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Abstract 
 

It is generally held that 1909 was the year of the first successful experimental synthesis of 
ammonia according to the modern concept.  
On 2nd of July 1909 Haber was able, in BASF laboratory in Karlsruhe, to synthesize ammonia 
using for the first time in history a process concept that is the one still used today. This event is 
documented by a letter, contained in BASF archives, written by Mr. Haber to the company’s 
directors: 
Yesterday we began operating the large ammonia apparatus with gas circulation in the presence 
of Dr. Mittasch and were able to keep its uninterrupted production for about five hours. During 
this whole time it had functioned correctly and it produced continuously liquid ammonia. Because 
of the lateness of the hour, and as we all were tired, we had stopped the production because 
nothing new could be learned from continuing the experiment. All parts of the apparatus were 
tight and functioned well, so it was easy to conclude that the experiment could be repeated.... The 
steady yield was 2 cm3/minute and it was possible to raise it to 2.5 cm3/min. This yield remains 
considerably below the capacity for which the apparatus has been constructed because we have 
used the catalyst space very insufficiently. 
 
This experiment set in train the development of chemical technologies unprecedented in the 
previous history of the chemical industry.  
This year therefore marks the real centenary of the birth not just of the modern synthetic ammonia 
industry, which solved a fundamental problem in securing food supply, but of much of the modern 
chemical industry. 
 
In the two decades following that first experiment, BASF managed to fully industrialize the 
process, developing also the right catalyst and all the mechanical design, and built the first plants. 
Following the paths opened by BASF, in the same period three other companies developed new 
processes for the ammonia synthesis, contributing to the birth of the modern ammonia industry. 
 
This, the first of two papers commemorating this important anniversary, outlines the early history 
of modern ammonia technology, up to the Second World War, and the industry that was built on it.  
Developments since the introduction of the integrated single-stream ammonia plant concept will be 
addressed in a separate paper. 
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The BASF Achievement 
In the early years of the last century the German chemical giant Badische Anilin- und 
Soda-Fabrik – today known as BASF, virtually a household name – was the first to 
realize the synthesis of ammonia according to a process invented by Fritz Haber and 
Carl Bosch.  BASF was at that time the world’s largest chemical enterprise with a 
rich history of pioneering accomplishments and a keen interest in virtually any kind 
of chemical innovation. 
It was a real revolution in chemical industry techniques.  Never before had a 
chemical process been operated at the high temperatures and pressures (up to 600°C 
and 200 atm) that are required in the Haber-Bosch process.  Having a practical 
method for the synthesis of ammonia not only solved the fundamental problem of 
securing food supply but also spurred the development of a new area of technical 
chemistry: high-pressure technology.  It thus provided the technological foundation 
for the development of most subsequent chemical mass production processes. 
Based on Haber’s fundamental research work, Bosch and his engineering team 
developed the ammonia synthesis process to work on an industrial scale using a 
promoted iron-based catalyst discovered by Alwin Mittasch and his co-workers.  
Since then there has been no fundamental change in the synthesis process itself.  
Even today, every plant has the same basic overall configuration as that first plant.  
A hydrogen-nitrogen mixture reacts on the iron catalyst, the formula of which still 
differs little from the original, at elevated temperature in the range 400-500°C, 
somewhat lower than the original temperature (up to 600°C), and at an operating 
pressure above 100 bar. 
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The most important process achievement was that unconverted part of the synthesis 
gas is recirculated after removal of the ammonia formed and is supplemented with 
fresh synthesis gas to compensate for the amount of nitrogen and hydrogen converted 
to ammonia. This was a fundamental achievement compared to the previous 
processes that were operating with a once-through configuration, like the one based 
on electric arc. This concept is now used for many other chemical production 
processes. 
Early Challenges 
Chemical equilibrium was not at all well understood at the time of the early 
experiments, and that may explain why many of them were unsuccessful.  A famous 
victim of the lack of thermodynamic data was Wilhelm Ostwald.  In 1900 he offered 
BASF a process in which nitrogen and hydrogen were passed over heated iron wire 
at atmospheric pressure, claiming a yield of several percent of ammonia, which he 
did not realize was far greater than the equilibrium concentration – the theoretical 
maximum.  BASF found the reason for this erroneous data and – as an irony of 
history – he withdrew his patent application, not knowing how important that 
application could have been later, when iron indeed became the basis of the 
commercial ammonia synthesis catalyst. 
 

