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Abstract. The synthetic ammonia industry, originally based on Fritz Haber’s 1909
invention of a catalytic high-pressure method as scaled up by Carl Bosch at BASE,
grew globally in the years following World War I, based on the processes of Brunner,
Mond & Co. (Britain), Luigi Casale (Italy), Georges Claude (France), and Giacomo
Fauser (Italy). The ammonia was mainly converted into ammonium sulphate ferti-
lizer. There was less impetus in the United States for taking up these developments,
because America relied on ammonia from its by-product coking ovens and coal gas
works, sodium nitrate (Chilean nitrate) from South America, and calcium cyanamide
as manufactured by the American Cyanamid Company. Even when a synthetic ammo-
nia industry started up in the United States, it was on a smaller scale than in Europe.
However there emerged just before the Wall Street Crash two major producers of syn-
thetic ammonia, Allied Chemical and Du Pont. This article presents a historical recon-
struction of the early synthetic ammonia industry in the United States focusing on the
1920s, paying particular attention to Du Pont’s success, which relied on the ammonia
process of Casale. Standard accounts suggest that Du Pont acquired Casale technology
as the result of a straightforward business acquisition. However, the situation, as shown
here, was far more complex. Du Pont had to engage in aggressive litigation in order to
acquire rights to the Casale process in 1927.

Keywords: synthetic ammonia, Casale process, Niagara Ammonia Company, Allied
Chemical, Du Pont.

INTRODUCTION

The 1920s were the take off years for science-based chemical industry
in the United States. This is nowhere better illustrated than in the realm of
coal-based synthetic organic chemistry, in which American firms drew on
German technology to master and even excel in the production of color-
ants and, later, novel products, such as pharmaceuticals, derived from the
dye intermediates.! The need to catch up with Germany, and to invent new
products for new needs, such as the automobile industry, stimulated unprec-
edented research and development. The growth and diversification of the US
chemical industry was tremendous, and included development of novel poly-
mers, and expansion at firms engaged in electrochemical technologies. Some
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of the most significant developments drew on catalyzed,
high-pressure industrial chemistry, following introduc-
tion of the Haber-Bosch synthetic ammonia process by
BASF in 1913.2 In this area of chemical technology, how-
ever, the United States was a late starter. Relative to the
synthetic dye industry, the parallels, particularly with
imitation of German dye technology, are more difficult
to discern. This article will explore the several reasons,
as well as the early development of the US synthetic
ammonia industry.

The extraordinary success of the Haber-Bosch syn-
thetic ammonia process in contributing to Germany’s
industrial effort in the production of munitions during
World War I was widely acknowledged.® After the ces-
sation of hostilities, BASF was not prepared to license
the process, preferring instead to use it as a bargaining
tool in attempts to gain access to various international
tie-ups and also to control the global market in nitrogen
fertilizer. This pretention to world leadership, however,
spawned imitators, and rivalry.

Here we recount two related but distinct stories—
insofar as they concern similar technologies and their
transfers across the Atlantic from Europe—in the devel-
opment of the large-scale American synthetic ammonia
industry. One concerns the Allied Chemical & Dye Cor-
poration, whose process originated with one of its pre-
decessor firms, and was similar in operating conditions
to the Haber-Bosch process. The other describes the Du
Pont corporation’s entry into synthetic ammonia, based
on the acquisition of the processes of Georges Claude
(France) and Luigi Casale (Italy) that were worked at
around four times the pressure of the Haber-Bosch pro-
cess. It was the Casale process that enabled Du Pont to
become an American technology and market leader in
high-pressure chemistry. For this reason I focus main-
ly on Du Pont’s entry into what was also a completely
new venture, based on a novel technology that relied on
sophisticated engineering expertise, and that was decid-
edly removed from synthetic dyes. The background
involves the transfer in 1927 of Casale technology from
an ambitious but struggling start-up to Du Pont, which
planned a major scale up of ammonia manufacture,
mainly for the fertilizer market, particularly of ammo-
nium sulphate.

At the outset, it should be pointed out that massive
transatlantic technology transfer from Europe, wheth-
er of dyes or of high-pressure chemistry, by whatever
means, was part of a pattern that impacted on the entire
American chemical industry during the 1920s. Much
of this encounter has been well analysed, including the
mergers and acquisitions, and the partnerships with
Europan firms, that led to the rapid growth of major
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corporations. Shortages of vital chemicals as a result of
the cutting off of imports from Germany during World
War I provided the impetus for diversification, and for
the foundation of start-ups that mastered many features
of synthetic organic chemistry, often using informa-
tion gleaned from sequestered German patents. In some
cases, the war enabled the survival and expansion of
struggling firms. In others, firms denied access to inter-
mediates made in Europe drew on processes that under
peacetime conditions were not economically viable.
What is absent in many cases from the historical record
are accounts of the complexities of how this industrial
transformation was achieved at a more detailed level.
This account is an attempt to compensate for the lacunae
in one specific sector, though it serves as an outstanding
indicator of what was achieved overall by 1930. Its con-
temporary relevance to the historian resides in the oft
neglected focus on the technologies involved; they are
often overlooked in accounts that are more focused on
business history.

As is frequently the case in the pursuit of industrial
history, archival sources are limited, often long ago lost
in fires and explosions or discarded following mergers
and acquisitions. Fortunately there is adequate mate-
rial to guide us at the Hagley Museum and Library, in
Wilmington, Delaware, in examining an important part
of the early history of synthetic ammonia in America.
We are aided by the few articles on developments in
the United States published between 1930 and the early
1950s, particularly since records of technical progress at
Du Pont are mainly absent.* While the fragments of his-
tory may not make a whole, they can certainly aid our
understanding of how the synthetic ammonia industry
evolved in America.

Among the handful of novel, successful ammonia
processes developed in Europe around 1920, the most
widely adopted, and successful, was that of the Italian
chemist and entrepreneur Luigi Casale, who requires a
brief introduction.

LUIGI CASALE

Luigi Casale (1882-1927) studied chemistry at the
Royal Polytechnic of Turin (Reale Politecnico di Torino),
where he graduated in 1908. His teacher was Arturo
Miolati (1869-1956). During 1909-1912, Casale worked
under Michel Fileti at the Turin Institute of Chemis-
try, where he received his postgraduate degree in 1910.
Publicity surrounding the successful outcome of Fritz
Haber’s work at Karlsruhe on a high-pressure synthetic
ammonia method no doubt stimulated Casale’s interest
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in physical chemistry and gas reactions at high pres-
sures. During 1912-1913, Casale undertook research in
physical chemistry under Walther Nernst, in Berlin, and
kept in touch with the latest developments in the ther-
modynamics of gas reactions, as well as their commer-
cial utility. After returning to Italy, Casale undertook
research in organic chemistry, as assistant of Miolati,
during 1913-1915, while retaining an interest in synthet-
ic ammonia.

During World War I, after studies on war gases,
Casale worked at industrial concerns, including the elec-
trochemical firm IDROS (Societa IDROS; it derived its
name from idrogeno and ossigeno), founded on 19 Feb-
ruary 1916, to supply hydrogen to the Italian navy for
dirigible and other aerial balloons, and oxygen for oxya-
cetylene welding. IDROS was located in Terni, Umbria,
close to Italy’s main steelworks company. Hydroelectric-
ity provided an inexpensive source of power for IDROS.
Around 1917, while at IDROS, Casale began to study the
synthesis of ammonia from its elements. By 1920, assist-
ed by the American physicist and inventor René Lepre-
stre (1876-1941), Casale had invented a high-pressure
ammonia process. The main inventive concepts included
application of far higher pressures (at up to 850 atmos-
pheres) than used in the Haber-Bosch process (around
200 atmospheres) and a converter made of ordinary
steel that survived the huge stresses. As with the Haber-
Bosch process, unreacted gases were recirculated to the
converter through a closed loop. The yield of ammonia
was around fifteen to eighteen per cent, compared with
five to eight per cent for the Haber-Bosch process. The
use of ordinary steel in Casale’s converter was made pos-
sible by the forced cooling action on the inner casing of
the converter shell of the mixed reactant gases, hydro-
gen and nitrogen, that were introduced under pressure
(Figure 1). As a result of the very high pressure, the con-
verter required a less active iron catalyst than needed
for the German process. Surrounding the inner catalyst
chamber was a concentric heat exchanger, providing
heat for the incoming gases. Overheating in the region
of the catalyst was prevented by allowing some ammonia
to remain in the recirculated gases, thereby slowing the
reaction down.

The process, for a given output, used smaller equip-
ment than employed in the Haber-Bosch process. This
also applied to the French process of Georges Claude,
of Air Liquide, which was worked at 1,000 atmospheres.
Moreover the energy requirements in the Casale and
Claude processes were not much greater than required
in units that were operated at considerably lower pres-
sures. A major difference with Claude’s high-pressure
process was that the latter, as a result of its design, which
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Figure 1. Casale ammonia converter (reactor), 1920s. Key: 1, gas
(nitrogen-hydrogen) inlet; 2, 2} concentric annular spaces, divided
by corrugated partition; 3, electrical heater; 4, catalyst space; 5,
ammonia and unreacted nitrogen-hydrogen outlet. Redrawn from
A. Miolati, Synthetic Ammonia and the Casale Process. Amplified
edition of a lecture delivered the 27" February 1927 at the Institute
of Chemistry of the Polytechnic School of Prague (transl. G. Impal-
lomeni, 2009). “L'Universale” Tipografia Poliglotta/ Ammonia Casale
SA, Rome, 1927, p. 24.

involved passage of reactant gases through a series of
converters (without recirculation), required special
steels in order to withstand the severe operating condi-
tions. One important advantage of the two eponymous
very high-pressure processes of Casale and Claude was
that they gave directly anhydrous ammonia, in contrast
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to processes carried out under Haber-Bosch conditions
which required expensive refrigeration equipment to
achieve an anhydrous product.

