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Preface 

The nanna te plant nanagnr is »ore concerned about the life end reliability 
of the catalysts wHieh fera the heart of modem planta than he in about 
their initial activity, provided this it adequate.     Yet there is no aapect 
of the technology of catalysis less quantified then life and the fee tors 
which ¿eternine it, end a« phenomenon orare open to being dismissed with the 
pasudo-explanation that the catalyst was 'poisoned* than an undesirably 
early Iosa of activity of a plant catalyst.    In this paper »any of the 
catalysts which are required in modern arnioni« plants will be considered 
with particular reference to their activity and life, with the sin of shewing 
hew the catalyst manufacturer, through a knowledge of the structural changos 
which take place in catalysts over long periods of tine in use, can se 
fomulate his products and reco-nmend to the plant operator the optima? 
conditio« for their use that they are better able to retain their activity 
over years of annonia production. 



I, CATALYSTS FOR AMMOKIA PBOPUCTIOW 

1» the proejan unit sequence employed in ammoni« synthesis (Fig 1) consiste 

essentially of three synthesis renetion», each preceded by the appropriete 

gee purification operations which ere designed to reduce «reatly the 

concentration of componente which would otherwise cause rapid 

deep ti vet ion of the synthesis catalysts. 

Fig 1 The Modem Anteáis Synthesis Boute      a 
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2, flu» the production of CO and »2 fro» nnphthe in the prisery 

eecondary re fortiere is preceded ey feedstock deeu3 phuriaetio».  During 

desulphurisation sulphur is liberated ae H^S by hydrosenolyei« of «ht 

sulphur-containing species in the feedstock using hydrodeeulphurisetion 
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««ialjr.t. .follow by removal of thi« H?S by „„ti« ^ solid ^ t<j 

t*m m.   fh* afficacy of this removal crucially affecta the performance 

*mum ta +i*mim* by the aenaitivitjr te «^^ of the n9êma^ 
cetalyat. ^ 

3. It ha. bee« w##atl3r 41^^^ tamt tht Ufe of tht lw |ii#iriti|w ^^ 

«•fit**, urne for caavartiag CO to It,, i. a***^ iafluaata* * %h# 

*•»•«•*• af halo«.«* ia tu* gM «tr-j».   â halogaa gu.nl abaornaat ia 

«»•ffwe, oa «oé.m pi«»*., oft«, iaaertad Kafor* th» 1cm temperature 
•hiit c«talyat. 

•» I* ílii«!!»«^ that oxygea.eo.taiaiag co^«*tet if ia a**««., mm9 

«pul I«« 0f «.unity of the «Ml. tytitfcwiß catalyst,   fi» 

MtltMiaUoB ataje immediately pleading ammonia syntheais is th* 
•f «Hàeh 002, «H4 #vea „^ iaportaat, CO are reaoved. 

«f tneae relation» between aynth^si« catalyeta «ad pari fiction 

Mt thta papar will conaider «ach of th« synthesis cattata i» tur. 
«i ta« „aa^r in which ita activity and Ufa .„ affect.* by poiaow. 

tht Paauireaenta of tht appropriata purification operazione, and the 
•*%aly.ta used in than, arc than sketched with particular eaphaais on 
i**t*t eatalonamrte lR Mh simmBt   «atur«lly in , pmpmr afi ^ ^ ^ 

«•If »igWighte can ba included, chosen fro» the vaat quaatity of 
inforentioe accumulated ovar the decaéea by the author'a orgaaieatio« 
**4i»t both «akin* am) using catalyst« for ananoni. proauctioa. 
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II. mm NAfflTHA REFOWIWG 

