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INTRODUCTI O

1. Soon after itndepondence in 1047 the Government of Indie
deeided to dmplament its vlans ter a chemical fertilizer
foctory bYased on conl gasification at Sindri. The plant
was sel up by a publie sector company known es Sindrei
Chamicals & “ertiliscrs Limited, A small research and
develropnent ceii was organised within the company to study
the technolcglies involved irn the manutacture of chemical
fertilizers. Luring the commissioning s*age of the Sindri
plant, apparenily due to an upse’ in the operntiona, the
high temperuturc carbon sonuxide convaraion catalyst
cverating at renr aimesphsric pressures was nbserved to
have lost suue of its sctivity. 7This 270 tonnes charge of
catalyst impor-ted trom U. K. wngs regenerated by the efforts
of tho research and developpnent cell of the Sindr!
Fertilizecre.,

2. The succies 'n the reseneratioa of a catalyst provided
ihe necessary imnotu,s and condidence to undertake further
developmerts tow.ue She productirn of the catalyat itself
tn Indian. These =0forts re ulted in produ ing, sometime
Yefore ihe mid-frifties, a smal: quantity o indigenous high
temperature shift catalyst for opcrutions at pressures
c¥nse tu ati.cuophatic pressires onlv. Soon thereafter
Sindr) Feitiiizewvs also produced some quantities of an lroa
oxide mass for desuiphurisation of raw gas obtailned from
coel gusiticutlon, Both tie.o catalysts found immediate
applicution ta the Sindri ammonia plent. However the
succass so achi-ved in the production of indigenous
catalyste did not result in covering much of the demands of
the devalopin tertiliver industry,

Lo _TOWARDS SKLL SUFFLICILNCY IN CATALYST PRCLHUCTION

17, A sucvey carried oui au late as 1065 revealed that the




requirements of every type of catalyst tor all the ammonia
plantr then under constru tion, without :Xception, were
still to be met by imports usually through the procurement
by the engineering contractors concerned. Even the Sindri
Expansion carried out in the late fifties had its initial
and spare charges of catalysts imported, and the first
S8indri plant continued io import its requirements of

ammonia synthesis catalysts,

This will be clear from Table

I which 1ists the various ammonia plants in 1965 which were
either using or had ordered imported catalysts for the
initial and spare charges.

4. The survey also considered the projected grovwth of the

ammonia industry,

Table II lists the various ammonia

Plants that had been projected more or less on a firm basis

For startup before 1969,

It also lists the various
catalysts types to be used in these plants. It was clear
that establishing an additional ammonia capacity of about
l.olnillion tonnes per annum in terms of nitrogen by 1969
would necessitate large scale imports of catalysts,

Ammonia Plants in India using or

grdered imported ~gtalysts in 1948,

Iable I+

Plant
e S8Sindri I FCI
2, Sindri Il FCX
3. Rourkela HSL
4. Nangal FCI
S. Trombay FCI
6+ Gorakhpur FCI
7. "“Np FCI

Capacicy
Tons/year

Nitrogen

65,000
50,000
120,000

80,000
90, 000

80, 000
50,000

Type of Feedstock

Catalysts

J Coke Oven Gas

a,e,t',J Coke Oven Gas

a,f,J By product coke oven
8as

J.k Electrolytic hydrogen

£,3 Partial Oxidation
Naphtha

a,r,d - do =

b,e,t'y1,J Natural Gas

Retorming
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8. Alwaye II FACT 15,000 b Fartial Oxidation
Napatha
9. Alwaye ITI FACT 20,000 t, 4 - do =
10, Neyveli NLC 7G, 000 a,f,} Lignite gasification
11, Varanasi NFC 10,000 a,f,J Coke
12, Ennore Parry 10,000 £,J Partial Oxidation
Naphtha
660, 000
Iable 119 Ammonia Plants in India Projected
in 1965 for startup before 1969,
Ammonia Plant Capacity Type of Startup
Owner/location Tons/year Catalysts Feedstock Before.
Nitrogen
1. Visakhapatnam 84,000 c¢,d,e,f,g, Naphtha 1968
Coromandel hel,] Reforming
2, Baroda GSFC 96,000 -~ do = Naphtha/Gas 1968
Ref'orming
3. burgapur FC1 150,000 e do = Naphtha 1969
‘ Reformming
be Cochin FACT 140,000 - do = - do = 1969
%, Trombay I1 FCI 2h0, 000 - 40 = -~ do =~ 1969
6., Alwaye IV FACT 30,000 - do = » do =» 1969
7. Baroda II GSFC 110,000 - do = - GO = 1969
8. Xanpur IEL 240,000 - do - - do = 1969
9, Goa Zuari 150,000 « do = -« do = 1969
10. Madras MFL 190,000 - do - - do - 1969
11. Xota Sriram 120,000 e do = - do - 1969
'2, Mangalore 150,000 - do = e do = 1969
Mangalore Govt,
13. Kothagudem 60,000 a,f,J Coal gasi- 1968
Allied fication
th, Sindri Reformer ¢,d,f Naphtha 1969
FCl Reforming '
15. Rourkela c,d e do = 1969
Reformer HSL