Casale erected a pilot plant in an old iron works
belonging to the Terni steelworks company (from 1922
Societa per I'Industria e I'Elettricia Terni). In April 1921,
he founded Ammonia Casale SA, in Lugano, Switzer-
land, which soon licensed the technology to entrepre-
neurs, companies, and state organisations in Japan and
Europe. Though patents were filed in the United States,
there was little interest in Casale’s and other synthetic
ammonia processes. America was well supplied with
nitrogen products, through entrenched businesses and
processes. Here we need to understand the background
to the nitrogen fertilizer market in the United States.

NITROGEN PRODUCTS IN THE UNITED STATES

Three products enabled self-sufficiency in nitrogen
compounds for use as fertilizers, and contributed to a
healthy export trade in ammonium sulphate. The sul-
phate was the main nitrogen fertilizer, produced from
the ammonia from by-product coking ovens that were
rapidly replacing the beehive ovens from which valuable
products were lost. In 1925, the United States ammoni-
um sulphate capacity from many of the 10,000 by-prod-
uct coking ovens was “well over 600,000 tons.” Import-
ed Chilean nitrate was widely used as fertilizer, notably
in citrus growing regions. The third important source
of fertilizer nitrogen was calcium cyanamide, as manu-
factured by the American Cyanamid Company on the
Canadian side of the Niagara Falls from 1910.

During 1924-1925 the import of Chilean nitrate into
the United States grew considerably, including through
the involvement of the increasingly diversified Du Pont
company. From the nitrate, Du Pont manufactured
nitric acid, which was essential in production of explo-
sives, dyes, and other products.

There was a new route to nitric acid, much used in
Europe: catalytic oxidation of ammonia (the Ostwald
process). Conversion of ammonia derived from cyana-
mide and from coking ovens into nitric acid using this
process had been achieved just prior to World War I by,
respectively, American Cyanamid, at Warners, New Jer-
sey, and the Solvay Process Company, at Syracuse, New
York. However the earlier method of making the acid
starting with Chilean nitrate was generally favoured
for both economic and technical reasons until the late
1920s. This is one reason why Du Pont had a not incon-
siderable interest in the Chilean nitrate industry.
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Ammonia for Refrigeration

In contrast to the situation in postwar Europe and
Japan—where the synthetic ammonia industry was often
backed by government self-sufficiency programmes relat-
ed to both fertilizers and explosives—the early interest
in synthetic ammonia in the United States was in sup-
plying the more restricted refrigeration market. Ammo-
nia was used as an industrial refrigerant well before
World War I, notably by Armour & Company of Chi-
cago that was involved in meat packing and storage. The
coal gas manufacturers were sources of aqua ammonia
(ammonia water) used to produce the anhydrous ammo-
nia for industrial refrigeration. Anhydrous ammonia
was shipped in cylinders. From around 1890, the Harris-
burg Pipe & Pipe Bending Company manufactured the
cylinders from hand-welded steel pipes. After 1910, fol-
lowing the lowering of an import tariff, seemless high-
pressure gas cylinders made by Mannesmann in Ger-
many were imported into the United States. Harrisburg
responded by producing a quenched and drawn heat cyl-
inder of lighter weight, which could be handled by one
man, instead of two as previously. In 1923, the produc-
tion of anhydrous ammonia used in industrial refrigera-
tion came to 23,966,000 pounds, valued at $6,415,000.”
Domestic refrigerators that relied mainly on sulphur
dioxide for cooling were introduced later in the 1920s.8

Armour had pioneered large scale long-distance
transportation of otherwise perishable foodstuffs in
refrigerated railroad cars. This was far more important
than in Europe, where transportation involved much
shorter distances, and in generally cooler climates.
Brewers were among the other important consumers of
ammonia for refrigeration.

The leading distributor in the east was the National
Ammonia Company, of St Louis, formed in 1889 at the
initiative of Edward Mallinckrodt, of the Mallinckrodt
Chemical Works, by merger of five large producers of
ammonia (subsequently other companies in the ammo-
nia business were acquired). By the early 1900s there
were factories in both St Louis and Philadelphia, and
branches in Canada and Australia, offering both anhy-
drous and aqua ammonia. On the west coast, the Pacific
Ammonia & Chemical Company, managed by Robert P.
Greer, monopolised the market in anhydrous and aqua
ammonia. Pacific Ammonia, founded in San Francisco
in the 1890s, moved its manufacturing base to Seattle
in 1908-1909. By 1920, it was represented by agencies in
Japan, China, the Philippines, the Hawaiian Islands, and
British Columbia. In 1922, Pacific Ammonia became
associated with National Ammonia; the two stockholders
in Pacific Ammonia, with almost equal holdings, were
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National Ammonia and Robert Greer. National Ammo-
nia retained its strong interest in distributing ammonia
to the refrigeration market, but did not compete with
producers and distributors of nitrogen fertilizers.

The FNRL and Its 3-Ton Per Day Ammonia Unit

Despite the range of commercial nitrogen products
available in the United States, interest in high-pressure
ammonia processes and general nitrogen fixation was
certainly not lacking. From March 1919, the role of syn-
thetic nitrogen compounds as fertilizers and in produc-
tion of nitro compounds for munitions were investigated
at the state sponsored Fixed Nitrogen Research Labora-
tory (FNRL) in Washington DC, under the aegis of the
U.S. Army’s Nitrate Division. During 1919, American
military officers visited the BASF ammonia facility at
Oppau, in the French zone of occupation. Though they
were not always welcome, they made useful observa-
tions, and, probably surreptitiously, procured samples
of catalysts, that ended up on the test benches of the
FNRL. In just over half a decade, its staff resolved most
of the chemical and technical problems related to the
ammonia synthesis. Thus, Alfred T. Larson developed a
catalyst similar to that used in the Haber-Bosch process,
no doubt based on analysis of samples obtained from
Oppau, and patents for German recipes. This contrib-
uted to the success of the FNRL in producing synthetic
ammonia, at around 200 atmospheres pressure, draw-
ing on pure hydrogen obtained by electrolysis of water
in cells provided by the Electrolabs Company of Pitts-
burgh.!?

From 1924, the results of the FNRL were made
freely available to chemical firms and entrepreneurs;
many of its chemists subsequently contributed to the
US synthetic nitrogen industry.!! Larson, for example,
joined Du Pont. The FNRLs 3-ton per day (tpd) syn-
thetic ammonia unit became a model for a handful of
American firms, all working on a small scale. The most
expensive input was hydrogen, for which operators of
the FNRL process relied mainly on by-product hydro-
gen from electrochemical processes in locations where
abundant hydroelectric power was available. First to
adopt the FNRL process, in 1924, was the Pacific Nitro-
gen Corporation, at the Seattle works of Pacific Ammo-
nia (then associated with National Ammonia). The entire
installation was erected under the supervision of FNRL
staff. In this case, dedicated cells produced the hydro-
gen, which was far more costly than by-product hydro-
gen. Next, during 1924-1925, was the Mathieson Alkali
Works, at Niagara Falls, followed in 1926 by the Roessler
& Hasslacher Chemical Company, also at Niagara Falls
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(Table 1).!> These firms manufactured ammonia for the
refrigeration market or for use in production of other
chemicals. Thus, Roessler & Hasslacher relied on in-
house by-product hydrogen from electrolytic produc-
tion of sodium, and used the ammonia to manufacture
sodamide (sodium amide), for its sodium cyanide pro-
cess. The small scale of working with FNRL type units,
as compared with manufacture in Europe and Japan, did
not permit economic production of nitrogen fertilizers.

At best, the FNRL had aided in the creation of a
minor branch of chemical industry. However, nitro-
gen fertilizers based on synthetic ammonia required
large-scale operations and economies of scale. This was
achieved in Europe by merging the two cultures of engi-
neering and chemistry. Ammonia Casale SA was a front
runner in this endeavour.

CASALE IN AMERICA

Here we turn to the story of the introduction into
the United States of the Casale ammonia process. Luigi
Casale not only promoted and, unlike BASF, licensed his
process but also served as a contractor, supplying Ital-
ian made converters, compressors, and associated equip-
ment to clients. At first there were no rivals: Claude’s
process faced difficulties with converters; and the Ital-
ian process of Giacomo Fauser, under Montecatini, was
confined to Italy. The first licensee of Ammonia Casale
SA was Noguchi Shitagau (founder of the Nitchitsu
corporation) in Japan, who met with great success and
within a short time was ordering additional converters.
Casale converters were put to work in Belgium, France,
Switzerland, Spain, and elsewhere.® Figures of nitrogen
consumption in the United States clearly suggested to
Luigi Casale that here was an untapped and potentially
vast market for synthetic ammonia, including for use in
refrigeration. In 1923, following the filing of certain key
patents on his inventions, Casale set about the creation
of a new enterprise, Niagara Ammonia Company, Inc.,
established in New York City. This American branch of
Ammonia Casale SA would not only engage in licens-
ing arrangements and the supply of equipment, but
would also undertake manufacture on American soil,
using converters and compressors imported from Italy.
Casale’s Niagara Ammonia would not only be a show-
piece for Americans to admire, but its product, usefully,
would not be subject to import tariffs on ammonia.

