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Befors the imanguration of the Firat Five Yoar Plen in 1928 the USSR
produced no synthetie ammonia, all requirements being supplied exclusively
by imporis. Considerable emphasis has been given to the construstion of
synthetic ammonia plants, however, and sgtimated production has inereaged
from about 15,000 to 20,000 metrie toms (N) in 1932 to about 550,000 toms
(M) 4n 1951. Satellite productionm of symthetic ammonia in 1951 is estimated
at approximately 430,000 metrie tons (N). No synthetie smmonis 4s imported
fron non=Bloe countries.

The largest peacetime consumer of synthetic ammonia 12 the nitrogenous
fertilizer industry. Most of the balance is consumad in the mamfasturs
of nitric acid and other chemicalss The supply of synthetic ammonis will
not be a factor limiting any course of action by the Soviets, and present
productive cepacity is capeble of supplying requirements im the event of 2
major war, The average anmal Soviei supply during World War II, including
LendeLease shipments, was about one~thizd of that now aveilable. The Soviast .
synthetic ammonia industry ia campletely self-sufficient and therefore is
not vulwerable to economisc warfars, Peecause of the linited mumber of pree
ducing plante in thias industry, however, it 4s vuinerable %o strategic
bonbing, '

Ammonia ie a basic imdustrisl chemical ,being the cheapest ferm of
combined nitrogen and the rew material used in more than 75 perecent of a1l
nltrogenous products. A eolorless gas with a charscteristie pungent amell,
ammonla is produced principally by the high~temperature reaction of pure
nitrogen and hydrogen under praessure in the prasence of a suwitable catalyss.
As produced by this process, it is kunown as synthotic ammonia. Awmmonia
also is produced as & byw-product in the coking of coal, but such ammonia,
known as byeproduct ammonia, 1s preduced in much smaller quantities than
the synthetie, , ' .

SELR-EL
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Syathetic ammonia is produced and shipped in two forns, ammonis
liquor end liquid enhydrous emmonia, Cemmerelal grades of amonis liguor
ustally contein 28 percent ammonie. Liguid avhydrous amronia is dry
ammenia gas compressed to liquid form ard shipped at 114 peig 1/ (70%F)
in pressure tank cars or cylinders. The anhydrous form is about 99 pere
cent pure and for most purpeses in the US has virtually superssded smmonia
Hqu@ro v '

In peacetime, synthetic emmoniz is used principally in the mamie
facture of nitrogenous fertilizers, nitric acid, and industrial explosives.
Liquid enhydrous ammonia is the mogh important comereial refrigerant
bocause of ita low cost end high thermodynamie efficieney. Other importand
uzes of liquid arhydrcus ammonia are as & lowe-cost alkali in chemieal
processes, in the hardening of certain steel alloys, in water purifiecation,
and in the manmufactuve of organic chemiesls such ag urea, sniline, betaw
naphthylamine, hexamethylenetetrenine (the baso for RUX 2/), etc, In
wvartine, synthetic smmonla is indispensable bescause it is required in the
- mamufecture of all nonatomie military explosives. :

2.

B, I 2

Before ihie Firat Five Year Plan (1928-32) the Soviet Union pre-
dueed no synthetiic ammonia, &ll roequirements being supplied ezclusively by
imports. The retarded development of the electric pover and calelum earbide
irdustries hed precluded use of the early arc and cyanemide procosses for
producing ammenia., The Soviets roslized the fundamental esomomie impertance
of this industry, however, and started construetion at Dzerzhingk of a
Casslewtyps plant, which went into operation in 1928, Extensive plans were
formilated in the 3928+32 period for the Gevelopment of the nitrogen industry,
and congiderable foreign aid, both in engineering techniques and in equipment,
wes enlisted in the comstrustion of plants at Boremniki, Stalinogorsk, Gorlovina,
and Stalino, Also during this period, comstruction probably wes startsd en
the Dneprodzerzhinsk plant. Despite feverish agtivily, however, caly two
synthetic ammonia planis were in operation at the end of 1932 == nanely, the
Dzerzhinsk and Bereznilki plants = and production totaled fram aboud 15,000
to 20,000 metric tons (N) ammaily,

%/ Pounde per square inch, gauge pressure.
2/ A powerful military high axplosive developed during World War II.