1,770,000




Key to Tables I & II

denotes desulphurisation Catulysts {pon oxide
desulphurisation catalysts treated carbon

desulphurisation catalysts zine oxide type
hydrotreating

cracking/reforming
high temperuture CO conversion

=

% a”“ low temperature Co conversion
3 . ¢hloride/sulfur guard
; " methanation
% " synthesis
i " de oxo
FCcy o Fertilizer Corporation of Indina Limi ted
; H8L » | Hindustan Steel Limited '
; FACT "  Pertilisers & Chemicals Travancore Limited
f NLC @ ! Neyvcl; Lignite Corparation Limited
; Parry * B, I, D. Parry Limited
£ Coromandel " Coromandel Fertilisers Limited
% Gsr¢c » Gujarat State Fertilizers Company Limited
I IEL » ~ Indian Explosives Limited
Zuari "  Zuari Agro Chemiculs Limited
MFL " Madras Fertilizers Limi ted

Sriram " Sriram Fertilisers and Chemicals
Allied ' n Allied Chemicals of U.S.A.

5. In c®nsultation wlgh the welknown Catalysts & Chemicsls
Ine, of Louisville. Ky., U.S.A. a further study was carried
out, The conclusions of this study were broadly that
. 4. a minimum economic capacity for a catalyst
| minufncturing unit in India, such as would enable
the consumer to buy indigenous catalysts at a price
U net exceeding the price he would Pay for imported
R cntalya;., required a market potential equivalent
to the catalysts requirements of;




who

a) operating ammonia plants of atleast 1,000,000
tonnes per year of nitrogen capacity and

b) new ammonia constructions of atleast 500,000
tonnes per year of nitrogen capacity,

11, a catalyst manufacturing unit should preferably be in
e position to supply the complete range of catalysts
required for large ammonia plants based on modern
technology,

1ii.a catalyst manufacturing unit located in India would be
advantageously placed to serve the catalyst requirements
of the petroleum refineries, hydrogen and ammenia
plants in the VWest Azian region,

iv, & catalyst manufacturing unit in India could also cater
to the catalyst reguirements of the Indian refineries
and petrochemical industry,

v, the successful marketing of catalysts was possible emly
if the catalysts being offered had proven excellense
in commercial operations and the performance could be
guarantesd to meet the parameters of the plant deaign.

6, On the basis of this study, collaboration was sought
from Catalysts and Chemicals Inc., and an application feor
a licence to manufacture catalysts in India vas made te

the Government of India in September 19635, In June 1967,
the project received preliminary approval. The cellabe-
ration agroement received preliminary approval in Pebruary
1969 and final approval in Nevember 1970. Catalysts and
Chemicals India Veast Asia (CCIVWA)'s catalyst factory
commenced commercial productionby April 1971, The licensed

installed capacity of CCIVA's factory in Kerala is given
in Table III.

Tgble IILs

Catalyst
1. Desulphurisation catalysts




A SR i

s T i

2, Petrochemical catalystas 50
3. Hydrot ‘eating catalvsts 200
4. Naphtha & Hydrocarbon Cracking & Retorming 80
catalysts
3+ High remperature Co Conversion catalysts h%o
6. Low Temperature CO Conversion catalysts bso
7. Methanation catalysts 60
8. Ammonia Synthests catalysts 300
9. 2inc oxide type Desulphurisaction catalysts 300
10. Petrochemicals Hydrogenation catalysts 1y
11, Catalytic leforming catalysts TE;%

o—
7+ Meanwhile the Fertilizer Corporation of India has alse
established production of a large range of catalysts
(manufractured entirely on the knowhow developed themselves),
It 18 understood that al present, Tertiliser Corporation
of India offors to ammonia industry the following catalyste:
L. ' Naphtha and gas cracking and reforming catalysts,

ii. Desulphurisation catalysts of {ron oxide type,
iii.Desulphurisation catalyst, of zinc oxide type,
iv, High temperature CO conversion catalystas,