6.   The diecowry that « sufficient addition of potash in MI available fora 
enabled a supported nickel catalyst to be capable of atea« reforming 
naphtha at lew ate«« ratio« m* node is 1959 and revolutioniaed the ao*> 
naking atage in aaaoni» production for localities where natural gas «a* 
ani available.     The «oUe of »etion of thia catalyat (ICI ^6-1) it ehowa 
is a eiaplified manner in Fig ?.     The ability of thia catalyat to operate 
without tarbonlng up ib obtained not to auch by inhibiting the earboa- 
fovaiag reaction (thought the non-acidic support uaed dea* not prenote 

formation) 

ili 2   teal function action in Stona Haphtha lief ornine Catalyat (ICI «4-1 ) 
reanired te auppraaa deactivation by «araos formation 

ro * CO} • HJ 

•at rotaor 

of 

by iRtroduoiog a eecoad active component into the catalyat 
, aobile alkali, which aarvea to eatalyae tao atoan —HtoHo* 

carboo that doea fora.     Although both alkaliea and «1*111.1 at 
have boon ehown to be capable of catalyaing tat otean oxidatloa 
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^T08 ** ttm •"• iuUmU* *»•* *** f nuli«, Ih« ritolto. 
«Hto .re refectory a»d «re »ot c*p.ble 0f »if .^to«, by uttmm$ 

»^fc «irto» forming o« « ttick.l »urfaoe.     Pet.-h| ftt ^ ^^^ ^ 

•to» reform, is, howratr, «bl» to do .„.   fhi8 is the lik.1* «WW 9t 
ito unique #me»ey. y ^** #f 

«I». -c.aeary «obUity of pot.«* to tm dto^ie«. mi9nmÊUlf ^^ 
to mm* mobiUt, to three «MM!«.   î&* pofto Äwly 1^(^-t, Mi 

F<w«t. out or tu. referir, on oeawic*. á»po.iUAf ü» th. ^ „§j|t 

boiUr or Ih« inlet of th. high t**.r.t«r. .hift ctel,.* «i to Ito, 
**WÜNI ** por****., of mm «.if *» ttot «Ittotely the, «,, n 
eleeaed.     íh» potuto also   tndt,, by otetuwiU©«, io reduce eoMvhet to* 
"Uirito of ih. «ietoi «urto*, for Äthane rtfowtof.   Bwtog tot fMt 
*•» arwr», MIM hare therefore bee/i Bought of o*ereo.i»g ^m 

dieod^uge. «itoottt lo«tog ti» prow» good .biuti.. of tCi to ite« 
m*** fimmim.    A dui eat»ly»t ey.te . «^oyi»g o.toly*t *é-t 4« 
m to» (toXet) ^rt of to» refor** tube and • «m itttoto-Molttog 
toi*f.t to tue to»«. p.rt of the tube to. bo« too« to be the mt9fm 

•ethod.     ä combinati^ of I tube .. f tt.i „«f | tllfct of *-2 to. *„ ^ 

^ *•"" fop **• F"^*.     ^o-tly, „ « r*«Xt ef t^^ 
»•«•toh, • eosbiaotioa of { tube of %.1 «id | too« of *«-* to. toto 
^mlmé.   fig 3 too», tout a« . re»nH of the.» üaototioM it to to« 
jtoM&U. to reduce pot.»h ewiutioa to «bout en« sorter of tto* fer 
*^1ion., *hiiÄt at th# 9mm Um ^^ tht (wwMh to ^ ^^^ 

•*•*• ^ilibHu. »t th. »»it of th. refowr tube br.wt.to.tor of ter. 
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Fâg 3   îh» use of *í>-1 fk k6-k 
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The latter change permits, far instane«, such improvement« as reducing 

the tub« temperature for a given methane content of to« produot güm 

HLSTtAy MgTHANE PDX)HWIWG 

S.   The carbon towing tenancies of hydrocarbons undergoing pyrolyain 

diminieh Kith decroan** in their molecular weifet and boiling paint to 

ouch «i extent that it is possible to steam reform methane at low steam 

ratioa without the necessity of using a catalyst containing »©bile alkali, 

provided the emtmlyat has an adequate low temperature activity.     The 

reason for thie requisite may be seen by reference to Fig« <* and % 

Carbon formation render« the catalyst ineffective when it« rate of 

formation by pyrolyoia on the surface of existing pyrolyaie carbon 

the rate at which this carbon is being removed by «tea« gasification. 
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Ü*. *è«****m „rr^.1. «noti*.. ^ # ^ 

