a true and correct copy of the
metadata record for this book from the Tsinghua University Library online catalog.
The library ownership is indicated by the presence of the library’s name at the

bottom of the screen. The Tsinghua University Library uses the ALMA integrated
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library system,®* a product of Clarivate,™ “ a global leader in providing trusted
insights and analytics to accelerate the pace of innovation.”3' The book is
identified by title, author, series, language (Chinese), and ISBN (7-5022-5088-7). 1
personally identified and retrieved the library catalog record which is Attachment
4b.

67. Based on finding a copy of the Dalian two-volume book in the
Tsinghua University Library and metadata record in its online library catalog
attached as Attachment 4b, it is my opinion that the two-volume book titled Soda
Technology, 2™ edition, was publicly available on or shortly after April 30, 2004,
as shown on the copyright page of Exhibit 1008.

68.  Attached hereto as Attachment 4c is a true and correct copy of the
MARC record for the two-volume book titled Soda Technology, 2™ edition,
obtained from the OCLC bibliographic database. 1 personally identified and
retrieved the MARC record that is Attachment 4c. As previously noted, the library
that created the record is recorded in field 040 with a unique library code. For
Attachment 4c¢, that library code is “T3U,” which means that the MARC record for

this book was created at the Tsinghua University Library (Peking, China).

30 https://exlibrisgroup.com/products/alma-library-services-platform/

31 https://clarivate.com/about-us/
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69. As can be seen in the “Entered” field in the MARC record for this
exhibit, a cataloger at the Tsinghua University Library created OCLC record
number 57336601 on December 27, 2004, as shown in the “Entered” field
(“20041227). The ISBN on Exhibit 1008 (7-5025-5088-7) matches the ISBN in
field 020 of Attachment 4c. Therefore, the book is the same one that the cataloger
used to create Attachment 4b in the Tsinghua University Library. The library
continues to update and enhance this MARC record to meet current cataloging
rules. The most recent enhancement to Attachment 4c occurred on July 2, 2022, as
shown in the “Replaced” field (“20220702”). I personally identified and retrieved
the MARC record that is Attachment 4c.

70.  Further, as of December 27, 2004, the MARC record attached hereto
as Attachment 4c was accessible through any library with access to the OCLC
bibliographic database, which means that the corresponding publication was
publicly available on or before that same date through any library with access to
the OCLC bibliographic database or through an individual library.

71.  WorldCat, the public view of the OCLC bibliographic database,
indicates that the two-volume book titled Soda Technology, 2" edition, as

cataloged at the Tsinghua University Library is currently available from 4
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libraries.>> Based on finding a copy of Exhibit 1008 in the Tsinghua University
Library and metadata record in its online library catalog attached as Attachment 4a,
it is my opinion that the Dalian two-volume book titled Soda Technology, 2™
edition, was publicly available on or shortly after December 27, 2004.

VI. SUMMARY OF OPINIONS

72.  In view of the foregoing, it is my opinion that the publications

described above were publicly available no later than the corresponding date listed

in the table below:
Doc. Publication Publicly
Available No
Later Than

Exhibit | Chapter 7, “Soda Ash Industry: Preparation of | April 29, 2000

1003 Soda Ash by ammonia soda Process” (pp. 254-
284). Practical Inorganic Chemical
Technology, edited by Dexue Fu, Changchun
Liu, Jingcheng Tian, Longdao Wang, and
Zhansheng Cheng. Xi'an, Shaanxi, China:
Xi’an Jiaotong University Press, 1999.

Exhibit | Xi de li., Waste-Free Technological Processes. | July 20, 1992
1004 (pp. 225) 2 vols. Beijing, China: Tsinghua
University Press, 1990.

Exhibit | Hou de bang xuan ji. “Alkali and Chlorine November 21,
1006 Products” (pp. 162-163). Selected Works of 1990

Hou Debang. Selected by Li Zhichuan; edited

by Chen Xinwen. Beijing, China: Metallurgy

Industrial Press, 1990.

32 https://www.worldcat.org/title/57336601
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Doc. Publication Publicly

Available No
Later Than
Exhibit | Chapter 16, “Three Wastes in Production December 27,
1008 Process Based on Ammonia-Soda Process and | 2004

Their Treatment and Comprehensive
Utilization: Section III: Comprehensive
Utilization of Wastes to Produce Chemical
Products” (vol. 1, pp. 402-406). Soda
Technology. 2nd ed. 2 vols. Compiled by
Dalian Research & Design Institute of
Chemical Industry. Beijing, China: Chemical
Industry Press, 2004.
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73. In signing this Declaration, I recognize that the Declaration will be
filed as evidence in a case before the Patent Trial and Appeal Board of the United
States Patent and Trademark Office. I also recognize that T may be subject to
cross-examination in the case and that cross-examination will take place within the
United States. If cross-examination is required of me, I will appear for cross-
examination within the United States during the time allotted for cross-
examination.

74. 1 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 Section 1001 of Title 18 of the United States

Code.

December .5 , 2022 /@/Zp m ’%/
“Syfvia D. Hall-Ellis, PP
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Sylvia D. Hall-Ellis, Ph.D.
CURRICULUM VITAE SYLVIA D. HALL-ELLIS

EDUCATION

Ph.D., University of Pittsburgh, Pittsburgh, Pennsylvania, 1985

M.P.S., University of Denver, Denver, Colorado, 2014

Post Graduate Studies, University of Texas — San Antonio, Texas, 1975-1976
M.L.S., University of North Texas, Denton, Texas, 1972 B.A.,

Rockford University, Rockford, Illinois, 1971

PROFESSIONAL EXPERIENCE

1981-

2002-

2014-2016

2010-2014

2011-2013

Consultant for higher education, non-profit organizations, and corporations.

Adjunct Professor, School of Information, San José State University, San José,
California. Serve as part-time faculty member teaching graduate students in technical services
(cataloging, bibliographic control, classification), “core courses,” and special topics.

Director, Grants and Resource Development, Colorado Community College System.
Provided leadership and vision to foster the continued growth of rigorous scholarship,
innovative projects, and creative work for statewide system, 13 campuses, and 50 teaching
sites serving 155,000 students. Responsible for leadership and ensured efficient functioning of
contract and grants in compliance with state & federal requirements and successful
implementation and management. Served as a subject matter expert and liaison for college
Grant Directors for all issues relating to grants and subcontracts.

Senior Grant Administrator, Morgridge College of Education, University of Denver
(Colorado). Provided leadership and vision to foster continued growth of rigorous scholarship,
innovative research, and creative work in the Morgridge College of Education. Ensure that
contract and grants processes function effectively and efficiently for 60 faculty and researchers
with a focus on the successful progression and efficient management of grants totaling $13M.
Worked effectively and collegially with Department Chairs and Program Coordinators on
operational grant-related management activities and with a broad range of internal and external
constituencies. Supported the dissemination and promotion of faculty research and scholarship
to outside constituents at conferences and through publications. Assisted Principal
Investigators and grant project teams by coaching, mentoring, and financial management.

Interim Director & Assistant Dean, Westminster Law Library, Sturm College of Law,
University of Denver. Planned, organized, and directed all administrative activities for the
library serving students, faculty, and alumni; oversaw the employment, retention, promotion,
transfer and termination of library personnel; represented the library at professional
conferences and public meetings; created and promoted a climate and culture of acceptance for
new programs and services, a positive high-quality image of the law library, and that reflect
the organization’s values, encourage excellent performance, and reward high productivity and
innovation; provided leadership and set strategic direction of the organization; ensured that the
library provided excellent customer service through solution-oriented staff response to patron
needs and by responsiveness and continuous improvement of the organization; promoted,
developed, and maintained positive working relationships with colleagues and customers
including key stakeholders and groups, higher education institutions, the legal community,
other regional libraries and districts statewide, and national library organizations.
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2007-2014 Associate Professor, Library & Information Science, Morgridge College of Education,
University of Denver (Colorado). Served in leadership role and worked collaboratively in
program, college, campus and community environments. Advised and supervised students,
taught core and specialized courses at the graduate level in an integrative, student-centered
learning environment. Served on LIS, College, and University committees, and maintained
working relationships with colleagues in other academic units and information professionals in
the Rocky Mountain region and beyond. Served on and chair doctoral student dissertation
committees. Oversaw and facilitated the College and LIS graduate student association.

2002-2007 Assistant Professor, Library & Information Science, College of Education, University of
Denver (Colorado). Served as tenure-track faculty member teaching graduate students in
“core courses,” resource description and access, service learning, and independent studies.
Advised graduate students, participate on LIS and College committees, and serve on doctoral
student dissertation committees. Oversaw and facilitated the LIS graduate student association
and alumni association.

2000-2002 Affiliate Faculty, Library & Information Science, College of Education, University of
Denver (Colorado). Served as part-time faculty member teaching graduate students in
technical services (cataloging, bibliographic control, classification), “core courses,” and
special topics. Oversaw and facilitated the LIS graduate student association and alumni
association.

2000-2001 Special Assistant to the Secretary’s Regional Representative, U.S. Department of
Education, Region VIII, Denver, Colorado. Served as the principal advisor and
representative of the U. S. Secretary of Education’s Regional Representative (SRR). Ensured
the implementation of major goals of the SRR and the Secretary. Provided leadership on
behalf of the SRR in contacts with high-level officials in Region VIII requiring sensitive
policy interpretation in communication with senior Department officials to solve problems and
resolve issues raised by State and local education officials. Served as the primary contact for
School-to-Work/Career, Children’s Health Insurance Program, and Safe and Drug-Free
Schools. Delivered technical assistance to local education agencies and institutions of higher
education in technology, professional development, and school construction.

1999-2000 Catalog Librarian, Jefferson County Public Library, Lakewood, Colorado. Performed
original, copy cataloging and classification of library materials (English and Spanish) using
standard library protocols; completed original descriptive cataloging and subject analysis;
enhanced brief catalog and authority records in III.

1997-1999 Development Officer, McREL International, Aurora, Colorado. Served as senior member
of corporate management team in strategic planning, development of proposals and contracts,
implementation, and evaluation of new services, products, and programs for educational
agencies. Provided creative leadership to corporate committees to solicit ideas, identify goals
and objectives, plan, develop, present, and evaluate professional development opportunities.

1995-1997 Education Specialist, Education Service Center, Region One, Edinburg, Texas. Served as
member of Administrative Cabinet team in strategic planning, development of proposals and
contracts, implementation, and evaluation of telecommunications capabilities, services,
products, and programs for 40 school districts serving 283,000 students in 7 counties. Provided
creative leadership to regional and state committees to solicit ideas, identify strategic goals and
objectives, plan, develop, present, and evaluate funding opportunities and professional
development for 400 librarians.
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1993-1996 Assistant Professor of Library Science, Sam Houston State University, Huntsville, Texas.
Served a faculty member teaching 400 graduate students in technical services (cataloging,
bibliographic control, classification), automation, and networking. Participated in distance
education program and coordinated annual conference. Conducted university and Texas
Library Association-funded field research focused on library collection development and
academic achievement.

1992-1993 Head Librarian, Rocky Mountain College of Art & Design, Denver, Colorado.
Responsible for the daily operation, selection and acquisition of materials, formulation of
policies for library operations, media center, and photography/slides archives. Designed and
implemented library automation and delivery of electronic resources to college community.

1981-1985 Development Officer, PRLC, Inc., Pittsburgh, Pennsylvania. Served as senior member of
corporate management team in strategic planning, development of proposals and contracts,
implementation, and evaluation of new services, products, and programs for 100 institutional
member organizations. Coordinated the development of proposals and contracts totaling
$4,000,000 annually. Provided creative leadership to corporate committees to solicit ideas,
identify goals and objectives, plan, develop, present, and evaluate professional development
opportunities.

1981 Director of Library Development, Pennsylvania Department of Education, Harrisburg,
Pennsylvania. Responsible for statewide development, technical assistance, professional
development, resource sharing, children’s services, institutional library services, networking,
and state aid program for all libraries throughout the Commonwealth. Functioned as liaison to
Governor’s Advisory Council, LSCA Advisory Council, District Administrators, private
colleges, universities, consortia managers, and network directors. Supervised $14,000,000
formula-based state aid program and $3,000,000 grant awards to individual libraries, consortia,
and networks.

1978-1981 Assistant Director, Southern Tier Library System, Corning, New York. Coordinated
operation of system-wide programs (technical assistance, professional development,
resource sharing, technical services, outreach) to 40 public libraries in 5 counties serving
500,000 residents. Solicited ideas, identified goals, sponsored, and evaluated
professional development opportunities and technical assistance sessions.

1976-1978 Division Librarian for Technical Services, Corpus Christi Public Libraries, Corpus
Christi, Texas. Provided leadership in acquisitions, cataloging, serials control, and processing
for main library and 4 branches serving 250,000 residents. Participated as senior member of
library management team. Compiled and prepared technical evaluations, reports, and statistical
analyses of Division operations to measure the achievement and cost of annual goals,
objectives, and staff performance.

1975-1976 System Coordinator, San Antonio Major Resource Center, San Antonio, Texas. Served as
senior member of the management team for District X Office, charged to provide technical
assistance, resource sharing, media services, and professional development to librarians and
staff representing 30 public library jurisdictions in 21 counties serving 1,500,000 residents.
Functioned as liaison to System Director, staff, and members of governing bodies with the
System Board of Directors and the Texas State Library and Historical Commission. Prepared
LSCA grant applications and monitored awards totaling $1,100,000 annually.
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1973-1975 Bilingual Branch Librarian, San Antonio Public Library, San Antonio, Texas. Worked as
librarian providing reference, information, and readers’ advisory services in branch serving
50,000 Spanish-speaking residents in southwest San Antonio. Participated in collection
development and resource acquisition activities, specializing in children’s work, Spanish
language resources, and multicultural studies.

1972-1973 Librarian, Holding Institute, Laredo, Texas. Worked as high school librarian serving 500

boarding students in Spanish-speaking environment of private school. Provided reference,
research assistance, and library instruction to students and 35 faculty members.

1966-1971 Rockford Public Library, Rockford, Illinois. Worked in branches as part-time as a Library
Assistant, Clerk, and Page in city library serving 150,000 residents.
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PUBLICATIONS

Editor-reviewed Monographs (Completed and in Progress)

Hall-Ellis, Sylvia D., and Mary Beth Weber. Contemporary Cataloging in an RDA Environment: A Handbook for
Students and Practitioners. Chicago, IL: American Library Association. Under contract & In development.

RDA Testing: Lessons Learned and Challenges Revealed. Sylvia D. Hall-Ellis and Robert O. Ellett, Jr., eds.
Binghamton, N.Y.: Haworth, 2012. 128 p.

Hall-Ellis, Sylvia D., Stacey L. Bowers, Christopher D. Hudson, and M. Claire Williamson. Librarian’s Handbook
for Seeking, Writing, and Managing Grants. Santa Barbara, Calif.: Libraries Unlimited, 2011. 315 p.

Hall-Ellis, Sylvia D., with Ann Jerabek, and Merrie W. Valliant. Contemporary Cataloging: A Handbook for
Practitioners and Students. Open access text. Athens, GA: University of Georgia System Regents, 2011. 767 p.

Grealy, Deborah S. and Sylvia D. Hall-Ellis. From Research to Practice: The Scholarship of Teaching and Learning
in LIS Education. Westport, Conn.: Libraries Unlimited, 2009. 175 p.

Hall-Ellis, Sylvia D. with J. Ann Jerabek. Grants for School Libraries. Westport, Conn.: Libraries Unlimited, 2003.
197 p.

Hall-Ellis, Sylvia D., Doris Meyer, Frank W. Hoffmann, with J. Ann Jerabek. Grant Writing for Small Libraries and
School Library Media Centers. Boulder, Colo.: NetLibrary, 2001. 173 p.

Hall-Ellis, Sylvia D., Doris Meyer, Frank W. Hoffmann, with J. Ann Jerabek. Grant Writing for Small Libraries and
School Library Media Centers. Englewood, Colo: Libraries Unlimited, 2000. 173 p.

Editor-reviewed Chapters (Completed and In Progress)

Hall-Ellis, Sylvia D. “Prepared to Lead: Talent, Skills, and Competencies.” In Telling the Technical Services Story.
Chicago, IL: American Library Association, 2020. In development and review.

Hall-Ellis, Sylvia D. “Grant Writing and Sponsored Research Funding for Academic Librarians.” In The New
Librarianship. Vol. 4. Bradford Lee Eden, ed. New York: Scarecrow Press, 2015. (pp. 163-174)

Hall-Ellis, Sylvia D. “Organizing Information: Technical Services.” In Information Services Today: An
Introduction. Sandra Hirsch, ed. Lantham, Md.: Rowman and Littlefield, 2015. (pp. 139-148)

Hall-Ellis, Sylvia D. “Metadata, MARC, and More.” In Rethinking Technical Services, Considering Our Profession
and Ourselves: What'’s the Future of Our Profession? Mary Beth Weber, ed. Lantham, Md.: Rowman and
Littlefield, 2015. (pp. 29-55)

Hall-Ellis, Sylvia D., ed. “Contingent Faculty: Non-Tenure Track Faculty Series.” In the Faculty Personnel
Guidelines Relating to Appointment, Promotion, and Tenure. November 2011. Denver, Colo.: University of
Denver, 2011. 42 p.

Hall-Ellis, Sylvia D., ed. “Standard VII: Information Resources.” In the Sturm College of Law Self-Study
Presentation for Accreditation by the American Bar Association. Denver, Colo.: University of Denver, Sturm
College of Law, 2011. 20 p.
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Hall-Ellis, Sylvia D. “Applying for Grants from Foundations, Corporations, or Government.” In The Volunteers’
Guide to Fundraising: Raise Money for Your School Team, Library or Community Group. 1% ed. llona M. Bray,
ed. Berkeley, Calif.: Nolo, 2011. (pp. 1-38 on accompanying disc)

Hall-Ellis, Sylvia D., ed. “Standard III: The Faculty.” In the Library and Information Science Program Self-Study
Document for Accreditation by the American Library Association. Denver, Colo.: University of Denver,
Morgridge College of Education, 2010. 22 p.

Hall-Ellis, Sylvia D. “Library and Information Science Programs and Education for Catalogers and Metadata
Specialists: Challenges for the Twenty-first Century.” In Conversations with Catalogers in the Twenty-First
Century. Elaine R. Sanchez, ed. Santa Barbara, Calif.: ABC-Clio, 2010. (pp. 226-254)

Hall-Ellis, Sylvia D., ed. “Standard III: The Faculty.” In the Library and Information Science Program Self-Study
Document for Accreditation by the American Library Association. Denver, Colo.: University of Denver, College
of Education, 2003. 15 p.

Lesesne, Teri S. and Sylvia D. Hall-Ellis. “The Selection, Evaluation, and Integration of Culturally Authentic Texts:
A Case for Making the Online Catalog Reflect Parallel Cultures.” In Literacy: Traditional, Cultural,
Technological. Pittsburgh, Pa.: International Association of School Librarianship, 1995. (pp. 110-113)

Lesesne, Teri S. and Sylvia D. Hall-Ellis. The Selection, Evaluation, and Integration of Culturally Authentic Texts:
A Case for Making the Online Catalog Reflect Parallel Cultures. In Conference Proceedings of the 23 Annual
International Association of School Librarianship, Pittsburgh, Pennsylvania, July 17-22, 1994. ERIC Document
ED374816. 17 p.

Hall-Ellis, Sylvia D. “Curriculum Folio for School Library Media Specialist Programs.” In the National Council for
Accreditation of Teacher Education Self-Study for Sam Houston State University. Huntsville, Tex.: Sam Houston
State University, College of Education and Applied Science, 1994. 25 p.

Bruntjen, Scott and Sylvia D. Hall. “Attempting to Automate: Lessons Learned Over Five Years.” In Advances in
Library Administration. Volume 4. Weston, Conn.: JAI Press, 1985. (pp. 177-192)

Peer-Reviewed Journal Articles (Completed and In Progress)

Hall-Ellis-Sylvia D. “Job Design for Cataloging and Metadata Librarians.” Submitted to Journal of Library
Administration. In progress.

Hall-Ellis, Sylvia D. “The Relationship of Situational Leadership and the Dreyfus Model of Skill Acquisition for
Supervisors in Cataloging and Metadata Services.” To be submitted to Library Resources and Technical
Services. In progress.

Hall-Ellis, Sylvia D. The Relationship of Core Competencies on Learning Outcomes and Employers’ Expectations for
Catalog Librarians and Metadata Specialists. To be submitted to the Journal of Education for Library and
Information Science. In progress.

Hall-Ellis, Sylvia D. “Building Cataloger Competencies: The Dreyfus Model as a Prototype for the Education and
Professional Development of Catalog Librarians and Metadata Specialists in Bibliographic Control.” To be
submitted to the Cataloging & Classification Quarterly. In progress.

Hall-Ellis, Sylvia D. “Descriptive Impressions of Entry-Level Cataloger and Metadata Specialists Positions, 2000-
2016: Reflections and Trends.” To be submitted to Library Resources and Technical Services. In progress.

Hall-Ellis, Sylvia D. “Competencies for Metadata and Cataloging Leaders: What Employers Expect as Reflected in
Position Descriptions, 2000-2016.” Cataloging & Classification Quarterly. In progress.
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Hall-Ellis, Sylvia D. “Stackable Micro-credentials — A Framework for the Future.” The Bottom Line 29, no. 4 (April
2016), http://www.emeraldinsight.com/doi/pdfplus/10.1108/BL-02-2016-0006

Hall-Ellis, Sylvia D. “Succession Planning and Staff Development — A Winning Combination.” The Bottom Line, 28
no. 3 (May 2015): 95-98.

Hall-Ellis, Sylvia D. “Succession Planning and Staff Development — A Winning Combination.” The Informed
Librarian Online (September 2015),
http://www.informedlibrarian.com/featuredArticle.cfm?FILE=succession_1509.pdf

Hall-Ellis, Sylvia D. “Nudges and Decision Making: A Winning Combination.” The Bottom Line 28, no. 4 (July
2015): 133-136.

Hall-Ellis, Sylvia D. “Succession Planning and Staff Development — A Winning Combination.” The Bottom Line 28,
no. 3 (May 2015): 95-98.

Hall-Ellis, Sylvia D. “Metadata Competencies for Entry-Level Positions: What Employers Expect as Reflected in
Position Descriptions, 2000-2013.” Journal of Library Metadata 15, no. 2 (June 2015): 102-134.

Hall-Ellis, Sylvia D. “Onboarding to Improve Library Retention and Productivity.” The Bottom Line 27, no. 4
(October 2014).

Hall-Ellis, Sylvia D. “Accept, Coach, and Inspire: A Formula for Success.” The Bottom Line 27, no. 3 (July 2014):
103-106.

Hall-Ellis, Sylvia D. Reward Systems for Staff in Higher Education Institutions: Case Studies of 15 Higher Education
Institutions in Colorado. Capstone Thesis. Denver, Colo.: University of Denver, University College, 2014.

Hall-Ellis, Sylvia D. “Reward Systems Promote High-Performance Work Teams Achieving Library Mission.” The
Bottom Line 27, no. 2 (April 2014): 66-69.

Hall-Ellis, Sylvia D. “Investment in Staff Development for Seeking External Grant Funds.” The Bottom Line 27, no.
1 (January 2014): 22-25.

Hall-Ellis, Sylvia D. “Staff Investments for High Performance Teams.” The Bottom Line 26, no. 4 (October 2013):
149-152.

Hall-Ellis, Sylvia D. and Deborah S. Grealy. “Service Learning in LIS Education: A Case for Holistic Assessment.”
Catholic Library World 82, no. 3 (March 2012): 178-187.

Hall-Ellis, Sylvia D., and Deborah S. Grealy. “The Dreyfus Model of Skill Acquisition: A Career Development
Framework for Succession Planning and Management in Academic Libraries.” College and Research Libraries
(June 2012). http://crl.acrl.org/content/early/2012/06/19/crl12-349.full.pdf+html

Hall-Ellis, Sylvia D. “Cataloger Competencies... What Do Employers Require?”” Cataloging & Classification
Quarterly 46, no. 3 (2008): 305-330. http://ccq.haworthpress.com/doi:10.1080/01639370802034565

Hall-Ellis, Sylvia D. “Subject Access for Readers’ Advisory Services: Their Impact on Contemporary Spanish Fiction
in Selected Public Library Collections.” Public Library Quarterly 27, no.1 (2007): 1-18.
http://plg.haworthpress.com/doi:10.1080/01616840802122377

Hall-Ellis, Sylvia D. “Language Proficiencies among Catalogers and Technical Services Librarians.” Technical
Services Quarterly 25, no. 2 (2007) 31-47. http://tsq.haworthpress.com/doi:10.1300/J124v25n02_03
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Hall-Ellis, Sylvia D. “Cataloging Electronic Resources & Metadata: Employers’ Expectations as Reflected in
American Libraries and AutoCAT, 2000-2005.” Journal of Education for Library and Information Science 47, no.
1 (2006): 38-51.

Hall-Ellis, Sylvia D. “Descriptive Impressions of Managerial & Supervisory Cataloger Positions as Reflected in
American Libraries, AutoCAT, and the Colorado State Library Jobline, 2000-2004: A Content Analysis of
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Technical Reports

Hall-Ellis, Sylvia D. Preparing Catalogers and Metadata Specialists Through Competency-Based Education: The
San José State University iSchool Experience. Report for the 2021 Re-Accreditation Program Presentation to the
American Library Association. San José, Calif.: San José State University iSchool, 2020.
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College System, 2015.

Faculty Voices: Testimonials from the Frontiers of a Development Education Redesign. Elaine DeLott Baker,
Marilyn Smith, and Sylvia D. Hall-Ellis, eds. Denver, Colo.: Colorado Community College System, 2014.

Lewis, Melanie, Jamie M. Van Leeuwen, and Sylvia D. Hall-Ellis. Project Homeless Connect 7 Event Evaluation.
Denver, Colo.: University of Colorado Denver, 2009.

Hall-Ellis, Sylvia D. Grant Writing Tips and Resources. Denver, Colo.: University of Denver, 2008-2014.
http://portfolio.du.edu/grants

Hall-Ellis, Sylvia D. and Duan Zhang. Project Homeless Connect 6 Event Evaluation. Denver, Colo.: Center for
Community Engagement and Service Learning, 2008.

Hall-Ellis, Sylvia D. Strategic Plan for Denver Medical Library System: Final Report. Denver, Colo.: HealthONE
and Denver Medical Library, 2008.

Hall-Ellis, Sylvia D. and Duan Zhang. Project Homeless Connect 5 Event Evaluation. Denver, Colo.: Center for
Community Engagement and Service Learning, 2008.

Hall-Ellis, Sylvia D. Strategic Plan for Denver Medical Library System: Phase Two Report. Denver, Colo.:
HealthONE and Denver Medical Library, 2007.
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Hall-Ellis, Sylvia D. and Duan Zhang. Project Homeless Connect 4 Event Evaluation. Denver, Colo.: Center for
Community Engagement and Service Learning, 2007.

Hall-Ellis, Sylvia D. Strategic Plan for Denver Medical Library System: Phase One Report. Denver, Colo.:
HealthONE and Denver Medical Library, 2007.

Hall-Ellis, Sylvia D. Denver Public Library: Opportunities for Change. Denver, Colo.: University of Denver,
Colorado Community-Based Research Network & Metropolitan Organization of People, 2005.

Hall-Ellis, Sylvia D. Resources in Grant Writing for Colorado Schools and Libraries. Sponsored by the Colorado
Department of Education, Educational Telecommunications Unit, 1999. Revised September 2000.

Hall-Ellis, Sylvia D. Lewis & Clark Fellows Concept Paper for the Bicentennial Commemoration. Vancouver,
Wash.: Lewis and Clark Bicentennial Council, 1998.

Hall-Ellis, Sylvia D. and Mary Ann Berry. The Impact of Library Resource Centers on Academic Achievement in
Public Schools in Texas: The Final Report. Prepared under the sponsorship of the Research Enhancement Fund
award from Sam Houston State University, the Texas Association of School Librarians, the Children's Services
Round Table, and the Young Adults’ Services Round Table. Huntsville, Tex.: Sam Houston State University,
College of Education and Applied Science, 1997.

Hall-Ellis, Sylvia D. The Impact of Library Resource Centers on Academic Achievement in Selected Public Schools in
Texas. Huntsville, Tex.: Sam Houston State University, College of Education and Applied Science, 1997.

Hall-Ellis, Sylvia D. Planning for Educational Technology: the Distance Education Implementation Phase: An
Investigation of Technology and Telecommunication Needs for Region One Education Service Center, South
Texas Community College, TCI Cablevision of South Texas, Inc., Tech Prep of the Rio Grande Valley, Inc.,

Texas State Technical College, Centro Cultural en el Valle de Texas, McAllen Independent School District,
Harlingen Consolidated Independent School District, Donna Independent School District, Edinburg
Consolidated Independent School District, La Joya Independent School District, Mercedes Independent School
District, Pharr-San Juan-Alamo Independent School District, Sharyland Independent School District, Easter Seal
Society of the Rio Grande Valley, Inc., and McAllen Memorial Library. Harlingen, Tex.: Tech Prep of the Rio
Grande Valley, 1996.

Hall-Ellis, Sylvia D. “Barcodes for the Texas Library Connection.” Prepared under the sponsorship of the Office of
Technology Services, Texas Education Agency. Austin, Tex.: TENET News and Conferences, March 1995.

Hall-Ellis, Sylvia D. [et. al.] Planning for Educational Technology: A Study of Future Technology Needs for the
Donna Independent School District, Region One Education Region Service Center, Tech Prep of the Rio Grande
Valley, Inc. South Texas Community College, and the Department of Library Science, Sam Houston State
University. Research team: Sylvia D. Hall-Ellis, Ruth Ann Riggins, Noe Torres, Patricia G. Bubb, and Michael
D. Bell. Harlingen, Tex.: Tech Prep of the Rio Grande Valley, 1994. Funded through a grant award from the
Texas Education Agency.

Hall-Ellis, Sylvia D. and Mary Ann Berry. The Impact of Library Resource Centers on Academic Achievement in
Selected Public Schools in South Texas. Huntsville, Tex.: Sam Houston State University, College of Education
and Applied Science, 1993. Funded through a grant award from the Sam Houston State University Research
Enhancement Fund.

Hall-Ellis, Sylvia D., Alice Krueger, and Linda Brannan. Thesaurus Development for National Curriculum
Materials Database at the Eisenhower National Clearinghouse for Mathematics and Science Education,
Columbus, Ohio. Developed under the sponsorship of Mid-Continent Regional Educational Laboratory
Corporate Library, Aurora, Colo. Washington, D.C.: National Science Foundation; Columbus, Ohio: ERIC
Clearinghouse for Mathematics and Science Education, 1993.
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Hall-Ellis, Sylvia D. and Clarence L. Coffindaffer. Partners in Progress: The 1992 Montana Library Federation
Study Final Report. Helena, Mont: Montana State Library and The Blue Bear Group, Inc., 1992.

Hall-Ellis, Sylvia D. and Clarence L. Coffindaffer. Montana Federation Study Identification Paper. Denver, Colo.:
The Blue Bear Group, Inc., 1992.

Bruntjen, Scott and Sylvia D. Hall. Recommendations on the Development of System-Wide Efforts of the Northern
Waters Library Service. Ashland, Wisc.: Northern Waters Library Service and The Blue Bear Group, Inc., 1989.

Hall, Sylvia D. The Iowa Union List of Serials as A Part of The lowa Locator: Planning Document. Des Moines, Ia.:
State Library of lowa, 1988.

Hall, Sylvia D. lowa Computer-Assisted Network (ICAN Users’ Manual. IBM Compatible Edition: Version 7.0. Des
Moines, Ia.: State Library of Towa, 1988.

Hall, Sylvia D. lowa Computer-Assisted Network (ICAN Users’ Manual. IBM Compatible Edition: Version 5.0. Des
Moines, la.: State Library of lowa, 1986.

Hall, Sylvia D. lowa Computer-Assisted Network (ICAN Users’ Manual. Apple Maclntosh Edition: Version 5.0.
Des Moines, Ia.: State Library of Towa, 1986.

Bruntjen, Scott and Sylvia D. Hall. The District of Columbia Public Library Planning for Retrospective Conversion
of Bibliographic Records and Automation Issues for the 1990's: Final Report. Central City, Colo.: The Blue
Bear Group, Inc., 1986.

Bruntjen, Scott and Sylvia D. Hall. The lowa Locator: Final Report. Central City, Colo.: The Blue Bear Group, Inc.,
1986.

Bruntjen, Scott and Sylvia D. Hall. Discovering Resource Sharing Treasures: Accessing Pennsylvania's High School
Library Collections. Harrisburg, Pa.: State Library of Pennsylvania, Bureau of School Library Media Resources,
1985.

Hall, Sylvia D. Retrospective Conversion and the Completeness of Cataloging in Pennsylvania High School
Libraries. Pittsburgh, Pa.: PRLC, Inc., 1985.

Bruntjen, Scott and Sylvia D. Hall. The lowa Locator. Des Moines, la.: State Library of Iowa, 1985-
http://www.statelibraryofiowa.org/ld/silo/locator

Bruntjen, Scott and Sylvia D. Hall. ICAN Analysis. Des Moines, la.: State Library of lowa, 1985.

Bruntjen, Scott and Sylvia D. Hall. Zebras: Bar Codes, Standards, and Library Automation. Central City, Colo.: The
Blue Bear Group, Inc., 1985.

Hall, Sylvia D. and Scott Bruntjen. Access Pennsylvania. Harrisburg, Pa.: State Library of Pennsylvania, 1984-
http://www.accesspa.org

Hall, Sylvia D. Reconfiguration of the ITAC Cataloging Data Base to Machine Readable (MARC) Format. Classified
Document. Arlington, Va.: U. S. Army Intelligence and Threat Analysis Center, 1984.

Bruntjen, Scott and Sylvia D. Hall. South Dakota Library Automation Plan: Final Report. Pittsburgh, Pa.: PRLC,
Inc., 1982. Reprinted by the South Dakota State Library, 1983.

Bruntjen, Scott and Sylvia D. Hall. Altoona Automation Plan: Final Report prepared for the Altoona Area Public
Library and the Altoona District Library Center. Pittsburgh, Pa.: PRLC, 1983.
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Bruntjen, Scott, Sylvia D. Hall and Paul J. Pugliese. College Space Utilization Study. Pittsburgh, Pa.: PRLC, Inc.,
1983.

Hall, Sylvia D. Pennsylvania Public Library Film Center Union Catalog Cataloging and Technical Services
Procedures Manual. Pittsburgh, Pa.: PRLC, Inc., 1982.

Hall, Sylvia D. History of Library Development in Pennsylvania: A Review and Content Analysis of the Plans, 1955-
1980. Pittsburgh, Pa.: PRLC, Inc., 1982.

Hall, Sylvia D. Newspapers on Microfilm: A Listing of Newspapers in Allegheny, Chemung, Schuyler,Steuben, and
Yates Counties. Ithaca, N.Y.: South Central Reference and Research Council, 1981.

Hall, Sylvia D. OCLC/ILL Subsystem at Southern Tier Library System. Albany, N.Y.: SUNY/OCLC Network, 1980.

Hall, Sylvia D. Retrospective Conversion for Major Public Libraries in South Central New York State: A Technical
Report. 2 vols. Corning, N.Y.: Southern Tier Library System, 1979-1980.

Hall, Sylvia D. The Librarian and the Mexican-American Patron in Texas. Austin, Tex.: Texas State Library, 1978.

Other Publications

Hall-Ellis, Sylvia D., ed. Library and Information Science Program Self-Study Document for Accreditation by the
American Library Association. St. Paul, MN: St. Catherine University, 2017. 255 p.

Hall-Ellis, Sylvia D., and Robert O. Ellett, Jr., guest editors. RDA Testing: Lessons Learned and Challenges
Revealed: A Special Issue of Cataloging & Classification Quarterly 49, no. 7-8 (November 2011).

Hall-Ellis, Sylvia D. and Robert O. Ellett, Jr. Fundamentals of Cataloging I: An Online ALCTS Course. Chicago, Il1.:
American Library Association, 2009.

Hall-Ellis, Sylvia D., Angela J. Kinney and Martha Ann Bace, editors. Best Practices in Cataloging Education
Identified at the 2007 ALCTS Pre-conference: A Special Issue of the Journal for Library and Information Science
Education 49, no. 2 (Spring 2008).

Hall-Ellis, Sylvia D. Cataloging Education: A New Emphasis for the Library and Information Science Curriculum.
Presentation delivered to the ALCTS Pre-conference, 132" Annual Conference, American Library Association,
Washington, D.C., June 22, 2007. http://www.loc.gov/aba/professional/

Hall-Ellis, Sylvia D. “Cataloger Competencies: Do the Employers Require What the Professors Teach?” Presentation
delivered to the ALCTS CCS Heads of Cataloging Discussion Group, 131 Annual Conference, American Library
Association, New Orleans, Louisiana, June 26, 2006. http://dlist.sir.arizona.edu/

Hall-Ellis, Sylvia D., guest editor, with Deborah S. Grealy, Clara L. Sitter, and Tassos Petrou. Library Students’
Voices in Colorado: An Issue of Colorado Libraries 31:1 (Spring 2005).

Hall-Ellis, Sylvia D., ed. Library and Information Science Program Self-Study Document for Accreditation by the
American Library Association. Denver, Colo.: University of Denver, College of Education, 2003. 125 p. with
CD-ROM.

Hall-Ellis, Sylvia D. and Deborah S. Grealy, guest editors. Library Education in Colorado: An Issue of Colorado
Libraries 29, no. 2 (Summer 2003).

Hall-Ellis, Sylvia D., ed. Library and Information Science Program Self-Study Document for Accreditation by the
American Library Association. Denver, Colo.: University of Denver, College of Education, 2003.
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Hall-Ellis, Sylvia D. “Adaptive Furniture for the ADA-Qualified: An Investigative Study.” 2001. Unpublished
manuscript.

Hall-Ellis, Sylvia D. “Cataloging Electronic Serials: A Study in User Access and Article Delivery.” 2001.
Unpublished manuscript.

Hall-Ellis, Sylvia D. “E-books: Acquisition and Circulation Issues in Public Libraries.” 2001. Unpublished
manuscript.

Hall-Ellis, Sylvia D. “Authority Control and Its Importance in School Library Media Online Catalogs.” 1999.
Unpublished manuscript.

Hall, Sylvia D. “Cooperation Improving Service in San Antonio System.” Texas Libraries XXXVII (Spring 1976):
27-29.

Hall, Sylvia D. “Summer is Sea Monstrously Fun!” Texas Library Journal L (December 1974): 224-226.

Hall, Sylvia D. “A Brief Annotated Bibliography of Non-book Materials on the Mexican American.” Texas Library
Journal XLVIII (October 1972): 213-232.

