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The evaluation ot a catalyst's activity anc other properiies is essential
in the develupment o! new catzlysto amin 4e contrul o cats .yot mapufacturs,
1t is also regarded by some catal)st users us a userul aid tu catalyst selection.
it is, however, an extremeiy complex problem and there are many pitfalls into
which unsuspecting catalyst tester may fall. In decigning teat rmethods, great
carc must be tuken to ensure that the t £t will actualiy measure the depired
property ana that the equipment used is able reliably to fulfil all the regquire=
ments of the test. '

T™hic paper examines the whole field of catalyst testing., Three levels of
catalyst testing are defined, Thenc ares

1. Simple compurative testing

2. Major catalyst evaluation, including uimulated plant operation

3+ Pundamental testin in order io cemp letaly characterise the catalyst
and the reactions it catalyses.

T™he various types of ter*s used ut each level of catalyst testing are
deucribed and their usefulmess %o the catalyst recemnrcher, citalyst manufacturar
and catalyst user u‘seam.

T™he testing of the varicus types of catalycts used in ammonia manulacture
is used as illustration with emphasis on both ticse teating methods which are
comsion to all catalysts and those which are particular to an individual catalyst.
The measurment of a catalyst's catalytic activity, chemical conmtituents, and
rhycical properties such as surrace area, ;ore siructure, chaje and strength
and catalytic activity ic discussed together with an evaluation to give good,
long term performance in a full scale plant,
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Prefac:.

It may seem to be stating the obvious to say that & catalyst tester must be supe
he i measuring the property ha desires and that the property he is measuring
18 relevant to the performance of the catalyst im a full seale plant. Testing
catslyst is, however, a complex ssience requiring skill and exzperience in the
oatalyst teuter and even them it is all too saay for sa experienced catalyst
tester to make mistakes 1f he doos nOot maintain a rigid diseipline of a olear
objective approach 0 each and every test.

IC1 Agricultural Division has been A Mijor oemtre for research mnd developasat

of cemmercial catalysts for over 0 years. During that tine, testing techmigues
have incressed in complexity and sophistioasion in parsllel with the dovelopant
of the chemical plants using the catalyst being developed. Nowadaye it 1s
possidle to virtually completely characterise new catalyst and predieot with
renscandle confidence the way 1t will perfors in a commercial plamt, It i
gonerally true, however, that the cest and sophistioation of the axperinents’.
teclniques is fairly closely parelleled by their usefulness in preodioting plmt
perforaance.

T™his paper will ¢ipcuss the testing of o 11d catalysts wse? in premoting gaseous
mtimmutmwhm,zauﬁMmﬂuMMQ
Nrdrogen production.
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ie Loveloping & nt + catalyst remr-ires a 1: ‘othv. complex ten.ing prograsmmse.

4

There are four groups of characteristics which must be evaluated,

1 Catalytic activity

Puysienal charaCteristice

nchanical strength | .
Chemieal composition

o no

-
-

¢ theoe groups, the fourth one that of analywing a catalyst chemical composition
ia not particular to catalyst testing and will not be discussed in this paper.

In rach of the other three, a wide veriety of tests may be oarried eut of

varying complezity. These tests may be sorted into three groups vhieh

reyregsent three different lavels of testing,

1 Simple comparative testing
2 Fajor ecatalyst nvaluation, including simulated plant operetion

3 Pundamental testing in order to completely charscterise the ostalyst
and the reaction it ocatalyses

Il _CATALY _ACTIVITY
The messurement of catalyst activity ie, of acurse, the whole bewsis of &
catelyst research programme. The siape invelved in developing & suocessful
catalret are cei out diagremmatically in Pigure 1. The procedure is designed
“n permit the maximun musber of variables o %o ezamined in a way which results
in all potentially suitadble catalysts receiving much more detailed investigation,

I* this technique, full soale testing is ressrved for those catalysts which
have pageed the other tests.

