Publication Date: January 1, 1968 | doi: 10.1021/ba-1968-0078.fw001

Literature of Chemical

Technology

Based on papers presented at

two symposia sponsored by the
Division of Chemical Literature
of the American Chemical Society
at the 143rd Meeting, Cincinnati,
Ohio, Jan. 13-14, 1963, and the

145th Meeting, New York,
Sept. 9-13, 1963.
Julian F. Smith

Symposium Chairman

ADVANCES IN CHEMISTRY SERIES 78

AMERICAN CHEMICAL SOCIETY

WASHINGTON D, C. 1968

A C. S. Editorial Library

In Literature of Chemical Technology; Smith, J.;
Advances in Chemistry; American Chemical Society: Washington, DC, 1968.



Publication Date: January 1, 1968 | doi: 10.1021/ba-1968-0078.fw001

Copyright © 1968
American Chemical Society

All Rights Reserved

Library of Congress Catalog Card 68-59481

PRINTED IN THE UNITED STATES OF AMERICA

American Chemical Society
Library
1155 16th St., N.W.
0.C.

In Literature of Cherr’]ical Technology; Smith, J;
Advances in Chemistry; American Chemical Society: Washington, DC, 1968.



Publication Date: January 1, 1968 | doi: 10.1021/ba-1968-0078.fw001

Advances in Chemistry Series

Robert F. Gould, Editor

Advisory Board

Sidney M. Cantor
Frank G. Ciapetta
William von Fischer
Edward L. Haenisch
Edwin J. Hart
Stanley Kirschner
John L. Lundberg
Harry S. Mosher

[y

Edward E. Smissman

2
4

AMERICAN CHEMICAL SOCIETY |PUBLICATIONS

In Literature of Chemical Technology; Smith, J.;
Advances in Chemistry; American Chemical Society: Washington, DC, 1968.



Publication Date: January 1, 1968 | doi: 10.1021/ba-1968-0078.fw001

FOREWORD

Apvances IN CHEMiSTRY SERIES was founded in 1949 by the
American Chemical Society as an outlet for symposia and col-
lections of data in special areas of topical interest that could
not be accommodated in the Society’s journals. It provides a
medium for symposia that would otherwise be fragmented,
their papers distributed among several journals or not pub-
lished at all. Papers are refereed critically according to ACS
editorial standards and receive the careful attention and proc-
essing characteristic of ACS publications. Papers published
in ApvaNces IN CHEMISTRY SERIES are original contributions
not published elsewhere in whole or major part and include
reports of research as well as reviews since symposia may em-
brace both types of presentation.
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PREFACE

A)VANCES IN CHEMISTRY SERIES Nos. 4, 10, 16, 20, and 30 are aids to

literature searching, offering much information of lasting value and
some which is now outmoded or outdated. No. 10 contains 59 papers
from five symposia and several general sessions of the Division of Chemi-
cal Literature in its meetings in 1952 and 1953.

This new Apvances volume, pertaining particularly to No. 10, con-
denses but updates four of the symposium topics, omitting only the one
on market research. It modernizes No. 10 but also brings in some new
topics and presents some in a different light. It is essentially a resources-
for-searchers compilation for the chemical process industries. Emphasis
is on sources of current information, but retrospective searching is not
neglected.

Since complete homogeneity is impossible among so many topics and
authors, it is comforting to remember that uniformity can be deadly dull.
One industry, rubber, receives an extra share of attention. The 1956
“Symposium on Rubber Literature” (sponsored jointly by the Division of
Rubber Chemistry and Division of Chemical Literature) published by
the Division of Rubber Chemistry, received only limited circulation and
is long out of print. Much of it is updated here, and a chapter on carbon
black is added.

The earlier Apvances mentioned above contained mostly invited
papers; to round out technology coverage, some new chapters were in-
vited for this volume. Apvaxces No. 16, “A Key to Pharmaceutical and
Medicinal Chemistry Literature,” represented here by one paper, is still
in print and still useful for its attention to the older literature.

A few editorial liberties have been taken. The late T. A. O'Brien’s
“Patent Searching in Rubber Technology” is reprinted unchanged, but a
list of U. S. Patent classes and a list of Chemical Abstracts subject sections
have been added to other chapters where appropriate. The original
authors have updated all other entries from the earlier volumes. Ap-
vances No. 20, “Combustion of Petroleum,” is represented by one paper,
in which the text and the bibliography were originally two separate
contributions.

Another editorial change is in treating government publications
(chiefly U. S.) as source material. Instead of one article on this subject,
it is given attention in single papers. Through its Reference Division, its

ix
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Science and Technology Division, and especially the National Referral
Center, the Library of Congress gave potent aid in locating appropriate
information.

The extensive contribution on food industries by Virginia Valeri and
Bella Wadler (Chapter 40 in this volume) is based on an entire sym-
posium in Apvances No. 10. Similarly, two symposia on textiles from
Apvances No. 10 are combined here as Chapter 15.

This volume has 22 symposium-based papers, including 13 from two
symposia at 1963 meetings of the Division of Chemical Literature, and 7
from the 1956 Rubber Symposium. The late T. E. R. Singer was a prime
mover in most of the Division’s symposia. He was long chairman of the
Program Committee and later an active member of the Committee.

Hickory, N. C. JuLian F. Smita
November 1968

X
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Literature of the Chlor-Alkali Industry

ERNA L. GRAMSE and L. H. DIAMOND'
FMC Corp., Chemical Divisions, New York, N. Y. 10017

Reviewed are the development of the chlor-alkali industry;
processes for manufacturing the individual chemicals, i.e—
chlorine, sodium hydroxide, sodium carbonate, potassium
hydroxide, potassium carbonate, and sodium bicarbonate;
and their end uses. The bibliography is not exhaustive but
merely a selected list of sources of information on the indus-
try; it includes books, periodicals, reference works and
treatises, handbooks, directories, government publications,
trade association publications, company trade literature, and
abstracting and indexing services.

The chlor-alkali industry, defined by the Standard Industrial Classification
Manual as product code number 2812, is concerned with producing
and utilizing the basic chemicals: chlorine, sodium hydroxide or caustic soda,
potassium hydroxide or caustic potash, sodium carbonate or soda ash, potassium
carbonate, and sodium bicarbonate.

In the U.S., approximately 40 companies operate over 80 chlor-alkali plants
for both captive and merchant production, according to the Department of
Commerce, Review of 1963—Qutlook for 1964.

The chlor-alkalies find wide application in the production of pulp and
paper, textiles, glass, solvents, soaps and detergents, plastics, petroleum prod-
ucts, pesticides, rubber, metals and in the treatment of water and wastes. In
fact, there is hardly a consumer product that has not required chlorine and/or
alkali at some stage of its manufacture.

Because of the magnitude of the industry, its long history, and the diversity
of end uses, this survey covers only selected references on the production, prop-
erties, and uses of the chlor-alkali chemicals.

Development of the Industry

In 1949, R. L. Murray described the chlor-alkali industry in the U.S. and
the basic processes in use (95). In 1952, the Electrochemical Society published

? Inorganic Chemicals Division, Princeton, N. J. 08540
1
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2 LITERATURE OF CHEMICAL TECHNOLOGY

a review of the industry for the period 1902-1952 (63). Since that date there
have been annual reports of the chlor-alkali committee (47, 48, 49, 29, 88, 56,
39, 31, 32, 33, 133). These reports give number of plants operating, processes
used, capacities, expansions, technical developments, markets and end-use pat-
terns, trends, and production and sales figures.

The chlor-alkali industry in Germany prior to World War II was described
by Hunter (65) and in the so-called “PB Reports” which were made available
by the U.S. Dept. of Commerce, Office of Technical Services, now the Clearing-
house for Federal Scientific and Technical Information at Springfield, Va. Fol-
lowing is a selected list of these reports:

PB 394 German Chlorine Industry
PB 7747 Survey of Chlorine and Caustic Plants in Western and Southern
Germany
PB 47908 f‘.lledctrochemical Operations at I. G. Farbenindustrie, A. G. Bitter-
€
PB 81278 Soda Ash Manufacture in Southern and Western Germany

The Chlorine Institute Pamphlet #19 is an index to the Chlor-Fako and Chlor-
Uko reports. Translations of the reports are on file at the Institute, and photo-

copies are furnished at cost.

Economics

In 1961, W. H. Martin discussed factors influencing entry into the chlor-
alkali industry, including access to raw materials, technology, capital costs,
operating rate, joint products, end-use patterns and vertical integration (89).
In two of the four recent publications of the Manufacturing Chemists’ Associa-
tion, written by J. Backman, the chemicals in SIC 2812 are compared with those
in other groups in capacities, distribution and value of shipments, and value
added by manufacture. Concentration ratios comparing the chlor-alkali indus-
try with other industries in value of shipments, etc. are reported for the U.S.
Senate in Concentration Ratios in Manufacturing Industry, 1958 and 1963 and
Concentration in American Industry, 1957.

Manufacturing Processes

Electrolytic Methods for Producing Chlorine and Caustics. Electrolysis of
salt brine solutions in either diaphragm cells or mercury cells is the principal
method of producing chlorine and caustics (5, 77f, 77g, 118, 131). Diaphragm
cells and their operation are described (54b, 119a). L. D. Vorce, the inventor
of one of the diaphragm cells, traced the development of caustic-chlorine cells
in America for a period of over 100 years (144). R. L. Murray also described
the growth of the electrolytic alkali and chlorine industry in the U.S. and the
development of the deposited diaphragm cell (94).

Mercury cell design and operation are described (45, 54a, 113, 119b). A
recent article discusses the De Nora firm whose mercury cells are used through-
out the world (36). Platzer describes European designs of diaphragm cells
and both horizontal and vertical mercury cells (104). Exhaustive tabular com-
pilations prepared by H. A. Sommers show chlorine production capacity in the
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U.S. and in Europe as of June 1, 1957, by company, plant location, capacity,
and type of cell (128). These data were recently updated to June 1, 1964 for
North America (130). Diaphragm cell plants predominate in the U.S., and
mercury cell plants predominate in Europe. In the last few years, mercury
cells are gaining favor in the U.S. and Canada, particularly where power is
cheap and rayon-grade caustic is required (135). The two types of cells are
compared, and factors influencing the choice of cells are discussed (46, 77g, 87).