-2
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Durdng the Second Five Year Plan (1933=37) the planta at
Bueprodzerzhinsk, Stalinogorsk, Gorlovka, and Stalino were put into opers=
tion, end comstruction was begun on plants at Kemewrove end Chirchik,
Construction of a pilant at Magnitogorsk was planned during this period,
tut & well=informed source has stated that eomstruction of this plant had
not bsgun in 1937, Thus, at the end of 1937, it i8 believed that six
synthetic armonia plants were in operation, producing at an anmal rate of
about 200,000 to 225,000 metric toms (N). Some confusion exists with
regpact to the status of plants at Magnitogorsk, Lisichansk, Derbent, Sumgait,
and Kamensk, During this peried, plans for their constructien apparently
wers made, but it is doubted that any metual ecastruction was undericken.,

~ During the Third Five Year Flan (1938-42), plants at Kemerovo,
Chirehik, and probably at Nizhne Tagil wore put into operation. Constiuge
tion of installetions at Lisichansk and Kamensk porsibly was begun befors
the German iavasion, tut it is believed that meither of theac plants was
produeing in significant quentities. Cemstruction of plants using natural
gas as the source of hydrogen was plamned for Derbent and Sumgait. Sems
information indicates that these plants wore bullt and put into operation
between 1938 and 1940, but their existence has not been confirmed, apnd 1t is
assumed that they never got past the plomming stage. Postwnr efforts of tha
Seviet Purchesing Commission in the US to purchase a complete synthetic
ammonis plant which would operste on hydrogsn derived fram natural gee lend
support to this view, as it is unlikely that the Soviels would have been
inteorosted in the purchase of a plant of this type if such an installation
wag already oporating in the USSR. As previcusly mentiomed, the plant st
fagnitogorsk was not oven under comstruction in 1937, and 1% is assumed that
thie plant likewise never got beyond the plaming stage. Thus in early 1941,
just before the German imvasion, there probably were nins plants in operstisn
in the USSR, produeing et an anmel vate of about 350,000 metrie toms (N).

Because of war conditions the plants at Dnepredsershinek, Stalino-
gorsk, Gorlovka, and Stalino suspended operaticms in 1941, thereby reducing
Soviet synthotic ammonia capacity by sbout 185,000 metrle tons (N s OF Gp=
proxinately 53 percent. This capaeity was not completely lost, however, since
conslderable equipment was evacneted fran these planits ¢to existing installations
- farther east. In additlon, it is believed that some equipment glso may have
been evacuated from the plants at Komensk and Lisichensk,

- 3w
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Production of syathetie amionia in the USSR duriag Werld War
II is estimated as follows, the increase from 1942 4o 1945 resulting
principally frm expansion of capacity at the Chirchik end Kemevove plantsas

Egtimatod Soviet Production of Synthetic Amonie
1943=45 -

Following the expulslon of the Gormon argy from Soviet territery,
reconstruction of damaged and evecuated plasnts was begun immediately, and the
Fourth Five Year Plana%J.%é—SO) was drawn up. Although as published the Planm
- made no mentlion of synthetic ammonis, 4% probably provided for thc restorae
tion of demeged planis; possibly for expansicn of the instellation ab
Chirchiks for ecompletion of plents at Iisichgask nd Gubakhas and

for construction of new planis at Kirovakan, Dzerzhingk; ond Rustavi. The
status of plsus for reconstrudtion at FKamensk are vnkmoun,

The over-all plans for the industvy during this perlod probably
were too ambitlcus, end despite the acquisition of dismantied Germen and
Manchurian equipment and the aid of Gozman ‘technolegista, it is believed that
- the goals were only partially realiged. Achicvements cen be summarised
briefly. The Staliunogorsk plant, which was not damaged and not sampletely )
renoved, reportediy resumed operations about the boginning of 1945 and is now
in full produstion. The Gorlovka and Dneprodzerzhinslk planis resumed produe-
tion on a partiel basis in 1946 and early 1947, respectively, amd are now
belisved to be producing at about their prewar rates. A new plant was reporied-
ly projected for early 1949 at Stalino, replacing the cme waich undoabtedly was
destroyed. Some ovidenmes indicates that the plant at Chirchik may have bacn
exparded since 1945. The plant at Kivovakan apparently has not et Leen
campleted but may coms into operaticn im 1951, The ILisichansk plent . :
is believed to have begun produstlon in May or Juns 1951, The Gubelths plant
. vaa last reported as under comstruction in 1945, end its present sblatus is
unlmown. It pessibly could be in operstion, tut no Infermation is available.