A reapid initial soreening is carried out at atecspheric pressure, so that thoee
foremalations showing promiss can then be tested more rigorounly under semi~
technical and sidestream conditions to obtain besic kinetic and 1ife data,

Kore detailed kinetio anéd poisoning .aformation cam then be obtained under
differential operating comditioss. Formulations which pase sidestress and
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pami-technical tests satimfactorily, cver an rxtended per.od of time, are
subsequently sudbmitted to full scale plant tests,

The rapid soreening tesis represent the first level of testing defined above,
the semi-techniocal and plant sideatream tests represent the second level while
operation in differential resctors represents the third and highest level.

The perforasnce of a ocatalyst is generally acsessed in terme of the rate at
whioh it promotes & desived reaction. *t is generally defined by the
following equation

«~E/RT

resction rate s activity x o £(P,v,X)

Under equivalent reaction cenditions, ie squel tenperstures, PrOssUres,
resction volumes, and mole fractions, resction rete is proporiienal to
catalyst activity.

Sefore considering how catalymt activiiy is measured, the properties centvolling

ases trans’er to and from the catalyst surfsoe must be considered. The flew
of vesotants to the surface of the cata.yst cen, and usually dees, arfeot the
messured activity of the catalyst. Specifiv aotivity is ihe meagure of the
peaction rate available when there &re mo external limitations. The ebserved
aetiviiy of the catulyst may not be oqual ‘v the esecific astivity becluse of
external limitationu. '

Unless the mechanism by which resctants ara transported to the aotive susfase
of the catalyst and the products transported away is fully understood ol the
rate limiting atep or steps are recognised serious érrers ia ocatalyst testing
say be made. The commonly accepted routs by which the resstents resch the
active surface of the catalyst in pellet forn is shown diagramsatically ia
Pigure 2.
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Pig 2 Diffusion of reactants and products within catalyst psllets

T™he first atage ie normally regarded as the diffusion of resctants to the
surfaos of the pellet through the gaa file which surrounds it. laving
resched the pellet, the reactante pass through the pellet's intersnal structure
ocensisting of macro, micro and sub miorn pores, before they reach the active
surface., The reasiion products desorb trom the catalyst surfnoe and return

to the ik of the gas streas by the reverse prooedurse. The behavieur of &
catalyst in a commercial plant, depends on the overall effect and this ie often
very different from the sffact which would be postulated from the catalyst's
opooiric activity. Care sust be takem, therefore, in catslyel testing te make
’ " sure that the catalyst test a-curately reflects the limiting process or
procesess as found in a commercial unit,

TR AR

9. ¥ith most catalysts the rverall reaction rate cam Le considered to depend on
thres separate processes

1  The diffusion of one of the reactante frew the gus phase to tde surfase
i of the catalyst particle




2  The diffusion of one of the reactar s in the pores of ‘he catalyst
particie

3 The rate of reaction at tue active aurface of the catalyst

Process 1 ier called gas film diffugion and procese 2 pore diffusaon.

Normally the diffi~ulty of mase transfer inside the pellets outweighs that of
tranafer from the gus siream to the peilet surface. Al high reaction rates,
‘and with low gas velocily, however, gas film diffusion may decomo limiting.

It is worth rememberiny that this typs of limitation is more likely to oocur
at gas velocitiag used for catalyet testin: than under plant conditions, where
reactor height usually ensures that velocities are also high, Care must be
taken therefore, to find out if testing iz being carried out in this region
and, if o0, steps mist be taken %o avoid it,

10, If pere diffusion is a contributing limitation, the rate of reaction is
dependent on the proverties of the catalyst particles, for example, sise,
voidage, and surface ares. It is therefcre important, that catalyst testing
should, wherever posgible, be carried out or the full sise catalyst pellets,
Serious errors may be made in detersini & the catalyst ac'ivity if differeat
sizes of catalyst particle are used du..ng the test, The dest experimental
sethod for ams: :ting the importarce of pore diffusion is to measure the rate of
reaoction with varying particle size. In the absence of pore diffusion
limitations, the reaction rate will remain unchenged. It should also be
borne in mind that pore diffusion limitations increase with temperature and
pressure and catalyst activity measured at moderste temperatures and at
atmospherie preasure will not usually be applicable forfull scale plant
operation at higher pressures.