114-E. *-^ -"»««*««4 at«M n».ific«tioa pt^tt«*, m — __... 
»MP iMptfatur«« faveur carbon bulla.»»»       «kt    . ^p"1 

— »4- i,   ^. . "»¿«-HP.      fai, ftm»,* iS íUUBÉíBé^ 

*e«*ti#ii *nd carbon «N«0..I <• **•**«*• »*«• *f e.rb« 

•f *•**.*.**• fer both «aa.tei^ «i potj e. JZ!     1.        * 
r—mit ,. .* , pe*«nt eatalyMi e*rboa rmuinl 

«* thousand f«W        n,,      i «*oÄ -*»«»*»«•« «tew 5?5 6 Ä* %m^ 

¡HÜTST? ** 'T" "- «- «-— *• —•1 »M. li» .t «,** «sot ltortJ1^ 

MtalMt —t t.      , »»•«•«• thaï • jpotart ct^tu. 
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Fig *   Carbon fcramUon and r«»oT«l in th<» 
hydrocarbouo at low mUm ratio« 
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io, îh» n*c«Beity for min* â ,-u» , • 

*«$•*• tur« activity when r»f*«•*... - * 

«•»MtMto why  «hot fc,«,,. 0CCur ift T9tQm9r 

i-wffieiwtiy *etiVe#     Hg 5 
t<rt*8 «*« **• «•»•u* u 

g ^   * bftÄed °» th* **thaji« nvrolvrt. 

TLl^L    CÄrboa d,pofiiUOB rate **** —* «*. 
«©«»r ©f Fig 5 «8 <tefiB-d h, •!.       .     , «lff»t-fci»d botto« 

* thtoe tw lia*" «*•» carte« wiU I» foiM 

«^•iti0»>t«p.r.ture ut,»*,,«* down the rtfor».,. .h      w 
^•a Hue i. felled       r   w   * rtfo""»*- «ho« I* ti» rt^t-*** 

111! wth -ftCtiv# caulyßt *• «--«*-. 
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\W r~ 
Fig í? Formation of a hot band in *  methane r«fermar 
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iy_._ Dgtjy Hmsmm 

«t«t of *w „».^ for tM dlffermt ^^ iwis 

•WMr.«^ „„tur. .t«.iM . ^„^ „, afcitt 65o0c 

Mtatata. MM) ». it t. „it,„t urt tto sielwl Mt ^    ""^ 
««-i«i««** i. *. «^„^ ^ 550 _ <9rfte • 

t*tf»f*»t» «dicati that ml&m* mmt oat fa» **.-*-* *   ^    * 
« «*»t gr.«Ur than «***% 0,5 pp^ —••**« » 



-14- 

H§ 6   Sulphur poisoning of nick«! in ^rUrociirboa steam rtfomlaf 
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#   L. 
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12. In order to „ttmi, the «imoat complet* r.^. „, „ , h —n, .^. „llphltr wwl mit iß n: ^r;rir" byti,e 
of th. hydrocarbon.    Th.  for« of rhia unit   4        / 

P Proc.Bsl„!: - «^ ^ in the ¿¿z t r r r T 
nm mmnt 

on UM.  feedstock hoiun.. points     r> * ********< 

»uantiti.. of th.oph.nxc compounds which must be treated with «   „•• 

i« order to ntonitr H S t«        "f*"""* * ***** ****** <*****) 
Mtu^i 2 ^a^ntly absorbed i„ zinc „^   ^^ 
» p* ^ ,UlB sulphur comuna, such fl£ H?S. „, *SH or m 

kelwhjrdrothioph«,,.   ÄctlVe CÄrboft ifs 

«Uphur fro« sturai „„*    w.,*    • P t0 r#aove 
pn        roc sturai ß«.t  but lta «.pacity for M *nd cos is liwited 