A now eynthetic emmonia plant, part of a lactam (nylion) plant, wase reportedly

“» é -
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put into operation at Plant No. 96, Dzershinsk, about April or May 1949,

This plant spparently was constructed with dismentled equipment fran the
Leung Worke at Morseburg, Germany. Another synsbetic emmouis plant has

bsen reported under ecomsiruction at ‘Rustavi, Georgla SSR., Comstruction

wag reported to be proceeding slovly in November 1949, hewever, and emly

the foundations of the buildinge were completed. Estimating the comple=
tion date in the light of postunr construction of other plants of thie

typs, the Rustavi plant probably will not start production befora 1953,
Production during the peried of the Fourth Five Year Plan is estimated

as follows, Appendix A prosenting the methods used in making thede estimetess

Estimated Soviet Production of Synthetic Ammonia
4 194651

zesr
1046
1947 -
1948
1949
1950
1951

The gyathetic ammonia process most widely vsed throughout the world
today, including the USSR, is the original Haber-Boseh process with variocus
modifications, Other processes in use are the NEG (Nitrogen Engineering
Gorporation), Claude, Casale, Fauser, apd Ment Conis. Those processes arve
basically the same as the Haber-Bosch procesgs with varicus modifications of
‘temperature, pressurs, catalysts, msthod of hydrogen and nitrogen menufacture,
ote. }/ The synthetic are and cyansmide prooesses are now ootdated. Im
all of thems processos the acurce of the nitrogen for the ammonia synthegis
is generally from an air liquefaction plant, froam producer gas, or from the
"blow gas® from a vateregas gensrator; The prinecipel sources of hydrogea
for ammonis synthesls are water gas, coke-sven gas, elecirolysis of water,
electrelysis of brine, and nstural gas,

1/ Syathetic ammonia and methamel can be prodused in the seme type of high-
pressure equiprent with only minor chengss. Conssquently, many plants are
ballt with convertible units,

© 5 m
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- In the USSR the percontage of hydrogen cbtained from eash source is
estimated to be approximately as fellows: water gag, A3 percent; cokee-oven
gas, 4l percent; and electrolysis of water, 16 pereent. No ammonia plants
in the USSR are Imown to be operating ea hydrogen derived from brine
electrolyais or from matural gas. The catalyst used in converting the
nitrogen and hydrogen gases to smmoria is, almost without exception, iren
pramoted by oxides of metals such as aluminum, zirconium or gilicon, and
potagsium, ' ’ ' :

\ For a production of 231,000 metric tors (N) of cynthetic smmonia fram
plents using the water=gas procesa, input requirements ars estimated as
followss

Goke ‘ 500,000 Meiric Tons
Eleetricity 800 Million Kilowatt~hours
Direct Labor 5 Million Man=hours (Based

en US Production Sterdaxds)

For an output of 219,000 metric tons (N) of synthetic ammemis feam
plants using the coke~oven gas process, input requirements sre estimated
ag followms

Bitumincus Coal, Vashed,
for the Mamfascture of
21,9 Billion Cubie Fesd

of Hydrogen ) 3.3 Million Motrie Tons 3/
Flectrieity 750.0 Million Kilewattehours

Direct Lebor _ 5.0 Million Msushours

For a production of 84,000 metric toms (N) of symthetie ammenia,
using the water olectrolysis process for hydrogen, input requirsments amount
to the fellowings S | _

Electricity : 1.45 Billion Eilowatt-hours

Direct Labor 1.95 Million Manehours (Based

on US Produetion Steaderde)

