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A Data Base for Separations Chemistry

W.J.MC DOWELL, J. W. RODDY, and D. C. MICHELSON

OAK RIDGE NATIONAL LABORATORY
OAK RIDGE, TENNESSEE 37830

ABSTRACT

Computer retrieval of information related to hydrometallurgical separations
from most data bases is limited and is also complicated because the terms solvent
extraction, ion exchange, chromatography, etc. have widespread use in a variety of
disciplines and widely varying meanings in each. A data base called Separations
Science Data Base, designed specifically for retrieval of information needed in
chemical separations problems, has been assembled. The indexing is structured in
such a way as to allow accommodation of a variety of separations methods
(distillation, precipitation, flotation, etc.), but liquid-liquid (so/venr) extraction and
solid-liquid ion exchange are being emphasized initially. The reference material can
be retrieved not only in terms of the standard author, title, source, and
date-of-publication entries, but also in terms of the substance separated (both those
recovered and those rejected), the separations system and the separation agent used,
the matrix from which the separation is effected, and the type of information in the
reference.

BACKGROUND

The problem of effectively retrieving from the literature information on how to
perform a specific chemical separation under specific conditions has become
increasingly difficult in recent years. Of course, difficulties in information retricval
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exist for any subject area because of the rapid increase in the volume of technical
literature over the past 20 years, although for many subjects the use of
computer-searchable data bases has alleviated the problem to a large degree.
However, such data bases have been less effective in the area of separations
chemistry because this field cuts across the traditionally established scientific
disciplines, and the key words or key terms used in separations chemistry have
different meanings in these various disciplines. For example, the term solvent
extraction indicates widely different things in biology, petroleum chemistry, and
hydrometallurgy. Similarly, the term ion exchange is used to refer to liquid,
resinous, and zeolite separations. These multiple meanings and inconsistencies in
key word usage result in the separations chemist obtaining an unacceptably large
percentage of unwanted material when searching existing data bases.

In addition to the above-mentioned problem, many important separations
references are poorly indexed. A large body of information in solvent extraction
and ion exchange separations related to hydrometallurgy and analytical chemistry
was generated in government research programs in the mid 1940s to mid 1960s.
Much of this information was originally classified secret, had limited indexing of
any sort, and is not included in any computer-searchable data base. This lack of
availability to the public has already resulted in some duplication of research effort.

To make all of the pertinent literature including the above-mentioned early
reports more effectively and more readily available to the separations scientist, a
data base designed specifically for the computerized storage and retrieval of
information needed for the solution of chemical separations problems is being
compiled. Initial entries are concerned primarily with solvent extraction, ion
exchange, and related subjects, but a field called SEPARATION SYSTEM allows
the inclusion and indexing of almost any type of separation; for example,
distiilation, flotation, or osmosis. The data base is stored on the ORNL computer
system and is currently available in an on-line interactive mode through
DOE/RECON (Department of Energy Remote Console) system.'

DISCUSSION

The searchable information fields are:

AUTHOR SEPARATION SYSTEM
TITLE SEPARATED SUBTANCE
DATE SEPARATION AGENT
ABSTRACT MATRIX

LITERATURE TYPE TYPE OF INFORMATION

The fields in the left-hand colymn contain standard bibliographic information.
Those in the right-hand column contain descriptor terms that are usually
consolidated under one heading but are separated here into five categories.
Carefully selected descriptor terms within these fields describe the information
contained in a report or paper that is within that information classification.
Dividing the index terms into these information areas makes the data base



13: 47 25 January 2011

Downl oaded At:

