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th« évaluation of a catalyst's activity ana other properties is essential 

in the development of new cats ly« to arri in    he costruì oi  cat« y at manufacture. 

It is al »o regarded by some catalyst userò *a a uaei'ul aia tu oatalyat selection. 

It is, however, an extremely complex problem and there an many pitfalls into 

which unsuspectiaf catalyat teater may fall.    In designine teat method«, greet 

care mast be ti*ken to ensure that the t et will actually me&sura the dem rad 

property ano that the equipment used is able reliably to fulfil all th« require- 
ment» of the test. 

fhie paper exssiines the »hole field of catalyst teatini-,    «irte lávela of 
catalyat testing are defined *    UMBO arai 

1.    3i»ple comparative testing 

2«   Mavjor catalyst evaluation, including uimulated plant operation 

J.   fundamental testen in order to ecmpifcUly characterise the catal/st 
and the reaction it catalyses» 

At Varions typas of tei'* s used at each level ©f catalyst testine: »• 

described and their usefulness to the catalyst researcher, catalyst t&Amtfacturtr 
end oatalyst user ass e enea. 

In« testing of th* various types of catalyets used in ammonia «anufacture 

is used «• illustration with emphasis on both tirase testine methods waieh art 

coscón to ail catalyat« and those which ar« particule to an individual catalyst. 

Ehe aeasument of a catalyst's catalytic activity, chemical constituant«, and 

physical properties such as surface area, ¡or« structure, «hs,* and strength 

ft«d catalytic activity ie discuased together with an evaluation to five ¿oo«, 
lent tons performtuice in a full scale plant. 
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Preface 

It my «a** to t* atatia* ite oWiou« to «ay that * eatalyat ttotar a»at te «mi 
te i» «oaaurin* tit« proparty fc« rioairea «i<l ttet «te property te ta •oaaurlnf 
»• ral««aat to tte vrtormuxf of tho oatalyat in * fun ie*i# plant,     Totti»« 
eatalyot la, tea«vor, * oomplox acionoo raaslri«* «iti 11 ate «sparlane« la Ite 
©êtaîfat tutor «d otan tte» it it all too »My for M as»arif«*a<t ootalyot 
toatar ta «ate teatftkaa if te «aaa not «alatala a rifld Alaelpllao of a alate 
©bjootlv« approach ta aaolt aa* ovary taat. 

ICI Agricultural mvtalaft tea tea« a major eoatra far roooare« w& doralapatat 
•f oiaaircial oatalyat« far am m y«*r».     Purin« that Uaa, toatlnt itrtüfttaa 
feaw laaraoaod la ooaploxit/ and »ophlatloatioti in parai loi with tte taritiaaaaj 
•f Ite «teteaal plaste «aia* Uta oataly.t teiaf dmlopte.     Nava**« it it 
•aaaiola ta virtually ooaplttoly eharaetarlo« «a* oatalyat «tel pr«él«t with 
raaaaaablo confido««« tte «ajr it will porfor. m « ooaaaroial plant.     St u 
«wrally tm»t fcatamr, tte« tte oaat «tel «opal«tioatioa of tte «sy«rl«ja»t* 
taotelquoa la fairly Uoaaly parallolad te ttetr watfal—aa in prtelatff I**** 

tM« •*#•* «in fiiwmm «te taatia, of * U4 ootalyat» uaa/ la frasetta« 
raaotiaaa «aeh aa tteaa ««ai la i—gula ¿.lauto aaó «iall&r plaatt 
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1. INTRODUCTION 

Developing a a» * catalyst retr^^ee » 1«   »th», non>pl*x to* lag 
There ero four ¿roup« of charaeteriotioe union «Mí be evaluated. 

3 

A 

Catalytio activity 
Fityoieal characteristic» 

[¿»chanioal strength 
Shewieai eeapooitien 

c. them groupe, the fourth on* that of analysing * eatelyst cha«!eel eonpooition 
i« net partioalar to catalyst ¿eating «ad will not I» discussed in tali 
In #»a*h of the other three, & «ido variety of teste any BO carri sd «at of 
varying eeanlesity.     Then* tento any b* »orto« into three «roso« «Wo» 
represent three different lévele of tenting» 

1     Staple comparativo tooting 

?     Major catalyst ftvaluatten, including sisjulated »lout 
3     »anansHntal ton tin« I« order to eonplstaly oharacterie« the oatalyot 

and the reaction it ontalycee 

The e*ae«renent of eatalyet aotivity io, of coures, too whole bacio of a 
©atalyet research erosasene.     Tha ataoo involved In dova lopin« a mocaatfttl 
eitaljret ara ont ont diagreanetically in rigar« 1.     THo procodaro in designed 
in perait the «asin»* muftbar of verieblee to he «xanlned in a way «MOB rooalto 
in ali potentially evitable eatelynte receiving nach non dotailad investigation. 
F' this tachaiqa«, full »cale tooting io rooorvsd for thon* oat&lyst» «aio* 
have paooad the other tonto. 