11, Whi)e considering possible physical limitations in testing methods, it ie
worthwhile to point out the danger of so called "edge effeots" in small scale
reactors. Where catalyst particles are in contact with the walls of a
tubular reactor, the voidage is much higher than thati in the centre of the
catalyst bed. ecause of thia, there im a prefersntial flow route for the
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&8s aleng ‘the sdge of the CAtA] sat |nd To s M7 peate “eactor this une -onegs
of flow in ney) igible in relution to the total {iow through the catalyst bed,
mt in small geals reactors tie aiouat o Catulyst in contact with the reactor
wall is much greater in proportion and can result in errors in the Measurement
of catalyst activi ty. Thie is especially true for reactions where high
conversionn are obtainad, muoh ag during methanation. (f slip is dcourring
under these circumetances, not only wili the catalysi activity be underestimated,
but the diffarence between differing catalysts wil] Le minimised, A pdor
catalyst of amaller particle gjzc may well compare favourably with a better
catalyst of larger particle sire, not only baciuse of the smaller pore

diffusion limitation tut also because of the smaller sdge affect which will be
obtained,

111, REACTOR TYPES

The simplest type of reactor is ore which consists of a tube, made of glass
or metal, containing the catalyst through whicn reactant gas is pasaed,
This besio dagign can be developed for use in e1ther of the three levels of
oatalyat testing, 71t is tb» type of reactor mont widely used in ICI's
oatalyst teating programme.

There are two fundamental types of continuoue test reactor, the integral
resctor and the Aiffarential reactor,  The mimple tubular reactor is the
type used for integral reactor oystemy, With an integral reactop a reactant
ooncentration profile will devslop along the length of the catalyst bed, and
the rate of reaction along the length of the converter will change. With
a differential reactor the reactant concentration in contact with all parte
of the catalyat bed will {deally be the 8AMe, and the rate of reaotion will
therefore bs the same at all poinie in the converter, This is why the
differential reactor is potentially the more suitabls for the derivation of
kinetic data, because the reaction rate oan be calculated directly from the
flow rate and the injet and exit resotant ooncentrations. In the case of
of an integral reactor, au integration, which may be impossible to carry out
algebraioally, is often required. Integral resctors are, however, much
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simpler to oporate, and thim i1s the typas noriwelly used for the bulk of
catalyst taetin:-,

Integral tubtular reactore can be cporated in ihree aifferent ways: isothermally,
riiabatically or pasudo-adiabatically (tnixi is neithar 1nso0thermally nor
adiabatically). in prudiice igothermal sporstion is am possible,
particularly with reastions having a high heat of react:on, because of heat
transfer lLimitutiona, Thase 1limilations ars imporiant hecause poor heat

flow control, leiding to smsll temperature difrerencas in the bed, cam have

& very nevers effert, since the rate of reaction is axponentially dependent

on temperature.

With exothermic reactions, tubular adiabatic reaciors sre commonly employed
in order to overcome thip problea, The iemperaturs control system is
arranged in such a way as tuv preveni heat flowing either in or out of the
reactor through the wails., Coneagquently & temperature profile similar te
that founu 1n operating plante jeveiopne slonvg tne lergth of the reactor, the
extent and shape of the latter aepending on the heat of reaction, the specific
heat 5 the gag and the reaotion kire 108, 5mall sculo adiabatic converters
are therefore useful for life tests ox for simuiation ci iull scale plant
opsration whers adiabatic operation Ls norma!.

In ihe first level of tawting, perhaps 100-1.000 formlaticne are teated in

a ocatalyet rescarch programae. 1t is often convenient to do a quick
screening oparalion ueing even simpier reactors oparating pseudo~adiabatically,
In this care, the reactor is surrounded by « heating )acket as in the emall
soale adiabatic reector, but no attempt :s mads to baiance the heat flow in

or out of the reactor, In this cama 1t is essential th&t the test conditions

for each catalyct he am near identicel as pogsilie, g0 that a true comparative
test is obtained. The tesl 1s assentially qualitative and can sort good

oatalyst from moderate catalyat from bad cotalyst tut it cannot sort out good
oatalyst intc very good and not so good.
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In ~11 comparitivae testiag it 1» amaentio) that a standare catalyst size ;.
used, together with standard catalyst volume, gtandard temperature
conditions and si:ndard €88 Comporiticn, The simplor the test the more
standard the conditions must e if meaningfyi Tesults are to be obtained.

