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MANUFACTURE OF SYNTHETIC NITROGENQUS
FERTILIZERS IN INDIA

Part Ill. Processes for the Synthesis of Ammonia
BY C. N, ACHARYA, M. Sc,, Ph. D., A. I, €, I, A" Sc..
Indian Instilute of Science, Bangalére.

It has been mentioned in Part II of this series that the synthelic process
for ammonia was first worked out on a commercial scale in 1813 by Haber
and Bosch and plants were erected at Oppau and later at Letina (Meresburg)
in Germany to carry on the process on a large scale. These two {actﬁrlas,
between them, are now equipped to fix nearly a million tons of nitrogen - per
year. The working details of the Haber Process were kept a- Close secrel:
even after the close of the War, but the principles underlying it were success-
fully developed into commercial practice independently in “other -couhntries,
e. g. in America, France, ltaly and England. The chief of these modified
processes are those of Claude (France), Casale (italy), Fauser (ltaly), Morit
Cenis (Germany) and F. N. R. L. (U. 8. 8.), The main differences betwzen
these methods lie in :— (a) the source from which. hydrogen is obtained ;
(b) the method of separating oxygen from the nitrogen of the air ; (¢} method
of purifying hydrogen and nitrogen ; (d) nature of catalyst used; {e} tempera-
lure of reaction ; (f) pressure employed ; and (g) method of removing ammo-
nia from the system.

Some of the main technical dilferences between these methods ‘are
shown'in Table 1.}

TABLE I. Comparison of Synthetic Ammonia Processes.

Reported Reported Recirculation

Method. Pressure Tem. conversion of unchanged Cutalyst,
atm, °C maximom % gases,
Mont Cenis 100 400 40 Yes Iron Cyanide
Complex.
Haber-Bosch 202 550 8 Yes . Iron granules
L0 Dl'ﬂmlil.ﬂll ne
Fauser 300 500 125 Yes Do,
F, M. IR L. 300 475 30 "Yes ‘Do,
Casale 750 475 40 ‘ Yes Do.
Claude Q00 600 40 No Do,

The world installed capacity for direct synthetic ammonia production
was distributed in 1934 among the several processes as  follows :— Haber-
Bosch 35727 (mostly in Germany), Casale 14'9 (in France, Italy, U. S. A.
and Japan), Fauser 11’9 (in France, Haly and Nether]anda} Claude 94
(France and U. S. A.), Imperial Chemical Industries 85 (Enqiand} Moni
Cenis 80 [Smtzerlﬂnd} Nitrogen Engineering Corporation 6'S (Norway and
U. 8. A), General Chemical Co. 6'2 (U. 8. A), . N. R. L. 2°0 (U.'S. A.).
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The above' processes can be grouped broadly into two classes :—
1) t_hase which work at low or moderate pressures, and (2) those which work
at high pressures. To the former class belong the Mont Cenis, Haber-Bosch,
Fauser and F. N. R. L. systeris ; and to the latter class belong the Casale
and Claude processes, |

The advantages of working under high pressures are :— (1) the capacity
to handle more material in a given resaction space, compared with processes
using low pressures ( thus ' convertors ” of about 25 inches diameter and
12 feet height can synthesise 30 tons of ammonia per day in the high
pressure system, as compared with the Haber-Bosch " converters” of dia-
meter 4 {eet, height 20 feet and walls 7 inches thick. (2) Higher percentage
conversion. Thus, the Claude and Casale processes achieve 40% conver-
sion into ammonia, against 87, obtained in the Haber system. The Mont
Cenis is, however, an exception, since it obtains the same high degree of
conversion even though it works at 100 atmospheres pressure only. This is
due to the vary active Iron-cyanide ‘complex which is used as the catalyst.
3) The ammonia formed by high pressure synthesis can be directly liguefied
ss anhydrous ammonia, whersas in the low pressure systems, it has to be
absorbed in water to form dilute ammeonia and later distilled again.

The disadvantage of working under high pressures is the exira chance
of accidents and the necessity for using very durable and highly resistant
metzl for the conversion chambers. To obtain such resistant material which
would work satisfactorily at moderately high temperatures below 500°C is
easy nowadays. The case is, however, different when high pressures are
combined with high temperatures, as in the Claude process, where pressures
of 800 to 1000 atmospheres are combined with temperatures above B00°C.
Ordinary types of resistant steel break down under these conditions. The
prectical application of the Claude process was delayed for a number of
years, till a satisfactory type of metal could be manufactured, suitable for the
purpose. At present a special alloy of nickel, chromium, tungsten and iron
is used and has been found to work satisfactorily.

The use of such special alloys, in addition to increasing the cost of the
plant, raises certain imporiant issues, a. g. as to whether it will be possible
o prepare such resistant alloys in the necessary guantities in this country in
times of need, should the foreign supply be cut off. 1t would, obviously, be
wise to adopt a process which would incorporaie the advantages of high
pressure synthesis without rendering the use of such super-resistant metal
guite necessary.