4« A rapi« initial oorooning ia carriad ont at atnoopnorio preeeure, no tant tatto* 
forarilatloae »homing areolae can thon bo tontod nero rigorously undar noni« 
technical ani eideetreea oonditiona to obtain baaie kinotio and Ufo itali. 
Kara datailod kinotio and poiaoning «aforaatien eon then ho obtaiaad nudar 
difforontinl operating oeaditteaa.     Fomulationo which paoo oidaatraaa and 



-s 

RWüföh 
cJUlysts 

J 
Ì***«**! and ad.iUtK: 

MBL 

.«¡Ì:-.t".ÌN»i faut** 
«•talyirt. 



-6- 

••«i-t«chnical  Uat« «attofaotorily, ov*r an Mrt«ftd«d p«r*od of tioe, aw 

•ubae<|u«ntly mitmittto to mil «cal« plant tetta. 

% Tto ra*Id eore«nit»« teat, rsprasent it» fir*t l«.l of to«ti«f ***** **»•» 
the eaaii-ttetoioal a*d plant ******* torti r«*re.«nt ito «to«»* 1«*1 «WU 

«Marti« in differential r«a*t«re MMMM*- tto third and higtoat ltwl. 

6. Tto fVfWioi of a oatalyrf i« ***** ****** ** *•"» oí *• rmt# ** 
which it «MM*M * «MìMA rmttoiu     :t it «mnllr «**H*«d *T *• 

follavate »quation 

reaction rat«   •   aettirity m •   '     f(f|V|X) 

Under «miv»l«it reaction ooaditioa«, it -«mal t«Mffrti»w, prMMfM, 
Matti«« »it»»*«, «d Ml« fraction«, rtwtio» rat« i« «roforti««»! to 

cataiyat attivtty. 

T. **«*• otMid«ri«g hon o*t*ly«t Mil«* *• MM*r«*t tto pMftrtiM «totttUii« 

mm to*»«"«* to •*>* f r«** tto M.tal*rt «urta«* ««t *• «OMìMM*.    *» fH* 
of métante to tto «art»« of tto ontosi eaa, and M*«lly d«e«, âffMt ito 
«Murad HtMtf of tto «etolytt.     l»Mlfto «tivity i« tto MJIH rtT tto 
reaction rata allatto «to* ttor« •*• M ««taraal li«itoti«M.     fto •**•*••* 

Mtt«ttr of tto eataiy.t «ay m% to im* to tto ««Mifio MtAvi* to««M« »f 

«stomal llaAtation». 

fi. IMI... ito «*«toniM oy «Wo* raaotiwt« e*„ tfM.p>*t«d to tto aottf« mmimm 
of tto cetolyat a«d tto prodotte twntfortto away i« fully «ad«r«t«*d ato tit« 

rato Halting »*•* or •*•*• •*• r**i*iM* aerioue •**«*• la ««to4y«t twtia* 
•ay to nato,     Tto e«M»iily «*«*•* rout« by «aioh tto r«a«t«Ato fto» tto 
active «arfae« ef tto oatalyat in f*ll«t tm» i« «tot« 4ummmMmlìm U 

figura 2. 
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Dtfrutt*« of product» 
*   ¿ntofluKÍ «triam 

Dintiwon of proauctt 

Dlffuiitn of rtactantt 
«ithtnpcreupto 
tctive tut - 

DwYuttonof 
rtacuntiupto 

Fif f   Diffueien of reaciani« and product» within eatalyot pelleta 

Ita» fimi otage it normally regarde* m too diffueion of nietMti to the 
turfaoe of tao pellet through the gao fil» which eurrourd» it«     Having 
roachod the pellet, ih« rooetanin 9090 through tho pellet'! internal etrueture 
cattateti»« of «aere, »icro «uta tub ai oro porta, before they reach tao activa 
eurface*     Tha relation producta d«iarb troni the catalisi wirfnea and rotarti 
to the bulk of the fa» «tran« by tha roveroe prooodure.     The behaviour of a 
oatalyet In a oooaorcial plant, depende on ih* overall of foot and thie io oftom 
vary different fro« ilio offici which would be postulato*! fro« tao notalyat*» 
opooifie activity.     Coro «bot be take«, therefor*, in eatêlyet teetia« to 
«ire that the catalyot toot accurately reflect« the liai ting proooae or 

aa found in a ocienwjiclal unit. 

% With aoat oatalyate the rurali reaction rate ein bo »eaeiéoroé: to 

tfcroo aa patato procanaoo 

1     Ito di ffuel on of on« of the reectante fro» tbo f*# 

if the ôfttalyat portici« 

f4ajo   ftj.   £1BB% gawnwnajpns    *w    von**e> 



?      Tío tiiffusion of on« of th* wtur n in iV por*« of Mi« c&talyat 

partici« 

3     The rate of reaction at ih« active surface of th« catalyst 

Proeeee 1 if called g&t film diffusion «aid prooes« 2 per« diffusion. 

Normally th« difficulty of IMBU transfer m»id« th« pellets outw«igb« that of 

tran*fer fro» th« go* stream to th« pallet surface.      At hijrh reaction rates, 

«and with low gas v«io«uiy»  however, gmm film diffusion may escome limiting* 

It i« worth remembering that thi.n type of limitation i« more likely to occur 

at fa« velocitine used for catalyst teatina thar under plant condition!, wher« 

reactor half ht usually *nsur«a that velocitiee ar* also high*     Car« mitt bt 

takan therefore, to find out if testing is bains carri «a out in tale raglea 

«ndf If to, step» must be taken to avoid it. 