In addtition in choosing the opcrating‘ cmiitione it should be borne in mind
that 1t is sueh more difficuit to differantiate botween atalyete under
conditions of high conversion or conditions whioh regult in a product gas
being clese to equilibriums.

When more udvanced testing in required 1! iy nrecessary io have much more
cohplicated apparatus.  Whether the testing unit ts u semi technioal
laboratory unit or » plant sidestrean unit, great care must be taken in ite
design, Whereas fairly sisple control and Reasurement nystoms may oo weed
at the first level of catalyst activity testing, much sore precise methods
st be used at this level. These units are essentially miniature versions
of full ecale plant upite and 80 require miniature versions of all the cemtrel
and messurement devices whioh Are used in & full scale plant. In addition,
oquipment is required to maintain adiabatio operation and toprovide further
information, sucrh as temperature profites, on the behavicur of the catalyet
which is not normally required in a fulli scale plant. In order to obtain
88 mich precise information as possidble, attention mugt be paid to the

detail design. The odge offect cauged by miniaturigation of equipment has
been uantioned earlier. 4 similar effect iy that of conduction of heat
from the exit of the catalyst bed to the inlet along the reactor itself,

The reastor material must therefore be ohosen so as to mintmine this offeet,
T™e location of Ssasuriag devices for the control circuits i1s aleo important
and the position of them must be chosen 80 as to give quick response to
changee in opersting conditions. TMis ig Farticularly true of those ‘hermo-
oouples oentrolling the adiabstic operation of the converter. They must be
located s0 as to mnimise the fluctuations of heet inflow to heat outflow

Af the aysten contrclling the adisbatic function is sluggish in its responge.
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Unde» these coutitiona, extremsly good remulte can he obtnined and cata; - al
can be sorted with sreat BOCUPBOY . Tife temting ovar several monthe can
be carried out and the effents of poison meagured on aidestream units. The
oplimum catalyst may ther he daveloped balancing the requirsments of a
good life, high initia) activity and poison resiginnoa,

Although it 15 genarally more NFMeult to derive 2 sinstie squation from
integral data than from diffarential data it is nevirtheless pessible to
obtain a large amount of information from n relatively smal] number of
experiments and often it ix pos#ibie to derivae Anaipm equatione predicting
full scale plant operations {rom adiabatic integral eajerimenis, In aAny camse,
& design equation obtained from d:1fferentaal duatn suet be croas checked against
integral date cbuiained toth on the small pcale and the full scale before it

can be umed with nny Jdegree of confidence,

In a normal research pProgrumme one might think in terms of tenting 2030
catalysts on memi techniowl uritn and ahamt 10-20 on plunt sidestream unite
before choosing the two or three formulationg to be investigated more fully
in differential reactors and in ful} g~ale plant tegts.

IV,  DIFFERENTIAL REAcTyns

In differential reactors tne reaction rate 's the came for ull the catalyst.
being tasted and changes in reaction rate caused by chwizes in aach variable
can be studied meparaiely. The proceturs can be very time consumine becaune
& very large number of experimertal resuits over a wide range of conditions
May e needed before a design equation can be produced. The exercise is
therefors very expensive, but is worthwhile for a catalyst researcher because
the very accurate results obtained are exiremely useful in plant designe.

Single pass tumular reactors miay o® usged under Aifferential conditions. Here
the conditione are chonen so that the amount uf reaction over the catalys: i
very ﬁaall And! thus the change of concentration of reactants in the gas phase

it g R e et o i

and the changs in temparalure due o the resotior, miy Le ignored, The use of
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single pass tubtulap reactors, hcwever, sufferg from tze duadvantagc that

very sccurate oomposition analynes are required if ap accurate reaction rate

is to be cnlculated from the small differences tetveen inlet and oxit concene
tration. With modern methody of analypise this t4n be done for many reactions,

but it {8 often better to use other methods ir YEry tiocurate results ape
required,

This analytica) requirement is romoved when a recirculating aystem ig umed,
Kith thina syetem, pavt of the exit %88 is recveled and mixed with a smal}
smount of fresh gms. After aome initial changes, the ryatem will reach