*h* tijrftU*,  however, oft«s» »rover .»^n  KI     ^ "»«ad, 
„_., , P OV*C w,llaWe dyp to uncertainties itt 

r«yel. hydro,»,, to convert «n th« suii*Lr i, u , 
«i« «id..    u o„i, H s „«. r,« ^  ^ 1E "WbM "» 
ftr -.„Xphur J,:.' V """ ** - "—* II" «"• — *- -H-t. 

"Ccitre.      Alumna silicates are acidic and ««**«*      »   ^ 
è.«»*!-*«-       ^ promote cracking and carbon 

». th. 1.» th. r.t. of «,bo» ft^j,,, at . el„„ twp,r.tu„ of     "" 

ÜI     >' •TnU"1 daU fr°" <,CC"1*rat'd Ute-*^ -»• » -"* » 
«PPort c0b.Xt ^MH. (ICI M.w „Uh reepect to carbon 
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ehown in Fig ?.     With suit naie íüraulution both the«« catnlyete b*v« 
the «MM initial activity (nt a fixed temperature of operation) but tht 
non-acidic supported catalyst takes longer to tocac* cartooned up. 

Fig ?   Influence of conporUion of support on rate of carbon deposition 
on Cobal t Molybdtìt» HydrotiesulptttiriMtion Catarata 
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a m% 
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14» UM pat« of aaraoa ««poaltion ia, of mmMm m9% 

m ttaft feedatoek.     In general, heavier feed«to«ka tea« to oartiijit «p 
ut entalyot »or« readily and h»nce should be hydredeeulphurieed  lalng 
non-acidic supported catalysts whereea lighter feedatoek« «tai tat 
îÊêêÎ 4 aB^aUtt JHWt T. W    t l«an.nafre%j|   ttti-£li   &AW&   é¥#1*4 <M j*.    flilìlliiftJn.'lèft a» 
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1». ft. Hplrwh for efficient absorption of th. H* iifctMt* „,. . 
..v.r. dut, o„ « «ys ,bsoPb€nt.     2n0 la the prftfepred ^^   M 

th. «^li«*« H^ mr ZnS in only «bout oiie-hundredth of that for 
ffcjOj^ UMilt M«D fro» Fig 8, 

fig »   **ilibrium amphur a« H,S xa tr*»Ud Naphtha for 

•> III 

"i""»!. ._.._. 

WAü»  \l,until rj| ,A- ,,v^ 
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V. WATER GA¿ SHIFT REACTIOH 

16« lita Mitrisi efficiency of th# conversion of nnphtha iato •—wmli la a 
Mattata «moni« plant ia aarkadly dependent on tat ability of tba low 
taaperature watar gau shift reactor to replace CO by H,.    ïvery aolecula 
•f 00 olippin« past this roaster raprasanta a loos of fear »wleculeo of 
hydrogen in the aake-up gas to aaaonia syntheeie, together with « furthar 
loaa of hydrogen in the eynthaeio loop purga required to raaeva too 
additional aothaao fomod by mathanatinç this GO.     Reliable behaviour 
is iwo of tho low temperature ohift catalyat ia, tharafort, aoat deairabl«. 
aaparieace haa ahown that two faeton which ara aoat important ia aecuriaf 
fwedoa fro« rapid loa« of activity of copptr-coataiala« low teaparature 
ahi ft catalyata «ro firatly, correct foraulation, and aoeoadly, Hat 
abaence of chlorine poiaoaiag.     Fig 9 abona claarly he« iaportaat ia tat 
corract choice of preparation condìtiona ia oacuring lifo, aa two catalyata 
of idantieal ehaaieal eoapoaitioae bava vary differeat die-off eurvaa. 