10«  If pat« diffusion t« % contributing limitation,  th« rata of reaction 1* 

dependent on th« proporti«)« of th« catalyst particles, for exampl«, «is«, 

voidag«, and surface area.      It i« therefor« important, that oatalyat t««ting 

•houli, wherever poeeible,  be carried out en th« full «it« catalyst p«ll«t«. 

Sari«u« «rrora may be »ad« in ¿«termini «g the cataiyat ac ivity if different 

«is«« of oatalyet partiel« ara need chu „jag th« test.     Tha aaat experimental 

«mthod for ««arming th« importaros of por« diffusion is to mcaaure th« rat« «f 

r«aetion with varying partiel« «is«.      la th« absenoe of por« diffusion 

limitation«, th« reaction rat« will remain unehanged.     It should also be 

born« in mind that pore diffusion limitation« increa«« with temparatur« «ad 

pr«««ar« «ad oatalyet activity measured at moderate temperatures «ad at 

atmoopherio pressure will not usually b« applicable forflill seals plant 

operation at higher pre««ur«e, 

11. Mtile considering possiti« phyeieal limitation« ih testing methods, it is 

worthwhile to point out th« innrer of se oal le1 "«dg» «ff«ot«H in «mall ses!« 

reactore.     *%ere oatalyet partiel«« are in contact with th« wall« of a 

tubular remoter, the voida^e i« much higher than that in th« o«ntr« of ih« 

oatalyet bed.      Ftoeauae of this, thar« i« a preferential flow rout« for th« 



«M «long th* „Ig, of lh, e..M,.t ,.„., 
.*• n« i. n.Änelbl. ,. r.l![tlo„ to 

J' " •"" """«• «... „„. .„... 

-oy«vjA»i¿>  tru« for reaction« uh«». V.í.K 

...~ >«fH«I. »1», nt «Uj b,0;ulM of m 

«IffMK» HMt.u«, b.« .1«, b.«u» of th. —,,       „ 

Kl.     RB^ÇTOIl   TTBp 

cnn difr,r,B'ui rwctw- - •"*• *•"" ~ ^ 

ki»ti. i.t.   JT Wt"""aiJ' *"• •>»•• «iUM. for th. d«l«ti„ ,r 

.TlT   "1 "d "" ""*-* -—«».—    i. t.. „.. ,r 
«^—U,, t. rff „o^«,.    lB4Hra M&ctort ^ 
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ampler to opor-it*, wd thin ig the typ« narnfUly need for the bulk of 

eat&iygt tMtijv. 

14. Integral  tubular reactor? can br operated in three different ways:    ieotheramlly, 

n.Uabaticall,y or peeudo-artiabaUeally  (th*t i* neither îaotheroally »or 

adi abat ically).       In praotic* iuothermal 3pert*tton i« fftalffl possible» 

particularly with reaction» having a high heat of reaction, because of heat 

traneier Imitation*.      Thtee limi'.aliona are important because poor heat 

flow control, letting to small temperature difference» in the bed, can have 

-     a v«ry Revere effect,  s ine» the rat»» of reaction i» «ponenti ally dependent 

on temperatura. 

15. With exotherme rene ti ont, tubular adi abat i o reactor« are coae»nly employed 

in order to overoone thie proble«,      The ieetperatur« control ay e tea it 

arranged in auch a way ae to prevent haat flowing either in or out of the 

roactor through ths walla.      Consequently a ieaipe roture profile alnilar to 

th«>t founu m operating plaste -Jevelope aloag the length of the reactor, the 

extent «ad ahape of the latter ««pending on th« heat rf reaction,  the «pecxfir 

!te*t of the <çaa <ma the réaction lune- ioa,      9a*U acal« adiabatie convertera 

are therefor« uneful for life test« o*  for »iauivUon Oí  ìUII »cale plant 

operation where adi abat io operation i« normal. 

16, In  th* firat level oi' teeting, perhapn 100-1,000 fournil at ¿cae are teeted in 

a oatalyet r«B*-arch progra»ee.     It i a often convenient to de a quick 

«creen i 11* operation ving even elmpler reactor« operating paeudo~adi abaticaUv, 

to thie car*, the reactor à* «orrounded by ** heating jacket a» in the «anil 

aoale adiabatlc reactor, but no attempt «a »ad« to baianoe the heat fie* in 

or out of the reactor,      în Mile em« it ia ee»i#nttal that the teat condition« 

for each oatal^ct be a* near identical a& poaaitief ao that a true comparât iva 

teet ie obtained.      The teat 1« «eaentially qualitativ* and can aort food 

catalyst fro« moderate catalyst from bad catalyst but it cannot aort eat good 

oatalyet inte very good and not «o £Ood. 
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If. I. -'^,„ <nting n „ „.„„^ ttal a t 

run"- ""-^ •" -^iti- «* *•*«• *..-. *.„ 

»•in* oleM to «tjviiibriiM. *"«««** 

t*. *«èN ^H Loti»* i. ^tlirtd u 4i Bt(ï#JIMty u imm meh m 

ltr*rH * *pUat •id~tr-^ *•*—-• * «— *• **• 
LTL zi    "^^ •eti¥iv u*%um* -0h—^- -*•*«• 
*tmi •x. Pimt miu m4 m ^ir% >iaiÄt|ir# titB|^ Äf êu ^ c^wi 