Ammonia Casale SA also established in New York
The Ammonia Corporation (Figure 2). It retained own-
ership of the Casale patents in the United States." Also
involved, as an assignee jointly with Luigi Casale of cer-
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Table 1. Synthetic ammonia facilities, United States, 1927.
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Name Location and process

Yearly nitrogen
equivalent in tons
(based on 350-day

Rated daily capacity, Daily operating rate,
tons of ammonia  tons of ammonia

operation)
Atmospheric Nitrogen Corp. Syracuse, NY (SOIV3¥/Allled)’ General 30 30 7,750
Chemical
Lazote, Inc. (Du Pont) Charleston W. Va. (Belle), Claude 25 15 4,350
Mathieson Alkali Works Niagara Falls, NY. 3 tpd in 1925, 10 10 2,900
American
Niagara Ammonia Company (to Du .
Pont, 1927; ceased operating July Niagara Falls, NY, Casale 13 (17) 8 1,250 (approximately

1927)
Roessler & Hasslacher Chemical Co.

six months)

3 (increased to 9

(to Du Pont 1930) Niagara Falls, NY, American tons, 1928) 3 865

?;;;ﬁ)c Nitrogen Corp. (to Du Pont Seattle, Washington, American 3 3 865

Great Western Electrochemical Co. Pittsburg, California, American 1 1 290
Converted to

Commercial Solvents Corp. Peoria, Ill. Southwest of Chicago, 15 0 methanol, shortly

American

after inauguration in
1927.

Sources: F. A. Ernst, Fixation of Atmospheric Nitrogen, Chapman & Hall, Ltd., London, 1928, p. 121. E A. Ernst, E C. Reed, W. L. Edwards,
“A Direct Synthetic Ammonia Plant,” Industrial and Engineering Chemistry, August 1925, 17(8), 775-788. Editorial, Industrial and Engineer-
ing Chemistry, August 1925, 17(8), 772. E A. Ernst, M. S. Sherman, “The World’s Inorganic Nitrogen Industry,” Industrial and Engineering
Chemistry, February 1927, 19(2), 196-204, on 199. Notes: American = based on the Fixed Nitrogen Research Laboratory (FNRL) method.
The original source of hydrogen at Syracuse was water gas, until May 1927, when in house by-product hydrogen became available. Nia-
gara Ammonia Company used its electrolytic cells for generating hydrogen, as well as purchasing by-product hydrogen from the adjacent
Hooker Electrochemical plant. Pacific Nitrogen used electrolytic hydrogen from its dedicated cells; Mathieson and Great Western used by-
product electrolytic hydrogen. Commercial Solvents used by-product hydrogen from fermentation.

tain of Casale’s patents, was René Leprestre, who was
based, in part at least, in New York. The Ammonia Cor-
poration assigned patent rights and provided funding
to Niagara Ammonia; they were to share any licensing
compensation.

Reports of successful operation of the Casale process
must have gone a long way towards convincing Ameri-
can investors, especially those with interests in electrical
power, to back Casale. As a result, the principal external
backer was the Electric Bond & Share Company, a major
utilities trust originally founded by General Electric in
1905.1°

Around four-fifths of both preferred and common
stock in Niagara Ammonia were held by The Ammonia
Corporation, while around one-fifth of the stock was
held by Electric Bond & Share, represented by the bank-
er and entrepreneur Henry J. Pierce (1859-1947).!° The
Electric Bond stock was held in the name of nominee
Frank L. Smiley (1871-1948) a dealer in utilities stocks.
Ammonia was in some ways an unusual investment for
Electric Bond & Share, which was mainly involved in

power stations and electrical infrastructure, including
interurban and street railways. However, the chemical
industry was a major, and rapidly growing, consumer
of electricity, and synthetic ammonia, which relied on
electrically powered machinery, no doubt offered a novel
area for diversification. (The interest in synthetic ammo-
nia at Electric Bond & Share, later EBASCO, continued
until well after World War I1.)

Other investors included the New York stockbroking
houses A. Iselin & Company, which had close connec-
tions with Europe, and H. T. Carey & Company. There
was also David Barker Rushmore, an engineer formerly
at General Electric, and an enthusiast for hydroelectric
power generation. In 1923, Rushmore published the sec-
ond edition of a book, co-authored with Eric A. Lof, on
power stations.!” In the same year, Lof drew up a report
on atmospheric nitrogen fixation. The Iselin firm held
the stock certificates of Ammonia Casale SA investments
in the United States.

To all intents and purposes, the aspirations of The
Ammonia Corporation were based on a business plan
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Figure 2. Stock certificate, The Ammonia Corporation, preferred stock, assigned to A. Iselin & Co., 30 July 1923. Iselin held the stock cer-
tificates of Ammonia Casale SA holdings in The Ammonia Corporation and the Hydro-Electric Chemical Company. From: The Ammonia
Corporation, A Preferred Stock. Records of E.I. Du Pont de Nemours & Co. Absorbed companies. Manuscripts and Archives Department,
Hagley Museum and Library, Wilmington, Delaware, Accession 500, series II, part 1, box 67. Author’s photograph. Reproduced with per-
mission.

aimed at marketing the Ammonia Casale brand in
North America, underpinned by proven success, and
patent protection. In terms of rated converter capacity,
of around 7-8 tpd, the Casale process certainly offered
far more than the processes based on the Fixed Nitro-
gen Research Laboratory’s 3-tpd unit, which in 1923 had
not yet been introduced on an industrial scale, and the
then problematic Claude process. The only viable rival
was the General Chemical Process, of Allied Chemical,
which was confined to Solvay operations at Syracuse
(See next section). The Ammonia Corporation, it must
have seemed, stood to benefit from growth in demand
for nitrogen products, including, the founders probably
anticipated, the fertilizer market, that would bring in
substantial royalties following the signing of licensing
agreements. This differed from arrangements elsewhere,

in which sole licenses for given countries or geographi-
cal regions were sold to chemical manufacturers, with-
out, it appears, direct investment from Ammonia Casale.

THE GENERAL CHEMICAL PROCESS

The first attempt to introduce a catalytic high-pres-
sure synthetic ammonia process in the United States
was made by the General Chemical Company (a con-
solidation of twelve companies established in 1899), just
prior to the outbreak of war in Europe. Much interest
had been generated after the demonstration by BASF of
Haber’s method at the Eighth International Congress
of Applied Chemistry, held in New York in 1912. This
was followed by careful scouring of the available litera-
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ture and patent applications concerning the process. At
General Chemical, Frederick W. de Jahn and colleagues
developed a process similar to that of BASF, and discov-
ered an iron catalyst incorporating sodamide. The com-
pany put together a small pilot plant during 1915-1916.
Subsequent government supported wartime experimen-
tal work based on the process was not successful. How-
ever, by 1919 these studies enabled General Chemical
chemists to overcome several technical problems, includ-
ing a suitable steel for the converter shell, and devise an
improved catalyst.'®

In late 1919, General Chemical and the Solvay Pro-
cess Company brought together their interests in syn-
thetic ammonia through the Atmospheric Nitrogen
Company, in order to set up an ammonia unit at Solvay’s
Syracuse works.

The development of the General Chemical process
benefitted greatly from the free exchange of technical
information between Solvay Process and the British firm
Brunner, Mond & Company, in accord with arrange-
ments dictated by the Belgian licensor of the Solvay
ammonia-soda process, Solvay et Cie. This included
details of the catalyst used in the Haber-Bosch process,
samples of which were taken by Brunner, Mond investi-
gators during their visits to Oppau in 1919.1°

In 1920, General Chemical, Solvay Process, and five
other firms, including National Aniline & Chemical (a
merger of four firms dating from 1917), were absorbed
into a new behemoth, Allied Chemical & Dye Corpora-
tion. This was one of the first major interwar mergers in
the chemical industry, preceding those that led to I.G.
Farben (1925), and Britain’s ICI (1926). It was in many
ways a response to concerns arising from the fact that
Du Pont and BASF had begun discussions on the open-
ing of a Haber-Bosch facility in the United States, much
to the chagrin of General Chemical and Solvay Process,
who were anticipating collaboration with BASF in a
similar venture. In the end, Du Pont failed in its deal-
ings with BASF, and for a while lost interest in synthetic
ammonia.?

On 8 August 1921, Atmospheric Nitrogen started
up what became known as the General Chemical syn-
thetic ammonia process at Syracuse. The initial rated
output was 9-tpd. The source of hydrogen was water
gas, obtained by the reaction between steam and red
hot coke, the latter available from Semet-Solvay coking
ovens. This followed the success of BASF and Brunner,
Mond with water gas processes.

Nitrogen was initially obtained by air liquefaction.
In September 1921, William Henry Nichols, chairman
of Allied Chemical, “caused a deal of surprise” when he
announced this considerable achievement at a luncheon
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during the American Chemical Society’s 62nd meet-
ing, held at Columbia University.*! In 1922, however,
the German observer Bruno Waeser suggested that the
process was facing technical difficulties.?? Moreover, the
Syracuse anhydrous ammonia was not at first well suit-
ed to refrigeration due to the presence of impurities, as
a result of which distillation equipment had to be intro-
duced. Some ammonia was probably used to produce
sodamide for the Allied Chemical synthetic indigo pro-
cess, and for manufacture of sodium cyanide. Its poten-
tial for use in the Solvay ammonia-soda process was also
significant.

Published figures of the rated annual output of Syra-
cuse ammonia indicate growth from 3,000 tons in 1921
to 7,750 tons in the mid-1920s.2* This increase took place
following the decision of the head of Allied Chemical,
Orlando Weber, to invest heavily in synthetic ammonia
and inorganic products at the expense of dyes and other
organic chemicals.?* Allied Chemical’s ammonia pro-
cess was not made available for licensing. By 1925, Allied
Chemical had embarked on construction of a large syn-
thetic ammonia facility, using the modified General
Chemical process, at the new Hopewell, Virginia, fac-
tory of Solvay Process. It opened in late 1928, and relied
for hydrogen on water gas made from coke brought in
from Allied’s remote coking ovens. The first product
made at Hopewell was anhydrous ammonia, soon fol-
lowed by the fertilizers ammonium sulphate and sodium
nitrate. For the first time in the United States, economies
of scale enabled synthetic ammonia to compete in the
agricultural fertilizer market with Chilean nitrate, cok-
ing oven and gas works by-products, and calcium cyana-
mide.