DATA BASE FOR SEPARATIONS CHEMISTRY 1293

ENTER:expand cobalt

>PROCESSING<
EXPAND IT=COBALT
REF DESCRIPTOR CIT RT
E0l IT=CHROMIUM —.._ . ... 8
E02 IT=CHROMIUM{Il)- .. .. 1
E03 IT=CHROMIUM(II) -_. . - 15
EO04 [IT=CHROMIUMIID—_.---- 10
E0S IT=CHROMIUM(VI) ... .. 13
-E06 IT=COBALT. -.. .. __. 102
E07 IT=COBALT —- ... ... 22
E08 IT=COBALT — .. ___. . .. 9
E09 IT=COBALTUI)---._ .. .--- 62
E10 1T=COBALT(DH— ... .- 4
Ell IT=COBALT(l)~ . - .. ]
E12 IT=COBALT{I) --. .. ... 8
E13 IT=COPPER ___  ____ ._. 165
El4 IT=COPPER +— ... ____. 1
Ei15 IT=COPPER —_. ... _____. 26
El6 IT=COPPER .— - .. ______ 6
E17 IT=COPPER{) ... ____ 6
EI8 IT=COPPER(I)— - .. .. |
EI9 IT=COPPER(Il)- ... ... 55
E20 IT=COPPER(ID— . ____.__. 3
~MORE-
ENTER:

Figure 1. The portion of SEPARATED SUBSTANCE index displayed as a
result of command, “expand cobalt.”

especially useful to the separations scientist since, by the use of appropriate
combinations of terms from selected fields, information on specific separations
under specific conditions can be retrieved.

This type of search is facilitated by two other features of the data base. First,
since the primary purpose of most searches will be to retrieve information on the
separation of various substances, the SEPARATED SUBSTANCE index has been
made the default index on the RECON system; that is, a search for information on
a separated substance can begin without specifying the SEPARATED
SUBSTANCE index. Thus, the most useful kind of search is begun more easily.
Each of the terms used in a field or category is listed in an alphabetical index, and
portions of this index may be examined by an “expand™ command. Thus, the
command EXPAND COBALT will display to the user an index like that shown in
Fig. 1. Second, the SEPARATED SUBSTANCE index contains notations giving
additional information about the separation. For example, use of the name of the
substance only indicates that the substance is extracted (or retained on column or
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ENTER:expand ma=aqueous

>PROCESSING<

EXPAND MA=AQUEOUS
REF DESCRIPTOR CIT RT
E0! MA=ACETATE .. ... 73
EO02 MA=ACID - ... 1374
E03 MA=AIR ... . .. __. 9
E04 MA=ALCOHOL - ..--..-. . 18
E0S MA=AMMONIACAL = ... 79
-E06  MA=AQUEOUS . .. ... 904
E07 MA=BASE ... .. . 99
E08 MA=BIOLOGICAL

MEDIUM . 2
E09 MA=BORATE R 12
EI0 MA=BRINE .. ... ... 23
Ell MA=BROMIDE ... ... 76
El12 MA=CARBONATE ---. 54
E13 MA=CHLORIDE .. .. . ... 794
El4 MA=CITRATE - .- . ... 30
E15 MA=COMPLEXANT _.. .. 211
El6 MA=CYANIDE - ___.. .9
Fl17 MA=FLUORIDE .. ... 77
EIf§ MA=FORMATE . ... . - 4
EI9 MA=GAS - . ... .30

—MORE-
ENTER:

Figure 2. The portion of MATRIX index displayed as a result of the command
“expand ma = aqueous.”

filter) or that specific information on a separation was not given; the name followed
by a space and a minus sign { —) indicates that the substance is rejected (not
extracted or retained). Substances that can be optionally collected or rejected are
followed by a space, a comma, and a minus sign ( .—). Roman numerals indicate
oxidation states and are given when known. The use of the indexes presented in this
form allows the searcher to include or exclude as much of the material as is wished.
For example, in Fig. | the searcher might want to see all references concerning
cobalt separation, in which case E6 through EI2 would be selected. To see
references in which cobalt is rejected, E7, E8, E10, and Ell would be selected, and
SO on.