Electrolytic Methods for Producing Chlorine without Caustic. Electrolysis
of fused sodium chloride produces chlorine and sodium metal (50, 77g, 131).
Electrolysis of fused magnesium chloride produces chlorine and magnesium
metal (54c, 58, 119¢, and Bureau of Mines 1C8201). Although the latter
process currently does not introduce chlorine into the U.S. merchant market
(77g), a recently proposed magnesium chloride reduction plant in the Pacific
Northwest would introduce a substantial quantity of chlorine into the market
(30).

Chlorine is also produced by the electrolysis of hydrochloric acid by a
process developed by C. P. Roberts (112). Schroeder’s process electrolyzes a
solution of nickel chloride to produce chlorine and nickel (117). De Nora and
Farbwerke Hoechst are operating plants for the direct electrolysis of hydro-
chloric acid to produce chlorine (4, 41, 52, 77g, 108, 119d). The De Nora
process was used in the U.S. by Monsanto Chemical Co. at Anniston, Ala.
(40, 77g, 131). The Hoechst process is being used by Chemische Werke
Hiils (62).

Non-Electrolytic Methods for Producing Chlorine. Chlorine was produced
from salt by reaction with nitric acid at the Hopewell, Va. plant of Allied
Chemical Corp. (50, 75, 77g, 119e, 131). Southwest Potash Corp. has devel-
oped a similar process starting with potassium chloride (77g, 131).

By-product hydrochloric acid is the starting material for the production of
chlorine by chemical oxidation processes (119f). Catalytic oxidation of hydro-
gen chloride with air or oxygen, which is a modification of the Deacon process,
has been developed by Shell (4, 27, 28, 42, 75, 77g, 93, 119f, 131). Oxidation
of hydrogen chloride with nitric acid or a mixture of nitric and sulfuric acids
has been developed by the Institut Francaise du Petrole (26, 77g, 100, 131).
Hydrogen chloride can also be oxidized with sulfur trioxide to produce sulfuric
acid, chlorine, and sulfur dioxide (75, 119f, 131).

Non-electrolytic Methods for Producing Caustics. After electrolysis of salt,
the only method that has been used for producing caustic soda is the causticiza-
tion of sodium carbonate with lime, but this process is decreasing in use (77g).

Methods for Producing Carbonates. Synthetic soda ash (sodium carbonate)
was first made by the LeBlanc process (51, 77g), which was entirely displaced
shortly after World War I by the Solvay Process. A review of the work of
Solvay on the ammonia-soda process appeared in 1961 on the occasion of the
centenary of his first patent (116).

Soda ash production from natural sources is described (96). Sommers
gives a flow sheet of the trona process and a list of soda ash plants in the U.S.
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and their capacities, both synthetic and natural (129). The trend is to produce
soda ash from the less costly and practically unlimited supplies of trona (129).
Sodium bicarbonate is manufactured by carbonation of sodium carbonate
solution (77b, 77g).
The principal method for the production of potassium carbonate is the
carbonation of electrolytic potassium hydroxide (77¢).

Properties and Handling

The physical and chemical properties of all the chlor-alkalies are given in
“Kirk-Othmer” (77g), “International Critical Tables,” and in the “Condensed
Chemical Dictionary” edited by Rose. The properties of chlorine are described
by Laubusch (119g), in the “Chlorine Manual” published by the Chlorine
Institute, and in the booklet by Kapoor and Martin entitled “Thermodynamic
Properties of Chlorine.” Information on toxicity will be found in the Chlorine
Institute publications, Chlorine Manual and Pamphlet # 24, the Manufacturing
Chemists’ Association (MCA) “Safety Data Sheets” and in “Dangerous Proper-
ties of Industrial Materials” by Sax. Properties and toxicity of chlorine, hydro-
gen chloride, hypochlorites, caustic soda, caustic potash, and soda ash are
discussed (44). Safety in the handling and storage of chlorine is discussed by
Laubusch (84, 85, 119h), and in the MCA “Safety Data Sheets.” The latter
series also discusses the handling and storage of the caustics. Shipping regula-
tions are given in Agent T. C. George’s Tariff No. 15, MCA “Safety Data
Sheets,” the “Condensed Chemical Dictionary,” and in Sax.

End Uses

The chlor-alkalies are basic chemicals used principally in the production
of other chemicals, both organic and inorganic, and in a number of industries.
The diverse end uses for chlorine, caustic soda, and soda ash are listed (76) and
discussed (90).

U.S. end-usage figures, as percent of total, are listed for the individual
chemicals (16, 24, 106, 107, 125, 127).

Organic Chemicals. The use of chlorine in producing organic chemicals
constitutes the largest single end-use category for chlorine. Production of C,;
and C, chlorinated hydrocarbons accounts for the largest proportion of chlorine
consumption (773).

All of the chlorinated methanes can be produced by thermal or photo-
chemical chlorination of methane (77i, 119i). Specific processes are used to
produce individual members of this series; for example, methyl chloride is man-
ufactured by the reaction of methanol with hydrochloric acid, and carbon tetra-
chloride is made by chlorination of carbon bisulfide (77i).

Ethyl chloride is produced by the chlorination of ethane or by hydro-
chlorination of ethylene (77i, 119f). 1,2-Dichloroethane (ethylene dichloride),
the largest volume chlorinated organic, is manufactured by chlorination of
ethylene (77i, 119j). Most of the 1,2-dichloroethane produced goes into the
manufacture of vinyl chloride, which is formed by dehydrochlorination of the
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1,2-dichloroethane (77i, 119k). Alternately, vinyl chloride is produced via
hydrochlorination of acetylene (774, 91, 119k). Large vinyl chloride producers
operate integrated processes using the hydrogen chloride formed from 1,2-
dichloroethane cracking in the acetylene hydrochlorination (119k). In recent
years, oxychlorination processes have become increasingly important for 1,2-
dichloroethane and vinyl chloride production (69, 148). In the oxychlorination
process, no by-product hydrochloric acid is generated (9, 38, 119§). A recently
announced vinyl chloride process uses a light naphtha obtained by cracking
petroleum and containing a mixture of ethylene and acetylene, which se-
lectively react with chlorine and hydrogen chloride (143, 149). Vinyl chloride
is used for making polymers and copolymers for films, fibers, foams, rubbers,
etc. (119k).

Trichloroethylene is produced by chlorination of acetylene to form tetra-
chloroethane which is dehydrochlorinated to form the trichloroethylene (77i,
1191). Perchloroethylene is produced by chlorination of trichloroethylene to
form pentachloroethane which is then cracked to perchloroethylene and hydro-
gen chloride (771, 1191). Perchloroethylene is also produced by chlorination of
hydrocarbons other than acetylene, e.g., propane, propylene, ethane, ethylene,

and methane or their mixtures as natural gas or liquefied petroleum gases
(77i, 1191).

Chlorination of ethylene or acetylene can also form 1,1,2-trichloroethane
(77i) which, upon dehydrochlorination, produces vinylidene chloride (774,
119m), the monomer for “Saran” thermoplastics (119m). Reaction of vinyli-
dene chloride with hydrochloric acid forms 1,1,1-trichloroethane (methyl chloro-
form), a widely used solvent (77i).

Chloroprene, which is 2-chloro-1,3-butadiene, the monomer used in “Neo-
prene” rubber, is produced by chlorination of butadiene, butene, or butane to
form dichlorobutenes which are isomerized to 3,4-dichloro-1-butene. The latter,
upon dehydrochlorination, yields chloroprene (77a). The classical route to
chloroprene is dimerization of acetylene followed by hydrochlorination of the
vinyl acetylene formed (77a).

Chlorination of longer chain hydrocarbons forms chlorinated paraffins
which are used as plasticizers and lubricating oil additives (77g, 77i). Chlor-
inated paraffins also are intermediates in making straight chain alkyl sulfonate
biodegradable detergents (1).

Substantial quantities of chlorine are consumed in the manufacture of
non-chlorine containing end products such as alcohols and glycols. Reaction
of ethylene or propylene with aqueous chlorine produces chlorohydrins (771,
119n) which are intermediates in the production of ethylene and propylene
oxides. The latter are converted to glycols, whose principal use is in antifreeze
(119n). The chlorohydrin process is currently used for propylene oxide produc-
tion; ethylene oxide, however, is now being produced mainly by a direct oxida-
tion process (771, 119n). Vapor phase chlorination of propylene produces allyl
chloride which is an intermediate for allyl alcohol and epichlorohydrin (1190).
Allyl alcohol finds wide application in plastics, and epichlorohydrin is an inter-
mediate for production of synthetic glycerol and epoxy resins (771, 1190).

In Literature of Chemical Technology; Smith, J.;
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Benzene can be chlorinated to form mono, di, and trichlorobenzenes (77i,
119p). The major product is monochlorobenzene, which is an intermediate
for phenol and aniline (119p). Dichlorobenzene and trichlorobenzene are
widely used solvents (119p). Toluene is selectively chlorinated to produce
benzyl chloride, benzal chloride, benzotrichloride as well as a series of chloro-
toluenes, useful in plasticizers, dyes, solvents, wetting agents, lubricants,
pesticides, to name a few (119q).

Many pesticides currently in use are chlorinated derivatives or use chlorine
in their manufacture. Chloral, produced by chlorinating ethanol or acetaldehyde,
reacts with monochlorobenzene to produce DDT (119r). Benzene hexachloride
is produced by adding chlorine to benzene (77i, 119s). Other widely used
chlorine-containing insecticides include: chlordan, aldrin, dieldrin, toxaphene,
and the chlorinated phosphoric acid esters (77v, 119t). Johnson, in 1963,
published a comprehensive review of pesticides, listing chemical name
and formula, trade name, producers, properties, toxicity, and major end uses
as well as manufacture and market (74).