Y. Low temperature €O « nversion catalysts,

vi. Zinc oxide desulphurisation catalysts, and
vii.Methanation cata'ysts,

ALL. CATALYST REQUIREMENTS IN INDIA

8. The requircmoﬁts of catalysts in India at present and
Projected upto 1974/75 are given in Table IV. The require~
ments have been estimated for only those catalysts that

are presently ajp:oved for manufacture by CCIVA and
excludes the requirements of catalysts for the plants

operated or under construction by the Fertiliser Corpora~
tion of India,




Table IV: Catalyst Requirements in the Fertiliser &
Petroleum Industry in .ndia excluding the

1,
2,
3.
.
5.
6.

7.
8.

9.

10,

1.

requirements oif
Metric Tonnes).

Catalyat

*CI plants, (Figures in

Desulphurisation
(treated carbons)

Desulphurisation
(zinc oxide type)

Hydrotroating
catalysts

Cracking/Reforming
catalysts

High Temperature
CO Conversion

Low Temperature
CO Conversion

Methanation
Ammonia Syntheais

Petrochamicals
catalysts

Petrochemicals
Hydrogenation

Catalytic iteforming
catalysts Pt, type
9. The requirements have been estimated aftor taking imte
consideration, amons other factors, the fellowing:
1. the total installed design volumes of opersting
ammon.a plants as given in Table V,
41, the total design catalyst volumes of ammcnia plants
scheduled for startup before 1973/74 as given in Table

vl,

iii.average opecrating life of the catalysts as indicated in
Tavle IV which itself is based on the technologies
involved and operating experience in the several plants

Average 1972«73 197374 197475 Total
life

2 30 30 6o 120
12 130 130 200 k60

5 2%0 250 350 8350

& 4 50 80 173

3 125 125 2s0 %00
12 100 100 200 400

h 20 40 8o 140

7 plus nil 100 200 300
various 50 50 50 150
variouw. 15 15 15 L3 ]
10 10 10 30
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as known in COTWAYs technic,
S vY

the desi;n volumes of plants

Iniddentally. Tinlee

under constiruction whiel arc
belfore 1 973/74
Iin Indiag,

iv. the Yequiremancts of the petr
petrcchemical plants as gues

sales division,

Total 1osinlled/desipn v
operating ammonia plants

1 service division,
Also sive the totals of
in operation and those

fcheduled tor startup

for both fCYT and non-RCT ammonia plants

oleum refineries and
S=estimates by CCIWA's

olumes in
in India,

Catalystas oI Non=-FCT Total
plants pPlants Cu,M. Tonnes
Cu,M, Cu.M, ‘estimatad!
Ve Desulphurisation 17006 670 1970 1600
(iron oxide type)
2+ Desulph:risation 10 50 60 35
(treatec carbons)
3. Desulphurisation 39 212,2 215,% 225
(zinc oxide type)
L, Hydrotreatiup 3.5 151,02 154 .7 125
5. Crackin;/uefurming 48,5 226,6 27501 27%
6. High Temperature 371.8 1, 722.8 800
€O Conversion
7. Low Temp-rature Ni1 22h 2 224, 2 250
CO Convervsion
8. Methanation 77 91 .4 99,1 &0
9«  Ammonia Synthesis 29,1 129,2 158,73 hss

Table V;;
sturting up during 1972/73

Total design catalyst volumes of ummnonia plants

and _1973/7% in India,

Catalysts FCT Non-FC1 — __Total —
plants plants Cu.M. Tonnes
Cu,M, Cu.M, (estimated)
1, Desulphurisation Nil Nil Nil Nil

(iron oxide type)




8,
9.