 
The first systematic measurements were made by Haber in 1904/05 at atmospheric 
pressure and 1,000°C, using iron as the catalyst, but they yielded erroneously high 
figures on account of the difficulty in analysing the low concentrations obtained.  He 
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concluded that a technical process, which he probably envisaged in a once-through 
configuration, could not be feasible because the much higher pressures needed in this 
case seemed to be beyond the technical possibilities of the time.  Nevertheless, Haber 
continued with his investigations, now also including experiments under elevated 
pressure. 
From more reliable equilibrium data which became available later on, it was obvious 
that at normal pressure the reaction temperature must be kept well below 300°C to 
obtain even a small percentage of ammonia.  No catalyst was available at the time 
that would work at that sort of temperature.  Increasing the pressure, for example to 
75 bar, improved the equilibrium conditions, but the catalyst still needed a 
temperature of 600°C, at which only low ammonia concentrations were attained.  So 
Haber concluded that much higher pressure was needed and, perhaps more 
importantly, that a process with a recycle would have to be used, which was actually 
a new process concept at the time.  Thus he was able to dispose of his colleagues’ 
preoccupation with the apparently insoluble problem of unfavorable equilibrium 
concentrations in the once-through process. 
Finding the Catalyst 
In BASF Alwin Mittasch was responsible for the search for a catalyst.  Osmium, 
used by Haber, showed excellent catalytic activity but was difficult to handle; the 
main disadvantage, however, was that the world’s stock of this exceedingly rare 
material was only a few kilograms.  Mittasch started a systematic screening program, 
covering nearly all elements of the periodic table. By 1910 more than 2,500 different 
formulas had been tested in 6,500 runs.  For these experiments special small test 
reactors were developed, containing easily removable cartridges holding about two 
grams of catalyst. 
In November 1909 a sample of magnetite from 
Sweden showed exceptionally good yields, which was 
surprising because previous tests using other types of 
magnetite had been total failures.  Mittasch concluded 
that certain impurities in this Gallivara magnetite 
were important for its good performance.  So he 
investigated the influence of various individual 
additives, which in today’s terminology are called 
promoters.  By 1911 the catalyst problem had been 
solved.  Iron with a few percent alumina and a pinch 
of potassium yielded a catalyst with acceptable 
reproducibility, performance and tolerable lifetime. 
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All magnetite-based catalysts on the market today have a similar composition to that 
of the original BASF catalyst.  Furthermore, the catalyst preparation method has 
remained practically the same.  It comprises melting natural magnetite with various 
additives as promoters, cooling and solidifying the melt, breaking it into small 
particles, and finally screening it to obtain a fraction with suitable particle size.  
Materials Problems 
With the catalyst to hand, the next step was to construct somewhat larger test 
reactors for catalyst charges of about 1kg.  But then they were faced with some very 
big technical problems concerning the susceptibility of construction materials to 
hydrogen attack at high temperature and pressure. 
Surprisingly, these reactors were failing after only 80 hours.  Further studies showed 
that the internal surface had totally lost its tensile strength.  This phenomenon had 
apparently propagated outwards from the inner surface until the residual unaffected 
material was so thin that rupture occurred.  
Bosch’s unconventional solution to the embrittlement problem was to use a carbon 
steel pressure shell with a soft iron liner.  To prevent the hydrogen which had 
penetrated this liner from attacking the pressure shell, measures had to be taken to 
release it safely to normal pressure.  That was achieved by providing small channels 
on the outer side of the liner, which was in tight contact with the inner wall of the 
pressure shell, and by drilling small holes, later known as “Bosch holes”, through the 
pressure shell.  These allowed the hydrogen to escape to the atmosphere but had no 
effect on the strength of the shell, and the resulting losses of hydrogen were 
negligible. 
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Bosch did not content himself with his liner/hole concept but looked further for 
alternative solutions to the embrittlement problem.  In the late 1920s he initiated 
research in the steel industry to develop steels resistant to hydrogen under pressure.  
Special alloy components, for example molybdenum, chromium, tungsten and 
others, form stable carbides and enhance the resistance of steel against this sort of 
attack considerably. 
Industry Beginnings 
The pilot plant which BASF built at Ludwigshafen was producing 25 kg of ammonia 
per day at the beginning of 1911. That had become 1 tonne per day by the end of 
1912.  A year later the Oppau factory started producing 30,000 tonnes per year of 
ammonium sulphate, equivalent to 7,500 tonnes of ammonia.  The synthesis gas was 
derived from water gas obtained from lignite. 
BASF’s success created enormous interest in Europe and worldwide, but the 
difficulties that BASF encountered were certainly not encouraging others to dedicate 
effort and financial resources in the same field.  High officials from France and the 
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UK visited the BASF factories.  Historical testimonies reported the following rather 
arrogant comment from BASF to a French commission: 

“If you wanted this type of plant you would not be able to build it and, even if you 
could build it, you would not be able to make it work”.  

