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1, Historiecal,

Ammonia technology can be said to have gctarted with the
development of the Haber-Bosch process wnich produced
commercial Ammonia for the first time in September 1913. The )
experiments leading up to the development of this process and
the catalyst required have been often been described (4).

It is, however, important to note that the Haber-Bousch
technology pertaining to the Ammonia Reactor and the Ammronia
loop has been in subsgtantial use until the sixties. For instance
in 1961, out of world Ammonia capacity of slightly over
14 million tons, nearly 10 million tons came from Haber-Boach
or modified Haber processes {2).

2. Curreant Status.

The Ammcnia plant as we know it today, when based on
natural gas (75% oi world technology), consists of primary

steam Reforming of the natural gas ir tubes containing a Nickel
based catalyst, heaited from the outside; follnwed by secondary
air Reforming, HT and LT shift conversion, Carbon Dioiide
removal, Methanation,and the use¢ of a Centrifugal Compressor,
0 produce syngas of the right pressure for the synthesis
reactor. Thia paper will, in relation, to current technology
and the immediate futuré, deal only witu steam reforming

prozegses.

The current status o2 Ammonia technology has been
described by several authors at this conference, in relation tc
specific factors. In this gaper, it ia necessary to oniy
congider the tedinology in relation to posaible D.*ure
developmen ts.
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rimary Rerorming: Reforming processes are currently available
for 40 - 45 atmospheres. With currert eaergy costs, these are

now M1lly justified.

Currently Steam/gas ra.:ios are between 3 and 4.5, with
the newer plants having the lower steam/gas ratlos.

Secondary Reforming: The gag leaving the primary reformer at
a temperature of 760° - 820°C is mixed with air and further
reformed, leaving at a2 temperature of 950°C - 1020°C. All the
Nitrogen required is introduced at this point.

Snift Conversion: The gas is then cooled and the heat recovered,
and the Carbon Bonoxide is thereafter catalytically shift
converted t¢c Carbon Dioxide (with reduction of Steam to

hydrogen) in two s%ages: a High Temperature and a Iower
Temperature stage.

Carbon Dioxide Removal: After further cooling, the Carbon
Dioxide is removed by chemical absorption, with the regeneration

of the Carbon Lioxide both by pressure reduction of the
solution and with recovered heat,

Methanation. The remainder of the Carbon Dioxide and Caroon
Monoxide is then catalytinally methanated, which gives a gas
containing 1 to 1.5% inerts. However when the LT catalyst gets
old, this can rise t 2% inerts.

Compre¢ssion: The Synthesis gas is then compressed to the
required pressure (today 150 to 280 atmospheres) and passed
over an appropriate catalyst, with temperatures of 450 - 480°C,
to produce Ammnonia.

Ammonia Joop. The synthesis gas is ccoled and the Ammonia
liquified (under usual pressure conditions as a liquid at

- 33°0), and the unreacted gas is recycled (generally through
the finul stage of the Compressor), mixed with fresh synthesis
gas and passed to the reacto..




An Ammonia Plant of the type described above has a
general heat requirement of around 8.5 million Ecals/ton Ammonia.

3, Improvements currently being installed.

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

the most important are:-

Prinary and Secordary Reformir.az.

Cumbustion air preheat is already commor and Process
air preheat is being installed in all new plants. The feed is

also being preheated to higher temperat. res.

The net overall saving b, these :tkanges ls estimated
at 0.6 millior Kcals/ton Ammonia,

Shift Conversion.

No bagic changes are being currently made but catalysts
are imprevinz and it is possidle to keep CO down to a point
where inerts after methanation ire 1 - 1.2 per cent only.

Systems are available for the selective oxidation of the
CC left after LT conversion, to C02,
loss in the methanation section, and reducing inerts.

thus reducing hydrogen

Carbon Dioxide Removal: Systems are now available where the
bheat requirements for Carbon Dioxide regeneration are eliminated.
Among ‘mportant ones are the physical type absorption Syetems
but these give less carbon Poxide recovery. The savings in use
of such systems can be substantial over systems installed

7-8 years ago.
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Removal of Inertg:s The removal of inerts is of extreme value,
both in loweriag the energy requirements for re-circulaticn
ard in the purgs gas loss. For instance with 1% inerts and an
admissible purge equal to j‘% 0of the incoming gas, the inert
content in the circulating gas can rise to 20%. With no inerts
the mole percent of Ammoria at equilibrium (starting from 3:1
Hydrogen: Nitrogem mixture) is 27.44% at 200 atmospkeres and
450°C but with 20% inerts thic drops down % only 17.87% under

the same conditions.

Physical absorption systems are rnow available for removal

of HZO’ CO and even N2.

removal systems is Cryogenic purification.

However the most importact 2f the

It snould be pointed out that if the Cryogemic purifica-
tion system is adopted, the air to the Secondary reformer can
be increaged, and the I-I2 : Hz ratio adjusted through the
Cryogenic system. Altermatively if pure Oxygen isg available,
this nan also be accomplished by use of Oxygen rathe. than air.