Phosgene, which is carbonyl chloride, is produced by the reaction of
carbon monoxide with chlorine (77k, 131) and is used as an intermediate for
isocyanates and carbamates (102). Isocyanates are used to produce the poly-
urethane plastics (77q). Carbamates are widely used in the production of
pesticides (74).

Inorganic Chemicals. Hydrochloric acid is the most important inorganic
chemical made from chlorine. It is made by the reaction of chlorine with
hydrogen or sodium chloride with sulfuric acid (77h, 131). However, these
production methods are decreasing in volume as the availability of by-product
hydrochloric acid from chlorination processes is increasing (131). 1963 pro-
duction figures for hydrochloric acid are listed (141). Uses of hydrochloric
acid are legion; some in the production of organic chemicals have already been
mentioned. Other industries using hydrochloric acid include petroleum, metal,
food, and leather (77h), and the pickling of steel (67, 68, 105). A recent
paper discusses the substitution of hydrochloric acid for chlorine in processes
such as oxychlorination and hydrochlorination of ores (60).

Titanium dioxide, used in paints, paper, inks, rubber, etc., is made by a
process using chlorine (8, 131, 138).

Chlorine is used in the production of a number of metal chlorides useful
as catalysts. Until recently, aluminum chloride was the only one of significant
use, €.g., in the Friedel-Crafts synthesis. Others, such as the chlorides of
titanjum, silicon, boron, zirconium, antimony, and vanadium, are becoming
important in this area. In addition, silicon tetrachloride is an intermediate for
producing silicones (119u).

Bromine, made by treating bromide-containing brines with chlorine, is
used in the manufacture of gasoline additives (131).

Phosphorus trichloride, made by chlorinating phosphorus, is used to make
phosphorus oxychloride which is used in plasticizers, gasoline additives, func-
tional fluids, etc. (131).

Hydrazine, a major rocket fuel, is manufactured by the Raschig process
from ammonia, chlorine and sodium hydroxide (131).
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Metallurgy. The light metals industry is a major consumer of chlor-
alkalies. Caustic soda and soda ash are used in producing aluminum (66, 77s,
98, and Bureau of Mines RI 5997).

Caustic soda and soda ash are also used in the production of beryllium
(55a, 66), tungsten (55b, 57), vanadium (57), and uranium (55¢, 121). The
steel industry uses caustic soda ash in ore reduction, in cold forming and in
finishing operations (37).

The nickel industry uses soda ash and chlorine in electrorefining (61).

Chlorination techniques are used in the production of a number of metals,
e.g., titanium (55d, 119v), zirconium (55e, 119v), silicon (55f), hafnium
(55g), niobium (55h, 59), tungsten (59), and tantalum (59).

Pulp and Paper. The pulp and paper industry is one of the biggest users
of the chlor-alkalies (19). Chlorine and its derivatives, caustic soda and soda
ash are used for bleaching purposes (19, 77j, 119w, 131), and in pulping
(19, 77j). The various pulping processes are described (64, 77j, 109, 114,
115). A literature survey on the cold soda pulping process, covering the period
1950-August 1959 and containing 119 references, was published in Tappi in
1960 (10). Tables showing the quantities of soda ash and caustic soda used
in wood pulp processes; chlorine, soda ash, and caustic soda used for bleaching
by paper and pulp mills; and chlorine, soda ash, and caustic soda used for
paper and board manufacture appear in a January 1960 issue of Paper Trade
Journal (110).

A recently announced process, developed by W. H. Rapson, claims to
eliminate the need for chlorine and caustic soda in the Kraft pulping and
bleaching system (35, 97, 99, 111).

Textiles. The textile industry uses chlorine and its derivatives and caustic
soda for bleaching, mercerization, and other purposes (77u, 103, 132). A very
detailed review of the use of alkalies in textile processing, with a table showing
the consumption of these chemicals for the year 1958, was presented by Currier
(34).

One of the largest uses of caustic soda is in the manufacture of rayon
(77d) and cellophane (72) from cellulose by the viscose process.

Bleaches and Sanitizing Agents. Sodium hypochlorite, produced by the
chlorination of aqueous caustic soda, is the dominant household liquid bleach
(770, 77p, 119x, 131). Calcium hypochlorite, made by the chlorination of
slaked lime, is the main form of dry bleach (119x, 131). Chlorinated isocyanu-
rates have been developed as solid dry bleaches (770, 119x, 131). In addition
to their use as bleaches, the hypochlorites and the chlorinated isocyanurates
are used as sanitizing agents for swimming pools, in dairies, hospitals, etc. (70,
73, 101, 136, 137). Other chlorinated bleaches and sanitizers include lithium
hypochlorite, chlorinated trisodium phosphate and organic N-chloro derivatives
(chloramines) (770, 119x). Chlorine dioxide and sodium chlorite are used for
water purification, as well as for pulp and textile bleaching (770, 119x).

Water and Waste Treatment. Chlorine is used to disinfect and sterilize
water for municipal use (2, 82, 86, 119y, 131). Water for industrial use is
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treated with chlorine to effect purification and slime control (2, 131). Treat-
ment of waste water and sewage also consumes large quantities of chlorine
(81, 83, 119z, 131, 134). Public swimming pools continue to use elemental
chlorine for disinfecting purposes (131), and recommendations are discussed
by Laubusch (80).

Soda ash is used to condition water for both municipal and industrial use
to remove hardness (2).

Soaps and Detergents. Sodium hydroxide and potassium hydroxide are
used in soap manufacture (77¢, 79). Caustic soda is required in manufacturing
alkylbenzene sulfonates used in synthetic detergents (77n). Detergent formu-
lations also require builders which usually are alkali phosphates or silicates
(77r). Soda ash, caustic soda, and caustic potash are used in the production of
these builders (142). The principal alkali phosphates used as detergent build-
ers are sodium tripolyphosphate, tetrasodium pyrophosphate and tetrapotassium
pyrophosphate (142).

Glass Manufacture. The major consumer of sodium carbonate in the U.S.
is the glass industry (125). The glass manufacturing operation is described
(77t). The soda ash used for glassmaking is almost always the dense form
(43, 51). Potassium carbonate is also used in glass manufacture, primarily
for making television tubes (77f, 107).

Petroleum Refining. The petroleum industry uses the chlor-alkalies for
treating gases and liquids, for water treating and corrosion inhibition, in drill-
ing muds, and for manufacturing lube oils (3). The so-called hot potassium
carbonate process is used to remove carbon dioxide and hydrogen sulfide from
gas streams (6). Consumption of chlorine, caustic soda, caustic potash, and
soda ash at U.S. refineries and natural gasoline plants was published in 1961
by the National Petroleum Council of the Department of the Interior.

Miscellaneous End Uses. Chlorinated rubber, made by passing chlorine
into a carbon tetrachloride solution of rubber, finds application in the coating
field and in foams (77m).

Caustic soda is used in reclaiming rubber (53).

For refining fats and oils, caustic soda, soda ash and sodium bicarbonate
are used to remove free fatty acids and for decolorizing (78).

The baking industry uses sodium bicarbonate in baking powders and in
mixes; the pharmaceutical industry in antacids. A growing use of sodium
bicarbonate is in fire extinguishers (77b).

Statistics

Oil, Paint and Drug Reporter regularly publishes “Chemical Profiles” on
various chemicals showing, briefly, producers and capacity, price, uses, and
outlook. The most recent references for the chlor-alkalies are: chlorine (24),
caustic soda (16), caustic potash (13), soda ash (125), potassium carbonate
(106), and sodium bicarbonate (127).

Oil, Paint and Drug Reporter also periodically publishes “Depth Reports”
which give more detail than the “Chemical Profiles.” Some of these refer-
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ences are: chlorine (140), caustic soda (20), caustic potash (14), soda ash
{122), and sodium bicarbonate (7).

Producers and capacities are further listed: for chlorine (30, 130, 131
and the Chlorine Institute Pamphlet #12); caustic soda (I18); soda ash {123,
124, 126) ; caustic potash and potassium carbonate (11, 12, 14, 15). Production
figures for chlorine, caustic soda, soda ash and caustic potash are published
annually in the Chlor-Alkali Report (133), and in the Standard and Poor’s
Industry Survey. There are reports on world capacities for chlorine and caustic
soda (71); world production of caustic soda and soda ash (146), and of chlorine
(147). Canadian consumption of the chlor-alkalies, by specific industries, is
reported (145). The U.S. Tariff Commission annually publishes production
and sales figures for the chlorine-containing organic chemicals in Synthetic
Organic Chemicals, U.S. Production and Sales. A recent three-part article on
chlorine gives production and distribution in Europe, U.S.A. and Canada, and
United Kingdom and Japan (23). The OECD’s annual publication, Chemical
Industry, gives statistics on production and consumption in Europe and the
U.S.; the United Nations® Statistical Yearbook—for the countries of the U.N.
U.S. statistics for all the chlor-alkalies are given in MCA’s The Chemical Indus-
try Facts Book; the Chemical Economics Handbook by SRI, and in the Bureau
of Census publications: U.S. Census of Manufactures, Annual Survey of Manu-
factures, and Current Industrial Reports. Figures on soda ash are given in the
annual Statistical Abstracts by the Bureau of the Census, and by the Bureau
of Mines in the annual Minerals Yearbook, Mineral Industry Surveys on sodium
and sodium compounds, and Bulletin 630, Mineral Facts and Problems. Devel-
opments relating to soda ash in foreign countries are reported in the section
on sodium compounds in the monthly Mineral Trade Notes. Chlorine produc-
tion in the U.S. is listed in the Chlorine Institute Pamphlet # 11 which is
revised annually.

Growth areas and future trends are discussed (17, 18, 21, 22, 25, 30, 92,
120, 139).

Import and Export figures are given in MCA’s Chemical Statistics Hand-
book and Statistical Summary, in Chemical Economics Handbook, and in the
Bureau of the Census Foreign Trade Reports FT 410 and 135.