Book Reviews

ALA Book of Library Grant Money. Ann Kepler, ed. 8y ed. Chicago, IL: American Library Association, 2011. 978- 0-
8389-1058-0, $175.00 [Colorado Libraries, June 2012]

Developing a Compensation Plan for Your Library. Paula M. Singer and Laura L. Francisco, comps. 2,4 ed. Chicago,
IL: American Library Association, 2009. 978-0-8389-0985-0, $57.00 [ Colorado Libraries, March 2012]

Frugal Librarian. Carol Smallwood, ed. Chicago, IL: American Library Association, 2011. 978-0-83891-075-7,
$42.00 [Colorado Libraries, February 2012]

Dowlin, Ken. Getting the Money: How to Succeed in Fundraising for Public and Nonprofit Libraries. Westport,
Conn.: Libraries Unlimited, 2008. 978-1-59158-597-X, $50.00 [Colorado Libraries, February 2009]

Lundahl, Mats. Bebo de Cuba; Bebo Valdés y Su Mundo, by Mats Lundahl. Traduccion de Linda Oakeshott Dragé.
Barcelona: RBA Libros, 2008. 978-849-86-7259-6, $33.99 [Criticas, November 2008]

Bonelli, Florencia. Marlene, by Florencia Bonelli. Buenos Aires: Aguilar, Altea, Taurus, Alfaguara, 2008. 978-987-
04-0995-3, $24.95 [Criticas, October 2008]

Keret, Etgar. Traduccion de Ana Maria Bejarano. Pizzeria Kamikaze y Otras Relatos. México, D.F.: Editorial Sexto
Piso, 2008. 968-5679-29-0, no price given [Criticas, September 2008]

Littauer, Marita, and Florence Littauer. Enriquece tu Comunicacion. Miami, Fla.: Editorial Unilit, 2008. 978-0-
7899-1521-4, $11.99 [Criticas, August 2008]

Martinez, Guillermo. La Muerte Lenta de Luciana B. New York: Rayo Planeta, 2008. 978-0-06-156551-9, $14.95
[Criticas, May 2008]

Matthews, Joseph R. The Evaluation and Measurement of Library Services. Westport, Conn.: Libraries Unlimited,
2007. 978-1-59158-532-9, $50.00 [Colorado Libraries, April 2008]

Gomez-Jurado, Juan. A Masacre de Virginia Tech: Anatomia de una Mente Torturada. Barcelona: Ediciones El
Andén, 2007. 978-84-935789-4-7, €16.50 [Criticas, February, 2008]
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Matthews, Joseph R. Library Assessment in Higher Education. Westport, Conn.: Libraries Unlimited, 2007. 978-1-
59158-531-2, $45.00 [Colorado Libraries, February 2008]

Chacon, Inma. La Princesa India: Cuando el Viento Azul. México: Alfaguara, 2006. 970-770398-9, $19.95 [Criticas,
June 2006]

Vargas Llosa, Mario. Israel/Palestina: Paz o Guerra Santa. fotogs. by Morgana Vargas Llosa. Spain/U.S.: Aguilar:
Santillana, 2006. 84-03-09691-7, paper, $19.95 [Criticas, May 2006]

Findlay, Diane. Digging into Dewey. Fort Atkinson, Wisc.: Upstart Books, 2005. 978-1-932146-18-9, $16.95
[Colorado Libraries, May 2006]

Pequerias Resistencias 4: Antologia del Nuevo Cuento Norteamericano y Cariberio. Menéndez, Ronaldo, Ignacio
Padilla & Enrique del Risco, eds. Madrid: Paginas de Espuma, 2005. 84-95642-59-X, paper, $36.95 [Criticas,
April 2006]

Rueda, André. Vengo a Salvar a Esparia: Biografia de Un Franco Desconocido. Madrid: Nowtilus (Investigacion
Abierta), 2005. photogs., bibliog. 84-9763-202-8, paper, $23.95 [Criticas, March 2006]

Becerra, Angela. El Penultimo Suerio. 1% ed. Barcelona: Planeta, 2005. 84-08-05795-2, $25.95. [Criticas, January
2006]

Aguilar Camin, Héctor. La Conspiracion de la Fortuna. 1% ed. México: Planeta, 2005. 970-37-0368-2, $19.95
[Criticas, October 2005]

Meéxico en Sus Libros. Enrique Florescano with Pablo Mijangos, editors & compilers. 1% ed. México, D.F.: Taurus
Aguilar, 2004. 968-19-0783-3, $16.95 [Criticas, September 2005]

Historia Econémica de México. Coordinator, Enrique Semo. México: Universidad Nacional Auténoma de México,
Editorial Oceano de México, 2004. 13 vols. 970-32-0805+3 (obra completa), $9.25 each [Criticas, August 2005]

Czarnowsky, Christyne A. and Michael H. Williams. Managing Your Wired Workforce: A Practical Guide. Denver,
Colo.: Bradford Pub., 2003. 1-883726-79-4, $24.95 [Colorado Libraries, 2004]

Abraham Lincoln. Coleccion Grandes Biografias. Madrid: Edimat Libros, 2003. 84-8403-858-0, €4.95 [Criticas,
2004]

Alponte, Juan Maria. Colon: el Hombre, el Navegante, la Leyenda. México, D.F.: Aguilar, 2003. 968-19-1260-8,
$16.95 [Criticas, 2004]

Olcese Salvatecci, Alfieri. Cémo Estudiar con Exito: Téchnicas yHhdbitos Para Aprender Major. México, D.F.:
Alfaomega Grupo Editor, 2002. 970-15-0764-9 [Criticas, 2003]

Mujeres Como Islas: Antologia de Narradoras Cubanas, Dominicanas, Puertoriquerias. Edicion: Olga Marta Pérez,
Thelma Jiménez, Andrés Blanco D., eds. Santo Domingo, Reptblica Dominicana: Ediciones Ferilibro, 2002. 959-

209-419-5 [Criticas, 2003]

Tibol, Raquel. Los Murales de Diego Rivera: Universidad Autonoma Chapingo. México, D.F.: Editorial RM,
Universidad Autonoma Chapingo, 2002. 968-5208-08-5 [Criticas, 2003]

Lindsay-Poland, John. Emperors in the Jungle: the Hidden History of the U.S. in Panama. Durham, N.C.: Duke
University Press, 2003. 0-8223-3098-9, $18.95 [Criticas, 2003]

Kaplan, Allison G. and Ann Marlowe Riedling. Catalog It! A Guide to Cataloging School Library Materials.
Worthington, Ohio: Linworth Pub., 2002. 1-58683-014-7, $44.95 [Colorado Libraries, 2002]
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Bardach, Ann Louise. Cuba Confidential: Love and Vengeance in Miami and Havana. New York: Random, 2002. 0-
375-50489-3, $25.95 [Library Journal, 2002]

Swan, James. Fundraising for Libraries: 25 Proven Ways to Get More Money for Your Library. New York: Neal
Schuman, 2002. 1-55570-433-6, $69.95 [Colorado Libraries, 2002]

Puig de Lange, Victoria. Sol Con Agua. Nashville, Tenn.: Editorial Vistazo/Ediciones Reio Negro, 2002. 0-
9724506-0-2, $17.75 [Criticas, 2002]

The Encyclopedia of Latin American Politics. Edited by Diana Kapiszewski; assistant editor, Alexander Kazan.
Westport, Conn.: Oryx Press, 2002. 1-57356-306-4, $74.95 [Library Journal, 2002]

Vargas Lizano, Isabel. Y Si Quieres Saber de Mi Pasado. Con la colaboracion de J.C. Vales. Madrid: Santillana
Ediciones Generales, S.L., 2002. 84-03-09278-4, $18.95 [Criticas, 2002]

Ruy Sénchez, Alberto. Los Jardines Secretos de Mogador: Voces de Tierra. México, D.F.: Alfaguara, S.A., 2001.
968-19-0879-1, $16.95 [Criticas, 2002]

Chavez, Ricardo and Celso Santajuliana. EI Final de las Nubes. Barcelona: RBA Libros, S.A., 2001. 84-7901-760-0,
$11.95 [Criticas, 2002]

The Power of Language / El Poder de la Palabra: Selected Papers from the Second REFORMA National Conference.
Edited by Lillian Castillo-Speed and the REFORMA National Conference Publications
Committee. Englewood, Colo.: Libraries Unlimited, 2001. 1-563089459, $35.00 [Colorado Libraries, 2001]

Martinez, Rubén. Crossing Over: A Mexican Family on the Migrant Trail. Metropolitan: Holt, 2001. 0-8050-4908- 8,
$26.00 [Library Journal, 2001]

Guevara, Ernesto “Che.” The African Dream: the Diaries of the Revolutionary War in the Congo. Translated from the
Spanish by Patrick Camiller. With an introduction by Richard Gott and a foreword by Aleida Guevara March.
New York: Grove Press, 2001. 0-8021-3834-9, $13.00 [Library Journal, 2001]

Cooper, Gail and Garry Cooper. New Virtual Field Trips. Englewood, Colo.: Libraries Unlimited, 2001. 1-56308-
887-8, $27.50 [Colorado Libraries, 2001]
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NATIONAL SERVICE & PROFESSIONAL AFFILIATIONS

American Library Association, Life Member
Association for Library Collections & Technical Services (now CORE)
Cataloging, Classification, and Metadata Section
ALCTS Editorial Board, Member, 2015-2019
Committee on Cataloging: Description and Access, Member, 2008-2012
Test Site for RDA, Manager, 2009-2011
Nominating Committee, Member, 2007-2008
Committee for Education and Training of Catalogers, Chair, 2006-2007, Member, 2003-2007
Competencies & Education for a Career in Cataloging Interest Group, Chair, 2010-2012; Member, 2010-
President’s Program Committee, 2015-2016
Education Committee, Member, 2005-2007
Task Force on Competencies and Education for a Career in Cataloging, Chair, 2007-2009
2007 Annual Meeting Pre-conference, “What They Don’t Teach in Library School: Competencies,
Education and Employer Expectations for a Career in Cataloging,” Steering Committee Chair
Fundraising Committee, Member, 2004-2006
Office of Diversity
Committee on Diversity, Chair, 2010-2011
Diversity Research Advisory Committee, Member, 2009-2010
Spectrum Scholar Mentor, 2009
Diversity Grants Review Committee, Member, 2007, 2010, 2012
Office of Statistics and Research
Research and Statistics Committee, Member, 2005-2007; Intern, 2003-2005
Library Research Round Table
Membership Committee, 2019-2021
Board of Directors, Member At-Large, 2009-2012
Member, 2003-
Office of Accreditation
Accreditation Panel Member (training completed 2004)
Accreditation Review Panel Member (training completed 2004)

REFORMA, Life Member
National Board of Directors, 2005-2013
National Fundraising Chair, 2005-2013
National Recruiting and Mentoring Committee, 2008-2010
Colorado Chapter, Secretary, 2004-2005
Colorado Chapter Liaison to National Board of Directors, 2004-2013

American Association of Law Libraries (AALL), Life Member
Online Audiovisual Catalogers Association (OLAC)

American Association of University Women Association for Library and Information Science Education
(ALISE)

University of Denver ALISE Representative, 2003-2008; 2010-2011

Membership Advisory Committee, 2007-2010

Technical Services Education Special Interest Group, 2003-

Garfield Doctoral Dissertation Award Reviewer, 2012

Garfield Doctoral Dissertation Scholarship Reviewer, 2014

American Association of University Professors (AAUP), 2006-
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American Grant Writers Association, 2014-

Grant Professionals Institute, 2016-

National Grants Management Association, 2014-

Grant Reviewer (National and Regional Team Leader), U.S. Department of Education, 1998-
Grant Reviewer, Broadband Technologies Opportunity Program, U.S. Department of Commerce,
2009

Grant Reviewer, Institute of Museum and Library Services, 1998-2000

Grant Reviewer, Colorado Department of Education, 2014-

Grant Reviewer, Colorado State Library, 1998-

Grant Reviewer, American Association of Community Colleges Working Connections program, 1999
Peer Reviewer, Journal for Library and Information Science Education, 2005-

Peer Reviewer, Journal of Library Metadata, 2009

Peer Reviewer, International Journal of Library and Information Science, 2011

Regular Columnist, The Bottom Line, 2013-2016

Book Reviewer, Library Journal, 2001

Book Reviewer, Criticas, 2002-2009

Book Reviewer, Colorado Libraries, 2000-2012

REGIONAL SERVICE & PROFESSIONAL AFFILIATIONS

Mountain Plains Library Association
Professional Development Grants Committee, Member, 2005-2006
Professional Development Policy and Guidelines Sub-committee Chair, 2006

Colorado Association of Libraries
“Student Voices” Column Editor, Colorado Libraries, 2005-2006
Conference Planning Committee, Member, 2002
Technical Services and Automation Division, Chair, 2002-2003; Member, 2000-
Academic Libraries Division, Peer Review Conference Papers Committee, Member, 2007-2009
Education Committee, Member, 1988-1993
Diverse Populations Committee, Member, 2009-2013

SERVICE TO THE UNIVERSITY OF DENVER
Center for Teaching and Learning Faculty Advisory Board, 2007-2008; 2010-2012
Center for Community Engagement and Service Learning Advisory Board, 2007-2012
Faculty Senate
Executive Committee, 2008-2013
Nominations, Rules & Credentials Committee, Chair, 2008-2013; Member 2007-2013
Appointment, Promotion, and Tenure Revision Committee, 2010-2012
Grievance Policy Committee Member, 2007-2010
Law Library Director Search Committee Chair, 2012-2013
PROF Grant Review, College Representative to the University Review Team, 2006, 2008
Project Homeless Connect Evaluations, Principal Investigator, 2006-2009
University Technology Council, 2007-2009
University of Denver Hyde Interviews for Incoming Freshmen, 2003-2012

SERVICE TO THE MORGRIDGE COLLEGE OF EDUCATION
Appointment, Tenure & Review Committee
Member, voting, 2003-2005; 2007- 2009
Chair, Clinical Faculty Promotion & Tenure Policy Subcommittee, 2008-2009
Member, Community Engagement Subcommittee, 2007-2009
Member, Tenure Review Panel, 2003
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Advancement and Alumni Relations Committee, Chair, 2003-2007; Member, 2002-2007
College Building Committee Member, 2004-2010

College of Education Student Association, Faculty Advisor, 2004-2007; 2009-2010
Faculty Senator, 2007-2013

Research and Scholarship Committee, Chair, 2008-2009; Member, 2002-2003, 2008-2009
Research and Grant Mentoring Committee, Chair, 2009-2010

Research Task Force Member, 2010-2012

Search Committee Member, Assistant Professor for Curriculum & Instruction, 2010-2011
Workload Task Force Member, 2010-2011

SERVICE TO THE LIBRARY & INFORMATION SCIENCE PROGRAM

Library and Information Science Student and Alumni Association, Faculty Advisor, 2002-2008
ALA Student Chapter, Faculty Advisor, 2005-2008

Beta Phi Mu Phi Chapter, Faculty Advisor, 2004-2014

Steering Committee Member, Accreditation by the American Library Association, 2001-2004
Search Committee Member, Associate Professor for LIS, 2006

Search Committee Chair, Assistant Professors for LIS, 2003, 2005, 2006, 2007

Search Committee Ex-Officio Member, Director for LIS, 2004

SERVICE TO SAM HOUSTON STATE UNIVERSITY

Rio Roundup: South Texas Literature Conference, Conference Coordinator, 1993
External Relations, Fund Raising, Grants Committee, Chair, 1993-1995
Advisory Council Committee, Chair, 1993-1995

Students, Admissions, and Advisement Committee, Chair, 1994

Institutional Effectiveness Committee, Member, 1993-1995

SERVICE TO THE COLLEGE OF EDUCATION AND APPLIED SCIENCE
Faculty Affairs Committee, Member, 1993-1995

Curriculum Committee, Member, 1993-1995

Continuing Education Committee, Member, 1993-1995

SERVICE TO THE COMMUNITY
French Teacher & Student Exchange with Laon, France, Monarch High School, Boulder Valley School District
(Boulder, Colorado), 2017-

Denver/Boulder Games 2022, Board of Directors, Secretary-Treasurer, 2015-2018

United Way Campaign Committee, College of Education, 2006

Arapahoe County, Election Judge for the County Clerk and Recorder, 2000-2005

Arthritis Foundation, Rocky Mountain Chapter, Certified Educator & Trainer, 1999-2008

Bonfils Blood Center, Silver Level Donor, 2000-2016

Denver Museum of Natural History, Docent, 1992

Tech Prep of the Lower Rio Grande Valley, Inc. (Harlingen, Texas) Board of Directors, 1995-1997
Executive Committee, 1996-1997; Chair, Development Committee, 1995-1997; Chair, Fiscal Agency
Committee, 1995-1996; Chair, Colleges and Universities Committee, 1996-1997

Gilpin County (Colorado) Public Library Board of Trustees, 1986-1989; Vice President, 1987-1989

City of Central (Colorado) Economic Development Committee, 1987-1989

Columbine Family Health Centers, Inc. (Nederland and Black Hawk, Colorado) Board of Directors, 1988-1989

CERTIFICATION
Permanent Public Librarian Certificate - Pennsylvania, New York, Texas
Westlaw Expert Witness, 2008-
Certified Grant Writer®, 2016-
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Advanced Practitioner for Service Learning and Community Engagement, University of Denver, 2011

Platinum Star Alumnae, College of Information, Library Science & Technologies, University of North Texas, 2009
Commendation for Integration of Technologies in Teaching & Learning Environment, University of Denver, 2006
Outstanding Adjunct Faculty Member Award, College of Education, University of Denver, 2002

Beta Phi Mu, Pi, University of Pittsburgh, 1985
Alpha Lambda Sigma, University of North Texas, 1972

Albert Nelson Marquis Lifetime Achievement Award, Who's Who in America

Who's Who in American Women

Who's Who of Women Executives

Dictionary of International Biography

Who's Who in the East

Who's Who in the South and Southwest

Who's Who in the World

Who's Who of Online Professionals

Who's Who in Library and Information Science
2,000 Notable Women

Who's Who of Emerging Leaders

Who's Who in Professional and Executive Women
Who's Who in American Education

International Who's Who of Professional and Business Women
International Leaders in Achievement
International Educator of the Year

Who’s Who in Finance and Industry

Who’s Who in Finance and Business
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Invited International and National Conference Presentations

Driscoll, Margaret, Christy Confetti Higgins, Scott Brown, and Sylvia D. Hall-Ellis. 4 View from
Within: Open House Tour of Three Canvas Core Courses. Presentation to be delivered at the School of

Information, San José State University Professional Development Seminar, San José, California, October 17,
2019.

Hall-Ellis, Sylvia D. Invest in Me -- I'm Your Future: Succession Planning for Libraries. Keynote presentation
delivered at the ALCTS President’s Symposium, Boston, Mass., January 8, 2016.

Seidel, Kent E. and Sylvia D. Hall-Ellis. Making Grants Work for You: Strategies for Doctoral Students and Early
Career Scholars. Presentation delivered at the University Council for Educational Administration, Early
Career Scholars Session, Indianapolis, Ind., November 9, 2013.

Hall-Ellis, Sylvia D. So You Want to be a Manager; Leadership Skills and Competencies for Technical Services
Managers and Administrators. Presentation delivered at the 138" Annual Conference, American Library
Association, Chicago, Ill., June 29, 2013.

Seidel, Kent E., Karen S. Riley, Lyndsay Agans, Susan Korach, and Sylvia D. Hall-Ellis. Making Grants Work for
You (Instead of Just Working for Grants). A panel discussion delivered at the University Council for
Educational Administration, Early Career Scholars Session, Denver, Colo., November 17, 2012.

Hall-Ellis, Sylvia D. After the Great TS Reorganization: The Westminster Law Library. Presentation delivered at the
137w Annual Conference, American Library Association, Anaheim, Calif., June 23, 2012.

Hall-Ellis, Sylvia D. Conversations with Catalogers in the 21 Century. A panel discussion sponsored by the
ALCTS Competencies for a Career in Cataloging Interest Group, delivered at the 1374 Annual Conference,
American Library Association, Anaheim, Calif., June 22, 2012.

Hall-Ellis, Sylvia D., moderator. Mid-Career Leaders Program. A panel discussion sponsored by the ALA
Committee on Diversity delivered at the 136" Annual Conference, American Library Association, New Orleans,
La., June 26, 2011.

Hall-Ellis, Sylvia D., moderator. Diversity Town Hall. A community conversation sponsored by the ALA
Committee on Diversity delivered at the 136" Annual Conference, American Library Association, New Orleans,
La., June 24, 2011.

LaBarre, Kathryn, Sylvia D. Hall-Ellis, Karen Anderson, Rick Hasenyager, Christopher Cronin, and Penny Baker.
Briefings from RDA Test Participants. A panel discussion delivered at the Midwinter Conference, American
Library Association, San Diego, Calif., January 7, 2011.

Miksa, Shawne, Marjorie Bloss, and Sylvia D. Hall-Ellis. Educating the Next Generation of Catalogers: Teaching
RDA. A panel discussion delivered at the 97" Annual Conference, Association for Library and Information
Science Education, San Diego, Calif., January 7, 2011.

Hall-Ellis, Sylvia D., Robert Maxwell, John Hostage, and George Prager. RDA Panel: What Cataloging Managers
Need to Know. Presentation delivered at the 103" Annual Conference, American Association of Law Librarians,
Denver, Colo., July 12, 2010.

Hall-Ellis, Sylvia D. and Stacey L. Bowers. Catalogers in the RDA Environment: Skill Sets, Expectations and

Challenges. Presentation delivered at the 103" Annual Conference, American Association of Law Librarians,
Denver, Colo., July 11, 2010.
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Hall-Ellis, Sylvia D. Comfortable in Your Cataloging and Metadata Specialist Skin? Or, So You Want to Hire a
Cataloger. Presentation delivered to the ALCTS Research Group at the 134™ Annual Conference, American
Library Association, Chicago, IlL., July 11, 2009.

Perez, Megan, Sylvia D. Hall-Ellis, and Denise Anthony. From Novice to Expert: Collaboration for Succession
Planning. A “hot topic” presentation delivered at the 14" ACRL Conference, Seattle, Wash., March 13, 2009.

Hall-Ellis, Sylvia D. Cataloging in the RDA Environment: Skill Sets, Expectations and Challenges. Presentation
delivered to the ALCTS Research and Publications Committee at the Midwinter Conference, American Library
Association, Denver, Colo., January 24, 2009.

Hall-Ellis, Sylvia D. LIS Cataloging Education for the 21st Century: Expectations and Challenges. A panel
discussion held at the 95" Annual Conference, Association for Library and Information Science Education,
Denver, Colo., January 23, 2009.

Chu, Clara, Sylvia D. Hall-Ellis, and Mark Winston. The Doctoral Degree & Building a Career. A panel discussion
delivered at the ALA Office of Diversity Spectrum Doctoral Fellows E.J. Josey Leadership Institute, Midwinter
Conference, American Library Association, Denver, Colo., January 20, 2009.

Hall-Ellis, Sylvia D. and Robert O. Ellett, Jr. Fundamentals of Cataloging Course: An Overview of the ALCTS Online
Course. Presentation delivered to the ALCTS Big Heads Group, 133™ Annual Conference, American Library
Association, Anaheim, Calif., June 30, 2008.

Hall-Ellis, Sylvia D. Employers’ Expectations for Technical Services Librarians: What We Don’t Know.
Presentation delivered to the ALCTS Research and Publications Committee Program, 133™ Annual Conference,
American Library Association, Anaheim, Calif., June 28, 2008.

Hall-Ellis, Sylvia D., Virginia R. Maloney, and Mary Stansbury. Institutional Responses to Engaged Scholarship: The
Carnegie Foundation Engaged University Classification at Two Universities. Presentation delivered to the 94t
Annual Conference, Association for Library and Information Science Education, Philadelphia, Pa., January 11,
2008.

Hall-Ellis, Sylvia D. Puzzles, Problems, and Predicaments. Presentation delivered to the ALCTS Research
Discussion Group, 132" Annual Conference, American Library Association, Washington, D.C., June 23, 2007.

Hall-Ellis, Sylvia D. Cataloging Education: A New Emphasis for the Library and Information Science Curriculum.
Presentation delivered to the ALCTS Pre-conference, 132" Annual Conference, American Library Association,
Washington, D.C., June 22, 2007. http://www.loc.gov/catdir/cpso/careercat.html

Ellett, Jr., Robert O. and Sylvia D. Hall-Ellis. Copy Cataloging Done Smarter. Presentation delivered to the
International Conference on Interdisciplinary Information Sciences and Technologies (InSciT2006), October 25-
28, 2006.

Hall-Ellis, Sylvia D. and Robert O. Ellett, Jr. Cooperative Cataloging: Challenges and Opportunities for Defense
Libraries. Presentation delivered to the 1% Annual Conference of Defense Libraries, Spanish Ministry of Defense,
Madrid, Spain, July 7, 2006.

Hall-Ellis, Sylvia D. Cataloger Competencies: Do the Employers Require What the Professors Teach? Presentation
delivered to the ALCTS CCS Heads of Cataloging Discussion Group, 131 Annual Conference, American Library
Association, New Orleans, La., June 26, 2006.

Grealy, Deborah S. and Sylvia D. Hall-Ellis. From Research to Practice: The Scholarship of Teaching and Learning

in LIS Education. Presentation delivered to the at the 92™ Annual Conference, Association for Library and
Information Science Education, San Antonio, Tex., January 18, 2006.
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Ellis, Sylvia D. Employers’ Expectations for Entry-Level Catalogers: What Position Announcement Data Indicate.
Research paper delivered to the Technical Services Special Interests Group, 91% Annual Conference, Association
for Library and Information Science Education, Boston, Mass., January 12, 2005. http://dlist.sir.arizona.edu/

Common Errors in MARC Records Prepared by LIS Students: What Does It Mean? Research
paper delivered to the ALCTS CCS Cataloging Norms Discussion Group, Mid-Winter Conference, 90" American
Library Association, San Diego, Calif., January 10, 2004.

Hall-Ellis, Sylvia D. Visual Arts as Foundation for Successful Library Automation: The Rocky Mountain College of
Art & Design Experience. Paper delivered at the 6 Annual Conference of Higher Education, Charleston, S. C.,
1993.

Hall, Sylvia D. Design Elements for Bibliographic Databases: An Overview. Paper delivered at the 14" Online
National Conference, New York, 1983.

Invited Regional Conference Presentations

Hall-Ellis, Sylvia D., Hudson, Christopher D., Brittany Cronin, and Kathryn Michaels. “The Colorado Law Project:
Meeting the Public's Need for Legal Information.” Panel discussion delivered at the Mountain Plains Library
Association Conference, Billings, Mont., April 9, 2011.

Grealy, Deborah S. and Sylvia D. Hall-Ellis. Education for Information Professionals in New Mexico: Library &
Information Science Graduate Education at the University of Denver. Presentation delivered at the New Mexico
Library Education Summit, Las Vegas, N.M., September 26, 2005.

Hall-Ellis, Sylvia D. Public Library-School Library Partnerships. Presentation delivered at the 3™ Annual Colorado
Association of Libraries Conference with the Mountain Plains Library Association, Denver, Colo., October 22,
2004.

Hall-Ellis, Sylvia D. Learn All You Can — Educational Partnership Opportunities for the Lewis and Clark
Bicentennial Commemoration. Paper delivered at the 3™ Annual Lewis and Clark Bicentennial Council National
Planning Conference, Bismarck, N.D., April 26, 1998.

Invited State Conference Presentations

Grealy, Deborah S. and Sylvia D. Hall-Ellis. Academic Library Leadership Changes: Using Succession Planning
and Mentoring. Presentation delivered at the Minnesota Library Education Conference, St. Cloud, Minn., October
10, 2013.

Hall-Ellis, Sylvia D., Merrie Valliant, and Melissa Powell. RDA.: What Is It and What Do You Need To Do With It At
Your Library? Presentation delivered at the Colorado Library Consortium Spring Conference, Ft. Morgan, Colo.,

April 26, 2013.

Hall-Ellis, Sylvia D. Service Learning and the Library & Information Science Graduate Education at the University
of Denver. Presentation delivered at the 4" LEADS Scholars Orientation, Denver, Colo., August 5, 2009.

Hall-Ellis, Sylvia D. Service Learning: Enhancement to Library & Information Science Graduate Education at the
University of Denver. Presentation delivered at the 3" LEADS Scholars Orientation, Denver, Colo., June 2008.

Hall-Ellis, Sylvia D. Law Librarianship: A Community Conversation. Sponsored by the Colorado Association of Law
Libraries. Paper delivered at the Colorado Supreme Court Library, Denver, Colo., May 14, 2008.

Hall-Ellis, Sylvia D. Opportunities and Challenges in Law Librarianship: A Community Conversation. Presentation
delivered at the Sturm College of Law, Denver, Colo., November 7, 2007.
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Hall-Ellis, Sylvia D. Grant Writing Resources for Nursing Professionals. Presentation delivered at the Presbyterian /
St. Luke’s Health One Medical Center 1% Annual Research Symposium, Denver, Colo., October 17, 2007.

Project Homeless Connect 4 Event Evaluation — Insights and Lessons Learned. Presentation delivered at the
Homelessness Research Symposium: What is DU Doing about Homelessness in Denver, Denver, Colo.,
September 14, 2007.

Hall-Ellis, Sylvia D. Service Learning and the Library & Information Science Graduate Education at the University
of Denver. Presentation delivered at the 2" LEADS Scholars Orientation, Denver, Colo., August 10, 2007.

Hall-Ellis, Sylvia D. Education for Information Professionals in a Digital Environment: Library & Information
Science Graduate Education at the University of Denver. Presentation delivered at the 15" Spring Mountains and
Plains Parapros Conference, Denver, Colo., February 24, 2007.

Hall-Ellis, Sylvia D. Public Library Service to Spanish-Speaking and Latino Residents in Denver: A Case Study.
Presentation delivered at the 4™ Annual Colorado Association of Libraries Conference, Denver, Colo., November
10, 2005.

Hall-Ellis, Sylvia D. Education for Information Professionals in a Digital Environment: Library & Information
Science Graduate Education at the University of Denver. Presentation delivered at the 14" Annual Mountains and
Plains Parapros Conference, Aurora, Colo., July 29, 2005.

Hall-Ellis, Sylvia D. Educational Opportunities: Library & Information Science Graduate Education at the
University of Denver. Presentation delivered at the 13" Annual Mountains and Plains Parapros Conference,
Centennial, Colo., August 6, 2004.

Hall-Ellis, Sylvia D. Library Education & Training: Focus on the West: An LIS Faculty Member’s Personal
Response. Presentation delivered at the 1 Annual Colorado Association of Libraries Conference, Keystone,
Colo., October 18, 2002.

Hall-Ellis, Sylvia D. Grant Writing for School Librarians. Presentation delivered at the 2002 Annual Colorado
Education Media Association Conference, Colorado Springs, Colo., February 15, 2002.

Hall-Ellis, Sylvia D. Grants — Opportunities for the Future. Paper delivered at the Southeast Regional
Accountability Annual Conference, Lamar, Colo., November 12, 1998.

Hall-Ellis, Sylvia D. The Texas Library Connection and Interlibrary Loan: An Experiment in Resource Sharing.
Paper delivered at the Texas Computer Educators’ Association Annual Conference, Austin, Tex., February 6,
1997.

Hall-Ellis, Sylvia D. Finding Grant Sources on the Internet: A Guide for Librarians. Paper delivered at the 2"
Annual Institute for School Library Personnel, Pharr-San Juan-Alamo North High School, Pharr, Tex., July 29,
1996.

Hall-Ellis, Sylvia D. Mathematical and Logical Thinking: A Critical Intelligence. Paper delivered at the 3™ Annual
Paraprofessional Conference at the University of Texas - Pan American, Edinburg, Tex., March 8, 1996.

Hall-Ellis, Sylvia D. Cataloging Trends and Issues: Update Session. Paper delivered at the 1%* Annual Institute for
School Library Personnel, South Texas Community College, McAllen, Tex., July 19, 1995.

Hall-Ellis, Sylvia D. Grant Writing: Tips and Encouragement for School Librarians. Paper delivered at the 15 Annual
Institute for School Library Personnel, South Texas Community College, McAllen, Tex., July 18 and 19, 1995.
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Hall-Ellis, Sylvia D. How to Become an Expert Grant Writer. Paper delivered at the 3™ Annual High School
Principals’ Academy, South Padre Island, Port Isabel, Tex., June 19, 1995.

Hall-Ellis, Sylvia D. Texas Library Study: Results from Regions I and II. Paper delivered at the 3" Annual
Technology Conference, Texas A&M University, College Station, Tex., November 18, 1994.

Hall-Ellis, Sylvia D. Academic Achievement and Middle School Students. Paper delivered at the 8" Annual Young
Adult Conference, Sam Houston State University, Huntsville, Tex., November 5, 1994.

Hall-Ellis, Sylvia D. Multimedia Resources for Library Leaders. Paper delivered at the Institute for Librarians in A
Multicultural Environment, Sam Houston State University, Huntsville, Tex., June 10, 1994.

Hall-Ellis, Sylvia D. Finding the Resource: Empowering the User, or, the Case for Curriculum Based Subject Access
to Learning Resource Center Collections. Paper delivered at the 81 Annual Texas Library Association
Conference, Corpus Christi, Tex., April 12-16, 1994.

Hall-Ellis, Sylvia D. and William H. Pichette. Sam Houston State University Makes Use of OCLC/AMIGOS
Collection Analysis CD. Paper delivered at the 81 Annual Texas Library Association Conference, Corpus Christi,
Tex., April 12-16, 1994.

Hall, Sylvia D. Funding and Library Development in Pennsylvania: A Symbiotic Relationship. Paper delivered at the
Annual Graduate Student Colloquia, University of Pittsburgh, School of Library and Information Science, 1982.

Hall, Sylvia D. Leadership for Public Library Trustees. Paper delivered for the Trustees Division, Pennsylvania
Library Association Annual Conference, Lancaster, Penn., 1981.

Seminar and Professional Development Presentations

Taylor, Meredith, and Sylvia D. Hall-Ellis. Talent Management and Succession Planning. ALCTS eForum, held
March 22, 2017.

Hirsh, Sandra, Heather O’Brien, Michelle Holschuh Simmons, Michael Krasulski, and Sylvia D. Hall-Ellis.
Information Services Today: An Introduction. Part 3: Information Services: Roles in the Digital Age. Rowan and

Littlefield in partnership with Library Journal webinar, recorded February 5, 2015.

Hall-Ellis, Sylvia D. and Jennifer Sweda. Copy Cataloging in an RDA Environment. ALCTS eForum, held May 14
and 15, 2013.

Hall-Ellis, Sylvia D. Law Librarianship: A Community Conversation. Sponsored by the Colorado Association of
Law Libraries, presented at the Colorado Supreme Court Library, Denver, Colo., May 14, 2008.

Hall-Ellis, Sylvia D. and Beatrice Z. Gerrish. Reading and Libraries: Recent Research in Reading. Presentation at
the Ricks Center for Gifted Education, Denver, Colo., March 4, 2008.

Hall-Ellis, Sylvia D. Cataloger Competencies: Do the Employers Require What the Professors Teach? Presentation
for the School of Library and Information Science, San José State University, February 12, 2008.

Hall-Ellis, Sylvia D. and Robert O. Ellett, Jr. Cooperative Cataloging: Rules, Tools, and Conventions for Building a
Multi-institutional Catalog. Sponsored for the Spanish Ministry of Defense, Madrid, Spain, July 10, 2006.

Hall-Ellis, Sylvia D. Cash for Kids: Grant Writing Opportunities for Youth Services Librarians. Sponsored by the
Colorado Young Adult Librarians; presented at Bemis Memorial Library, Littleton, Colo., November 13, 2002.
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Hall-Ellis, Sylvia D. MARC Records and Authority Control: Planning for Bibliographic Database Migration.
Sponsored and held at the Douglas County Public Library, Castle Rock, Colo., May 28, 2002.

Hall-Ellis, Sylvia D. Grant Writing: A Refiresher for Librarians. Sponsored by Library and Information Science
Program, College of Education, University of Denver; presented at University Center at Chaparral, August 12,
2000.

Hall-Ellis, Sylvia D. Shaking the Money Tree — Basic Grant Writing for Colorado Educators. Sponsored by the
Office of Educational Telecommunications of the Colorado Department of Education.
Pikes Peak Community College, Colorado Springs, Colo., November 16, 1998.
Pueblo School District 60, Pueblo, Colo., November 12, 1998.
University of Northern Colorado, Greeley, Colo., November 10, 1998.
United Technology Educational Partnership, Grand Junction, Colo., November 9, 1998.

Hall-Ellis, Sylvia D. Cataloging Multimedia, Kits, Globes and Map Materials in USMARC. Sponsored and hosted
by Region One Education Service Center, Edinburg, Tex., April 24, 1997 and December 12, 1996.

Hall-Ellis, Sylvia D. New Standards for School Library Media Centers. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., April 15, 1997.

Hall-Ellis, Sylvia D. The School Library Media Specialist in the 21*' Century: Visions for the Future.
Sponsored and hosted by Pharr-San Juan-Alamo Independent School District, Pharr, Tex., April 4, 1997.

Hall-Ellis, Sylvia D. Cataloging Sound Recordings and Audio Materials in USMARC. Sponsored and hosted by
Region One Education Service Center, Edinburg, Tex., March 20, 1997 and November 21, 1996.

Hall-Ellis, Sylvia D. Evaluating and Selecting CD-ROMS for School Library Media Collections. Sponsored and
hosted by Region One Education Service Center, Edinburg, Tex., March 18, 1997.

Hall-Ellis, Sylvia D. Cataloging Audiovisual Materials in USMARC. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., February 27, 1997, November 7, 1996 and October 24, 1996.

Hall-Ellis, Sylvia D. Introduction to Dialog: Basic Searching Strategies. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., February 14, 1997.

Hall-Ellis, Sylvia D. Cataloging Books in USMARC. Sponsored and hosted by Region One Education Service
Center, Edinburg, Tex., January 30, 1997, October 10, 1996, September 26, 1996 and August 8, 1996.

Hall-Ellis, Sylvia D. Advanced Internet Searching Techniques for Librarians. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., January 21, 1997.

Hall-Ellis, Sylvia D. Texas Library Connection Full-Text Searching. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., December 13, 1996 and October 25, 1996.

Hall-Ellis, Sylvia D. Developing Evaluation Strategies for Grants and Proposals. Sponsored and hosted by Region
One Education Service Center, Edinburg, Tex., December 10, 1996.

Hall-Ellis, Sylvia D. Developing Needs Assessment for Grants and Proposals. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., November 12, 1996.

Hall-Ellis, Sylvia D. Texas Library Connection Union Catalog Searching. Sponsored and hosted by Region One
Education Service Center, Edinburg, Tex., November 8, 1996 and September 6, 1996.
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Hall-Ellis, Sylvia D. Grant Resources on the Internet. Sponsored and hosted by Region One Education Service
Center, Edinburg, Tex., October 23, 1996.

Hall-Ellis, Sylvia D. Preparing a Response to the Telecommunications Infrastructure Fund Board: Needs
Assessment, Professional Development Framework, and Evaluation Strategies. Sponsored and hosted by Region
One Education Service Center, Edinburg, Tex., October 16, 1996.

Hall-Ellis, Sylvia D. Texas Library Connection: Building the Districtwide Bibliographic Database. Sponsored and
hosted by Mercedes Independent School District, Mercedes, Tex., September 13, 1996 and August 8, 1996.

Hall-Ellis, Sylvia D. Texas Library Connection: Building the Districtwide Bibliographic Database. Sponsored and
hosted by Los Fresnos Consolidated Independent School District, Los Fresnos, Tex., August 12, 1996.

Hall-Ellis, Sylvia D. School-to-Work and Special Education: An Inclusive Partnership for Success. Sponsored and
hosted by the Office of Special Education, Region One Education Service Center, Edinburg, Tex., September 11,
1996.

Hall-Ellis, Sylvia D. Telecommunications Infrastructure Fund Board: An Overview of Funding for Secondary
Schools. Sponsored and hosted by Region One Education Service Center, Edinburg, Tex., August 31, 1996.

Hall-Ellis, Sylvia D. Cataloging Books, Multimedia, and Realia in USMARC. Sponsored and hosted by Edinburg
Consolidated Independent School District, Edinburg, Tex., August 6, 1996.

Hall-Ellis, Sylvia D. Internet Resources for Grant Writers. Sponsored and hosted by Region One Education Service
Center, Edinburg, Tex., April 20, 1996.

Hall-Ellis, Sylvia D. Enhanced Grant Writing Skills for Mathematics Educators: Writing Skills for Campus Teams.
Sponsored and hosted by the Office of General Education, Region One Education Service Center, Edinburg,
Tex., March 22, 1996.

Hall-Ellis, Sylvia D. Internet Resources for Grant Writers. Sponsored and hosted by the College of Education and
Applied Science, Sam Houston State University, Huntsville, Tex., March 9, 1996.

Hall-Ellis, Sylvia D. Grant Writing for Mathematics Educators: A Development Process for Campus Teams.
Sponsored and hosted by the Office of General Education, Region One Education Service Center, Edinburg,
Tex., March 4, 1996.

Hall-Ellis, Sylvia D. Shaking the Money Tree: Preparing Successful Technology Grant Applications. Sponsored and
hosted by the Office of Technology and Media Services, Region One Education Service Center, Edinburg, Tex.,
February 29, 1996 and April 29, 1996.

Hall-Ellis, Sylvia D. District-wide Technology Planning: Technical Assistance for the Texas Education Agency
Initiative. Sponsored and hosted by the Office of Technology and Media, Region One Education Service Center,
Edinburg, Tex., February 2, 1996.

Hall-Ellis, Sylvia D. Enhanced Grant Writing Skills. Sponsored and hosted by Pharr-San Juan-Alamo Independent
School District, Pharr, Tex., January 27, 1996.

Hall-Ellis, Sylvia D. United States Copyright Act of 1976, Video Transmissions, Computer Software and the
Internet. Sponsored and hosted by the Office of Technology and Media, Region One Education Service Center,
Edinburg, Tex., January 24, 1996.
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Hall-Ellis, Sylvia D. The Grant Writing Development Process. Sponsored and hosted by Pharr-San Juan-Alamo
Independent School District, Pharr, Tex., January 20, 1996.

Hall-Ellis, Sylvia D. MARC Cataloging of Materials for Library Media Centers. Sponsored and hosted by the Office
of Media Services, Region One Education Service Center for the Donna Independent School District, Donna,
Tex., August 17, 1995.

Hall-Ellis, Sylvia D. Classification. Sponsored by AJ Seminars, Rockville, Maryland; presented at University Hilton
Hotel, Houston, Tex., May 10, 1995.
Library Technical Services. Sponsored by AJ Seminars, Rockville, Maryland; presented at
University Hilton Hotel, Houston, Tex., April 26, 1995.

Hall-Ellis, Sylvia D. Grant Writing: An Introduction for Public School Administrators. Sponsored and hosted by the
Office of Administrative Services, Region One Education Service Center, Edinburg, Tex., April 19, 1995.

Hall-Ellis, Sylvia D. The School Library Media Specialist in the 21*' Century: Visions for the Future. Sponsored
and hosted by the United Independent School District, Laredo, Tex., March 31, 1995.

Hall-Ellis, Sylvia D. Using USMARC. Sponsored by AJ Seminars, Rockville, Maryland; presented at University
Hilton Hotel, Houston, Tex., March 29, 1995.

Hall-Ellis, Sylvia D. Library Media Center Policies and Guidelines: How to Prepare for School Board Adoption.
Sponsored and hosted by the Office of Technology and Media Services, La Joya Independent School District, La
Joya, Tex., March 10, 1995.

Hall-Ellis, Sylvia D. Developing District-wide Policies and Guidelines for Library Media Centers. Sponsored and
hosted by the Office of Technology and Media Services, La Joya Independent School District, La Joya, Tex.,
January 10, 1995.

Hall-Ellis, Sylvia D. MARC Cataloging of Audiovisual Materials for Library Media Centers. Sponsored and hosted
by the Office of Library Media and Technology Services, Cypress-Fairbanks Independent School District,
Houston, Tex., December 1, 1994.

Hall-Ellis, Sylvia D. The School Library Media Specialist in the 21*' Century: Visions for the Future.
Sponsored and hosted by United Independent School District, Laredo, Tex., October 14, 1994.

Hall-Ellis, Sylvia D. The School Library Media Specialist in the 21*' Century: Visions for the Future. Sponsored
and hosted by the Laredo Independent School District, Laredo, Tex., October 7, 1994.

Hall-Ellis, Sylvia D. MARC Cataloging for Library Media Centers. Sponsored by the Office of Library Media and
Technology Services, Cypress-Fairbanks Independent School District, Houston, Tex., October 5, 1994.

Hall-Ellis, Sylvia D. Jump to the Head of the Class: Undergraduate Library Resources Available at Sam Houston
State University. Sponsored by the Office of the Associate Vice President for Student Services, Sam Houston
State University, Huntsville, Tex., October 4, 1994.

Hall-Ellis, Sylvia D. CD-ROMs - 1994's Newest and the Best for Secondary Level Media Centers. Sponsored and
hosted by Clear Lake Independent School District, Houston, Tex., June 3, 1994.

Hall-Ellis, Sylvia D. Introduction to Classification. Sponsored by AJ Seminars, Rockville, Maryland; presented at
Holiday Inn, Market Center, Dallas, Tex., May 18, 1994.
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Hall-Ellis, Sylvia D. Basic Descriptive Cataloging. Sponsored by AJ Seminars, Rockville, Maryland; presented at
University Hilton Hotel, Houston, Tex., May 4, 1994.

Hall-Ellis, Sylvia D. Shaking the Money Tree - Part II: Writing Successfil Grant Applications. Sponsored by Donna
Independent School District, Donna, Texas, and Region One Education Service Center Edinburg, Texas;
presented at South Texas Community College Library, McAllen, Tex., April 29, 1994.

Hall-Ellis, Sylvia D. Using MARC. Sponsored by AJ Seminars, Rockville, Maryland; presented at Holiday Inn,
Market Center, Dallas, Tex., April 6, 1994.

Hall-Ellis, Sylvia D. Automated Authority Control. Sponsored by AJ Seminars, Rockville, Maryland; presented at
University Hilton Hotel, Houston, Tex., March 23, 1994.

Hall-Ellis, Sylvia D. Automating the District School Library Media Centers: Choices and Opportunities. Sponsored
and hosted by the Office of Technology and Library Media Services, Fort Bend Independent School District,
Sugar Land, Tex., March 4, 1994.

Hall-Ellis, Sylvia D. Shaking the Money Tree - Part I: Preparing Successful Grant Applications. Sponsored and

hosted by the Office of Library Media Services, Donna Independent School District, Donna, Tex., February 4,
1994.
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GRADUATE COURSES TAUGHT

San José State University, School of Library and Information Science
INFO 249 — Advanced Cataloging and Classification (Fall 2015, 2016; Summer 2016)
INFO 287 — Special Topics in Cataloging and Classification (Spring 2017, 2018, 2019, 2020, 2021, 2022; Fall
2020, 2021, 2022)
LIBR 248 — Beginning Cataloging and Classification (Summer 2002, 2003, 2004, 2005, 2006)
LIBR 249 — Advanced Cataloging and Classification (Summer 2003; Fall 2014; Summer 2015)

University of Denver, Morgridge College of Education

HED 5991 — Grant Writing in Higher Education (Spring 011)

LIS 4010 — Organization of Information (Fall 2002, 2003, 2004, 2005, 2006, 2009; Winter 2005; Spring 2004,
2005, 2006)

LIS 4020 — Professional Principles and Ethics (Summer 2000)

LIS 4040 — Management of Libraries and Information Centers (Fall 2010; Spring 2003, 2009 (DS); Winter 2005)

LIS 4070 — Cataloging and Classification (Winter 2008, 2009, 2010, 2011, 2012; Fall 2009 (DS))

LIS 4321 — Collection Management (Spring 2005)

LIS 4326 — LIS Research (Winter 2009 (DS); Spring 2009 (DS))

LIS 4350 — Adult Materials and Services (Summer 2006, 2009)

LIS 4379 — Social Sciences Resources (Spring 2009)

LIS 4400 — Cataloging and Classification (Spring 2000, 2001; Winter 2002, 2003, 2004, 2005, 2006, 2007,
2008, 2009; Summer 2005, 2006 — course renumbered LIS 4070, September 2007)

LIS 4401 — Descriptive Cataloging (Winter 2001; Spring 2002, 2003, 2006, 2007, 2008, 2009; Summer
2005)

LIS 4402 — Subject Cataloging (Spring 2001, 2009; Summer 2005, 2006, 2007, 2008)

LIS 4403 — Classification Schemes (Fall 2007, 2008, 2009 (DS)

LIS 4405 — Authority Control (Winter 2009)

LIS 4510 — Materials and Services for Children (Winter 2004; Summer 2005)

LIS 4620 — Grant Writing and Fundraising (Summer 2000, 2002, 2004, 2010; Winter 2006; Fall 2006,

2007, 2008, 2009)

LIS 4700 — Seminar in Technical Services (Fall 2001)

LIS 4700 — Seminar in Public Libraries (Summer 2002)

LIS 4804 — Management of Electronic Records (Spring 2004; Fall 2005)

LIS 4902 — Capstone Projects (Winter 2003, Spring 2008, 2009, 2011)

LIS 4910 — Independent Study (every quarter Winter 2000 through Spring 2011)

LIS 4920 — Service Learning (every quarter Summer 2004 through Spring 2011)

Grant Writing Certificate Seminar for Non-Profit Organizations (Fall 2020, 2021; Spring 2021)

RMS 4954 — Grant Writing (Summer 2013, 2014)

RMS 4959 — Content Analysis Methodology (Spring 2015)

QRM 4978 — Grant Writing (Summer 2011, 2012)

Rutgers University, School of Communication and Information
SC&I 522 — Cataloging and Classification (Summer 2013)
University of Arizona, College of Behavioral and Social Sciences
LIS 602 — Cataloging and Classification (Summer 1995)
LIS 612 — Advanced Online Search and Retrieval (Summer 1995)
Sam Houston State University, College of Education & Applied Science
LIS 532 - Cataloging and Classification (Fall 1993, 1994, 1995)
LIS 563 - Advanced Cataloging and Classification (Summer 1994)
LIS 567 - Research Methods (Spring 1994, Spring 1995)
LIS 591 - Educational Technology (Spring 1994, 1995)
LIS 596 - Networking and Computer Technologies in Education (Fall 1993, Summer 1994, Fall 1995)
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Dissertations at the University of Denver

Bowers, Stacey L. Library Anxiety of Law School Students: A Study Utilizing the Multidimensional Library Anxiety
Scale. Chair, May 5, 2010.

