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1 . H istorical.

Ammonia technology can be said to have started with the 

development o f the Haber-Bosch process wiich produced 

commercial Ammonia fo r  the f ir s t  time in September 1913* The 

experiments leading up to the development o f this process and 

the catalyst required have been often been described ( l ) .

I t  is , however, important to note that the Kaber-Bosch 

technology pertaining to the Ammonia Reactor and the Ammonia 

loop has been in substantial use un til the s ix ties . For instance 

in 1961, out o f world Ammonia capacity of s ligh tly  over 

14 million tons, nearly 10 million tons came from Haber-Bo3ch 

or modified Haber processes ( 2 ) .

2. Current Status.

The Ammonia plant as we know i t  today, when based on 

natural gas (75£ o f world technology), consists o f primary 

steam Reforming o f the natural gas in tubes containing a Nickel 
based catalyst, heated from the outside; followed by secondary 

a ir  Reforming, HT and LT Shift conversion, Carbon Dioxide 

removal, Methanation ,and the use of a Centrifugal Compressor,
■co produce syngas o f the right pressure fo r  the synthesis 

reactor. This paper w ill, in relation, to current technology 

and the immediate future, deal only with steam reforming 

processes.

The current status o f Ammonia technology has been 

described by several authors at this conference, in relation to 

specific factors. In this paper, i t  ia  necessary to only 

consider the technology in relation to possible future 

developments.

1 GJ = 1CT Joule 
1 GJ = 106 x O . ^  Btu 
1 GJ = l /  x 0.239 kcal

NOTE: Gigajoule (GJ)



' VlmftTv Reforming: Reforming processes are currently availab le
for 40 -  45 atmospheres. With current energy costs, these are 

now fh llv  ju s t ified .

Currently Steam/gas racios are between 5 and 4.5, with 

the newer plants having the lower steam/gas ratios.

Secondary Reforming: The gas leaving the primary reformer at

a temperature o f 760° -  S20°C is  mixed with a ir  and further 

reformed, leaving at a temperature o f 950°C -  1020°C. A l l  the 

Nitrogen required is  introduced at this point.

Shift Conversion; The gas is  then cooled and the heat recovered, 
and the Carbon Eonoxide is  thereafter catalytically  sh ift  

converted tc Carbon Dioxide (with reduction o f Steam to 

hydrogen) in two stages: a High Temperature and a lower 

Temperature stage.

Carbon Dioxide Removal: A fter further cooling, the Carbon
Dioxide i s  ranoved by chemical absorption, with the regeneration 

o f the Carbon Dioxide both by pressure reduction o f the 

solution and with recovered heat.

Methanatlon. The remainder o f the Carbon Dioxide and Caroon 

Monoxide i s  then cata ly tically  methanated, which gives a gas 

containing 1 to 1.5£ inerts. However when the LT catalyst gets 

old, this can r ise  to 2^ inerts.

Compression: The Synthesis gas is  then compressed to the
required pressure (today 150 to 280 atmospheres) and passed 

over an appropriate catalyst, with tanpera tures o f 450 -  480°C, 
to produce Ammonia.

Ammnn-ta Innp. The synthesis gas i s  cooled and the Ammonia 

liq u ifie d  (under usual pressure conditions as a liqu id  at 

-  33° 0 ),  and the unreacted gas is  recycled (generally through 

the fin a l stage of the Compressor), mixed with fresh synthesis 

gas and passed to the reacto*.,
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An Ammonia Plant of the type described above has a 

general heat requirement o f around 3.5 million E cals/ton Ammonia.

5. Improvements currently being insta lled .

In many of the plants which are being currently designed, 
changes are being made to improve overa ll efficiency. Of these 

the most important a re :-

Prlmarv and Secondary Reforming.

Combustion a ir  preheat is  already common and Process 

a ir  preheat is  being insta lled  in a l l  new plants. The feed is  

also being preheated to higher temperature?;.

The net overall saving bj these changes is  estimated 

at 0.6 million Ecais/ton Ammonia.

Shift Conversion.

No basic changes are being currm tly made but catalysts 

are improving and i t  is possible to keep CO down to a point 

where inerts a fte r  methanation are 1 -  1 .2  per cent only.

Systems are availab le  for the selective oxidation of the 

CC le ft  a fte r  LT conversion, in CO2# thus reducing hydrogen 

loss in the methanation section, and reducing inerts.

