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The chemical industry has a very important place in defence planning as supplier of two crucial needs: (a) jet 
fuels for the air force; and (b) chemical explosives for ammunition. An attempt is made here to examine the pros-
pects of self-sufficiency in respect of both of these items, considering the present state of development of the che
mical industry. 

As for jet fuel, we should be in a position to meei most of the demand for JP 4, the standard fuel for mili
tary jet aircraft, from interval production provided civilian consumption of kerosene can be adequately cut. 

The three basic chemicals needed for production of explosives—ammonia, toluene and formaldehyde—are 
very much inter-related and are the products of three be sic industries: fertilisers, iron and steel and petrochemicals, 
A properly integrated complex based on raw materials derived from these industries can achieve self-sufficiency in 
explosives. 

Of the three chemicals, two are being produced or can be produced immediately in fairly targe quantities 
from existing sources. This, however, is not the case with the thirds formaldehyde. The raw material for formalde' 
hyde is methanol. The natural source of methanol—wood distillation—has very limited scope. Hence we have to 
produce methanol synthetically in our projected petrochemical plants. 

DEFENCE-ORIENTED planning in 
a time of emergency has two 

aspects; first", planning of production of 
vital defence materials to meet the 
urgent demands of the armed forces 
and, second, Ions-term planning for 
achieving self-sufficiency in strategic 
materials. Stock-piling of these mate
rials through imports is a possibility 
which is not open to us for obvious 
reasons and so there is no other alter
native but to plan ahead for maximum 
possible self-sufficiency. 

The chemical industry has a crucial 
place in defence-oriented planning; 
two vital defence needs are: (3) jet 
fuels for the air force; and, (b) chemi
cal explosives for ammunition. Almost 
all modern aircraft—fighters, bombers 
and reconnaissance and transport 
planes—are titled with jet engines be
cause of the need for high speed and 
manoeuvrability. Since jet engines ope
rate at high altitudes in low tempera
ture, sometimes as low as 65°C, fuels 
like diesel fuel cannot be used since 
they solidify at low temperatures. Ope
ration at high altitudes where the 
pressure is much lower than on the 
ground (almost about 1/10th) also 
rules out the use of light fraction 
gasoline by itself because it would eva
porate away. Kerosene fraction (the 
middle fraction) was, therefore, -elect
ed as the most suitable fuel in the 
early jet engines. 

The rapid increase in the use of jet 
engines brought the realisation that 
sufficient kerosene could not be pro
duced from crude petroleum, parti
cularly during a war when very large 
quantities would be needed. The prob
lem became even more acute with spe

cial kerosene (aviation kerosene) with 
special properties which yielded better 
jet engine performance. To provide a 
suitable fuel for military use, there
fore, a jet fuel specification was drawn 
up which permitted the use of motor 
gasoline (without tetraethyl lead), 
kerosene and cracked gas oil boiling 
in the kerosene range, In times of 
emergency, about 50 per cent of crude 
petroleum can be converted into this 
widecut gasoline fuel. The vapour pres
sure of this gasoline is about 5-7 lbs/sq. 
inch. Under some operating conditions 
at high altitudes, this relatively high 
vapour pressure causes excessive fuel 
loss due to evaporation. Therefore, an 
ideal fuel with a vapour pressure of 
2-3 lbs/sq inch is now commonly used 
as military jet fuel. About 35 per cent 
of the crude petroleum can be con
verted into this widecut gasoline with 
a lower volatility. In the United States 
different types of jet fuels have been 
given the following designations, which 
are almost universally used: (.1) avia
tion kerosene—JP1; (2) widecut gaso
line (5-7 ps i ) — JP3; and (3) widecut 
gasoline (2-3 p s i ) —JP4. 

JP4 is the standard fuel for military 
aircraft. Most commercial airlines use 
J PI , because under some conditions 
this has a lesser fire hazard. We now 
have seven refineries in operation and 
two are in the process of being erect
ed with two more at the blue-print 
stage. Refining capacity in 1965-66' 
will be about 14 million tons which 
is estimated to go up to about 29 
million tons by 1970-71. The table 
gives the throughput capacity of the 
different refineries. 

The pattern of consumption of the 

different petroleum products is quite 
different in India from that in the 
industrialised countries. In spite of the 
large deposits of coal available, the 
main domestic fuel in millions of 
homes in our villages is kerosene. 
According to The report of the Energy 
Survey Committee, the share of kero
sene middle distillates in the total de
mand for petroleum products is as 
high as 29.3 per cent. However, kero
sene middle distillates are only 13 per 
cent of the total output of all the re
fineries. Hence, a part of the demand 
for kerosene has to be met from im
ports. In the case of gasoline motor 
spirits, the position is just the oppo
site demand is only 12.9 per cent of 
total, but production is 20 per cent of 
total refinery output. There is thus a 
surplus of light naphtha fraction which 
is now used for fertiliser production 
and in petro-chemical projects. 