Vif 9   Influance of iwthod of foraulatiea oa tha Ufa of 
Low Taaparatur« Shift Catalyat 

ootiow   »«« o»sti 

cw«rI!¥ .««¿.^»T;—~-+ 

CMAtVM 0» 
SAMf   ANAIYHJ 
#S 5} I Hll POQHt 
fOIMUtAftO 
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ill«  « ' 0Î miCr0PC°Py' SUrfftca arwô an* othcr v**"" i***nUmtiom of the atructure of thoee typeß of a.««*     fc«, „ 
in ©r*#r to »ecure loi« lif» *h. * • , ««*«JF»t.   IwwntUUy, 

•» .«other by 8MaU wftwWf? 03(idt cry-tale> 
M^^ <*• 

Wf 10   M^theti^i picture of a «t.l • whi(tol, cat<|lyat 

pr»par*<i by precipitation MI4 reduction 
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«Tí #jy T"' *• """c,,oU1*lB ,CI K-1 •« «^ •*»* ino X (io   «) i„ „i...».,.   Th. „fr.etory cryaUl8 m mn 

«M» «» » I „ ««.tor.     Provide » «u tat .v.n MpM»tio. of 

IT     Cn""OÍfl i0 !>,'°<"'e,'1• "y ' SUU"Me "<»*" Pr.por.tio. pr«Mu». th.„ ...» »„r-hMU,* of th. Mt.lyst ^ ^ ^^ 
•UM«** or u» copp,r Bnd lm ot Ktjyltyi provld#d ^^ ^ ^ 
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chlorin*» are absent.  In ths presence of halogène, however, th« structure 

of the catalyst is rendered ircbile and recrysUillisation takes place, 

driven by the thermodynnmie to.ffersnees in chemical potential between 

small and large cryeUUr..  "T'ho ratn at which thin phenomenon takes place 

is, for a given formulation, primarily n  function of the halogen level, 

typically this recrybtallisation procès«, which is similar i» principle 

to Ostwald ripening of precipitates, follows the law indicated la Fig 11* 

Fig 11  Loss of activity due to metal crystal growth in a 

supported copper ontrtlyst 
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Fi« 1.?   *Uti» «ctivitie» * pr.sm.re drope «a . tumtíon ef 

particle «is« for Mt^ Sy«th«aia Gatalyat (ICÏ 3§J*> 

•i.'( u. <>. • 

«W. typ« of plot of lo« activity «gain»! log ti»» i« ««„ métti for 
prtdictiag Ufa fro» ralatiwly short toni data.     Chloriiw <p»i«o«l«i< 

#f tho .bove typ« u, of cours«, «ot a tru« poisoning but a« «ccaloratioa 
©f th« «tmetural eolUpoa ©f ti» catalyst,     it u «^«aarüy 

iriwraible and the only method of printing it is to atop ehloria« 
fron rwehing th« eatalyat by tot uao of a guar« absorbent. 



Lévele of chlorine greater than 0.01 ppm in the me can .We « serious 

effect on the catalyst life.      Two types of guard have been devised by 

ICI.     One (ICI 59-1) x6 for uee where chlorine eont&ninstion is liable 

to be heavy, the second (ICI 52-10) i« for use where chlorine is less 

plentiful.      The second typ«» also has high shift catalytic activity and 
is not simply an absorbent as is the first type. 

10. Vsry nuch ha* been written on the kinetics of aawenia synthesis fro« the 

standpoint of the cheaist.     Aether less has bee« written fro* «-he poiat 

of view of the catalyst user and the subject of catalyst life is very 

little discussed in a quantitative manner.     ««like most other catalysis, 

amasia synthesis catalyst is available in a wide range of partiels sises, 

ésrived by different degrees of crushing and sieving of the frozen ire« 

oxide-promoters a»lt.   The smaller the partiels sise, the greater the 

catalyst activity (Fig 12).   this increased activity* only secured, 

however, at the expense of an inherently higher pregiare drop, which 

Increases «c.e rapidly with decrease In article aiie xnan does the 

«ctivity.     The plant operator should choose an optimw sise rang« bear i ne 
in mind the restrictions obtain;np on his plant. 