Price histories can be found in Chemical Economics Handbook, in Standard
and Poor’s Industry Survey: Chemicals, Basic Analysis, and in Wilson’s Price
Data: Inorganic Chemicals.

Current prices in the U.S. are published weekly in Oil, Paint and Drug
Reporter. Foreign prices are published weekly in European Chemical News
and monthly in Canadian Chemical Processing.

Directories

Lists of producers with plant location and products manufactured at each
can be found in Fortune’s Plant and Product Directory. SRI's Directory of
Chemical Producers contains listings by company, product, region, and new
plants and expansions. The Bureau of the Census Directory of Manufacturers of
Selected Inorganic Chemicals and Gases lists producers of the chemicals. The
BDSA Chemical Statistics Directory No. 3 is a guide to U.S. Government
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statistics on chemicals. The Chlorine Institute’s Pamphlet #10 lists chlor-
alkali producers in North America; Pamphlet # 16 lists chlor-alkali producers
outside North America; and Pamphlet #15 lists chlor-alkali and hydrochloric
acid cells available for purchase.

Abstracting and Indexing Services

The services useful in the chlor-alkali field are, of course, Chemical Ab-
stracts and Chemisches Zentralblatt, both with worldwide coverage of chemical
journals and patents. Chemical Titles is a keyword index to titles of world
chemical journal literature. Bibliography of Reviews in Chemistry contains
review abstracts appearing in Chemical Abstracts the previous year. Science
Citation Index lists an author and his work together with all authors and
papers who have referred to the same work since its publication. The following
Chemical Abstracts sections should be checked as well as specific sections on
end use.

1912 4, Electrochemistry
18. Acids, Alkalies, Salts & Sundries
1961 4. Electrochemistry
18. Inorganic Industrial Chemicals
1962 15. Industrial Inorganic Chemicals
22. Electrochemistry
1963 15. Electrochemistry
17. Industrial Inorganic Chemicals
1967 49. Industrial Inorganic Chemicals
77. Electrochemistry

Applied Science and Technology Index indexes from current periodicals,
mainly from the applied point of view. Engineering Index contains abstracts
from the world literature, mainly from the engineering point of view.

Services emphasizing the marketing and economic point of view include:
Chemical Market Abstracts, which indexes news items from English language
publications by company, chemical, and industry; Chemical Horizons, which
summarizes in two 4-page reports: North American and Overseas, and in the
Intelligence File available on cards, information from selected periodicals by
product, industry or chemical, and country; Predicasts, which indexes market
data forecasts by SIC code number; Search, which abstracts market research
information with cumulative monthly subject index; and Funk and Scott Index
of Corporations and Industries, which indexes by SIC code number and com-
pany name.

U.S. chemical patents are indexed by unit terms in Uniterm Index of U.S.
Chemical Patents. Abstracts of foreign patents, i.e. British, German, French,
South African, Indian, Belgian, Japanese, Russian, and Dutch, are published by
subject classification by Derwent Information Service.
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Olin Mathieson Chemical Corp., Chemicals Division, 460 Park Ave., New York, N. Y.
10022.
Chlorine, Caustic Soda, Soda Ash
Pennsalt Chemicals Corp., 3 Penn Center Plaza, Philadelphia, Pa. 19102.
Chlorine, Caustic Soda, Caustic Potash
PPG Industries, Inc., Chemical Division, 1 Gateway Center, Pittsburgh, Pa. 15222.
Chlorine, Caustic Soda, Caustic Potash, Soda Ash
Staf\tlef{;r 1Cher;1ical Co., Industrial Chemical Division, 380 Madison Ave., New York,
. Y. 10017.
Caustic Soda, Soda Ash, Chlorinated Hydrocarbons
Wyandotte Chemicals Corp., Industrial Chemicals Division, Wyandotte 8, Mich.
48192.
Chlorine, Caustic Soda, Soda Ash, Sodium Bicarbonate

U. S. Patents

The Patent Office Manual of Classification groups patents relating to the chlor-
alkalies in the following classes and subclasses:
Class 23: Chemistry

61 Carbonates

63  alkali metal

64 bicarbonates
65 ammonia soda process
183 Bases
184  alkali metal oxides or hydroxides

185 causticizing
Class 204: Chemistry, Electrical and Wave Energy
1 Electrolysis
59  synthesis
60 from fused bath
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1. GRAMSE AND DIAMOND Chlor-Alkali
87 from aqueous bath-carbonates
96 metallic oxides and hydroxides
98 of alkali metals
99 mercury cathode

193 Apparatus

194 electrolytic

242 cells

243 fused bath

250 liquid electrode
251 diaphragm
252 diaphragm type
279 elements

280 electrodes

295 diaphragms

Recervep May 1965. Updated 1968.
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Literature of Industrial Electrochemistry of
Nonmetals and Electro-Organic Chemistry

J. B. HAGLIND

Olin Mathieson Chemical Corp., New Haven, Conn.

The electrolysis of nonmetallic substances provides an im-
portant industrial source for several inorganic materials
including chlorine, caustic soda, and sodium chlorate.
Electro-organic chemistry is experiencing an accelerated
new phase of development. For these two areas of electro-
chemistry, a selected bibliography has been compiled, which
emphasizes commercial developments for the nonmetallic
materials and surveys electro-organic chemistry. Reference
works, abstracting services, journals, advances and annual
surveys, monographs and reviews, and patents are the
types of literature covered.

he area of electrochemical literature covered here includes the industrial

electrochemistry of nonmetallic substances—e.g., halogens, their acids and
salts, hydrogen peroxide, hydrogen and oxygen, and electro-organic chemistry.
The nonmetallic substances are among the most important group economically,
while electro-organic chemistry is in a state of active development, and con-
tributions to its literature are increasing rapidly.

The production of chlorine and sodium hydroxide is by far the most
important electrolytic process commercially for nonmetallic substances. In
1965, 6.44 million tons of chlorine and 6.72 million tons of sodium hydroxide
were produced. Of these totals, 99% of the chlorine and over 90% of the
sodium hydroxide were obtained by electrolysis of salt. Two types of cells
are used: diaphragm cells (Hooker, Diamond Alkali, and Dow are important
types) and mercury cells (Olin, Solvay, DeNora, Uhde, and BASF-Krebs
are primary examples).

Sodium chlorate, perchlorates (primarily sodium), fluorine, and hydrogen
peroxide are other electrolytically produced chemicals of commercial signifi-
cance. In this country, little hydrogen or oxygen is produced electrolytically.
MacMullin (4) has listed the economically successful processes in electro-
organic chemistry as being dialdehyde starch, p-aminophenol by reducing
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nitrobenzene, pinacone analogs, adiponitrile from acrylonitrile, N,N-dimethyl-
aminoethyltetrachloroisoindoline (ecolid), melamine, and aliphatic fluorine
compounds.

In addition, details of Nalco Chemical Co.’s electrolytic process for tetra-
ethyl lead and tetramethyl lead have been published (1).

While electrochemistry may be considered as a conjunction of physical
chemistry and electrical engineering, these latter fields will not be specifically
covered here. Publications cited are primarily those issued since 1940. Brief
listings of books and journals prior to this period have appeared in the literature
guides of Crane, Patterson, and Marr (3) and Soule (6). Chou has reviewed
the electrochemical literature of China and Japan (2).

Several publications primarily concerned with theoretical electrochemistry
have been included, although those on commercial or industrial developments
are stressed.

Literature sources are discussed under the following categories: reference
works, abstracting services, journals, advances series and annual surveys, mono-
graphs and reviews, and patents. Citations to the publications mentioned and
additional sources will be found in the bibliography at the end of this chapter.

Reference Works

Mellor’s and Gmelin’s texts, the two major reference works in inorganic
chemistry, are important sources for extensive compilations of literature ref-
erences on the electrochemistry of nonmetallic materials. Mellor’s Supplement
II, Part I (1956), includes electrolytic preparation of chlorine, chlorates, per-
chlorates, and fluorine, while Mellor’s Volume II, Supplement II (1961)
includes the preparation of sodium hydroxide. Gmelin’s recent volumes on
oxygen (System 3), fluorine (System 5), and sodium (System 21) review the
literature through 1949, 1950, and 1960, respectively.

The most extensive reference work in electrochemistry is the “Handbuch
der Technischen Elektrochemie.” The first three volumes (in six parts), edited
by V. Englehardt, were published between 1931 and 1934. Volume 4, edited
by G. Eger, was issued in 1956. Parts 1 and 2 of volume 2 cover inorganic
and organic electrochemistry respectively.

The “Encyclopedia of Electrochemistry,” edited by C. A. Hampel, is a
one-volume publication which provides short, authoritative articles on all
phases of electrochemistry. Topics of interest include chlorine, hydrochloric
acid, chlorates and perchlorates, fluorine, hydrogen peroxide and peroxygen
chemicals, water electrolysis, electro-organic chemistry, adiponitrile, fluoro-
carbons, glucose, and the Kolbe synthesis.

Kirk-Othmer’s and Ullmann’s encyclopedias are also good sources for
surveys on the electrolytic production of nonmetallic materials.

Abstracting Services

Chemical Abstracts, Chemische Zentralblatt, and the chemical section of
Referativnyi Zhurnal cover articles, books, and patents on electrochemistry.
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All three of these major abstracting services have separate sections for electro-
chemical publications. Chemical Abstracts includes articles and patents in its
section on electrochemistry (currently No. 77). Chemisches Zentralblatt in-
cludes only articles in the electrochemistry section and locates patents in the
“applied” half of the journal with the industrial inorganic, electrotechnique,
and various organic sections being most pertinent to the interests of this paper.
The Russian abstract journal has an electrochemistry section for articles and
an electrochemical technology section where patents are cited.

Other sources of abstracts are Electroanalytical Abstracts, Science Ab-
stracts, Section B (electrical engineering); Journal of the Electrochemical
Society of Japan; Bulletin Signaletique du Centre National de la Recherche
Scientifique. Current Chemical Papers, while not an abstract journal, contains
a section on electrochemistry which lists current journal articles. Articles
included are primarily theoretical in nature and are located in one of the
following categories: reviews, electrolyte processes, electrode processes, and
electrolytic cells.