The English president of Nitrogen Products & Carbide Company expressed the 
opinion that the Haber-Bosch process could not be transplanted out of Germany on 
account of its complexity and the very high technical capability required.  
In fact, BASF never licensed its ammonia technology to any third party. 
Enter the Competition 
Around that time intensive, generously-funded studies into the problem of synthetic 
ammonia were being carried out by Claude.  His process ran at much higher pressure 
than BASF’s –up to 1,000 atmospheres.  But the numerous Claude patent 
applications reveal that the process constantly needed modifying in an attempt to 
overcome the difficulties and in the end it was never commercially practical. 
In Italy, although industrial activity in the chemical field was very limited at the 
time, two initiatives began. 
Casale’s Contribution 
Luigi Casale (later on followed by Fauser Montecatini), an Italian engineer with 
practically no personal financial resources, succeeded in 1919 in convincing a 
metallurgical company in Terni (Idros) to set up a 100 kg per day pilot ammonia 
plant in its factory using his patented ideas. This installation produced pure 
(anhydrous) ammonia directly because his synthesis process operated at 800 atm, a 
substantially higher pressure than was used in the Haber-Bosch process. At that 
pressure it was possible to recover liquid ammonia from the synthesis loop by merely 
cooling the gas to ambient temperature, simplifying the plant configuration, but the 
heat generated by the reaction is higher and can overheat the catalyst. 
In his plant, Casale introduced the new concept of having a certain amount of 
ammonia in the synthesis mixture of hydrogen and nitrogen, which is sent to the 
reactor, in order to overcome the danger of overheating the catalyst while operating 
with a very high pressure. 
Luigi Casale, helped by his wife Maria Sacchi, an expert analyst with a chemical 
degree, quickly succeeded in making the pilot plant work well in spite of the 
simplicity of its flow scheme. 
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Hydrogen produced by electrolysis by the Terni Company was stocked in an 
atmospheric pressure gasometer.  The 3:1 
synthesis mixture of hydrogen and nitrogen was 
produced in a furnace generating steam, burning 
air to water in a hydrogen atmosphere to remove 
the oxygen from the exact amount of air that was 
required to provide 25% nitrogen in the final 
synthesis gas mixture.  The water produced was 
added back into the feed to the upstream 
electrolytic hydrogen generator.  The hydrogen / 
nitrogen synthesis gas mixture was blown into a 
second gasometer to feed the high-pressure 
synthesis loop compressor.  In the synthesis loop 
downstream the reactor were a high-pressure 
ammonia condenser, a liquid ammonia collector 
and a gas recycle compressor, which was soon 
replaced by an ejector in the industrial plant. 
The introduction of the ejector to replace the 
recycle compressor was another important 
innovation introduced by Casale, with a 
significant impact on the simplicity and reliability 
of the process scheme. The introduction of the 
ejector had the consequence that the synthesis section was operating at a lower 
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pressure, in the range of 450-500 bar, but still substantially higher than in the Haber-
Bosch process. 
Casale also developed its own design for the reactor. In spite of the high operating 
pressure, he managed to keep its mechanical and metallurgical design as simple as 
possible introducing the concept of flushing the pressure vessel with the synthesis 
gas mixture keeping it at a relative low temperature. 
The Casale patent was granted in 1921 and the positive results obtained in the pilot 
plant provided Casale with the necessary credentials to create Ammonia Casale SA 
in Lugano in 1921 in partnership with a Swiss banker. 
The purpose of the company was to promote the Casale process worldwide. The 
Haber-Bosch and Fauser technologies belonged to operating companies producing 
ammonia; therefore they were not available to third parties. 
 
Fauser Montecatini 
 
In 1920 there was no chemical industry in Italy with 
the exception of  “Società Generale per l’Industria 
Mineraria ed Agricola Montecatini”, where Giacomo 
Fauser, a genial engineer and partner in the company, 
successfully started a small 4-kg/h ammonia 
production pilot plant in Novara. 
The Montecatini activity greatly contributed to the 
growth of the agriculture industry in Italy, providing 
fertilizers produced by its Italian factories.  Only after 
the second world war was Montecatini ammonia 
technology licensed abroad.  
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Mont Cenis – Uhde 
Back in Germany, the Mont-Cenis-Uhde ammonia synthesis process was developed 
and piloted in 1925, following which a commercial ammonia plant – the first with a 
production capacity of 100 tonnes per day (t/d) – was built at the Mont-Cenis coal 
mine and commissioned in 1928.  The reactor was design by Friedrich Uhde, but the 
process was based on patents from Mont-Cenis themselves.  The “high”-pressure 
reactor was manufactured by Uhde.  The catalyst was based on a patent from 
Cederberg. 
The first Uhde ammonia plants were designed and operated with the Cederberg 
catalyst at a loop pressure no higher than 100 atm g to avoid infringing patents held 
by IG Farben (BASF).  Once those patents expired in 1926/1927, the design pressure 
for the newer plants was raised to 150 atm and, later, to 300 atm.  Uhde was the 
exclusive contractor for the Mont Cenis process.  The earlier plants were multiple-
train designs, and from 1928 to 1939 Uhde built 29 trains in all.  In 1950, the first big 
order after the Second Word War was made for a complete nitrogenous fertilizer 
plant at Oulu, Finland.  
 