Fattor, Melissa M. Student Engagement Differences by Ethnicity and Scale for Ninth Grade Students.
Chair, November 1, 2010.

Fulton, Roseanne. 4 Case Study of Culturally Responsive Teaching in Middle School Mathematics. Kent Seidel,
Chair, June 18, 2009, Outside Chair.

Grealy, Deborah S. Tribes and Territories in Library and Information Studies Education. Bruce Uhrmacher, Chair,
June 10, 2008, Committee Member.

McCord, J. Michael. Developing a Standard of Care for Educational Malpractice. Chair, April 15,2011.

Priebe, Sarah J. Distinguishing Effects of Domain and General Knowledge on Passage Fluency and Comprehension.
Jan Keenan, Chair. July 21, 2011, Outside Chair.

Snyder-Mondragon, Sandra M. Institutional Factors that Impact the Retention of Graduate Students of Color in
Schools of Library and Information Science: A Metaregression of Accredited Library School Statistics on
Student Retention and Graduation Rates. Kathy Green, Chair, July 24, 2009, Committee Member.

Taylor, Karen Pickles. Effective Teaching. Elinor Katz, Chair, July 15, 2009, Outside Chair.

Thompson, Jennifer. Distinguishing a Western Women'’s College: A History of the Curriculum and Student
Experience at Colorado Women’s College. Edith W. King, Chair, July 16, 2010, Committee Member.

Walker, Emelda. Influence of Organizational Factors on Job Satisfaction of Disability Service Providers at
Postsecondary Institutions. Chair, April 29, 2010.

Dissertation Proposals at the University of Denver

Bowers, Stacey L. Library Anxiety of Law School Students: A Study Utilizing the Multidimensional Library Anxiety
Scale. Chair, November 5, 2009.

McCord, J. Michael. Developing a Standard of Care for Educational Malpractice. Edith W. King, Chair. April
23, 2010.

Thompson, Jennifer. History of Colorado Women’s College. Edith W. King, Chair, October 30, 2008. Committee
Member.

Walker, Emelda. Influence of Organizational Factors on Job Satisfaction of Disability Service Providers at
Postsecondary Institutions. Chair, July 21, 2009.

Dissertations at Other Institutions
Rodriguez-Mori, Howard. The Information Behavior of Puerto Rican Immigrants to Central Florida, 2003-2009:
Grounded Analysis of Six Case Studies Use of Social Networks during the Migration Process. Kathleen

Burnett, Chair, April 10, 2009, Florida State University, Committee Member.

Schwartz, Brian More than a Look-up Skill: Medical Information Literacy Education in Osteopathic Medical Schools.
D. Mirah Dow, Chair, July 18, 2017. Emporia State University, Committee Member.
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Snow, Karen. 4 Study of the Perception of Cataloging Quality among Catalogers. Shawne D. Miksa, Chair, August
1, 2011. University of North Texas, Committee Member.

Dissertation Proposals at Other Institutions

Schwartz, Brian More than a Look-up Skill: Medical Information Literacy Education in Osteopathic Medical
Schools. D. Mirah Dow, Chair, December 4, 2015. Emporia State University, Committee Member.

Snow, Karen. 4 Study of the Perception of Cataloging Quality among Catalogers. Shawne D. Miksa, Chair, May
11, 2010. University of North Texas, Committee Member.

Master’s Thesis at the University of Denver
Hemingson, Jeff. Recital Paper. Lamont School of Music, February 2010, Outside Chair.
Capstones at the University of Denver

Anthony, Alisa. Correlation of Library and Information Science Program outcomes and Vacant Position
Qualifications Listed on the Colorado State Library Jobline by Employers During the Period September 1,
2000 through August 31, 2002. Chair, Winter Quarter, 2003.

Borden, Donna M. Improving Emergency Communications Systems: Is a Radio Communications Network the
Answer? Fall Quarter, 2014.

Bowden, Heather L.M. Exploring Biological Models for Long-term Data Preservation. Chair, Spring Quarter, 2008.

Casenada, Cassandra Y. Challenges to the Recruitment, Education, and Retention of Librarians of Color. Chair,
Spring Quarter, 2008.

Chang, Jennifer C. Legal Research Practice and Preference: A Law Firm Perspective. Chair, Spring Quarter 2011.

Ellis, Megan S. Fitzgerald. Design of a Public Library Adult Volunteer Recruitment Program and Training
Curriculum. Chair, Winter Quarter, 2003.

Kircher, Kathy. Development of a Library Pathfinder for Exobiology and Posting it on the Internet. Chair, Winter
Quarter, 2003.

Melhado, Loretta. Design of St. John'’s Episcopal Church Library. Chair, Spring Quarter, 2008.

Radcliff, Kathy. Original Cataloging of Archival materials in the HERS Collection in Penrose Library. Chair,
Winter Quarter, 2003.

Sass, Carol Ann. ACT Periodical Index: Access to Catholic Thinking Periodical Index: Web Index to Select Catholic
Periodicals. Spring Quarter 2000.

Stone, Sergio D. Conducting Community Analysis for the Bemis Public Library (Littleton, Colorado) Using 2002
U.S. Census Data and the Online Outcome-Based Evaluation Toolkit. Chair, Winter Quarter, 2003.

Tureson, Tamara. Design and Use of an Information Audit Tool for Use in a Law Library. Chair, Winter Quarter,
2003.

Tweed, Beth. Evaluation of Email Reference Service in a Consumer Health Library Environment. Chair, Winter
Quarter, 2003.
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GRANTS AND CONTRACTS

Student Learning in Agriculture STEM through Teacher Professional Development. Research team: Stanton Gartin
(PI) and Cyndi Hofmeister, Northeast Junior College; Jeff Cash, Cheryl Sanchez, Anne-Marie Crampton, Lamar
Community College; Suzanna Spears, Morgan Community College; Jack Wiley, Kerry Gabrielson, Trinidad
State Junior College; Michael J. Miller, Colorado State University; Michael Womochil (Co-PI), Casey Sacks,
and Sylvia D. Hall-Ellis, Colorado Community College System. U.S. Department of Agriculture, Agriculture
and Food Research Initiative, Food, Agriculture, Natural Resources and Human Sciences Education and Literacy
Initiative, $404,460 (2017-2020)

Leading and Achieving: the Colorado Agriculture Regional Consortium. Research team: Jack Wiley (PI), Kerry
Gabrielson, Trinidad State Junior College; Jeff Cash (PI), Cheryl Sanchez, Anne-Marie Crampton, Lamar
Community College; Suzanna Spears, Morgan Community College; Cyndi Hofmeister, Northeast Junior
College; Michael Womochil (Co-PI), Casey Sacks, and Sylvia D. Hall-Ellis, Colorado Community College
System. U.S. Department of Agriculture, Hispanic Serving Institutions Education Grants Program, $504,414
(2017-2020)

Cyber Prep Program Planning Grant. Research team: Debbie Sagen (PI), Brenda Lauer, Pikes Peak Community
College; Gretchen Martin, Koiosa Insights; and, Sylvia D. Hall-Ellis, Colorado Community College System.
U.S. Department of Commerce, Regional Alliances and Multi-stakeholder Partnerships to Stimulate (RAMPS)
Cybersecurity Education and Workforce Development, $199,681 (2016-2018)

Career and Technical Education in Colorado: Pathways to Education and Employment. Research team: Heather
McKay (PI), Rutgers University; Sarah Heath, Casey Sacks, Sylvia D. Hall-Ellis, Colorado Community College
System. U.S. Department of Education, Institute of Education Sciences, $1,400,000 (2017-2021)

Pre-Alliance Planning Grant Colorado Community College Alliance. Research team: Victor Vialpondo (PI) and
Janel Highfill, Community College of Aurora; Heidi Loshbaugh (Co-PI), Community College of Denver; Rick
Reeves, Bill McGreevy, Liz Cox, and Kristin Aslin, Red Rocks Community College; Cathy Pellish, Front
Range Community College; Samuel DeVries, Arapahoe Community College; Sylvia D. Hall-Ellis, Colorado
Community College System. National Science Foundation, Louis Stokes Alliance for Minority Participation
(LSAMP), $86,817 (2016-2017)

Towards Scalable Differentiated Instruction Using Technology-enabled, Competency-based, Dynamic Scaffolding.
Research team: Karen Wilcox (PI) and Vijay Kumar, Center for Computational Engineering, Massachusetts
Institute of Technology; Flora McMartin, Broad-based Knowledge; Quinsigamond Community College; and,
Casey Sacks, and Sylvia D. Hall-Ellis, Colorado Community College System. U.S. Department of Education,
First in the World Developmental Grant, $2,891,882 (2015-2019)

Colorado Strategic Partnerships Emergency Grant. Research team: Elise Lowe-Vaughn (PI), Amy Hodson, Celia
Hardin, Barbara McBride, James Newby, Christopher Dewhurst, Nina Holland, Kate Anderson, MaryAnn Roe,
Chrystalynn Chrystalynn, Elaine Edon, Mona Barnes, Tom Morgan, Rob Hanni, and Marie Valenzuela,
Colorado Department of Labor and Employment; Steve Anton, Joelle Brouner, and, Katie Griego, Colorado
Department of Human Services; Rebecca Holmes, Judith Martinez, and Jennifer Jirous, Colorado Department of
Education; Emily Templin Lesh, Colorado Workforce Development Council; Cory Everett, Colorado
Department of Regulatory Agencies; and, Casey Sacks and Sylvia D. Hall-Ellis, Colorado Community College
System. U.S. Department of Labor, Strategic Partnerships Emergency Grant, $5,000,000 (2015-2017)

CAEL Jump Start Program: Competency-Based Education. Research team: Jerry Migler (PI), Casey Sacks, Debra
Cohn, Thomas Hartman, and Sylvia D. Hall-Ellis, Colorado Community College System; Matt Jamison,
Front Range Community College; Mike Coste, Red Rocks Community College; Amanda Corum, Pueblo
Community College; Janet Colvin, Pikes Peak Community College; and, MaryAnn Matheny, Community
College of Denver. Council for Adult and Experiential Learning, $15,000 (2015)
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Summit on the Redesign of Developmental Education. Research team: Jerry Migler (PI), Casey Sacks, and Sylvia D.
Hall-Ellis, Colorado Community College System; Chip Nava, Pueblo Community College; Kim Moultney,
Arapahoe Community College; Debbie Ulibarri, Trinidad State Junior College; and, Kris Bernard, Front Range
Community College. American Association of Community Colleges, $15,000 (2015-2016)

Equity in Excellence at Colorado Community Colleges. Research team: Keith Howard (PI) and Sylvia D. Hall-Ellis,
Colorado Community College System; Estela Mata Bensimon, Center for Urban Education, University of
Southern California; and Kerry Gabrielson, Trinidad State Junior College. Colorado Department of Higher
Education, Colorado Opportunity Scholarship Program, $150,000 (2015-2016)

MBA High School of Business in Colorado. Research team: Laurie Urich (PI) and Sylvia D. Hall-Ellis, Colorado
Community College System; Rudolph Sumpter and Beatrice Gerrish, Boulder Valley Schools; Keith Curry
Lance, RSL Research Group. Colorado Department of Higher Education, Colorado Opportunity Scholarship
Program, $501,295 (2015-2016)

Fullbridge Program in Colorado. Research team: Keith Howard (PI) and Sylvia D. Hall-Ellis, Colorado Community
College System; Suzanna Spears, Fort Morgan Community College; and, Cheryl Sanchez and Anne-Marie
Compton, Lamar Community College. Colorado Department of Higher Education, Colorado Opportunity
Scholarship Program, $300,000 (2015-2017)

Colorado Community College System Alternative Credit Program. Research team: Jerry Migler (PI), Keith Howard,
and Sylvia D. Hall-Ellis, Colorado Community College System. American Council on Education, $13,000 (2015)

Internationalization in Higher Education. Researcher: Samuel D. Museus. Technical reviewer for MCE: Sylvia D.
Hall-Ellis. University of Denver, Office of Internationalization, $8,000 (2014-2015)

International Perspectives on Bilingual Education. Researcher: Sharolyn Pollard-Durodola. Technical reviewer for
MCE: Sylvia D. Hall-Ellis. University of Denver, Office of Internationalization, $3,700 (2014-2015)

Cultivating Culturally Relevant and Responsive Curriculum and Pedagogy in College. Researcher: Samuel Museus.
Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, iRise Grant, $5,000 (2014-2015)

Project EMERGE (Educational Model for Evaluation and Replicability in Gifted Environments). Research team:
Norma Hafenstein (PI) and Bruce Uhrmacher. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Lynde and
Harry Bradley Foundation, $235,000 (2014-2015)

Collecting Asian American Refugee Stories. Researcher: Samuel Museus. Technical reviewer for MCE: Sylvia D.
Hall-Ellis. American Educational Research Association, Research Grant, $5,000 (2014-2015)

Developing Expertise in Teaching K-5 Mathematics. Research team: Julie Sarama (PI) and Douglas H. Clements
(Co-PI), in partnership with the School of Education at the University of Michigan. Technical reviewer for
MCE: Sylvia D. Hall-Ellis. National Science Foundation, $130,344 (2013-2015)

Investigation of the Long-Term Outcomes for Special Education Students. Researcher: Antonio Olmos-Gallos.
Technical reviewer for MCE: Sylvia D. Hall-Ellis. Jefferson County School District, Office of Assessment,
$40,000 (2014)

Refiigee Community Collaboration. Researcher: Vicki Tomlin (PI) in partnership with the African Community
Center and Jewish Family Service. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver,
Center for Community Engagement and Service Learning, $14,854 (2014-2015)
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Access to Mathematics for All. Research team: Richard S. Kitchen (PI), Nicole M. Russell (Co-PI), and Terrence
Blackman (Co-PI), Curriculum Studies and Teaching Program, Morgridge College of Education; Alvaro Arias
(Co-PI, Department of Mathematics); and, James Gray (Co-PI), Department of Mathematics, Community
College of Aurora. Technical reviewer for MCE: Sylvia D. Hall-Ellis. National Science Foundation, The Robert
Noyce Scholarship Program, Capacity Building Project, $349,926 (2014-2016)

Cognitive Test Battery for Intellectual Disabilities. Research team: Karen Riley (PI), Lyndsay Agans, Jessica
Lerner, and Karin Dittrick-Nathan in partnership with David Hessl (PI), The MIND Institute at the University of
California — Davis, and Elizabeth Berry-Kravis, Rush University Medical Center. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. National Institutes of Health, Outcome Measures for Use in Treatment Trials for
Individuals with Intellectual and Developmental Disabilities (R01), $2,499,996 ($588,672 at DU) (2014- 2019)

Broadening Participation in Engineering among Women and Latino/as: A Longitudinal, Multi-Site Study.
Researcher: Patton Garriott (PI) in partnership with the University of North Dakota and the University of
Missouri. Technical reviewer for MCE: Sylvia D. Hall-Ellis. National Science Foundation, HER Core Research,
$677,390 ($69,992 at DU) (2014-2019)

Designing a Teacher Evaluation System to Improve Teacher Effectiveness for Culturally and
Linguistically Diverse Learners. Research team: Maria del Carmen Salazar (PI), Jessica Lerner, and Kathy

Green. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Professional Research
Opportunities for Faculty, $29,988 (2014-2016)

Developing a College-Going Culture in Latina/O Families: Exploring the Influence of Funds of
Knowledge on Family Outreach Programs. Researcher: Judy Marquez Kiyama. Technical reviewer for

MCE: Sylvia D. Hall-Ellis. University of Denver, Professional Research Opportunities for Faculty, $18,720
(2014-2016)

Assessment of Quality of Life in Neutral Implantation Surgery for the Treatment of Parkinson's Disease. Researcher:
Cynthia McRae. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Office of
Internationalization, $3,967 (2014-2015)

Pura Vida: Cloud Forest, Curriculum and Cross-Cultural Study. Research team: Norma Hafenstein (PI) and Bruce
Uhrmacher (Co-PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Office of
Internationalization, $8,000 (2014-2015)

Online Course Development for Curriculum and Instruction. Researcher: Ruth Chao. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. University of Denver, Office of Teaching and Learning, $3,000 (2014)

Online Course Development for Curriculum and Instruction. Researcher: Maria del Carmen Salazar. Technical
reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Office of Teaching and Learning, $3,000 (2014)

Online Course Development for Curriculum and Instruction. Researcher: Jessica Lerner. Technical reviewer for
MCE: Sylvia D. Hall-Ellis. University of Denver, Office of Teaching and Learning, $3,000 (2014)

Online Course Development for Curriculum and Instruction. Researcher: Duan Zhang. Technical reviewer for
MCE: Sylvia D. Hall-Ellis. University of Denver, Office of Teaching and Learning, $3,000 (2014)

The Mathematics Education of African Americans, 1866 — 1954. Researcher: Nicole M. Russell. Technical reviewer
for MCE: Sylvia D. Hall-Ellis. National Academy of Education, Spencer Foundation Postdoctoral Fellowship,
$55,000 (2014-2016)
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Early Childhood Care and Education Study. Research team: Carrie Germeroth (PI), Melissa Mincic, and Douglas H.
Clements. Technical reviewer for MCE: Sylvia D. Hall-Ellis. State of North Dakota, Department of Public
Instruction, $73,500 (2013-2014)

Graduate Level Specialty in Addiction Counselor Training with Emphasis on Integration of Native American
Specific Content. Research team: Ruth Chao (PI) and Michael J. Faragher (Co-PI). Technical reviewer for MCE:
Sylvia D. Hall-Ellis. The Galena Foundation, $289,732 (2013-2016)

The Collecting Asian American and Pacific Islander Refugee Stories (CARS) Project. Researcher: Samuel Museus.
Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Center for Community Engagement
and Service Learning, $15,000 (2014)

Parents in Transition: A Multiple Case Study of Parent and Family Orientation Programs. Researcher: Judy
Marquéz Kiyama. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Faculty Research
Fund, $1,500 (2014-2015)

The Sistah Network: Black Women Graduate Students Supporting and Retaining Each Other. Researcher; Nicole M.
Russell. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Faculty Research Fund,
$2,708 (2014-2015)

Evaluation of the Northeast Denver Babies Ready for College Program. Research team: Carrie Germeroth (PI),
Melissa Mincic, and Douglas H. Clements. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Mile High
Montessori, $9,922 (2013-2014)

Developing Teaching Expertise in K-5 Mathematics. Research team: Julie Sarama (PI) and Douglas Clements
(University of Denver), in partnership with Timothy Boerst (PI), Meghan Shaughnessy, Deborah Ball, Hyman
Bass (School of Education at the University of Michigan). Technical reviewer for MCE: Sylvia D. Hall-Ellis.
National Science Foundation, $449,827 ($130,344 at the University of Denver (2013-2015)

Early Learning Care and Education Study Program Grant for the State of North Dakota. Research team: Carrie
Germeroth (PI), Melissa Mincic, and Sheridan Green. Technical reviewer for MCE: Sylvia D. Hall-Ellis. State
of North Dakota Department of Public Instruction, $73,500 (2013-2014)

Local Professional Learning Community for School Leaders. Research team: Susan Korach (PI), Kristina Hesbol,
and Rebecca McClure. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Education Development Center,
$10,950 (2013)

Healthy Eaters, Lifelong Movers 2: Implementing Evidence-Based School Environment, Policy, and Curricular
Changes to Increase Opportunities for Healthy Eating and Physical Activity in Low Income, Rural Colorado.
Research team: Elaine Berlansky, University of Colorado at Denver (PI), Nicholas Cutforth, University of
Denver (Co-PI), and Allison Reeds. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Health
Foundation, $3,103,108 (2013-2017)

Hughes Rare Books Library Room Renovation in the Sturm College of Law. Project team: Patti H. Marks, Sylvia D.
Hall-Ellis, and Leigh Elliott. Mabel T. Hughes Charitable Trust, $34,000 (2013-2014)

The Promise Center Partnership with the Marsico Institute for Early Learning and Literacy and the City and
County of Denver. Research team: Karen Riley (PI), Douglas H. Clements (Co-PI), and Sheridan Green.
Technical reviewer for MCE: Sylvia D. Hall-Ellis. The Piton Foundation, $223,468 (2013-2014)

Center of Excellence for Problem Gambling. Research team: Ruth Chao (PI) and J. Mike Faragher. Technical
reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Department of Behavioral Health, $68,021 (2012-2013)
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United Way Implementation and Validation Review. Research team: Douglas H. Clements (PI), Amanda Moreno,
and Sheridan Green. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Mile High United Way, $19,737 (2013)

Math/Science Partnership in Rural Districts. Research team: Kristen Bunn (PI, Eagle County Schools), Paul
Michalec (Co-PI), and Alegra Reiber. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Department
of Education, Colorado’s Mathematics and Science Partnership Program, $750,000 (2013-2014)

Mathematics and Science Education of African Americans. Research team: Nicole Russell (PI), Sylvia D. Hall-Ellis,
Steve Fisher (Penrose Library). Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver,
Professional Research Opportunities for Faculty, $29,994 (2013-2015)

Online Course Development for Curriculum and Instruction. Researcher: Nicole Russell. Technical reviewer for
MCE: Sylvia D. Hall-Ellis. University of Denver, Office of Teaching and Learning, $3,000 (2013)

Discourse and Opportunity: Undocumented Students and Higher Education Policy. Researcher: Ryan Gildersleeve.
Technical reviewer for MCE: Sylvia D. Hall-Ellis. National Academy of Education, Spencer Foundation
Postdoctoral Fellowship, $55,000 (2012-2014)

An Anthropological Study of the Latino Graduation Ceremony. Researcher: Ryan Gildersleeve. Technical reviewer
for MCE: Sylvia D. Hall-Ellis. Spencer Foundation, $39,900 (2012-2013)

Fragile-X and Pharmaceutical Company: Clinical Trial of AFQ056. University of California — Davis Children’s
Hospital MIND Institute (Sacramento), Children’s Hospital Denver, and Rush Children’s Hospital at Rush
University Medical Center (Chicago). Karen Riley, P1. Technical reviewer for MCE: Sylvia D. Hall-Ellis.
Novartis Pharmaceuticals Corporation, $394,206 (2012-2014)

Project Engage, Phase 2, a DAPRA Grant in partnership with Total Immersion Systems, Inc., and Texas A&M
University. Research team: Karen Riley (PI) and Lyndsay Agans (Co-PI). Technical reviewer for MCE: Sylvia
D. Hall-Ellis. U.S. Department of Defense, $60,000 (2011-2013)

International School Psychology Practicum Exchange. Researcher: Gloria L. Miller. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. University of Denver, Center for Community Engagement and Service Learning, $14,951
(2012-2013)

Online Course Development for Curriculum and Instruction. Research team: Bruce Uhrmacher (PI) and Norma
Hafenstein (Co-PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Office of Teaching
and Learning, $18,193 (2012-2014)

Writers in the Schools. Research team: Karen Riley (PI) and Amanda Moreno (Co-PI).Technical reviewer for MCE:
Sylvia D. Hall-Ellis. Colorado Humanities, $4,965 (2012-2013)

Learning Ecosystem Validation Grant. Research team: Karen Riley (PI), Lyndsay Agans, Kent Seidel, and Shimelis
Assefa. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Bill & Melinda Gates Foundation, $315,000 (2012-
2013)

Project Words of Oral Reading and Language Development (WORLD). Research team: Jorge E. Gonzalez (PI),
Texas A&M University; Laura Saenz (Co-PI), University of Texas — Pan American; and, Sharolyn Pollard-
Durodola (Co-PI), University of Denver. Technical reviewer for MCE: Sylvia D. Hall-Ellis. U.S. Department of
Education, Institute of Education Sciences, $53,354 (2012-2015); award $640,718, transfer from Texas A&M
University
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Increasing the Efficacy of an Early Mathematics Curriculum with Scaffolding Designed to Promote Self-Regulation.
Research team: Douglas H. Clements (PI) and Julie Sarama (Co-PI). Technical reviewer for MCE: Sylvia D.
Hall-Ellis. U.S. Department of Education, Institute of Education Sciences, $1,445,315 (2008-2014); award
$4,541,975, transfer from University at Buffalo, The State University of New York

Using Rule Space and Poset-based Adaptive Testing Methodologies to Identify Ability Patterns in Early
Mathematics and Create a Comprehensive Mathematics Ability Test. Research team: Douglas H. Clements (PI)
and Julie Sarama (Co-PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis. National Science Foundation,
$323,791 (2010-2014); award $1,194,944, transfer from University at Buffalo, The State University of New
York

Comprehensive Postdoctoral Training in Scientific Education Research. Researcher: Julie Sarama (PI). Technical
reviewer for MCE: Sylvia D. Hall-Ellis. U.S. Department of Education, Institute of Education Sciences,
$133,458 (2010-2014); award $613,353, transfer from University at Buffalo, The State University of New York

Longitudinal Study of a Successful Scaling Up Project: Extending TRIAD. Research team: Douglas H. Clements
(PD), Julie Sarama (Co-PI), and Abt Associates (Carolyn Layzer, Fatih Unlu, Laurie Bozzi, Lily Fesler, Alina
Martinez, Cristofer Price, James van Orden). Technical reviewer for MCE: Sylvia D. Hall-Ellis. Institute of
Education Sciences, $384,940 (2011-2015; award $1,250,286, transfer from University at Buffalo, The State
University of New York

Early Childhood Education in the Context of Mathematics, Science, and Literacy. Research team: Julie Sarama (PI),
Douglas H. Clements (Co-PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis. National Science Foundation,
$990,020 (2010-2014; award $2,285,228, transfer from University at Buffalo, The State University of New York

Early Childhood Clearinghouse Information Center Redesign. Research team: Karen Riley (PI) and Amanda
Moreno (Co-PI).Technical reviewer for MCE: Sylvia D. Hall-Ellis. Office of the Lt. Governor of Colorado,
$12,000 (2012-2013)

Morgridge Rural Educational Leadership Initiative. Research team: Lyndsay Agans (PI), Linda Brookhart (Co-PI),
Susan Korach, and Rebecca McClure. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Morgridge Family
Foundation, $100,000 (2012-2014)

Center of Excellence for Problem Gambling. Research team: Patrick Sherry (PI) and J. Mike Faragher. Technical
reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Department of Behavioral Health, $55,000 (2012-2013)

Intermodal Transportation Institute Research Initiatives. Researcher: Patrick Sherry. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. University Transportation Centers Program, Research and Innovative Technology
Administration, U.S. Department of Transportation. $600,000 (2012-2014)

Mile High United Way Social Innovation Fund Early Literacy Initiative. Gloria L. Miller, PI, Amanda Moreano,
Kim Hartnett-Edwards, and Sheridan Green. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Mile High
United Way, $89,992 (2012-2013)

International School Psychology Practicum Exchange. Researcher: Gloria L. Miller. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. University of Denver, Center for Community Engagement and Service Learning, $1,000
(2012-2013)

Refugee Student Art Outreach. Researcher: Karin Dittrick-Nathan. Technical reviewer for MCE: Sylvia D. Hall-
Ellis. University of Denver, Faculty Research Fund, $3,000 (2012-2013)
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Resistance, Resilience, and Reciprocity: Centering the Voices of Black Doctoral Women with Faculty Aspirations.
Researcher: Nicole M. Russell. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Faculty
Research Fund, $2,965 (2012-2013)

Assessing Learning through Student Notebooks. Research team: Keith Miller, Nancy Sasaki, and Kathy Green.
Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Professional Research Opportunities
for Faculty, $30,000 (2012-2014)

International School Psychology Practicum Exchange. Researcher: Gloria L. Miller. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. University of Denver, Office of Internationalization, $2,000 (2012-2013)

ELO in Colorado. Research team: Cynthia Hazel and Duan Zhang. Technical reviewer for MCE: Sylvia D. Hall-
Ellis. Colorado Legacy Foundation, $150,000 (2012-2013)

Creating Online LIS Courses. Research team: Mary C. Stansbury (PI), Shimelis Assefa, Denise Anthony, Xiao Hu,
and Krystyna Matusiak. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Center for
Teaching and Learning, $15,000 (2011-2013)

Maritime Piracy Seminar. Researcher: Ved Nanda, The Nanda Center, Sturm College of Law. Technical reviewer
for Sturm College of Law: Sylvia D. Hall-Ellis. Arsenault Family Foundation, $15,000 (2012-2013).

Early Childhood Librarianship: An Interdisciplinary, Experiential Learning MLIS. Researcher: Mary C. Stansbury
(PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis. Laura Bush’s 21st Century Librarians Program, Institute
for Museums and Library Services, $249,066 (2012-2014)

Learning Ecosystem Planning Grant. Research team: Karen Riley (PI), Lyndsay Agans, Kent Seidel, and Shimelis
Assefa. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Bill & Melinda Gates Foundation, $281,217 (2011-
2012)

Advanced Service Learning Practitioner Faculty Grant, Sylvia D. Hall-Ellis, University of Denver, Center for
Community Engagement and Service Learning, $400 (2011)

Evaluating and Enhancing the EspeciallyMe Program. Research team: Lori D. Patton and Nicole Russell. Technical
reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Center for Community Engagement and Service
Learning, Public Good Fellowship Grant, $24,780 (2012)

Choosing Excellence: Let Every Child Bloom. Research team: Shimelis Assefa (PI) and Mary C. Stansbury (Co-PI).
Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Center for Community Engagement
and Service Learning, Public Good Grant, $7,657 (2012)

K-8 STEM Content Specific Professional Development to Improve Elementary Student Achievement. Research team:
Kent Seidel (PI), Nicole Russell (Co-PI), Kimberly Hartnett-Edwards, Paul Michalec, Jeff Farmer, Keith Miller,
Alegra Reiber, and Nancy Sasaki. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Department of
Education, Improving Teacher Quality Grant, (Title Il ESEA), $307,299 (2011-2012)

Building a Better Principal Pipeline to Boost Student Achievement. Researcher: Susan Korach. Technical reviewer
for MCE: Sylvia D. Hall-Ellis. Denver Public Schools; a subcontract from the Wallace Foundation Grant,
$170,000 (2011-2017)

Center of Excellence for Problem Gambling. Research team: J. Mike Faragher (Co-PI) and Bobbie Vollmer (PI).

Technical reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Department of Behavioral Health, $79,999 (2011-
2012)
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An Exploration of Novice Teachers' Core Competencies: Impacts on Student Achievement, and Effectiveness of
Preparation. Research team: Kent Seidel (PI), Kathy Green (Co-PI), Kimberly Hartnett-Edwards, and Duan
Zhang. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Institute of Education Sciences, Effective Teachers
and Effective Teaching, $990,987 (2012-2015)

Project Engage, a DAPRA Grant in partnership with Total Immersion Systems, Inc., and Texas A&M University.
Research team: Karen Riley (PI) and Lyndsay Agans (Co-PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis.
U.S. Department of Defense, $49,964 (2011-2014)

User-centered Evaluation of Music Search Engines. Researcher: Xiao Hu. Technical reviewer for MCE: Sylvia D.
Hall-Ellis. University of Denver, Faculty Research Fund, $2,931 (2011-2012)

Educational Practicum in Vietnam and China to Promote the Inclusion of Young Children with Disabilities.
Researcher: Gloria L. Miller. Technical reviewer for MCE: Sylvia D. Hall-Ellis. University of Denver, Office of
Internationalization, $5,000 (2011-2012)

Evaluation of Colorado’s Enhancing Quality in Infant-Toddler (EQIT) Initiative. Research team: Virginia R.
Maloney and Amanda Moreno. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Buell Foundation, $395,884
(2011-2013)

Creating Engaging Environments to Teach Pre-Algebra Mathematics to Elementary Students. Research team:
Alvaro Arias, Mario Lopez, Maria del Carmen Salazar, and Lyndsay Agans. Technical reviewer for MCE:
Sylvia D. Hall-Ellis. University of Denver Interdisciplinary Grant, $60,000 (2011-2012)

Morgridge Education Technology Accessible (META) Resource Project. Research team: Lyndsay Agans (PI) and
Shimelis Assefa (Co-PI). Technical reviewer for MCE: Sylvia D. Hall-Ellis. Morgridge Family Foundation,
$36,000 (2011)

MCE Connect: A 21*" Century Framework for Faculty Development. Research team: Bruce Uhrmacher (PI),
Shimelis Assefa (Co-PI), Lyndsay Agans (Co-PI), Kimberly Hartnett-Edwards, Norma Hafenstein, Xiao Hu,
Paul Michalec (Co-PI), Maria del Carmen Salazar (Co-PI), and Sandra Snyder-Mondragon. Technical reviewer
for MCE: Sylvia D. Hall-Ellis. University of Denver, Center for Teaching and Learning, $22,355 (2011-2012)

Parent Education and Parent Leadership and Advocacy. Research team: Virginia Maloney (PI) and Amanda
Moreno, Marsico Institute for Early Learning and Literacy. Technical reviewer for MCE: Sylvia D. Hall-Ellis.
Colorado Health Foundation, $27,358 (2010-2011)

Intentional School Culture. Researcher: Cynthia Hazel. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Denver
Public Schools, $38,040 (2010-2011)

Healthy Eaters, Lifelong Movers: Implementing Evidence-Based School Environment, Policy, and Curricular
Changes to Increase Opportunities for Healthy Eating and Physical Activity in Low Income, Rural Colorado.
Research team: Elaine Berlansky, University of Colorado at Denver (PI), Nicholas Cutforth, University of
Denver (Co-PI), and Allison Reeds. Technical reviewer for MCE: Sylvia D. Hall-Ellis. Colorado Health
Foundation, $1,683,277 (2011-2014)

Second Life Learning Community. Research team: Don McCubbrey (PI), Sylvia D. Hall-Ellis (Co-PI), Walter
LaMendola, and Paul Novak. University of Denver, Center for Teaching and Learning, $13,000 (2010-2011)
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Reintroducing the Value of Law Librarians to Academic and Public Librarians in Colorado through the
Identification and Use of Emerging Technologies. Research team: Sylvia D. Hall-Ellis (Co-PI), Stacey L.
Bowers (PI), and Christopher Hudson, in partnership with Denver Public Library, Arapahoe Library District, and
the Colorado State Supreme Court Library. University of Denver, Center for Community Engagement and
Service Learning, $5,773 (2010-11)

Reintroducing the Value of Law Librarians to Public Librarians through the Identification and Use of Emerging
Technologies and Resources. Research team: Stacey Bowers (PI) and Sylvia D. Hall-Ellis (Co-PI). American
Association of Libraries, Wolters Kluwer Law & Business Grant Program, $2,725 (2010-2011)

Faculty Service Learning Pod. Research team: Maria del Carmen Salazar and Nicholas Cutforth (Curriculum and
Instruction Program), Frank Tuitt (Higher Education Program), Cynthia Hazel and Gloria Miller (Child, Family,
and School Psychology Program), and Sylvia D. Hall-Ellis (Library and Information Science Program).
University of Denver, Center for Community Engagement and Service Learning, $8,000 (2010-2011)

Lincoln Collaborative. Research team: Antonio Esquibel (Principal, Lincoln High School), Maria del Carmen
Salazar (Curriculum and Instruction Program), and. Sylvia D. Hall-Ellis. School Improvement Grant, Denver
Public Schools, $375,000 (2010-2012)

Future LEADers of America: Leaders III. Research team: Denver Public Library (Kristen Svendson, PI), the
University of Denver (Sylvia D. Hall-Ellis), the Colorado Chapter of REFORMA (Orlando Archibeque), and the
Colorado Association of Libraries (Martin Garnar). Laura Bush’s Recruiting Librarians for the 21% Century
Program, Institute for Museums and Library Services, $988,366 (2009-2012)

Teaching for Success in the Library Environment: LIS 4030 in Library 2.0. Research team: Deborah S. Grealy (PI)
and Sylvia D. Hall-Ellis (Co-PI). University of Denver, Center for Teaching and Learning, $ 9,350 (2009-10)

Writing Group Faculty Grant, Sylvia D. Hall-Ellis, University of Denver, Center for Community Engagement and
Service Learning, $750 (2008-2009)

Collaborative Learning Faculty Grant, Sylvia D. Hall-Ellis, University of Denver, Center for Teaching and
Learning, $1,500 (2008)

Connecting Information Literacy to Learning. Research team: Lori Micho, Merrie Valliant, Amanda Samland, and
Sylvia D. Hall-Ellis. Colorado State Library, LSTA Discretionary Grant Program, $19,548 (2008-2009)

Law Librarianship Fellows Program. Research team: Sylvia D. Hall-Ellis (PI), Stacey Bowers (Co-PI), and
Christopher Hudson, Westminster Law Library. Laura Bush’s 21 Century Librarians Program, Institute for
Museums and Library Services, $999,370 (2008-2012)

Grant Writing in a Cooperative Learning Environment. Sylvia D. Hall-Ellis. University of Denver, Center for
Teaching and Learning, $2,000 (2008-2009)

Project Homeless Connect 6 Event Evaluation. Research team: Sylvia D. Hall-Ellis and Duan Zhang. University of
Denver Center for Community Engagement and Service Learning, $9,785 (2008)

Project Ecuador: International Learning Service Libraries — A Faculty Development Experience in Ecuador. Sylvia
D. Hall-Ellis, Office of Internationalization, University of Denver, $600 (2007)

Project Ecuador: International Learning Service Libraries — A Faculty Development Experience in Ecuador. Sylvia
D. Hall-Ellis, International Service Learning Office, University of Denver, $400 (2007)
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Project Homeless Connect 5 Event Evaluation. Research team: Sylvia D. Hall-Ellis and Duan Zhang. University of
Denver Center for Community Engagement and Service Learning, $1,000 (2007)

Project Homeless Connect 4 Event Evaluation. Research team: Sylvia D. Hall-Ellis and Duan Zhang. University of
Denver Center for Community Engagement and Service Learning, $4,595 (2007)

Future LEADers of America: Leaders II. Research team: Denver Public Library (Kristen Svendson, PI), the
University of Denver (Sylvia D. Hall-Ellis), and the Colorado Chapter of REFORMA (Orlando Archibeque).
Laura Bush’s Recruiting Librarians for the 21% Century Program, Institute for Museums and Library Services,
$988,518 (2007-2010)

Strategic Planning Assistance for the Denver Medical Library. Sylvia D. Hall-Ellis. Denver Medical Library, Inc.,
$30,000 (2006-2007)

Destiny Software for JMAC Student Lab. Sylvia D. Hall-Ellis, gift from the Sagebrush Corporation, Minneapolis,
Minnesota, $10,000 (2006)

Libraries: Tools for Education and Development Worldwide: A Faculty Development Experience in France. Sylvia
D. Hall-Ellis, Office of Internationalization, University of Denver, $800 (2005)

Denver Public Library: Opportunities for Change. Sylvia D. Hall-Ellis, Colorado Community Based Research
Network, $2,000 (2005)

Future LEADers of America. Research team: Denver Public Library (Letty Icolari and Steve Taylor, PIs), Emporia
State University (Jim Agee), and the University of Denver (Sylvia D. Hall-Ellis). Recruiting Librarians for the
21% Century Program, Institute for Museums and Library Services, $670,315 (2005-2008)

American Association of University Professors Summer Institute Professional Development Grant. Sylvia D. Hall-
Ellis, American Association of University Professors, $300 (2005)

Beta Phi Mu Alumni Tea. Sylvia D. Hall-Ellis, gift from the Office of Alumni and Parent and Relations, University
of Denver, $2,000 (2005)

Spectrum Software for LIS Student Lab. Sylvia D. Hall-Ellis, gift from the Sagebrush Corporation, Minneapolis,
Minnesota, $5,000 (2005)

Developing Research Capacity in Community Organizations and Residents through Training and Technical
Assistance. Nicholas J. Cutforth (PI) and Sylvia D. Hall-Ellis. Piton Foundation, $25,000 (2005-2006)

Libraries: Tools for Education and Development Worldwide: A Faculty Development Experience in Argentina.
Sylvia D. Hall-Ellis, Office of Internationalization, University of Denver, $500 (2004)

Developing Research Capacity in Community Organizations and Residents through Training and Technical
Assistance. Research team: Nicholas J. Cutforth (PI), Gary Lichtenstein and Sylvia D. Hall-Ellis, Piton
Foundation, $25,000 (2003-2004)

Increasing Spanish-Speaking and Hispanic Diversity among Library and Information Science Students at the
University of Denver: Development of a Student Recruitment Model. Researcher: Sylvia D. Hall-Ellis (PI),
Office of Multicultural Excellence, University of Denver, $2,750 (2003-2004)

Collection Development Enrichment to Support the Cataloging & Classification Specialization and School
Librarianship within the Library & Information Science Program at the University of Denver. Research team:
Sylvia D. Hall-Ellis (PI) and Deborah S. Grealy. Women’s Library Association, University of Denver, $4,000
(2003)
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Collection Development Enrichment to Support the Library & Information Science Program at the University of
Denver. Research team: Deborah S. Grealy (PI) and Sylvia D. Hall-Ellis. Women’s Library Association,
University of Denver, $4,000 (2001)

Wireless LAN for Library Education. Research team: Deborah S. Grealy (PI) and Sylvia Hall-Ellis. University of
Denver, Center for Teaching and Learning, $24,000 (2001-2002)

Upward Bound — A Program for South Texas Youth. Research team: Monte Churchill, Executive Director of
Community Relations; Gary R. Sauceda, Outreach Coordinator; Raymond Hernandez, (PI) Associate Dean for
Student Success; and Sylvia D. Hall-Ellis, South Texas Community College (McAllen, Texas). U.S. Department
of Education, Office of Postsecondary Education, $2,672,003 (1999-2003)

Write Now! Improving Elementary Students' Writing Skills. Research team: Caryl G. Thomason, Assistant
Superintendent (PI); Karen Tankersley, Principal; and, Hal Anderson, Director of Technology, Cheyenne
Mountain School District 12 (Colorado Springs, Colorado); and Sylvia D. Hall-Ellis. Colorado Department of
Education, Educational Telecommunications Unit, $189,453 (1999-2001)

Operation Quick Start -- Distance Learning in Rural Colorado. Research team: Randal Weigum, Technology
Coordinator (PI); Bonnie Barns, Director of Federal Programs and Staff Development; and, Adam "Joe" Raskop,
Executive Director, Southeastern Board of Cooperative Educational Services (Lamar, Colorado); and Sylvia D.
Hall-Ellis. Colorado Department of Education, Educational Telecommunications Unit, $400,000 (1999-2001)

Advanced Technological Training for Information Professionals for the 21* Century. Research team: Mario Reyna,
Division of Business Director (PI) and Sylvia D. Hall-Ellis, South Texas Community College (McAllen, Texas).
Phi Delta Kappa and the National Science Foundation, $250,000 (1999-2001)

Working Connections — Training Information Technologies Professionals for the 21*' Century. Research team:
Mario Reyna, Division of Business Director (PI) and Sylvia D. Hall-Ellis, South Texas Community College
(McAllen, Texas). Microsoft Corporation and the American Association of Community Colleges, $1,147,775
(1999-2001)

The ROAD (Research Oriented Amplification of Development to Literacy) Program. Research team: Deborah J.
Leong (PI), Metropolitan State University; Elena Bodrova, Metropolitan State University; Dmitri Semenov,
Robert J. Marzano, and Sylvia D. Hall-Ellis, Mid-continent Regional Educational Laboratory (Aurora,
Colorado). Hewlett-Packard Foundation, $25,000 (1998-1999)

Press to Literacy. Research team: Deborah J. Leong (PI), Metropolitan State University; Elena Bodrova,
Metropolitan State University; Dmitri Semenov, Robert J. Marzano, and Sylvia D. Hall-Ellis, Mid-continent
Regional Educational Laboratory (Aurora, Colorado). The Denver Post and the Robert S. McCormick
Foundation, $49,818 (1998-1999)

International Telementor Center. Research team: David Neils, David B. Frost (PI), and Sylvia D. Hall-Ellis, Mid-

continent Regional Educational Laboratory (Aurora, Colorado). Hewlett-Packard Philanthropy, $100,000 (1998-
1999)

America Reads: Providing Tutor Training for the America Reads Challenge. Research team: Louis F. Cicchinelli
(PI) and Sylvia D. Hall-Ellis, Mid-continent Regional Educational Laboratory (Aurora, Colorado). U.S.
Department of Education, Office of Educational Research and Improvement, $306,000 (1998-1999)

Comprehensive School Reform. Research team: Louis F. Cicchinelli (PI), J. Timothy Waters, and Sylvia D. Hall-

Ellis, Mid-continent Regional Educational Laboratory (Aurora, Colorado). U.S. Department of Education, Office
of Educational Research and Improvement, $285,000 (1998-1999)
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Sustainable Energy Education (SEE) Program for Grades 4-8: Preparing Today’s Youth for Lifelong Learning and
Responsible Actions in Energy Conservation. Research team: Mary Gromko, Colorado Department of
Education; Gene McCarthy, Rocky Flats Field Office, U.S. Department of Energy; Gina Kissell, National
Renewable Energy Laboratory; and Barbara L. McCombs (PI), Janet L. Bishop, and Sylvia D. Hall-Ellis, Mid-
continent Regional Educational Laboratory (Aurora, Colorado). State of Colorado Governor’s Office for Energy
Conservation, $499,936 (1997-1999)

Review of Kansas Curriculum Standards in Mathematics and Language Arts. Research team: Robert J. Marzano
(PI), John S. Kendall, David B. Frost, and Sylvia D. Hall-Ellis, Mid-continent Regional Educational Laboratory
(Aurora, Colorado). Submitted to the Kansas State Department of Education, $25,903 (1998)

International Telementor Center. Research team: David Neils, John Kuglin, Chris Rapp, David B. Frost (PI), and
Sylvia D. Hall-Ellis, Mid-continent Regional Educational Laboratory (Aurora, Colorado). Hewlett-Packard
Company, $54,752 (1998)

Genesis Mission: Education Public Outreach. Developed in partnership by the Jet Propulsion Laboratory, California
Institute of Technology, Los Alamos National Laboratory, Lockheed Martin Astronautics, and the Mid-continent
Regional Educational Laboratory (Aurora, Colorado). Research team: John T. Sutton (PI), Alice Krueger,

Martha Henry, Greg Rawls, Shae Isaacs, Jeff Johnson, Deb Jordan, Arlene Mitchell, David B. Frost, Jana
Caldwell, J. Timothy Waters, and Sylvia D. Hall-Ellis. National Aeronautics and Space Administration,
$139,700,000; subcontract award, $4,750,000 (1997-2007)

North Dakota Mathematics Assessment Project. Developed in partnership by the North Dakota Department of
Education and Mid-continent Regional Educational Laboratory (Mid-continent Regional Educational
Laboratory). Research team: Ann Clapper, Clarence Bina, Greg Gallagher, North Dakota Department of
Education; Don Burger (PI), Hillary Michaels, and Sylvia D. Hall-Ellis, Mid-continent Regional Educational
Laboratory (Aurora, Colorado). U.S. Office of Education, $1,618,214; subcontract award, $389,076 (1997-
2001)

Pacific Resources for Education and Learning Distance Education: Project Evaluation. Developed in partnership
by the Pacific Educational Community, the Pacific Resources for Education and Learning (PREL), and Mid-
continent Regional Educational Laboratory (McREL). Research team: John W. Kofel (PI), Executive Director,
PREL; J. Timothy Waters, Executive Director; Joan Buttram, Robert Keller, and Sylvia D. Hall-Ellis, Mid-
continent Regional Educational Laboratory (Aurora, Colorado). U.S. Office of Education, Star Schools Program,
$10,000,000; subcontract award, $500,000 (1997-2002)

Identification of Bilingual Gifted and Talented Children: A Comprehensive School Grants for Bilingual Education.
Developed in partnership by Hidalgo (Texas) ISD, Los Fresnos (Texas) CISD, Progreso (Texas) ISD, University
of Texas — Pan American (Edinburg, Texas), and Education Service Center, Region One (Edinburg, Texas).
Research team: Hilda Medrano, Dean, College of Education, University of Texas — Pan American; Linda
Phemister (PI), Janie Navarro, and Sylvia D. Hall-Ellis, Education Service Center, Region One. U.S. Department
of Education, Office of Bilingual Education and Minority Languages Affairs, $1,670,633 (1997-2002)

Academics 2000: First Things First -- The Texas Goals 2000. Developed for Jim Hogg (Hebbronville, Texas)
County ISD, Mirando City (Texas) ISD, and San Isidro (Texas) ISD. Research team: Hilda Medrano, Dean,
College of Education, University of Texas - Pan American (Edinburg, Texas); Angie Lehmann, Amy Mares,
Ellen Gonzalez (PI), and Sylvia D. Hall-Ellis, Education Service Center, Region One (Edinburg, Texas). Texas
Education Agency, $339,987 (1997-2000)
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Southwestern Bell’s Learning Communities Initiative. Developed for Tech Prep of the Rio Grande Valley, Inc.
(Harlingen, Texas); the Center for Professional Teacher Development, University of Texas — Brownsville; Teach
for America — Rio Grande Valley (McAllen, Texas); and Education Service Center, Region One (Edinburg,
Texas). Research team: Patricia G. Bubb, Executive Director (PI), Tech Prep of the Rio Grande Valley; Martin
Winchester, Executive Director, Teach for America — Rio Grande Valley; Aileen Johnson, Director, School of
Education, University of Texas — Brownsville; and Sylvia D. Hall-Ellis. Southwestern Bell Foundation,
$100,000 (1997-1998)

Texas School to Work: Regional Implementation. Developed for Tech Prep of the Rio Grande Valley, Inc.
(Harlingen), South Texas Community College (McAllen), Texas State Technical College (Harlingen), Texas
Southmost College (Brownsville), Empowerment Zone of the Rio Grande Valley (Mercedes), Project VIDA
(Weslaco), Youth Fair Chance (McAllen), and Education Service Center, Region One (Edinburg). Research
team: Patricia G. Bubb (PI), Tech Prep of the Rio Grande Valley; Stephen Vassberg, Texas State Technical
College; Ellen Trevino, Youth Fair Chance; Wanda Garza, Project VIDA; Leonardo Olivares, University of
Texas — Pan American; Michael Bell, South Texas Community College; and Sylvia D. Hall-Ellis. Texas
Workforce Commission, $4,250,000 (1997-2002).