Government-sponsored research is abstracted in Technical Abstract
Bulletin (TAB), Nuclear Science Abstracts, and U.S. Government Research
Reports. In TAB, sections 7 (chemistry), 9 (electronics and electrical
equipment) are the most pertinent. Nuclear Science Abstracts includes the
important Atomic Energy Commission work, particularly in fluorine production.
U.S. Government Research Reports and its predecessors, Bibliography of
Technical Reports and Bibliography of Scientific and Industrial Reports are
valuable for coverage of German developments during World War II and more
recently for nonmilitary oriented government research.

Doctoral theses of interest are included in Dissertation Abstracts. These
are also referenced in Chemical Abstracts. A comprehensive list of U.S. and

foreign abstracting services in the electrical and electronic fields has been
published by Milek (5).

Journals

The number of journals published which are primarily devoted to electro-
chemistry are few, but many additional journals include material of interest
to the industrial electrochemist.

Two publications of the Electrochemical Society, the Journal and Electro-
chemical Technology, rank high in importance in coverage of applied electro-
chemistry. The Journal, formerly the Transactions of the American Electro-
chemical Society, has been issued since 1902, and until the 1950’s a large
percentage of its articles were in the applied field. Since then it has empha-
sized theoretical contributions.

In addition to the articles included, mention should be made of the
abstracts published in the Journal for papers presented at national meetings of
the Electrochemical Society. These abstracts are available in two forms: as
published in the Journal (about 75 words) and as extended abstracts (500-
1000 words) available from the Society’s divisions. The Industrial Electrolytic
and Electro-organic Divisional programs particularly cover the subject of
interest to this paper. Cumulative indexes to the Journal have been issued.
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Electrochemical Technology, first published in 1963, reports commercially
important developments formerly covered by the Journal.

Denki-Kagaku, the Journal of the Electrochemical Society of Japan, was
first published in 1933 and first included English excerpts of its papers in 1956.
In 1958 the Overseas Edition began providing extensive abstracts in English
of papers published in Japanese. Since 1961 the overseas edition, now entitled
Journal of the Electrochemical Society of Japan, has included original manu-
scripts in English in addition to the abstracts. These publications are an
important source of Japanese work in both theoretical and applied electro-
chemistry.

Electrochimica Acta was first issued in 1959 as an outgrowth of the
publication of papers presented at the annual conference of the International
Committee for Electrochemical Thermodynamics and Kinetics. Published by
Pergamon Press, it is a valuable journal with articles appearing in English,
French, or German.

A new Russian journal, Elektrokhimiya, began publication in 1965. Its
English translation, Soviet Electrochemistry, is available from the Consultants
Bureau.

Until recently, Zeitschrift fiir Elektrochemie und Angewandte Physika-
lische Chemie was important to electrochemistry. In 1963 its title was changed
to Berichte der Bunsengesellschaft fiir Physikalische Chemie, reflecting its
principal emphasis on physical chemistry. However, articles on electrochem-
istry are still included. Other journals which frequently publish articles of
value are listed in the Bibliography.

Advances and Annual Surveys

Modern Aspects of Electrochemistry and Advances in Electrochemistry
and Electrochemical Engineering are two series of interest to electrochemists.
These volumes include authoritative reviews on four or five topics per volume,
with the emphasis on theoretical electrochemistry. Modern Aspects is edited
by J. O’M. Bockris, and four volumes have been published to date. P. Delahay
and C. W. Tobias are editors of the Advances series, six volumes have been
issued so far.

A chapter on acids, alkalies, and salts has appeared nearly annually for
several years in Reports on the Progress of Applied Chemistry. This chapter
reports developments on chlorine and caustic soda, chlorates, fluorine, and
hydrogen peroxide.

Also of value are the sections on solutions of electrolytes (annually) and
electrode processes (irregularly) appearing in the Annual Reviews of Physical
Chemistry and the section on electrochemistry in the Annual Reports of the
Progress of Chemistry, which recently has been included about every other year.

Monographs and Reviews

General. Mantell's monograph, “Electrochemical Engineering,” is prob-
ably the best known text on electrochemistry in English. All aspects of the
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field are covered, and an extensive discussion of alkali halide electrolysis is
given. It is now in its fourth edition. Earlier editions were entitled “Industrial
Electrochemistry.”

Texts on electrochemical processes, by Billiter and Regner include extensive
discussion of European electrochemical cells and practices. A good source of
earlier patent literature on industrial electrochemistry, particularly German
patents, is R. Mueller’s volume, which provides detailed information on the
electrolysis of water. Two important works on the theoretical aspects of
electrode processes are those of Yeager and the Faraday Society.

Chlorine and Sodium Hydroxide. The diaphragm and mercury cell proc-
esses for chlorine and caustic soda production are covered in detail in the
monograph edited by J. S. Sconce. All aspects of electrolyzing sodium chloride
from brine treatment to product purification are covered in the chapters by
M. S. Kircher (diaphragm cells) and R. B. MacMullin (mercury cells).

H. A. Sommers has presented two extensive surveys on modern cells, with
comparative data for operating characteristics and economic factors for both
the diaphragm and mercury cells being used industrially at the present time.

Technical developments in power supplies, electrode shapes, hydrogen
overvoltage, and the use of the decomposition energy of amalgam are among
the subjects covered in a series of review articles in Chemie-Ingenieur-Technik.

Properties of sodium chloride and its solutions are given in Kaufmann’s
monograph, although the electrolytic process is not covered. The major use for
both chlorine and sodium hydroxide is to prepare other chemicals.

Chlorates and Perchlorates. Sodium and potassium chlorates and perchlo-
rates are commercially produced by electrolysis of aqueous solutions of sodium
and potassium chlorides. The sodium salts are industrially the most important.
Sodium chlorate is used in pulp bleaching as a source of chlorine dioxide and
as a herbicide. Sodium perchlorate is used as the starting material for pro-
ducing other perchlorate salts, particularly ammonium perchlorate.

J. C. Schumacher has been closely connected with electrolytic per-
chlorate production developments, and his publications, particularly his mono-
graph, are of value.

Fluorine. The need for elemental fluorine to produce uranium hexafluoride
for the Atomic Energy Commission spurred fluorine cell development in the
early 1940’s. This wartime development is discussed in a symposium which
appeared in Industrial and Engineering Chemistry. Another valuable account
of the fluorine work done in connection with the atomic bomb project is given
by Slesser and Schramm. More recent developments in technology, particularly
in Great Britain, are presented in Rudge’s book.

Hydrogen Peroxide, Hydrogen, and Oxygen. In recent years, the elec-
trolytic process for producing hydrogen peroxide has become less important
than newer chemical routes in the U.S. The peroxide process starts with the
electrolytic production of persulfuric acid and persulfates (ammonium or
potassium) and subsequent hydrolysis to give Hy0,.

Schumb, Satterfield, and Wentworth’s book provides a full account of the
chemistry and electrolytic commercial processes being used throughout the
world in the mid-1950°s. A review of important literature sources is also
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included. A discussion of hydrogen peroxide manufacture along with an
annotated list of patents is given in Machu’s Book.

Vetter has published an extensive review on the kinetics of the electrolytic
separation of hydrogen and oxygen. The commercial production of H, and O,
are of little importance in this country, although their generation and con-
sumption in fuel cell technology are receiving much attention.

Electro-Organic Chemistry. Over the years S. Swann, Jr., has reviewed
the electrolytic reactions of organic compounds extensively. Particularly useful
are the tables of reactions which he has included in the section in “Techniques
of Organic Chemistry.”

General reviews of the field are also presented in the monographs by
Allen, Fichter, and Brockman, and in chapters of Houben-Weyl's “Methoden
der Organischen Chemie.” The reaction which has been studied most exten-
sively is the Kolbe synthesis. This oxidation reaction has been reviewed by
Weedon. Popp and Schultz have provided an extensive compilation on elec-
trolytic reduction reactions while Tomilov has reviewed the reduction of
acetylenes. The Russian scientific literature is an important source of reviews
in this area, as exemplified by the publications of Khomyakov and Tomilov.

Patents

The patent literature is a vital source for many technical developments
in electrochemistry. In the “Manual of Classification,” issued by the U.S.
Patent Office, class 204 covers electrolytic products and processes. Most of the
patents on electroorganic substances will be found in this class. Some of the
more important subclasses for chemicals discussed in this paper are listed in
the Bibliography.
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The Literature of Industrial Gases

R. E. SWINBURNE, ]R.

Bell Telephone Laboratories, Inc., Whippany, N. J.

Industrial gases are finding increasing application in the
chemical, medical and allied industries as well as in metal-
working, food processing, and the space industry. Informa-
tion about these gases is scattered throughout the technical
literature. Since there are few sources completely devoted
to industrial gases, a wide variety of textbooks, journals,
handbooks, encyclopedias and reports must be consulted to
achieve broad coverage of the subject.

The industrial gas industry plays a large and important role in modern day
technology. It is an industry that is favored by a steady demand which,
coupled with the current meteoric rise in the use of cryogens, augurs well for
the future. Despite this, the industrial gas literature as a body is poorly defined.
Years of discovery and experimentation have produced a sizeable quantity of
literature but few comprehensive works. This creates a problem for the com-
piler; he is faced with a problem of many references and of frequently over-
lapping information. Pertinent data are often located within some source that
from the title would appear to be inapplicable.

The advent of cryogenics has released a flood of scattered information,
much of which is connected with the missile and space industry. Much of this
literature is security-classified and requires a “need to know” as well as
security clearance before copies may be obtained. Unclassified material is
generally available through the Clearinghouse for Federal Scientific and Tech-
nical Information.