•*« i. r^ir* to •*.*„ -lrtlti0 0WUM ^ tepwi<!# ^tiw 

i«f*«Mi«, «rh *. fintar. orofito., „ %im htìkmiolu, ftf tfc# o % 

^ U "* nWmlly *•*»*** *» • «I «*• Pim.      m or4.r f oW^»» 
«M* proci- «,f»*o»tio« M W.ÌM,, .tfatio» -u.t bo pia to tho 
«•uu *~i«*.    fu. «^ .tUe% ^^ ^ rtllâtllri-^1#ll 0f mftivmmi ^ 
*••» «*«tio^ wn,,.    4 mmï„ #ff#et 4i thât of ^^ ot ^ 

*~ «te «it of th. o*taf.l b«t u th. toltt «lo«, th. rwotor it^lf. 
fte f^tor «UHI «^ t^r.foro bo ol«».« m « t* «u^^, tw. #ff^# 

Tte loo*tio« of *^ri^ ^c fw t|w ^trol cireu,t# .B ä1W ||wtJÄt 

•i^tte Po.i lio« of tuo» «ot bo OJiW^ ,o M to tt* ^iok M-JHmilê ^ 

efc-^. i. o,«««« owdlUw..      ftit 4, ^.tiaui^ly trut of th-o tter«^ 
«•.pi*. ooBtrollta* tuo «diabotic opwMio« of ti» c«r>v*rtor.     fHoy «ot V. 
l»~tte M M to mni.i- tlw flttCt«»tiow of hoot iRflM io toot «.tfl*« 
if Ite «.to» ««twlli^ tHo *IUbotU fúñete», i. olusrfh »» if wo*»... 
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*>.   Und*, ih,., c*,,.,it<.ona,  extremely pood reeuU« can be «btwnad «ml c^i.i 
can be .orlad vlth «r.at accuracy      Hf* t«.^ ow 6„verRl „^ 0ft||' 

be earned out and th* effect« of poi80» meawred on aidantroa« uniti.      The 

opti«» catalyat «ay then he develop by balancing th* r^quifMmti of a 
Rood life,  hi*h in it. mi activity ar,d poie-on reeAatnnoe. 

21.   «though it in fenerally «or* d» ffVult to der.** a kin.ti« oration fro* 

integral data than fro* different*.*;  d«a it la ,t.v».rtha»«rP poa.ibl* t. 

obtain a lar«« iwnit of informati«, fro« a relatively wl]  number of 

«parinants **»d oft«n it U poulbl, to ier.ve d«,^ option« predicting 

fUll aeale plimt opération» fro» adiahat.c vnt^ml e^r«ania.      In ««y'ça*. 

• deaitn equation obtained fro* difformi aal dai« *u0t be croan oheoked againat 
lnttfMl data obtauiad .»th on the mil BCAÍ# mñ, %hm mi  W(|U ^^ i% 

em ba tiaad with any degré* of confi dance, 

22. ìn a nomai research progr*»« one mi*ht think in tara» of teatin* ZfW» 

eatalyet« on aa«i ttohtuoeA unita ani *h*ut 10-» on plant aidestreai» «nit« 

bafore cheoain* the t*e or threa fawalMion» to be invatigata* «are fully 
in differential reactora and in full ,*ala plant teat«. 

zs^wmuk mm? 
23. In differential reactora tne reaction rat« i. the amm for «11 the eatery» t, 

bata« teated and «hat*«, m reaction rata nausei tíy ohlnaes  in ^ wlllbU 

cm ba .tudiad namely.      The procedure can be very time conauena, bacarne 

a vary large „umber of esperi«»«.tal raaui te over a **«» ran** of conditiona 

«ay »• itaaded before a design elation can be produced.      Th„ axeroiaa i8 

tharefor. very «panai*., but xe «orvhwhiie for a catalyet raaaaroher baoaaae 
th. vary accurate raault. obtained are a*ire**ely useful « pim% d#Blfn,# 

24. Single paa« tubular reactora my m u«»ed under differential conditio,».      Here 

the conditiona are chonen eo that the aaount «r reaction over th« catalyav it 

wry anali and ihue the ehan*« of owicantrat.on of rsactanta in the ga# phaaa 

and the «nanfa in t^mjHiralure due to th. roaotic. my be inorad.      îhe u*e of 
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2*1« P«. tubular TMaXw„ „.„.,„, Mffer|| trm 

«ry *>ow.t. oo»po«Ucn «u,lynM „. rwnilp,d •"""«««. that 

i.»o»..^^^lh..„„«ff.z:iv " rr*r,aot,M~u 

tr.««,.      „lh ««..„, „,tlloa. „ .Ml    • h . L        ^ "" 0Pae^ 
but iti.    n     , M»iyol« this e«« o« don« for „any metiau 
but it is oft«, bottor to use othor Mthorf« if *••««•••, 

25.   Chit MialyticU require»««! i* r«*>v.d wh.« • «. 
With tl»i* ,r9Um   mM    t ,, ** * ""«**•«"* *y.te* i. u-t-# <V»tM, part of th.. e»t *» it WOtrt)ïtd ^ 
MMunt of ft»»aVt _.        J*^ wwa w,*n * »wall *"»«»t of fresh «*..     4ftw a*** initial chÄn^f thw 