From this point of view, the Casale Process has many points in it that
commend themselves io our favourable considerstion. I works at about
475°C and does not require the special resistant alloys needed for the
Claude plani. Moreover, the " promoied " iron calalysl can be prepared
in this country iiself. The method incorporates all the advaniages of high
pressure synthesis and has been adapted io work on elechrolytic hydrogen,
for which purpose special iypes of efficient katleries have been devised.
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Belore going further intothe choice of a final technique,.we- shall: ‘con-
sider in more detail the economics of the different -methods of obfamirig
hydrogen and nitrogen. [t has been estimated that as much as’ jﬂ' to . 78%
of the total cost of production of synthetic ammonia is involved in-the pre-
paration and purification of the 3 : 1 mixtures of hydrogen. and 'nitrogen,
required for the purpose. It is, therefore, cbviously of importance "1o. con-
sider which of the present methods in vogue are the most economical under
the conditions existing in this country.

Of the two components, nitrogen and-hydrogen; the'cosi:-'af production
of nitrogen is almost inappreciable, compared with the cost of production of
hydrogen. Thus, for fizing one ton of nitrogen, the volume of nitrogen gas
theoretically required is about 28,750 ec. ft. at N. T. P., which can be pro-
duced at a cost less than Rs. 5 including depreciation on ‘machinery; but
the cost of production of the necessary amount of hydrogen;  say about
90,000 c. {t., may easily go up to Rs. 200 or more.

The mmportant sources for commercial hydrogen are:— (1) Water Gas;
(2) Coke Oven Gas; (3) Electrolysis of water; (4) Steam-iron reaction;
(5) By-product hydrogen from the production of chlorine, fermentation pro-
cesses ete. ; (6) Natural gas. Of these sources, Nos. 5 and 6 are not avail-
able at present in large quantities in India; and method 4 is not cheap,
since the reaction between steam and iron comes to an early egailibrium .
and, moreover, the ferric oxide formed has to be reduced again. Methods,
1,2and 3 are the ones generally adopted on the l-argn_a scale, and the
extent to which they have contributed to the supply of hydrogen for the pro-
duction of synthetic ammonia, is shown in Table I1.*

TABLE II. Sources of Hydrogen for the production of ammonia,

Source, . C1926-27 1933-34
7 4
1. Water gas 890 W70
2. Coke Owven gas ... 30 250
3. Llectrolysis of water G4 L6
4, Other sources:— e, g, by-product hydrugen from
brine, fermentation etc, 16 2

Of the sources 1, 2 and 3, source 2 (coke oven gas) is available only
in Bihar and Bengal, since there is no ecoking industry in cther provinces of
India. Hence, for the other provinces, the alternative is between sources 1
and 3, viz. water-gas or electrolysis of water,as the source of hydrogen.

In the Haber-Bosch process, a mixture of waler-gas and producer gas is
used. The approximate comrposition of these gases is shown in Table III.

Water Gas. This is prepared by passing steam into a bed of incandes-
cent coke, the temperature of which is maintained between 1400°C and
1000°C, when the following reaction takes place:— HoO+C—>CO+Ha.
Since the reaction is endothermic and the temperature tends to fall below
1000°C, a blast of air is frequently let in to raise the temperature 1o 1400°C,
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and the carbon dioxide evolved is separately let off. Thus, a portion of the
coke is bumnt away to carbon-dioxide and only 50 to 607% of it is obtained
as carbon monoxide. About 1000 c. fi. of straight water gas are produced
for every 40 lbs. of coke (total) consumed.

TABLE III. Composition of Water Gas and Producer Gas.

Straight Water Gas Producer Gas

% y 4

Carbon dioxide ... 7 52

Ethvlene 10

Oxygen v U5 02

Carbon monoxide ... e 42°3 26'3

Hydrogen e 479 1474

Methane . 6 18

Mitrogen 34 5171
Others e, 16

1000 10000

Producer Gas. This is obtained by passing a continuous mixture of air
(7 volumes) and steam (1 velume) over low grade coal. The amount of
steam used per 1b. of coal gasified is about 0'4 to 0'5 lb. One pound of
bituminous coal yields about 60 c. ft. of gas, semi-bituminous coal about
-+ 30 c. ft. and lignite about 28 c. ft.

In the Haber-Bosch methed, as already mentioned, a suitable mixture of
water-gas (CO: Hg about 1:1), producer gas (Ne : CO about 2: 1) and addi-
tional steam is sent through a hot catalyst of " promoted ** ferric oxide, when
the carbon-monoxide is converted into an eguivalent amount of hydrogen,
according to the reaction CO+H:O-—*+CO:+H:. The proper (roughly
equal) volumes of water gas and producer gas are chosen to give at this
_ stage hydrogen and nitrogen by volume of 3:1. The mixture is next passed
through an elaborate system of scrubbers and purifiers, which remove most
of the other gases and impurities which are likely to poison the catelyst dur-
ing the synthesis of ammonia.