According to historian of the US chemical indus-
try Williams Haynes the Syracuse ammonia unit con-
tinued in service, as had been the case earlier, as a pilot
facility for process development, while markets for syn-
thetic ammonia were being investigated.?> However,
with downsizing, following construction at Hopewell,
there was an alternative source of hydrogen at Syracuse.
From May 1927, the new Solvay electrolytic plant there
supplied by-product hydrogen for the synthetic ammo-
nia unit, in addition to chlorine for dye manufacture at
the nearby factory of National Aniline (part of Allied
Chemical), and caustic soda for local manufacturers of
artificial silk (viscose). For development purposes, there
were advantages in employing electrolytic hydrogen. It
was pure, unlike that from the water gas process (which
required extensive purification to prevent poisoning of
catalyst). Also, reliance on electrolytic hydrogen permit-
ted intermittent, small-scale, operation, unlike the coke-
based processes. These factors were also important in
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deciding the source of hydrogen at the FNRL, and also
at Casale’s American factory. The Syracuse experimental
unit continued to operate until well into the 1930s.2

AMMONIA CASALE SA IN AMERICA

The function of the Niagara Ammonia Company, as
its name might suggest, was to operate the Casale pro-
cess at Niagara Falls, the hub of the US electrochemicals
industry. In this connection there was also an associ-
ated Casale enterprise, again with the close involvement
of Electric Bond & Share, the Hydro-Electric Chemi-
cal Company, founded in Maine in July 1923 (Figure
3). Hydro-Electric’s holding company was the Chemical
Investment Corporation, also established in 1923 (Table
2).%” The president of Hydro-Electric Chemical was Hen-
ry J. Pierce, again representing Electric Bond & Share.
Among the investors (and later a director) was the New
York lawyer Josiah Turner Newcomb, the special coun-
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cil for Electric Bond & Share. A director, and holder of a
single share, was René Leprestre. The interests of Electric
Bond & Share and Ammonia Casale in America were
now closely intertwined. Together they embarked on an
ambitious venture aimed at dominating certain novel
and emerging sectors of the US chemical industry, based
on electrochemicals and high-pressure technology.

Colonel Frederick Pope

The president of both The Ammonia Corporation
and Niagara Ammonia was the Harvard educated chem-
ical engineering consultant and entrepreneur Colonel
Frederick Pope (1877-1961), a resident of New York.28
Before 1914, following stints in mining operations,
including in South Africa, Pope had studied aromatic
nitro compounds, those used to make modern explosives
and synthetic dyes. During World War I, it was later
claimed, he opened the first new American synthetic dye

Figure 3. Stock certificate, Hydro-Electric Chemical Company, preferred stock, in the name of the Casale Ammonia Company (often used
in English language documents for Ammonia Casale SA), 1 August 1923. From: Hydro-Electric Chemical Company, Stock Certificate book,
1923-28. Records of E.I. Du Pont de Nemours & Co. Absorbed companies. Hagley Museum and Library, Wilmington, Delaware, Accession
500, series II, part 1, box 848. Author’s photograph. Reproduced with permission.
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Table 2. Ammonia Casale SA investments in the United States, 1923-1927.

Holding corporation Affiliate

Place and year of
foundation

Date of transfer of stock to

Du Pont Fate

The Ammonia Corporation
Niagara Ammonia Co., Inc.
Chemical Investment

New York, 1923
New York, 1923

May-June 1927
May-June 1927

Bankrupt, February 1928
Bankrupt, February 1928

. 1923 1927
Corporation
Hydro-Electric Chemical . October 1927 (to Lazote
Company Maine, 1923 December 1927)
Notes:

The Ammonia Corporation: In 1923, Ammonia Casale SA held 2,000 shares of preferred stock, and 3,050 shares of common stock, in The

Ammonia Corporation.

Niagara Ammonia Co., Inc.: The second largest stockholder was Frank L. Smiley, nominee for Electric Bond & Share Company, whose

holdings were transferred to Du Pont in May 1927.

Hydro-Electric Chemical Company: The authorised capital was $750,000, with 20,000 shares non par. Ammonia Casale SA held 2,125 of
preferred stock, and 7,840 of common stock. The Chemical Investment Corporation, the holding company for Hydro-Electric Chemical,
held 5,000 preferred stock, out of a total of 7,500 (later increased to 9,000), and 10,191 common stock. A major stockholder in the Hydro-
Electric Chemical Company was Bonn & Co., whose holdings were transferred to Lazote in 1929.

factory, prior to specialising in gas warfare in the United
States and France. In 1918, before the cessation of hos-
tilities, he took from England to the United States details
of the technology for producing mustard gas by the Lev-
instein process, which was taken up at Edgewood Arse-
nal. In 1919, he was among the technical experts who
visited German chemical factories, in his case twice, to
follow up developments in organic chemical and dye
manufacture and the production of toxic chemicals.
Pope’s brief published account does not indicate the sites
that he visited, though they probably included the syn-
thetic ammonia facility of BASF at Oppau.?’ His Chemi-
cal Warfare Service colleague Theodore Sill visited
Oppau, which he described as a wonder of modern tech-
nology. What Pope saw or heard about Oppau must have
aroused in him an interest in the potential for high-
pressure industrial chemistry.*® Above all, it was Colonel
Pope’s status as an experienced entrepreneur, with an
extensive network of contacts, that recommended him to
the American Casale enterprise.

HYDROGEN FOR NIAGARA AMMONIA

As with all synthetic ammonia processes, the main
operational cost was associated with production of
hydrogen, at first obtained by electrolysis in locations
where abundant hydroelectric power was available. On
the United States side of the Niagara Falls firms such as
Hooker Electrochemicals manufactured chlorine, alkali
and chlorinated organic compounds, as well as making
available by-product hydrogen, from its electrolysis pro-
cess. In 1918, Hooker first supplied hydrogen to a joint

enterprise, Hydrofats., Inc., for hardening vegetable
oils.?! Hydrofats, located on Hooker’s land next to the
latter’s Niagara Falls factory, ceased operating in 1922.
In the following year, the former Hydrofats site was
leased by Hooker to Niagara Ammonia, whose directors
included Willard E. Hooker, youngest son of the founder
of Hooker (Elon Huntington Hooker, 1905).

In November 1923, a contract with Electrolabs for
purchase of a hundred and sixteen of its 5,000 amp cells,
including their installation, at a cost of $40,356, was
approved, as was a contract with the General Electric
Company for “motor generators, exciters, switchboards,
etc., being the complete apparatus to furnish direct cur-
rent at the proper voltage to the cells, for the sum of
$45,308:00.” Niagara Ammonia director A. E. Bonn,
previously at American Cyanamid, reported that the
Electrolabs cells at the FNRL “had been entirely satisfac-
tory.” (Bonn, through Bonn & Company, was an inves-
tor in the American Casale enterprises.) Also, it was
reported that the two-month old Casale ammonia plant
in Japan was so successful that an order had been placed
for two additional converters, each with a rated daily
capacity of 7 % tons of ammonia. Hydroelectricity from
the Niagara Lockport & Ontario Power Co. (which was
independent of Electric Bond & Share) drove all machin-
ery at Niagara Ammonia, including compressors and
circulation pumps, and provided power for the electro-
lysers. Niagara Lockport also supplied electricity to the
Syracuse factory of Solvay Process.

The source of nitrogen for the ammonia process
was based on another of Luigi Casale’s inventions, the
removal of atmospheric oxygen from air by its reaction
with hydrogen, the so-called burning of air.*?
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To protect the considerable investment in high-
pressure chemistry, that would soon reach well over
half a million dollars, the board of Niagara Ammonia
discussed acquisition of a license for a German syn-
thetic ammonia process from the Chemical Founda-
tion, Inc., which held sequestered German patents on
a number of nitrogen processes as well as on synthetic
organic chemicals.*® This would be of value to Niagara
Ammonia should the Casale patents in the United States
come under threat through litigation arising from pat-
ent disputes. The precaution was justified. This was still
the start-up period, based on a relatively new industrial
technology, with unknown risks, at least in the United
States: “It was the consensus of opinion that approval to
the taking out of that license [from the Chemical Foun-
dation] should be be given only as a measure of defense,
since the Casale patents under which this Company
would operate, have not as yet been the subject of judi-
cial determination and there are certain claims which
might give rise to litigation and the consequent expense
and loss... approval was deemed wise as a matter of busi-
ness precaution.” The drawing up of a contract with the
Chemical Foundation was “unanimously approved.”*

In December 1923, Frederick Pope, in his role as
president of Niagara Ammonia, reported that progress
in construction work at the Niagara Falls site was satis-
factory. The first consignment of machinery had arrived
from Italy. Bonn advised that there might be some delay
in receiving a second seaborne shipment of machinery
from Italy, and that there “is a substantial amount of
machinery on the third boat.”*> The machinery included
Casale converters, probably manufactured at the Terni
steelworks. An alternative source was the Italian works
of Armstrong SA, a subsidiary of the British engineer-
ing firm Armstrong Whitworth, at Pozzuoli, in southern
Italy, that manufactured Casale converters for instal-
lation at the Nera Montoro synthetic ammonia factory,
located near Terni.*® Also from Italy were the special
high-pressure compressors, manufactured by the firm
of Pignone, of Florence, and circulation pumps. In 1922,
Pignone introduced the first commercial multistage
compressor suited to the synthesis of ammonia under
Casale’s operating conditions.