The next step in selecting reference material for a specific separation would be
to choose a matrix from which the separation is to be made. Again the RECON
EXPAND command allows the searcher to view the choices that are indexed. an
example of which may be seen in Fig. 2. After selecting a matrix, combining the
two sets with AND logic (combine 1 AND 2 or 1*2) produces a set of references in
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ENTER:select copper
>PROCESSING<

1 165 IT=COPPER
ENTER:select iron —
>PROCESSING<

2 36 IT=IRON —
ENTER :select ma=sulfate
>PROCESSING<

3 385 MA=SULFATE
ENTER:combine land2and3
>PROCESSING<

4 4 1AND2AND3
ENTER:display 4/4/all
>PROCESSING<
DIS 4/4/000001—000004//1

<ACCESSION NO.> 00*0001602 FARAARK]
<AUTHOR>> Grinstead, R.R.
<TITLE> Copper-Selective 1on Exchange Resin with Improved Rejection: TMS
Reprint No. |
<SOURCE> 108th Annual AIME Meeting, New Orleans, Feb. 18-22, 1979;
CONF
<DATE> Feb 1979

<ACCESSION NO.> 00*0000250 *HREERRD
<AUTHOR>> Vasilenko, L.F.; Nomodruk, A.A.; Soloshenkin, P.M.
<TITLE> 2-Mercaptobenzothiazole as a Selective Reagent for Extraction of

Copper
<SOURCE> lzv. Akad. Nauk. Tadzh. SSR, Otd. Fiz.-Mat, Geol.-Khim. Nauk
1975(4), 117
<DATE> 1975

<ACCESSION NO.> 00*0000237 Fkkokdokr 3
<AUTHOR> Spivakov, B.Ya.; Lebedev, V.I.; Shkinev, V.M.; Krivenkova, N.P.;
Plotnikova, T.S.; Kharlamov, L.P.; Zolotov, Yu.A.
<TITLE> Extraction of Elements with Trioctylamine from lodide Solutions
<SOURCE> Zh. Anal. Khim. 31(4), 757-63 (Russ) J. Anal. Chem. USSR 31,
621-6 (Eng)
<DATE> 1976

<ACCESSION NO.> 00*0000185 HRARk AR Y

<AUTHOR> Thorsen, G.

<TITLE> Extraction and Separation of Metals Using Liquid Cation Exchangers
<SOURCEZ>> S. African Patent No. 74 03,477

<DATE> Apr 1975

ENTER:

Figure 3. A specific search example.
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which a specific element is selected (or rejected) from a specific matrix. Combining
the selection of one element with the rejection of another (or other) element(s) and
a specific matrix will yield references, if any are in the data base, for the separation
of A from B out of matrix M. An example of such a search is given in Fig. 3.

A variety of other search combinations can be done in a manner similar to the
above. For example, separations possible for a-given SEPARATION AGENT from
a given MATRIX may be found by combining sets of appropriate terms from these
two fields. References that list distribution coefficients for iron(II1l) between amine
solutions and aqueous sulfate systems may be found by combining sets resulting
from selecting “iron(I1I)” from SEPARATED SUBSTANCE. “amine” from
SEPARATION AGENT, “sulfate” from MATRIX, and “coefficient” from TYPE
OF INFORMATION. Other useful combinations will quickly become obvious te
the user.

The same features of the data base that allow advantageous searching ( ie.,
categorization of index terms, precise indexing, and a limited scope) make indexing
a research paper for the data base relatively simple. Indexer-abstractors are
provided with a four-page form containing all the required index terms listed in the
various fields plus space for bibliographic information and a short abstract. Listings of
terms for some of the unique fields are shown in Fig. 4a-d, and the indexer is required
only to highlight or circle appropriate index terms. Thus, inputting references is very
rapid and simple. A manual containing instructions and definitions of terms is
available for the use of indexer-abstractors.’ Individual authors may thus easily (and
accurately) abstract and index their own work for placement in the data base. Thus,
this data base has the potential of becoming a means for those involved in any of
several branches of separations science to keep in closer contact and to be more current
with the work in their field of interest than is now possible. A furtheradvantage is that
the inclusion of the early, poorly indexed documents will prevent the repetition of
work.
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