For the fization of one ton of nitrogen, roughly 30,000 c. f. of nitrogen
gas and thrice that volume of hydrogen are necessary. These correspond,
roughly, to a mixture of 70,000 c. ft. water-gas and 60,000 c. {t. of producer
gas ; and o obtain this mixture are reguired about 11 tons of coke, 1 ton of
coal and about 10—11 tons of steam. The cost of these materials could be
easily calculated from the local prices for coal at any centlre. It would not
pay to adopt the above method where the price of coal is above Rs. 10 per
ten. An advantage of the Water-gas methed is that about 100,000 e, ft. of
carben dioxide are obtained as a by-product per ton of nitrogen fixed, which
may find some application in the later slages of manufacture, e. g. in adop-
ting the gypsm process for ammonium sulphate or in preparing urea.

Where a cheap source of electricity is available, say at a price lower
than Rs. 50 per k. w. yr., itis possible 1o use the hydrogen obtained by
electrolysis of waler in the manufaclure of synthelic ammonia. Various
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special types of cells suitable for the purpose have beén deslgnnd 2. T
(1) Knowle's multipolar cell and Knowle's column cell {bell typel +(2) P@ch-
kranz cell (filter-press type) and (3) Fauser cell (diaphragm: type) i
Fauser and Pechkranz cells have found much' favour in- the s}rntheﬁc ‘am-
monia industry. In all these cells, the consumption of current 1s:abml’r 150
k. w. hrs. per 1000 c. ft. of hydrogen nbtmne-d which works r.mt to 13,500
k. w. hrs. or about 1'5 —1°6 k. w yrs. per ton of nitrogen ﬁxed *Wh:ara D.
C. current is not available, a transformer has to be ssl.up emd the total
consumplion of current may go up to 1'75 k. w. yrs. per fon of- mtmgen
fixed.

The main disadvantage of the electrolytic methed  is the. high capital
cost of the electrolytic system as compared with the Water gas method. On
the other hand, the hydrogen obtained by the method of electrolysis'is very:
pure and it is unnecessary to incur the further expenses -of ‘purification
necessary with water gas. Further, oxygen is obtained as a by-product,
which may find a sale and serve to lower the cost of h]rdmgen In_ ‘coun-
tries such as Italy, which have no coal, the electrolytic method for hydrogen
has been successfully adopted in the manufacture of synthetic -ammonia
(e. g. in Casale and Eauser processes).

The comparative costs of producing ammonia from the ditterent sources
of hydrogen have been discussed by Pollitt,* who gives the following data
as regards investment and manufacturing charges :—

TABLE V.

Costs of producing ammonia from different sources of hydrogen (1930-3 1)

Investment per metric Manufacturing cost
Source of hydrogen, ton-year of ammonin per metric ton of
Plant. Buildings. Total. ammonia as 25% liquor.
b B > & .
Electrolytic 198 - 25 223 34—57*
Water gas 148 22 170 35
Coke Oven Gas ... 141 19 160 Codd
Coke Oven Gast ... i 94 30

* Depending upon local cost for electrical energy. _

T From E F. Armstrong, Chemical Trade Journal, November 1531,
Nitrogen Gas. As regards nitgc:g-en gas, it has been obtained (1) by
passing air over red-hot coal or copper; (2) by liguelying air and then
fractionating it, for which purpose the plants of Linde and Claude are best
suited ; (3) by burning hydrogen in air; this last method is practical only
on a small scale or where hydrogen can be obtained very cheap. in the
Fauser process, 107 of the ammonia prepared is mixed with air and -passed
through platinum gauze, when the residual gas cnnsiét;_ mostly of nitrogen.

Of the above methods, Claude’s plant for ]iqueiacﬁoﬁ of air and subse-.
quent fractional evaporation, has given very.satisfaciory resulis at a number
of synthetic ammonia factories, and can be recommended for adoption in
cases where water-gas is not used.
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Devivatives of Ammonia. Though ammonia, as such, finds scme appli-
caﬁﬂh'in,i__hdustr?,' e. g. in refrigeration plants, most of it is converted into
derivatives, e. g. ammoniacal fertilizers and urea or oxidized to nitric acid.