 
 
 
 
 
 
 
 
 
 
 
 
Casale’s Continuing Success 
The Haber-Bosch and, subsequently, the Fauser and Uhde Mont-Cenis processes 
used by Montecatini in Italy operated at too low pressure to produce pure anhydrous 
ammonia; they required absorption systems to separate the ammonia, most 
commonly producing aqua-ammonia.  That created difficulties, most notably 
reducing the life of the synthesis catalyst. 
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The ability to produce pure anhydrous ammonia directly and the simplicity and 
reliability of its process scheme with an adiabatic synthesis reactor were the key to 
the early success of Luigi Casale process.  

 
Even in Germany, a technical committee selected the Luigi Casale technology for 
three 150-t/d ammonia plants built in 1927. 
It is remarkable to note that none of the specialized hardware found on today’s 
market was available to use in the industrial production of ammonia at the time of 
BASF’s and Casale’s pioneering work: no high-pressure equipment, no catalysts, and 
no other key items.  So they had to produce their high-pressure equipment and 
catalysts themselves.  Ammonia Casale high-pressure equipment and catalyst were 
produced at the SIRI factory, which was belonging to Ammonia Casale, in Terni. 
Thanks to its reliability and simplicity, by 1923 the Casale technology had been 
adopted in Italy, Germany, France, Japan, Switzerland, Spain and the USA with 
more that 15 plants producing altogether about 80,000 tonnes of ammonia per year.  
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Expansion continued at a rapid pace, and by 1927, the year of Luigi Casale’s sudden 
death, the process had been adopted in Belgium, England, Russia and even Germany, 
with an overall global ammonia capacity of more than 320,000 t/a.  By the early 
1930s the Casale share of total world ammonia production (1.0 million t/a at the 
time) was about 60%. During the 1930s Casale even began to test special engines for 
Fiat cars (Fiat 509 and Fiat 527 Ardita models, as seen in the accompanying 
photographs), using ammonia or methanol as fuel and making successful tours with 
three cars around Italy. 

PDF created with pdfFactory trial version www.pdffactory.com

http://www.pdffactory.com
http://www.pdffactory.com


 

15 

 
A total of 200 ammonia synthesis plants were built using Casale first-generation 
technology. 
Feedstock Diversification 
At the beginning, both BASF and Ammonia Casale used hydrogen from water 
electrolysis in preparing the gas mixture sent to the synthesis reactor. Later on it was 
obtained from the “water gas” produced by gasification of coal or lignite. 
Water gas production from lignite started in 1926 in Leuna, using a process 
developed by Winkler.  This process, in which coal is gasified continuously with 
oxygen and steam in a fluidized bed, was a spin-off of the research work on the 
removal of sulfur from ammonia synthesis gas.  In the 1950s BASF developed and 
introduced continuously operated water gas generators, using oxygen or oxygen-
enriched air, from which the slag could be withdrawn in liquid form.  
Plants continued to use coal for synthesis gas generation until the 1950s.  After that, 
with the growing availability of cheap hydrocarbon feedstocks and novel cost-saving 
gasification processes, a new age dawned in the ammonia industry. 
The development started in the USA, where steam reforming was introduced, a 
process originally developed in the 1930s by BASF and greatly improved by ICI, 
which extended it also to naphtha.  Before natural gas became available in large 
quantities in Europe, too, partial oxidation of heavy oil fractions was used in several 
plants, with process technology developed by Texaco (1940) and Shell (1950).  After 
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several oil crises, coal gasification research and development was resumed with the 
result that several technically proven processes are available today. 
An Energy Revolution 
In the mid 1960s, the novel concept of single train, energy-integrated ammonia 
plants, which hugely improved the specific energy consumption of ammonia 
production, was pioneered by M. W. Kellogg and Chemico. It initiated a technical 
revolution, influencing other technologies such as methanol and urea synthesis, and 
made economically possible a tremendous capacity increase in the following years.  
As demand for these products continued to increase, a new generation of advanced 
process technology was developed by C F Braun, ICI, Kellogg, Topsøe, Uhde and 
Casale for ammonia plants, and by Montedison, Snamprogetti, Stamicarbon and 
Toyo Engineering for urea plants. 
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