* •*»* .taf and the eo^Uon 0f the •*.*,'       ^ 
"*-*"* tether ith the „lt „«, mt.       !'   '" " "* Wx% - - **» 
en thâ ^hIf(1       .       t 

,U1,      Sln«« *>»• pes« conversion depo*«* 
en mo reoyole rat«, whiefc enn be ver» i«*«*    »h.      * 
      . w wry *•**•#  *&* tyiit«» &m ho »ade te 
•pproach voty oloMly to t]Wi flifffr#ntl<|J v9m%^ "^ U 

mich «loerooffoo tho ;i,sport*nc* of «iairtio»l error      A »a «. w     ..     * 
tfc*. „el.*, ho^r, is t»« potential   o, JIT'   / *«*-*•» f 
eon«-**«.** iw«n»x»l .or build up of by promote or iaouriw 

<*•»*<«.     *    , . —«*«•.      m tWe eyeten, the reaot«nte are f,d 

r^t«.4 ««mr.      In ordor to b*à*nce tho intltm of 

ri: r rri^rrrwd th* ~- *• -*- 
rwciMifl sine« aH t^* (¡»uuij  ^^  ,     - X.-Î ca.^i^st 18 «tposod ej«iItannou-ily to th« 
conconti^tion of poison. 



-14- 

¿'8. The siapHt'jriPK asonnp^n of p*rfact ;?ao  raxing i<? nat-.eagary  if continu.-.».% 

»tirred  tank reactor« are to bo u*e!i for th* derivation of kinetic data, 

BO thfl occurrence of mich mixing oust. U checked befor«? carry in« out 

»iporinMMiiftl work.      Jf *ny ùevi-uions from ideal behaviour aro discovered 

their caución ehould b* traced wd the aituation corrected, r*cu*se the 

«periewmtal data resulting from « combination of the effect« of both imporfect 

»ixin* and the chemical reaction arc usually too compì ox for accurate inter- 
prot.it i on. 

V,    STBBfOTH TfBfpq 

?9. Catalyat partiel«» muet bo strong taougii to withstand fou? différent ferM of 
atreoe. 

1 

2 
Abraaion during tranait 

impact «han loaded into the converter 

Internal etreeseo, especially thou« occurring during réduction or 
bain« brought on line 

mortimi streeein« causati hy preaeure drop, eattüyni w*i|^it »ni 
poaaibi.v  thermal ©ycling 

30. It ia ¿onerali;, difficult  to euuject catalyst» to a sismlation of the 

oondition« which äfftet thair ötranfth duriti lift while ¡Misurili* th« 

reaction of tba catalyst to those condition».      ICJ uto« two types of general 

testa whieh muy be appliod to both now catalyst mid to catalyst subjected to 

operating conditions.     On« teal im to measure tba crushing strength of tha 
catalyst und tha other tost involves tumbling tha eatalyst, 

.11 • 'fta equi pawn t uaad for tha crushing strength is manually operated *aá consiete 

of two fiat pollened platano on« set above tha other.      The pallet ia placad 

on tha lower platen and tha platen raised manually until it OOMI into oontaot 

nith tha upper platan.      Tha praaeure generated by eomproaaing th* pellet 

between th» piatene actuate« a pietgn which hydraulically activates a 

pressui-e gauge,     fhe piston haa a croee section of exactly one squero ineh 

so tha proaoure gauge awa»-.ee the load on the catalyst particle in pounde 
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»»•.     kMwiwtli taken 1» th. MWII, ., th. ._»< „T^ ..... -   .. .   ,  -10» er th* makiM M tk* «nuMac 

with • «totalical <iriv«. 

U. *. ite tM^tnt te* . ri**, wiwm ef «^^ {mmM9 g5 |t 

«imite. (J,*» f all.),     afte* ti* *.t ^i^ ». tówi u   ^       * 
Mi M**** Ohlp, Mi ite »tro«* «i** 1§M lt 

n* iT^iTV********** •*"****'m —*- ~ -•—•-•«• 
te ite .tr^th rapur«*. «.tu»* -a»,*,     „,.* #f ^ ^ ,«. . ^ 
•«Ml te* «U preßtet MUtin? ••* „^ ^ tIlwlvfé ^ ft ^^ ^ ^ 
th. te* .i«. «M „^ ^ â|W)lw| iiiJii||w ^ ^ wuiyjrt fwrt^ ^^ 

«mated th. fowl itf^uu     For .«* aw oitel,*, llMltWf ^ ^^ 
•M* tete** .te«** .. atli ^ mtrm%h ^ ^„^^ ^ w 
tetei»m«* .» « to •^WiÄ »mote*, fir progetto* cat rol. 

34. CSi. intermita* «.too« .f I«., «ork on o*tel^t .te«**, «M that ite «Mi 
l******* WNMit   ito hifh .tr^fth in « o»t^.t «• wmiHmm te 

**Wiw* durine «W^tioii «M «Mû 1... th« ttet r^iir*4 for h«dHV tte 
ctAlytt b.for. ooorotlon. 



,„ lr>». 