Carbon Dioxide Removal: Systems are now availab le  >&ere the
heat requirements for Carbon Dioxide regeneration are eliminated. 
Among important ones are the physical type absorption Systems 

but these give less carbon Dioxide reoovery. The savings in use 

o f such systems can be substantial over systems insta lled  

7-8 years ago.
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Removal o f Inerts; l ie  removal o f inerts ia  o f extreme value, 
both in lowering the energy requirements fo r  re-circu laticn  

and in the purge gas loss. ?or instance with 1% inerts and an 

admissible purge equal to jji o f the incoming gas, the inert  

content in the circulating gas can ri.se to 20%. With no inerts  

the mole percent o f Ammonia at equilibrium (starting from J’.l 
Hydrogen: Nitrogen mixture) i s  27.44.% at 200 atmospheres and 

450°C but with 20% inerts this drops down to only 17.87% under 

the same conditions.

Physical absorption systems are row available fo r removal 
o f H^O, GO and even N£. However the most important o f the 

removal systems is  Cryogenic purification.

I t  should be pointed out that i f  the Cryogenic purifica 

tion system is  adopted, the a ir  to the Secondary reformer can 

be increased, and the H2 : ratio adjusted through the
Cryogenic system. Alternatively i f  pure Oyygen is  available, 
this can also be accomplished by use o f Oxygen rather than a ir .

Compression: In recent years, the use o f Centrifugals has been
axiomatic. Centrifugals are available for lower capacities now, 
but for small plants their value i s  doubtful. I t  should be 

pointed out that savings in the use o f Centrifugals i^  only 

around 0.4 million Koala/ton Ammonia.

Synthesis Convertor and Ammonia loop. Newer baskets as well 
as some changes in catalytic temperatures give a closer 

approach to equilibrium. For instance in one Pakistani plant, 
the change has resulted in Ammonia conversion (at 225 atmos
pheres) from 16% to near 22%.

Several systems are available ibr lower pressure drops 

in the Convertor and Ammonia loop thus reducing recycling 

energy. Among these are the use of spherical catalysts, and 

mixed flow systems in the reactor, as well as the reduction 

in the inerts mentioned above.

1



A ll these improvements have resulted in energy require
ments o f around 7.3 m illion Xcals/ton Ammonia, or with 

Cryogenic purification, around 7.0 m illion Kcals/ton Ammonia«

4. Future Improve!ents in C lassical Ammonia Technology.

These imporvsnents can be divided i. to 2 types:-

(a ) Improvements in  the near future.
(b ) Improvements in the more distant future.

5. Immediate Improvements in C lassica l Technology.

A ll  the improvements currently being considered, or 

where new processes are being offered deal with energy 

effic iencies o f the Ammonia System.

Among individual imporvsnents which are like ly  to be 

available, in the near future a re :-

(a ) Increases in reformer pressure. This has been a 

steady process and is  lik e ly  to continue as energy costs r ise .

(b ) P o ss ib ilit ie s  exist in the reformer combustion taking 

place under pressure. This vould make tube wall thicknesses 

less, allow easier heat transfer, and make the recovery o f heat 
from the combustion gases easier. However the Reformer walls 

would have to be pressurised and this can be costly.

(c ) The recovery o f additional heat from the combustion 

gases is  perhaps the most important potential saving. As much
as 1 m illion Kcals/ton Ammonia is  lost in older systems, although 

the loas in modern systems is  less . However heat recovery 

systems from "the combustion gases are s t i l l  untried, except 
for such uses as steam superheating.

(d ) Waste Heat Boilers are now availab le  for the Ammonia 

loop. However the long-term l i f e  of these (due to the presence 

o f Ammonia) needs further examination.
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(e ) The use o f absorption -  desorption refrigeration  

systems in the Ammonia loop, with the heat required fo r such 

systems coming from various ♦jurces within the Ammonia cycle 

i t s e l f  i s  now coming into use. This is  reported to reduce 

consumption to around 7 million Seals/ton Ammonia, and when 

coupled with inert removal down to as l i t t l e  as 6.5 m illion  

Kcals/ton Ammonia ( 3).

( f )  The greater superheating o f the steam in the steam 

system of the plant could give almost a direct saving. However, 

this would have to be carefully studied on an overa ll energy 

basis.

(g ) Tie Ammonia Reactor currently operates at around 80£ 

o f equilibrium. Changes in the Reactor design, possibly coupled 

with temperature changes would bring conversion much c loser to 

equilibrium. The removal o f traces o f Ammonia in the loop
(by absorption) would also help.