Comprehensive Bilingual Education Grant for Hidalgo ISD and Roma ISD. Developed for Hidalgo (Texas) ISD,
Roma (Texas) ISD, College of Education, University of Texas — Pan American (Edinburg, Texas), and
Education Service Center, Region One (Edinburg, Texas). Research team: Tomas Thomas (PI), Director, Office
of Bilingual Education and Sylvia D. Hall-Ellis. U.S. Department of Education, Office of Bilingual Education
and Minority Languages Affairs, $1,531,361 (1997-2002)

Lopez High School, Porter High School, Rivera High School, Central Middle School, and Perkins Middle School,
Brownsville (Texas) Independent School District. Telecommunications Infrastructure Fund Board, $1,473,611

(1997-1998)

Donna High School, Todd Middle School, and Solis Middle School, Donna (Texas) Independent School District.
Telecommunications Infrastructure Fund Board, $704,052 (1997-1998)

Memorial Middle School and Nellie Schunior Middle School, La Joya Independent School District (Texas).
Telecommunications Infrastructure Fund Board, $293,641 (1997-1998)

Martin High School, Christen Middle School, Cigarroa Middle School, Lamar Middle School, Laredo (Texas)
Independent School District. Telecommunications Infrastructure Fund Board, $1,200,000 (1997-1998).

Lasara Middle School, Lasara (Texas) Independent School District. Telecommunications Infrastructure Fund Board,
$246,210 (1997-1998)

Los Fresnos High School and Resaca Middle School, Los Fresnos (Texas) Consolidated Independent School
District. Telecommunications Infrastructure Fund Board, $500,000 (1997-1998)

Lyford Junior High School, Lyford (Texas) Independent School District. Telecommunications Infrastructure Fund
Board, $354,997 (1997-1998)

Travis Middle School, McAllen (Texas) Independent School District. Telecommunications Infrastructure Fund
Board, $269,139 (1997-1998)

Mission High School, Mission (Texas) Independent School District. Telecommunications Infrastructure Fund
Board, $297,010 (1997-1998)
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Progreso High School, Progreso (Texas) Independent School District. Telecommunications Infrastructure Fund
Board, $300,000 (1997-1998)

San Perlita High School, San Perlita (Texas) Independent School District. Telecommunications Infrastructure Fund
Board, $293,490 (1997-1998)

Myra Green Junior High School, Raymondville (Texas) Independent School District. Telecommunications
Infrastructure Fund Board, $225,000 (1997-1998)

Rio Grande City High School, Ringgold Middle School, Gruella Middle School, Rio Grande City (Texas)
Independent School District. Telecommunications Infrastructure Fund Board, $809,934 (1997-1998)

Rio Hondo Junior High School, Rio Hondo (Texas) Independent School District. Telecommunications Infrastructure
Fund Board, $297,024 (1997-1998)

Roma High School, Roma (Texas) Independent School District. Telecommunications Infrastructure Fund Board,
$333,178 (1997-1998)

San Benito High School, Miller Jordan Junior High School, San Benito (Texas) Consolidated Independent School
District. Telecommunications Infrastructure Fund Board, $547,000 (1997-1998)

Santa Maria High School and Santa Maria Middle School, Santa Maria (Texas) Independent School District.
Telecommunications Infrastructure Fund Board, $400,000 (1997-1998)

Salvador High School, United Independent School District (Laredo, Texas). Telecommunications Infrastructure
Fund Board, $250,879 (1997-1998)

Weslaco High School, Cabaza Middle School, Cuellar Middle School, Weslaco (Texas) Independent School
District. Telecommunications Infrastructure Fund Board, $874,242 (1997-1998)

Principals’ Assessment and Training Center. Developed for Education Service Center, Region One (Edinburg,
Texas). Research team: Roberto Zamora, Leonel Barrera, William H. Parry, and Sylvia D. Hall-Ellis. Texas

Principals’ Leadership Initiative, Texas Association of Secondary School Principals, Texas Association of
Elementary School Principals, and the Sid Richardson Foundation. $461,439 (1996-1998)

The Texas Library Connection -- Integrating and Sharing Resources. Developed for Hidalgo County Library System
(McAllen), Cameron County Library System (Brownsville), South Texas Community College (McAllen), the
University of Texas - Pan American (Edinburg), University of Texas — Brownsville, and Education Service

Center, Region One (Edinburg). Research team: William R. McGee, Coordinator, Hidalgo County Library
System; Joe Garcia, Director, Cameron County Library System; Michael D. Bell, Library Director, South Texas
Community College; Eleanor Folger Foster, University Library, University of Texas - Pan American; Jaime Vela
(P1), Director of Instructional Technology and Media Services, Ron Pontius, Instructional Technology, and
Fabiola Fuentes, Media Services, Education Service Center, Region One; and Sylvia D. Hall-Ellis. Office of
Library Media Services, Technology Services, Texas Education Agency. $8,000 (1996-1997)

Developing Leadership Communities for Improving Algebra I for All Students. Developed for a partnership of the
Region One Statewide Systemic Initiative Team. Research team: Noel Villarreal (PI), Eduardo Cancino, and
Sylvia D. Hall-Ellis, Education Service Center, Region One (Edinburg). Texas Statewide Systemic Initiative for
Reform in Mathematics, Science and Technology Education to The Charles A. Dana Center for Mathematics and
Science Education, The University of Texas at Austin. $25,000 (1996-1997)
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Academics 2000: First Things First -- The Texas Goals 2000. Developed for Edinburg (Texas) CISD. Research
team: Hilda Medrano, Dean, College of Education, University of Texas - Pan American (Edinburg); Helen
Jones, Director (PI), Gifted and Talented Education, Edinburg CISD; and Sylvia D. Hall-Ellis, Education
Service Center, Region One (Edinburg). Texas Education Agency, $750,000 (1996-2001)

Texas Teachers Empowered for Achievement in Mathematics (TEXTEAM) Institute for Algebra I. Developed for
Hidalgo ISD, Jim Hogg (Hebbronville) County ISD, La Joya ISD, La Villa ISD, Lyford ISD, Mission CISD,
Pharr-San Juan-Alamo ISD, Rio Hondo ISD, San Isidro ISD, San Perlita ISD, Santa Maria ISD, Santa Rosa,
Sharyland ISD, Valley View ISD, Webb (Laredo) CISD, Weslaco ISD, and Zapata County (Zapata) ISD.
Research team: Noel Villarreal (PI), Chuck Mclnteer, Ellen M. Gonzalez, Education Service Center, Region One
(Edinburg); and Sylvia D. Hall-Ellis. Charles A. Dana Center for Mathematics and Science Education,
University of Texas - Austin, $15,975 (1996)

Community Learning Center for La Villa, Texas. Developed for Edcouch-Elsa Independent School District.
Research team: Noe Gonzalez (PI), Assistant Superintendent, Edcouch-Elsa Independent School District, and
Sylvia D. Hall-Ellis. Delta Region Subzone, Rio Grande Valley (Texas) Rural Empowerment Zone, $325,000
(1996-1997)

Monte Alto (Texas) Community Learning Center. Developed for Monte Alto Independent School District. Research
team: Homero A. Diaz (PI), Superintendent, Monte Alto Independent School District, and Sylvia D. Hall-Ellis.
Delta Region Subzone, Rio Grande Valley (Texas) Rural Empowerment Zone, $300,000 (1996-1997)

Community Learning Center for La Villa, Texas. Developed for La Villa Independent School District. Research
team: Sam Gonzalez (PI), Assistant Superintendent, La Villa Independent School District; and Sylvia D. Hall-
Ellis. Delta Region Subzone, Rio Grande Valley (Texas) Rural Empowerment Zone, $325,000 (1996-1997)

Building Project for Taylor Elementary. Developed for Mercedes (Texas) Independent School District. Research
team: Mrs. Denise Rivera, Librarian, and Eduardo Infante, Principal, Taylor Elementary School; Ismael S. Cantu
(PI), Federal Programs Director, Mercedes Independent School District; and Sylvia D. Hall-Ellis. Delta Region
Subzone, Rio Grande Valley (Texas) Rural Empowerment Zone, $375,000 (1996-1997)

Border Education Network (BEN) - Distance Education through Cable Television. Developed for Edinburg (Texas)
Consolidated Independent School District. Research team: Noe Torres (PI), Library Media Specialist,
Magdalena
Rosas, Library Media and Technology Coordinator, Edinburg Consolidated Independent School District; and
Sylvia D. Hall-Ellis, Education Service Center, Region One (Edinburg). Edinburg (Texas) Consolidated School
District, $250,000 (1996-1997)

Multiservice One-Stop Open Enrollment Charter School. Developed for the Information Referral Resource
Assistance, Inc. (McAllen, Texas). Research team: Pablo Perez and Aguie Pena (PI), Executive Director,
Information Referral Resource Assistance, Inc.; Roberto Zamora and Sylvia D. Hall-Ellis, Education Service
Center, Region One (Edinburg). Texas Education Agency, $3,066,000 (1996-2001)

Project OK: A Community Youth Opportunities Grant for Summer, 1996. Developed for McAllen (Texas)
Independent School District, St. Joseph the Worker Catholic Church, and the Office of Adult Education,
Education Service Center, Region One. Research team: Father Bart Flatt, St. Joseph the Worker Catholic
Church; Noe Calvillo (PI), Office of Adult Education; Maria Louisa Garcia, McAllen Independent School
District; and Sylvia D. Hall-Ellis, Education Service Center, Region One (Edinburg). Texas Protective and
Regulatory Agency through the Office of the Mayor, City of McAllen, $350,000 (1996-2001).
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Early Childhood: a Time of Discovery. Developed for a partnership of Lasara ISD, Rio Hondo ISD, San Perlita ISD,
the School of Education, University of Texas - Brownsville, and Education Service Center, Region One
(Edinburg). Research team: Hugo Rodriguez, Dean, School of Education, University of Texas - Pan American;
Leonel Barrera and Jack Damron, Field Service Agents, Ellen M. Gonzalez (PI), Administrator for Student
Instructional Services, Ruth Solis, Education Specialist in Special Education, and Sylvia D. Hall-Ellis, Education
Service Center, Region One (Edinburg). Texas Education Agency, $722,090 (1996-2001)

Innovative Gifted and Talented Programs for Early Childhood and Elementary Education Students. Developed for a
partnership of Edinburg (Texas) CISD, the School of Education, University of Texas - Pan American
(Edinburg), and Education Service Center, Region One (Edinburg). Research team: Hilda Medrano, Dean,
School of Education, University of Texas - Pan American; Helen de la Garza (PI), Director of Elementary
Curriculum and Instruction, Edinburg CISD; and Sylvia D. Hall-Ellis. Texas Education Agency, $750,000
(1996-2001)

Reading Recovery in Early Elementary Grades. Developed for a partnership of La Villa (Texas) ISD the School of
Education, University of Texas - Pan American (Edinburg), and Education Service Center, Region One
(Edinburg). Research team: Hilda Medrano, Dean, School of Education, University of Texas - Pan American;
Marcario Salinas (PI), Supervisor of Elementary Curriculum and Instruction, La Villa ISD; and Sylvia D. Hall-
Ellis, Education Service Center, Region One. Texas Education Agency, $750,000 (1996-2001)

Connected Mathematics Project for Middle and Junior High Students. Developed for a partnership of Michigan
State University, The Charles A. Dana Center for Mathematics and Science Education, The University of Texas
at Austin and Region One Statewide Systemic Initiative Team. Research team: Jack Damron, Chuck Mclnteer,
Noel Villarreal (PI), and Sylvia D. Hall-Ellis, Education Service Center, Region One (Edinburg). National
Science Foundation through Michigan State University to the Charles A. Dana Center at the University of Texas
- Austin, $539,610 (1996-1999)

Sharing Resources: Testing the Interlibrary Loan Potential of the Texas Library Connection -- Integrating Media
Resources. Developed under the sponsorship of the Hidalgo County Library System (McAllen) and Education
Service Center, Region One (Edinburg). Research team: William H. McGee, Hidalgo County System
Coordinator; Fabiola Fuentes, Library Media; Ronald Pontius (PI), Instructional Technology, Education Service
Center, Region One; and Sylvia D. Hall-Ellis. Library Media Services Program, Office of Technology Services,
Texas Education Agency, $25,000 (1996-1997)

State and Federal Adult Education JOBS Program. Developed for Education Service Center, Region One
(Edinburg). Research team: Noe Calvillo (PI), Director, Adult Education Program, and Sylvia D. Hall-Ellis.
Adult Education Program, Texas Education Agency, $532,846 (1995-1996)

Creating Safe and Drug-Free Schools and Communities. Developed for a partnership of the Region One
Consortium for Safe and Drug-Free Education Environments. Research team: Clara Contreras (PI), Health
Specialist, and Sylvia D. Hall-Ellis, Education Service Center, Region One (Edinburg). Texas Education
Agency, $150,000 (1995-1996)

Developing Leadership Communities for Improving Mathematics Performance for All Students on Title I Campuses.
Developed for a partnership of the Region One Statewide Systemic Initiative Team. Research team: Jack
Damron, Chuck Mclnteer, Noel Villarreal (PI), and Sylvia D. Hall-Ellis, Education Service Center, Region One
(Edinburg). Texas Statewide Systemic Initiative for Reform in Mathematics, Science and Technology Education
to The Charles A. Dana Center for Mathematics and Science Education, The University of Texas at Austin,
$50,669 (1995-1996)
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The Impact of Library Resource Centers on Academic Achievement in Selected Public Schools in South Texas.
Sylvia D. Hall-Ellis (PI). Developed under the sponsorship of the Department of Library Science, College of
Education and Applied Science, Sam Houston State University (Huntsville). Texas Association of School
Librarians, Children's Services Round Table, and Young Adults Round Table (Austin, Texas), $2,500 (1995)

School Library Media Specialists Fellowship Program. Sylvia D. Hall-Ellis (PI). Developed under the sponsorship
of the Department of Library Science, College of Education and Applied Science, Sam Houston State University
(Huntsville, Texas). U.S. Department of Education, HEA Title II-B, Library Education and Human Resource
Development Program, $44,000 (1995-1996)

Planning for Educational Technology. Research team: Ruth Ann Riggins (PI), Director of Library Media and
Technology Services, Donna (Texas) Independent School District; Noe Torres, Education Service Center,
Region One; Patricia G. Bubb, Tech Prep of the Rio Grande Calley, Inc; Michael D. Bell, South Texas
Community College; and Sylvia D. Hall-Ellis, Sam Houston State University. Developed under the sponsorship
of Donna (Texas) Independent School District, Education Service Center, Region One (Edinburg), Tech Prep of
the Rio Grande Valley, Inc. (Harlingen), South Texas Community College (McAllen), and the Department of
Library Science, Sam Houston State University (Huntsville). Funded through Infusion of Educational
Technology Planning Grant Program (H.B. 18: Models). Texas Education Agency, $18,000 (1993-1994)

The Impact of Library Resource Centers on Academic Achievement in Selected Public Schools in South Texas.
Sylvia D. Hall-Ellis (PI) and Mary Ann Berry. Developed under the sponsorship of the Department of Library
Science, College of Education and Applied Science, Sam Houston State University (Huntsville). Sam Houston
State University Research Enhancement Fund, $7,500 (1993-1994)

Electronic Mail Resource Sharing System: Management and Operation of the lowa Computer-Assisted Network.
State Library of lowa, $294,000 (1986-1993)

The lowa Locator: A CD-ROM Resource Sharing Tool. State Library of Iowa, $567,000 (1986-1992)

Statewide Database Development: An OCLC Tape Analysis To Determine Feasibility. State Library of South
Dakota, $15,000 (1987)

The lowa Locator: A Feasibility Study. State Library of Iowa, $50,000 (1986)

Electronic Mail Resource Sharing System: A Feasibility Study for Libraries in the State of lowa. State Library of
Iowa, $5,000 (1985)

Access Pennsylvania: A Feasibility Study. State Library of Pennsylvania, $50,000 (1984)

Automating Library Administrative and Management Tasks: Procurement and Distribution of Microcomputer
Systems for District Library Centers in the Commonwealth of Pennsylvania. State Library of Pennsylvania,
$495,000 (1982)

Sharing Serial Titles Resources: Procurement and Distribution of Microfiche Readers for 550 Libraries in the
Commonwealth of Pennsylvania. State Library of Pennsylvania, $500,000 (1982)
Electronic Mail System: A Pilot Project for Libraries throughout the Commonwealth of Pennsylvania. State Library
of Pennsylvania, $125,000 (1982)

Literacy Program for Adults in Rural Upstate New York State: Program Outreach and Evaluation - Phase 3.
Appalachian Regional Commission, $50,000 (1981)

Database Building: A Cooperative Project of the Finger Lakes Library System (Ithaca), Four County Library System
(Binghamton), and the Southern Tier Library System (Corning). New York State Library, $450,000 (1980-1985)

China Chengda, EX1005, p. 90



Sylvia D. Hall-Ellis, Ph.D.
Page 48 of 52

Faces of the Southern Tier: A Professional Photographer-in-Residence. New York State National Endowment for the
Humanities, $25,000 (1980)

Literacy Program for Adults in Rural Upstate New York State: Program Implementation - Phase 2. Appalachian
Regional Commission, $50,000 (1980)

Small Business Resources Center: A Pilot Project for Rural Public Libraries. New York State Library, $50,000
(1980)

Media Programming: A Professional Development Program for Public Librarians in Upstate New York: A Program
in Allegheny, Chemung, Schuyler, Steuben, and Yates Counties. New York State Library, $35,000 (1979)

Information and Library Resources for Inmates and Prisoners in Selected Upstate New York Facilities: A

Cooperative Program in Allegheny, Chemung, Schuyler, Steuben, and Yates Counties. New York State Library,
$25,000 (1979)

Library Resources for Homebound Adults in Upstate New York: An Outreach Program in Allegheny, Chemung,
Schuyler, Steuben, and Yates Counties. New York State Library, $40,000 (1979)

Literacy Program for Adults in Rural Upstate New York State: Program Initiation and Establishment - Phase 1.

Funded by the Appalachian Regional Commission. Awarded to the Corning (New York) Public Library, $50,000
(1979)

Information Reference Services to Homebound Adults. New York State Library, $31,000 (1978)
Books-By-Mail Services to Homebound Adults. New York State Library, $31,000 (1978)

System Headquarters Services and Programs for Public Libraries in District 10. Funded through Library Services
and Construction Act Title I. Texas State Library and Historical Commission, $880,000 (1976)

County Library Development Grant for Atascosita County. Funded through Library Services and Construction Act
Title I. Texas State Library and Historical Commission, $15,000 (1976)

Spanish Language Materials Collection Development Program. Texas State Library and Historical Commission,
$40,000 (1975)

Establishment of System Headquarters for Alamo Regional Library System (District 10) Headquartered at the San
Antonio (Texas) Public Library. Texas State Library and Historical Commission, $800,000 (1975)
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SELECTED CONSULTANTSHIPS
Project Strategic Planning & Funding Proposal Development
Walden University, 2015.
Pikes Peak Library District, 2014.
Douglas County Public Libraries, 2011-2012.
Denver School for Science and Technology, 2008-2011.
Johnson & Wales University, Denver Campus, 2007-2009.
Challenges, Choices, and Images K-12 Charter School, Denver Public Schools, 2007.

Denver Medical Library, Inc., 2006-2010.

Bemis Public Library (Littleton), Ergonomic Design and Facilities Enhancement Consultant, 2003.

Curtis Park Community Center (Denver), Community Technology Center Evaluation and Proposal Development
Consultant, 2003.

Colorado Community Based Research Network (Denver), Funding Research Associate, 2002-
Our Lady of the Rosary Academy (Edgewater), Learning Resource Center Development Project Consultant, 2001-

University of Southern Colorado (Pueblo). Technology Integration and Curriculum Enhancement into Higher
Education Learning Environment. Proposal Development Consultant, 2000.

Jefferson County Library System (Lakewood), 1999-2000.

Southeastern BOCES (Lamar, CO). Distance Learning Curriculum Content Development Project. Proposal
Development Consultant, 1998-2004.

Cheyenne Mountain School District 12 (Colorado Springs, CO). Technology Integration into Elementary Writing
Curriculum Project. Proposal Development Consultant, 1998.

Telecommunications Infrastructure Fund Board Round #2 Application, 1997. Technical assistance to the following:
La Villa (Texas) Independent School District; Mirando City (Texas) Independent School District; Monte Alto
(Texas) Independent School District; San Isidro (Texas) Independent School District.

Telecommunications Infrastructure Fund Board Round #1, 1996. Technical assistance to the following: Brownsville
(Texas) Independent School District; Donna (Texas) Independent School District; Edinburg (Texas)
Consolidated Independent School District; Harlingen (Texas) Consolidated Independent School District; Jim
Hogg County Independent School District (Hebbronville, Texas); La Feria (Texas) Independent School District;
La Joya (Texas) Independent School District; La Villa (Texas) Independent School District; Los Fresnos (Texas)
Consolidated Independent School District; Progreso (Texas) Independent School District; Raymondville (Texas)
Independent School District; Rio Hondo (Texas) Independent School District; San Benito (Texas) Independent
School District; Sharyland Independent School District (Mission, Texas); Weslaco (Texas) Independent School
District; Zapata (Texas) County Independent School District.
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South Texas Community College (McAllen). Strategy Development to Meet the Technology Instructional Needs for
Vocational, School-To-Work and Academic Programs, 1994-2000. Development Consultant.

Donna (Texas) Independent School District. Planning for the Infusion of Technology in Middle Schools Serving
High At-Risk Students, 1994-1995. Research Associate.

Pettus (Texas) Independent School District. Planning for District-wide Automation in School Library Media
Centers: Preparation of Data, and CD-ROM Hardware/Software Configuration Evaluation, 1994. Principal
Investigator.

Fort Bend Independent School District (Sugar Land, TX). Planning for District-wide Automation in School Library
Media Centers, Preparation of Data, and CD-ROM Hardware/Software Configuration Evaluation, 1994-1995.
Principal Investigator.

Northern Waters Library Services (Ashland, WI). Professional Consulting Services to Make Recommendations on
the Development of System-Wide Efforts of the Northern Waters Library Service, 1988-1989. Research

Associate.

State Library of lowa (Des Moines). The Iowa Locator Compact Disc to Support Multi-Type Libraries Resource
Sharing including Database Design, Building, Production, and Distribution, 1986-1991. Project Director.

State Library of lowa (Des Moines). lowa Computer-Assisted Network Development, Enhancement, and Operation,
1985-1992. Technical Director.

State Library of South Dakota (Pierre). Statistical Sampling and Analysis of Multi-Institutional OCLC Archive Tape
for Statewide Online Database Building, 1985-1986. Research Associate.

District of Columbia Public Library (Washington, DC). Planning Document for the Retrospective Conversion of
Bibliographic Records and Automation Issues in the 1990's, 1984-1985. Research Associate.

State Library of Pennsylvania (Harrisburg). Database Development for High School Libraries, 1984-1985. Research
Associate.

MINITEX (Minneapolis, MN). Workshops for Retrospective Conversion, Bar Coding, Library Statistics, and OCLC
Serials Format, 1985. Presenter and Research Associate.

ABC Film Consortium (Altoona, Bellefonte, Johnstown, PA). Database Building, System Design, and
Implementation of Online Film Booking System, 1983-1985. Database Manager.

Library Automation -- System Design & Implementation

Douglas County Library District (Castle Rock, CO). Library Automation Technical and System Performance
Specifications, 2001.

Pharr-San Juan-Alamo Independent School District (Pharr, TX). Library Automation Technical and System
Performance Specifications, 1997. Project Development Consultant.

Harlingen (Texas) Independent School District. Planning for District-wide Automation in Junior High School
Library Media Centers: Preparation of Data, and CD-ROM Hardware/Software Configuration Evaluation, 1996.

Principal Investigator.

Sharyland (Texas) Independent School District. Design and Construction of New Elementary School Library and
Technology Resources Center, 1995-1996. Principal Investigator.
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South Texas Independent School District (Mercedes, TX). Design and Construction of a New High School Library
and Technology Resources Center, 1995-1996. Principal Investigator.

Citizens’ Library (Washington, PA). Online Community Resources Files: Design and Implementation, 1984.
Research Associate.

Altoona (Pennsylvania) Hospital. Integrated Online System Upgrade Study, 1984. Research Associate.

State Library of South Dakota (Pierre). Automation Plan and State Database Development, 1982-1983. Principal
Investigator.

State Library of Pennsylvania (Harrisburg). COM Production and Preparation of the Technical Specifications
Document, Procurement, and Distribution of Microcomputers in the Commonwealth of Pennsylvania, 1983-

1984. Research Associate.

Altoona (Pennsylvania) Area Public Library. Integrated System (Circulation/Online Catalog) Study, 1982-1983.
Principal Investigator.

COPSCAULD (Council of Pennsylvania State College and University Library Directors, Edinboro, PA). Design of
Online Media Catalog, 1982. Principal Investigator.

Erie (Pennsylvania) County Library System. Operations Research and Design for Automated Circulation, Hardware
Upgrade and Re-Retrospective Conversion, 1982. Research Associate.

Michigan Library Consortium (Lansing, MI). Tape Management System Design and Implementation, 1982-1984.
Research Associate.

State Library of Pennsylvania (Harrisburg). Preparation of the Technical Specifications Document, Procurement and
Distribution of Microfiche Readers in the Commonwealth of Pennsylvania, 1982. Research Associate.

Community College of Allegheny County, Allegheny Campus (Pittsburgh, PA). Integrated Systems Study, 1981.
Principal Investigator.

Community College of Allegheny County, South Campus (West Mifflin, PA). Retrospective Conversion Training
Program for Handicapped Students, 1981. Technical Director.

Southern Tier Library System (Corning, NY). OCLC Acquisitions Subsystem Evaluation, 1981. Principal
Investigator.

South Central Reference and Research Council (Ithaca, NY). South Central Regional Delivery System, 1980.
Principal Investigator.

Southern Tier Library System (Corning, NY). Newspapers on Microfilm in the Chemung-Southern Tier Library
System, 1979-1981. Principal Investigator.

Cataloging & Bibliographic Database Building
Challenges, Choices, and Images K-12 Charter School, Denver Public Schools, 2007.
Denver Medical Library, Inc., 2006-2010.

Ricks Gifted and Talented School Library, 2005-
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American Humane Society (Englewood), 2004-2006.
Fisher Early Learning Center Library, 2004-

Colorado Community Based Research Network (Denver), 2004-
Boulder Valley School District (Boulder), 2002-2003.

Douglas Public Library District (Castle Rock), 2001-2002.

Bibliographic Center for Research, Inc. (Denver). Original Cataloging, 2001-2003 & 1992-1993. Professional
Cataloger. Libraries include Arapahoe Library District (Centennial); Clarke College (Clarke, IA); Kaiser
Permanente Center for Health Research (Portland, KS); Douglas County Library System (Carson City, NV);
Grinnell College (Grinnell, IA); Kansas State University (Manhattan, KS); Kansas State Library (Topeka, KS);
McPherson College (McPherson, KS); Newman University (Wichita, KS); Montana Technical University
(Helena, MT); Montana State Library (Helena, MT); University of Texas Southwest Medical Center Library
(Dallas, TX); Community College of Southern Nevada (Las Vegas, NV); Pikes Peak Library District (Colorado
Springs); Mesa Community College (Grand Junction); Coe College (Cedar Rapids, IA); Briar Cliff College
(Sioux City, IA); Tri-Care Health Systems (Aurora); The Penrose-St. Francis Healthcare System (Colorado
Springs); Westminster Public Library (Westminster); Lutheran Medical Center Medical Library (Wheat Ridge);
American Heritage Center, University of Wyoming (Laramie, WY); National Wildlife Research Center Library
(Lakewood); University of Colorado Health Sciences Center, Denison Memorial Library (Denver); Water
Resources Library, Denver District Office, Bureau of Land Management (Lakewood); Mesa State Community
College Learning Resources Center (Pueblo); Front Range Community College Learning Resources Center
(Westminster).

Colorado Historical Society Library (Denver). Original Cataloging of Serials for Multi-Institutional Union Listing
Project, 1993. Technical Services Associate. Institutional partners: Denver Art Museum, Denver Museum of
Natural History Library, and Denver Botanical Gardens Library.

Arapahoe Library District (Centennial). Original Cataloging of Major Media, 1991.

Original Cataloging Projects: Davis and Elkins College (Elkins, WV), 1989-1990; Waldorf College (Forest City,
IA), 1989-1990; Kennametal Corporation (Latrobe, PA), 1984-1985; Pennsylvania Public Libraries Film Center
(Harrisburg), 1982-1985.

Retrospective Conversion Projects: North Central Regional Library Service (Mason City, [A), 1987-1988;
Southeastern Library Services (Davenport, IA), 1986-1987; Virginia Theological Seminary (Alexandria), 1984-
1985; California University of Pennsylvania (California, PA), 1984-1985; Kennametal Corporation (Latrobe,
PA), 1984-1985; West Virginia University (Morgantown), 1983-1985; Altoona Area Public Library (Altoona,
PA), 1983-1984; George Washington University (Washington, DC), 1983-1984; Indiana University of
Pennsylvania (Indiana, PA), 1983-1985; Health Education Center (Pittsburgh), 1983-1984; Central Pennsylvania
District Library Center (Bellefonte, PA), 1982-1985; Duquesne University Law School Library (Pittsburgh),
1982-1983; Allegheny County Law Library (Pittsburgh), 1982-1984; Calgon Technical Information Center
(Pittsburgh), 1982; Dow Corning Corporation, Technical Information Center (Midland, MI), 1982-1983; Tri-
System Public Library Retrospective Conversion Project (Binghamton, Corning, and Ithaca, NY), 1978-1981,
Technical Project Director.
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Informative Abstract

This book is compiled based on principles of basic theory, prominent practicability and
comprehensiveness, and easy operability. The content relates to basic chemical industry of sulfuric
acid industry, chlor-alkali industry, soda ash industry, synthetic ammonia and nitric acid industry,
chemical fertilizer industry, etc., and inorganic salt industry of fluoride salt, chromium salt, phosphate,
aluminium salt, imine, sodium percarbonate, hydrogen peroxide, silicate of soda, etc. Product
performances, production raw materials, processes, production devices, subsequent products, etc. are
introduced in detail. This book is suitable for students majored in inorganic chemical engineering in
vocational university as a teaching material and also researchers and factory technicians as a reference.
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Foreword

As another form of higher education, vocational university has been valued and vigorously
promoted by the State Council and the Ministry of Education. It is an established higher education
system equal to ordinary higher education and an important reform on the education system of our
country that focuses on theory over practice and where teaching and production practice are
disconnected. At present, the ministry of education focuses on supporting 4 national exemplary
vocational universities and provides that the vocational universities should make corresponding
reforms on teaching materials, teaching methods, experiments, and examination methods to enhance
training of practical ability of students and make up for defects of ordinary higher education. Since
original teaching materials of ordinary universities are far from being able to meet requirements of
the teaching reform in vocational universities, the reform on teaching materials is a core of reforms
on vocational higher education. Therefore, we decide to compile “Practical Inorganic Chemical
Technology”. The teaching material has characteristics of sufficient theory, emphatic practicality,
prominent technology, convenient operation, and enlarged coverage of content, etc. to highlight
training of ability and technology. It shortens a gap between book knowledge and production
practicality, deletes some unnecessary theoretical derivations, and increases newly developed
products and technologies. Besides, it has relatively high reference value for students in vocational
universities and adult education, researchers, and factory technicians.

The whole book is divided into nine chapters. Dexue Fu from Jiaozuo University, Henan
participated in the compilation of chapters 1, 4, 5, and 9, Changchun Liu participated in the
compilation of chapter 2, Jingcheng Tian participated in the compilation of chapters 5 and 6, Longdao
Wang participated in the compilation of chapter 9, and Zhansheng Cheng participated in the
compilation of chapter 6, Xiangyu Shi participated in the compilation of chapters 3 and 7, Chunli
Xing participated in the compilation of chapters 6 and 7, Cunhong Li participated in the compilation
of chapters 5 and 8, Tianlin Zhu participated in the compilation of chapters 3 and 8, Yong Liu
participated in the compilation of chapters 3 and 4, Li Huo participated in the compilation of chapters
2 and 8, Yongxiang Su participated in the compilation of chapters 2 and 5, Yanqin Huang from
Pingyuan University, Henan participated in the compilation of chapters 6 and 7, and Shaohong Xu
participated in the compilation of chapters 2 and 8, and the whole book is examined and approved by
Dexue Fu.

Due to the limited abilities of the editors, there are definitely still shortcomings and readers are
welcome to make comments.

Compiling group of “Practical Inorganic Chemical Technology”
October 1997
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7.1.4 Overview on Chinese Soda Ash Industry

Before 1949, there were only two soda ash factories using an ammonia soda process in Tanggu District of Tianjin, and
Dalian with a maximum output of 101 kt (in 1940). After the founding of the People’s Republic of China, in order to meet
demands of industrial development, soda ash production has been greatly developed. In addition to restoration and expansion
of the two original soda ash factories, there are also dozens of small and medium-sized soda ash factories are designed and
constructed in Zigong of Sichuan, Qingdao, Yingcheng of Hubei, Longshan of Hangzhou, etc. The output has grown from 88
kt in 1949 to 2.37 Mt in 1987 (not including Taiwan Province), ranking third in the world. The consumption of main raw
materials is also reduced and processes and devices are greatly improved. Although our country’s self-developed soda ash joint
production is later in production than Japan, its technical level is not much different. At present, sea salt is mainly used as a raw
material. Besides, there is still a certain amount of trona in the mainland. Over the years, certain achievements have been made
in scientific researches on processing and utilization of a trona mine in Chaganlimennuoer, Inner Mongolia, a trona lake in
Dabusu, Jilin, and a trona mine in Wucheng, Henan. In recent years, more than 20 underground rock salt resources have been
discovered in coastal provinces. For example, the rock salt reserves are quite considerable in Huai’an, Jiangsu Province. If the
brine is used to prepare soda ash, it will reduce production costs and improve production of soda ash.

Although remarkable achievements are made in our country in various aspects over the past 40 years, there is still a big
gap between the national economy’s demand for soda ash industry and the world’s average level of soda ash of 7.5 kg per person.
Since the average amount of soda ash produced in 1987 of our country is only 2.2 kg per person, the self-produced soda ash
cannot meet the consumption requirement and a considerable amount of soda ash still needs to be imported from abroad. In
order to rapidly change the situation of shortage of soda ash supply and partial dependence on import, a large soda ash factory
with an annual production of 0.6 Mt has been newly built in Weifang in Shandong, Tangshan in Hebei, and Lianyungang in
Jiangsu in our country. In addition, a main difference in soda ash industrial technology between our country and advanced
countries is high energy consumption. The energy consumption of unit of products in the same process is about 25%-33% higher.
The energy consumption index of 1 t of soda ash produced in the advanced countries is 13 GJ by an ammonia soda process and

9 GJ by a soda ash joint production process.

7.1.5 Main raw material for preparing soda ash-raw salt

Raw salt is a main raw material for preparing soda ash and mainly from sea salt, rock salt, and natural brine.

1.  Seasalt Various salts are dissolved in seawater, mainly NaCl. The seawater is introduced into a salt pan and sun-
dried to obtain sea salt whose composition varies due to different places and sun-drying conditions. The following is chemical

components of sea salt in a certain place (Wt%):

MEBI2.eciiiee 0.01
KCliiiieieeieeceeeeee 0.22
Moisture ...

Others......cocevveneeieneniene 0.27

2. Rock salt Natural sodium chloride in the form of deposits still existing in the strata is called rock salt. A method of
injection and melting is commonly used for mining and the obtained brine has different components. Here is an example:

NaCl297.84 kg/m*;  CaSO44.77 kg/m*;  MgClz 1.68 kg/m?;

MgS04 0.76 kg/m’; and  Relative density 1.199 (23°C)

3. Natural brine  The Natural brine generally contains more than 12% of NaCl and impurities such as KCl, NH4Cl,
CaS04, MgCly, etc.

At present, my country’s sea salt production is the largest. Due to convenient transportation and proximity to soda ash

factories, the cost is the lowest and the sea salt is an important source of raw salt.
7.2 Preparation of Soda Ash by ammonia soda Process

7.2.1 Overview on production by ammonia soda process
1. Production process Soda ash consists of 98%-99% by weight of Na.COs. Soda ash is prepared from edible salt (active
ingredient NaCl) and limestone as follows:
2NaCl + CaCOy ==Na,C0; + CaCl, (7-1)
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however, the soda ash cannot be directly prepared according to the route and can only be realized through an intermediate
product of NHsHCO3 and NaHCO:s. The more expensive ammonia, NHs, only acts as a medium here. It is not consumed in the
production process and can be continuously recycled.

Since a NH; circulation system is involved in a main production process, the production process of the soda ash is more
complicated in equipment and operation. To maintain a balance of original production links, it is necessary to operate carefully
and have rich production experience. From an economical view, every effort must be made to keep the ammonia consumption
as low as possible.

Figure 7-1 is a flow diagram of production of soda ash by an ammonia soda process.
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: - Slaking]
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Figure 7-1 Flow diagram of ammonia soda process

2. Production of soda ash NaCl enters the production process in a form of an aqueous solution. Brine can be

prepared from solid NaCl or natural brine can be used.

In order to avoid scaling of equipment and pipelines, Na2CO3 and Ca(OH). are often added to a brine refining device to

precipitate calcium and magnesium.

MgCl, + Ca(OH), ===Mg(OH), ¥ +CaCl, (7-2)
(MESO.J (CaSO4 )

CaCly + NayCOy ——CaC00;3 ¥ + 2NaCl

(CaS04) (Na;SOs) (7-3)

The brine enters an ammonia absorption tower to absorb the required amount of NHs and also absorbs a small amount of

CO: at the same time.
NH; + HO==NH,OH + Q (7-4)
2NH,0H + CO, ==(NH,;),C0; + H,O+ Q (7-5)
The reaction heat of the two exothermic reactions is conducted in a staged manner for cooling.

Ammoniacal brine with a low carbonation degree is cooled and then subjected to a carbonation process, and enters a tower

here, and CO:z is introduced.

2NH,OH + CO, ==(NH,),CO; + H,0+ Q (7-6)
(NH,),00; + 0O, + H;O==2NH;HCO; + Q (7-7)
2NH,HCO; + 2NaCl ==2NaHCO; + 2NH,Cl + Q (7-8)
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A part of CO2 comes from a lime kiln; and a part comes from calcination of NaHCOs. NaHCO:s is seldom dissolved in
mother liquor of soda ash preparation, such that it is precipitated in a form of crystals. In an actual production, the precipitation
amount of NaHCO:s is equivalent to 70%-75% of the amount of Na brought in by NaCl, and the remaining Na remains in the
solution and cannot be used in a subsequent process.