A steady state and the composition of i1he muke Up ram and exit uas are then
measured together with the axi: flow rnte.  Since the Pass conversion depends
on the recyocle rate, whichk can be very large, the syatem oun he made to
&pproach very olosely to true cifferential uperation,

T™e overall concentration difference velween the ieed gan and the exit gas
oan Le very different, even though the converier is operating differentially,
which decreases the importance of anai ytical epror, 4 major disadvantage of
this ayatenm, however, is the potentia) <03 build up of iy products or impurity
concentrations. For thias reanon it eannot he used for react ions in whioh

there are likely to be by product formationa but il has been umed vapry

succesmfully . study the kinetios of BamCnia synthesis from nitrogen and

hydrogen (see later). .

A type of differential reactor which is being ¥idely used within ICI, is the
continuous stirred tank reactor. In this system, the reastants are fed
continuously into a tank where they are parfectly mixed and brought into
contact with the oatalyst by a stirrer. In ordar to bulance the inflow of
reactants, cas which oontains both the reantants and the products is contine
uously removed from the eystem. Within ICI it hay nreer found convenient to
contain the catilyst in baskets which form the %lades of the rtirrer and it
has been found particulaprly suitable fop the differential study of poisoning
resctants gince ali the catalyst in erpoged similianacuuly to the same
concentration of poison.
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The simplilyiny nasunption of perfect »3g mixing is necassapy if contiow.. e
atirred tank reactore are to be used for the der:walicn of kinstio data,

80 the occurrance of puch mxing iwast Le chacked before carrying out
experimental work., If any devinirons from ideal hehaviour arc discovered
their caucen ehould be traced and the situation corrected, becuase the
cxpsrimental data remilting from a combination of the effects of both imperfect

mizing and the chemical reaction are usually too complex for accurate inter-
pretation,

V, STRENGT hit]

Catalynt particles must be strong enough to withstand four different forme of
stress.

1 Abrasion during transit
Impact when loaded into Lhe converter

3 Internal stresscs, especially thooe ocourring during reduction op
being brought on line

4 External siressing caused by prasgure drop, catalyst weight and
possibly thermal oycling

It ia generally difficult to suuject catlalysts to a gimulation of the
sonditions whirh affect their atrength during life while mensuring the
reaction of the ratalyst to those conditions., IC] upes iwo types of general
tests which may be applied to voth new catalyat and to catilyst subjected to
operating conditions. One teal is t0 measure the crushing strength of the
catalyst and the other test involves tumbling the catalywet,

The equipment used for the erushing strensth is manually opsrated and consists
of two flat polished platens one set above the other. The pellet is placed
on the lower platen and the platen raiged manually until it comes into contaot
with the upper platen, The prassure generated by compressing the pellet
between the platens actuates a pistgn which hydraulically activates a

pressui'e gauge. The piston haas a cross section of exactly one square inch

80 the preassure gauge mwam'i-es the load on the catalyst particle in pounds




-
2
#
2

TR

weight. The load at which the catalyst particle breaks is then noted, iy

For extrusions and rings the partioles have to be laid horisontal, and in the
cnwe of rings, it is noreal o replace the bottom platen with & bar shaped
©n8:  Soms care mist be taken in the operetion of the machine as the orushing
strength obtained does vary with the speed of conpression, ut it has been'

found better to use a simple manually opsrated machine than to complioate 3§t
with & mechaniocal drive, |

in the tumbling test a fired volume of catalyst (norwally 25 mls) 9 placed
1a & steel tube whioh is rotated cndwudnal’nder&mhrts
minutes (3,600 falls), After the test oatalyst 1s sieved to remsve duet
and cota.yet ouumthmmlm is measured,

In establishing these tests ag standards, ICI carried out extensive iavestie
zrtions into the paremeters meagured in these tests and their relationship

to the strength requirements outlined above, Most of this work was & onoe
and for all project relatine ‘he pree- ren involved in » catalyst bed with
the bed eise and shape and iavolved analysing the way catalyst forming metheds
affected the final strength. For each new catalyst, however, the relatieon-
ship between strength a8 new and strength under operatigconditions hag %o be
determined so as to establish parametoers for production centrol.