For the purpose of this study, the industrial gases reviewed will be those
listed in Code 2813, “Industrial Gases,” of the Standard Industrial Classification
of the U. S. Bureau of the Budget. They are acetylene, carbon dioxide and
dry ice, industrial gases (compressed, liquefied, or solid—not made in petro-
leum refineries or in natural gasoline plants), helium, hydrogen, inert (noble)
gases, nitrogen, nitrous oxide, oxygen, and refrigerant gases except ammonia.
We have also included information on the anesthetic gases.

The discussion and bibliography that follow are not presented as being
the sum total of the industrial gas literature but rather a significant selection of
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pertinent references. Only a few references to individual articles have been
included.

Industrial Growth

In recent years, the manufacturing output of all the gases reviewed,
except carbon dioxide as dry ice, has shown a continuous rise.

Carbon dioxide gas is in a good position to expand its sales because of
its close relationship with the advancing soft drink market. It is also being
used as a growth accelerator in greenhouses. The rubber industry is using
carbon dioxide to freeze flashings on rubber products so they can be tumbled
or shot-blasted for flashing removal.

The nitrogen demand boomed in 1962, and except for a temporary de-
celeration in 1964 has risen steadily. The inert qualities of nitrogen make it
attractive for use in aerospace cooling, oil-well stimulation, and for the manu-
facture of electronic components and space simulators. New increases are fore-
cast because of uses in food processing, food transportation, and medicine.

In contrast to the inertness of nitrogen, it is the reactive properties of
oxygen and hydrogen that make them valuable. Production of oxygen, espe-
cially high-purity oxygen, continues to rise. The steel industry uses about
40% of all the oxygen produced. Innovations in open hearth and basic oxygen
furnaces will increase steel’s demand for oxygen for some years to come.

It is expected that by 1970, the chemical process industries will increase
their consumption of oxygen by as much as 40%. Missile and space uses
continue to consume increasing quantities of oxygen as an oxidizer for liquid-
fueled rockets.

Requirements in the space industry are the primary reason for anticipating
an increase in hydrogen consumption, although applications in the production
of specialty alloys and the manufacture of chemicals account for a portion of
the projected increase.

General References

These references are included because of their over-all coverage of the
industrial gases. Perhaps the best source of this type is the Kirk-Othmer
“Encyclopedia of Chemical Technology,” in which each of the gases is covered.
Whole articles are devoted to some of the gases while others are given a lesser
treatment. Usually included are a brief history, the physical properties, the
manufacturing methods, and the economic status of the gases. Lists of refer-
ences have been provided from which more detailed information may be
obtained.

Now in its third edition but again needing revision is “Industrial Chemi-
cals” by Faith, Keyes, and Clark. Industrially important chemicals are dis-
cussed. The authors have listed major manufacturers and their plant sites.
Flow charts, processes, properties, economic aspects, and production rates are
other types of information which is presented.

More specific than “Industrial Chemicals” is the chapter on “Industrial
Gases” in “The Chemical Process Industries,” which is also now in its third
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edition. Each of the main gases is covered. In most cases the author, after
telling about the uses and economics, presents the various types of manufac-
turing processes, often with appropriate flow charts.

Out-of-date, but important as historical references, are Friend’s “A Text
Book of Inorganic Chemistry” and Mellor’s classic “A Comprehensive Treatise
on Inorganic and Theoretical Chemistry.” Supplements to Mellor are now
being published. A more recent encyclopedic work containing comprehensive
scientific data on several gases is the “Nouveau Traité de Chemie Minéralé.”
Volume 1 is on hydrogen, deuterium, tritium, air, water, helium, and the inert
gases. Volume 2 is on oxygen, sulfur, selenium, tellurium, and polonium.

Industrial gases were reviewed in 1959, 1961, and 1963 in “Reports on
the Progress of Applied Chemistry.” These timely reviews are international in
scope. Most of the information has been culled from the journal literature;
it includes production figures, new plant expenditures, new uses and other
pertinent developments. The reviews will help the user get a better feel for
the entire industrial gas industry than perhaps any other source.

Comprehensive in its coverage is “Gmelins Handbuch der Anorganischen
Chemie.” It is being published in sections that are issued periodically. Up to
now, in the current (8th) edition, volumes on the noble gases, hydrogen,
oxygen, and nitrogen have been issued. Although the text is in German, the
newer volumes have English tables of contents that simplify information
retrieval.

Physical and Chemical Properties

A knowledge of the physical and chemical properties of industrial gases
is required by those intending to use them. Several good compilations are
available. One is U. S. National Bureau of Standards Circular No. 564, “Tables
of Thermal Properties of Gases.” It was originally issued in 1955 but has
been recently republished by Pergamon Press with Joseph Hilsenrath as the
author and with a slightly altered title. It lists the thermodynamic properties
of five industrial gases: argon, carbon dioxide, hydrogen, nitrogen, and oxygen.
Data are presented in numerical tables over the pressure range 1-100 atm.
and to temperatures over 600°K.

There are a few extensive compilations of physical and thermodynamic
properties of chemical compounds, many of which are not industrial gases.
“Selected Values of Properties of Hydrocarbons and Related Compounds” is
perhaps the best known. Printed on loose leaf sheets, it has a filing arrangement
that becomes familiar only with repeated use. The technical content is invalu-
able and a great boon to users of industrial gases. Similar in layout and
complementary in scope is “Selected Values of Properties of Chemical
Compounds.”

In 1962 the National Academy of Sciences—National Research Council
published “Consolidated Index of Selected Property Values, Physical Chemis-
try and Thermodynamics.” This index to the compounds and their properties
that appear in six important physicochemical and thermodynamic compilations
permits quick selection of the proper source.
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The “Data Book,” a substantial (over 50 lbs. in weight and still growing)
set of tables being published by the Thermophysical Properties Research
Center of Purdue University, is an excellent source of data on viscosity, thermal
conductivity, diffusivity, and the radiation properties of gases and solids, but
the form in which the information is published is very cumbersome and not
always reliable.

An industrial contribution is the Matheson Co.’s “Gas Data Book.” Its
4th edition was published in 1966. Its information covers physical and chemi-
cal properties as well as information on hazards and storage. Information on
124 gases is presented in this handy compilation.

Also published in 1966 is the Compressed Gas Association’s “Handbook
of Compressed Gases.” It contains data on 50 of the most important industrial
gases. Half of the book is devoted to safety practices and the making, requali-
fying, welding, brazing and disposition of cylinders.

Perhaps the most comprehensive coverage for the properties of gases in
the liquid, solid, and gaseous state is “A Compendium of the Properties of
Materials at Low Temperature” by Stewart and Johnson.

The three volumes of “Thermodynamic Functions of Gases” by F. Din
are important for their information on the properties of carbon dioxide, acety-
lene, argon, and nitrogen. The venerable “Gas Tables” by Keenan and Kaye
is an important source of thermodynamic properties of air and products of
combustion.

A recent addition from the Government contract literature is “Properties
of Principal Cryogenics.” Published in 1964, it contains extensive physical
property data for oxygen, nitrogen, hydrogen, and fluorine.

Gases of the Atmosphere

General. Commercial air separation, for the last half century at least, has
been principally accomplished by liquefaction and distillation. Although pro-
duction of atmospheric gases has increased tremendously in the last 25 years,
basic manufacturing methods have remained much the same. Ruhemann’s
classic book “The Separation of Gases,” first published in 1940, is still referred
to by engineers in the air-separation industry as is M. M. Davies’ respected
“Physical Principles of Gas Liquefaction and Low Temperature Rectification,”
in which processes in current use are described in detail. More recent, but
not nearly as thorough, is J. B. Gardner’s chapter in “Chemical Engineering
Practice” entitled “Liquefaction and Fractionation of Gases.” He covers the
fundamental principles, describes specific methods for producing the different
gases, and gives plant design and component data.

W. T. Hudson, a geologist in Denver, has published “Non-Hydrocarbon
Gases,” a report of a study on oxygen, nitrogen, argon, rare gases, carbon
dioxide, and hydrogen. Data on the properties, uses, commercial sources,
economics, and occurrence in well gases are given for each gas. This is a nice
summary, but unfortunately contains a number of errors.

Oxygen. A good report on oxygen and nitrogen was written by Jerome
Brewer and issued by the former Aeronautical Systems Division of the Air
Force Systems Command at Wright-Patterson Air Force Base.
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The most complete collection on oxygen is given in the oxygen sections
of Gmelin. They are “History,” 1943; “Occurrence-Technology,” 1951; “Ele-
mentary Oxygen,” 1958; “Air, Active Oxygen, Ozone,” 1960. Except for the
volume on history, Gmelin’s coverage of the literature is complete through
1949 with scattered and unevaluated references thereafter.

A recent NASA report by Svehla gives the thermodynamic and transport
properties for the hydrogen-oxygen systemn ranging from pure oxygen to pure
hydrogen at pressures of 0.001 to 1000 atm. and temperatures of 600° to
5000°K. Compilations of the thermodynamic properties of oxygen at tem-
peratures over 2000°K. may be found in a report by C. E. Treanor.

Some 325 references indexed by property, temperature, and pressure
ranges have been gathered to form Hust’s bibliography on the low tem-
perature thermophysical properties of oxygen.

Nitrogen. Gmelin also has a multivolume system on nitrogen. A volume
on “History, Occurrence, The Element” appears in 1954 and comprehensively
covers the literature up to 1949. Earlier volumes were: “Compounds with
Hydrogen” and “Compounds with Oxygen,” both published in 1936.

Mellor’s supplementary volume on nitrogen was published in 1964 and
gives a good coverage of the literature available since the publication of the
original treatise.

“Thermodynamic Properties of Nitrogen from 2000° to 8000°K.” by
Treanor and Logan is a companion volume to the one on oxygen. Two other
sources of similar data, although at different temperatures, are “Tables of the
Thermodynamic Properties of Nitrogen from 100° to 1500°K.” at pressures
from 1 to 10,000 atm. by W. J. Little and C. A. Neel, and “The Thermo-
dynamic Properties of Nitrogen from 64° to 300°K. between 0.1 and 200
Atmospheres” by Stobridge.