During May 1924, Niagara Ammonia first received
by-product hydrogen from Hooker.’” Though Niagara
Ammonia intended to generate its own supply of hydro-
gen from the in-house electrolysers, the availability of
hydrogen from Hooker was a useful reserve supply.

On July 30, Pope reported that this was the first
occasion when he could report actual production, “the
plant having operated off and on during the month of
July, making about 72,000 pounds of ammonia, which
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at 15¢ a pound, amounts to $10,800.” The monthly bill
for hydrogen was approximately $5,000. The payroll was
about $4,000, and cost of supplies $600. Pope believed
that “the plant profit, excluding overhead and sales
expenses, could be about $1,000.738

However, Niagara Ammonia was forced to delay sale
of its anhydrous ammonia until quality issues had been
dealt with. Pope drew attention to the fact that for use as
refrigerant the anhydrous ammonia was unacceptable to
an important potential customer, and distributor, Armour
& Company, “as it contained more than the allowable per-
centage of water and foreign gases.” This difficulty could
be overcome by the installation of a distilling apparatus,
costing between ten and fifteen thousand dollars. The
decision to install suitable distillation equipment was
based on a report from D. T. Kiley of Armour & Compa-
ny, whose chief chemist, J. R. Powell, visited the Niagara
Ammonia factory. Kiley’s report revealed the difficulties
involved in producing ammonia for the refrigeration mar-
ket, and not just at Niagara Ammonia.

Our chief chemist, Mr Powell, has returned from Niaga-
ra Falls and I am enclosing to you a copy of his report.
You will see that it is going to be necessary for you to put
in another still. The Syracuse people [Allied Chemical/
Solvay Process] had the same trouble and their ammonia
was condemned by the trade until after they had installed
an extra still to put out an anhydrous ammonia that was
equal to that made by other manufacturers.

I know that you will go into this at once, as you person-
ally know that should we send out any ammonia that
was not fully equal to that made at Syracuse, the Niagara
ammonia would get a ‘black eye’ that would take a long
while to get over and our competitors would take advan-
tage of it. You may rest assured that the first ammonia we
put out will be watched closely and they will all be buy-
ing cylinders and testing the ammonia and if it isn’t ‘up
to snuff’, you can bet the consumers are going to know
about it through them.

Powell found contamination of the anhydrous prod-
uct with moisture and foreign gas that was three or four
times greater than required of an ammonia suited to the
exacting requirements of the refrigeration market. An
Italian representative of Ammonia Casale had been on
hand during Powell’s visit and “seemed thoroughly con-
vinced that the source of the water was the accidental
introduction of small amounts of oxygen with the gases
before they entered the system.”*

Colonel Pope observed that Henry Pierce, as a
member of the Niagara Ammonia board, “has been
of great service to the company while abroad, in urg-
ing Dr. Casale to come to the United States the middle
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of August, and in following the delivery of the Italian
machinery for the third unit of our plant.” If the three
units were identical, this indicates, on the basis of pub-
lished reports of rated capacities, that each one was of
around 7-tpd capacity. On the same occasion, funds
were approved for completion and “tuning up” of the
first unit.*

Not long after, Luigi Casale visited the United States
to deal with his business interests there. According to
Casale’s professor, Arturo Miolati, Casale attended an
event with Fritz Haber in New York, which must have
been around the time of the Benjamin Franklin cente-
nary celebrations, held in Philadelphia during September
17-19, where Haber was a speaker.*!

CHANGES AND CHALLENGES AT NIAGARA
AMMONIA

The Departure of Fredrick Pope

On 14 November 1924, Colonel Frederick Pope ten-
dered his resignation, as president, of Niagara Ammo-
nia, and apparently of other Casale interests, and was
replaced by Henry Pierce. On the same occasion, antici-
pating substantial investment in scaling up, or at least in
making improvements, it was resolved that the “presi-
dent be authorized to borrow from The Ammonia Cor-
poration the sum of $150,000, in such amounts as might
be required, upon this company’s notes, at the rate of 6%
per annum.”? By early 1925, Willard Hooker had been
appointed a vice president of Niagara Ammonia.*?

Pope perhaps foresaw difficulties, including the great
expense of generating hydrogen from electrolysers at the
Niagara Falls operation.** That may have suited Europe
and Japan, where strong political and strategic commit-
ments and local and state support were significant fac-
tors in the adoption of hydroelectric power. In the Unit-
ed States, electricity, though widely available, was expen-
sive. Very few additional electrolysers were installed
at Niagara Ammonia. The actual output of synthetic
ammonia never exceeded 8-tpd, which was considerably
less than the combined rated capacities of the converters.

Lured away by new challenges, Pope’s experience at
Niagara Falls, and of the new synthetic ammonia tech-
nology of Luigi Casale, was timely and put to good use.
Pope became involved in the Nitrogen Engineering
Corporation (NEC), founded in 1926, which offered an
ammonia converter based on a process that was far bet-
ter adapted to large scale production than the so-called
“American” process of the FNRL. The co-inventors of
the NEC process, Louis C. Jones and Major Charles O.
Brown, had previously been employed by Allied Chemi-
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cal. Pope also became associated with the Chemical
Construction Company (Chemico), an engineering
firm based in Charlotte, North Carolina, that in 1929
acquired NEC, and held patents on novel catalytic pro-
cesses, including the Selden vanadium catalyst for sul-
phuric acid, and that had developed a process for oxida-
tion of ammonia to give nitric acid. In 1930, Chemico
was acquired by the American Cyanamid Company.
Cyanamid’s Chemical Construction Corporation (still
referred to as Chemico), offered design and construction
services for high-pressure plant, and other equipment.
Around 1930, Pope was involved in introduction of the
NEC process in the Soviet Union, perhaps after convinc-
ing the Russians that it was better suited to their condi-
tions than the Casale process (which was introduced at
one site in Russia in 1928). In June 1932, at a time when
the Soviet Union was anxious to gain diplomatic recog-
nition from the United States, the Russians managed to
gain his assistance.** However, Pope’s relationship with
the Russians was not smooth. He ceased dealing with
them in 1934.%¢ Later, he was closely associated with
attempts to introduce American Cyanamid’s (Chemico)
chemical technologies in China, Mexico, Egypt, and
elsewhere.

The Hydro-Electric Chemical Company and the Liljenroth
Process, and Royalties on Ammonia

In 1924, an interest in production of mixed nitro-
gen-phosphorus fertilizers, and at the same time a new
source of hydrogen, led Hydro-Electric to back the elec-
trothermal phosphoric acid-hydrogen method of Frans
Georg Liljenroth, of Stockholm, Sweden. Phosphorus,
produced by reduction of phosphate rock in an electri-
cally heated furnace, was reacted with steam to afford
phosphoric acid and hydrogen. The Phosphorus-Hydro-
gen Company had been established in New York to pro-
mote the process in the United States, and during 1925
began experimental work at the Niagara Ammonia fac-
tory. Chemist Thomas Edward Warren, who worked at
Niagara Falls on the Swedish process in 1925, recalled
that the intention was to move away from ammonia for
use in refrigeration towards synthetic fertilizers, in par-
ticular ammonium phosphate, and phosphoric acid, as
well as generating hydrogen from the Liljenroth process
for use in the ammonia process.”’ However, the Liljen-
roth process was not taken up in practice.

Hydro-Electric, like Niagara Ammonia, also pro-
moted the Casale process. One item in its correspond-
ence file is of interest for revealing the royalty rates, and
also the difficulty in finding licensees. During 1925, the
royalty on the Casale process was fixed at 5 dollars per
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ton. On 9 December 1925, the board of Hydro-Elec-
tric discussed a reduced royalty, to be “granted by this
Company at any time within two years from and after
the date of this meeting, the royalty rate to be fixed ...
at not less than 0.4¢ per pound of NH;.” Board member
Charles Hardy voted against this proposal because he
considered that it was not good for business to reduce
the royalty rate from 5 dollars per ton until the latter
“had been refused by some of the prospective licensees”
(of which there were few, if any).*®

The discussion on royalty rates had been stimulated
by the abrupt 50 per cent fall in the price of anhydrous
ammonia late in 1925. The price of aqua ammonia also
fell, though less sharply. This encouraged widespread
oxidation of ammonia into nitric acid, and the use of
the acid in manufacture of sulphuric acid, in particular
using processes developed by Du Pont and Chemico.*
However, this hardly helped Niagara Ammonia and other
companies that relied on sales of synthetic ammonia for
the industrial refrigeration market. They had a hard time
matching the price of ammonia from the other sources.>
By 1926, the ammonia suppply industry in general was
suffering from severe competition and a glut. The Niaga-
ra Ammonia Company, operating at less than half capac-
ity, faced an uncertain future, and not just as a result of
an increasingly difficult trading environment.

In March 1926, at a meeting of the directors of Nia-
gara Ammonia, it was revealed that the company was in
debt to the tune of $600,000, for one loan, and $25,000,
for a second loan, to The Ammonia Corporation. The
repayment dates for both loans were extended from April
Ist to May 20th.>' On May 17th, the redemption date was
extended until July 20th.5? These and other heavy debts
owed to The Ammonia Corporation would remain on the
books. This state of affairs arose from the precariousness
of Niagara Ammonia’s situation in 1926. It was facing
heavy losses, apart from those arising out of substantial
cuts in the price of anhydrous ammonia. For various rea-
sons, the daily output target could not be met. Though
there were plans to enter into the nitrogen fertilizer busi-
ness at Niagara Ammonia, the facility was too small to
compete with the major producers of nitrogen products
for agriculture. As with the operators of FNRL units,
the scale of working with electrolytic hydrogen was both
limiting and expensive. By 1926, the main investors had
sunk well over half a million dollars into the venture and
had seen no return. Debts were mounting up, and, with
the reduced price of ammonia, a turn to profitability did
not seem likely. Investors must have been wary of inject-
ing additional funds into an enterprise that was con-
fronting several challenges, including from a new, and
powerful, player in the industry.