ﬁh@ coke-oven gas from which this hydrogen is extracted is s by-preduot
in the wemufacture of coke and thereofors does not eonstitute an addidtional

requirement for coel, _
‘ — b . |
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, Soviet production of synthetic ammonia in 1950 is estinated at
5344000 metric tons (W) (ranget 450,000 to 550,000), and 1951 productien
is about 550,000 metric %one (N) (range: 500,000 %o 600,000). %he
following table summarizes the estimeted eapacity and production of Soviet
synthetic anmenia plants:

Estimated Capzelty and Preduction
of Soviet Synthetiec Ammonia Plents

1951
EEaE R Estimated
; Flant Sepagliy,
Dneprodsershinsl Eitrogan Fortilizer Flant - 60 ' 30
Gorlovke . Nitrogen Fertilizer Plant 86 ‘ 72
Lisichansk (Verkhne) Liskhimstroy N.do(probe 16
' ‘ ' : ably about 50)
Staline : , Hitrating Plent Xarpova 9 7
£08 45 21
Chamical Plant Kelinin £0 33
Dzerzhinsk Chemical Plont Stroy N.A. N.A. 3/
S$talinogorak Chemical Combine Stalin 107 $ 90 =
Subtotal - M7 23 22
Uraly Resion |
Boresniki Chemieal Combine 129 108
‘ Voroghileov
Wighue Tagil .4, 50 42
Subtotal in 150 &
Kemerove mm% Fortilisor 57 48
Subtotal | 57 48 2
= e - e e e e
o 7 e
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Eetimated Capacity and Production
of Soviet Synthotie Ammonis Flants

1951
{Contimied)
. Eatimated Estinmated sut of -
SRS /.- - 1) ' Plont Capagity . Epodpetion . Tokel .
Srirehik | Electrochemical Combine 100 84
| | Stalin
Sublotel oo -7 15
Total @ 550 300 -

Three new plawts are vnder constructicm. An imstallation at Kirgvakan,
Iranscaucasus, with a probable cepacity of about 50,000 metria tons (N) a year
may begin producing in 1951. A plant of unkaowm capacity at Rustavi, Treng-
caucasus, is reportedly in the early steges of construction, while the status
of construction of a plant at Gubekha, Urals, is unkmown. It is balieved that,
in the event of a gemeral war, maximmm output for 1951 at the most would ba
about 600,000 tone, or 50,000 tons move than estimated 1951 preduetion. Such
an incrcase probsbly could be attained by getting the Kirovekan plemt into
operation more quickly and by intemsified production at lisichsnsk and tho
other plents now in operation. o _

. -'2‘4v

Ho information ic avajlable om Soviet imporis of synthetic ammonis
from the Bloe eountries. Satsllite produciion of synthetic ammonla in 1951,
howsver, is estimated as followss . '

- 8 a
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Estimated Setellite Production of Synthetic Ammonia
1951

—Coutey

Eost Cermany
Poland _
Czachoalovakia

Ho synthetic smmonie i3 dmported from non=Bloc countries.
Westera restrictions on shipmont of ashydrous emmonla %o Sovist Blec coune
tries probably have 1ittle or no offect on the poacetine sconomies of thase
countries, but relaxation of controls might permit greater stockpiling of
erplosives and food for the military forces. The embargo on equipment for
the mamafacture of anhydrcus armonias, om the other hand, definitely retards
the Soviet war potential, Supplies potentially available fronm countriss
that night te overxrun by the USSR camnot be dotermimed until a study of
this miﬁua%ry in Yestern Rirope, the Middle East, and Southeast Asia has
baan B¢

3. Shockpiles.

High-pressure tankage is required for storage of synthetie emmonia,
which precludes building up dny large reserves of this chemical. Outsids of
& relatively emell quantity in the industrial pipeline; it can safely be
assumed that there are no reserves of synthetic ammonis in the Seviet Bloc.

bo titutes.

There are no substitutes for synthetlc ammonia. The emmonia prodused
ag a by=produet in the coking of coal cannot be regarded as a substitute for
synthetic armonia, because it is produced in relatively emall volume aend im

-the form of a weel solution with weter rather thsn in the gaseons form of
the syathetic product.