Bloomer and Rao from the Institute of Gas Technology collaborated in
1950 to write I.G.T. Research Bulletin No. 18 “Thermodynamic Properties
of Nitrogen.”

A 1960 thesis by Johannes Van Der Ster of the Technische Hochschule
at Delft, is a study of liquid nitrogen production from air by use of a gas-
refrigeration machine.

William Jolly’s “The Inorganic Chemistry of Nitrogen” covers mostly
nitrogen chemistry, but there are some data on the physical properties of
solid, liquid, and gas.

“Nitrogen in Industry” by Sittig appeared in 1965. It presents an overall
view of the production methods for this fast growing industrial gas. Specific
production processes are described and flow charted. Most of the technical
information is taken from patents.

Inert (Noble) Gases. The most complete reference work on these gases
published in recent years is “Argon, Helium, and the Rare Gases.” This two-
volume work comprehensively treats these gases from their discovery ,to their
scientific and industrial uses. Written by 14 scientists and engineers, experts
in their particular fields, and edited by G. A. Cook of Linde Division of Union
Carbide Corporation, these volumes constitute an excellent starting place for
any research project in the inert gas area.
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The noble gas volume of Gmelin, which is quite old now, is still a good
source of information for historical purposes. Also valuable is “Tables of
Thermodynamic Properties of Argon from 100 to 3000°K.” by Wanda Little.

Two books on the recent discovery of rare gas compounds are “Noble-
Gas Compounds” by Hyman and “Noble Gases and Their Compounds” by
Moody and Thomas. Each discusses the preparation of xenon tetrafluoride
and its related chemistry, but Moody’s book is more comprehensive. It is
based upon material that was presented at a technical meeting at the Argonne
National Laboratory.

Helium is one of the more important of the noble gases, and there are
a number of valuable books devoted to a description of its properties. Two
books that must be mentioned together are “Helium” by Keesom and “A Sup-
plement to ‘Helium’ ” by Lifshits and Andronikashvili. The first is a thorough
treatise covering the gaseous, liquid, and solid states of helium; the author
is from the famed Kamerlingh Onnes Laboratory at Leiden. The second con-
tains two chapters, “Superfluidity (Theory)” and “Superfluidity (Experimental
Data).”

A more recent source of helium data is “Design Handbook for Liquid
and Gaseous Helium” by V. E. Isakson and I. M. Kroenke. It contains engi-
neering data for transport systems and equipment, physical properties, and
the hazards of helium. The three main sections are: (1) liquid helium storage,
transport, and transfer, (2) helium liquid-to-gas conversion, and (3) gaseous
helium storage, transport, transfer, purification, and compression methods.

Thermodynamic properties of the gas over wide temperature and pressure
ranges may be found in several publications. “The Physical and Thermo-
dynamic Properties of Helium” issued by Whittaker Controls, covers gaseous
helium from 147 to 6000 p.s.i.a. at temperatures ranging from —440° to
600°F. Another volume is “Thermodynamic Properties of Helium to
50,000°K.” by Lick and Emmons, which gives the results of calculations over
the pressure range 107 to 1000 atm. Included with the text are two Mollier
diagrams for helium.

Many noble-gas applications have high purity requirements. Cernak’s
bibliography covers some of the purification methods for argon, helium and
xenon.

Acetylene

Several books dealing with acetylene appeared over. a short period of
time. The first was ACS Monograph No. 99, “The Chemistry of Acetylene”
by Nieuwland and Vogt. Published in 1945, it is a brief but rather compre-
hensive account of the preparation, properties, and reactions of acetylene,
together with an extensive classified bibliography. Three years later, E. D.
Bergmann wrote “The Chemistry of Acetylene and Related Compounds.” This
book contains papers from three seminars presented at the Polytechnic Institute
of Brooklyn, which emphasize recent developments.

“Acetylene and Carbon Monoxide Chemistry” by Copenhaver and Bigelow
appeared in 1949. Much of it is taken from the files of J. W. Reppe, a leading
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German chemist in the field of acetylene chemistry. Reppe was originally
given the task of writing this book. He was at best a reluctant author, and
the present authors had to complete the job.

Articles from Chemical Engineering Progress were collected and issued
by the American Institute of Chemical Engineers under the title, “Acetylene
Handling.”

“Acetylene, Manufacture and Uses” by Hardie was published in 1965 and
describes the developments and processes used in acetylene manufacture.
European techniques are emphasized. Also published in 1965 is Sittig’s “Acety-
lene” which describes the organic chemistry of foreign and domestic acetylene
manufacturing processes. Other topics discussed are principles of safe handling,
products and a prospectus for the future. The book depends heavily upon the
patent literature for its technical data.

The most up-to-date and comprehensive source of information on acetylene
is the two-volume set by Miller of the British Oxygen Company. Volume 1
covers acetylene’s physical properties, industrial history, and uses as a source
of combustion. The second volume covers chemical properties and chemical
uses.

Carbon Dioxide and Dry Ice

Outside of the general references already mentioned, there are only
a few additional ones to list. Quinn’s book “Carbon Dioxide” is an old (1936)
but thorough treatment of the gas. He presents historical background, physical
and chemical properties, manufacture of the solid and liquid, and a number
of applications. Chen’s report gives the thermodynamic and transport prop-
erties of carbon dioxide in the gaseous state. Most of the recent pertinent
data will be found in journals.

Hydrogen

The principal new interest in hydrogen stems from its use as a rocket
fuel and its potential use as a working fluid in nuclear rockets. There are,
however, several pre-space books, such as Teed’s “The Chemistry and Manu-
facture of Hydrogen,” published in 1919, and Taylor’s “Industrial Hydrogen,”
which cover some of the older uses. In 1935, Farkas’ classic “Orthohydrogen,
Parahydrogen and Heavy Hydrogen” was published. In this, Farkas describes
the preparation, physical properties, and chemical behavior of the different
forms of hydrogen. This book is now out of print, but copies are available
from University Microfilms in Ann Arbor, Michigan.

A more recent source of information on physical and thermodynamic
properties is the “Hydrogen Handbook.” The properties of the gases described
—hydrogen, helium, and nitrogen—are given for cryogenic temperatures. In
addition, there is a section that covers a necessary part of the modern liquid
hydrogen business—namely, its storage and handling. Along this same line
is a related publication entitled, “Storage, Servicing, Transfer, and Handling
of Hydrogen.” It is useful mainly to organizations dealing with large amounts
of liquid hydrogen. Data are presented for pumping and recondensing systems
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for liquid hydrogen transfer. “Liquid Hydrogen Technology” is a report
issued by General Dynamics.

Liquid hydrogen can be prepared in a number of ways. A good summary
of these techniques is disclosed in “Manufacturing Processes for Liquid Hy-
drogen” by Caras, which includes an excellent bibliography of over 400
references.

“Thermodynamic Properties of 20.4°K.-Equilibrium Hydrogen” by Shaffer,
gives properties over a range of temperatures. Mullins et al. published a re-
port entitled “The Thermodynamic Properties of Parahydrogen from 1 to
22°K.”. Kubin’s report also contains the thermodynamic properties and in-
cludes a Mollier chart for hydrogen from 300° to 20,000°K.

A number of methods are available for recovering hydrogen from gas
streams, and there are two books important because of their treatment of
these procedures. Kohl and Risenfield’s “Gas Purification” provides good
coverage. Katz’s “Handbook of Natural Gas Engineering” covers some of the
same material but goes more deeply into the business end of the industry;
it gives information on oil-field development and operation and on the trans-
mission of gas to the user.

Nitrous Oxide

Although nitrous oxide is known for its use as an anesthetic and an aerosol
food propellant, there is no comprehensive source of information on it. Both
the Kirk-Othmer Encyclopedia and Gmelin contain some data, as does Mellor.
Properties pertinent to the food industry and anesthesiology will be found
in books on these subjects. For the most part though, it will be necessary
to use the abstract journals to locate desired data.

Refrigerant Gases

The “ASHRAE Guide and Data Book” is probably the best reference
source for the properties and uses of refrigerant gases. The latest edition
was published in two volumes during 1964 and 1965. Recent refrigeration
technology is reviewed and discussed in the International Refrigeration Con-
gresses. The latest one was published in 1960. Publications of the Inter-
national Institute of Refrigeration (IIR) are also valuable for data. In 1962
the IIR published a “Bibliographic Guide to Refrigeration 1953-1960.” It is
classified by subject and has entries for refrigerants.

Since the user should know the dangers involved in using refrigerants,
the Underwriters’ Laboratories’ report on hazards of common refrigerants is
important.

Information about refrigerant gases is contained in a few journals. The
refrigeration journals contain data on refrigeration machinery, and they also
contain data on the gases. Some of the more important ones are ASHRAE
Journal, International Institute of Refrigeration Bulletin, Journal of Refrigera-
tion, and Kaltetechnik.
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Anesthetic Gases

Anesthetic gases do not approach the consumption figures of other indus-
trial gases, but they are important enough to deserve consideration. Out-
standing coverage of these gases is found in “The Chemistry and Physics of
Anesthesia” by Adriani. This book contains chapters on the physical prop-
erties of gases and vapors, inorganic gas chemistry, analysis of gases, and
flammability of anesthetics. Many anesthetic gases are listed, along with their
physical and chemical properties.

Halogenated compounds, such as chloroform, have been widely used as
anesthetics and are still important. A short history, properties, and clinical
applications of these anesthetics are covered in “Halogenated Anesthetics”
by Artusio.

Patent Classification

Much specialized information about industrial gases can be found through
patents. The most efficient collection of this information requires thorough
knowledge of patents, their literature and classification, but the casual searcher
can readily obtain valuable information from several common sources.

For current patents the Official Gazette should be used. Another sig-
nificant source is the “National Catalog of Patents,” a collection of U.S.
patents from the fields of chemistry and engineering. These are arranged by
Patent Office Classification and contain the same material as the Official
Gazette. Volumes from 1961-1962 are available. The “International Index
of Patents” is being issued as a subject index to U.S. and foreign patents. It
covers chemical and electrical patents from 1790 to 1960 arranged in order
by the Patent Office Classification. The 350,000 foreign patents have been
assigned U.S. classification numbers, and a numerical index is also provided.