J5. émiûing on the r*qu\r«: strength of a new catalyst, it i« often n*cee- 

eary i© arrive *t » ewsarosujNt hrtwaen th* strength of the oatalyet and other 

factor».      The i thar major ! actor» whi^h ara iffected ara th» danaity af tha 

oatalyet and thus tt* por« »trjctura «nd .pirfac* ara«.      Can«rally speaking, 

bacanes of th# pora diffusion limitation «hleh asíate for «oat catalysts, it 

would 6* aëvMtaira9«a te anka lo*er density, «ora paratia catalyst with higher 

surface arene.     The i*tfui rasant «r sufficient strength to withstand handling of 

tha catalyst, however, often result, in • catalyst bain* deaesr than otharwiaa 
would ba raqui red. 

Jo. Senaity, para structure, an<i «urface ara« eaaauraaant« ara usually nada at bath 

the first «nd eeeotid Jevsl of catalyst testing and ara dona by tha 

techniques of «eroury d*n#ityf helitm danai ty, and mW «or face are* 

In ICI we now use Krypton m tha absorbant gmm In ottr BU" experiments.     At 

tha hifhaot lavai of teatine information nan ba obtained by aeaeurinf tha 

•ara aiaa diatributton ueine * «ereury pereaiewter or edeorption deeorptiow 
technique*. 

3Î. ICI he* aise developed a mathod for measuring tha »urfaee area of tha activa 

apee i «a in tha oatalyet rather than tha total, aurfioa area,.     This is dona If 

ttaiat * fM wi oh ia chaniaorbad only  m th« aetiva sparies and the diagriwi 

below (figura )) •howa a corralation between tha surface area of tha act*«* 

•peeiea in low teaperaturo CO shift catalyst with tha catalyst activity. 

CO|>prir»t(m^cÄaiy»t) 

Wir 1 HeUtionship of catalyst geoaetry to catalytic activity.   Copper orystal 
sines an<i exposed surface areas aeasured by X-ray diffraction and 
oxygen ohoaisorption. 



to „.Ut  „ ^„^^ th. wohanltB nf -»•». 

.*~ to- «,. rKct,„, „, th. ^ th. Mtiï, >ÏMU ^ ££•££ 

•to» i. ..ui,., ^f«,,,« Md alw t„ MMarf tht opy#ulaM 

«».tine in th. final mtalyat product. 

Til.    APPLICÂTTfM TO M°»ICWUK tt^l.TWft 

~toir.t ««« t„ » »d.• „^ pl„t „„ Mrt<iio wii)ti ^ ^ ^ ta 

to«.   » .ind ,*. t..tlng „ 0.„1#d „^     ^ ^^ ^ ^^ 

W» fallottia* paragr&pha. 

VIII.   ^t^OT^rn.pÏWRI8ATI(ai (Mmfcrr. 

39. Oprali, «p. ^ 0Bf „.„ th# gt— M wltt of tMtí  u   ^ ^^ 

whathar «•.•o«. eP llqui<l h^^^ b,0<u|M of tht ^„^ of %M 

«ff««* raactio« rata, obtain^ with dif,W  ,y»B of wlphap 9mmimm 

*m «mp»rlag dif<W eatalyat. or diffarant ha*ohaa of tha m eatal** 

iti. aaaaatial that «aotly .i«iv fo^toa. are ««4 «0 that ^t^tin 

f.ad.tock. «hioh oa» bo *apro*iead ti« «ad tt«a ^ftin ^ «„,* C0BVWI1#ilt. 

Ä I«, • «-ful .ta»á»rd t..t lavoir th* u„. of thiophaaa dopi hapW 

40. MU«, earring »ir»o oxida eataly.t, tha total «ulphur pie* up peaaibla *** 

ika oatalyat i. •a«in€i„M, b.ea«.t thi. i. mr9ly . ^r, of th. awiUbia 

•inaa oiida ia tho oataiyat.      g^t i. i^ortaat i» tha «a-ur« of tha *aount 

#f amphar irtiioh «ay bo piokad «p «„dar nom* opa***^ ooiitiitiaai bafora 

atgnifieant quantitia« of aulphur tomk through tha oataly.t.      Baolda« tha 
•taiiaard wiw of tttl§( ^ ^^ ^ ^ ^ lR ^^ ^ ^^^ #f 



the compiloatw >n oí  djfferait suínhur  'vpae,   ICI uss a standard tot to 

measure ths absorption oapabilitiet) of zmc oxide catalyst.     The teat am 

% hydrogen sulphide in n h^-drogt-n stream which is passed through the aine 

orid* Cíitaiyet in a psQudo-i8<:th«rmnl  reactor at 370°C.      When the first 

»muto trace of hydrop^n sulphide breake through, a« measured in lead aoetate 

eolation,  the tent i e »topped .«id the average sulphur content of the catalyst 

bed mensured.      This xn only ¿» simple, semi-quantitative tegt with an accuracy 

of plue or minué  >-IO,J, but i» a useful accelerated life test for differenti- 

ating between good catalyst arid those which ars second rate. 

41. Because fCi o.-vUlywt 3?-/] is in the form of granules, the crashing strengt« 

tssts are meantn/rles* and the standard strength teet is the tumbling teet. 