Ons interestiag outocome of ICI's work on catalyst strength, was that the mest
important requirenmst feruﬂotmmlutdntmmiﬁmh
thofomntﬂuuutumma1m2mwth«mnﬁu]w
required during operation was muoh less than that required for handl ing the
catalyet before operetion.




VI, FHYSICAL CY WMCTERISTICS

35 When deciding on the require! strensth of a new ocatalyst, it is often neces~
SArY 10 arrive 4l a compromisa hrtuean the atrengih of the oatalyst and other
factors. The cther major riotors whith are affected are the dengity of the
catalyet and thus ita pore mtructure and jrface area. Generally speaking,
because of the pore diffusion limitation which exists for most catalysts, it
would be advantageous tc make lower density, more porous catalyst with higher
surface arens. The requiresent of mufficient strength to withetand handling eof
the catalyst, howsver, often results in & catalyst being deaser than otherwise
would be required,

36, Density, pore structurs, ani surface ares Reasuresents are usually made at both
the first and second jevel of catalyat testing and are dome ty the normal
techniques of mercury density, helium density, and EET surface ares messurement.
In ICI we now use Krypton as the absorbent cas in our ALT experimnts, At
the highest level of testing information can be ohtained by measuring the

pore size digtribution using s wercury porosimeter or adsorption degorption
mimu.

37. ICI has also developed a method for measuring the surface area of the active
species in the catulyst rather thun the total surface area. Thie is done by
using & ges Wi .oh is chemisorbed only m the active species and the diagram
below (Pigure }) shows a correlation betwean the surface ares of the sctive
species in low temperaturs CO shifti catalyst with the catalyst activity,

4

CO+H20~>C0z+M3

: ackiv

030 0 W«
" Coppar sres (1 catayoty ©

Pig 3 Relationship of catalyst geometry to catalytic activity. Copper orystal
sizes and exposed surface areas measured by Xeray diffraction and
oxygen chomieorption,
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This was very umeful in dofining the mode of operation of the catalyst, ¢
the fundamental ]eve] of testing 1t iy Poseihle +o engagre the whole range of
physical measurement and teating techniques now available to repsarch chemista
to aesist in understanding the mechanism of the reaction, the way the catalyst
ontered into the reaction, and the way the ARclive ppacias are produced during
the preparation of the catalyst, ICI hag found X-ray diffraction
particularly useful in this respect and hag used it both to follow the various
oteps in oatalyst manufacture and also to measure ihe orystallite sizes
oxisting in the final catalyst product,

VI, APPLICATION TO PARTICULAR CATALTSTS

The above dimcussion is relevant to almost a)l cuinlyst testing but each
catalyst used in s modern asmonia plant has certain pointe whioh need to Le
borme in mind when testing 16 carried out, ‘hese points are outlined in
the following paragraphs,

V111 ULPHURISATION CATA

Qenerally spe. king one uses the stand d series of test: to test hydro-
desulphurisation catalyste uvuik il 18 uuweter to use stendardised feedstecks,
whether gageous or liquid hydrocarbons, bvecauss of the complioation of the
different reaction rates cbtained with different types of milphur compounds.
When comparang different catalysts or different hatches of the same catalyst
it is essential that exactly similar feedsto ks are used so that synthetic
feedstocks which can be reproduced time and time again are most convenient.
In ICI, a usaful standard test involves the uwe of thiophene doped heptane.

dde  ZINC OXIDE
When comparing sinc oxide catalyst, the total sulphur pick up poseible with
the catalyst is reaningleas, because this ig merely 2 meagure of the available
sinoe oxide in the catalyst. What is important fs the measure of the amount
of sulpmyr which may be picked up under noemal operating conditions before
significant quantities of sulphur break through ihe catalyst, Besides the
standard series of tests, and again one must bear in mind the question of
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the complicat, m of differer! aninhur ‘vpes, 1] use a scandard test to
measure the absorptinn capabilities of zinc oxide catalyst. Ths test uses
5k nydrogen sulphide in a Lydrogen ctreum which is passed through the zine
oxide catalyst in a psoudo-iscthermal reactor at 37000. When the f'irst
minute trace of hydrogsn sulphide breake through, as measured in lsad acetate
solution, ihe test is stopped and the average sulphur content of the catalyst
bed measnured. This is only a exmple, semi-quantitative test with an Ml"‘ey
of plus or minum =105, Lul is a useful accelerated life -test for differenti~
ating between good uatalyst and those which are second rate.