Other sources of patent information are the journal and patent abstracting
services, principally Chemical Abstracts.

A unique source of current foreign-patent data is the Derwent Informa-
tion Service. It publishes abstracts of patents from England, Germany, Bel-
gium, France, South Africa, Japan, Russia, and the Netherlands. Derwent
covers primarily chemical patents, although for England and Germany all
patents are included.

A newcomer to the scene is the “Science Citation Index.” It allows one
to find older patents that have been cited in ones recently issued.

Familiarity with the U.S. patent classification system is necessary for
a successful search for patents of interest. The patent classification system
was designed for arranging patents in a logical subject relationship. It con-
sists of broad subject classes followed by more specific subclasses. One prob-
lem with this system is the overlapping subject matter and the lack of cross-
filing information on different subjects. Patents on gas separation may be
found in Class 55, Gas Separation, as well as in Class 62, Refrigeration, Class
23, Chemistry, and Class 202, Distillation. Considerable cross-checking be-
tween classes and subclasses is needed to find all the patents on a given
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subject. The bibliography lists excerpts from the “Manual of Classification”
which are the principal U.S. patent classes that should be searched in a survey
on industrial gases. The list is only partial, and the Manual should be consulted
before any thorough searches are contemplated.

Journals

References to industrial gases in the journal literature are numerous.
However, journals devoted entirely to industrial gases are rare. This presents
a minor problem to the researcher. He is apt to find the information he seeks
in any one of a number of journals. There are “gas” journals, but in most
cases these are concerned with fuel gases. Generally, the chemistry and
chemical engineering journals are the best sources for current information
about industrial gases. A specific application will, of course, appear in the
journal pertinent to that application. Applications run the gamut from food
to metallurgy. Examples are Aerosol Age and ASHRAE Journal.

It would serve little purpose here to list titles of journals that from time
to time publish data on industrial gases. Instead, some discussion on the index
and abstract journals that may be used to locate wanted information is in order.

The Applied Science and Technology Index publishes references to 85,000
English language articles each year. Scientific as well as applied data are
covered. There is no author index. A comparative newcomer is the British
Technology Index. It is also a current subject guide, but gives references
only to articles in about 400 British technical journals. Chemical Abstracts
is the best source with its tremendous coverage of the world’s chemical lit-
erature. Its author, subject, and keyword indexes provide a variety of avenues
for finding desired information. For economic and market data Chemical
Market Abstracts is useful. Figures for production, sales, and consumption
are listed. New products and trade names can also be found.

A current annotated index to the world’s engineering literature is the
Engineering Index. It has an author index, and its monthly issues cumulate
annually. Subscription by broad subject category is now offered. Presently
available are Plastics and Electrical and Electronics Engineering sections.

The amount of current industrial gas literature that emanates from Gov-
ernment-supported work requires that something be said about applicable
indexes. Technical Abstract Bulletin (TAB), Nuclear Science Abstracts, and
Scientific and Technical Aerospace Reports (STAR), cover the bulk of the
Government report literature. One must, however, be a Government con-
tractor to be eligible to receive TAB. TAB’s unclassified material is listed in
U. S. Government Research and Development Reports and is available for
a price from the Clearinghouse for Federal Scientific and Technical Informa-
tion. The Clearinghouse provides subject searches of Government technical
reports in addition to the sale of these reports. These services are available
to the general public. References to the world’s published aerospace literature
is annotated and indexed in International Aerospace Abstracts (IAA).
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Selected Applications

The recent large growth rate in the use of cryogenic gases has resulted
in a corresponding growth of literature. While this literature does not quite
fit into the industrial gas category, it depends so heavily upon industrial gases
that mention of a few references is in order. Only a few of the more important
books published during the last 15 years will be listed.

S. C. Collins, who developed the successful commercial hydrogen and
helium liquefier now called the Collins Liquefier, also wrote “Expansion Ma-
chines for Low Temperature Processes.” He discusses refrigeration systems,
engines and turbines for gas liquefaction, and expansion engines used to
produce low temperatures.

One of the first books to present the use of low temperature gases for
engineering applications is Scott’s “Cryogenic Engineering” published in 1959.
Engineers find that it is valuable as a handy source of data for their calcula-
tions. Of the same vintage is “Experimental Techniques in Low Temperature
Physics” by G. K. White. Here the researcher has been provided with details
for equipment design and techniques for utilizing liquefied gases.

Not directed to any particular professional field is “Cryogenics, Research
and Applications” by Sittig. It discusses the interesting possibilities of work-
ing with gases at low temperatures and putting these possibilities to work.
Robert W. Vance, co-editor of “Applied Cryogenic Engineering,” edited
“Cryogenic Technology,” a series of lectures given as a graduate course at the
University of California. It is more sophisticated than “Applied Cryogenic
Engineering” and is directed towards the laboratory scientist or researcher.

Liquid helium is important in cryogenic research as a coolant for spe-
cialized equipment. Superconductors, conductors that lose all electrical re-
sistance when cooled to nearly zero degrees absolute temperature, usually
are surrounded by a bath of helium to produce a suitably low temperature.
Devices that employ superconductors are becoming commercially significant.

Fritz London in 1950 summarized the then-current theories on super-
conductivity. It was around this time that a renewed interest in this subject
took place. Laue’s book, “Theory of Superconductivity,” was translated by
Meyer and Band in 1952. A book by Bogoliubov was translated by the Con-
sultants Bureau in 1959. Other recent books on this subject are Bremer’s
“Superconductive Devices,” Newhouse’s “Applied Superconductivity,” and
Blatt’s and Schreiffer’s “Theory of Superconductivity.”

A family of gases that is enjoying industrial prominence is the fluoro-
carbons. Their importance has recently increased because of their use in the
aerosol industry. Most of the pertinent data are contained in technical bul-
letins published by the manufacturers, but a good starting place for a liter-
ature search is the “Aerosol” chapter in Kirk-Othmer. This chapter lists
physical properties and also a capsule description of the industry and how
it depends upon compressed gases. The rapid rate of rise in aerosol uses
has resulted in an accompanying consumption of propellant gases. Besides
the fluorinated hydrocarbons, nitrogen, nitrous oxide, carbon dioxide, and
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some other gases are used in varying amounts as aerosol propellants. Two
major volumes on this subject are “Pressurized Packaging” by A. Herzka and
“Aerosols: Science and Technology” edited by H. R. Shepherd. Both are good
reference texts. Herzka lists formulas for many products. Both provide lists
of properties of various propellants and give information about their toxicity

> <«

and special uses. Further information is given in Milek’s “Fluorocarbon Gases.”
It presents data sheets for the various physical, chemical, and electrical prop-
erties of different gases.

The steel industry is a consumer of vast quantities of industrial gases.
More and more oxygen is being used to produce a ton of steel. Some less
reactive gases are also being used. A few recent references to applications in
the steel industry include Jackson’s “Oxygen Steelmaking for Steelmakers,”
Kerr’s bibliography, and Tsylev’s book.
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1 Generation and liquefaction
2 Generator and holder

Generator and mixer

197 Processes
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200 Coal, oil and water

Class 55: Gas Separation (Entire Class)
1 Processes of gas separation

Class 62: Refrigeration

8 Solidified or liquefied gas prod-
uct manufacturing from a gas

9 Processes, e.g., liquefying per se

11 Extracting a component from a
mixture of gases by liquefac-
tion and separation

12 With solidification

15 Retrograde condensation

16 Sorption

22 Obtaining a rare atmosphere gas,
e.g., argon, krypton, neon,
xenon

23 Plural separations

24 Including rectification

32 Rectification

35 Solidified gas shaping means,
e.g., press

36 Liquefied gas producing and sep-
arating apparatus

45 Stored mli££ed or liquefied gas
handling
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Converting solidified gas to an-
other state. Storing solidified
gas

Transferring as a liquid

Processes

Separator for solidified constitu-
ent of liquid mixture

Class 23: Chemistry

2

4
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101
150
157
158
159
160
161
162
209
210
211
212
213
214

220
221
230

232
252
253
254
255
256

Gas separation and purification
Air
Compounds
Nitrogen
Carbon dioxide
Of nitrogen
From nitrates
Treatment
Concentration
Recovery

By oxidation
Non-metals
Hydrogen

Wet

Dry

Carbon monoxide oxidation

Metallic reduction of hydrogen
oxide

Nitrogen

Oxygen

Analytical and analytical control
methods

Gas

Apparatus

Analytical and analytical control

Gas analysis

Automatic

Volumetric

Class 202: Distillation

2

39
39.5
40
81
151
156
161
162

Processes

Separatory

Extractive distillation
Rectification

Apparatus

Separatory

Column

Partial reflux condenser
Vapor element by-pass
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Sources of Information
in the Field of Noble Metals

LAURA A. MAGISTRATE

Research and Development Department, Engelhard Minerals and Chemicals
Corp., Inc., Newark, N. J.

Noble metal science and technology has its own consider-
able literature, a good deal of which is scattered among that
of other industries. The literature searcher today must seek
articles beyond those referred to in Chemical Abstracts,
Metals Abstracts, and the new terminated “Bibliography
of the Platinum Metals.” This paper presents a critical and
descriptive review of significant noble metal literature
sources for practical guidance to workers in this and allied
fields. The Bibliography includes Periodicals (including
house organs), Books, Bibliographies, Reports, Bulletins and
Annuals, Industrial Advertising Literature, selected Review
Articles, and Patent Classes.

The noble metals are generally considered to include silver, gold and the six
platinum group metals—platinum, palladium, iridium, rhodium, ruthenijum,
and osmium. McDonald, in a very readable and amply illustrated book entitled
“A History of Platinum,” traces developments of the platinum metals—platinum
in particular—from the first published reference in 1557 to 1890, the end of
the European period of the history of platinum.

Scope of the Industry

Today’s applications of the noble metals are, with minor exception, all
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