The absorption of CO2 and the production of NaHCO; are also exothermic processes, such that the carbonation tower
should be fully cooled.

The NaHCO:; crystals suspended in taking-out liquid of the carbonation tower are subjected to a solid-liquid separation by
a rotary vacuum filter.

The air sucked in from the filter contacts with the mother liquor to bring out NH3. The ammonia-containing air is washed
with water in an ammonia purification tower and the ammonia is recovered into the system.

A filter cake containing NaHCO: is calcined to obtain final products Na2COs and COx:

2NaHOO, ——2N2,00; + H0+ CO, (7-9)

At the same time, a small amount of NHj3 is driven out and the part of ammonia is brought to the calcination process by the
remaining mother liquor adhering to the crystals of the filter cake.

3. Recovery of NH; A large amount of NH3 remains in the mother liquor in a form of NH4Cl, NHsHCO; and
(NHa4)2COs. The NH;3 in the mother liquor must be distilled out and returned for absorption. The ammonia is driven out by steam
in a gas-liquid counterflow device.

In a mother liquor preheating section of an ammonia distillation tower, gas passes through a heat exchange surface to
preheat the mother liquor and some COxz escapes. In the preheating section, the gas directly contacts with the liquid. Finally,
almost all COz in the mother liquor is driven out and a small amount of NHs is converted from liquid to gas with COa. The

reaction is as follows:

NHHCO; ==NH; t +00; 4 +H,0 (7-10)

(NH,),C03 ==2NH; 4 +CO, } +H,0 (7-11)
Then the mother liquor enters a prelimer and Ca(OH): is added to decompose NH4Cl.

2NH,Cl+ Ca(OH), —2NH; * + CaCl; + 2H,0 {7-12)

Finally, in a distillation section, steam is used to drive out NH3 until only a trace amount of NH3 remains in the solution. A
solution at an end point from the distillation section enters a flasher and is discharged after cooled slightly.

The gas containing NH3 and CO2 of a very high concentration from the ammonia distillation tower passes through a
condenser to an absorption process.

4.  Carbon dioxide

The gas from calcination, and absorption and washing contains approximately less than half the amount of CO2 required
to form NaHCOj3. The remaining CO2 comes from a lime kiln. Calcium carbonate is decomposed into CO2 and CaO in the lime
kiln. Kiln gas is washed and dedusted with water in a washing tower, sulfur compounds are removed, and the gas is cooled and

then sent to the carbonation tower by a gas compressor together with CO: gas in the production process.

7.2.2 Calcination of limestone and slaking

In the brine refining and ammonia recovery, a large amount of lime milk is required. The carbonation process requires a
large amount of CO: gas, such that limestone is calcined to produce CO; and lime, and then the lime slakes to produce lime
milk, which has become an indispensable preparation process in the production by the ammonia soda process.

1. Calcination of limestone

(1) Basic principle of calcination of limestone The main component of the limestone is CaCO; with the better content
about 95%. In addition, there are still 2%-4% of MgCOs and a small amount of SiO2, Fe2Os, Al2Os, etc. The main reaction in
the calcination process is:

CaCO;5( s )=——=CaO(s) + CO(g) = 179.6 kJ/mol (7-13)

According to thermodynamic data, when a partial pressure of CO: reaches 0.1 MPa, the theoretical decomposition
temperature of the limestone is 1,180 K.
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The actual operating temperature is higher than the above theoretical decomposition temperature, and therefore, the
decomposition rate of the limestone is slow at 1,180 K. The decomposition rate of ore is represented by a speed (R) that a
reaction surface (an interface between produced CaO and internal CaCOs) advances to the interior. The speed is not related with
the size of the ore and has a relationship with a temperature ¢ (°C) as:

1gR=0.0031 45t - 3.308 5 cm/h :.-/
(7-14) s

04—~ ¢

Y/

It can be seen from formula (7-14) that calcination time

can be shortened by high temperature.

At a certain temperature, the calcination time required

for ores of different sizes is shown in Figure 7-2. However,

raising the temperature is also limited by a series of factors.

If the temperature is too high, a molten or semi-molten state

may occur, wall hanging or nodulation may occur, and the ore

Size of limestone (thickness) (¢m)

will become solid “over burnt lime” not easy for slaking.

Practice has proved that the temperature of burning limestone 0 5 10 15 20
is generally controlled within a range of 940-1,200°C. Calcination time (h)
The calcination of the limestone is an endothermic  Figure 7-2 Relationship between limestone size and

reaction. Heat is usually supplied by burning coke or calcination temperature and calcination time

anthracite (also gas or oil). Fuel is required to be completely

burned in the kiln to provide the most heat. However, sometimes due to insufficient oxygen or local hypoxia caused by nodules
in the kiln, the fuel cannot be completely burned and a small amount of CO is produced. Therefore, it is necessary to strictly
control the amount of air in the operation to control the content of CO in the kiln gas to be less than 0.6% and the content of O2
to be less than 0.3%.

There are two sources of COz in the kiln gas: one from decomposition of CaCOs; and the other from a product of fuel
combustion. The former is pure CO: gas; and the latter is mixed gas of CO2 and Na. Theoretically, when pure carbon is burned,
the COz in the gas can reach 21%, but the concentration of the CO2 can be reduced due to excess oxygen or production of CO.
It can be seen that burning limestone uses less fuel, which not only saves fuel, but also improves the concentration of COz in
the kiln gas. But enough heat must be provided for the decomposition reaction. Now the number of kg of fuel in 100 kg of

limestone is called “coking rate” and expressed by symbol F, then
CaCO; % i MegCO:%  C%

Concentration of _ 100 84.3 4 12 XF %100 (7-15)
CO, in kiln gas CaOOa%+Mg003%+c_%xe " %
100 84.3 12 0.21

In the formula, CaCO3% and MgCO;%-percentages of CaCO3 and MgCOs in limestone respectively;
C%-percentage of fixed carbon in fuel; and
0.21-mole fraction of oxygen in the air.

Theoretically, the concentration of CO: in the kiln gas is 44.2%, but generally around 40%. Therefore, the produced kiln
gas must be exported in time, otherwise the reaction will be affected. During the production, the kiln gas is purified, cooled and
continuously pumped out by a compressor to continuously decompose the limestone.

2. Lime kiln and its operation At present, limestone is mostly calcined by a mixing vertical shaft kiln. The kiln has
advantages of large production capacity, fully mechanized loading and unloading, high concentration of kiln gas, high heat
utilization rate, and good quality of lime.

The structural schematic diagram of the lime kiln is shown in Figure 7-3.
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Preheating
zone 25%

Calcining
“zone 50%

Cooling
zone 25%

Figure 7-3 Schematic diagram of lime kiln
1-funnel; 2-limestone distributor; 3-air outlet; 4-lime output rotary table; S-periphery air duct; 6-center air duct; 7-

limestone lifting tank; 8-lime outlet; and 9-adapter tube of draftmeter

The kiln body is made of ordinary bricks or steel plates, with refractory bricks inside. A thermal insulation material is filled
between the two layers to reduce heat loss. The kiln is divided into three zones from the top to the bottom: a preheating zone, a
calcining zone, and a cooling zone. The preheating zone is located at an upper part of the kiln, accounting for about a quarter of
the total height. The preheating zone functions to use hot kiln gas rising from the calcining zone to preheat and dry limestone
and fuel to recover waste heat of the kiln gas and improve thermal efficiency. The calcining zone is located in a middle part of
the kiln. The preheated mixed materials are calcined here to decompose the limestone. To avoid nodulation by over-burning, the
temperature in the calcining zone should not exceed 1,350°C. The cooling zone is located in a lower part of the kiln, accounting
for about a quarter of the effective height of the kiln. The cooling zone mainly functions to preheat the air entering the kiln to
cool the hot lime, such that the heat is recovered and the kiln grate is maintained.

The proportion of ingredients, the size of blocks, the air pressure and air volume, and the speed of feeding and discharging
are main conditions for maintaining the normal operations of the lime kiln.

The equilibrium state in the kiln is easily disturbed by operational errors or breaks, and thus measures must be taken to
return to normal as soon as possible. Under the premise that the proportion of the amount of the limestone and coke is appropriate,
the following measures should be taken:

Whether the position of the calcining zone is too low can be known from too high lime temperature. The position of the
calcining zone can be increased by increasing the air blowing amount.

Whether the position of the calcining zone is too high can be known from too high air-out temperature. The measures are
more complicated. Lime discharge must be enhanced while the air volume is reduced as much as possible until the calcining
zone is mechanically restored to its normal position. Then the kiln is filled up by a quick feeding and the normal air flow is
restored.
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When the calcining zone is extended (both upper and lower temperatures are high), the lower limit of the calcining zone is
first moved upward by air intake, then the lime discharge must be enhanced, and the kiln is filled by feeding, such that the
calcining zone shrinks to the middle. Under the normal condition in the reaction zone where a coke-stone ratio has been adjusted,
only the air volume is adjusted to maintain the normal state of the kiln. Under the normal condition, the gas in the kiln is
controlled to be neutral or slightly reducing gas.

It is most important is to carefully adjust the air volume. In order to avoid the inlet of the air, the whole kiln needs to
maintain a positive pressure which is formed by a blower sending the air into the kiln from a lower part.

Since dust is easily produced from the lime, dust prevention of all lime treatment devices should be paid attention to and
the devices should be frequently maintained.

If dust raising is unavoidable, the dust-containing air can be drawn out and washed with water, and the washing water can
be used for lime slaking.

2. Lime slaking

Ca(OH)z, instead of CaO, is used for brine refining and ammonia distillation. CaO can be converted into Ca(OH)2 by
slaking using an appropriate amount of water. But the solubility of the Ca(OH): is very low and decreases with the increase of
temperature. Besides, powdered slaked lime is very inconvenient to use, such that its suspension, also called lime milk, is used
in the production. The following balance exists:

Ca(OH),(s)==Ca(OH),(aq)==Ca*" +20H" (7-16)

The lime milk is relatively thick and thus more favorable for production. But its viscosity increases with the thickness. If
the lime milk is too thick, it will settle and block the pipelines and equipment. The generally used lime milk contains about 160-
220 tt” of active CaO and has the relative density about 1.27.

The dispersion degree of suspended particles in the lime milk is very important. When the particles are small, they are easy
to be made into a uniform milky substance not easy to sink, which is convenient for transportation and use. The factors affecting
the size of the suspended particles are purity of lime, water quantity, water temperature, and stirring strength. Too many
impurities in lime or over-burning will reduce the quality of the lime milk. The high temperature of water for slaking can
accelerate the slaking and form a powder with a finer suspension particle size. Generally, warm water at 65-80°C is suitable for
the production.

Flow diagram of lime slaking system is shown in Figure 7-4.

Limei
1 Evacuation
£ time 3
— - - -
- - s -
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- . - -y -1
-
Returned
Clean water 4  stone
5
| / Lime milk
J sending to
ammonia
7 distillation
Waste sand process
Impure water 9
. 10
Figure 7-4 Schematic diagram of lime slaking process and lime slaking machine

1-lime bin; 2-chain plate machine; 3-lime slaking machine; 4-returned stone belt; 5-vibrating sieve; 6-spiral sand washing

machine; 7-lime milk bucket; 8-impure water bucket; 9-impure water pump; and 10-lime milk pump

The lime slaking machine (slaking machine) is a horizontal rotary cylinder slightly inclined to one end of an outlet (about

@O A unit of concentration is commonly used in soda ash factories and called “titer”. Symbols can be tt or ti. 1 tt = % mol/L. This is

the meaning of “tt” in the following chapters.
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0.5 degrees). Lime and water are added from one end to be mixed and reacted with each other. The cylinder is equipped with a
number of spirally arranged shoveling plates which push the solid mixture towards the other end when rotate. There are two
layers of sieves with different apertures at a tail. The produced lime milk flows out from sieve holes and enters a lime milk
bucket through a vibrating sieve. The remaining under-burnt or over-burnt lime flows out from the sieve. The large blocks of
under-burnt lime can be returned to the kiln to be reused and are called returned stone. The small blocks from the vibrating sieve

are called waste sand, and are discharged and discarded.

7.2.3 Brine refining

1. Objective of brine refining

Converted Na in soda ash production is provided by edible salt. A nearly saturated NaCl aqueous solution is introduced
into a system as crude brine. The natural brine is often found in nature and pumped from a deep part of a well. The crude brine
can also be prepared by dissolving solid salt with water. For example, the saturated crude brine can be prepared using sea salt.
The approximate composition (kg/m®) of the crude brine is as follows:

NaCl 300.4; CuSO4 4.81; CaCl» 0.8; and MgCl1 0.35

Although the amount of calcium salts and magnesium salts contained in the crude brine is not large, they can be reacted
with NH3 and COaz to form a precipitate of double salts in each subsequent process, which causes scaling or even blocking of
equipment and pipelines, and will increase loss of raw salt and ammonia. These impurities will also be mixed into sodium
bicarbonate, which will eventually affect the quality of the soda ash. Therefore, a pre-refining measure is used in the production
to remove these impurities. Generally, it is required that the accuracy of removing calcium and magnesium is above 99%.

2. Method for brine refining

(1) Lime and soda ash method

Magnesium is precipitated with Ca(OH): (lime milk) and calcium with NaCOs:

Mg?* + Ca(OH); —Mg(QH); + +Ca®* (7-17)

to obtain a first brine and a first sludge.
Na,00; + Ca?* —>CaC0; ¥ +2Na* (7-18)
to obtain a second brine and a second sludge.

Mg(OH)2 and CaCQO: are precipitated out as a precipitate, but CaCL2, NaCl and Na2SOs are still dissolved in the brine. The
Na" brought in with CaCO:s also exists in a form for producing soda ash. But in a sodium bicarbonate making tower, only a part
of this Na* is converted into NaCOs due to limitation of a conversion rate. The diameter of the CaCO:s crystals is 1-10 um, while
the diameter of the produced Mg(OH): crystals is only a few um. A single Mg(OH): crystal cannot settle at all, while the
sedimentation velocity of the CaCOs crystals in the brine at 15°C is 0.1 m/h or below. The CuCOs crystals are added into the
Mg(OH): crystals which can grow into aggregates with a very fast sedimentation velocity, and therefore a clear precipitated
sludge interface can be obtained in a clarifying device. In the production process, it is the reason that the second sludge is
returned to a primary refining device to accelerate the coagulation and sinking of the precipitate.

(2) Lime-tower gas method (lime-ammonium carbonate method)

The “first brine” is treated with tail gas containing NH3 and CO: at a top of the carbonation tower to precipitate CaCO3
with very little solubility.

2NH; + 00, + KO+ Cu?*—>CaCO5 ¥ +2NH{ (7-19)
Mg?" is removed using the same above method.

In addition, polyacrylamide (PAM) can also be used. Due to its large molecule and polar group, the polyacrylamide is easy
to adsorb precipitated particles and can “bridge” particles to form flocs with a spatial network structure, which is quite effective
to shorten the settling time and improve the production capacity of the equipment. The total chloride ion concentration
(represented by the symbol Tcr) in the second brine prepared by the production factory generally reaches about 105 tt.

The brine refining process of the lime-tower gas method is shown in Figure 7-5.
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Figure 7-5 Flow diagram of brine refining

7.2.4 Ammonia absorption by brine

1. Theory of absorption process

Ammonia absorption by brine is to prepare ammoniacal brine and enable it to reach the concentration required for
carbonation (7c1 89-94 tt, Fyy, ¥99-102 tt). The ammonia used for ammonia absorption comes from the ammonia distillation
tower, and CO: and water vapor are contained in addition to the ammonia. In addition, the air (called filter air) drawn by the
filter and the tail gas of the carbonation tower contain a certain amount of ammonia, which should be recycled and enter into
the brine.

(1) Basic principle of ammonia absorption process

@O  Ammonia absorption reaction and equilibrium partial pressure of gas above ammoniacal brine The refined brine and
the gas from ammonia distillation are mainly reacted as follows:

NH;(g) + HyO(£ )==NH,0H(aq) +35.2 kJ/mol (7-20)
2NH;(ag) + CO,(g) + HoO==(NH,),C05(aq) +95.0 kJ /mol (7-21)

In addition, the gas is also reacted with a trace amount of residual Ca* and Mg?" in the brine to produce a small amount of
precipitates.

Ammonia absorption by brine is an absorption process accompanied by a chemical reaction. Since the amount of NH3 and
COz gradually increases in the liquid phase, they are subjected to a chemical combination to produce ammonium carbonate,
such that the partial pressure of ammonia is lower than the equilibrium partial pressure of ammonia of ammonia water with the
same concentration. The more CO: in the solution, the lower equilibrium partial pressure of ammonia above the solution. Below
65°C, the temperature has little effect on the increase of a partial pressure of COa. Especially when the ammonia concentration
is high, the temperature has less effect on the partial pressure of CO2, but the temperature has a great effect on the partial
pressures of water vapor and ammonia. As the temperature increases, the partial pressure of NH3 increases significantly. When
the temperature is relatively high, the content of CO: in the solution increases, which will enable the partial pressure of ammonia
to decrease quickly, but the partial pressure of water vapor does not decrease much.

The above rules are very important for the processes of ammonia absorption, carbonation, and ammonia distillation in the
production by the ammonia soda process. Someone has studied and measured the equilibrium partial pressure above the solution

containing 85.5 tt NaCl and dissolved with different amounts of NH3 and COz. The results are shown in Figure 7-6.

@ Fyp,represents free ammonia.
261

China Chengda, EX1005, p. 113



@ Interaction of solubility of raw salt and ammonia

The solubility of NaCl in water does not change .. Stock solution containing
much with the temperature, but the ammonia absorption q ::’é;gg‘;ﬁ
in the saturated brine will slightly reduce the solubility 800 —} COz0t 42. 51t 801t
of NaCl. The solubility of the ammonia in water is very 7009 Ry P =Py, *ProtPc O
large, but it is also reduced in the brine, that is, the 600 @
equilibrium partial pressure of ammonia above the 500 [ = B 701
ammoniacal brine is larger than that above pure i n - R 55"
ammonia water. The effect of the temperature on the -
solubility of ammonia is the same as that of general e
gases, that is, high temperature leads to low solubility. 2005 5?'4—
In the process of ammonia absorption by brine, since - 100 p = b 30°
COz exists in a gas phase, the CO: can be dissolved in a ﬁ 0 75 Peo,
liquid phase to produce (NHs)2COs, such that the E 100 Gg‘f
solubility of the ammonia can be improved. g 0 Prat,
In the production of soda ash, ammonia absorption E 600 «
by second brine only requires free ammonia to reach 99- E 500 T
102 tt. This concentration is still far from the saturated 400 . p
concentration of ammonia at a room temperature. In N e
theory, it seems to be better to absorb more ammonia. ™ > = 70"~
Although this is beneficial to the carbonation reaction, 0 - 6T T
the solubility of NaCl in the liquid phase will decrease 100 = O:_
with the increase of the concentration of ammonia, 0 % =
200 b
which will cause adverse consequences on the 6759
availability and yield of sodium in the production of 100 50°
soda ash. Therefore, the relative concentrations of 0 10 20 30 40 S0 60 70 8‘;130
ammonia and salt in the ammoniacal brine must be both Content of carbon dioxide in solution (1t}
taken into account. According to the theoretical ~ Figure 7-6 Partial pressures of NHs, CO: and H:0 above

reaction, the value of Fyy,/Tcr should be 1. However, ammoniacal brine

in consideration of the escape loss of ammonia, etc., the Notes: 1 tt = % mol/L
value is generally taken as 1.08-1.12 and according to
experience, generally Fyy, =99-102 tt and Tcr = 89-94 tt.

(®  Thermal effect of ammonia absorption process

In the process of ammonia absorption, a lot of heat is released, including the heat of dissolution of NHs; and COz, the heat
of reaction of mutual neutralization, and the heat of condensation of water vapor contained in the gas from ammonia distillation.
Under normal production conditions, about 2.16x10° kJ of heat is released per 1 t of soda ash produced. If this heat is not drawn
out of the system, it will be enough to raise the temperature of the solution up to about 120°C, completely disabling the ammonia
absorption tower. Therefore, cooling is the key to the ammonia absorption process.

@  Volume change in ammonia absorption process

After absorbing the ammonia, the brine has decreased relative density and increased volume. Besides, since the water vapor
brought by the gas is condensed to dilute the saturated brine, the volume is more increased. In general, after the ammonia
absorption, the volume increases by about 13.5%.

®  Essence of ammonia absorption process

Since the ratio of NHs and CO2 molecules in the gas from ammonia distillation is about 4:1 to 5:1, the ammonia absorption
by brine is essentially the process of absorbing NH3 and CO: gases by the liquid phase at the same time. The absorption includes
physical absorption and chemical absorption, wherein the chemical absorption is the combination of a part of NH; and CO: in
the liquid phase. Besides, the rate of the chemical absorption is directly proportional to the concentration of free ammonia. The
data is searched according to the production in recent years. It is found that the concentrations of CO2 and NHj3 in the liquid

phase at different heights along the tower are about a constant, such that the absorption of the CO: and NH3 by the brine is
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proportional.
(2) Main device and process of ammonia absorption by brine
The main device of ammonia absorption is the ammonia absorption tower shown in Figure 7-7.
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Figure 7-7 Structure of ammonia absorption tower and process

The ammonia absorption tower is a multi-section cast iron single bubble-cap tower. The process is also centered on the
ammonia absorption tower. Refined brine is pumped into the top of the tower and gradually flows down from the top of the
tower by its own weight. A single cap is installed in each circle to facilitate absorption. Since this absorption process is
exothermic, in order to ensure good absorption, the brine is drawn out twice at upper and middle parts of the tower to a cooling
grid (or a plate heat exchanger) for cooling, and then return to the next circle to continue to absorb ammonia. After the second
cooling, the brine enters the ammonia gas inlet circle where the ammonia concentration is the highest and the heat release is the
strongest. In order to ensure a good ammonia absorption effect and a certain concentration requirement, the brine is circulated
for cooling and absorption, and a part of ammoniacal brine can be drawn out at any time. After sludge discharge by a clarifying
bucket, the ammoniacal brine is cooled and sent into an ammoniacal brine tank (located at the lower 7th circle of the bottom of
the tower). In countercurrent contact of gas and liquid, the ammonia content of the brine increases from the top to the bottom
and the concentration of ammonia gas decreases from the bottom to the top. The trace ammonia contained in the tail gas from

the tower is sent to an ammonia purification tower to be absorbed by water, and the obtained dilute ammonia water can be sent
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to be dissolved into a salt.

In order to save power, when the brine is drawn out to be cooled, it is necessary to ensure that the liquid has enough static
head, such that it can overcome the resistance of the pipeline and return to the tower. To this end, it is necessary to carefully
determine positions of inlets and outlets in the tower body, and add an empty circle if necessary.

Since the absorbed ammonia comes from the ammonia distillation tower, in order to reduce the leakage of the ammonia
absorption system due to the unfirmness of the unit, speed up the distillation of CO2 and NH3 in the ammonia distillation tower,
improve the production capacity of the ammonia distillation tower, and save the amount of water vapor, the ammonia absorption
operation is performed under partial vacuum.

Although more than 99% of calcium and magnesium impurities have been removed from the refined brine, it is inevitable
that a small amount of impurities will enter the ammonia absorption tower to form carbonate and a double salt precipitate. In
order to ensure the quality of the ammoniacal brine, the clarifying bucket is provided for clarification again. The precipitation

contained in the ammoniacal brine sent to carbonation should not exceed 0.1 g/L.

7.2.5 Carbonation of ammoniacal brine
Carbonation of ammoniacal brine is an important process in the production of soda ash by an ammonia soda process and
simultaneously has unit processes such as absorption, crystallization, and heat transfer. These unit processes are interrelated and
restrict each other. The basic reaction of the carbonation can be summarized by the following equations:
NaCl + NH; + CO, + H,O==NaHCO; ¥ + NH,(l (7-22)
or NaCl + NILICO; ==NaHCO; v + NH,Cl (7-23)
The purpose of the carbonation is to obtain NaHCOs crystals with high yield and good quality so as to be filtered and
calcined to obtain a final product. The high yield of the crystals indicates that the utilization rate of NaCl and NH3 is high, and
therefore the product cost is reduced. The crystals have good quality, that is, the particles are large and uniform, and easy to
separate from mother liquor, thus the amount of washing water can be correspondingly reduced, so as to obtain a final product
of soda ash with relatively high purity and reduce the load of ammonia distillation.
1. Reaction mechanism of COz absorption by ammoniacal brine
Many researchers believe that the reaction mechanism can be divided into three steps: (1) production of ammonium
carbamate; (2) hydrolysis of ammonium carbamate; and (3) precipitation of sodium bicarbonate crystals.
(1) Production of ammonium carbamate Experimental studies have confirmed that when CO:> is introduced into
concentrated ammoniacal brine, ammonium carbamate always appears initially.
CO; + 2NH; ==NH,; + NH,COO"~ (7-24)
The possibility of this trimolecular reaction is very small, such that the reaction should be regarded as the following two
reactions
CO, + NH; ==H" + NH,COO" (7-25)
NH; + H'==NH/ (7-26)
(2) Hydrolysis of ammonium carbamate The produced ammonium carbamate above is further hydrolyzed and the
reaction is:
NH,COO~ + H,O0==HCO5 + NH; (7-27)
(3) Precipitation of NaHCO; crystals by double decomposition. The step is the final purpose of the carbonation. When
the carbonation degree reaches a certain value and the concentration of HCOs™ in the solution is quite high, the product of the
concentrations of HCOs™ and Na* exceeds the solubility product of NaHCOs at this temperature, a precipitate is produced, and
the double decomposition is completed:
Na* + HOO™==NaHCO; } (7-28)
or NaCl+ NH;HCO; ==NH,Cl + NaHCO; ¥ (7-29)
The ammonia concentration in carbonated liquid is always relatively high and many times larger than the concentration of
OH-, such that most of the absorbed CO: is consumed in the reaction to produce ammonium carbamate, which has been

confirmed by experiments.
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The reaction of precipitating NaHCOs will affect the balance of a series of complex ionic reactions. The most important is
to shift the hydrolysis reaction of ammonium carbamate to right, thereby accumulating dissolved ammonia in the solution, which
has a significant impact on the absorption process.

2. Process conditions

(1) Carbonation degree and its effect on utilization rate of sodium

. Mole number of total CO,
Carbonation degree R = x100% (7-30)
Mole number of total NH3

Since it is NH4sHCOs rather than NH; that directly affects the equilibrium yield of NH4HCO3, the carbonation degree
indicates the degree of total ammonia converted into NH4sHCOs. Therefore, in the case of appropriate composition of
ammoniacal brine, the larger R, the more complete conversion of the total ammonia into NHsHCOs3, and the higher utilization
rate Una of NaCl. Therefore, in industrial production, the carbonation degree of the solution should be increased as much as
possible to improve the utilization rate of sodium. However, due to various limitations of conditions, the carbonation degree in
the production can generally only reach 180%-190%.

(2) Composition of ammoniacal brine

In order to obtain the highest utilization rate of sodium, the ratio of ammonia to salt in the ammoniacal brine must be
ensured. However, in the actual production process, in addition to the insufficient carbonation degree R, the influence of
ammonia brought out by the tail gas and NH4HCO3 eutectoid in sodium bicarbonate must also be considered.

(O Ammonia brought out by tail gas and insufficient carbonation degree The most appropriate composition of
ammoniacal brine is obtained based on the premise that the carbonation degree R = 200% of crystal mush taken out from the
carbonation tower and the tail gas at the top of the tower does not bring out ammonia. However, in the actual production, the
carbonation degree is usually less than 200% and the percentage of ammonia brought out by the tail gas accounts for about 6%-
12% of the total ammonia. Therefore, the ratio of NH3/NaCl in the ammoniacal brine must be increased to make up for the lack
of ammonia.

@ Influence of NHsHCOs eutectoid in sodium bicarbonate on ratio of ammonia to salt The ratio of ammonia to salt
in the ammoniacal brine should be higher than the theoretically calculated ratio of ammonia to salt , which is not only because
the tail gas at the top of the tower brings out ammonia, but also because a part of NH4sHCOs is brought out in a form of eutectic
in the NaHCOs precipitate.

(3 Optimum ammonia absorption amount As can be seen from the above discussion, properly increasing the ratio of
ammonia to salt can improve the utilization rate of sodium, but in the process of ammonia absorption, every 1 mol of ammonia
absorbed will bring in about 0.4 mol of water vapor. Therefore, the more ammonia is absorbed, the lower the concentration of
NaCl in the ammoniacal brine, and the more deviated from the most appropriate composition of the ammoniacal brine.

The most appropriate ratio of ammonia to salt in the ammoniacal brine can be calculated using a solubility diagram of NH3-
NaCl-H20 and is generally 1.12-1.14.

(3) Influencing factors of carbonation absorption rate

In the carbonation process, increasing the pressure, lowering the temperature, and keeping a stage of low carbonation
degree are all beneficial to increase the absorption rate.

(4) Crystallization process of sodium bicarbonate and influencing factors

Since the production conditions are different, the sodium bicarbonate crystal produced in the carbonation tower also has
different quality. The crystal quality includes factors such as particle size and shape. The non-whisker-like crystals having large,
uniform and complete grains, and similar three-dimensional lengths are considered to have good quality. When the crystal
quality is good, filtration and washing are facilitated, the sodium bicarbonate contains less water, the yield is high, the content
of salt is less after calcination, and the quality of soda ash can be improved. Therefore, crystallization is important to the product
quality in the whole production of soda ash.

The solubility of NaHCO; in water decreases with the decrease of the temperature, but the NaHCO3 can easily form a
supersaturated solution. Since the precipitation of NaHCO; crystals in the supersaturated solution is similar to the general
crystallization process, that is, the greater the degree of supersaturation, the faster the crystallization speed. However, the crystals
have a small particle size and poor quality, which is unfavorable for filtration and calcination.

According to the crystallization kinetics, under the same supersaturation condition, a growth rate of crystal grains is greater

than a generation rate of crystal nuclei at a high temperature. Therefore, maintaining a higher temperature (about 60°C) in the
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initial stage of the crystallization will not produce too many small crystals. Experiments have shown that if 50% of NaHCOj3 is
crystallized at a suitable temperature, in a second half stage of the crystallization, due to the existing good foundation, the overall
quality is guaranteed. The higher temperature in the middle of the tower is maintained by the heat of reaction. The cooling
process of the temperature in the middle decreased to about 25°C of the temperature of discharge from the tower should be
performed gradually. Because although there is a good foundation at this time, too fast cooling will still cause excessive
supersaturation, which may produce new small crystals.

The good operation of the carbonation tower should be to precipitate large and complete sodium bicarbonate crystals to
meet the requirement of the next step of separation from mother liquor. Otherwise, the product quality will be affected and the
load of the ammonia distillation process is also increased.

The quality of the crystals can be expressed by settling time and settling rate. The settling time is determined by taking 100
ml of the crystal mush under the tower with a measuring cylinder and measuring the time required from standing to separation
of liquid and solid phases. Generally, 150-200 s is required to be qualified. The settling rate is the percentage of the volume of
the solid phase layer to the total volume after layering and generally required to be 40%-50%.

A large amount of heat is released during the carbonation process, which will increase the temperature of the liquid entering
the tower. But when the temperature is high, the solubility of the sodium bicarbonate is large. Therefore, the temperature should
be gradually lowered after the crystallization, and thus the reaction tends to be completed and crystals are precipitated as many
as possible. When the precipitation continues, the crystals can grow up and the quality is ensured. At this time, special attention
should be paid to controlling the cooling rate. A relatively high temperature (usually the temperature at the middle part) should
be maintained for a period of time in order to produce sufficient crystal nuclei. If the cooling time is too short, the crystal nuclei
are not yet formed, thereby increasing supersaturation and finally resulting in a large number of small crystals which are not
grown up even when taken out and form “small crystal mush” (also called “floating soda”). However, if the cooling time is too
long, the utilization rate of equipment will be reduced. The lower part of the tower should not be cooled too fast to avoid the
production of small crystals. Generally, the residence time of the liquid in the tower is about 1.5-2 h and the discharge
temperature is about 25°C.

In order to keep the supersaturation at a constant value and not increased too quickly, the speed of cooling should be slow
at the beginning. However, the cooling can be slightly faster before the final discharge from the tower, since the carbonation
degree is already high, the reaction speed is slowed down, and the large supersaturation is not easy to form. Appropriate
acceleration of the cooling will not produce small crystals, but can improve

the yield. To ensure crystal quality, the temperature distribution of each b ==~ m = e~ =~ —Top of tower

- — —-'i— = =Liquid surface

(1) A typical process for carbonation is shown in Figure 7-9. i 1 L

. S . . 0 20
The ammoniacal brine is injected into a washing tower (also known as Temp emm:eo.c %

layer in the tower is required as shown in Figure 7-8. It can be seen from

the figure that the maximum reaction temperature is about 65°C at about

2/3 of the tower height and then the temperature is gradually cooled to reach
the discharge temperature of 22-28°C or slightly higher.

Height of tower

3. Carbonation process and carbonation tower

a pre-carbonation tower and a neutralization tower), the kiln gas is blown . R
Figure 7-8 Temperature distribution of

into the tower to dissolve the scale in the tower, initially increases the . . .
carbonation tower at different heights
carbonation degree, and then is sent to the sodium bicarbonate making
tower, and the kiln gas and furnace gas obtained by calcining sodium bicarbonate are boosted by a (reciprocating or centrifugal)
compressor and then sent to the tower. The crystal mush discharged from the tower is self-pressed to a sodium bicarbonate
solution tank by the liquid level and sent to the filtration process. After a period of production by the sodium bicarbonate making
tower, the scale in the tower is relatively thick and the heat transfer is poor, which is unfavorable for crystallization. At this time,
the washing tower has been cleaned and can be used interchangeably, which is called “interchange of towers”. The tail gas of
the two towers contains a small amount of ammonia and carbon dioxide. After gas-liquid separation, the tail gas is sent to a
brine workshop for refining the brine. In the actual production process, several towers consist of a group with one tower for
washing and the other towers for producing soda ash.

2. Structure and performance of carbonation tower

The carbonation tower is one of the main devices for producing soda ash by an ammonia soda process. It is assembled
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from many cast iron tower circles and its structure can be roughly divided into upper and lower parts: The upper part is a CO2
absorption tower section. A hat-shaped plate and a slightly downwardly inclined liquid leakage plate are arranged between each
circle. Teeth are arranged for dispersing air bubbles on the edges of the plates and the hats to increase the contact area of gas
and liquid to promote absorption. About ten cooling water tanks are arranged in the lower part of the tower to cool the carbonated
liquid to precipitate crystals. No cap is arranged in the middle of the water tanks. The bottom of the carbonation tower is provided
with a crystal mush outlet and an inlet of concentrated CO2 gas (lower-section gas) and the middle part of the cooling section is
provided with an inlet of dilute CO2 gas (middle-section gas) (this is the two-section gas intake). The top of the tower is provided
with a liquid inlet and a tail gas outlet, and the tower is about 22-25 m high to maintain a certain liquid column and residence
time. Since too high static pressure will cause a waste of compressor power, it is also unnecessary if the liquid column is too

high. The carbonation degree of the crystal mush discharged from the tower will not increase much.
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FIG 7-9 Schematic flow diagram of carbonation
1-ammoniacal brine pump; 2-washing gas compressor; 3-middle-section gas compressor; 4-lower-section gas compressor;
S-separator; 6a, 6b-carbonation tower; 7-middle-section gas cooling tower; 8-lower-section gas cooling tower; 9-air-lift
brine transporter; 10-tail gas separator; and 11-sodium bicarbonate solution tank

The diameter of the carbonation tower is generally 1.98-3.2 m. There is a trend of large-scale development at present.

The front and rear pattern plates of the cooling water tanks are provided with separation plates, such that the cooling water
can pass through in a “Z-shaped” manner or a “grid-shaped” manner to utilize heat transfer. The cooling water tanks are mostly
made of cast iron and the initial heat transfer coefficient is 186-233 W/m?> K. The heat transfer coefficient is dropped to about
105-140 W/m2.K in the later stage. According to experience, daily production of per ton of soda ash requires a cooling area of
6-8 m®.

Each soda ash factory in our country still mainly uses traditional equipment whose main performances are shown in Table

7-4.

Table 7-4 Structure and main process performance of carbonation tower of different sizes
Tower diameter (mm) 1,200 1,600 1,980 2,500 3,200
Tower height (mm) 22,542 18,200 25,069 25,117 26,650
Cap Upper section 16 16 21 21 29

Number Lower section 0 0 11 10
Height of tower circle (mm) 600 450 375, 506 420 | 540, 800
Opening percentage of separation plate (%) 11.3 9.55 9.0 8.4 9.8
Opening percentage of upper cover (%) 33.7 23.4 335 315 -
Number of water tanks 10 10 11 9 12

. 2 Inside 459 Inside 737
Cooling area (m?) 128 200 Outside 533 Outside 912 1,921
Operating pressure (Mpa) 1.3 0.7 0.4 0.4 0.3
Production capacity (t/d) 21 35.6 74 122 220-240
Air speed of empty tower (m/s) 0.0355 0.038 - - -
Production intensity (t/m>.d) 0.843 0.554 0.716 0.98-1.15| 1.22-1.33

267
China Chengda, EX1005, p. 119



Since the water tank hat-type carbonation tower has Tail gas of carbonation

disadvantages of scaling of cooling surface, short production

cycle, complex structure, large construction investment, etc.,

the natural circulation external cooling-type carbonation 0]

tower developed in our country has been tested on an

Ammoniacal

industrial scale in 1985. The tower is shown in Figure 7-11. brine mlet ——

The diameter of the upper section is 2.5 m, the diameter Washing

. . . . liquid inlet
of the lower section is 2.8 m, and the height is 26.5 m. Two

===

external coolers have a diameter of 1.3 m and a height of 7.4

m. The upper part of the tower is a sieve plate and a bubble pm’i;

3
L |

cap, the middle and lower parts are provided with multiple

central circulation pipes, a suspension in the tower is [==)

discharged through the circulation outlet j, and after cooling,

the liquid returns to the tower through the circulation inlet m

and is taken out from the sodium bicarbonate outlet a. :
3. Operation of carbonation tower 3
k-

In order to ensure that a sodium bicarbonate crystal

mush is continuously sent to the filtration process, several “:”:-' T =

carbonation towers are connected into a group to operate. |m|i::_"j

Usually four towers are used as a group, wherein three towers = i;ml
are used for producing sodium bicarbonate; and one tower is u:“::::’m‘

a pre-carbonation tower. u:“_-jlz._—::;l:u

Middle- ——T
In the past, one-section gas intake was used in the section gas “j =
carbonation tower. The intake gas is a mixture of kiln gas and u:l [:][
furnace gas (CO2 gas from combustion) and the concentration ‘E] Ijl

is very difficult to exceed 60%. Two-section gas intake is used "j

Lower- bicarbonate
section gas outlet

later, that is, the furnace gas with a high concentration is fed ":l m Sodinm
from the bottom of the tower, and the kiln gas (with a Eg'g:
concentration about 36%-40%) is fed into the middle part of Figure 7-10  Carbonation tower

the cooling section, which is more in line with a

countercurrent principle. Therefore, absorption is strengthened, carbonation degree is improved, and the utilization rate of
sodium is improved. The washing tower is mainly used for washing the scales and required to promote the dissolution and
increase the temperature appropriately. Therefore, the kiln gas is introduced from the bottom of the tower and the cooling water
and the middle-section gas inlet are closed. In the operation of the carbonation tower, it is generally necessary to master the
amount and concentration of the lower-section gas. Practice has pointed out that a part of the kiln gas is sent to the lower section,
such that the concentration of the lower-section gas is reduced from 90% to 82%-84%, the carbonation cycle is increased, and
a conversion rate can be high and stable. This is mainly due to the fact that the increase of the volume of the lower-section gas
improves efficiency. However, if the volume of the lower-section gas is too large, the reaction zone will move down, which will
increase the scaling of cooling water pipes and shorten the carbonation cycle in turn. Experience has proved that if the volume
of the lower-section gas is appropriately increased and the concentration of COz is maintained at about 84%, the yield will not
decrease, but the conversion rate will increase.

The appropriate control conditions of the carbonation tower are as follows:

(1) The height of the liquid level of the carbonation tower should be controlled within 0.8-1.5 m from the top of the
tower. If the liquid level is too high, a phenomenon of liquid in the tail gas will be frequent and an air outlet header pipe is
blocked. If the liquid level is too low, the output gas will contain a large amount of ammonia and CO2, which will increase the
loss and reduce the production capacity of the tower.

(2) Itis better to strictly control the temperature in the middle part of the tower to be higher, and a warm area distributed
in a height direction should be wider to ensure the crystal quality. This is because maintaining a high temperature in the middle

part not only has a high conversion rate, but also can enable NaHCO:3 crystal grains to be large and uniform. The area with the
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highest temperature in the middle part is about 3/5 of the tower height.

(3) The gas intake amount of the carbonation tower corresponds
to the sodium bicarbonate discharge speed. Otherwise, if the sodium
bicarbonate discharge speed is too fast and the gas intake amount is
insufficient, the reaction zone will move down, resulting in production
of small crystals and decrease of yield. On the contrary, the reaction zone
will move up and the loss of NH3 and CO: at the top of the tower will be
too large.

(4) The sodium bicarbonate discharge temperature should be kept
appropriate. If the sodium bicarbonate discharge temperature is low,
more NaHCOs will be precipitated, the conversion rate is high, and the
yield is increased. However, if the temperature is too low, too much
cooling water will be consumed, the tower is blocked and the operation
cycle is shortened. The sodium bicarbonate discharge temperature is
mainly achieved by adjusting the volume of cooling water. But it must
be noted that the adjustment should not be too fast, so as to avoid sudden
cooling to produce small crystals and block the tower.

(5) The tower should be replaced according to the specified time
and return to normal within 2 h. In the operation of the carbonation tower,

severe fluctuations in temperatures, flow rate, etc. should be avoided as

Figure 7-11
cooling-type carbonation tower

Natural circulation external

a-sodium bicarbonate outlet; b-lower-section gas

much as possible. During normal operation, the composition of gas and
liquid phases, temperatures, etc. are different on cross sections of

different tower heights, but are required to be stable on the cross section.

inlet;
ammonia mother liquor II; e-tail gas outlet; ji-2-
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circulation inlet

7.2.6 Filtration of sodium bicarbonate

In the production of soda ash, the filtration process is used to separate NaHCOs crystals in a suspension from the

carbonation tower. The obtained crystals are sent to a calcination section, and mother liquor together with washing water (called

filtrate) is sent to the ammonia distillation section to recover ammonia.

The main task of the filtration section of soda ash is to enable the NaHCOs3 sent into the calcination section to form a

continuous material flow. The process indicators are: water content in the wet NaHCO3 is 13%-18%, NaCl content is less than

0.4%, and total ammonia content is less than .8%. Therefore, a filter cake must be washed during the filtration to wash away the

residual mother liquor in the sodium bicarbonate to minimize the NaCl contained in the soda ash. Soft water should be used as

the washing water so as to prevent Ca?* and Mg?" contained in the water from forming a precipitate to block a filter cloth.

()  Filter

The main equipment in the filtration section is a continuous rotary drum
vacuum filter.

Vacuum filtration is as follows: a filter drum of the filter is pumped into
negative pressure by a vacuum machine, a pressure difference is formed on both
sides of the filter cloth, such that the mother liquor is pumped away through the
filter cloth, and the sodium bicarbonate is trapped on the surface of the filter
cloth, then removed by a scraper, and sent to the calcination process to be
calcined into soda ash. The continuous rotary drum vacuum filter has advantages
of continuous operation, large production capacity, and high degree of
automation, and thus is suitable for large-scale production. However, the filtered
sodium bicarbonate has relatively high water content, the lowest water content
is about 15%, and sometimes the water content is as high as 20% or more.

The vacuum filter is as shown in Figure 7-12.