1v,

* by =

besuiphutisatice 30 B85 5 RIS 50
(treatud cart .ps ‘

Dosviphir.catioen RIS R 118,09 12
(misr nsdoe 1y o)

Bydretrest;n: BALG 1170 167.7 130
Cruckiov/erurmin: 110,y 20,0 L I 440
Hiph Tanporctur 1:7,0 3070 875,0 7580
CO Conveorsiorn

Low Tem.prouizre 136,59 26R,0 Lah,s b75
CO Conveorsina ;
Meihanation G e 0 91,7 The 7 115
Ammonia LHvathos:o AT N 215%.7 283,17 81§

EXPCIUL POINMTIAL A VEST ASTAN COUNTHIES

15, ™ nriaseonl potaatial for experox of catalysts
manufacivred Ly TOIVA s In ceuntries of Yest Asia
including Afshaaracar, Tian, Irag. Savdi Araiia, Kawait,
Jordai. and oo oarther (ali Siotes of Uahresin, Abu Dhabi,
Dubal, Moset, vman cte, Tadia's Lmmediate neighhaurs,
Paltis.an, Dar Va Leslk aod Cevion are atwo potuntial marckets,

however Lheldr requirements Lave o been considered,

11, The total presontly installed cavaily of operating
ammonli plit s in tals reslon is about %000 tonnes per day
or about 1,33 niilluon tanmes per voear ln teems of nitrogen,
Incluwling itle amacnia planes st shahpur and Shiras in Iran,
at Loawman in Lewdl Arabia, tiree §laits in Kuwalt, at Doha
In Qatar, at Masrab In Troeg and ene plant in Alfghanistan,
Furtner, «!iinin tae nest three ar four years aoditional
ammontia apacity of 800 td ip Trar and 1000 {/d in Tran
may be expectel to matesrialian, In addivion to these
amuoniu plunts, there nre three larpe oil relinervy hydrogen
plante in this arcs inecludling, those at Teheran in Iran, and
two in fuvatr havainsr a total capacity of about 1ho MMSCF/
day of hvdrofou., Adltionally, thren mers hydrogen plants
in Iran, Sauvds orataun and Jordan may be expected to

commencs praduttion vithin tihte nexy

three nr four years,
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Basec on the overational eaxpertenne 4n hese plants reluted
to catalyst lite, the Catalvst demand jn thege countries
has heen broadly estimart e hy CCIVA's technical service
division as Tiven in Table VIit,

Table VIIX, Estimated Catalyst Requirements

T

in West aAsjian Countrics . Pileures
tn Metric Tounes.

Catalyet 1922-73 3222-2:‘; 197 ",-Zi
'. Desulphurisation 10 30 60
(treated carbons)

2, Desulphurisation 125 150 200
(zinc oxide type)
3. Hydrotreating 2%0 250 3150
! 4, Reforming 4o 50 80
: 5. High Temperature 12% 125 2%0
1 CO Conversion
; 6., Low Tempera ture 100 125 2%0
: CO Conversion |
7. Methanation 20 ho RO
: 8., Ammonia Synthesis - 100 200
§ 9, Petrochemicalaﬂydrogen - - b ]
i 10, Petroc.iemicals catlyate - 8 10
% various
| 11, Catalycic Reforming - 10 10
Pt, type

Y. SURPLUS CATALYST PRODUCTION IN INDIA

12, Considering the present installed capacity n§ CCIvwa‘'s
factory in India and Fertilizor Corporation of India‘'s
Production capacity, it s estimated that about 50% of
CCIvwa'y cavacity will remain surplus and available for
exports aftaer the total Indian requiremonts have been met
for atleust the next three yeara,




VIe INDIA A 4 CATALYST SUPPLiwte 10 WEST ASLA

ViY,

—.

5. India as .0 punnltes 20 praoyan cotalysts of Fors many
advaitta,tas Yo R cadalyas s consumers in the West Aaian
moualrich. These Lcvantapges erize pprimprily becavse of
ite nearnon: oo the repion and since ope old trade routes
botwern Indin avdd t.ese commtrion are well established.
The censuwer ir Wngst Aclia con new depend on quick availae
bLlity of his catalyav roguirements and need not tie up
his moioy unnearssarily 1n holding iarsge inventories of
catalvet sparar, ¥rom Tndia {t {4 row pnssible for the
catalysts to rvoaci: any of thoe consumers in this region
vwithin ven or fificen davs, vhereas pireviously it required
8ix to eighi weeks or more. TIurther, it is now possible
for cthem to ouialn vhe services 40 a tachunical service
engineor for any emavgoency sliuations within & lfew hours,
Experience s shown rthat the faperfance of this prompt
avellabiilty of technical service ecromnern bs over-omphasized,
The scope of vecunicul seprvricas nas been 2lahorated elesee

where in this paper,

th, Indin, 25 & mr jor fartiiizer amporting: country, offers
an ouw let for the svepnlae fertilizer» production in West

Azja end thelr purchase of the cantulysia produced in India
would assisi, {louitr In 0 2mad il measure, tovards balancing

of trade hetiweoen the Vest Asian countrics and India.