42. An interesting example of the use of sophisticated techniques is UM use of 

•lastren beam «canning in the study of the absorption of hydrogen sulphide 

by ICI catalyst 32-4.      In this ease the sulphur profile meros« a cross 

section of a catalyst franule is measured after varying degress of sulphur 

absorption.     The granule cross section forms the target in an X-ray tuso 

and the sulphur concentration is measured by the amplituds of the characteris- 

tic fluoresce so /?iv*n off 0,7 the sul hur atoms.      This  fork shows that the 

controlling rate in the absorption i;, jiiiueien of the rvsotante through the 
sulphided laywr. 

43« Unfortunately there appears to be no short out to accurate testing of 

reforming catalyst.    A simple test nad been found to be of very little 

in evaluating primary reforming catalyst.     f*r a long time full sis« tubs 

tssts were the only way in which reliable information could be found, and 

this proved very costly,      TCI have, however, developed small tabular reeot«rs 

with a complex heating system to ru muíate the hsat input in a rsformsr tube. 

Those units have proved very miceeeeful for tests in the first and ssocsiil 

lovsi of eatalyst testing but have proved a little less than 100$ iu 

simulation of full scale plant operation, not least because the oatalyst fee* 

to be in smaller granule« than full eise rings«     Ifce ultimate test remains 



«leu 

therefor,,  a nui  8<:,-,  «  ,riai  ln Ä  ^,  ^ ^  ^ 
» * aemt  t«chnic«i r*i\.r"w,P, 

44.   ICI h*vo  Hl8c rwied  out  «trength  **8t, ^ ODm|,s        „. . 
UM ,, ttrcj'   op^rnt^nje- con diti onn >n»t  it 
wa. «e^rally found that  t„t, ftr,  th. «r-njrth cf t>. „-W „•    K 

alter oprata « , fwil àu% u¡m ^ „^ lft,irBfioi, ef til     ,      _ 
durli* operation, ^cation of th. .tra,*th 

4%  Teat, of a ^„du,, P„ff.riatP Catalvpfc ^ ^^ to ^ ^ ^ 

zirr; Bxc*pt that th* ^— *** »• «tai,.* «.i .^jr« —h u^. Jn thi, llootejrt it ^ b0 ^)icd out ^ th^ ^ 

o» th..» typ.« of c*uay*i **. *or« or lo„ .^^^      lf ^ 
taratura Btr«tfh of ihe Càtaly(|1  Jg ^ ^ ^^.^ ^ ^ ^ 
«>n* * t«,^, . Wh  twt whil% ^ simiat#sd ^^ ^^ 

XI., . GO Cpyr/KRSTGII MTu.ys-pg 

#. tfcew. the h4*h i-^tur, ceneraio, eat^t h«. b^„ ÊMnfaettuma for 

•** y%ro, 1«. tupmtuw conv.r.ioi> cntaly.4 ar# ft rêe^ ^ ^ ^ ^ 

•*•»« Plant so.ne.      i„ dtvlopi^  «*.,,. present eataly.t«,  ICT catalyat 

52-1, ICI louowd ih« prooa.« afpa outlined m Fi**. ..     spaiai eatalyt 
t..t unit, Wttr. wa tQT th# progr,4,BBMf ^ in thm Ubomoiy ^ ^ a 

««il iwhnicnl  «Ml..      AU  the unit, m truly «u.b.tic and war. wipri 

for «orting t..t. both for initial activity «* Ufa and run continoualy 

«id« ft.ll automatic control for pan od. of up to several »ontfta.     The 

laboratory «ut. oon.iat of tuo reactor, in .eriaa no that t«, dxfferant 
oatalyt. «^ b# ttit#4 on #ach on0 M ^ one ti!msf     A conUmMWi oj| liR# 

«*» ehromtogrHph «eaai.r*« the i„].t and em conwmtratio». to .aoh raaotor 
«id tha d,y lnut gm of thm 0Cre%c% eoÄJWjlt4on lm oWiSBr| by aiiljiÄ the 

purtfiad oonatitu.nt g*m in a mixar/pr»ha.tar/firtâl purifi.r.      n» mUr 

i« added by « «otarin^ p««p via a vapori.«.     m. WMrfl Uîîlt. w #llll,Uy 

•iMilar but »ra built to vith.tmd th. normal ,imwi pre»8uroo found in 

•**>«ía planta.      stwli». of the lunatica oí ihr procata a«H th. affects of 

poiaonin« wara éarried out uaing a ^tirrad tank raactor taehniw. aa o«t- 

Hnod abov».      ¡m*r the»« con-ütion. the numal aliatane reactors war« 

•ub.tttutad by « irradi  tank fe%ct.or.      Th^ unite ar« «vlao uaaci for high 



tetir^rat'ire conversion and methrtirtiion  ^-«tiry. 