Table : Throughput of Refineries 
('000 tonnes) 
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The annual consumption of kerosene 
in 1960-61 was 20,90,000 tons against 
a production of only 9,45,000 tons. In 
1965-66 the demand is expected to go 
up to 32,00,000 tons against an expected 
production of 25,13,000 tons. The de
ficit of 6,87,000 tons has to be import
ed from abroad, probably from the 
rupee 'payment areas. On the other 
hand, in 1965-66 the expected produc
tion of gasoline will be 23,14,000 tons 
against a consumption of 16,65,000 
tons giving a surplus of 6,49,000 tons. 
From these figures it is clear that 
although we have a shortage of kero
sene, we can still meet the demand 
for jet fuels from internal production— 
only civil consumption of kerosene 
will have to be reduced. In fact -we 
are already producing some jet fuels. 
The estimated demand for [P4 in 
1965-66 is about 5,00,000 tons and 
the Fourth Plan expected this to go 
up .to about 5,27,000 tons in 1970-71. 
It is difficult to say exactly by how 
much these estimates will have to be 
revised upwards as a result of the war 
and heightened defence preparations. 

Coming to explosives, three different 
types of chemical explosives are 
mainly used in modern conventional 
warfare. 

(1) Initiatory or primary explosives 
(detonators). These are sensitive 
materials which can be made to explode 
by means of a slight blow. They are 
dangerous to handle and are used in 
small quantities to start explosions. A 
few important detonators are: lead-
azide, mercury fulminate, (Hazedi-
nitrophenol, and lead trintre-resorri-
nate, 

(2) Low explosives or prepallants 
These are used mainly as prepellants 
for projectiles and have a fairly limit
ed use. Some propellants are: colloidal 
cellulose nitrate, black power, etc. 

(3) High explosives. These are the 

main explosives used in modern war-
fare and are needed in large quantities 
in the manufacture of all types of 
shells and bombs. A steady supply of 
these is absolutely necessary in war 
for munition production. The main 
types of high explosives are: (a) t r i -
nitro Toluene, commonly known as 
T N T (manufactured by the nitration 
of toluene); (b) cyclonite, commonly 
known as R D X (chemical name, tr i-
methylene-trinitramine); and (c) penta-
erythritol tetranitrate, commonly known 
as PETN. No estimate of the require
ments of these items is available 
though as defence preparations are 
stepped up, or in the eventuality of a 
full-scale war, demand will no doubt 
run into a few million tonnes each. 

(a) Trinitro Toluene (TNT) is one 
of the most important military high 
explosives used. Because of its low 
melting point (81° C) it is loaded into 
shells in molten state; the low melt
ing point also makes its use advan
tageous from the standpoint of safety. 
It is made by nitration of toluene 
with mixed acids. Toluene is a pro
duct of coal tar distillation and is 
available from the coke oven plants 
of the iron and steel factories as a 
by-product. 

(b) Cyclonite (RDX) is a very effec
tive booster and high explosive and 
is 50 per cent o w e powerful than 
TNT. It is manufactured by destruc
tive nitration of hevamethylene tetra-
mine (hexamine) with concentrated 
nitric acid. Hexamine in turn is manu
factured by the inter-action of asnmo-
nia with formaldehyde. 

(c) Pentaerythritel tetranitrate 
(PETN) is an extremely powerful, sen
sitive explosive which was used in 
World War II in place of nitroglyce
rine. It is made by nitration of the 
four hydroxy groups of pentaerythritol 

with concentrated nitric acid. Penta
erythntol is again manufactured from 
formaldehyde. Contrary to popular 
belief, nitroglycerine is very little used 
now as a high explosive for military 
purposes. It is mainly used in blasting 
and mining operations. 

These three high explosives are che
micals similar to each other as they 
are all nitro derivatives. Three basic 
chemicals are necessary for their pro
duction. They are ammonia, toluene 
and formaldehyde. Of these ammonia 
and toluene are available in plenty; 
only formaldehyde is in short simply 
and will continue to be so t i l l our 
petro-chemical projects come into ope
ration. The technological pattern of 
production of these high explosives can 
be understood from the diagram below. 

Ammonia: Nitrogen and hydrogen in 
a 1 to 3 ratio react catalytically at 
high temperature and pressure to pro
duce ammonia. Nitrogen is derived 
from the air by means of liquefaction, 
producer gas reaction or by burning 
out the oxygen in air with hydrogen. 
Hydrogen is obtained from many 
sources, including water gas, coke oven 
gas, natural gas, naphtha, refinery gas 
or electrolysis of water or brin. Ammo
nia is converted to nitric acid by cata-
lytic oxidation. 

Nitric Acid: Our peace time annual 
production of nitric acid is rather 
small. It is estimated to be only 
50,000 tons in 1965-66 and 160,000 
tons in 1970-71 but we have the 
potential to produce much mote. At 
least two of the five public sector fer
tiliser factories, i e , Nangal and from-
bay, can be converted without much 
difficulty to produce nitric acid from 
ammonia. Nangal alone produces 300 
tons of ammonia per day and it has 
an installed capacity to convert 50 
per cent of this ammonia into nitric 
acid. 
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