19. ©at rate of lose of sctivity of ammonia synthesis catalysts in nodern 

«•sania plants should he such less than those in old piante because of the 

greater purity of the make-up gas to the synthesis loop.     Catalyst life 

should siso be longer, although the plant designar anxious to «conoaia. 

m capital cost will no doubt have partly offset the advantage gained by 

lower die-off rate by reducing the vol«** of catalyst in the converter. 
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Oxygen-containing compounds are the primary cause of loss in activity in 

moárnm plants.      In particular, CO slipping the »ethanator passée straight 

to the ayntheaie catalyst.     In the modern synthesie loop both H^O and CO,, 

ars finally removed by passing the make-up gas along with converted gas 

through the .imaonin separation section of the synthesis loop.     the 

condensing a «noni a then effectively aerube both t.iese species from the 
gM «ires*. 

10» Oxygen eonpuund» h«vt both a temporary and a permanent effect on the 

synthefiiB catalyst.     Äe temporary effect ia due to chswisorption which 

* i« ß*»«ttr at lemur catalyst tempera turen.    The permanent effect is «ore 

sigsif leant, as it results in an accelera tad destruction of the catalyst 

surface due to crystal growth.     ïypical die-off piota for high and low 

C© in the gas entering the sy»thesis converter (not the make-up gas) on 

shown in Fig 13»      'fhi6 figure has been plotted in the sane «aiutar as 

fi« 11 for low temperature shift catalyst, as both die-off phenomena ara 

the result of accelerated ^crystallisation.      In modem planta it is 

desirable .© reduce CO to 1 pptn at lass, uhich corre ponds to between 

I sad •> ppa exit the msthanstor, depending on the recirculation rstio 
in vite loop « 



Fig n   Poieoniftf: of Ammonia Synthesis Catalyst 
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*1. Cmmitemtim of the affecta of ojrygan-containing capo*»***,  in panic«»« 

00f an the life of the «eaoni« eyntheaia catalyst thus ámfxm n rehired 

perforaeace of tht aethaaater.     Choie« of aatalyat fownlaUo« for 

aetnaastien in order to aecure high activity in important.   Uten aor* 

important ia a unifor« charging of the catalyst ia the reactor so that tkt» 

catalyst bed ha« a uni for. density,     «anally aethaantorn hate « siagla 

adiabatie bad of catalyst.   Oae enter« containing sont 3000 »pa of 00 and 

ahould luv« at only 3 rp» CO, « thouaand-fold reductio» in coaceatratioa. 

Ondar the a. circonstance, it ia aost important that tha eataiy.t charpa ana 

a uniform voidage aerosa the reactor cross stetion.   The consequence« of 

Boa-uaifom voidaga in radueing tha performance of tha methaaator may at 

•tea froa Fig 1*», which has been calculated for a eethanator daignad to 

gi*e an exit concentration of tha total carbon oxides of 10 pp».   Differita 

ia widaga of 15* are surprisingly easy to achieve if tha catalyst ia *eak 
or is charged in an asymétrie m/mner. 
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jas COST OF wmu ABTLm 

*?. The •od*« „.„^ pUm% rroceaß ^^  iBdiCftt(,d ln ng it ^^ 

dourly how dependent the operation of thi- «i—•    .   * t «p.raixon ot tni«, plant mtM,t be on the aetiafaetorv 

•o ««UM!., of th. »Jor p«„« it..„ u „^ M ttat th| f 

•f «. «Ulyat r.«lt, i» th. shut-d». of th. «.o!. „!„».     ,t u 
th.r.fw. «.t i^.rt»t «.». „ ,u catal^t8 in„iUbly X(M# Mtm 