47. Heth*naUoti prient;* a »recidi U- <1  fi —,- M   «.    i 1 '   !  <J.ii^i.,t  problem  n0r.»us« rf th* bij?h 
conversion  in low rar'jon n-i-;.  -„,  ¡ l ^n °il* ",¥«'* -^"^  -' emonia plaßts mok«* 

. -'•'" "n1-*"'»  un.,«p snwhtion conditions. 
OR«,   therafot-f,   h,c  to chooft« a dj flagri  m»t  *f *  * 

'U8'p'il &•*• °*  conditions  th-it utili 
MM» ib. cor•. w,«t   ,cUvrtVt „„. di,ferw|tlAtton ^ te ^ 

to «tabi« the aceurftt« aw»!/»:« r^inn *c ^ Wldâ# 

ALI..   AMWDMiA .gwryssis 

4Q. *>r .t«diea on aflWomH „ynt^U .*taly.tB v^ ,irillar p,aotoP8 |o ^ 

u»«d fetenti»« •«vaJibriu» «r^jorua eeac«atr»tioii« »•   .t-*-^- 

uw j«t.g^ VOI«K# pf éî&8 required jai us«* sa 
«Mont« erackar to produw« th<* ie»d r-a*   ta iti n^ii **.i 
»*« ,,-- t.  , ^ lts iwal1 8eaJ<i  »simonia unit». 
TM diffrtnua rector vM fw Äfli8Wia klnetxcfi &nd ^^ it(|4U|| 

— a «ciKwl.ttcry ty» siKiUr tci  , 4Í,{   d<sv„lone„ by p ^^ Q K 

tormkov und wmtioncd *bov„,      fo ». ntun tto-«^!      _* 

*» iiMNod in * he«t«f:,  fluidieod «a»i4 b*th. 

*il*__THR CATALYST milifPAffwm»» 

49. a»» th. «««„facturi^ «*thod ha. b,,n «ubliA^ f«rth*r ... of «j» 

but ih. eauiy«t «.ftotuwr m» ta o«, ,„t wnGUirh teat« to „«a.^ 
educai p«^. «hlch dl_Uy op 1ndii#etl/ í4#ntify ^ 

dir.lo^d «nd«r l.hnmti^ ,«daWM.      ^ie f.t. -„, ^   J 

o«»tp©l la^durttion. 



*.   B».td«B eh*..,.*,   ;wiiyf|in    „, ., 

Alao rouUne are ,lJft dinaUVf  WJk ^ ^ '*«"" - »» ^'^. 

the.« inftr the *«talv.t h*« ti«. '   "" ""* '1*a"ur,l,»'il« «««UM 
«.*ly»t hH8   the requit« int«•^  ^ 8lrucilir#f 

•1.  ^talyrt act.vav measureaent .„ avoided um.., ,,.,1(t<slv _ 
of ita um« coamwiw nature and •».• »«••.•** locati». 

•n' nature and thia le esoecinîlv + »*,-. #*~    .... 
«here active, -Mutait »..t ^ ^^    / ^ th°" "***•*• 
initio  . *«    .      »«•«" muet  .e metered under elevated »re.*,•,      rf 
initial activity au.t ^ ^„„^ th 

w,r''      lf 

i»*«!,..- i        x «»»Pi» P»«udo-adiahatic or Meurfo. 
iÄOther^i ui»atP are preferred to «i»riifV th« «*„,., 
«•taaiuNM»..* * "rürj the proceduta.      Activity 
•»•«ffmi. are, of «.«»e,  r^„«d when ether characteri.ti,   „ * 
tlrnt a catalyst *»..« K_       J cnaraet*r|attc do not infer 

» «nniyit mu«t have good or baü wtivitv       -t-n. * Bore w*i„*. _ ••"vity.      ilmiiÄrly wrf xmxr% 
pore velum« men«,, remen te rmm he «ade on m „.t^.      r 
daneitir ».H Mfe„   K        . oatulyt* if »eftRttre«Mt of (¿many ana other charaoteriettra rt^ «~*  *     » 
_, ..„„. .        """•«•*«•» «° »ot na.1, 0„, ,„ ,„f     ,h ,4.•.. 
Po» .iruotur» is pM3«nt. «"»IHM« 

». «MidM t»t. on th. fiiiieh.d pro*«,» H 1. .»•,..„•,.   . .  * — .. i«wMtw* !x la normal   to oarry out !*•«• AM 
UltoMOdiStM  inct Vital  .t»,..   t.  ... " *"*1 •'»*« m the production »tron^ui. 

»IV.     THE «ATAI.Tp pp» 

ot« :L r "for MB
 
to buua ""th- ""u-'rt —»•»• *- «. 

«•"*»- —* of ^.      teat f.rtUlr.r „„^ Hho        J- 

.Ttot.,ü rriy** "n,,f"tnr' d°not t,et Mt"iy" *»—»-» « '«« 
«tua. ,     .I      *"P,,1"r"•     "^ "iy 0,'^«=»"« -P « r^atio.^,, of Witual trust b*tw*«m t*»m «-J *w A ««W»»*^ »I 

find th..      JT. r "W1*""-      "^ htlUi«, p«,*,„» 

amiittee ae catalyat teeter«. 



54. Som» simple  Urta can be carried out by a. cAtalyat ueer,  rf hr¡ uo rifem '. 

Testa which lend thenst-lvon to b« donc, by a cutely«: ue«sir ar» chemical 

analysis, ritmi it,? and strength measurement.      There is» however, really n© 

possibility of fully checking on your catalyst supplier.      Because of thit 

there is no oubetitute for the relationship of mutual trust mentioned above 

and th« coop«Une« and reli*biiity of the catalyot supplier should pay * 
Major role in the catalyst ohoice. 