(h) The use of a steam turbine for the syngas compressor 
i s  only useful i f  the rest o f the steam heat can be u tilised , 
possibly in the fe r t i l iz e r  section o f a Ammonia -  F e rt iliz e r  

Complex.

The processes where th ,se, and ether modifications have 

been proposed and which are availab le  and would become- 
commercial i r  the near future have been summarised in  a recent 

paper ( 3 ) and need not be discussed here.

Some o f the offered processes include low-pressure loops, 
but a true low pressure loop would require a low pressure 

83mthesis reactor, and this cannot be considered to be an 

immediate possib ility .
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6. Future Improvements la  C lassica l Technology.

The major future breakthrough in the c lass ica l Ammonia 

technology must come from the development o f a low Temperature 

Ammonia synthesis catalyst«

Ammonia equilibrium conversion data from a 3:1 Hydrogen: 
Nitrogen mixture is  given in Table I  below:

Table -  I

Mole Percentage o f Ammonia at Squilibrium.

Pressure, atm

Temperature °C jO 50 100 300

300 30.25 39.41 52.04 70.96

350 17.78 25.23 37.35 59.12

400 10.15 15.27 25.12 47.00

450 5.86 9.15 16.43 35.82

500 3.49 5.56 10 .6 1 26.44

I t  w ill be seen that at 50 atmospheres and

oooR

conversion to Ammonia is  better than at the current 300 

atmospheres and 450°C.

Several attempts have been made to find low temperature 

Synthesis catalysts, but no commercial catalyst with a fast  

enough rate of reaction at 300°0 -  350°C is  yet availab le  

commercially.

However there are several patent applications. ICI has 

a Cotalu -  Iron catalyst and the activity  at 350°C is  reported 

to be 60i* higher than a cobalt -  free catalyst (4 ).  Lummus (5 ) 
has Cerium activated catalysts effective at 400°C, and Casale(6 ) 
has patented a spherical catalyst wnich they claim is  e ffective  

at 350°C -  400°C.



The LT catalyst would revolutionize the Ammonia 

technology and would paimit a common Derating pressure (a fte r  

accounting for pressure dro- j)- from reforming to Synthesis.
This would elinL-1 nate Syngas compression, and allow small 
plants to be economical with large plants.

Several low pressure processes have been announced 

(40 to 60 atmospheres and in any case, below 1C0 atmospheres) 
with synthesis and reforming pressures being sim ilar. Of these 

Lellogg and ICI processes may be mentioned. Per pass Ammonia 

concentrations are 1 2 -  However the processe; s t i l l  need
to be commercially proven.

At the same time a breakthrough in this f ie ld  is  now 

due and should not be more than 5 years away.

7. Improvements in Non-Classical Technology,

The ava ilab ility  o f non-conventional sources of energy, 
of which solar energy i s  the most important, would not have 

any direct impact on Ammonia technology because the available  

temperatures are too low.

However i f  Solar e lec tr ica l power could be developed 

cheaply, this could allow the resurgence o f the electrochemical 

and a llie d  processes (hydrogen from water, nitrogen, from a ir ) .

At present only a few water e lectro lysis plants exist 

o f which 3 (2 in Norway, 1 in Egypt.) are large insta llations, 
and act as a base fo r Ammonia.

Current consumption figures are reported (7 ) at 34 MM 

BTU/ton Ammonia or about 8.7 m illion Seals/ton Ammonia.

'Qiis is  higher than other energy sources and since much 

more e lectric ity  is  required, i t  la  less  balanced also.
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I t  should, also be pointed out that solar radiation, even
2

in the tropics seldom exceeds 300 3TU/ft and even i f  we assume
2

20?6 energy conversion to e lectricity  about 500,000 ft  of so lar  

panel surface (50,000 Sq.metres) would be required pe. ton o f  
Ammonia.

This would cot be possible as an economic proposition 

even i f  solar energy develops rapidly.

8 . New Technologies.

8 . 1 . ■ Hitrogen Fixing Crocs.

There are a number o f new technologies which must 
be mentioned in a paper of this type.

Before considering these technologies, the 

possib ility  of an Agricultural breakthrough must also 

be considered. The use of Leguminous crops as a source 

o f Nitrogen and the appropriate rotations using these 

crops have teen known for 400 years. As late as 1950, 
abcut 75 m illion acres (about 30 m illion hactares) of 
leguminous crops were adding 2 m illion tons Nitrogen to 

so ils  in the U.S. With the av a ilab ility  o f cheap Nitrogen 

as a fe r t i l iz e r  the use of leguminous crops has reduced.