Compressicn: In recent years, the use of Cenatrifugals has been
axiomatic, Centrifugals are available for lower capacities now,
but for small plants their value is doubtful, It should be
pointed out that savings in the uge of Centrifugals i, only
around 0.4 million Kcals/ton Ammonia.

Synthesis Convertor and Ammonia Joop. Newer baskets as well
as some changes in catalytic temperatures give a closar
approach to equilibrium. For instance in ore Pakistani plant,
the change has resulted in Ammonia conversion (at 225 atmos-
pheres) from 16% to near 22%.

Several gystems are availatle fLr lower pressure drops
in the Convertor and Ammonia Yoon thus reducing recycling
en.rgy. Among these are the use of gpherical catalysts, and
mixed flow ayetems in the reactrr, as well as the reduction
ia tkhe inerts mentisned above.




All these improvemernts have resulted in energy require-
ments of arcund 7.3 million Xcals/ton Ammonia, or with
Cryogenic purification, arourd 7.0 million Kcals/ton Ammonia.

4, Puture Improverents in Claggical Ammonia Technology.

These imporvements can be divided i to 2 types:-

(a) Improvements in the near future.

{b) Improvements in the more distant future.

5. immediate Imorovements in Classical Techrolozgy.

All the improvements currently teing corsidered, or
where new processes are being offered deal with emergy
efficiencies of the Ammoaia System.

Among individual imporvements which are likely to be
available in the near future are:-

‘a) Increases in reformer pressure. This hasg been a
steady prcess and is likely to continue as energy costs rige.

(b) Posasibilities exist in the reformer combustion takirg
place under pressure. This would make tube wall thicknesases
less, allow easier hezt transfer, and meike the recovery of teat
from the combustion gases easier. However the Reformer walls
wotld have to be pressurised and this can be costly.

(¢) T™e recovery of additionul heat from the crombugtion
gases 1s perhaps the most important povential saving. As much
as 1 million Kcals/ton Ammonia is lost in older systems, although
the loss i1 modern systems is less. Eowever heat recovery
systems froam me.con:bus‘cion gases are still untried, except
for such uses as steam superheating.

(d) Waste Heat Boilers are now available for the Ammonia
loop. However the long-term life of these (due to the presence
of Ammonia) needs further examination.
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(e) The use of absorption - desorption refrigeration
systems in the Ammoania loop, with the heat required for such
systems coming from various e.urces within the Ammonia cycle
itself is now coming into use. This is reported to reduce
consumption to around 7 million Kcals/ton Ammoria, and when
coupled with inert remo.al down to as little as 6.5 million
Kecals/ton Ammonia (3).

(£) The greater superheating of the steam in the steam
system of the plant could give 2lmost a direct saving. However,
this would have to be carefully studied on an overall energy

baSiSO

(g) Tre Ammonia Reactor currently operates at around 80%
of equilibrium. Changes in the Reactor design, possibly coupled
with temperature changes would bring conversion much closer to
equilibrium., The removal of traces of Ammonia in the loop
(by absorption) would alsc help.

(h) The use of a steam turbine for the gyngas compressor
is only useful if the rest of the steam heat can be utilised,
possibly in the fertilizer section of a Ammonia - Fertilizer
Complex.

The processes where th .ge, and cther modifications have
been proposed and which are available and would become
commercial ir the near future have been summarised in a recent

paper (3) and need not be discussed Gere.

Some of the of fered processes include low-pressure loops,
but a true low pressure loop would require a low pressure
syntheal s reactor, and this cannot be cocnsidered %0 be an
immedia te possibility.

—




6. Pature Improvements in Clagaical Technology,

The major future breakthrough in the class! :al Ammonia
technology must come from the development 02 a2 Iow Temperature
Ammonia synthesis catalyst.

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

Table - 1

Mole Percentage of Ammonia at Squilibrium.

Pressure, atm

Temperature °C 0 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 10.61 26.44

It #4111l be seen that at 50 atmospheres and 300°C, the
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 catalysgt with a fast
enough rate of reaction at 300°C - 350°C is yet available
commercially,

However there are sevaral patent applications. ICI has
a Cotalyv -« Iron catalyst and the activity at 350°C is reported
to be 60% higher than a cobalt - free catalyst (4). ILummus (5)
has Cerium activated catalysts effective at 400°C, and Casale(6)
has patented a spherical catalyst wnich they claim i3 affective
at 350°¢C - 400°C.,

.




The LT catalyst would revolutionize the Ammonia
technolcegy and wuld permit a common perating pressure (after
accounting for pressure dm"s)- 2rom reforring to Synthesis,
This would elim’nate Syngas compression, and al'ow small
plants to be economical with large plants.

Several low pressure processes have been annour.ced
(40 to 60 atmospheres and in any case, below 10O atmospheres)
with synthesis and reforming preasures being similar. Of thease
Eellogg and ICI processes may be mentioned. Per pass immonia
concenti2tions are 12 - *5%. Sowever the processe; still need

to be commercially proven.

At the same tire a breakthrough irn thie field is now
due and should not be more than 5 years away.