67

DU PONT AMMONIA

Du Pont’s interest in synthetic ammonia was revived
early in 1923, following somewhat exaggerated claims
concerning the Claude process made by a representative
of Air Liquide to Du Pont’s Norwegian born and Ger-
man trained Fin Sparre, director of the Development
Department, and head of much of the corporation’s
diversification programme. Sparre had previously been
against embarking on manufacture of synthetic ammo-
nia, though he expressed a strong interest in oxidation of
ammonia to nitric acid. What impressed him now was
the high yield achieved at pressures far greater than used
in the process of Allied Chemical, possibly sufficient
to make the latter obsolete, and the potential of cata-
lyzed high-pressure technology.® Samuel K. Varnes of
Du Pont, writing in 1947, observed that when in Octo-
ber 1923 a Du Pont commission travelled to Monterau,
France, to investigate Claude’s pilot plant they were
somewhat disappointed.>* Claude advised Du Pont that
his process was not yet fully developed. The first steel
converters were incapable of withstanding the severe
operating conditions. By 1924, major improvements had
been made, with the introduction of special alloys for
the converters. As a result, in the summer of 1924, Du
Pont acquired exclusive US rights to the Claude process
from Air Liquide.”® To formulate a nationwide market-
ing programme, Du Pont also acquired National Ammo-
nia, the major US distributor of ammonia for refrigera-
tion purposes. Du Pont now prepared to repeat its suc-
cess with organic chemicals in the area of nitrogen prod-
ucts.

Du Pont’s stated original intention was to enter the
market for ammonia as refrigerant, distributed through
National Ammonia, and later move into oxidation of
ammonia, to nitric acid, and production of nitrogen fer-
tilizers. National Ammonia would thereby begin to play
a new role in the nitrogen distribution business. On 21
May 1925, jointly with Air Liquide, Du Pont incorpo-
rated in West Virginia the firm Lazote, Inc. Air Liquide
provided 25 per cent of the capital in this partnership.
Fin Sparre was appointed president of Lazote. Construc-
tion work began on an ammonia factory at Belle, East
Kanawha County. Soon after, Du Pont announced that
Georges Claude had on 30 June 1925 received letters
patent 1544373, assigned to Lazote, “covering broadly a
method of conducting the synthetic operation wherein
the pressure-sustaining wall is cooled by the incoming
gases which are preheated by heat exchange with outgo-
ing gases from the zone of reaction.” Tellingly, “Lazote,
Inc., is prepared to enforce its rights under this patent
and prevent infringement thereof.”>®
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A catalyst testing laboratory, under the supervision
of chemical director Roger Williams, and modelled after
that of the FNRL, was installed at Du Pont’s Wilming-
ton Experimental Station. Alfred Larson, as noted pre-
viously at the FNRL, conducted further investigations
at Wilmington. The Belle facility, where hydrogen was
produced from water gas, and nitrogen from producer
gas (blow-run gas, or blow gas), both made from coke,
opened on 1 April 1926. Du Pont announced that it was
represented by its distributor, the National Ammonia
Company.”’

The Claude process did not come up to expecta-
tions.>® There were problems with the high-pressure, or
hyper-, compressors (“hypers”), water gas and gas puri-
fication equipment, liquefaction plant, and converters.>
The rated capacity, of 20-tpd, was difficult to achieve.
Aware of the difficulties, and dangers, including explo-
sions and casualties, Du Pont began to take an interest
in the Casale process, no doubt in part because, hav-
ing invested in hypercompressors, it wished to con-
tinue working with pressures way beyond those used
in other synthetic ammonia processes (all of which Du
Pont intended to outperform). Apart from these consid-
erations, Casale’s process was still the only independ-
ent, well-tried process suited to large scale production
available for licensing in the United States in 1926 (the
German Mont Cenis and the Nitrogen Engineering Cor-
poration processes were new, and the Italian Fauser pro-
cess was in the hands of Montecatini, which had only
just started to consider licensing arrangements). While
access to Casale’s process could have been obtained
through a licensing agreement with The Ammonia Cor-
poration, Du Pont chose another way, acquisition of the
Casale ammonia patents in the United States.

CHALLENGING THE CASALE PATENTS

The way to capture the superior Casale technol-
ogy was to engage in litigation based on a patent suit,
in which it would be argued that the Casale patents
infringed certain of Claude ammonia patents. This
would bring about the downfall of existing interests in
the Casale process in the United States and open the way
for Du Pont’s acquisition of Casale technology. In 1926,
Lazote commenced proceedings against The Ammonia
Corporation and Niagara Ammonia, in Buffalo, New
York State, for patent infringement. Because the claims
in the United States for both processes were construed as
broad, the wording of certain of the Casale patents were
open to attack. This mainly concerned the very high
pressure, considerably greater than that of the Haber-
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Bosch process, which was a feature common to both the
Casale and Claude processes. Du Pont, through Lazote,
pushed for an injunction against Niagara Ammonia’s
operations, in addition to claiming damages.

Niagara Ammonia, totally reliant on Casale tech-
nology, prepared to be tested in litigation. The com-
pany, facing difficulties, financial as well as operational,
and unable to achieve its intended output of ammonia,
was a weak contestant. Though no account of the pro-
ceedings appear to have survived, it is apparent that the
indictment offensive engineered by Du Pont’s high pow-
ered patent lawyers was sufficient to topple the defence.
Matters were brought to a head during the last week of
May 1927. The outcome was an out of court settlement,
at a closed-door meeting, in the favour of Du Pont.*! In
view of the parlous state of affairs at Niagara Ammonia,
what Du Pont offered may even have appealed to some
of those associated with the Casale enterprises. The
arrangement enabled Du Pont to aquire all rights to the
Casale patents in the United States.

Du Pont, by injection of capital, also took over con-
trol of Niagara Ammonia, The Ammonia Corporation,
and Electro-Chemical. A Du Pont press release from the
Publicity Bureau revealed only the acquisition of pat-
ent rights from The Ammonia Corporation.®* A board-
room reshuffle at Niagara Ammonia took place on 27
May 1927, at a meeting held in New York, followed on
the same day by decisions on certain manufacturing
operations at Niagara Falls. Pierce, the president, and
the other Niagara Ammonia directors resigned. Du Pont
senior people were installed in their places, with F. S.
MacGregor as president, and W. S. Gregg as vice presi-
dent.%®* As for The Ammonia Corporation, Pierce and
his co-directors were summarily ousted, and replaced
by Du Pont men, with MacGregor as president.®* The
changes were soon known in the trade. In May 1927,
Herbert Humphrey of Britain’s ICI ammonia facil-
ity at Billingham was on a fact finding mission in the
United States, and was informed of the fate of Ammo-
nia Casale interests.®> By 6 June 1927, the day the trans-
fer of patent rights was announced in the Oil, Drug and
Paint Reporter, Du Pont was in possession of all stock
in Niagara Ammonia.®® This included Electric Bond &
Share’s former substantial interest, as held in the name
of Frank Smiley. Arrangements began for the transfer of
Ammonia Casale stock in Hydro-Electric to Du Pont.®”
MacGregor, Niagara Ammonia’s new president, replaced
Pierce as president of Hydro-Electric.

On the occasion of the May 27 shakeout, MacGregor
recommended sale of the electrolytic plant, including the
Electrolabs cells. Latterly (and perhaps for some time)
the plant had relied on hydrogen purchased from Hook-
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er.8 (The Electrolabs cells remained in place, unused,
until moved to Seattle in 1928; see later.) Undoubtedly,
the high cost of hydrogen was a major contributor to the
losses at Niagara Ammonia. The Niagara Ammonia fac-
tory ceased operating in July 1927.%°

Du Pont made further share transfers and contin-
ued to reshuflle the boards. On 3 October 1927, Ammo-
nia Casale’s stock of 2,125 shares in Hydro-Electric were
transferred to Du Pont, and, in turn, on 22 Decem-
ber 1927 they were transferred from Du Pont to Lazote
(Table 3). Du Pont people elected to the board of Hydro-
Electric were Jasper E. Crane (member of the executive
committee responsible for international affairs, and vice
president of Du Pont from 1929), and engineer Frederick
A. Wardenburg.” On 30 December 1927, Du Pont trans-
ferred its stockholdings in the Hydro-Electric Chemical
Company, the Phosphorus-Hydrogen Company, and the
Chemical Investment Corporation, to Lazote. Crane was
appointed chairman of the board of directors of Lazote
Inc., and Wardenburg, until then vice president, was
appointed president, replacing Fin Sparre.