Hie efficiency of atmospheric nitrogen fixation  

by leguminous crops can, probably, be increased. In 

addition a number o f non-leguminous fam ilies, which f ix  

Nitrogen, have also been identified and need to be 

further developed.

In most cases, the Nitrogen fixation  of such 

Agricultural crops, tends to reverse when Nitrogen 

concenorations in the so il increase and this could put a 

lim it upon their usefulness.

<



10 -

However, since many o f these crops tend to 

flourish in the tropics they should be given more 

agronomic significance, and research on these crops 

may pay dividends.

8.2, Production o f Ammonia from Enzymes

The biochemical crop mechanism appears to be an 

oxidation -  reduction o f the Nitrogen under 2E+ and 0” 

ions in the so ils . Ammonia is  undoubtedly formed in the 

reduction reaction and this could possibly yield  to the 

production of Ammonia by biochemical action.

The recent iso lation  o f "Nitrogenase", the Snzyme 

which catalyses the combination of the Nitrogen from the 

a ir  and hydrogen from water is  undoubtedly a breakthrough 

in th i3 direction. This enzyme's protein structure is  

now being established and soon new genetically prepared 

enzymes may be built-up to do the work more e ffic ien tly .

In actual practice, i t  is  possible to transfer the 

characteristic of fix ing nitrogen from known species by 

genetic engineering, to completely unrelated species and 

this can also be a breakthrough.

The genetic capability does not stop there. I t  

may be possible one day to have a wheat or maize in which 

genetic transfer Las resulted in the direct fixation  

of Nitrogen, thus doing away with most of the markets 

for fe r t i l iz e r  Nitrogen!

However a l l  this is  in the future and chemical 
engineering s t i l l  remains in the forefront fo r Ammonia 

technology.



8.3« New Chemical Approaches

Die obvious new chemical approach i s  to f i r s t  

produce a chemical complex which can take up Nitrogen 

(N?) from the a ir  and thereafter react i t  with another 

product which could reduce the Nitrogen to Ammonia.
Die f ir s t  was solved in 1965, and the second in 1970.

I t  has been found that a molybdenum complex which 

binds dinitrogen can be made to react with an iron - 
sulphur complex, which reduces the Nitrogen to Ammonia. 
Yields are only 2% - 4#.

I t  should be remembered, however, that the yields  

obtained by Kaber in 1904 on the C lassical Ammonia 

process were only 0.5^. 3ven with the introduction of 
higher pressures, Nerst only obtained 0.9^ conversion 

in 1906 but the f i r s t  commercial plant started in 1913 i

8.4. The Ultimate Biochemical Process.

Finally a word about the ultimate biochemical 
process. I t  would be nice to have a process where A ir  

i s  bubbled through biomass containing the right type of 
bacteria (many free Nitrogen fix in g  bacteria are known) 
and to ootain Ammonia in commercial quantities. Then 

a l l  of us Chemical Engineers could retire  gracefu lly . 
However that is  not going to happen in a hurry. Die 

bacteria to be developed would have to be a special 
one which can quickly f ix  Nitrogen and react with 

hydrogen' f  rom cellu lose etc. giving a reasonable Ammonia 

y ie ld . Die Ammonia in such cases i s  more than like ly  

to be converted repidly to Amino Acids, and tills would 

also have to be guarded against.
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1
The great advantage of such processes is  the 

potential that they could be at farm leve l or multi-farm  

level, not requirir*; the large investment which are 

today a necessary expenditure o f a developing 

country's finances.

However there is  a time scale involved -  say, at 

least, 20 years, but this remains in the realm of 
conj ecture.

References

(1) ?or instance, Sauchelli: "F e rt ilize r  Nitrogen" ACS 

Nonograph N0 . 1 6 1 , New York (1964).

(2) Kirk-Qthmer, Encyclopedia of Chemical Technology,

2nd Edn. Vol. 2. p .268.

( 3 ) U.Zardi, A.Ahtonini, Nitrogen , Nov./Dec. 1979.

( 4) ICI Patent Application. B ritish . 044,995/77 

(October 1977).

(5) Sze Wang, C.S. Patent No. 3*992, 328

( 6 ) Ammonia Casale, Ita lian  Patent application No.47920A/79 

(1979).

(7) Data from Norsk -  Hydro.