1. Improvements in Non-Classical Technology,

The availability of norn-conventional sources of energy,
of which solar energy is the most important, would not have
any direct impact on Ammonia technology because the available
temperatures are too low.

However 1f Solar electrical power could be developed
cheaply, this couil allow the resurgence 0?7 the electrochemis-al
and allied processes (hydrogen from water, nitroger from air).

At present only a few water electrolysis plants exist
of which 3 (2 in Norway, 1 in Bgypt.) are large installations,
and act as a base for Ammonia,

Current consumption figires are reported (7) at 34 MM
BTU/ton Ammonia or about 8.7 m:.1llion Kcala/ton Ammonia.

This 1s higher than other energy sources and since much
more electricity is required, it i3 less balanced also.




— -

It should also be pointed out that solar radiation,even
in the tropics seldom exceeds 300 BTU/ft2 and even if we agsume
2 of solar
panel surface (50,0C0O Sg.netres) would be required pe. ton of
Ammonia.

20% energy conversion to electricity about 500,000 f£*%

This would rot he possitle as an ecrromic proposition

even if solar erergy develops rapidly.

8., New Technolozies.

8,1, . Nitrozen T xinz Crons,

There are a number of new technologies which gpust

be mentioned in a paper of this type.

Before congidering these technologies, the
pcssibility of an Agricultural breakthrough mist alsc
be congidered. The use of Leguminous crops as a source
of Nitrogen and the appropriats rotations usirg these
crops have teen known for 400 years. As late as 1990,
abcut 75 million acres (about 70 million hactares) of
legurinous crope wers adding 2 million tons Nitrogen to
soils in the U.3. With the availability of cheap Nitrogen
as a fertilizer the use of leguminous crops has reduced.

The efficiency of atmospheric nitrogen fixation
by leguminous crops can, probably. be increased. In
addi tion a number of non-legumirous families, which fix
Nitrogen, have algo been identified and need %to be
further developed,

In most cases, the Nitrogen fixation of such
dgricultural crops, tends to reverse when Nitrogen
concencrations in the soil increase and this could put a
limit upon their usefulness.
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However, since aany c¢f these crops tend to
flourisn in the tropics they should de giver more
agronomic significance, ard research on these crops
may pay dividends.

8.2, Producticn of Ammopia from 3dnzymes

The diocnemical crop mechani sm appears to be an
oxidation - reduction of the Nitrogen under 2H™ and O
ions in the soils. Ammonia is urdoubtedly formed in the
reduction reaction and this could possibly yield to the

production of Ammonia by tiochexzical actiom.

The recent isolation of ™itrogenase", the Enzyme
which catalyses the combination of the Nitrogen from tre
air and hydrogen from water is undoubtedly a breakthrough
in this direction. This enzyme's protein structure is
now being established and soon new genetically prepared
enzymes may be bulilt-up to do the work more efficiently.

In actual practice, it is pogsible to transfer the
characteristic of fixing nitrogen from known species by
genetic engineering, to completely unrelated species and
*his can also be a breakthrough,

The genetic capability dces not stop there. It
may be possible one day to have a wheal or maize in which
genetic tranafer Las resulted in the direct fixation
of Nitrogen, thus doing away with most of the markets
for fertilizer Nitrogen!

However all this is in the future and chemical
engineering still remains in the forefront for Ammonia
technology.
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8.3, New Chemical apnroaches

The obvious new chemical approach 1is to first
pryduce a chemical complex which can take up Nitrogen
(NQ) from the air and thereafter react i* with another
preduct which could reduce the Nitrogen to Ammcnia.

™e first was solved in 1965, and the second in 1370,

It has been found that a molybdenum complex whick
bindg dinitrogen can be made to react with an iron-
sulphur complex, wnich reduces tne Nitrogen to ammoxnia.
Yields are only 2% - 4%,

t should be remembered, however, that thc yielrds
obtaiiied by Eaber in 1904 on the Classical Ammonia
process were oanly J.5%. Bven with the introduction of
higher pressures, ¥erst only obtained 0.9% conversion
in 1906 but the first commercial plant started in 1913 !

8.4. The Ultimate Bigchemical Process,

Mnally a word about the ultimate biochemical
process. 1t would be nice to have a process where Alr
is bubbled through biomass containing the right type of
bacteria (many free Nitrogen fixing bacteria are known)
and to ouvtain Ammonia in commercial quantities. Then
all of us Chemical Bngineers could retire gracefully,
However that is not goinz to happen in a hurry. The
bacteria to be developed would have to be a gpecial
one which can quickly fix Nitrogen and react with

hydrogen from cellulose etc. giving a reas-onable Ammonia

yield. The Ammonia in suck cases i1s more than lilkely
to be converted repidly to Amino Acids, and this would
algo have to be guarded against.




(1)

(2)

(3)
(4)

(5)

(7)
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The great advantage oY such processes isg the

potential that the; could ve at fam level or multi-fam

level, not requirire the Jarge investment which are
today a necessary expenditure of a developirg

country's finances.

b

dowever there is a %time scale involved - say, at
leagt, 20 years, but this remains in the realm of

conjecture.
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