L 9 L3
S=ECrReB L
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The prineipal Soviet end uses of synthetie asrmonia are estimated as

follouns

Estimated Prineipal Soviet End Uses of Synthetic Ammonia

1950
Range of
'Use AR - 'f»\:‘ Xt —fiL e . . ; Hmil
Fortilizers (esclude 235 200 to 270 ' &by
ing Witrie Aeid)
Hitric Aeid 77 . 157 %0 1MV - 33
Miscellanecus g/ R V-] 100 %o 144 23
Total - 334 437 %0 613 400

8/ The mest important miscellanecus uSes are mentioned bslow,

The next largest peacetime use for synthetic emmonia 45 in the msnu-
facture of nitric acid, vhieh is used in the production of fertilizers,
exploslves, plastics, insecticides, Inorganie nitrates {(ediver, eopper, sodivm) ,
dye intermediates, and meny other csgential products. The 1950 produstica of
nltrie acid in the Soviet Unicu is estimated to have been about 715,000 metrie
tons, vhich would have required approximately 177,000 tons of ammonis nitrogen.
Tho assumplion here ie that a1l nitric aeid in the USSR is prodused by ihe
exidation of ammonia and none from saltpoter.

The remaining 122,000 tons of symthetis ammenia, er 23 persent of
total production, undoubtedly were consumed im the nanufanture of such
chemicals as urea, soda ash, cyenides, ammonium chleride, smmonium eavbomate
and bicarbonate, and ammonium perchlorate; ia the mamufaziure ef nylon=typo

« 10 w |
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Tibers and plasties apd of peper; in ammonia refrigeration umits; in weter
treatmenty in the rubber imdustry (to preserve latex); in metallurgy (cass
hardening and bright annealing); and in the potroleun industry (to prevent
corrosion in tank storage of sour crudes, to treat lube oil, and to make
wax ard gaseline).

2. Militery.

Fo information iz mvailsble concsruing Soviet military requirements
for synthetle smnonia, eithor for malntevance of stand-by forces, for limited .
eampalgna, or for a major war. Using the availability of raw materisis as
@ bagis, it has been poseible, kowaver, to mzke 2 rough estimate of the Soviet
razirum potential for the preduction of explosives. Symthstie ammonis require~
mouts to meet this maximm axplosives production program ere estimnted ab
about 250,000 metrie tons (W), After ellosation of this emount for explosives
produstion, an estimeted 300,000 %oms will be avaeilable im 1951 to meot .
induatrial, fertilizer, and indirect military requivemente. It is believed,
therefore, that sufficient emmonia will be avallable in the USSR to sustain
a major war.

Exports

Fo information is available concerning Soviet export of synthetic
ammonia. Since this product must be shipped in heavy pressure containers s
1t ie wnlikely that the Soviets carey on any foreign trade im this comodity.

1

The supply of syntholic ammonia availsble to Sovlset Bloe countries in
1951 is estimated at frem 900,000 %o 1.1 million metric vons (N)s The supply
of this essontisl chemleal, therefore, will not be e factor 1imiting eny
eourge of actionm by the Soviets, and present produclive capacity is capable
of supplying vequirements in a long and vigorcus war. The averags ammal
Soviet supply during World Wer II, ineluding lend-loase shipments, was aboutd
cne~third of that now available, . : _

2. Yulperabilities.

The Soviet eyuthetic ammonia industry ie complotely self=sufficient and,
therefere, is znot vulnerable %o sconomic warfars. This does not mean, howsvwer,
that export controls on products derived frem ammonia or on plant oquipment
ghould be relaxed, since this would allew mors rapid agtockpiling snd the
sxpansion of preduction capacity,

o 11 =
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: Bstauss of the limited mmber of produsing plents, this imdustry
is vulnerable to sirategic bombing, but, on the other hand, the geographis
locations of at loast three large planta aro such that this vulnerabllity
might be limited. Ko studies have beon made of stockpiles of explosives,
smmnition, and othor products devived from ammonia, so that no estimates
ean nov be made rogavding the length of time bofore restriction of supply
vould affect the Soviet war potentisl,