Ammonium sulphate is probably the predominant form in which synthetic
ammonia appears on the market and almost all of it is used as fertilizer.
Where local supplies of sulphur are available, as in Sicily, Japan and U. S. A.
or pyrite ores as in Spain and U. S. A., it is convenient to manufacture the
necessary sulphuric acid for the preparation of ammonium sulphate. In
other countries, e. g. Germany and England, which do not possess suilicient
supplies of sulphur or pyrites, but which possess good deposits of gynsum,
successful attempts have been made to prepare ammonium sulphate by
passing ammonia and carbon dioxide into calcium sulphate, suspended in
water. This is & cheap method of preparing ammonium sulphate and the
necessary COj is generally obtained as a by-product in the manufacture of
water-gas and producer gas used for the synthesis of ammonia.

But the popular preference for ammonium sulphate in fertilizer practice,
is only of recent origin, say from the beginning of this century. Before that,
the fashion was to use sodium nitrate from Chile. Sodium nitrate suffers
from the disadvantage that its continued use renders the soil alkaline and
unproductive. On the other hand, ammonium sulphate suffers from the
opposite disadvantage, viz. that the continued use of it renders the soil
acidic—especially on light soils—due to the accumulation of sulphuric acid.

Serious efforts, through propaganda and demonstrations, are being
made by fertilizer companies, both in Europe and in America, to induce the
agricultural clientele to use fertilizers other than ammonium sulphate; and
it is satisfactory to note that the sale of such fertilizers, e. g. ammonium
phosphate, ammoenium chloride, ursa and various nitrate fertilizers, now
exceeds that of ammonium sulphate. Indeed, itis now possible to run a
synthetic ammonia plant and to dispose of its products for fertilizer purposes,
without being' under the necessity to manufacture sulphuric acid or to use
gypsum. This is of special significance to India, which does not possess
any abundant deposits of sulphur or rich sulphide ores.

Oxidation of Ammonia to Nitric Acid. An important outlet for ammonia
lies in its oxidation to nitric acid catalytically, by mixing it with air (11%)
and passing it through finely divided platinum gauze; the oxides of nitregen
co formed are further oxidized and absorbed in dilute acid to form 50%
Nitric acid.

The dilute acid can be used direcily for the manufacture of various
fertilizers, e g. ammonium nitrate, calcium nitrale, sodium nitrate, elc. The
disadvantage of some of these nilraies, from the fertilizer point of view, is
their deliquiscent nature. This has been partially got over by admixing the
nitrate with bone-meal, calcium carbonate, gypsum or potassium salts. Thus,
we have on the market compound nilrates, such as emmonium sulpho-nitrate,
potassium ammonium nitrate, bonemeal ammonium nitrate, calcium ammonium
witrata and fradae nroducts such as Nitro-chalk, Calnitro, Leuna saltpeter etc.
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Such compound nitrates are now {inding indreasing sale, smee. tney. contain,
in addilion lo nitrogen, other valvable plant nulrienls such:as. peotash
calcium, phosphoric acid ele.

For purposes of munitions and for the dye-stull industry, the-dilute nitric
acid has to be concenirated to 95—98, by addilion of concentrated sulphu-
ric acid and redislillation.

Urea. Ancther fertilizer that is coming into favour is.urea, which can
be obtained by passing amnmonia and CO» into an aulcclave held at 130 to
140°C. Urea is rich in nitrogen (contains 46-67 N as cumparad 'with about
20% in ecyanamide and ammonium sulphate) and is easily asgimilated by
planis. An interesting fertilizer derivalive of urea is calcium urea nitrate, in
which urea replaces the four moclecules of water in calcium nitrate anc
renders the product rauch less hygrascopic.

General Review aud Conclusions, It is evident from what 'has been
said in this and the earlier parts -of this geries, thal the manu{acture of
synthetic ammonia offers the best starting point for covering the whole field
of nitrogenous fertilizers, e. g. nitrates, ammonium salts, urea etc.; and itis
possible to run the plant and market its produects, even independently of
imported sulphur or gypsum, should it be so necessary. -

Of the different processes {or the manufacture of syntheﬁc ammonia,
those of Casale and Fauser seem to possess several marked advantagEE
over others.

Of the different methods of obtaining hydrogen and nitrogen the water
gas and coke oven gas methods are suited to Bihar and Bengal ; butin
other provinces, the atmospheric liquefaction method for nitrogen and the
electrolytic method for hydrogen can be adopted, provided a cheap source
of electricity is available which could supply current at Rs. 40 to Rs. 50 per
k. w. yr.

It would be advantageous to attach an ammonia oxidation unit to the
synthetic ammeonia plant and {o manufacture -compcund . fertilizers such as
calcium ammonium nitrate, ammonium sulpho-nitrate, bonemeal ammonium
nitrale etc., in addition to simple compounds such as ammonium sulphate,
ammonium phosphate and ammonium chloride. Urea and ifs derivatives,
such as celcium urea nitrate, may also be included in the programme.

A small plani for the manufacture of sulphuri{'.:- acid from importad
sulphur may be added, for the preparation of super-phosphate, ammonium
sulphate eta.
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