According to the process, the rotary drum of the filter can be conditionally

divided into the following zones:

Dry
absorbing]

\

- Sodium
bicarbonate
tank

| - I 4 -1
L4
Stirrer
Figure 7-12 Schematic  diagram  of

function of rotary drum of vacuum filter
during process of one rotation

filtration zone: under vacuum, the mother liquor is sucked into the rotary drum, but the NaHCOs crystals remain on the

269
China Chengda, EX1005, p. 121



surface of the filter cloth to form a filter cake;

pre-drying zone: at this time, the surface of the rotary drum is above the suspension, and the mother liquor is sucked from
the filter cake into the rotary drum;

filter cake washing zone: washing water is supplied to the surface of the rotary drum, passes through the filter cake, enters
into the rotary drum, and drives out the mother liquor from the intercrystalline space of the filter cake at the same time;

primary drying zone: air is supplied into the zone, passes through a NaHCO:s filter cake layer, discharges the washing water
from the intercrystalline space of the filter cake, and thus reduces the water content of the filter cake;

closed zone: the NaHCO; filter cake is scraped off from the surface of the rotary drum using a scraper and the air is
prevented from being sucked into the rotary drum at a gap between the scraper and a mother liquor suction zone;

mother liquor suction zone: the so-called “wet” purging of the filter cloth is performed before blowing compressed air,
which is a necessary operation to prolong the service life of the filter cloth;

Air blowing zone: the compressed air is fed into a small chamber to restore the filter cloth in an opposite direction to
movement of a gas-liquid mixture (entering the rotary drum in vacuum), first passes through the filter cloth, and drives out the
mother liquor that has entered the mother liquor suction zone from the small chamber; after passing through the filter cloth, the
mother liquor drives out the NaHCO:; crystals from the pores of the filter cloth and also dissolves the crystals, thereby speeding
up the regeneration process of the filter cloth; and Then the filter cloth is purged with the compressed air; and

transition zone: the zone is used to prevent the compressed air fed into the purge from entering the vacuum chamber.

When the rotary drum rotates one circle to complete the entire process cycle, each chamber of the rotary drum passes
through each zone.

The production capacity of the vacuum filter used in domestic soda ash factories is mostly 300-350 t soda ash/d and the
daily production capacity of the large-scale vacuum filter is 500-600 t.

(II) Process and control requirements of vacuum filtration

A brief process of vacuum filtration is shown in Figure 7-13:

Furnace gas
washing liquid
To ammonia 2
purification tower and
vacuum machine
Vapor

< " Clean water J_[j
L ¢ . 1

To ammonia
absorption process

—— e - ——

Figure 7-13 Flow diagram of filtration of sodium bicarbonate
1-sodium bicarbonate solution discharge tank; 2-washing water tank; 3-filter; 4-belt conveyor; 5-separator; 6-mother
liquor I bucket; 7-mother liquor I pump; 8-sodium bicarbonate solution bucket; and 9-sodium bicarbonate solution pump

The sodium bicarbonate crystal mush from the bottom of the carbonation tower flows into a sodium bicarbonate tank of
the vacuum filter through the sodium bicarbonate solution tank. There is a stirrer in the tank to prevent the sodium bicarbonate
from depositing in the sodium bicarbonate tank. During normal operation, about two-fifths of the lower part of the filter drum
is immersed in the sodium bicarbonate tank. Due to the action of the vacuum system, the liquid is drawn into the rotary drum
through the pores of the filter cloth, but the sodium bicarbonate crystals are trapped on the filter cloth. With the rotation of the
rotary drum, the sodium bicarbonate on the filter cloth is washed and sucked dry, then transferred to the scraper to be scraped
off, and sent to the calcination process by the sodium bicarbonate belt conveyor. After the sodium bicarbonate is scraped off by

the scraper, 3-4 mm thick sodium bicarbonate still remains on the filter cloth and needs to be blown off with compressed air to
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restore the filter cloth for continued use.

When the liquid is sucked into the rotary drum, it absorbs a part of the air at the same time, and this part of the filtrate and
the gas are separated by the gas-liquid separator. In addition to air, the gas also contains a small amount of NH3 and CO2 which
need to be discharged from the vacuum machine after passing through the ammonia purification tower. The mother liquor is
sent to the ammonia distillation process.

After the vacuum filter is used for a period of time, it needs to be stopped and washed with warm water due to the blockage
of the filter cloth.

The operation of the vacuum filter is mainly by adjusting the vacuum degree. The vacuum degree (26.7-33.3 kPa)
determines the production capacity of the filter, the water content in the sodium bicarbonate, and the quality of the final product.
The second is the washing of the filter cake. If the temperature of the washing water is too high, the NaHCOs3 dissolution loss
is large; and if the temperature of the washing water is too low, the filter cake is not easy to clean. Therefore, the temperature of
the washing water usually should be close to the temperature of the crystal mush. Excessive amount of the washing water will
increase the volume of the mother liquor, which increases the load of ammonia distillation in addition to increasing the loss of
NaHCO:s; and If the amount of the washing water is too small, the salt cannot be washed completely. The amount of the washing
water is determined by the quality of the sodium bicarbonate crystals to maintain the maximum amount of NaCl in the obtained
final product of soda ash to be less than or equal to 1%.

If the filter uses a metal filter screen instead of coarse cotton cloth or man-made fibers, the operation cycle is longer and
the utilization rate of the equipment can be improved.

7.2.7 Calcination of sodium bicarbonate

The sodium bicarbonate is calcined and decomposed to obtain a soda ash product. The requirement for calcination in
production is that the final product contains less salt and does not contain undecomposed NaHCOs3; the produced furnace gas
contains a high concentration of CO: and the loss is less; and less fuel is consumed.

(I)  Principle and equipment of sodium bicarbonate calcination

Sodium bicarbonate is an unstable compound, and can be decomposed at a room temperature and rapidly decomposed by
increasing the temperature.

2NaHCO5( s )==Na; HCOs(s) + CO; % + H,0~-128.5 kJ /mol (7-31)

Through thermodynamic calculation, it can be known that when the temperature is 100-101°C, the decomposition pressure
has reached 0.1 MPa, that is, NaHCO; can be completely decomposed. But in practice, the reaction is very slow at this
temperature. The higher temperature leads to the faster reaction. Under the condition of 190°C, NaHCOs can be completely
decomposed within half an hour. Therefore, in fact, the soda ash discharging temperature of the calcination is mostly controlled
at 165-190°C. In the calcination process, in addition to the above reaction and free water in the sodium bicarbonate being heated

to water vapor, the following side reactions also occur:

(NH,),C03 =—=2NH; 4 +CO, # +H,0 (7-32)
NaHCO; ==NH; 4 +CO, } +H,0 (7-33)
NH,Cl+ NaHCO; —>NaCl + CO, 4 + H,0+ NH; 4 (7-34)

These side reactions not only consume heat, but also increase the amount of circulating ammonia in the system, thereby
increasing the ammonia consumption. At the same time, since the last reaction is a double decomposition reaction, NaCl is left
in the product, which affects the quality of the product. It can be seen that in the filtration process, sodium bicarbonate washing
is very important.

During the calcination process of the sodium bicarbonate, a very high concentration of COz, the so-called “furnace gas”,
can be obtained. At present, as for the production in our country, the CO: in the furnace gas can reach about 90%, while a
calcination rate of sodium bicarbonate is about 51%.

The device for calcining sodium bicarbonate is called calcining furnace. At present, an internal heating-type steam calcining
furnace is mainly used in the production. The steam calcining furnace is shown in Figure. 7-14. The furnace body is horizontally
cylindrical. The furnace has the specification of ¢2.5 m and the length of 27 m, and is provided with two rolling rings arranged
16 m apart. The weight of the furnace body and the material is transmitted to a supporting roller through the rolling rings. The
supporting roller is in a form of a rolling bearing due to the heavy load. A rear end support is provided with a catch wheel to
prevent the furnace body from axially moving, and a gear ring is arranged on the furnace body close to the supporting roller and

the catch wheel to drive the cylinder body to rotate. The furnace body is internally provided with three layers of steam heating
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pipes which are supported on the furnace by a pipe frame, and spiral heat-conducting fins are welded on the outsides of the
pipes to increase the heat transfer surface. A gas chamber is located at the tail of the furnace. After a high-pressure steam is
introduced, condensed water is still returned to the gas chamber from an original pipe, flows into a condensed water chamber

of an outer ring, is sent to a flash vessel by a steam trap, a part of the steam is flashed out, and the condensed water returns to a

boiler.
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b 1=,
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Figure 7-14 Steam calcining furnace

The head of the steam calcining furnace is provided with a sodium bicarbonate feeding screw conveyor and a furnace gas
outlet, and the furnace layer is provided a soda ash discharging screw conveyor, a steam inlet, and a condensed water outlet.

The internal heating-type steam calcining furnace has advantages of large production capacity, less maintenance, good
working conditions, high thermal efficiency, etc.

(II) Process and operation of sodium bicarbonate calcination

1. Process of sodium bicarbonate calcination

The process of sodium bicarbonate calcination using the internal heating-type steam calcining furnace is shown in Figure
7-15. The sodium bicarbonate is conveyed by a belt conveyor, enters a disk feeder to control the addition amount of the sodium
bicarbonate, then is mixed with returned soda ash through the sodium bicarbonate feeding screw conveyor, and is mixed with
dust from a furnace gas separator into the furnace. The mixture is indirectly heated and decomposed by a medium-pressure
steam for about 20 min, a final product is discharged from the furnace by the soda ash outlet screw conveyor, conveyed by a
series of conveying equipment, and then a part of the final product is sent back to the furnace body for returning soda ash and a
part is sent to a cylinder sieve and a bin.

m e

To soda ash
filtering machine

To compressor

1 -

Me um-pressure
steam

Soda ash
ball

Cooling water:

Figure 7-15  Process flow chart of steam calcining furnace
1-belt conveyor; 2-disk feeder; 3-returned soda ash screw conveyor; 4-calcining furnace; 5-soda ash discharging screw
conveyor; 6-underground screw conveyor; 7-soda ash feeding screw conveyor; 8-bucket elevator; 9-distributing screw
conveyor; 10-final product screw conveyor; 11-screw conveyor above sieve; 12-cylinder sieve; 13-soda ash bin; 14-
weighing scale; 15-steam trap; 16-flash vessel; 17-separator; 18-condensing tower; 19-washing tower; 20-condensing
pump; and 21-washing water pump;

272
China Chengda, EX1005, p. 124



The furnace gas generated in the calcination process is subjected to dust removal, cooling, and washing, the concentration
of COz is about 90%, and the furnace gas is pumped to the carbonation tower for use by a CO2 compressor.

In recent years, Tianjin Soda Ash Plant has adopted three calcining furnaces with a diameter of 3.6 m, a length of 34 m,
and a weight of 194 t in a 0.6 Mt soda ash extension project. The calcining furnaces are the biggest in the soda industry of our
country at present.

2. Operation control points of steam rotary calcining furnace

(1) Soda ash discharge temperature The temperature is generally controlled at 150-190°C to completely decompose
sodium bicarbonate. If it is lower than 150°C, the quality is unqualified. In order to avoid burning a packaging bag, according
to material requirements of the packaging bag, the hot soda ash discharged from the furnace should be further cooled to about
50-100°C.

(2) Furnace gas temperature The furnace gas temperature should be kept at 108-115°C as far as possible. In order to
make an air outlet pipe and a cyclone dust collector not sticky and not blocked, it is necessary to use steam to keep warm.

(3) Medium-pressure steam It is generally supplied by a power plant. The steam has a pressure of 2.9-3.3 MPa and a
superheat temperature depending on a conveying distance, generally superheat for 25-50°C, so as to ensure that the steam is
slightly overheat when entering the furnace and avoid condensation of steam in a header pipe.

(4) Soda ash returning amount In order to avoid scaling in the furnace due to relatively high water content of sodium
bicarbonate in the production, a certain amount of calcined final product sodium carbonate (called returned soda ash) is mixed
with the sodium bicarbonate to appropriately reduce the average moisture to 6%-8%.

(5) Amount of stored ash The amount of stored ash in the calcining furnace indicates length of reaction time of sodium
bicarbonate in the calcining furnace. In order to ensure the complete decomposition of the sodium bicarbonate, it is necessary
to ensure a certain amount of stored ash. The amount is related to the size of the calcining furnace. Currently, for a calcining
furnace with a diameter of 2.5 m, the amount of stored ash should be kept at 20-25 t.

(III) Specifications of soda ash and manufacture of dense soda ash

The final product, soda ash, is obtained after the calcination, and is a white powder. Its composition should meet the
specifications in Table 7-5.

Table 7-5 Specifications of soda ash product
National standard (GB210-80)

Name of index First-grade Second-grade Third-grade product
product product
Total amount of soda ash (calculated as Na:COs) (%) > 99.0 98.5 98.0
Chloride (calculated as NaCl) (%) < 0.80 1.0 1.2
Iron (calculated as Fe203) (%) < 0.008 0.01 0.02
Water insoluble matter (%) < 0.10 0.15 0.20
Loss on calcination (%) < 0.5 0.5 0.7

The generally produced soda ash has a bulk density of 0.5-0.6 t/m®, which is called light soda ash or light ash. This soda
ash occupies a large volume, is inconvenient for packaging and transportation, and is lost much due to scattering during use.
Therefore, the soda ash is generally produced to a bulk density about 0.8-1.1 t/m?, which is called dense soda ash or dense ash.

The dense ash is mainly prepared by the following method:
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1. Hydration method

The process of preparing dense soda ash by a hydration method is shown in Figure 7-16.

Light soda ash

—p
Water

o 9 liters/cm? steam

Water mixer

Calcining furnace

Condensed
water to boiler
— e

Coarse soda
ash sieve

110T
Evacuation Fine soda

ash sieve
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Exhaust fan D38 filter —

Figure 7-16  Process of preparing dense soda ash by hydration method
The light ash from the calcining furnace at a temperature of 150-170°C is sent into a water mixer by a screw conveyor, and

at the same time, hot water is sprayed into the water mixer to be evenly mixed with the light ash. The following reactions occurs:
Na,CO; + H,O —=Ng,CO; H,O (7-35)

The water mixing is conducted at a temperature of 90-100°C for 20 min, wherein the water content in the mixture is 17%-
20%. The obtained sodium carbonate monohydrate is indirectly heat exchanged with low-pressure steam (about 1 MPa) in a
dense ash calcining furnace. The sodium carbonate monohydrate loses crystal water when heated to obtain the dense ash. A part
of the dense ash is returned and a part of final product is sieved, cooled, and packaged.

Since the furnace gas produced in the furnace contains soda ash dust, dust removal and washing should be conducted before
evacuation.

2. Mechanical extrusion method

The mechanical extrusion method is a new method for producing dense soda ash. The light ash from the calcination process
is conveyed to a stock bin connected to a rolling mill by a scraper conveyor and fed to the rolling mill by a vertical and horizontal
screw conveyor (a feeder). The light ash is crushed under a mechanical pressure of 230 t and the obtained particles are conveyed
into a first vibrating sieve through a scraper conveyor and a bucket elevator for sieving. The particles larger than 2 mm are sent
to a grinder to be ground, the particles of 0.3-2 mm are sent to a final product process, and the particles smaller than 0.2 mm are
returned to the light ash section. The particles from the grinder pass through a secondary vibrating sieve, the particles larger
than 2 mm are sent to the grinder again, and the particles of 0.3-2 mm are sent to the final product process. The particles smaller
than 0.2 mm are returned to a light ash bin.

The dense ash from the first and secondary sieving machines is then graded by a sieving machine, and the particles of 0.3-

2 mm and 0.2-1 mm are packaged separately. The process is shown in Figure 7-17.
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Light ash

Figure 7-17
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Process of preparing dense soda ash by mechanical extrusion method

The crystallization method is as follows: the light ash sent from the calcination process is added into a crystallizer pre-

stored with a NaCOs solution and an appropriate amount of a NaCO; solution is added while the light ash is added. The
temperature within the crystallizer is kept at about 105°C. In this way, the light ash will be converted into NaCOs3-H2O crystals

in the crystallizer. The reaction is the same as that of the hydration method.
In order to remove the heat of reaction and maintain the temperature of the crystallizer stable, a part of the solution must

be withdrawn for circulating cooling. In the NaCOs-H:O slurry in the crystallizer, the content of suspended solids is preferably

below 50%. The obtained NaCO; slurry is filtered or centrifuged to obtain NaCOj3-H»O crystals which are then calcined in a

dense ash calcination furnace to obtain dense ash. The process flow diagram is shown in Figure 7-18.
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Figure 7-18  process flow diagram of preparing dense soda ash by crystallization method
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7.2.8 Ammonia recovery

The ammonia used in the production by an ammonia soda process is recycled. The amount of ammonia required to prepare
1 t of soda ash is about 0.4-0.5 t. The ammonia added to the system will be lost due to escape, leakage by dripping, etc. In order
to maintain a certain amount of circulating ammonia in the system, about 1.5-3 kg of ammonia needs to be supplemented for
producing every 1 t of soda ash. It can be seen that reducing the loss of ammonia and recovering the ammonia as much as
possible are very important in the production by an ammonia soda process. In the modern production by an ammonia soda
process, various feed liquids containing ammonia are generally collected for ammonia recovery.

The ammonia-containing feed liquids mainly refer to filtered mother liquor and light liquor. The filtrated mother liquor
contains “free ammonia” (about 25 tt) that can be decomposed and distilled by direct heating and “bound ammonia” (about 75
tt) that needs to be distilled after reacting with lime milk (or other alkali substances). Since the feed liquid also contains CO», in
order to avoid unnecessary loss of lime, two steps are performed. First, the feed liquid is heated to draw out free ammonia and
COz in the liquid, and then lime milk is added to be reacted with the bound ammonia to convert it into free ammonia to be
distilled out.

The furnace gas washing liquid, condensate, and other ammonia-containing impure water in the production are collectively
referred to as the light liquor. The light liquor only contains free ammonia and thus the ammonia in the light liquor is relatively
easy to recover. In order to reduce the load of a preheating section of an ammonia distillation tower, currently, the light liquor
is mostly separated from the filtered mother liquor and heated and distilled in a light liquor distillation tower, and the ammonia
is recovered.

The total volume of the mother liquor and the light liquor
is about 6-7 m*/t soda ash, wherein the mother liquor is about
5.5-6.5 m*/t soda ash and the fresh liquid is about 0.5-1.0 m*/t
soda ash.

@ Process and equipment of ammonia distillation

The process of ammonia distillation is shown in Figure 7-
19 and the main equipment is an ammonia distillation tower
shown in Figure 7-20. The ammonia distillation tower
comprises a mother liquor preheater, a preheating section and a

lime distillation section.

The mother liquor preheater and the gas condenser are to

recover heat and reduce water in ammonia gas. The mother

Mother
liquor preheater and the gas condenser consist of 7-10 liguor from i
. . . . bicarbonat
horizontal water tanks, hot gas is outside the pipe, and mother p}f,?e;;na ¢

li li ter is inside the pipe. The cold moth
iquor or cooling water is inside the pipe. The cold mother Figure 7-19  Process diagram of ammonia

liquor exchanges heat with the distilled hot gas in the mother distillation

liquor preheater, such that the mother liquor is heated from 25-  1-mother liquor preheater; 2-distillation section; 3-liquid
separation tank; 4-preheating section; 5-lime milk
distillation section; 6-prelimer; 7-gas condenser; 8-lime
milk adding cylinder; 9-lime milk flow weir; and 10-
and then enters the gas condenser, wherein most of steam enters ~ mother liquor pump

32°C to about 70°C and then enters the preheating section. At
the same time, the hot gas is cooled from 88-90°C to 65-67°C
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an ammonia absorption tower after the condensation.

The preheating section is located in the middle of the tower and
also known as a heater. Generally, various fillers or “liquid supporting
tank” are used to achieve a better gas-liquid contact and increase the
heat transfer surface. The mother liquor is added from an upper part
through a liquid separation plate and directly contacts with the hot gas
from a lower part, the contained free NH3 and CO» are distilled out, and
finally the mother liquor only containing bound ammonia and salt is
left.

After the preheating section, since the bound ammonia in the
mother liquor cannot be decomposed during the heating, the mother
liquor is firstly introduced into the prelimer from the tower to be mixed
with lime milk. The prelimer is provided with a stirrer to evenly mixing
the mother liquor and the lime milk. At this time, most bound ammonia
is converted into free ammonia, and then the mother liquor enters the
lime milk distillation section of the tower for distillation. The lime milk
distillation section is located at a lower part of the tower and internally
provided with more than ten single cap-shaped bubble cap plates. The
mother liquor containing lime milk from the prelimer is added to the
upper part of the section and in a countercurrent contact with the steam
from the bottom of the tower. After the distillation section, 99% of the
ammonia has been distilled out and waste liquid containing trace
amount of ammonia is discharged from the bottom of the tower.

The heat required by the distillation tower is supplied by a low-
pressure steam from the bottom of the tower and the steam
consumption for producing 1 t of soda ash is 1.5-2.0 t.

In recent years, a Pall ring of ¢75 mm x 75 mm x 12 mm
reinforced by polypropylene glass fiber is used in the tower and has
advantages of light weight, easy loading and unloading, and low
breaking rate.

(II) Chemical reactions in process of ammonia distillation

The mother liquor is a solution containing various compounds.
The main chemical reactions during the ammonia distillation process
are as follows.

1. Reactions in preheating section

Mother liquor preheater
Mother liqguor
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== liquor inlet
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Figure 7-20 Ammonia distillation tower

NH:OH —=>NH; + H,O
(NH,),C03 ——>2NH; + 00, + H,O
NH,HOO; —»NH; + C0, + H,0

NaHCO; and NaxCOs dissolved in the filtrated mother liquor are subjected to the following reactions:

NaHCO; + NH,Cl—>NaCl + NH; +H,0+ CO,
Na; CO; + 2NH,Cl—>2NaCl + 2NH; + CO, + H,O

(7-36)
(7-37)
(7-38)

(7-39)
(7-40)

271

China Chengda, EX1005, p. 129



2. Reactions in blending tank and lime milk distillation section
Ca(OH), + 2NH,;Cl—=CaCl +2NH; + 2H,0 (7-41)
Ca(OH); + CO, —>CaCO; + H,O (7-42)

(ITII) Analysis of conditions of ammonia distillation process

Waste steam (0.16-0.17 MPa) with not too high temperatures and pressures is directly introduced from the bottom of the
ammonia distillation tower. The amount of the water steam should enable the liquid temperature at the bottom of the preheating
section to reach 100°C, so as to remove free ammonia and COz as much as possible. Generally speaking, the steam consumption
is (1.5-2) t steam soda ash. The temperature at the top of the tower is controlled by the amount of cold water in the condenser,
and the temperature of the gas sent to the ammonia absorption system should be maintained at about 60-62°C. If the temperature
is too high, the gas will bring too much water. If the temperature is too low, salts such as NHsHCO3 will crystallize out in the
pipeline to cause blockage.

Decompression is beneficial for the ammonia distillation, such that the top of the tower is generally a slight vacuum of
about 666 Pa. Although it can prevent escape loss of ammonia, it also produces the possibility of inlet of the air, such that the
system should be closed to avoid diluting the ammonia gas to cause unfavorable absorption. The discharge of waste liquid under
the tower is a decompression and isenthalpic process, such that a part of steam can be released to be used for preheating water
to prepare lime milk; or the steam is introduced into a small distillation tower to distill out ammonia in various ammonia-
containing impure waters. The ammonia loss and heat consumption in the waste liquid are proportional to the liquid volume,
such that the liquid should not be too diluted, and the lime milk should be thicker and generally contains 180 tt of active CaO.

In order to distill out ammonia, the equilibrium partial pressure of ammonia in the liquid phase is required to be greater
than the partial pressure of ammonia in the gas phase. Two special positions should be noted in this regard.

1. Position between preheating section and lime milk distillation section

The position is where the concentrated gas from the lime milk distillation section contacts with the liquid at the bottom of
the preheating section. The ammonia in the liquid is all bound ammonia, its equilibrium partial pressure of ammonia should be
equal to zero, and thus the ammonia in the gas phase will be partially dissolved in the liquid phase. This is the reason why the
free ammonia in the solution at the outlet of the preheating section cannot be completely driven out.

2. Position at inlet of feed liquid

The ammonia gas escaping from the top part of the preheating section has a very high concentration and has a higher
equilibrium partial pressure of ammonia than a newly added feed liquid. As a result, a part of ammonia will be re-dissolved into
the feed liquid. Therefore, the feed liquid should be desirably added at a position where the partial pressure of ammonia in the
gas phase is lower than its equilibrium ammonia vapor pressure, such that a driving force is positive for the distillation. The
concentration of the hot condensate flowing down from the gas condenser is generally thicker. If it is returned to the top of the
preheating section without passing through the light liquor distillation tower, the condensate will be diluted by an inlet feed

liquid, and thus a part of ammonia and CO: is evaporated and Sending to absorption
Water

condensed repeatedly to waste heat energy.
Water |

The amount of waste liquid discharged from the bottom of the

ammonia distillation tower is about 7-10 m* for producing every 1 t

of soda ash. According to the vapor pressure at the bottom of the
distillation tower, the temperature of the waste liquid is 90-120°C. In
addition to NaCl and CaCly, the waste liquid also contains a trace
amount of NH3. There are also a small amount of Ca(OH)2, CaCOs3 /v;pm« 28
and CaSOs4, some of which are dissolved and some are suspended g_ = %Lé
solids. In addition, the rest is almost the sand brought into the @ :’: _/3 ‘Eg
ammonia distillation tower by the lime milk. - ‘%E
(IV) Light liquor distillation ' P | g8
The light liquor distillation process is also a process of Figure 7-21 Pr(;ss_i:l'ov: cha:t of light liquor
“stripping” directly with water vapor, ammonia and CO are distilled distillation

1-light liquor distilled gas condensing-cooling machine;
2-light liquor distillation tower; 3-degassed liquid
storage tank;

furnace gas condensate and ammonia-containing impure water  4-pump; and 5-light liquor storage tank
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contain a small amount of soda ash, even if there is a small amount of “bound ammonia” in the impure water, it will be converted
into free ammonia. Therefore, the light liquor is an NH3-CO2-H20 system without NaCl and NHa. The main reaction of the
distillation process is the same as that of the heating section. The process is shown in Figure 7-21.

The light liquor produced by the production of soda ash is collected in a storage tank 5 and then sent to a cooling section
of a light liquor distilled gas condensing-cooling machine 1. The light liquor passing through the light liquor distilled gas
condensing-cooling machine at 73-77°C enters a light liquor distillation tower by a distribution tower plate. In the light liquor
ammonia distillation tower, NH3 and CO: are desorbed by a mixed gas of liquid convection vapor and gas. The mixed gas of
liquid convection vapor and gas passes through the light liquor ammonia distillation tower, passes through the light liquor
distilled gas condensing-cooling machine, and is sent to absorb ammonia at 58-60°C. The liquid passing through the light liquor
ammonia distillation tower is collected in a degassed liquid storage tank and sent to a kiln gas washer or a vacuum filter using

a pump 4.
7.2.9 Overall process of production by ammonia soda process
The overall process of production by an ammonia soda process is shown in Figure 7-22. The relationships between various

processes in the production process can be seen.
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Figure 7-22  Overall process of preparation of soda ash by ammonia soda process
7.2.10 Processing of secondary material resources in preparation of soda ash by ammonia soda process

With the rapid development of the industry, environmental pollution destroys the original dynamic balance of the nature
and seriously threatens the survival and development of human beings. Therefore, the research on improving the environmental
quality is started or carried out in our country and even all over the world. In chemical production, it is desirable to have a waste-
free process, that is, to ensure that the natural resources are fully and optimally utilized when a certain product is required, solid
and liquid wastes are not discharged into open water areas or storing areas, and harmful waste gases are not discharged into the
atmosphere. However, it is very difficult to carry out such a process, particularly for the large-tonnage production of soda ash
by an ammonia soda process. At present, the environmental pollution can only be alleviated and cannot be completely eliminated,
such that only a less-waste process can be established.

When the less-waste process is established, the natural resources are fully utilized to ensure the demand for specified
products, that is, the secondary material resources are processed, harmful wastes are not discharged into the atmosphere and
water system, and heat loss to the surrounding environment should be minimized.
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When the waste is reduced as much as possible, the production process should be intensified and the production benefit
improved. For example, increasing the completeness of the production process (by selecting optimal conditions to increase the
utilization rate of sodium in the carbonation) can increase production efficiency and reduce the amount of wastes. Therefore,
establishing a waste-free process is a reasonable approach, both technically and economically, to solve the problem of
environmental protection, and is also a main approach.

So far, the following main directions have been identified in establishing the less-waste process:

(1) studying and developing a process system and a water circulation system to ensure that discharge of a liquid waste
and harmful waste gas meets discharge standards of the local region;

(2) processing secondary material resources into useful products;

(3) recycling secondary energy and reducing environmental heat loss; and

(4) establishing a regional industrial complex with closed structures for raw materials and wastes within the enterprise.

The discharges in the production process cycle of soda ash by an ammonia soda process are: distilled suspensions capable
of being separated into clarified liquid and solid residues; waste residues during brine refining process; and gaseous wastes

If the harmful substances contained in the gaseous wastes are within an allowable standard range, they can be discharged
into the atmosphere. But the clarified distillate and solid residues can be processed into products beneficial to human economic
activities and should be regarded as secondary material resources.

The production of a wide variety of products can realize a closed structure for utilizing the raw materials and waste
materials. It should be noted that the demand for calcium chloride has grown in recent years and is equivalent to the demand for
soda ash. The demand for products produced with solid secondary material resources (waste residues) exceeds the annual output
rate of the secondary material resources produced by soda ash.

() Production of calcium chloride and refined salt

When the less-waste soda ash production complex is established, an efficient process for processing the clarified distillate
can be promoted. The clarified liquid can be processed to produce calcium chloride or injected into oil wells after corresponding
treatment.

The distillate is an aqueous solution of inorganic salts and its main components are CaClz (10%-14%) and NaCl (5%-7%).
The methods for preparing calcium chloride while separating sodium chloride described below are all based on concentrating
the aqueous solutions of these salts.

The use of the prepared calcium chloride in the national economy is based on its high water absorption, that is, it can absorb
a large amount of water in the air and is easily soluble in water. The calcium chloride has a freezing point lower than water and
a boiling point at a concentrated solution higher than water (for example, a 30% CaCl. solution freezes at -55°C and boils at
111.6°C).

The calcium chloride is mainly consumed in chemical industry (synthetic rubber production, flotation, etc.), refrigeration
engineering, construction industry (improving a solidification rate of concrete), non-ferrous metallurgy (preparing calcium-
containing Babbitt metal), and ore processing (to prevent freezing). The calcium chloride can be also used in the textile industry
and other sectors of the national economy.

The by-product sodium chloride is mainly consumed in agriculture (preparing a compound feed and a mixed feed) and
sometimes NaCl is returned to the production process for preparing soda ash.

1. Main properties of calcium chloride

The calcium chloride dissolves in water, which is an exothermic process. In a temperature range of practical value, its
solubility is:

t, (°C) 60 80 90 100 120 140 160 170
C, (weight%) 57.8 59.5 60.6 61.4 763.4 65.6 69.0 71.8
When industrial molten calcium chloride is prepared from the distillate, a solution containing about 70% CaClz can be

obtained within a temperature range of 179-188°C. This solution is slightly cooled to crystallize calcium chloride dihydrate.

The following is the relationship between the boiling point and concentration of the calcium chloride aqueous solution:

Ccact, (Weight?o) 70 71 72 73
Boiling point, (°C) 165 168 171 173
2. Production process of refined salt is shown in Figure 7-23.
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Figure 7-23 Production process of refined salt
The waste liquid of the ammonia distillation tower in the ammonia soda factory is clarified to remove impurities, then

crude salt is dissolved to form the liquid, calcium-containing brine, the liquid enters this process and is preheated by a preheater,
then the preheated liquid enters double-effect evaporators for evaporation and concentration, and refined salt crystals are
precipitated at the bottoms of the evaporators and sent to cyclones for separation. The crystals from the bottoms of the cyclones
are sent to a slurry tank and the calcium chloride is washed away with brine; and The liquid at the tops of the cyclones is returned
to the evaporators or a liquid calcium pool. The salt in the salt slurry tank will be separated into salt crystals by a cyclone, water
is further removed by a centrifuge, and then the salt is dried in a fluidized-bed drying furnace to obtain a refined salt product.

3. Production process of calcium chloride is shown in Figure 7-24.

The liquid calcium from the salt production process enters the liquid calcium pool, is pumped into a liquid calcium tank,
then enters bottom parts of rising film evaporators to be concentrated, and enters separators from top parts of the rising film
evaporators for separation. Water vapor from the top parts of the separators is condensed by a jet condenser and then enters a
sewer. The liquid calcium from the bottom parts of the separators is sent to falling film evaporators for further heating and
concentration, and the concentrated calcium chloride from the bottoms of the falling film evaporators enters a storage tank and
packaged into a barrel to obtain 70% solid calcium chloride. If one calcium chloride binds to two crystal water, the calcium
chloride is called water calcium chloride.

The liquid calcium from a clarification tank of an accumulation yard enters a high brine tank, self-presses into the preheater
and heated by a condensate of the rising film evaporators, then enters the rising film evaporators to be heated and concentrated,
and then enters the separators for separation, and the liquid calcium enters the liquid calcium pool.

For example, the 70% solid calcium chloride is broken into small blocks and dried again on a drying pit to obtain anhydrous
calcium chloride.

The production of refined salt and calcium chloride is introduced above, and is completed by two processes separately. The
consumption quota is:

fire coal 300 kg/trefined salt; 800 kg/t70%calcium chioride; 1200 kg/tanhydrous calcium chloride; and

crude salt 800 kg/trefined salt

The crude salt is consumed when the refined salt is produced by this method. The rising and falling film evaporators are
used during production of the calcium chloride, thus the evaporators are relatively seriously corroded by the concentrated hot
calcium chloride solution. A method for preparing calcium chloride from the waste liquid of the ammonia distillation tower and
simultaneously separating NaCl is introduced below. The method can overcome the shortcoming.

4. Process of preparing calcium chloride and simultaneously separating NaCl is shown in Figure 7-25.
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Figure 7-25  Production flow diagram of calcium chloride
1-carbonizer; 2, 7, 14, 2 1-precipitator; 3, 8, 18-container; 4, 9, 11, 17, 19-pump; 5, 12-evaporator; 6, 13-mixing condenser;
10-storage tank; 15-centrifuge; 16-separated liquid storage tank; 20-vacuum crystallizer; 22-evaporator; 23-waste heat
utilization device; 24-flake forming machine; 25, 31-conveyor belt; 26-hardening device; 27-combustion chamber; 28-
cyclone separator; 29-fan; and 30-cooling rotary cylinder
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A distilled suspension entering a calcium chloride workshop is first pre-carbonized with gas containing CO: in a carbonizer
1, and then sent to a precipitator 2 to settle suspended particles (double sedimentation can also be provided before and after
carbonation). The sediment (solid phase) is sent to the precipitator for further processing to produce a calcareous soil conditioner
and a feed additive. The clarified solution flows into a container 3. A seed crystal active anhydrite CaSQO4 is added into the
container at the same time to prevent scaling of heat transfer surfaces of an evaporator group.

The clarified distillate containing the seed crystal is sent from the container 3 to a triple-effect co-current evaporator group
5 by a pump 4, where the liquid is concentrated by evaporation to contain 18% CaCl.. The suspension from the last-effect
evaporator flows into a precipitator 7. The thick suspension used as a seed crystal passes through a container 8 equipped with a
stirrer and is sent back to the container 3 by a pump 9 to be continuously used as a seed crystal.

The partially concentrated and deseeded distillate is sent from a storage tank 10 to a second triple-effect co-current
evaporator 12 by a pump 11. Here, the distillate is concentrated to contain 38% calcium chloride and a main part of sodium
chloride is separated. The last effects of the evaporators 5 and 12 are both performed under vacuum. Secondary steam from the
last effects enter mixing condensers 6 and 13. Air and non-condensed vapor are drawn from the condensers with vacuum pumps
(not shown in the figure). The amount of condensed water generated in the evaporators is 5.5 m*/tsoda ash (calculated based on the
production of 67% calcium chloride), and the condensed water is sent to a brine preparation field, and thus the water
consumption can be appropriately reduced.

The sodium chloride suspension in the 38% calcium chloride solution flows into a precipitator 14, a thick part then enters
a centrifuge 15 from the precipitator, and solid sodium chloride is sent to the user or returned to soda ash production. The
separated liquid passes through a storage tank 16 and is sent back to the precipitator 14 by a pump 17. The clarified 38% calcium
chloride solution is put into a container 18 and then pumped to an absorption pipeline of a circulating pump of a vacuum
crystallizer. In the vacuum crystallizer 20, the solution is further concentrated to contain 40% CaCl> and at this time, the
remaining amount of sodium chloride is precipitated into a solid phase. The sodium chloride suspension in the 40% calcium
chloride solution is sent to a salt mud precipitator 21 by the vacuum crystallizer. The thick salt slurry then enters the precipitator
14 again.

In some production processes of calcium chloride, the vacuum crystallizer is replaced by an evaporator group, that is, the
evaporators are used to concentrate CaCl to 48%, and then the sodium chloride is separated.

The clarified 40% calcium chloride solution is sent to an evaporator 22 at a normal pressure, where the solution is
concentrated to a molten state and contains 72% CaCl.. The secondary steam of the evaporator 22 is used to heat a waste heat
utilization heat exchanger 23 operating in parallel with the evaporators 5. The calcium chloride melt is fed into a groove of a
flake forming machine 24 and cooling water is added to a rotary cylinder of the flake forming machine for cooling. The coarse
flakes are scraped off from the rotary cylinder with a scraper and fed into a hardening machine 26 with a conveyor belt 25, and
the flakes are dried by counter currently passing flue gas. The flue gas comes from a combustion chamber 27 which burns a
mixture of natural gas and air. The flue gas passing through the hardening rotary cylinder enters a cyclone dust separator 28 and
then is extracted by a fan 29 and discharged into the atmosphere.

The hot flakes containing the main substance of about 78% CaCl. are discharged into a cooling rotary cylinder and the
rotary cylinder wall is cooled with circulating water. The cooled final product flakes are conveyed by a conveyor for packaging
and then transported into a final product warehouse.

The main devices of this process are:

The distilled suspension is carbonized using a hollow carbonizer with a lower bubbler. The carbonizer has a diameter of
3.0 m, an effective height of 17 m, and an effective volume of 119 m®.

The distilled suspension is clarified using a standard gravity-type precipitator.

Evaporators are of the same model with an external heating chamber and a boiling zone. Each device has a heating surface
of 384 m%.

The seed crystal is precipitated in a centrally driven gravity-type single-layer thickener. The thickener has a diameter of 25
m and a settling surface of 500 m.

A melting device is a Robert evaporator with a heating surface of 350 m? and an average heat transfer coefficient of 430
W/(m?.K). A temperature difference between a working medium and a heat carrier is 20°C. The device has a diameter of 2.4 m
and a height of 10.1 m.

A vacuum crystallizer has an outer diameter of 2.4 m, a height of 18.15 m, and a volume of 32.7 m*.
283
China Chengda, EX1005, p. 135



A rotary cylinder-type countercurrent dryer for drying calcium chloride flakes has a volume of 60.8 m?, a diameter of 2.2
m and a length of 16.0 m. An average temperature difference between a working medium and a heat carrier is 200°C. The heat
carrier is a combustion product of gaseous fuel.

A rotary cylinder-type cooler has a diameter of 2.5 m and a length of 25 m. Air and water are used as a working medium
to cool the flakes.

All the devices are standard products.

(I) Production of soil conditioners and inorganic feed additives

In order to maturing acidic and alkaline soils and improve fertilizer efficiency, calcareous soil conditioners need to be
applied to the soil.

It is also important to produce inorganic feed additives based on calcareous substances.

According to data, a soil conditioner made from carbonate products derived from production of soda ash is effective as
lime powder, gypsum, chalk and other conditioners, even more effective since a calcium ion in a solid (slag) phase of the distilled
suspension has a relatively high activity, and the conditioner has a better physical state and contains magnesium sulfate.

The application of the soil conditioner has a good effect on the physical and chemical properties of the soil, changes reaction
of a soil solution, reduces a hydrolysis acidity, and increases a pH value from 5.5-5.6 to 6.2-6.4. The soil conditioner reduces

soil dispersion and mobility of organic matters, especially in spring. The soil conditioner improves a structure of an arable layer

and reduces the adhesion of the soil by %— %

The inorganic feed additives can also effectively replace chalk in an agricultural feed for poultry and livestock.
1. Aproduction process of the soil conditioner is shown in Figure 7-26.

Suspension

Sending to
produce soda ash

Sending to
produce
CaCl,
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Air

Figure 7-26  Production flow diagram of soil conditioner
1-precipitator; 2-intermediate container; 3-chamber filter press; 4-filtrate storage tank; 5-washing water storage tank; 6-
conveyor; 7-vibratory metering feeder; 8-mixer; 9-pneumatic device; 10-rotary drum dryer; 11-hammer crusher; and 12-
silo

A suspension from a distillation tower enters a precipitator 1, the clarified part is sent from here to produce calcium chloride,
and the thick part is sent into an intermediate container 2 and then enters a chamber filter press 3. The filtrate is sent from a
storage tank 4 to produce calcium chloride. Recovered liquid for washing the filtrate and the filter cloth is collected in a container
5 and sent to slake lime, prepare lime milk and perform other processes.

The filtered residue is fed into a vibratory feeder 7 by a conveyor 6 and then enters a mixer 8. A part of the final product is
also sent to the mixer as a return material (at a ratio of the final product to the residue of 1 : 1.5). The wet residue and the return
material are mixed and then sent to a rotary drum dryer 10 to be dried to a moisture content of 8%. After the drying, the material
is crushed by a hammer crusher 11 and sent to a pneumatic device 9, and then enters a silo 12 and is sent to the user from here.

The main device of this process is:

A precipitation thickener has a diameter of 40 m and a standard settling surface of 1,250 m?.
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Summary of Content

It is an urgent task for mankind today to make rational use of resources and protect the
environment. The newly developed waste-free technological processes are a new industrial
development mode for realizing the harmony and unity of society and nature.

This book introduces in detail the main contents of waste-free technological processes
in specific industrial sectors, such as minerals, ferrous metallurgy, nonferrous metallurgy,
petroleum refining, chemicals and electric power.

The book is divided into seven chapters: Chapter I Industrial Development and Its
Ecological Consequences; Chapter II Natural Resources and Their Utilization; Chapter III
Theoretical Basis of Waste-Free Technological Processes; Chapter IV Main Ways to
Realize Waste-Free Technological Processes; Chapter V Direction and Progress of
Establishing Waste-Free Production in Major Industrial Sectors; Chapter VI Establishing
Waste-free Industrial Zones; and Chapter VII Economic Evaluation of Waste-Free
Technological Processes.

The book is rich in content, and smooth and vivid in narration.

The book can not only serve as a teaching material for environmental protection
majors, but also be used as a reference for personnel engaged in industrial and
environmental protection planning, design and technological process research.