3. Zokentdons.

Operations in the gynthetlc ammonia industry which might imdicate
Soviet preparations for var are () an inerease im the production of com=
centrated nitric acld, vhich would be necessary for a large explosives
programy (b) a decrease in the production of ammonivm nitrate; ée) a
notliceasble or wmmsusl shortage of emmondum mitrate fertilizer; (d) cosas~
tion or restriction of emporis of nitrogen fertilizersy ond (8) slloca-
tion of nitric acid %o erplosives plente rather than to fertilizer plante,

L) 22 L 23
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APPENDIX A

METHOD OF COMPUTING SOVIET PRODUCTION OF SYNTHETTC AMMONTA

Botimates of Soviet production of gynthelic ammonia were computed on
‘the following bases. A study of the eight plants in operation in 1940
(Chirchik did not start operations until 6 November 1940 and thue did not
contribube to the annual total) revealed that 1940 production was shout
340,000 metric tons (W), Using this figuro as a base, production in
1946, 1947, and 1948 was calculated from the informsation that the cutput
in these years was 95 percent, 108 percent; and 130 percent (planned),
respectively, of 1940 production.

The maximm snnual capacity of the nine plante believed to bs operating
in 1949 is estimated at 638,000 metric tons z?I\?)., Part of this capacity
undoubtedly is assigned %o the production of methanol, tut available ine
formation is not sufficient to make & firm estimate of this percentage.

In the US, about 20 to 30 percent of the oynthetie ammonia capacity is’
devoted to methanol production, Because of the relatively greater USSR
prodvetion of methauol from wood distillation and the relatively lower
development of their solvents and plastics industries, it is estimated that
only about 10 percent of the USSR eynthetic amonia plent capacity is
devoted ‘o the production of synthetic methanol, Production of gyuthetic

- methanol by smmonia plants thus would amount to & proximately 70,000 metric

tone in 1949, reducing the total USSR capacity for synthetic ammonia produc-
tion %o 574,560 tons (N) in 1949, Therefore, assuming thet the Soviets have
now acquired sufficient skill to operate those plants within practiesl limits
of their designed capacitles and that the industzy as a whole has attained
an cperating efficiency of 85 percent of installed capacity, Soviet produce
tion of synthotic ammonia in 1949 would have amounted to 489,000 metrie

tons (N), an increase of 11 percent ever tho estimated 1948 production of
440,000 toms. :

The estimate of 1950 production wne based on the assunption that an ade
ditiennl 45,000 motric toms of nitrogen would be available from increased
operating efficiency of the existing plants, particularly of the rehabllitated
plants at Dneprodzerzhinsk, Gorlovks, and Stelino; from the new plants at
Dzorshinsk; and possibly from the now plant at Lisichansk (Verkhmo), This
would bring the 1950 production up to 534,000 motric tome (M), an insrease
of 9 pereent over 1949 production and 57 percent over 1940 production. No
speeific information eoncorning the 1950 plan for synthetic smmonia production
bas besn released Wy the Sovielt Union, Indirect ovidence is availlable, howe
ovor,; from the official statement that "the law provides for an inoresse in
the production of miners) fertilizers o guarantes, by 1950, 1.8 times as
meeh nitrogencus fertilizer as wag produced bofore the war.? Because of
Soviet preparations for war and the congoquent increase in the memufacture of
explosives in 1940, the pesk year for the produciion of nitrogen fertilizers
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probebly wes either 1938 or 1939. ‘Multiplying the estimated 1939 gynthetio
aumonla production of 300,000 metric tona (N) by 1.8 gives a 1950 planned
figure of 540,000 tons, which closely checks with the figure of 534,000 tons
estinated above. : '

Production of gynthetic ammonia 4n the Soviet Union in 1951 probably
will reach. 550,000 metric tems (X), an incwease of 16,000 tons, or about 3
percent, over the estimated 1950 productlon, This inecrease will come almoet
entirely from the plant at Lisichansic (Verihne), believed to have been
completed in late 1950 or early 1951. ‘

s
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