Because [CI ~atalyst 32-4 18 in the form of granules, the crushing strength
tests are meaninslese and the standard strength teet is the tumbling teet,

An intepesting sxample of the use of sophisticated techniques is the use of
elaotron beum noanning in the study of the abserption of hydroges sulphide

by ICI catalyst 32-i., In this came the sulphur profile across a cross
section of a catalyst granule is moagured after varying degress of sulphur
abserption. The granule cross sectiion forms the target in an X-ray tube

and the sulphur concentration is measured by the amplitude of the charecteripe
tic fluoreace =6 siven off oy the sul hur atoms. This vork shows that the

controlling raile in the absc-plion i. iifiusion of the reactants through the
sulphided layer,

X, R g

Unfortunntely theres appears to be no short out to accurate testing of
reforming catalyat. A simple test nad been found to be of very little use

in evaluating primary reforming catalyst. For a long time full sise tube
tests ware the only way in which reliable information could de found, and
this proved very costly. ICI have, however, developed small tubular reacters
with a complex heatiny aystew to nimulate the heat input in a reformer tube,
These units have proved very successful for tests im the first and second
level of oatalyst testing out have proved a little less shan 100% iy
simulation of rfull soale plant operation, not least because the catalyst hae
to he in smaller yranules than fuil eize rings. The ultimate teat remaing,




-

44.

4%,

46.

therafore, i 1y} a8cir.e trial in a Ml oacze tube 1 4 yem tacknical ref. rmep,

ICY have alpe »irried cut sirangth tegin upgsyy operating conditions wat ;¢
wag genorally found that tegha op the sirsngth of he catalypt discharged
atter operation i1p a fuil size tuse werp suificinsnt indication of the strength
during aperation,

Tests ot s secondary roforaer catalvetb are nimslar to thoss for a primary
reformar, except thut the temperaiures whichk the Catulyst must withetand are
much highar, In this context it may be peinted out thai Lhermal shock tests
on these type: of tabialyst are movre or luse meanincienc.  If the high
temperatury sirength of ‘he catalymt s Lo be dstemained, it must be taken
using 4 atanuar! sirength test while usder simlateq oparating conditions.

Xi. 0 CONVERSICH CATALYSTS

Whereas the hi.h lemparature oconverasion catn lypt hse besn sanufoctured for
Wany vears, low iempernture convarsion catalyal are a recent addition to the
ammonia plant acene. In developing the:p Fresent catalyste, IC! catalyat

52=1, ICI followed the process steps oatlined in Figure ;. Special catalyst
teat units wure tuilt for the progrumme, bolh in the laboratory and on a
sem1 teshniccl ecala.  All the unite ware truly adiabatic and were den1rned
for sorting tests both for initial activity and life and run coniinously
under full automatic control foe periods of up to several months., The
laboretory units tonmet of two reactors in series no that two dafferent
catalysta may be tested on each one &t any one time. A continuous on line
€28 chromatograph measures the inlat and ex:t concentrations to each reactor
and the dry inlet €28 of the correct compepition ts ottained by mixing the
purified consticuent gases in mixer/prehecter/final purifier. The watap
is added by s metoring pump via a vaporiser. The Iregrury: unite are exactly
similar bt are built t¢ withutend the normal ejevatls. pressures found in
amwonia plants, Studies of the kineticn of the éroc&an and tiie effects of
poisoning were darried out using a ~tirred tank reactor technique A8 Oyte

l1ined above. iinder thewe conlitions ihe normzl adlrabatic reactors wepe
subetitutad by a siyrred tank feactor,  These units are also used for high
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temuerature convergion and methinalion testing,