Waste-Free Technological Processes
—A New Mode of Industrial Development
Xi Deli
A
Published by Tsinghua University Press
BeijingTsinghua Campus
Printed by Beijing Changping Global Technology Printing Factory
Distributed by Technology Distribution Agency of Xinhua Bookstore Headoffice
A
Format: 850 X 1168 1/32 Printed sheets: 9.5 Number of words: 244 thousand
Ist edition in February 1990  1st printing in February 1990
Number of printed copies: 0001—3000
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Price: 4.60 yuan

China Chengda, EX1005, p. 146



Contents

Introduction (D
Chapter I Industrial Development and Its Ecological Consequences &)
I. General Characteristics of Industrial Production............ccccocevveriniinienininininenccecienene, 5

II. Industrial Wastes and PolIUtion.........c.cocvireriririeiieiinencetceceseee e (13)

II1. Ecological Consequences of Industrial Development .............ccceeeevveninenineneeneeneenenne. (22)

1. Impact 0N CHMALE.......cccueriiriiriininienieeietetest ettt st st sa e e (23)

2. Destruction of the OZone Layer .........cccccuevieriirininininiiiecneneneeeeeeeeeeseenie e (25)

R T Ui o I 2 1 SRS S (28)

4. TImpact on the World OCEANS ..........ccevueeriieiiieiieieciesiteieete ettt (32)

I'V. Ways to Control and Eliminate Industrial PolIlution ..........cccccceveveninincncnicncnicncnene. (35)

Chapter IT Natural Resources and Their Utilization ..(40)

. Overview of Natural RESOUICES ......cc.coererieriieiiriiniiniiniceiceitetetente ettt (40)

II. Characteristics and Reserves of Major Natural ReSources ..........cceceveverierveneeneeneeenenne (43)

L. ENergy RESOUICES....c.coiiiiiiiiiiieiicrtecettetc ettt sttt e (43)

2. LANA ottt et st naesneenneeteenreens 47)

K TR 20) (] AR 47)

4. Water and Marine RESOUICES .......c..cocereruirieiiiiinienieniineniceiteeeente et (48)

TN 411101 o] 1 13 (SRR (52)

6. Biological RESOUICES .....cc.eevuieiieiieieciecicesieeie ettt sse e e (53)

7. MINEral RESOUICES ......couviuiiiiriiniiniiiiieiteitetetete ettt (53)

M. Utilization and Depletion of Natural RESOUICES.........coceeerererieierienineninenceeeieneene 57

R © < a4 TS (57)

2. Utilization of Energy RESOUICES ........ccccccueiiriiriinininiiiieieieniesesesieeeeteeeeie e (59)
i

China Chengda, EX1005, p. 147



3. Utilization of Water RESOUICES ......c..ccceviriririeieiiienienieneeieeiteteteneesre e (63)

4. Utilization and Depletion of Mineral Resources..........c..coceveeeeeeeenienenencneneene. (66)
I'V. Substitution and Reuse of RESOUICES ........c..cceriririririeiiieninrceeceeccee e (70)
Chapter III Theoretical Basis of Waste-Free Technological Processes (75)
I. Ecosystem and Basic Laws 0f ECOlOZY .......cceviririnirieiiiiieninencetcececcseese et (75)
II. Concept of Waste-Free Technological Processes ..........cccoeverinerenienienieneneneneeeeeenes (86)
II1. Basic Principles and Steps for Establishing Waste-Free Technological Processes.......... (88)
L. SYStEMALICIIESS ...cuviuviiieiriieiieiietete sttt sttt ettt st et (89)
2. COMPIENENSIVENESS. ..c.veveveeiieiriientenienieeieeiteitet et sttt eie ettt ae st st s besbe bt et ensennens (88)
3. CloSING Of LOGISLICS ...veveeuieiiiiiniinienienieeiteitetete ettt ettt (89)
4. Ecological HarmleSSNESss........cccoererirerieieieniinienienienieeeetestese st eeneeene e (89)
5. Rationality of Production Organization ............c.ceceeveeeeienieneninienenenceeeieneeneene (90)
Chapter IV Main Ways to Realize Waste-Free Production 93)
I. Comprehensive Utilization of Raw Materials ...........ccoooveeiieiiniinieieeee e (93)
1. Comprehensive Utilization of Shale ..........cococeririiiiiiiinininincceccceeee 95)
2. 1. Comprehensive Utilization of Barringerite. ..........cccecuevveruenereneneneeneenienenennenne (96)
3. Comprehensive Utilization of Apatite—Nepheline Ore ..........ccocceevvervriercieniennnene. (96)
II. Reform of Existing Processes and Development of New Processes..........c.ccceverenennenne. (103)
III. Realization of Material Closed-Circuit Circulation.............ccecvvevveeierveniereeseeseeeeeeeenne 117)
VI. Conversion of Industrial Wastes into Secondary Resources...........cccccevvevvenienieeniennnnne (134)
1. Metallurgical SIAES ......c.cccuieiiieieeieeieeee et ns (134)
2. Fly Ash and Cinder of PoOwer Plants ...........ccccoceviiviinininininieicncencsesceeeene (137)
3. PhOSPROZYPSUM .....ouiiiiiiieiteieeee ettt ettt ense e sns (137)
T 0% 1S 31T [<) USSP (139)
TR 1316 (PR (140)
V. Improvement of Product Design and Strengthening of Recycling of Waste Products....... (144)
Chapter V Direction and Progress of Establishing Waste-Free Production in Major Industrial Sectors ......eeeeees (159)
I MINETal INAUSLIY ..ottt ettt s (159)
1. Loss Reduction in Mineral Resource Development.............cocceceeeienienininiencnennne (160)

ii

China Chengda, EX1005, p. 148



2. Utilization of MiIning Wastes .......c.ccocererereeieienienienineneeeeeeteste e eeeinenens (162)

3. Land Reclamation ..........cccoevieiiieiieiesiesiiesieee ettt (165)

I1. Metallurgical INAUSLIY ....c..coeviiiririeieieteeeeeee et (170)
1. Ferrous Metallurgy .......ccccoueoieriininininineeiecenesteee et 171)

2. Nonferrous MetallurZy........cocoerireriririeieiinineneseeieeeetestese ettt naens (176)

II1. Electric POWET INAUSIIY ...c.ovviriiriieieiiienitenceecteteteseesesic ettt (182)
1. Improvement of Fuel Utilization Efficiency .......c.ccoccecveievenininicnininieiciecenn (183)

2. Comprehensive Utilization of Fly Ash and Cinder .........c.cccccoeveninenicnincicncncnnns (184)

3. Treatment of Coal-Fired FIue Gas ........cccccevirininininiiiiiiicnencneececeecieneee e (184)

4. Realization of No Wastewater Discharge to Protect Water Bodies............ccccouene. (191)

5. Utilization of Waste Heat .........ccccoeviririiieiiiiniinecccccecsee e (193)

IV. Petroleum REefINING ....cc.coeririiiieieiiiecneeee ettt s (193)
1. Reduction of Energy Consumption in Petroleum Refining Process...........c.ccoueue.. (195)

2. Reduction of Hydrocarbon EMiSSion ...............cccccoovvvieiiiviesriinicieeiee s (200)

3. Recovery of SUIUL...c..cooiiiiiiiiii e (202)

4. Formulation of the Technological Process Plans for Less or No Wastes in Petroleum Refining (205)

V. Chemical INAUSETY ...oveiiiiiiiiiiieeccee ettt (207)
Lo SUlfUIic ACIA .ottt (209)

2. Phosphoric Acid and Phosphate Fertilizer ...........cocovververviencnininininenicceiene (215)

3. L Sodium Carbonate ..........cccoiriririniiieieieenee et (221)

4. ChIOT-ALKAIL ..uiiiiiriiieeieeeeet ettt st eae e enenaen (2206)

S U@ ettt e (232)
Chapter VI Establishment of Waste-Free Industrial Zones (247)
I. Spatial and Temporal Factors of Industrial Development ..........cccccceeenineninenvenienienenne. (247)
II. General Concept of Industrial ZOnes ..........ccceeeeeeierieniininieninieiceeseee et (251)
II1. Waste-Free Industrial Zones—Basic Unit of Industrial Ecologicalization...................... (255)
IV. Energy Supply and Water Supply in Waste-Free Industrial Zones ..........c.ccoceecerereenneee (262)
Chapter VII Economic Evaluation of Waste-Free Technological Processes............c.ccueue.... (272)

L. Importance and Characteristics of Economic Evaluation of Waste-Free Technological Processes... (274)

iii

China Chengda, EX1005, p. 149



II. Economic Evaluation of Waste-Free Technological Processes...........cocoeveverereeeecuennenne. (275)

II1. Methods for Economic Evaluation .............ccecceeevieiieniininenininieicicncsenceeeceeceeneenes (279)

1. Financial Evaluation (Enterprise Economic Benefit Evaluation) .............ccccoc....... (279)

2. III. National Economic Evaluation ...........c.cccccoiverininienieneninenineeceeeiceenienans (282)

I'V. Calculation of the Economic Losses Caused by Industrial Pollution..........cc.ccccceeeuenenne. (285)
Conclusion (293)
References (296)

iv

China Chengda, EX1005, p. 150



Sludge This process is completely different from ammonia-soda process from raw materials to technological process, and can basically
enable waste-free production, which has been introduced in the previous chapter.

2) Comprehensive Utilization and Harmless Treatment of Distillation Waste Liquor and Waste Residue

©) Recovery of CaCl, and NaCl from Distillation Waste Liquor After clarification, the distillation waste liquor is first treated to
remove SO,*, next evaporated to separate out NaCl, then washed and centrifugally dewatered, and finally is used as a salt product or
reused in alkali production. The mother liquor contains CaCl, (32-38%), and may be directly provided to users as a product, or be
continuously evaporated to further remove NaCl, and finally a solid product CaCl,*2H,0 is obtained. The CaCl, may be used as a
hygroscopic agent for gas and liquid in chemical industry and as an additive for concrete, a building material. The research indicates that
adding CaCl, into cement burden can reduce the calcination temperature by 350-500°C, thereby correspondingly saving fuel by 30%. In
addition, the cement clinker produced at a lower temperature is easy to grind, and the concrete prepared with this cement has a higher
grade.

®@ For making use of alkali residues to produce cement and other building materials, and making use of waste residues in
alkali production, such as insoluble solid residues in distillation waste liquor, brine sludge and limestone calcination tailings, to produce
cement, the key lies in meeting dechlorination requirements and proper proportioning ratios so as to ensure product quality and reduce
energy consumption.

Alkali residues may also be mixed with sulfuric acid-containing wastewater discharged from nearby chemical plants in a certain
ratio to produce alkali residue * f-dihydrate gypsum. By different heat treatments, different alkali residue gypsum can be obtained , such
as alkali residue * a-hemihydrate gypsum, which can be used as interior decoration materials.

® Preparation of Calcium—Magnesium Fertilizers from Alkali Residues This kind of calcium-magnesium fertilizer may
replace lime as a conditioner for acidic soil, and can increase the land fertility and the yield of rice, peanuts, soybeans, corn, barley and
other crops. According to the preparation method, the distillation waste liquor is first thickened until the solid-liquid ratio is 1 : 10, and
then filtered by a filter press. Part of CI" is washed off on the filter press, and the filter cake contains 5% water, which is mixed with chalk
tailings at a ratio of 1 : (2-3), crushed and then dried.

@ Preparation of Poultry Feed Additive from Alkali Residues After the chloride in the waste residue is removed to below
4%, the residue can be used as an inorganic salt additive for poultry feed to improve the laying rate of poultry.

3) Other Measures

@ Establishment of a water circulating system. Using the purified wastewater to dissolve salt, and part of the distillation waste
liquor to digest quicklime. Using the dry quicklime to replace lime milk in ammonia distillation, and changing water cooling to air

cooling to reduce water consumption.

225
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162 Selected Works of Hou Debang

the loss, 25% or more of the salt was wasted. As a result, the existing alkali plants
adopting ammonia-soda process all have the cheapest and most abundant supply of raw
salt. In this case, it is often uneconomical to recover salt from waste liquor of distillation.
However, the purity of the salt thus recovered is very high, which is comparable to the
salts refined by soda lime method and made from water. The recovered salt is connected
with the preparation of calcium chloride.

We will discuss several main products that have been produced on industrial scale
from waste liquor of distillation, namely, refined salt, calcium chloride, calcium sulfate
and ammonium chloride.

Refined salt and calcium chloride:

In production using ammonia-soda process, it is hoped that the volume of waste
liquor of distillation should be as small as possible, especially when some substances
in the waste liquor need further processing. To this end, the decomposition rate in the
carbonation tower should be as high as possible to make the volume of filtrate as small
as possible; on the premise of ensuring that the salt content in soda is within the
permissible range, the washing water of filter should be as little as possible; and
concentrated lime milk containing 250 g CaO per liter (with the specific gravity being
1.21) should be used, or solid lime should be added into the pre-ash bucket for
distillation. The liquid containing a little excessive free lime is carbonized by
introducing some waste CO2 gas. By clarification, the precipitated CaCO3 and all solid
substances in the liquid are separated. The clear solution containing CaClz, NaCl and a
small amount of dissolved CaSOu4 is concentrated in a triple-effect evaporator until
NaCl and a small amount of CaSO4 begin to precipitate and crystallize. The salt crystals
are filtered out in a centrifuge, and a small amount of water is sprayed on the filter cake
of the salt to wash off the CaCl: in the salt. The salt from the centrifuge can be directly
packed in barrels without further drying.

Evaporation of the liquid should be carried out until the specific gravity of the
liquid in the last effect of the evaporator reaches 42 °Bé. In this case, almost all salt can
be precipitated. A little "chlorinated lime" is added to oxide the iron before clarification.
The clarified solution is further concentrated in a cast iron pan until the molten
substance solidifies when being cooled to obtain a product called 75% calcium chloride,
the corresponding molecular formula of which is CaCl2¢2H20.This product is scooped
into iron drums, each of which holds about 600 pounds. The iron drums should be sealed.
The typical components of this product are as shown in Table 9:

Composition of 75% CaCl; (%) Table 9
CaClz 73.6 Insolubles 0.08
NaCl 1.4 Water 24.92
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Alkali and Chlorine Products 763
To prepare anhydrous CaClz, 75% CacCl: is heated in a reverberating furnace or a

stirring furnace, and the molten substance is frequently raked until part of CaCl: is
decomposed to generate CaO and HCI. The HCI gas escapes, leaving the molten porous
CaCla, called 95% calcium chloride. The cooled anhydrous calcium chloride, which is
slightly fluorescent, is packed in iron drums or paper-lined wooden barrels and sealed.

The calcium nitride solution can be used as a refrigerant or antifreeze in ice making
process; the 75% solid calcium chloride is used as a dust suppressant to reduce dust on
roads. The anhydrous calcium chloride can be used as a catalyst for preparing calcium
cyanamide by reacting calcium carbide with nitrogen, where the reaction is possible at

a low temperature.

Calcium sulfate:

Crystalline CaSO4+2H20 is called "Crown Filler" in products made by Solvay
process, which is far purer than natural gypsum. The manufacturing process includes
settling the waste liquor from ammonia distillation tower, and treating the clarified
liquid with salt cake while it is hot. The excessive free lime contained in the solution is
neutralized by a trace amount of sulfuric acid in the salt cake. If the obtained solution
is slightly acidic, some lime milk may be added. The precipitated CaSO4*2H20 is
filtered by a vacuum drum filter, and then dewatered by a centrifuge, on which a small
amount of water is poured to wash away the soluble salt. The gypsum crystals obtained
are dried at low temperature, which is roughly like drying of sodium bicarbonate. The
calcium sulfate is used as a filler for papermaking.

If drying is carried out at 190°C or lower, calcined gypsum CaSO4°1/2H20 is
obtained, which can be used for making models and wall powder, and has many
applications in the construction industry. If burning is carried out at above 200 °C or
above, all water will escape, but care must be taken not to reduce sulfate to sulfide. If
containing trace iron, it will be dyed yellow after calcination. The calcined calcium
sulfate is used to make a certain toothpaste and wall and floor coatings.

The filtrate, after removal of precipitated calcium sulfate, is a very pure bittern,
which may be sent to an alkali plant to be made into a saturated bittern for use in alkali
manufacture.

Ammonium chloride:

Ammonium chloride is produced by making calcium chloride solution obtained
from waste liquor of distillation react with ammonia and COz2.To this end, the waste
liquor of distillation is clarified, the solids are removed, and then the solution is
concentrated in an evaporator to 40 °Be'. Now, the content of CaClz in the solution
reaches about 50%. The precipitated salt is filtered out, and the calcium chloride
solution is put into a jar with a stirrer, and ammonia gas is introduced...

China Chengda, EX1005, p. 165



Attachment 3B



11/17/22, 10:23 AM

Location

Information

Title:
Author:

Series:

Publisher:

Creation Date:

Language:

Format:

BOOK

IREBEEIES

FERESEBATHERRESS )|

b s T HHRAE 1990.7

BERFERE

Library Homepage

7502407510

Library Search

% RIS REFWORKS ENDNOTEWEB & 66

Available at Chinese Science and Technology Books, West 206, 216, the second floor in the West
Library, Main Library(TQ114-53 1)and other locations »

Detail Link
Information

{RIEIEIEEE
FERHEBLTIRRES >
=N >
FERKEARZERIEEAS
b ST AR

1990.7

Chinese

359 P.#RR; 20 CM

Introduction

Related
Read

Feedback

Virtual Browse

Old Version Q +x

X Q

The alkali indus...

1925

Proceedings of ...

c1984

https://discover.lib.tsinghua.edu.cn/entrance/searchEntrance/resourceDetail id=86 THU_ALMA_CN21335117160003966&search_scope=default_scope&title={Z{EEiEEE&version=&frbrgroupid=554949...

12

China Chengda, EX1005, p. 167


https://discover.lib.tsinghua.edu.cn/entrance/searchEntrance/classificationList?query=creator,exact,%E4%B8%AD%E5%9B%BD%E5%8D%97%E6%96%B9%E5%9B%BE%E4%B9%A6%E5%85%AC%E5%8F%B8%E5%8C%97%E4%BA%AC%E7%BC%96%E8%BE%91%E9%83%A8,AND&search_scope=default_scope&vid=86THU&mode=advanced
https://discover.lib.tsinghua.edu.cn/entrance/searchEntrance/classificationList?query=creator,exact,%E4%B8%AD%E5%9B%BD%E5%8D%97%E6%96%B9%E5%9B%BE%E4%B9%A6%E5%85%AC%E5%8F%B8%E5%8C%97%E4%BA%AC%E7%BC%96%E8%BE%91%E9%83%A8,AND&search_scope=default_scope&vid=86THU&mode=advanced
https://discover.lib.tsinghua.edu.cn/entrance/searchEntrance/classificationList?query=creator,exact,%E6%9D%8E%E7%A5%89%E5%B7%9D,AND&search_scope=default_scope&vid=86THU&mode=advanced
https://discover.lib.tsinghua.edu.cn/entrance/searchEntrance/classificationList?query=creator,exact,%E6%9D%8E%E7%A5%89%E5%B7%9D,AND&search_scope=default_scope&vid=86THU&mode=advanced
http://lib.tsinghua.edu.cn/
http://lib.tsinghua.edu.cn/
https://discover.lib.tsinghua.edu.cn/
https://discover.lib.tsinghua.edu.cn/
http://lib.tsinghua.edu.cn/
http://lib.tsinghua.edu.cn/
https://tsinghua-primo.hosted.exlibrisgroup.com.cn/primo-explore/search?vid=86THU&lang=en_US
https://tsinghua-primo.hosted.exlibrisgroup.com.cn/primo-explore/search?vid=86THU&lang=en_US

11/17/22, 10:23 AM BREXEERE
Identifier: ISBN 7502407510

Source: BRERHIERPXPEE AXLEEER =...

2021

v e oun onn mun SUREFHEAR
S sk 2011

LUJIAN SHENGCHAN JISHU

/‘N

All rights reserved Powered by Tsinghua University Library TEL:62782137 Technical Support by Hangzhou Metadata Co.Ltd V0.9.37 i p@q UEES Lk L

https://discover.lib.tsinghua.edu.cn/entrance/searchEntrance/resourceDetail id=86 THU_ALMA_CN21335117160003966&search_scope=default_scope&title={R{EiE1%EE &version=&frbrgroupid=554949...  2/2

China Chengda, EX1005, p. 168



Attachment 3C



OCLC 299129259 No holdings in XXX - 2 other holdings

Re En199 Re 2020020

tere 011 place 4120347

d 21 d 2

'™ Srce |¢ Audn| ctrl |  Lang |

. Conf |° Biog | MRec | Ctry |

Cont | GPub| LitF | ° Indx |°©
’T

Desc | © Ilis Fest |° Dtst [+ Dpates | ™ |

040 CcBjTSG Sb chi Sc N5L $d OCLCQ Sd CNGUL Sd OCLCQ

020 7502407510

020 9787502407513

084 TQ114-53S$2clc

090 Sb

245 00 Hou de bang xuan ji / Sc Li zhi chuan, chen xin wen, zhong guo nan fang tu shu gong si bei jing
bian ji bu.

260 Beijing : Sb Ye jin gong ye chu ban she, $¢ 1990.7.

490 1 Zhong guo xian dai zi ran ke xue jia xuan ji cong shu.

520 Ben shu shou lu le zuo zhe zhi jian gong ye fang mian de yan jiu lun wen gong 20 duo pian.

520 Hou de bang bo shi, Zhu cheng Dr. T.P. HOU, Shi wo guo hua xue gong ye dian ji ren zhi yi, Shi jie
zhi jian gong ye de quan wei. Ben ji xuan shou le ta de dai biao zuo 17 pian he<zhi jian deng san ben
zhuan zhu de jing hua zhang jie.

700 1 Lizhi chuan.

700 1 Chen xin wen.

710 2 Zhong guo nan fang tu shu gong si bei jing bian ji bu.

830 0 Zhong guo xian dai zi ran ke xue jia xuan ji cong shu.

China Chengda, EX1005, p. 170


javascript:gotoMARChelpText(%22OCLC%22);
javascript:gotoMARChelpText(%22OCLC%22);
javascript:gotoMARChelpText(%22Rec%20Stat%22);
javascript:gotoMARChelpText(%22Rec%20Stat%22);
javascript:gotoMARChelpText(%22Rec%20Stat%22);
javascript:gotoMARChelpText(%22Rec%20Stat%22);
javascript:gotoMARChelpText(%22Rec%20Stat%22);
javascript:gotoMARChelpText(%22Rec%20Stat%22);
javascript:gotoMARChelpText(%22Entered%22);
javascript:gotoMARChelpText(%22Entered%22);
javascript:gotoMARChelpText(%22Entered%22);
javascript:gotoMARChelpText(%22Entered%22);
javascript:gotoMARChelpText(%22Entered%22);
javascript:gotoMARChelpText(%22Entered%22);
javascript:gotoMARChelpText(%22Replaced%22);
javascript:gotoMARChelpText(%22Replaced%22);
javascript:gotoMARChelpText(%22Replaced%22);
javascript:gotoMARChelpText(%22Replaced%22);
javascript:gotoMARChelpText(%22Replaced%22);
javascript:gotoMARChelpText(%22Replaced%22);
javascript:gotoMARChelpText(%22Type%22);
javascript:gotoMARChelpText(%22Type%22);
javascript:gotoMARChelpText(%22ELvl%22);
javascript:gotoMARChelpText(%22ELvl%22);
javascript:gotoMARChelpText(%22Srce%22);
javascript:gotoMARChelpText(%22Srce%22);
javascript:gotoMARChelpText(%22Audn%22);
javascript:gotoMARChelpText(%22Audn%22);
javascript:gotoMARChelpText(%22Ctrl%22);
javascript:gotoMARChelpText(%22Ctrl%22);
javascript:gotoMARChelpText(%22Lang%22);
javascript:gotoMARChelpText(%22Lang%22);
javascript:gotoMARChelpText(%22BLvl%22);
javascript:gotoMARChelpText(%22BLvl%22);
javascript:gotoMARChelpText(%22Form%22);
javascript:gotoMARChelpText(%22Form%22);
javascript:gotoMARChelpText(%22Conf%22);
javascript:gotoMARChelpText(%22Conf%22);
javascript:gotoMARChelpText(%22Biog%22);
javascript:gotoMARChelpText(%22Biog%22);
javascript:gotoMARChelpText(%22MRec%22);
javascript:gotoMARChelpText(%22MRec%22);
javascript:gotoMARChelpText(%22Ctry%22);
javascript:gotoMARChelpText(%22Ctry%22);
javascript:gotoMARChelpText(%22Cont%22);
javascript:gotoMARChelpText(%22Cont%22);
javascript:gotoMARChelpText(%22GPub%22);
javascript:gotoMARChelpText(%22GPub%22);
javascript:gotoMARChelpText(%22LitF%22);
javascript:gotoMARChelpText(%22LitF%22);
javascript:gotoMARChelpText(%22Indx%22);
javascript:gotoMARChelpText(%22Indx%22);
javascript:gotoMARChelpText(%22Desc%22);
javascript:gotoMARChelpText(%22Desc%22);
javascript:gotoMARChelpText(%22Ills%22);
javascript:gotoMARChelpText(%22Ills%22);
javascript:gotoMARChelpText(%22Fest%22);
javascript:gotoMARChelpText(%22Fest%22);
javascript:gotoMARChelpText(%22DtSt%22);
javascript:gotoMARChelpText(%22DtSt%22);
javascript:gotoMARChelpText(%22Dates%22);
javascript:gotoMARChelpText(%22Dates%22);

Attachment 4A



CHUNJIAN GONGXUE

Soda Technology

2nd Edition

Compiled by Dalian Research & Design Institute of
Chemical Industry

Tsinghua University Library

i i

A

@ Chemical Industry Press

China Chengda, EX1005, p. 172



The 1st edition of this book won:

National Excellent Science and
Technology Book Award of 1992

Science and Technology Progress
Award of Ministry of Chemical
Industry of 1997

Soda Technology

2nd Edition

ISBN 7-5025-5088-7

Il

787502"550882

9 o

ISBN 7-5025-5088-7/TQ - 1889 Prize: 143.00 yuan
Suggestion for sale category: Chemical industry/Inorganic chemical industry

China Chengda, EX1005, p. 173



Soda Technology

2nd Edition

Compiled by Dalian Research & Design Institute of Chemical Industry

AEMANMATAN

C19088125

Chemical Industry Press
* Beijing °

China Chengda, EX1005, p. 174



(Beijing) XDZ No.039

Cataloguing In Publication (CIP) Data

Soda Technology/Compiled by Dalian Research and
Design Institute of Chemical Industry.-2nd Edition.-
Beijing: Chemical Industry Press 12. 2003

ISBN « 7-5025-5088-7

I. Soda... II. Da... III. Soda Production-Overview
IV.TQ114.1

Archival Library of Chinese Publications CIP Data
(2003) No.125424

Soda Technology
2nd Edition
Compiled by Dalian Research & Design Institute of Chemical Industry
Editor in Charge: Ye Tielin « Ma Xueli
Text Editor: Yan Kejian ¢ Jiu Jingyan
Proof Reader: Gu Shuyun
Cover Designer: Pan Feng
Cover Inscription: Ye Tielin
*
Published by Chemical Industry Press
(No.3 Huixinli, Chaoyang District, Beijing 100029)
Tel for Distribution: 010-64982530
http://www.cip.com.cn
%
Distributed by Beijing Distribution Agency of Xinhua Bookstore
Printed by Juxin Printing Co., Ltd.
Binded by Sanhe City Dongliu Binding Factory
Format: 787mm x 1092mm 1/16 « Printed sheets: 57 %4 * Number of words: 1607 thousand
2ndedition in April 2004 « 1st printing in April 2004
ISBN « 7-5025-5088-7/TQ * 1889
Price: 143.00 yuan

All rights reserved. Offenders must be prosecuted.
In case of any missing page, reversed page or loosing page in a book, the distribution department of this agency is
responsible for the book returning and replacing.

China Chengda, EX1005, p. 175



Contents

Title I General Introduction

Chapter I  Soda Technology ..............ccccvvennennnen. 3

Section I Development and Present Situation of
Soda Industry ........cccceeevvecvenrenienieieenene 3

I. Development History of the World Soda
INAUSLIY .o 3

II. Development History of the Chinese Soda
INAUSETY ..o 5

III. Present Situation of the World Soda
INAUSHY e 9
Section II . Products of Soda Industry ................... 16
I. Sodium Carbonate ...........ccccecverenereneneneenns 16
II.LAmmonium Chloride..........cccccoereninenenennns 21
III. Caustic Soda.........cccevereeienieninirenenceeeens 22
IV. Baking Soda ........cccccvevveviinieiieieeie e 24
V. Calcium Chloride.........cccevuevenineninencnienens 26
VI. Ammonium Bicarbonate .........c..c.ccecevceenennene 28
VII. Sodium Carbonate Monohydrate................. 29
VIII. Sodium Carbonate Octahydrate.................. 29
IX. Sodium Silicate........cccevieiieninnenieneeene 30
X. Compound Fertilizer .........cccccoveenienennenenne. 31
XI. Sodium Peroxocarbonate .............cccceeeuenneenee. 32

Section III Names, Symbols and Special Units
of Equipment for Soda Industry............ 33

I. Names and International Symbols of
Equipment for Soda Industry..........cc..c....... 33
I. Division of Chinese Soda Industry Scale......... 35

III. Special Units and Conversions for Soda
INAUSEEY oo 35
References. .......cccovererieinieieeee e 36
Chapter I Soda Production Methods................ 37
Section IOVETVIEW ......cceeereieieieieienceeeiceeene 37
Section ITAlkali Production from Nepheline ......... 37

I. Nepheline and Nepheline-based Soda
Production Process ........cccceveevvenereennnnne. 37
II. Products from Nepheline Processing.............. 39

III. Comparison between Nepheline-Based
Process and Ammonia-Soda Process.......... 40
Section I[IMirabilite-based Soda Production......... 41
1. Wet Process (TUITXA Process) .....cccceevveenenen. 41

IL. DIy Process ......cccoeereererienienieniceieeieeieneens 42

1. Cyclic Process for Soda
Production(HUYU® Process).................... 44

VI. Mirabilite-Organic Amine Process for
Soda Production .........cccceeeeeeireenceniieee 46

Section IVOther Processes for Soda Production.... 46
L. Production of Soda and Nitrogen-Potassium
Mixed Fertilizer from Potassium-

Sodium Mineral Salts ..........c.ccceeevvrennnnne. 46

I1. Mirabilite-Organic Amine Process for Soda
Production ........c..cceeeeeieeeiiiiiecciceeeee 48
III. AKZO Process for Soda Production ............. 51

IV Caustic Soda Carbonation Process for Soda
Production ...........cccoeeviiiiiiiiiicieeeeeee 52

V. Japan's NV (New Sahi) Process for Soda
Production ...........cooeeviiiiiiiiiiiieeeee 52
References .....cuvveeeeeeeieeeeeeeeeeeeeee e, 55

Chapter II Raw  Materials for Soda
Production................cccccooeeieiinnnnn... 57
Section IEdible Salt ...........cccoeoviiieeiiiieeeeee 57
I. Properties of Edible Salt........c..ccocerenieniennn 57
II. RESOUICES ....vvvveeeiiiieeeiiie e 58
III. Chinese Standards for Industrial Salts .......... 63
Section II Limestone and Carbon Dioxide............. 63
I LIMEStONE ..veeeveeeviicieeciee e 63
I1. Carbon Dioxide .......ccccovvieviieciiiiiieciieenieenne 64
Section ITT Ammonia...........ccccooeevieeeeiieeeecieee e, 65
Section IV Trona.......c..ccceeeeveeecveeeceeeceeeeee e 65
L. Basic Concept of Trona .........cccceceeveveeeeienncne 65
II. Trona Minerals and Ores............c...ccoeveenn.... 66

III. Commonly Known Names of Several
Trona Ores and Products in China.............. 68
IV. Associated Minerals of Trona........................ 69
V. Properties of Trona Mineral...............c..cunne. 69
VI. Distribution of Trona Mineral Resources...... 71
Section V Other Materials for Soda Production..... 74
I Mirabilite ......oooeveeeiiieiicciceee e 74
IL Nepheling ........ccccvevveeviieriieiiciecieceeieeieeene 75
References ........oeveeveeiieciieceeeeeee e, 76

Chapter Il Ammonia-Sod Process for Soda Production

Chapter IV Theoretical Basis of Ammonia-
Soda Process for Soda
Production..................coovvevevinnennnnnn. 79

Section I Byproducts of Soda Production by

Ammonia-Soda Process........c.cccceeuenee 79
Section II Phase Diagram Analysis of Na*, NH
. //HCO;, CI, H20 System......c.cc.c..e..... 81

China Chengda, EX1005, p. 176



I. I1. TI. ®egotnes et al.'s Work........ccc.ooveenneeenne. 81
II. Three-Phase Solid Point Data of NaHCOs-

NHsHCO3-NH4Cl ... 85
1. Two-Phase Solid Line Data of NaHCOs-
NHAHCOS oo 86
IV. Data of NaHCOs3 Crystallization Zone........... 87
Section III Phase Diagram Analysis of
Production Process Conditions ............. 87

I. Requirements of P; Mother Liquor at
Different Temperatures on Ammonia
Brine Concentration...........ccccceeeveveennennen 87

II. Requirements of Industrially Attainable
Ammonia Brine Concentration on the
Temperature of Carbonation Mother

III. Increase of TNHs/TCI" Ratio at
Insufficient Cooling to Increase the

Utilization Rate of SodiumUnxa .......cc.uu....... 90
IV. Best Ammonia-Salt Ratio for Ammonia
BIiNe ..ooovvviiieieeeee e, 92

V. Effect of Combined Ammonia Generated in
Brine Refining on Sodium Utilization

Rt 94
References. ... ..coceveeeeieienienecrcccecceeee e 95

Chapter V Calcination of Limestone and
Slaking of Lime...............ccccocoeene. 96

Section I Principle of Limestone Calcination
and Lime Slaking Process..................... 96

I. Chemical Reaction During Limestone
Calcination.........ccceeverenereeeneeieenenienns 96

II. Division of Sections in the Combustion
Process of Vertical Lime Kiln..................... 98

II1. Factors Affecting the Production Capacity
of Lime Kiln ....cocoooeninininiiiiiiieicce, 99

Section II Process Flow and Control Conditions
............................................................ 102
L. Process FIOW.......cccooviviniiiiiiicieeee e 102
II. Control Conditions .........ccceeeeveereereeneennenne 103

Section III Working Indexes of Lime Kiln and
Their Calculation .........cccceveereenennee. 104
I. Decomposition Rate of Calcium Carbonate... 104
II. Production Capacity of Lime Kiln................ 105
III. Carbon Dioxide Content in Kiln Gas........... 106
IV. Thermal Efficiency of Lime Kiln................. 106
V. Materials and Heat Balance of Lime Kiln .... 106
Section IV Lime Kiln......cccooevinininiiiiniinene 108

I. Main Requirements on the Mixed-Fired
Shaft Kiln Structure..........cccceceevenenennenne. 108
II. Main Structure of Lime Kiln ............cccceee. 109
Section V Preparation of Lime Milk.................... 112
L. Slaking of Lime .......ccoevueeiiiiiiieeececee 112
II. Lime Slaking Machine ..........cccccceevveiinenne 114

Section VI Purification and Cooling of Kiln Gas

............................................................ 116
I. Composition and Dust Content of Kiln Gas.. 116
II. Cooling and Purification of Kiln Gas........... 116
II1. Packed Washing Tower for Kiln Gas .......... 117

IV. Sieve Plate Type Foam Dust Collector........ 117
V. Composite Sieve Plate Washing Tower ........ 119

VL. Electric Dust Precipitator..............cccoueennene. 119

References ........coceveverereeienicnienincnceeeceiene 120

Chapter VI Brine Refining ................c.ccocoeenin. 121
Section I Purpose and Methods of Brine

Refining .....ccoeevvvevvieiieieeiecieceeeee, 121

I. Purpose of Brine Refining ...........ccccveevvenneene. 121

II. Purity Requirements of Refined Brine.......... 121

[II.Methods for Brine Refining ........c..cccccuee.... 121

Section II Preparation of Crude Brine................. 122

I. Preparation Method of Crude Brine............... 122

II. Equipment for Crude Brine Preparation....... 122
Section III Brine Refining by Lime-Soda

Process ...c.cccoeevieniiiiniiniciceeee 123

L. Principle of Refining .......ccccoccovenincncncnnennee 123

II. Technological Process Flow ..........c..ccoc....... 124

II1. Process Control Conditions..........c..ccceuue.... 125

IV. Advantages of Lime-Soda Process.............. 125
Section IVBrine Refining by Lime-Ammonium

Carbonate Process........c.cccceverereenene. 126

L. Principle of Refining .........cccoeeeiieienenenne. 126

III. Process FIoW .......ccccoeviiiiiiiniiieceeee 127

III. Process Control Conditions............ccceeue.e. 128
Section V Settlement Principle and Factors

Affecting Settlement..........cccceeeeennee 128

L. Principle of Settlement ..........c.ccocevenirennnee. 128

II. Factors Affecting the Settling Velocity......... 129
Section VI Brine Clarification Equipment and

Salt Mud Treatment ............cc...cveeee... 130
1. Dalton Clarifier.........ccccoeevveevieiciiecieecreeenen 130
II. Inclined Plate Clarifier ............cccceevveeveennenn. 130
I11. Spalding Clarifier..........ccceoererenenieienne. 132
IV. Honeycomb clarifier...........ccoccooenerieeennee. 133
V. Other Clarification Equipment ..................... 133
VI. Salt Mud Treatment ............cccccoeeveeeeenne.n. 133
Section VII Calcium Removal Tower.................. 135
1. Role of Calcium Removal Tower .................. 135

II. Main Structure of Calciuim Removal
TOWET ..t 136

1. Absorption of NH; and CO, in Calcium
Removal TOWer ......c..ooovvviiiiiiieicieees 137

IV. Examples of Process Calculation of
Calcium Removal Tower...........ccccceeneeeee. 138

V. Examples of Calculating Calcium Removal
Heat Balance in Calcium Removal

China Chengda, EX1005, p. 177



Section VIII Scar Formation and Treatment in

Brine Refining Process ..........ccccccueue.

I. Cause of Scarring.........cccoeveeeveevereereenneenenn,
II. Measures for Preventing and Eliminating
SCAITING .eeevveeeeieeeeeeeeeee e
References. .......oeveveerienienieececeeeeee
Chapter VII Ammonification of Refined Brine..
Section I Principle of Brine Ammonification
Process .....coccevvieieiicniiiiiiiicecn

L Chemical Reaction in Brine
Ammonification..........coceeverereeeeienenenne.

II. Absorption Rate of Refined Brine
Ammonification Process........c..cccccoceeuenene

II1. Vapor-Liquid Equilibrium of
Ammonification Process of Refined

BIiNe ..o

IV. Ammonification Effect of Refined Brine ....
V. Mass Transfer in Brine Ammonification.......
Section II Technological Process Flow and
Control Conditions...........cceceeverennen.

I. Characteristics of Ammonia Absorption
Process....cccccevvevienienienieieieceeens

II. Technological Process Flow ...........ccccoceuenee.
III. Process Control Conditions...........c.ccccene.e.
Section III Equipment for Refined Brine
Ammonification Process....................

L OVEIVIEW ..ot
II. Design Principle of Ammonia Absorption
Tower Structure .........ccoceeveeveeriienienieneene

II. Structure of Ammonia Absorption Tower ...
IV. Ammonia Absorber and Purifier..................
V. Equipment for Ammonia Absorption
Co0lING ..ot

VI. Ammonia Brine Clarifier and Titanium
Pump....ocoooviiiii e

Section IVMaterial and Heat Balance of
Ammonification Process of Refined

I. Data Checking and Determination.................
II. Material Balance...........ccocoecevvieviicnicncnnne.
III. Heat and Heat Exchange Area Balance
(per ton of s0da).....c..cooeeveriiiiiiniiieee
References........cuevevenienieninineneeicecicenenenene
Chapter VIIICarbonation of Ammonia Brine....
Section I Principle of Ammonia Brine
Carbonation Process.........ccccocceueuenene
I. Vapor-Liquid Equilibrium of NH;-COs-H,O
System and Concentration Distribution
Between Various Components in Liquid

Section II Process Flow, Process Conditions and
Operation Control of Ammonia

Brine Carbonation...........c.ccccceeveenenne. 169
L. Process FIOW.......cccoeevieieienicicecceceee 169
II. Technological Process Flow ..........ccccceuee.e. 171
III. Key Points of Operation Control................. 172
Section III Working State and Operating
Conditions of Carbonation Tower....... 174
I. Changes of Various Parameters ..................... 174
II. Scarring and Cleaning ..........ccccoceeevereeeueenee. 176
III. Role and Change of Sulfides in
Carbonation Process..........cocoeceverereennene. 178
Section IV ..o, Carbonation
TOWET et 181
I. Solvay Carbonation TOWer ...........cccceeuerueenee. 181
II. Sieve Plate Type Carbonation Tower ........... 188
III. Composite Sieve Plate Type Carbonation
TOWET ..ttt 189
Section V. Material Balance and Heat Balance.... 189
[.  Material Balance..........cccccocevirincncnennenne. 189
II. Heat Balance and Cooling Area Calculation
.................................................................. 192
References ........ceoeeveverenenenieieeeseecceene 194
Chapter IX Filtration of Dense Soda (Crude
Sodium Bicarbonate) ..................... 195
Section I Principle and Flow of Filtration
Process .....coveeveenieieeeeeeee e 195
L OVEIVIEW ..ot 195
II. Theoretical Basis of Filtration Process......... 195
III. Process Flow of Filtration.............ccccuenee.e. 197
Section II Filter and Vacuum Device.................... 198
I. Rotary Drum (Flitering Drum) Vacuum
FIIter .o 198
II. Comparison Between Centrifugal
Separation and Vacuum Filtration of
Dense Soda.....c..coceievininenineneeen 206
II1. Vacuum Device and Blowing Device.......... 209
References .......cooeeveeveriiiiiiiiceccceeeeeeen 215
Chapter XDense Soda Calcination...................... 216
Section IPhysicochemical Basis of Dense Soda
Calcination........oceeveeereeeeenieneesieeens 216
Section II Process Flow of Dense Soda
Calcination........cceeveeeeeeeeesiesieneeeeenns 217
I. Scrubbing Process of Calciner Gas Mother
Liquor....ocveeieiieeeeeeee e 219
II. Premixing Process of Returned Alkali ......... 219
II1. Hot Alkali Recovery Process .........c.......... 219
Section IllEvolution and Structure of
Calcination Equipment ....................... 220
I. Evolution of Calcination Equipment ............. 220
II. External Heating Rotary Calciner ................ 220
IIT Calciner Without Alkali Recycling .............. 223

China Chengda, EX1005, p. 178



IV. Steam CalCiner ...........ccoovveeevveeeeeieeeeennennn. 225

V. Self-Alkali Return Steam Calciner ............... 227
VI. Other Auxiliary Equipment............c..cc.c...... 230
Section [VOperation Control of
(07116311 1<) USRS 233

I. Temperature of Alkali Discharge.................... 233
II. Control of Alkali Return Amount................. 233
III. Elongation of Calciner ............ccocveceeeeennnne 234
IV. Calciner Head Pressure ..........cccceeevveennennnee. 234

Section VExample of Material and Heat
Balance Calculation of Steam

CalCiNeT......oeeeeviiereeeieeeeeeee e 234
I. Material Balance Calculation......................... 234
II. Heat Balance Calculation. ............cc..ccuveene... 236
Section VI ...oooooiiioieeeeeeeeee e Process
DESIZN .o 240

Section VIIFluidized Calcination of Dense Soda
............................................................ 240

1. Process Flow of Fluidized Calcination of
Dense Soda........ocoveveeeieeeeiieeeeeeeee 241
II. Fluidized Calciner for Dense Soda............ 241

Process Control of Fluidized Calcination of
Dense Soda........coceeiiieeiiiiiiieeeeceeei 242

IV. Characteristics, Existing Problems and
Improvement Direction of Fluidized

CalCINeTS . ..cveueeveeeieiericiecrceeenceeeneeaen 242
Section VIIIAlkali Cooling Devices.................... 243
II. Rotary Furnace for Soda Cooling................. 244
II. Fluidized Bed for Soda Cooling................... 245
Section [IXWet Decomposition of Dense Soda ....246
L. Principle of Reaction .........ccccceeeeiereeneennnne. 246
II. Technological Process Flow ...........c.cccccuen.e. 247
III. Decomposition TOWET .........ccccccuerververennenne. 248
IV. Operation Control of Wet Decomposition...249
Section XManufacture of Dense Soda................. 249
I. Solid Phase Hydration Method....................... 250
II. Liquid Phase Hydration Method................... 253
II1. Water Dissolution Method ............ccccceneee. 254
IV. Extrusion Method.........ccocoeivieiiniincnine, 254
References........ceeveveierieneninenieiciciccncnenaens 266

Chapter XIMother Liquor and Dilute Liquid
Distillation................cccccceeininnenn. 268

Section [Vapor-Liquid Balance in Ammonia
Distillation Process ........cccceeoeeveeeenee. 268
L. NH;3-H70 System......ccovvevveeerenieineniecnienenes 269
1I. NH3-CO,-H,O System .................................. 269

Section IIII. Technological Process of Ammonia
Distillation .........ceccveceeeeerienieeeeeeeee. 273

I. Typical Positive Pressure Distillation
Process......cooovviiiiiiiiiiiii 275
II. Vacuum Distillation Process...........cccceueeenne. 275
III. Dry Lime Distillation Process............c....... 276

IV. Distillation Process of Solid Ammonium
Chloride.......coevireeieieeeeeeceee 279
V. Review of Process Technology..................... 279
Section IIIAmmonia Distillation Equipment....... 282
I.  Typical Comprehensive Ammonia

Distillation TOWET .........cccovveviveieeiiieeeeenns 283
II. Ammonia Distillation Tower without
CONAENSET ....vvevvieiieiieiieeeeeeeeeeeeee e 285