On 26 January 1928, at a meeting held in the
Du Pont Building, Wilmington, presided over by
MacGregor, the voluntary petition in bankruptcy of
the Niagara Ammonia Company was sanctioned.”! On
the same day, the directors of The Ammonia Corpora-
tion met at its offices in New York. Of the seven direc-
tors present, six agreed that because the corporation
was unable to pay its debts (as a result of the failure of
Niagara Ammonia) it was necessary to declare the cor-
poration bankrupt.”? MacGregor, as president of both
Niagara Ammonia and The Ammonia Corporation, filed
voluntary petitions in bankruptcy. The New York Times
reported that the liabilities of Niagara Ammonia were
$947,748, and assets $107,899. The principal creditor was
The Ammonia Corporation, with liabilities of $839,249,
and assets of $498,467. The corporation was indebted
to Lazote for the sum of $821,714. The principal listed
assets of the corporation were rights to “foreign” patents,
namely those relating to the Casale synthetic ammonia
process, valued at $350,000 (this sum probably included
the Phosphorus-Hydrogen Company’s patents). These
valuable patents were now in the hands of Lazote. Plant,
stock and fixtures of Niagara Ammonia were valued at
$97,579, which in the newspaper report were assigned to
The Ammonia Corporation, as creditor.”® It had been an
expensive business all round, but now, at least, Lazote
was firmly in control of the Casale ammonia process,
and the useful Italian-made high-pressure converters
and equipment of Niagara Ammonia. The Ammonia
Corporation and Niagara Ammonia, together Ammonia
Casale’s sole overseas venture, were laid to rest.
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Du Pont immediately introduced the Casale ammo-
nia process at the Belle Lazote facility. As a first step,
the converters and machinery from the defunct Niagara
Ammonia factory were shipped to Belle. Over the winter

Table 3. Holdings in common stock, Hydro-Electric Chemical
Company, probably late 1927.

Bonn & Co., Inc. 980 (assigned 1923)

Jasper E. Crane 1

Luigi Casale 1 (deceased February 1927)

Chemical Investment Corporation, Wilmington, 10,191 (assigned 1923)
Lazote, Inc., 7,840 (originally assigned to Ammonia Casale, 1923)
Charles J. Hardy 490 (assigned 1923)

Ernest Iselin 1

G. A. Henrie 1

Josiah T. Newcomb 50 (assigned 1923)

Henry ]. Pierce 200 + 200 (assigned 1923)

Walter U. Reisinger 1

Samuel K. Varnes 1

David Barker Rushmore 40 (assigned 1923)

Roger Williams 1

M. L. Farrell 1

E A. Wardenburg 1

Total 20,000

Source: Undated typewritten list, “Stockholders — Hydro-Electric
Chemical Company” Added, in hand, holders of preferred stock
were listed as Bonn & Co. (250 shares), Lazote, Inc. (2,125 shares,
from Ammonia Casale SA, also referred to as Casale Ammonia
Co.), Chemical Investment Corporation (5,000), and Charles J.
Hardy (120). Hydro-Electric Chemical Co., Stock certificate book,
1923-28. Records of E. I. Du Pont de Nemours & Co. Absorbed
companies. Hagley Museum and Library, Wilmington, Delaware,
Accession 500, box 848.

The authorised capital of Hydro-Electric was $750,000, with 20,000
shares non par. Casale Ammonia Co. (Ammonia Casale SA) in
1923 held 2,125 preferred, and 7,840 common stock in Hydro-
Electric. The 2,125 preferred shares were transferred to Du Pont
on 3 October 1927, and then to Lazote on 22 December 1927.
The Chemical Investment Corporation, the holding company for
Hydro-Electric, held 5,000 preferred stock, out of a total of 7,500
(later increased to 9,000), and 10,191 common stock. The Bonn &
Co. holdings were transferred to Lazote on 28 February 1929. Apart
from Ammonia Casale, Chemical Investment Corporation, and
Bonn & Co., early investors were Charles J. Hardy, Henry J. Pierce,
and David B. Rushmore.

Hydro-Electric directors in 1924: Henry J. Pierce (president), Clem-
ent R. Ford, A. E. Bonn, René Leprestre, Ernest Iselin, Charles J.
Hardy, George S. Baker (resigned September 1925; M. L. Farrell
became director in his place), George H. Howard, Frank McCom-
mon. Hydro-Electric directors in May 1925: Henry J. Pierce (presi-
dent), Clement R. Ford, R. L. Farrell, Ernest Iselin, ]. W. Mooney,
Luigi Casale, George H. Howard, Frank McCommon, Frank E.
Southard. Southard, of Augusta, Maine, was a lawyer representing
utility interests, probably including Electric Bond & Share. Hydro-
Electric Chemical Co. Directors & Stockholders Minutes, 1924-26.
Records of E. I. Du Pont de Nemours & Co. Absorbed companies.
Hagley Museum and Library, Wilmington, Delaware, Accession
500, box 847.
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of 1927-1928, Du Pont authorised three-fold expansion
in output of synthetic ammonia, based on the introduc-
tion of the Casale process. New Casale-type converters
were ordered for installation in a designated building.”*
By this time, Casale converters of 20-ton daily rated
capacity were in general use.

Hydro-Electric was retained as a Du Pont subsidiary,
probably in the hope that the phosphorus-hydrogen pro-
cess, or other electrochemical processes might become
viable. Lazote’s arrangements with Casale interests pre-
sumably included access to a new feature, the ejector, a
static piece of equipment which did away with the need
for a gas circulation pump, as developed by Luigi Casale
at Terni. This was an important consideration since
reciprocating pumps and compressors working under
the high pressure conditions required frequent attention,
and there were always concerns over contamination of
gas mixtures with lubricating oils.

DIVERSIFICATION AT BELLE

The success with ammonia encouraged Roger Wil-
liams to develop a high-pressure methanol process, using
the same converters as employed in the ammonia syn-
thesis. Methanol production was expanded greatly from
around 1928. It was used in the production of formal-
dehyde (for Bakelite), antifreeze, and other large volume
products. Significantly, by 1928 American inventors had
developed four of the eight synthetic ammonia process-
es in use (General Chemical/Allied Chemical, Du Pont,
ENRL, and NEC). However, it was Du Pont’s entry into
high-pressure chemistry that stimulated the development
of more general high-pressure chemical production.

Technology transfer from Europe to Du Pont in
the area of ammonia production included a contribu-
tion from Britain’s ICI. At the end of the 1920s, ICI and
Du Pont drew up an agreement for exchange of know-
how. ICI (into which Brunner, Mond had been merged
in 1926) had an interest in Allied Chemical, through
Solvay Process, and the agreement was strongly opposed
by Orlando Weber. In November 1928, ICI severed its
ties with Allied Chemical. Soon after, Du Pont repre-
sentatives inspected the ICI Billingham ammonia fac-
tory. While much was learned, it was perhaps not readily
applicable to the high-pressure processes at Belle. Prob-
ably of great interest were the water gas process for man-
ufacture of hydrogen, which closely followed German
technology, as copied from BASF, oxidation of ammo-
nia to nitric acid, control instruments, and perhaps ICI’s
then early work on steam reforming of hydrocarbons for
manufacture of hydrogen.
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In 1929, following the increased reliance on Casale
technology, Du Pont bought out Air Liquide’s holdings
in Lazote, a strategy that was adopted in other cases of
joint ventures with European companies.”> Du Pont’s
ammonia interests became the Du Pont Ammonia Cor-
poration. By September 1929, expansion at Belle brought
the rated daily capacity of ammonia to over 220 tons.
In around 1930, the daily capacity at Belle was 100 tpd
of ammonia by the Casale process, and 125-tpd by the
Claude process.”

Reminiscences of managers and staff at Belle show
that for a few years the Claude and Casale processes
were confined to separate production areas; and the
main early increase in production was due to the intro-
duction of Casale technology.”” The Du Pont synthetic
ammonia process, through innovations adopted from
the Casale process, had become the modified process
of Du Pont.”® Contemporary accounts, including by Du
Pont personnel, speak of the excellence of Du Pont’s
ammonia process. The process, it was noted, “has decid-
edly new and advantageous features and represents a
radical departure from the original Claude process.”””
Jasper Crane, writing in 1933, stated that the “best fea-
tures” of the French and Italian processes “were adapted
to ... American conditions.”® One author even referred
to the “modified Casale process operated by Du Pont.”8!

In 1931, the assets of the Du Pont Ammonia Cor-
poration were transferred to the new Ammonia Depart-
ment, with Wardenburg as general manager. National
Ammonia remained a separate Du Pont company, work-
ing closely with the Ammonia Department.®? Further
expansion at Belle during the early 1930s brought the
annual rated capacity of synthetic ammonia to around
145,000 tons. Ammonia was converted into ammonium
sulphate fertilizer, nitric acid, and other industrial prod-
ucts. A Sales Development Division investigated new
uses for the ammonia. The location of the Belle facility,
in the lower Kanawha Valley, well inland, and protected,
was used to emphasise the strategic value of the site for
purposes of producing nitrogen products important to
the national defence.

Contrary to the early expectations at Du Pont, its
very high-pressure process did not make the Allied
Chemical (General Chemical) and similar processes
carried out below 300 atmospheres obsolete. By the
mid-1930s, Allied Chemical was responsible for 60%,
and Du Pont for 40%, of synthetic ammonia produced
in the United States. They collaborated in control of
the fertilizer market, partly through Allied Chemical’s
Barrett Division, as distributor of ammonium sulphate.
One important outcome of the availability of inex-
pensive synthetic ammonia was that during the 1930s
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it almost completely replaced Chilean nitrate as the
source of the world supply of nitric acid. Anhydrous
ammonia, from all sources, continued to be largely used
as a refrigerant, though consumption relative to syn-
thetic ammonia for fertilizer use was not great. National
Ammonia remained Du Pont’s distributor of anhydrous
ammonia.

DU PONT INNOVATIONS

The Wilmington-based Du Pont was, for long peri-
ods of its history in the 20th century, the most inno-
vative chemical company in North America. During
and after World War I it became one of the leaders in
aromatic organic chemistry, enabling massive expan-
sion during the 1920s in the manufacture of synthetic
dyestuffs and modern explosives. In dyes and other sec-
tors Du Pont relied on its capabilities as a prolific deal-
maker, particularly for access to new technologies. This
is reflected in the long list of strategic acquisitions made
by the corporation as held at the Hagley Museum and
Library. How, and under what circumstances, those
acquisitions were made, and for what reasons, varied
according to the perceived needs of the corporation. In
the case of ammonia, as this article has demonstrated,
it was the failure of the expensive Claude technology,
but the commitment to high-pressure chemistry, that
was the stimulus for acquisition of the Casale technol-
ogy that operated over a similar pressure range. Niagara
Ammonia, The Ammonia Corporation, and the Hydro-
Electric Chemical Company, are just three entries in the
portfolio that direct historians to folders on absorbed
companies. These Casale enterprises contributed to the
great success with catalytic high-pressure chemistry
achieved by 1930.