«l«* »4 ,t . ^dietahu „t,, „ tb,t (mt||lyat elu(ait(> M ta 

"••wiwipl ehut-dovna. if at «ii *"—     _ w«w»t *i « an numeroue, severely reduce plant 
***** «*• i«* •«**, increan. th. c.pit.1 coat of th* «*«.te p^ 
*•* *•» *t mmmx* pteém*.   r^ir eeo**«i* *ff.ct6 We ***» ^w ^^ 
«\jte .ddítio«, the, reduea tua output of the «hole fertiliear pl«t 
~ *»*•* of •««i..     ^.^ aad ^^ ^ ftiae ^^ 

•* «renter pracea« and eafinearing hasard than u atondy running.     Shut- 
***• Mme «re UaWa to Lad to further shut-downß.     *„> í^ritm M* 
Mireet affette on the output of other dependent plant, or the h.Mrda 
•«•minted uith «hut-dowis, the «ajor effaot of catelyat unrelirtiUt» can 
•••«y he appreciated fro» Fig 1% 

n§ *   influence *f »„a, p.akiftI ef «atalpit <» mtmmmm of « 
Methnnator 
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W« 15   ««1 oo,,t „, W un„u.bx. cat,lyotB wta(iw to 

»U.M. purch.»«. catlly8t0 for ^„^ productiOT 
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**%*•** tht first day OB liñm mñátJ    ,    '   ^*' Blg,,t faa at «* «•• 

MnXUb&ltty iMdB to fréquent ahut-áomm with fh. ...       « 
«i»at fro* fig 15.     i,tB whe|1 th . 

•• Um ** two IWBt t* fr- «««a. e.t.im U, 1. „.Ut, 



*>. Th. .«»,„« „f „lotiTOly Mall 

«fornix „Uly«,  „f cMori». „terin. •„, ,D. ' m'P',tlU' 

««Ay icamo of th* excessive levels at th.«. ^. 

«no ni« Crttnlyst haa lost ite activit« ,.«,« u 
»it ítr.t de/,«- „„i.,.,       , ' bMn "•Ti* «a «Mi«d. 

••.t. purtflCBtlon „„^ hy^^phur^uo. pl„ «„e Lt 

'wwn' poor i ormila tioa ©f the «hi rt ».«. *    *. 
•truetur»! colW, „i*h , , catalyst eu l.ad to 

»• both to oheo.. r.liable Mt„lj3tB for ^   . 

—. M« u«t th. „.c..^ c;odltieu for * ",raonl"whM" 
«•ttlvst«    t« 4«<*    * «^ciw ior »ptiww opération of thas« 
w*«*xjTBte,  to initiate operati nu- rnuti... tu-  ,. 
«•H the«. MM,ìH •»tin*i, %h*eh inaura, «o far a« H possible, 
«wv tatst conditions «re adhered to. 

**• Th. «rg»«** put forwaJ* ln m 

*••»•*•' tnair location.     Th^ «»«»u _i    ^ 
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hi. ^t,y.. .COBOV. ^ f.rtillMr it j>roiw< ta rt^ to ^ 



agricultura, industry end the quality of Ufa of hie fellow countrymen. 

&|UftUy, whil* hie country's technical infra-etructur* is developing, the 
pi««! «anager   i6 iem iikely to have an „„y hi§hly qualified technicians 

and technical orfanisationB ready to assist hin in ti«e of operating 

difficulties.     Hiß plant apvmtora are often lees experienced than those 

in »n industrini country and span» parte «nd catalysts nay not be so freely 
available, 

#». toemum of all theae- factor» the grestast care «Hist be taten i» selecting 

eatAlysto to h« u»»d in the ammonia plant,     îhe choice miai be Met on 

the grounds of catalynt quality tmé reliability and the testation to merely 

buy the chM&est catalyst must be resisted.    It is the responsibility of 

sttMflMaat («id OovarsMRt) to ensure that adequata funda are available for 

plant «aiMfers t© buy th* quality oí catalyst they requir»,     any extra 

cost involved will be rapidly recovered in ieiproved plamt operation. 