III. Improved Ammonia Distillation Tower ...... 287
IV. Ammonia Distillation Tower with

Mechanical Stirring Device...................... 289
V. Sieve Plate Type Ammonia Distillation
TOWET ..t 290
VI. Pre-Ash Bucket........ccocevenininininceienne. 293
Section IVIV. Process Calculation of Ammonia
Distillation TOWer ........cccccceveeereenenne. 295
II. Theoretical Tower Plates ............ccccceeueneene. 295
II. Tower Body Design........cccecceeeeiieneenienne. 298
II1. Bubble Cap Design ........cccceeeeveenieenueeennne. 298
IV. Overflow Pipe Design.......cccccevverveeruennnnnne. 300
V. Calculation of Fluid Resistance.................... 301
Section VOperation Control of Mother Liquor
Distillation .........coceeeverenerceienieenn 302
I. Temperature of Distillation..........c.cccccecueeenee. 302
II. Waste Liquor Contains NH; and Excess
ASD e 302
III. Operating Load ........cccccevevininincncninnenee 303
I'V. Tower Operation Stop and Start Method..... 303
V. Tower Sweeping Method.........c.ccocceeeeennnee. 303

Section VIMaterial and Heat Balance
Calculation of Ammonia Distillation .. 303

I. Material Balance Calculation .............c.......... 303
I1. Heat Balance Calculation...........c.ccecceeeueenee. 305
Section VIIHeat Flash Recovery of Distillation
Waste Liquor......c.cceceeeenienienieieenen. 307
I. Flash Recovery Process by Jet Method ......... 308
II. Flasher Process Calculation.........cc..ccceuee.e. 309
III. heat flash recovery operation of
distillation waste liquid..........ccccccereereenne. 311
Section VIIIDilute Liquid
Distillation .........cecceveveneneneneneennn 311

I. Process Flow of Dilute Liquid Distillation.... 312
II. Operation Control of Mother Liquor

Distillation .........ceceeeeerieneneneneneeceeee 313
III. Equipment for Ammonia Distillation of
Dilute Liquor.......coceeeevieniececeeee 313
Section IXScaling of Ammonia Distillation
Tower and Its Treatment ..................... 316
II. Effect of Operating Temperature.................. 317
II. Effect of Crystal State ........cccccevvereerverenenne. 317
II1. Effect of Supersaturation Value................... 317
References .........covevueeeincinineienceceeene 318

China Chengda, EX1005, p. 179



Chapter XIICompression of Carbon Dioxide

GAS .o 319

Section IPrinciple of Carbon Dioxide Gas
Compression Process ........c.cceceeuenee. 319

I. Calculation of Isothermal Compression
WOTK ..o 319

II. Calculation of Adiabatic Compression
WOTK i 319
Section IISelection of Compressors............c..c..... 320
Section IIICO,Centrifugal Compressor ............... 321

I. Basic Principle of Centrifugal Compressor ...321
II. Advantages of Centrifugal Compressor

Used in Soda Industry.........ccceeeeienenenaens 321
III. China CO,Gas Centrifugal Compressor......323
IV. 600,000 t/a Ammonia-Alkali Compression

Process and Compressor Selection............ 327
Section IV ...coeveviiiiiiiinincncee CO,Screw
COMPIESSOT ..vvvieniieeiieeriieeniiee e 328
Section VCO, Piston Compressor...............c........ 330
I. Soda Production from Concentrated CO,
GAS ittt 330
II. Supercharger Process for Soda Production
from Conversion Gas........c.cccoceereenueenncnne 332

III. Pressurization Process for Soda
Production from Lime Kiln CO,Gas ........ 332
IV. CO; Gas Compression Process for Small-

Sized Ammonia-Soda Plants..................... 332
V. Structure and Selection of Piston

COMPIESSOTS ..veneeeriiieeiieeiieeieeeieeeiee e 335
References.....c.covvveeveiiiiiceiecceeee e 335

Chapter XIIISummary of Material Balance
and Energy Balance in Soda

Production Process......................... 336

Section [Reaction and Heat of Reaction .............. 336
Section [ISummary Table of Material Balance
and Energy Balance of Ammonia-

Soda Process ........cceeeeveeneeesieneenienicans 337
Section IIIMaterial Balance Diagram of
Combined-Soda Method...................... 344
Section IV ....ooveiiiieeeeeeee Thermodynamic
Investigation............ccceeeveeeereerreenenee. 347
References. ......coeveeeeienienininencceecceeeeee 348
Chapter XIV Caustic Soda Production by
Causticization Process.................... 349

Section 1 Preparation of Causticized Soda
Liquid and Solid-Liquid Separation.... 349

I. Basic Principle.........ccceevvevienieniieiicieeeenenn, 349
II. Liquid-Solid Separation of Causticized
Liquid .ooveeeee e 351
III. Technological Process Flow........................ 352
IV. Adjustment and Control of Causticization
Process.....cocevvierieiiniiiceee 353

V. Main Equipment ...........cccceeeveeienieneenieenne 354
Section I[Evaporation of Caustic Soda Solution
and Separation of Precipitated Salt.....356

1. Evaporation of Caustic Soda Solution........... 356
II. Separation of Precipitated Salt ..................... 357
II1. Technological Process...........cccccverveenveennenne. 358
IV. Adjustment and Control of Evaporation
Process. ...c.covueeniieiieieeeeee e 359
V. Main Equipment ...........cocceeeervenieneeneeenne. 360
Section [ITProduction of Solid Caustic Soda ....... 363
I. Refining of Molten Alkali............cccceerurenenne 363
II. Technological Process Flow ........c.ccccccue... 366
II1. Process Index and Product Specification
of Alkali Melting .........ccccooevineniiincenne 367
IV. Alkali Melting Pot.........ccooceeiiiiniinre. 367
V. Safety, Storage and Transportation................ 368
Section [VMaterials for Caustic Soda
Equipment..........ccecveeveninencnencennn 368
Section VHeat Balance...........ccoecevvevienieniennnne 370
I. Heat Balance of Causticizing Tank................ 371
II. Heat Balance of Triple-Effect Counter-
Current Evaporator.........ccceeeeveeeveenvennnen. 373
[II. Heat Balance of Climbing Film
Evaporator........ccceevveevieeniienieeieeeeeeee, 376
References .......coooeeveerieiieiieiecieeeeeee e 377
Chapter XVProduction of Baking Soda ............. 378

Section IPrinciple of Baking Soda Production ....378
I. Phase Equilibrium of Na,CO3;-NaHCOs-

Hy0 System ....cccceeevveenieiiiiieeieeeeeee, 378
II. Study on Carbonation Reaction of Sodium
Carbonate Solution...........ccceeeveeveevennnnnne. 380

Section IITechnological Process Flow and
Control Conditions for Baking Soda
Production.........cccccevevveeninvecninneene. 382

L. Preparation of Sodium Carbonate Solution ... 382
II. Process of Carbonation and Other Work

Processes ......ooovveeieienienieeeeee e 384
II1. Main Technological Conditions................... 385
Section IIIMaterial Balance and Heat Balance
of Baking Soda Production.................. 387
I. Material Balance and Heat Balance
Calculation of Carbonation Tower............ 387
II. Material Balance of Separation and Alkali
Melting Process .........ccceeververreerreevennnenne 389
[IT.Material and Heat Balance Calculation of
Drying Process .....cccceeeeveeneencenenieneee 390
Section [VMain Equipment for Production of
Baking Soda.........coocveiieiiiiee, 391
I. Equipment for Preparation of Sodium
Carbonate Solution...........ccceeveereeveeennnne. 391
II. Carbonation TOWer .........cccecveeverienieeieenne 393
III. Separation and Drying Equipment.............. 394

China Chengda, EX1005, p. 180



References........ooueeeeeveeeeeieeeeceeeeeeeeee e 394
Chapter XVIThree Wastes in Production
Process Based on Ammonia-Soda
Process and Their Treatment and

Comprehensive Utilization ............ 395

Section IProduction Wastes..............ccoeevervrenveennn. 395
I. Waste Liquors and Waste Residues................ 395
II. Waste Gas and Dust.........cceeevveveeneenniennnns 395

Section IIEnvironmental Protection in the
Production Process of Ammonia

Soda Process-Based Plants.................. 396
I. Overview of Discharge of Waste Liquors
and Waste Residues outside China ........... 396

II. Rational Discharge of Waste Liquors and
Waste Residues in Domestic Alkali

Plants ....c..ooovieviieiiieeeeeeeeeeee e 397

III. Dust Control in Soda Plants......................... 399
Section IIIComprehensive Utilization of Wastes

to Produce Chemical Products............. 402

I. Preparation of Calcium Chloride from
Waste Liquor of Ammonia Distillation.....402

II. Salt from Solar Evaporation of Waste

Liquor....ooceeeieeieieeeeee e 408
III. Preparation of Dilute Brine from Waste
Liquor....ooceeeieeeeeeee e 409

IV. Preparation of Light Magnesium

Carbonate from Primary Brine Mud......... 409
Section IVComprehensive Utilization of Wastes
to Make Building Materials and

Other Products .........ccceceeievienenenenne. 411
I. Making Cement from Waste Residues........... 412
II. Making Cementitious Materials and Low
Temperature Cement fromWaste
ReSIAUES ...coveeiieiieceeceeee e 415
III. Making Carbonated Bricks from Waste
Residues ......coveeeieiieiieeec e 416
IV. Making Calcium—Magnesium Fertilizers
from Waste Residues .........c.cccccvevencnnenne. 419
References ........cccevevereneneneeiinccncsencsceee 422

Chapter III Production of Soda and Ammonium Chloride by Combined Process

Chapter XVIITheoretical Basis of Combined
Soda Process for Soda

Production................cooeevvvvnniennnnnn. 427
Section IDevelopment History of Combined
Soda Process-Based Production.......... 427

Section IIPhase Diagram Analysis Of
Combined Soda Process-Based Soda

Produciton..........cccceevvevveienienienne, 428

I. Phase Diagram Representation ...................... 428
Solubility Data and Phase Diagram of Na®,

NH; //HCO;, CI', NH;, H,OSystem.......... 429

Section IIIProduction Process Flow..................... 430

I. Principle Production Process Flow ................ 430

II. Simplification of Combined Soda Process
Flow and Comparison of Various

Process FIOWS ........ooooevieieiiiiceiiece, 433
Section IV ..o Production
Conditions.........ccoveeeeevueeeeeieeeeeieeeeenns 437

I. Production Conditions for Soda Making
Process.....uiiiiiiiieiiiieeee e 437

II. Production Conditions for Ammonium
Chloride Making Process............cccccvveneenn. 438
Section VPhase Diagram Calculation................... 439

I. Calculation of Phase Diagram Composition..440
II. Calculation of Cold Precipitation Process

of Ammonia Mother Liquor ..................... 442
III. Calculation of Salt Precipitation Process ....443

IV. Calculation of Secondary Ammonia

ADSOIPHON ..ot 444

V. Calculation of Carbonation and Dense Soda
Filtration .........ccoocveeieviieieeiecieseeeeee e 445
References .......oooueveeveeiieiecceeeeeee e 446
Chapter XVIITRaw Salt Refining....................... 447
Section IMethods For Raw Salt Refining ............ 447
L. Salt Washing Method...........ccccovvvienienirennnnne. 448
II. Refined Salt Method.........ccccevvvvienieiienne 452
Section IIII. Main Equipment................cccevennenn. 453
I. Spiral Salt Scrubber.........c.cccceevvervenieniienne, 453
IL Ball Mill ...oooiiiiiiiiieieieieccceeeee, 454
II1. ClasSifier.......ccuevievieeiieieeiecie e 455
IV. Vertical Scrubber.........ccooevevvevienieieennee, 455
V. EVaporator .....cocoeeveeeenieneeneeeeie e 456

Section IIIDiscussion on Problems in Raw Salt
Refining .....coceeeevieiiiieiceeceee, 457

I. Relationship Between Scrubbed Salt
Quality and Product Quality ..................... 457
II1. Ball Mill Rotational Speed...........ccccerueennnne. 457

III. Number and Gradation of Steel Balls in
Ball Mill ...coeeeiiiiiiiiniiceecc 458
IV. productivity of ball mill.............ccccceenrennn.ne. 459
V. Noise of ball mill........c.ccevvvirririenieiienee, 459

VI Determination of flotation speed of
Classifier ....ccoeveieriiiiieeeee e, 459

China Chengda, EX1005, p. 181



Section IVMaterial balance calculation of salt

scrubbing method.........c.cccevverieennnen. 460
L BaSIS wcueeviiciieiiicee e 460
I1. balance calculation ..........c.ccceveverercnenncne. 461
REfeIENCES. ....eviniiiriiieiirieiciinicccseeecsieneenens 462
Chapter XIXCombined Soda Process I-Soda
production process ..............cc......... 463
Section II. Principle of process ...........ccoceveeeeenne 463
I. Overview of the cycling process of
combined soda process.........cccceeveeeeeenenne 463
II. mechanism of cycling process..........ccccceuee... 467
Section III. flow and technological conditions of
Process L. ..ooiiiniiiniiiiiiieeiceeeee, 470
I. main domestic process flows and their
operating principles .........ccoevvevverieeeieenens 470
II. Technological Conditions for Subprocess I
in Combined Soda Process ..........cccceceeuee 474
Section I1IMain Equipment for Subprocess I of
Combined Soda Process.........c.ccceuee. 482
I. Equipment for Ammonia Absorption............. 482
II. Carbonation Equipment............ccccceveenrenne 486

Section IVIntegrated process flow of
subprocess I of combined soda
PLOCESS ettt 490
References........cooueveeneieincieinceeeneeeneeenens 492
Chapter XXSubprocess II of Combined Soda
Process -Ammonium Making

Section II. Principle and technological
conditions of subprocess II ................. 493

I. crystallization principle of ammonium
chloride in the cycling process ................. 493

II. cold regeneration and heat exchange of
circulating mother liquor ..............ccccccee.. 506

III. thickening, separation and crystal slurry
SCIUDDING ..oovveieiieeeeeeeeee e 508

Section IIMain Equipment for Subprocess II of
Combined Soda Process...................... 515
L Crystallizer........cccoeeveeienieieie e 515
II. External COOler .......coovevvinveveinriiecneeecnn 519
II1. heat exchanger of mother liquor.................. 519

IV. Push-type continuous centrifugal separator

Section IIIIntegrated process flow of subprocess
IT of combined soda process................ 522
References. ......ccveveeienienieeee e 522
Chapter XXIProduction of ammonium
chloride by thermal process........... 523

Section IOVEIVIEW ........cccuevveveneninineeieeneene 523
Section III. Principle of technological process .... 525
I. Deamination of filtered mother liquor........... 526

II. separation process of sodium chloride from
ammonium chloride.........c.ccooceniennnnnee. 528
Section IIIII. Technological Process Flow.......... 538

I. Foreign production processes and operating
CONAItIONS ..o 538

II. Pilot test process and operating conditions
1N ChiNA ..o 538
Section IVIIL. Main Equipment ..............ccoeuneen. 542
I. deamination tOWer ........c.ccoeverereeieienieneene. 542
V. Evaporator ......ccceeveerieenieenieenieereeeieeeneene 543

III. crystallizer, external cooler and axial flow
10201101 J U STUPRRRRNE 545
References ........ccoceverereneninieeeee e 546

Chapter XIIII. Soda Production from
Converted Gas ...........ccoceeeeneennnne. 548

Section IPrinciple of soda production from
converted gas .......cecveiieiiieienieeeeenn 548
L Introduction ..........ccoeeeveeeceiecieeieiieneee e 548

II. Principle of Soda Production from
Converted Gas ......coccevevereneneneeeeieneennen 548

III. characteristics of Soda Production from
Converted Gas ......coceeererenereeeenieienene. 549

Section IIProcess flow and technological
conditions of Soda Production from

Converted Gas .....cc.cceveeeereeneeneennenns 550

I. Process Flow of Soda Production from
Converted Gas.......ccooceeveereenieenieeeeeeneen 550

II. Technological Conditions for Soda
Production from Converted Gas............... 551

III. Discussion on tail gas purification process
.................................................................. 551
Section IIIII. Main Equipment ..............c.ccveuenn. 552
L. Carbonation TOWET .........ccceeevevverienieenieennennn, 552
II. tail gas purification tOwer...........ccccceervvennenne. 553

Section IVDevelopment of Technology of Soda
Production from Converted Gas ......... 553

I. Factors Affecting the Development of

Technology of Soda Production from
Converted Gas........ccoceeveenienienenenienee. 553

II. Development of Technology of Soda
Production from Converted Gas............... 554

III. Analysis of Energy Saving of Soda
Production from Converted Gas............... 554

IV. Outlook of Soda Production from
Converted Gas.......ccecveeverierieenieereeneenn 556
REferences .......oocvvveveeniieiieiieieeieseee e 557

China Chengda, EX1005, p. 182



Title IV Mining and Processing of Trona

Chapter XXIIIMining of Trona Deposits ........... 561
Section IDry mining..........cecceeeeevervenenenencnenene 561
. Opencast MINING .........cccveeeereerieneereeeeeeenne 561
II. Roadway mining...........ccecceeeereereeseeneeenenne 561
Section [IPrinciple of dissolution mining
method ..o 570
I. Brief introduction of dissolution mining
mMethod .......oevvevininiiniccceccne 570
II. principle of trona dissolution mining............ 571
Section IIIDissolution mining technology of
TEONA ot 578
L Shafting......ccceoveeieieieeeeee e 578
II. Channeling ........ccocceeeereeieeoieneneeeeceee 581
II. Brine exXtraction ........ccceceeevevvereneneneeeennnn 581
References. ......coueveereeriieiieeeece e 587
Chapter XXIVTrona Processing.......................... 588
Section IOVETVIEW ......ccocceveruieieienienisenceiene 588
L. historical evolution of trona processing......... 588
II. trona processing technology ............ccccvvenuene. 589
Section IIExploitation of Trona and Preparation
of Alkali Liquor........cccocvevvveveerenieenen. 590
I. Mining of Trona..........cccceevevieiiencenienceee 590
I1. Alkali DisSOIution........c.ceceeveereneencnieneencnn 592
II1. Alkali liquor clarification...............cccceveeninnn. 600
I'V. alkali liquor refining...........cccocevvevvenrennne 604
Section [IITroan Processing to Make Soda.......... 606
L. Sesquisoda Process........ccoevveveveceervenvenirenne 606

II. Monohydrate Soda Process ............cccovveneene. 613

III. Carbonation TOWer..........ccocevveerieneeneenncnne 626

IV.  Carbonation-evaporation-causticization
process for co-production of soda ash,
sodium sulfate (mirabilite alkali) and

CAUSHIC SOA.....couiririiniriiriieieicrcee e 644

V. other processing methods for soda
production from trona............cccceeveeeeennene 652

Section IVTrona Processing to Make Baking
S0da ... 653

I. Making Baking Soda by Carbonation with
Solid Trona as Raw Material .................... 653

I1. Dissolution Mining of nahcolite for making
baking soda.........ccceevverierienieiiee e 655

Section VTroan Processing to Make Caustic
S0da .o 656
L. Basic Principle........cccevveeriiniiiiicicee 656
Section VIPreparation of silicate of soda from
ELONA e 659
L. Properties and uses of sodium silicate............ 660

II. production method and quality standard of
sodium Silicate.........coeceveveeeneeeienieennenn 661

III. Preparation of sodium silicate by trona
MEIING....cvieiieieeieeieceeceere e 664
References .......coeeveereneeincnnincnecncecseeenenne 667

Part V Design of Public Facilities and Soda Plant

Chapter XXVGeneral layout design of soda

Plant.........cccooviiiiiiiii, 671
Section [Site selection.........cccceevverveceenienieneenne. 671
L. Introduction .........cocceeveveeneeienenencneneee 671
II. requirements on sites for alkali plants........... 671
II1. selection of sites for alkali plants................ 671
Section [IGeneral layout of alkali plants.............. 672
L. principle of general layout............cceeevennnne. 672
II. composition of an alkali plant ...................... 672
III. General layout of an alkali plant................. 672
Section IIIExample of general layout of soda
Plants.....ooeeiieieee e 673
References. ......coevueeieeieeieeececeeee e 677
Chapter XXVIStorage and transportation of
powder materials ........................... 678
Section [Powder materials ..........cccoecevereneneennne 678
L OVEIVIEW ..o 678

II. consumption quota of powder raw

MAETIALS .o 678
III. Physical properties of soda ........cc.ccccuene.e. 679
IV. position of powder technology in soda
Production.........cceeeeveienieieeieeeeee e 681
Section IIStorage and transportation of raw
materials........ccooveeeeineeneineeene, 683
I. Storage and transportation system for raw
SALES .t 683
II. limestone storage and transportation
SYSEEIM ..ottt 698
II. Coke (White Coal) Storage and
Transportation System.........cc.cceveereennene. 706
IV. Transportation of In-Process Products......... 706
Section I1IStorage and transportation of finished
PrOdUCES...c.eeeeieeeee e 708
I. Soda Storage and Transportation................... 708
II. Screening and crushing of soda.................... 714

China Chengda, EX1005, p. 183



II1. Storage of soda........ccceverereniiieieieeee,
IV. Packaging of soda.........cccccevieiieiininiene
V. Bulk transportation of soda...........ccccceeennene
VI. Handling of soda..........ccccceviiiiiiiniiene
VII. Storage and transportation of ammonium
chloride.......oooveiieiieieeee e
References.........cceevveuirenecineneincnecececeee
Chapter XXVIIWater supply.........ccccocueerriennene
Section IProcess Water .........ccccveverereeeeeeniennns

II. demand for process water..........cccceeceevueennee
Section IICo0ling Water..........cccceeereeeeeeenieieanne
I. Water Amount..........ccccevveveninineeceecieniennenn.
II. Water Source and Purification......................
III. circulating Water...........cceceeveereenereieeieneane
IV. chilled Water ..........ccccoveninenenineeicicnieen
V. Chemical treatment of circulating water.......
Section IIIBoiler feed water...........cccceceeevericnnennene
I. quality of boiler feed water..............ccccuvenne.ne.
II. selection of softened water and desalted
WALET SYSTEIM ...cuvenvvevineeneriieeeeseeeeeeeeenenes
ReEferences. ....c..eovverieerireirencerercceeeeeeeee
Chapter XXVIIIEnergy supply .........ccccceeveenenne
Section IEnergy consumption and saving of
alkali plants........ccccoeoenienienencneee,
I. energy consumption of alkali plants..............
II. comprehensive utilization of energy and
energy saving in alkali plants ...................
Section [THeat supply.........cceecveviveciieirnienieenee.
I. characteristics of steam used in alkali plants
II. steam load.........ccoenveveineieinciccecccne
III. multi-stage utilization of steam...................
Section IITPower supply.....ccccceevveeevieveeverieeneenne.
I. characteristics of electricity consumption of
alkali plants.........ccceeceevievieneeieeie e
II. electricity 1oad ........cccoeoeeeiiiienieiicecee
Section IVThermal power stations of alkali

I. requirements of alkali plants for self-
provided thermal power stations...............

IT steam balance of alkali plants..............c.........

III. Determination of the scale of self-
provided thermal power station in alkali

Plants ......oooviiiiiieeeeeee e
References. .......ccuevvevereneninieieieeeee e
Chapter XXIXProduction inspection..................
Section Icontrol indexes for production

INSPECLION .o

II.Control indexes of ammonia-soda process-
based soda production ...........cccceeeeireenne

III. Control indexes of combined-soda
process-based soda production................. 760

III. Control indexes of causticizing process-
based production of caustic soda.............. 764

Section IlAnalysis and determination of

production  inspection  control
INAEXES ..o 766

I. Analysis and determination of ammonia-
soda process-based production.................. 766

II. Analysis of soda product quality control....... 774
Annex ¢ Sodium carbonate for food additives .. 780
III. Analysis and determination of combined-

soda process-based production.................. 781
IV. Quality control analysis of a finished

product (ammonium chloride) of
combined soda process..........ccceeuereverueenne. 782

III. Control indexes of causticizing process-
based production of caustic soda.............. 789

VI. Analysis of caustic soda product quality
CONETOL...eiiiiiiieceee e 790
Annexe Sodium hydroxide for food additives... 794
References .......cooceeveenieiinienienieeeeeeee e 796

Chapter XXXlInspection and control of
production process......................... 797
Section [OVEIVIEW ......cccecveerieerierieiie e 797
I. Characteristics of Soda Production................ 797
II. Control level and instrument selection......... 797
Section [IDetection and measurement ................. 798
I. temperature detection .........c..coccvererceeenennee 798
IL. pressure detection...........cceeeveevereerreerueennenne 798
III. flowrate measurement and detection........... 798
IV. Liquid level measurement........................... 800
V. Material measurement and detection............ 801
VI. Online analysis and measurement............... 801
VII. Control (Regulation) Valve...........ccc........ 801
VIII. distributed control system ...........ccccc....... 802

Section IIIProduction process control and
regulation .......occeeveereeiieeee e 804

I. Automatic Control of Brine Refining
Process.....ccooeevieiieciniinieneeee 804

IL. Automatic Control of  Brine
Ammonification Process ..........cc.cceevvennene 805

III. Automatic Control of Carbonation Process

IV. Automatic control of Dense Soda
calcination Process ........ccoevveeveevveeveenenen. 809
V. Automatic control of distillation process...... 810
VI. Automatic control of limestone calcination
PLOCESS ..eeeietieieeie ettt 811
VII. Automatic control of filtering process....... 812
Section IVProduction process control and
regulation .......coceveveveerieiee e, 813

China Chengda, EX1005, p. 184



References........coceeevereeienicnicninncncceccceee
Chapter XXXICorrosion and protection of
equipment and factory buildings

in soda industry ............coceeeennne

Section IOVERVIEW .......cccooiiiiiiniiiiieeeee
Section IICorrosion of cast iron and carbon steel
in various solutions of alkali plants

and its influencing factors...................

I. Potential corrosion factors of cast iron itself

III. Corrosion of various solution components..

IV. Depolarization corrosion of oxygen............

V. Effect of flowrate on solution corrosivity.....
Section IIITypes of corrosion damages in soda

II. graphitization COITOSION.........cceeeeeeierienenne.
III. Wear COrToSION. ......cc.ccveruieererereereieneenenne
IV. pitting COTToSIiON ......ccecvvveeevieniieiieieeieeene
V. Crevice COITOSION. .......evvereiereieeieereieeeeenneens
VI. Galvanic corrosion..........cceeceevverereneeevennnnns
Section IVProtection against corrosion in soda

I. test and application of corrosion-resistant
MALETIALS ..ot
II. Anti-corrosion by coating...............cceevvennenne.
II1. anti-corrosion covering layer ......................
IV. Corrosion Inhibitors and Water Treatment ..
V. Electrochemical protection .............cccceuneee.
VI. Corrosion protection of equipment and
factory buildings in soda industry.............
VII. Anti-corrosion and Heat Preservation........
Section VOutlook of anti-corrosion work in
$0da INAUSHTY ..oovvveeieeieieieeee e,
References.......ccoovveeviiiciieeiieceecee e
Chapter XXXIIProduction safety technology
of alkali plants ................................
Section ISafety and health work tasks in alkali

Section IISafety, Health and Labor Protection of
alkali Plants........ccccoooevieniencnncnnee,
I. Toxic and harmful substances......................
II. dust pollution...........ccoeveevievieiieiieeeeee
II1. noise hazard ............ccceevveeciieciieeiie e,
I'V. Radioactive hazard .............ccoooeevvenvenrene
V. Fire and Explosion Hazards..........c..c.ccocceue.
VL. Electric ShocK.....c..cccovererienieninincncncnnne
VII. Mechanical Injury.........cccccceevvevvereeieennne

Section IIIBan on basic safety production in
chemical industry...........ccccoeeenn.

I. fourteen don'ts in the production area............ 862
II. eight musts for entering containers and

CQUIPMENT ...veeviiiieieeieeeiecieere e 862
II1. six bans to prevent illegal hot work ............ 862
IV. six strictnesses for operators...........ccceeue.... 862
V. Seven Prohibitions on Motor Vehicles.......... 863
Section IVKey Points of Safe Operation In
Production Processes ........cccceeereennee. 863
I Lime Process .....cccoeeveeieeeienienieeeeee e 863
II. Brine Refining Process.........c.cccccvevuvrverunenee. 863
III. Brine Ammoniation Process.............c......... 864
IV. Carbonation of Ammonia Brine................... 864
V. Dense Soda Filtration Process ..........cc.cc....... 864
VI. Dense Soda Calcination.........c..cccceeeueennenee. 864
VII. Ammonia Recovery Process...................... 865
VIII. Compression Process.........overeerveeveennennes 865
IX. Salt scrubbing process ........c..cceocevueeruereenne. 865
X. Refrigeration process .......c..cceceeeeerueeruereenne 865
XI. Ammonium chloride crystallization
PTOCESS .ttt ettt ettt 866
XII. Ammonium chloride drying process.......... 866
XIII. Packaging Process..........ccoeevervverveerueennene 866
XIV. Causticizing process for caustic soda....... 867
Section VMaintenance safety technology............ 867
I. equipment maintenance management
SYSEIM..cuviieiieeiieeiee et 867
I1. hot work safety.........cccceevvevverienierieereee 868
II1. construction safety of chemical equipment
.................................................................. 869
IV. lifting safety .......ccoooeevieiieiiieeeeee 869
V. Safety of aerial work.........cccoeoeniinieninnnnne. 870
VI. pulley and hoist operation safety ................ 870
VIIL. Electrical Maintenance safety technology
.................................................................. 870
VIII. Use Safety of dissolved acetylene
Cylinder.......covveviieiiieiieieeeeee e 870
Section VIDangerous goods management........... 871
I. Scope and Classification..............cceeveerveenenne. 871
II. Loading-unloading and transportation ......... 872
II1. storage and custody.........cccceverereieieneneenne. 872
IVoUSE o 872
V. Scrap disposal..........ccccvevverrieiiiieiieieenenn, 873
References ......ccooeveeveenienieieeeeeeeeeee e, 873
APPENndixes ...........ooieiiiiiiiieeeee e 874
Appendix 1Solubility of NaCl in NH3-H,O......... 874

Appendix 2Solubility Data and Phase Diagram
of Na*, NH;" /HCO; , CI', NHs,
H,OSystem.......cccoevveieeiieieieene. 875
Appendix 3Vapor pressure of saturated water

Appendix 4Properties of saturated humid air ...... 878

China Chengda, EX1005, p. 185



Appendix
Appendix
Appendix
Appendix

Appendix

S5Heat of Dissolution of NaOH in

Water at 18°C ......oovvvevvvviinnnnns

6Boiling point of NaOH aqueous

SOIULION.....evvviiveiiieiiieeeceee

7Common solubility of NaOH and

9Steam enthalpy obtained during

dehydration of NaOH solution

Appendix 10Legal measurement units of of the
People's Republic of China............... 881

Appendix 11Common Unit dimensions and
Russian codes of SI (International

System of Units)......ccceoeeveeneeneennne 883

Appendix 12Introduction of Some Soda
Industrial Enterprises in China......... 885
Index ... 891

China Chengda, EX1005, p. 186



402 Chapter I Ammonia-Soda Process-Based Soda Production

charged dust particles are trapped on the dust collecting plate. At present, tube-type or tube-plate dust collectors
are widely used.

(1) Treatment of lime dust and alkali dust by tube-type high-pressure electrostatic precipitators. A GZD 100
kV/20 mA single-tube electrostatic precipitator is used in the calcination workshop of Qingdao Soda Plant, which
is installed above the alkali screen. After dust removal, the exit gas enters the cabin for further removal of alkali
dust, and then is discharged into the atmosphere from the roof. A CGB 100 kV/0.02 A electrostatic precipitator is
used in the lime workshop, which is installed at the top of the lime hoist.

By using the electrostatic precipitator, the alkali dust in the exit gas of the alkali screen in the calcination
workshop is reduced from 6000 mg/m?® to 300 mg/m?; the dust of the lime hoist is reduced from 3097 mg/m? to
150 mg/m?, with a recovery of 95%.

(2) Treatment of lime dust discharged from the top of the lime kiln by a horizontal dust collector. The soda
plant of Dalian Chemical Industry Company uses a BG-30m? horizontal electrostatic precipitator to treat the
vented kiln gas. The removed dust is subjected to vibration dust cleaning by a rocker hammer, humidified by
seawater, and transported out of the factory by truck, and the de-dusted kiln gas is sucked by a draught fan and
discharged into the atmosphere through a chimney. By using the collector, the dust content is reduced from 300-
5000 mg/m?> to 10 mg/m?, with a dust removal efficiency of 99.5%.

Section III Comprehensive Utilization of Wastes to Produce Chemical Products

The treatment of waste liquors and residues from ammonia alkali plants at the cost of investments for
effective measures can certainly solve the problem of environmental pollution. However, it does not solve the
problem of resource loss, and moreover, it increases the costs of products to varying degrees, thereby reducing
the economic benefits of enterprises. As mentioned in the forgoing section, the treatment of waste liquors and
waste residues in some ammonia alkali plants, such as the alkali plant of Dahua Company, increases the product
cost by 6.3 - 13.2 yuan/ton of soda ash (sodium carbonate). Therefore, it is not a fundamental solution. The
fundamental way to treat waste liquors and waste residues is to comprehensively utilize the wastes so as to turn
the wastes into treasure for benefiting the people. The comprehensive utilization in some ammonia-alkali plants
in China is described below.

I. Il Preparation of Calcium Chloride and Refined Salt from Waste Liquors

When calcium chloride is prepared from distillation waste liquor, refined salt can be produced as a by-product.

1. Physical and chemical properties and uses of calcium chloride

The general properties and uses of calcium chloride are shown in Section I of Chapter I. Calcium chloride
absorbs moisture strongly in the air and deliquesces. The relative humidity of the air above CaCl*2H,O is 22% at
20°C and 17% at 50°C. The equilibrium relative humidity of the air above CaCl*6H>O is 32.3% at 20°C and 31%
at 24.5°C. When the gas is dried with granular calcium chloride at 25°C, the moisture in the gas can be reduced
to 0.14 -0.25 g/m>. The actual water holding capacity (surface layer) of calcium chloride at 25°C is:

Relative humidity of gas/% 36 60 70 80 8 90 95

Water holding capacity/(kg’kg) 1.0 1.6 22 28 35 50 8.1
Calcium chloride has anhydrate sand four hydrate forms, and their properties are listed in Table 16-2.

CaCl, dissolved in water can form a high concentration solution, and hydrate can be precipitated at a certain
temperature. The relationship between the concentration and temperature of CaCl, is shown in Table 16-3 and
Figure 163.

Table 16-2 Properties of Pure Calcium Chloride and Its Hydrate

Property CaCl, CaCl, *H,O | CaCly*2H,0 | CaCl,*4H,O | CaCl, *6H,0
wCaCl/% 100.00 86.03 75.49 60+ 63 50.66
Relative molecular mass, M, 110.99 129.01 147.02 183.05 219.08
Melting point mp/°C 772 260 176 45 30
Boiling point bp/°C 1670 - - - --
Density (25°C)/g/cm? 222 2.24 1.85 1.83 1.72
Heat generated (18 °C)/(kJ/kg) -7190 -8610 -9490 -10980 -11911
Heat of melting/(kJ/kg) 256(772°C) - - - 170(30°C)
Heat of hydration (anhydrous
salt)/(kJ/kg) 7 - -240 -295 -600 -840
Heat of dissolution”/(kJ/kg) -680 -380 -290 -50 80
Specific heat capacity/[J/(kJ « K)] 670 840 1170 1310 1420

(D Except for monohydrate, a case where 300mol of water is used, for other hydrates, 400mol water is used

for 1mol solute.
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Table 16-3 CaCl,Solubility in Water

Tempe Tempe
rature | wCaCl,/% Solid phase rature wC;CIZ/ Solid phase
°C °C ’
-49.8 30.5 Ice + CaCl, * 6H,O 50 56.9 CaCl, « 2H,O
-25 334 CaCl, » 6H,O 75 59.1 CaCl; » 2H,0
0 37.3 CaCl, « 6H,O 100 61.3 CaCl, « 2H,0
20 12.7 CaCl, « 6H,O 125 63.7 CaCl, * 2H,O
30 50.0 CaCl, * 6H,0 + a-CaCl, * 4H,O 150 67.2 CaCl; » 2H,0
I, « 6H + - I, « 4H
205 | 524 c(ac 2 0+ feacl, O 1755 | 749 |CaCly 2H,0 + CaCly » 1,0
metastable)
b+ 6H,0 +y-CaCl, + 4H
202 | 53.0 C?C 2 o OO y-CaCly Ol 200 | 757 |cach+m0
metastable)
40 53.6 a-CaCl, » 4H,O 260 77.7 CaCl, « H,O + CaCl,
45.3 56.5 a-CaCl, » 4H,0 + CaCl, « 2H,0 300 80 CaCl,

Table 16-4 Relative Density (15°C) and Freezing Point of Commercial Calcium Chloride Solution

CaCly/% Relat(1lv Seo(égnsny Freezing point/°C CaCly/% Relat(11v Seo(ée;nsuy Freezing point/°C
0 1.000 0 16 1.145 -11.56
2 1.018 -0.89 18 1.165 -14.50
4 1.034 -1.89 20 1.386 -18.00
6 1.052 -2.89 25 1.239 -29.44
8 1.069 -4.11 30 1.295 -46.00
10 1.087 -5.39 32 1.317 -28.61
12 1.105 -7.06 33 1.328 -21.61
14 1.125 -9.16 34 1.340 -15.39

High concentration calcium chloride solution has a lower crystallization temperature. By using this property,
a concentrated calcium chloride solution (brine) is often used as a low-temperature freezing medium. Table 16-4
lists the data of concentration, relative density and freezing point of calcium chloride solutions.

The recovery of calcium chloride and salt from distillation waste liquor follows the phase diagram of CaCl,

and NaCl binary system. The solubilities of NaCl-CaCl,-H,O systems are 300
listed in Table 16-5 and shown in Figure 16-4. CaCly
2. Product Specification and Consumption Quota 350
According to the current enterprise standard, the quality indexes of
calcium chloride (dihydrate) are: CaCl,> 70%, NaCl < 2.5%. The quality 200 CaCly'H,0
indexes of refined salt: NaCl > 99%, Ca®>" <0.8%, SO <0.02%, water O
insoluble < 0.03%. 08 150
Consumption Quotas Consumption quota for per ton of calcium g CaCl-2H,0 /
chloride dehydrate: waste liquor: 7.5m?; steam: 3.2t; electricity: 19.3kWe+h; B ;00
river water: 120m?®. Consumption quota for per ton of refined salt (1.2 t §
refined salt is produced from production of 1t calcium chloride dehydrate): = 50— a-CaCl,-4H,0
crude salt: 0.8 - 0.85 t; steam: 2.7 t; electricity: 31.1kW¢h; river water: 56 CaCIy/
m’ 0 6H,0.
3. Production Methods I\ce[
Calcium chloride products in China mainly include calcium chloride —50

20 40 60 30

dihydrate and anhydrous calcium chloride. The production methods can be
wCaCl, /%

divided into: ammonia alkali waste liquor recovery method, potassium
chlorate waste liquor recovery method and hydrochloric acid-limestone method. ~ Table 16-3 Solubility of
Only the recovery of ammonia alkali waste liquid is described here. CaCl;-H,0 System

(1) Process flow and process conditions Calcium chloride is recovered from
the distillation waste liquor of ammonia alkali plants and refined salt (sodium chloride) is produced as a byproduct,
which is also called salt and calcium co-production method. The process flow is shown in Figure 16-5 and Figure

16-6.
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Fig. 16-4 Co-solubility of NaCl and CaCl, in water

Table 16-5 Solubility of NaCl-CaCl,-H,0 System

Liquid phase Liquid phase
t/°C | wNaCl/ | wCaCly/ Solid phase t/°C | wNaCl/ | wCaCly/ Solid phase
% % % %
-25 13.8 11.2  |NaCl * 2H,0 + ice 75 27.45 0 NaCl
7.4 20.0 |NaCl+2H,0 1.7 40.0 |NaCl
1.3 32.8 |NaCl * 2H,O + CaCl, * 6H,O 1.0 50.0 |NaCl
0 33.5 |CaCl, * 6H,0 0.9 55.0 |NaCl
0 26.3 0 NaCl 0.8 58.4 |NaCl + CaCl, * 2H,0O
8.4 20.0 [NaCl 0 58.8 |CaCl, * 2H,O
0.9 35.0 |NaCl 100 28.2 0 NacCl
0.6 36.9 |NaCl + CaCl, « 6H,O 11.4 20.0 |NaCl
0 37.2 |CaCl, * 6H,0 22 40.0 |NaCl
25 26.45 0 NaCl 1.2 55.0 |NaCl
8.9 20.0 [NaCl 1.1 60.2 |NaCl + CaCl, * 2H,0O
0.7 40.0 |NaCl 0 60.9 |CaCl, 2H,0
0.5 44.65 |NaCl + CaCl, « 6H,0O 125 29.0 0 NacCl
0 449 |CaCl, * 6H,O 12.3 20.0 |NaCl
50 26.8 0 NaCl 29 40.0 |NaCl
9.6 20.0 [NaCl 1.7 55.0 |NaCl
0.6 55.0 |NaCl 1.6 60.0 |NaCl
0.6 56.6 |NaCl + CaCl, « 2H,0 1.5 62.8 |NaCl + CaCl, « 2H,0
0 56.9 |CaCl, * 2H,0 0 63.8 | CaCl, * 2H,0

The technological process is characterized by fully removing calcium (CaCly) in salt making and fully
removing salt during calcium chloride making to ensure the quality of both products.

The distillation waste liquor is naturally evaporated on the beach to concentrate to contain 120 g/L CaCly,
sent into a salt dissolving barrel, and added with some crude salt to make a calcium brine containing 90 g/LCaCl,
and 220g/L NaCl. After being preheated by a preheater, the calcium brine is sent to a double-effect evaporator for
counter-current evaporation, so as to prepare refined salt and calcium chloride solution. The calcium chloride
solution is then made into a calcium chloride dihydrate product via a climbing film device and a falling-film
device.

The technological conditions of double-effect evaporation for refined salt production are as follows: the first-
effect temperature is 125°C, the evaporator pressure is (0.196 -0.392) x 10°Pa, and the heating steam pressure is
(4.9 -5.39) x 10°Pa; the secondary effect temperature is 74°C, and the evaporator pressure is-0.80 x 10°> Pa.The
two-effect temperature is 74°C and the evaporator pressure is-0. 80 x 10°Pa.

After double-effect evaporation, the calcium brine was concentrated to contain 450 g/L CaCl,; at the same
time, the NaCl crystals are precipitated, and the calcium brine is then sent to a salt slurry barrel, and further to a
centrifuge for separation; sodium carbonate solution is sprayed to prevent agglomeration; then, the solution is
dried in a fluidized bed furnace to obtain a high-quality refined salt containing 99.0% -99.6% NaCl.
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FIG. 16-5 Refined Salt Production Flow
1-One-effect evaporation tank; 2-Two-effect evaporation tank; 3-Water ejector; 4-Preheater; 5-Heater; 6-
Separator; 7-Salt slurry tank; 8-Centrifuge; 9-Fluidized bed drying furnace; 10-Preheater; 11-Air blower;
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FIG.16-6 Process Flow for Liquid Calcium Chloride Production
1-Calcium liquid tank; 2-High brine tank; 3-Hot water tank; 4-Preheater; 5-Climbing film evaporator; 6-Liquid
calcium pool; 7-Separator; 8-Falling film evaporator; 9-Storage tank; 10-Water ejector

The technological conditions for calcium chloride production by film evaporation method are as follows: the
calcium brine concentrated by the double-effect evaporator is clarified for salt precipitation; the precipitated salt
having a high CaCl, content is sent back, as a raw material salt, to the salt dissolving barrel for reuse; the clarified
calcium solution is concentrated to contain 600g/LCaCl, by a climbing-film evaporator; after clarifying and
removing NaCl, the solution is sent to a falling-film evaporator to be evaporated to contain 70% -72% CaCly; then
the product is packed with barrel, which becomes a solid calcium chloride dihydrate product when becoming
cooled.

In addition to barreled calcium chloride dihydrate, it can also produce flaky calcium chloride dihydrate
products. The process for producing flaky calcium chloride dihydrate product is: the solution evaporated by a
falling film evaporator to contain 70% - 72% liquid calcium chloride is put into a storage tank that is thermally
insulated with steam, and flows by gravity into a drum-type flaking machine; the inner surface of the drum is
sprayed with cooling water, so that the liquid calcium chloride on the outer surface of the drum solidifies into
solid calcium fluoride with a thickness of 1 -2mm, which is scrapped by a scraper as flaky calcium chloride; the
flaky calcium chloride is cooled to 60-70°C and packed in polyethylene woven bags (a new film is sandwiched
between two layers of woven bags).

In preparing high-quality CaCly, impurities should be further removed during clarification. The method

comprises the following steps: removing NaCl from the waste CaCl, solution evaporated to 40% concentration,
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