The lessons taken from this small but high-
ly instructive episode relate to the balance of power
between weak firms or start-ups with a useful technol-
ogy and large corporations desperate to gain access to
that technology. By delving deeply into the archival
records, much about how and why has been revealed,
directly and indirectly, concerning Du Pont’s motives
and actions for entering into a new area of the nitro-
gen industry. Above all, the fine detail of these acquisi-
tions reveals far more than the overlapping stories of
one struggling start-up and the initial failure of a major
corporation when embarking on a completely new area
of diversification. It concerns what was genuinely an
important, and eventually highly successful, phase in Du
Pont’s interwar entry into a new sector of heavy chemi-
cal industry.
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This provided a novel context for innovation, and,
I argue, probably the key to one of the most profound
transformations at Du Pont, ensuring that the corpora-
tion remained relevant in commercialization of new dis-
coveries for decades to come. Though synthetic ammo-
nia was certainly low in the list of Du Pont innovations,
and at first hardly met the criteria for investment, it
had a tremendous impact on the long term standing of
a technology giant. Early on, research and development
for new products based on high-pressure processes ena-
bled Du Pont to alleviate the difficulties confronted by
the loss-making Ammonia Department.®® This helped
to propel the corporation to first place as the leading
innovative chemical firm in the United States, drawing
on catalytic high-pressure technologies for industrial
production of a proliferation of new of products, notably
nylon, followed by other polymers, and later even broad-
er diversification.®* From 1930, there was also, from a
different direction, the first chlorofluorocarbon (CFC)
cooling refrigerant, Freon, commercialized by Du Pont,
following research at General Electric. It was adopted for
air conditioning, and later household refrigeration; in
several uses it replaced sulphur dioxide and ammonia.®®

Du Pont’s expertise in ammonia technology, draw-
ing on its acquisition of the Casale process, contributed
to American preparedness for war after the government
decided to construct ammonia factories for munitions
production. Du Pont built the first government-owned
contractor-operated facility, completed in 1941, at the
Morgantown Ordnance Works, Monongalia County,
West Virginia, with a capacity of 180,000 tons of nitro-
gen per year.

Du Pont, Pacific Nitrogen, and Roessler & Hasslacher Co.

For sake of completeness, it is worth including a
brief account of Du Pont’s two other acquisitions in
early synthetic ammonia businesses, one on the west
coast and the other on the east coast. The west coast
venture, which we have already met, was the Pacific
Nitrogen Corporation, of Pacific Ammonia, the affilitate
of National Ammonia, in Seattle, Washington. Pacific
Nitrogen, was incorporated in 1924. Its entire stock was
acquired by Du Pont in 1927.

Pacific Nitrogen used the FNRL process to produce
both anhydrous ammonia and ammonia liquor. In May
and June 1928, the Seattle plant produced 2.98 tons of
ammonia every 24-hour hours, in accord with the daily
capacity of its single FNRL unit.3¢ In April 1928, Pacific
Nitrogen was authorised to receive the electrolytic cells
of Niagara Ammonia: “App[ropriation]n $35,000.00 -
Purchase and installation of 170 electrolytic cells owned
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by Lazote, Inc., and at present at the plant of the Niagara
Ammonia Company, Niagara Falls, New York” (capitals
in the original).’” Their installation in Seattle was com-
pleted in July 1928. Caustic potash for charging the cells
was due to arrive on July 22nd, “and it is anticipated
that the cell installation will be ready for trial opera-
tion the latter part of August.” On 31 December 1930,
the Du Pont Ammonia Corporation, as owner of the
stock of Pacific Nitrogen, arranged to take over its assets
and property.® The Pacific Nitrogen factory, the last in
the United States to use dedicated electrolysis cells for
hydrogen in manufacture of ammonia, was closed down
in the early 1930s.%°

The east coast synthetic ammonia business was that
of Roessler & Hasslacher Co., of Niagara Falls, where
production based on a modified FNRL process, also at
a rated capacity of 3-tpd, began in 1926. For synthetic
ammonia, it relied on in-house by-product hydrogen
from electrolytic manufacture of sodium, and, from
1928, by-product hydrogen piped to the factory from
Hooker Electrochemical.®® In 1928 the ammonia capac-
ity of the facility was raised to nine tons daily. Uses
included in the manufacture of sodium cyanide, as well
as for general sale. In 1930, Du Pont acquired Roessler &
Hasslacher Co.; in 1932 it became the R&H Division of
Du Pont (and later the Electrochemicals Division).

CONCLUSION

Late in 1927, the leading American journal of indus-
trial chemistry, Industrial and Engineering Chemistry,
reported that “A belated start in the fixation of atmos-
pheric nitrogen seems to have been overcome by the
development of our own processes—so satisfactory as
to more than hold their own in world competition.”!
The turning point in the establishment of a competi-
tive American synthetic ammonia industry would be
achieved from late 1928. Until then, production in the
United States was on a small scale, and mainly for the
refrigeration market. This, however, demanded purer
ammonia than was at first available, as we have seen at
Allied Chemical and Niagara Ammonia. Significantly,
Allied Chemical’s Syracuse facility, the first to operate
with any degree of success, served mainly as an experi-
mental facility. The same was true elsewhere, includ-
ing at Du Pont, even if not intended. Du Pont, suffer-
ing from problems with the Claude process, had to look
elsewhere. During 1926-1927, Du Pont resorted to patent
litigation against a weaker rival, the group of financially
troubled Casale-related firms, to gain access to the lat-
ter’s process patents. Du Pont, after having acquired its
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intended trophy, as well as Casale equipment, quickly
dismembered and bankrupted Niagara Ammonia and
The Ammonia Corporation, and embarked on nitrogen
fertilizer and nitric acid production, both starting with
synthetic ammonia.

From late 1928, five years after success in Europe
and Japan, and partly through changing economic con-
ditions, the US synthetic ammonia industry began to
stand its ground in production for the fertilizer market.
Du Pont and Allied Chemical were the main producers;
their competitive advantages arose from the large scales
of production. However, not long before the Wall Street
Crash the exuberance of the late 1920s was already being
tested by the threat of global overproduction and over-
investment in nitrogen fertilizers. During 1929-1932,
cutbacks were substantial. However, when recovery and
renewed diversification began, there was an atmosphere
of free and uninhibited innovation and extraordinary
growth in the American chemical industry, especially
at Du Pont. Synthetic nitrogen fertilizers and catalytic
high-pressure processes, including for methanol, higher
alcohols, and the spinoffs from research into synthetic
gasoline, were at the forefront, stimulated by the exam-
ples of rivals in Europe. The new triumph of Ameri-
can high-pressure chemistry enabled innovations that
became bargaining tools in dealing with foreign manu-
facturers. The export of Du Pont and NEC ammonia
technologies and know how brought in considerable rev-
enue. A decade on, in the mid-1940s, the US synthetic
ammonia industry, following massive expansion for
munitions purposes during World War II, had become a
world leader, and was still growing.

Within the larger context of the growth and expan-
sion of the American chemical industry, the ammonia
sector represented one of the main areas in which diver-
sification relied on the adoption of European technolo-
gies and acquisition of firms that offered novel product
lines.”? In this, Du Pont moved from the manufacture
of dyes and intermediates, through inhouse research,
and then into high pressures and synthetic nitrogen and
related products. However, the delayed entry into the
latter was in part due to the already high investment in
imported nitrates that were necessary for production of
nitric acid used in synthetic dye and explosives produc-
tion. Once success had been achieved in synthetic ammo-
nia at Du Pont, following acquisition of Niagara Ammo-
nia, and the Casale patents, the conversion of ammonia
by oxidation into nitric acid was a logical next step, as
was invention of a synthetic methanol process, and con-
version of ammonia into urea. This was the prelude to
Du Pont’s rise to first place among innovative American
firms, particularly in the mid-1930s, with manufacture of
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nylon, which relied on synthetic ammonia. Allied Chem-
ical may have been less innovative, but, significantly, sac-
rificed synthetic organic chemistry in order to enhance
its role in ammonia production, with, from the late
1920s, an emphasis on nitrogen fertilizer production. In
nitrogen products, there were strong parallels elsewhere,
most particularly at the American Cyanamid Company
which during World War I had converted its calcium
cyanamide, based on a German process, and originally
produced as a fertilizer, into ammonia for the manufac-
ture of explosives, and of urea for Du Pont. The ammo-
nia was oxidised in German-made plant, imported just
before the war. American Cyanamid, however, moved
into synthetic dyes later than Du Pont, with the acqui-
sition in 1927 of the Calco Chemical Company, itself
a merger of firms engaged in dyes and pigments.”® In
1930, American Cyanamid entered into synthetic ammo-
nia and methanol through acquisition of the Chemical
Construction Company (Chemico) that had acquired
the Nitrogen Engineering Corporation and its synthetic
ammonia process. Chemico’s synthetic ammonia process,
like that of Du Pont, was soon after licensed to several
European firms. From the 1930s, transatlantic technology
transfer of high pressure and many other chemical pro-
cesses, including for nitric acid, was just as likely to be
from America to Europe (and elsewhere) as it was from
Europe to America.
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