CATALYSY ¥RODUCTION AS AN INDEPENDENT INDVSTRY

15, The fanctlon o n good cutalve! {s to increase the
rates o chemical reaction such a2 1o make possible the
production of preducts under mich more favourable condi-
tions of ilemverature and pressure than if ne catalyst or an
inierior on.: wera2 present, Hence, the risit eatalyst is
ofterr tne secret to succesaful ganufacture of a particular

chemical prouuct,
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16, Until 1950, catalyst: were developes! and produced cnly
by very large Chewical Cowpanics ‘sually for use in their
own chemicnl pluanta, These chemical companies Jealously
gnarded the knowhow on catalvsta both with regjard to thejipr
production and use, Only when the chemical companies chose
to do so, would they apree to sell the Process together with
the catalvsts to another party on sayment of huge license
fees in addition to exhorbitant prices for the catalysts,

the exuct formulations of which were seldom or never
disclosed,

17. Since that time, however, a few companies have been
organised specifically to manufacture and market catalysts
no longer just as ad juncts to anothor wain chemical product.
These companies began manufarturin,;: catalysts that were
either developed by others or by themselves, As such
catalysts for specific applications then bHecame available
outside the Broup of the then existing large monopolistic
chemical companies, Lnrincering contractors were now
enabled tn offer to bujld for new entrepreneurs economic
chemical plants without maving to pay large license fees
and catalyst Prices, ‘1o be zare, this also contributed, in
no small mcasure, towards a wider ownership of larger
chemical plants, Particularly in the ammonia fertilizer
industry, all over the world.

VITI1,S8UCCESSFUL MANUFACT 'RE OF CATALYSTS

18, The Buccessful manufacture of catalvats requires,
amongst other things, a clear apprecintion of the fact that
catalysts are not simple chemical compounds or mixtures of
chemical compounds havings a set or predetermined analysis,
It must also be understood that the manufacture of catalysts
can only he curried out batchwise or at best on a segni-

continuous basis, since it is not the mere compounding of
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time ysreater quantities cf utilities such as steam and

electric power would be consumed making Lis operations
difficult and more axpensive.

20, The catalyat suppliea itinerefore has to have facilities

and technical competence to providei

i. process information to the engincering contractor or
the customer during the initial stages of design and
construction of the plant., Rellable information
obviocusly can be provided only if the catalyst offered
has been fully proven in comuercial operation under
several varyin:; conditions of operutions, Bench scale
or even pilot plant datu alone cannot possibly form the
basls rfer providing such information,

i1, Startup services ot competent ex,er{enced enginasers
when the catalysat is first being placed on stream.
This assistance can only be provided properly 1if the
service ungiicer has participated in a large number of
siich startups and has thereby pgaincd the expericnce
nccessary to provide against avoidable fouling or
overheating which could sometimes totally spoil the
entire charge of costly catalyst,

111 .,8ubsequent follow=up service to assist the customer in
maintuiniag optimum orerating pertformance of the
catalysts and to assist in the solution of any problems
which relate to the use of the catalysts. This service
has often assisted an operating company in keeping its
throuchput at the maximum while maintaining the desired
quality of the product by recommendations of chanpres in
operating conditjons to compensate for any damage to
the catalyst resulting from upscts in operation or

unexpected contamination of the teed meterial,

21, These technicul scrvices to be provided by the catalyst
producer are of the utmost importance tor successfully
marketing a catalyst,
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22+ The euyinecring contractors and the eustomors, partie
cularly vie awronia maanfacturersspn ceoni; increasingly
conscicus 03 ihe importonce of vhege sexvicus and ot ten
inaist thai o ci1nure prosidicg Yor thesg oxpert services is