Methanatyon prevesnts o OFec1aliv d.ftioult fronlem becuuse of the high
fonversion ta low carlon ovidie Layvejg anreal in ammonta plants makens
differentition betwson catalysta AT e b undep mimilation conditionn,
One, therefore, hie to chours a T tlerest set of conditinne that still
teasure tha correct appa:-ent Ctivity, where di:ferentiation may be made,

In ICI nse iy miinly made of Righ apace velociir teets fop these sporting
teata, Even a0 a ppenyial analytical taohpique and apparatug were developed
to enable the accurate ALAlys 6 requiret ‘¢ be mada,

Alls AMMONIA SYNTHESLE

For studiea cn ammonin Bynihseis crtalvelo very similar reactors to those
used for CO ~onversion are used btuly ¢ enuree, onlv prossure units ocan be
used becausm eqii)ibrium armonid concentralions at atmoapheric pressure

are negliginle, Recause of the lasgs voluma of pag required ITI uses an
asmonia eracker io Preduce the feed can te 1tg suall seale ammonia units,

The differential reactor vaed for ammoria kinetica and poisoning studies

Was a recirenlatory type similar to 0t devaloned Ly T ofessor G K

Roreakov and mentioned above, i0 me.ntain 180:normal operation, the reactor
6 1Mmersed in o heate:, fluidised sand vath,

XIl, THR CATALYST MANUFACTURER

-

Onca the manufacturing wethod has baen *ntablished, further use of the

More sophirtirated testing techaiquss are unneceggary. 1If the manufacturing
technique im applied rigorously, guod catalynt should always bs produnced

lut the eatalynst wanufacturer has to carry sut encugh tests to measure
eritical parameters which diractly or indireetly identify the catalygt he

i® producing., He muati determine that it im gum lap to that originally
developel under L'borateory ~ond.tione,  ihase ‘ORLE MusiL, however, be

simple 30 as to ~ligw them to bs carried nut qtitekly on a reguiap basis to
sontrol producntion,
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Beeides chami- ij aalynia, ortranpei L62.8 are miag foatree on oli Calofvidg,

Also routine nre peilet danstiiy, lulk darsit: an i Aelguremels vecause

these infer the ~8talyetl has Lhe reaquaite iaternal pere giructure,

Catalyat activily measurement 1. avolded unjegg ahaolntely neceguary bhecause
of it time conFuming nature and thin ig especially true for thone catalyste
where activaty measurement must Le mensursd under elevated nressure, r
initial activity miat be mosgnved Lhen simple Paeudo-adiabatic op peouiio~
isothermal unite are preferred t.. simplify the procadure, Activity
Measuremenis are, of course, reqaiced when other c:haraotnr;atﬂcn do not infer
that a catalyat muat have good or had aciivity., Similarly amrfiosare; op
pore valume me:guremerte miat be muade on goma catulretly f mesnuroment of
density and other characteristicas do not sraole one to infer that an adequate
Pore siructure iy present, .

Begides teats on the finiched product it ig normal to carry out tests on
Antermediates And vital stagzes in the production sirength,

X1v, THE CATALYST USER

it is unrealistic for o Catalvat vuer to enviunye bacoming a rull eeale
catalyst topter, He iy only interested in lesting hin catalyst outside
of his plant avery 2«4 vears ng ‘Lhey reqmire changing and thic ig hardly
sufficiont opportunity for him to build up the required experiise in hia
organisation, Nor is it likely that he wovld be In a porition to mpend
the required amount of money, Most fertilizer producers who are not
involved in catalyst manufacture do not teet catalyst themczelver but lsave
it to the catalyst suppliers. They raiy on.building up a re’ ationship of
rutual trust between them and their suppliersy. Many feriilizer producers
find they need to concentrrte all their resources on the minning of theip
plants and thin leaver little opportunity for them to develop their techmiosl
abilities ae catalyst togters,
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54. Some simple tects can bLe carried out by a catalyst uger, f he uo deaipc .
Tests which lend themsclves to be done by a catalys! uger nre chemical
analysis, denasity and sirenpth measurement, Thera is, however, really no
possibility of fully checking or your catalyst supplier. Because of thims
there is no pubetitute for the relationship of mutual trust mentioned above
and the competence and reliamlity of the catalyot supplier should pay »
major role in the catalymst choice,