written into ine centract whise purchasing the catalvst,

Of course at the Lame Lime, thoy doemar suitable pertormance

and 1ife ;tuararices on the cataiyst. Thore 1s ne doubt
that the catilyst vendop recognizes lhe right of the
purchaser to demand these services and welcomes it, parti-
cularly i the purchaser demanding these setvices is the
chemicul manufactnrar, This is 80 Decause such close
co=operation rusuits aot anly in the engineering contractor
providing on optimur Yasign rather than a minimum design
but also the cusiomer getting best performance and 1:fe out

of the cetalyat with minimun down tine and maximum through-
puts.,

23. Among othur servlcog that a catalyst veador provides is
operator training wirdiech jncludes a discussion of theoretical
aspecte reluntic;: Lo tha Citaulyrts with spocial emphasis on
the practlcal spplircation of the catalysty in the customer's
plant. TI% 2lsn inciudes a disenssion to evaluate the
various f.ctors that {1afl isnce the porfornance of the
nétalyst@, the physical prevectics of the catalysts, various
precautions necesuavv in wsing the catlalysts, loading and
unloading precedures, “tartup and shutdown procedures and

methods of evioluating Lhe porforuance of the catalysts,

CONSIDLILTTONG w05 SETTING up SV MANTFACTURING UNITS

2b, Xt will be cieay fram the Forepoine that g £00d catulyst
per se ‘loes notl ensare success inu its marke ting, Price

also theratore, is not n connideration wher an unroven
catalyet is boing marketoed a; ainst a niovan catalyat., A

prexvequisite for set ting up a catalyst produo!.ng unit, in




a developin: or any country ia Firatly avajlability of
accetairle knowhow, cithor feveloped from commercial
expertence over goveral yoars or ebtalned by a transfer

through licensing ar outricnt purchase,

25, While price may nc! be o consideration when comparing
an unproven catulyst to a nroven catalyst, it assumes
considerable significance when selection is to be made
between two proven cetalysts for Lhe same service, Already
there are atleast three or four renowned catalyst suppliers

competing severely for the limited markets presently
available.

26. The mushrooming of the ammonia industry all over the
world during the early and mid sixties resulted in large
catalyst manufacturing facilities being established not
only in U.S.A. but also eisewhere in the world. For
instance, Catalysts and Chemicals Incs, in collaboration

with Mechim (Societe Generale) and Mitsui Toatsu, establie

shed catalyst manufacturing plants in Belgium and Japan
respectively, in addition to the CCIWA pPlant in India. At
the same time catalyats are produced by other companies in
UsS.A., in U.K. and Eurc;o. With the sibsequent slackening
of growth in the fertilizer industry, there now exists

a large surplus catalyst production capacity with resultant
severe competiticn and very low salo prices,

27 . Kaw material availability at competitive prices theree
fore has assumed nreater importance, Not every country

developed or developing is assured of low priced raw
uiaterials,

28, Similarly, of preat importance is the cost of technical
expertise, India is particularly well placed in this
respect because of the high order of technical competance
available in the country at rates perhaps one-third or less
than those in the developed countries.




XI.

CONCLUSION

29, Succesnsful manufaciure of highly sophizticated and
sensitive catulysin reqgnires a mustcery over ithe production
rechnisues, whirl is almoet arn art in ttself, The manufac~
turing knowhow must Le nvaila“le, either developed indepen-
dently after meny vears of experience or abtained by
transfer throungh licenuinz or outpi j:t purchase. Only s
very few companies in the wvorld pessess this knowhow.

.30, A necasgary factor in the successful markcting of

catalyats, apart Trom price and product aceceptabllity, is
the capability of tre cntalyst vendor to pirovide competent
technical service assistance Judrdnyg the design stages of
a chemical plant, at the time of catalyst loading, during
initial plant startup and thereafter throughout the 1ife-~
time of the cataivst, The calalyst vendor must also provide
acceptable pertormance and life guarantees on his catalysts,
Yot another very important facstor in this regard is that

the catalyst vendor must be in a pos'tion Lo meet the
emecgency requirements of catalvsts and technical mervice
promptly at, sometimes, very short notice,

31, 1nere i3 surplua caprcity for ammonia catalysts oen a
worldwide basis resulting Lo severe competiticn between the
manufacturing companieer {ar the limiited markots presently
available. Longteem srowth of demand, however, may be
expected on the premise that ammounlia production must be
stepped up considerzbly to meet the desired levels of

fertilizer use partienlarly in the developine countries,









