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I. Introduction

Due <o the fact thaj The imporsance of the catalytic
Progesses in the crude oil Processinz indusiry is stoadily
increasing, special 8ileation is being civen 0 research
work on catalytic Processes and catalysts.

Research regurding the olaboration of now catalytie
systens as well as the conirol of catalyst fabrication and
02 the 1ife ana psrfornance of oxtalysts during operation,
involves a large volume of work for the coaplex charactorie
sation of the catalysts, caple equipaent as well as high
tralned personnel specialized in various fields of cheais-
try and physios. The main oriterion in the estization and

selection of catalysts is theiy ativity and selootivity

48 well as stability, nazely, ™ 1ife v under operating cone
ditions in the oommercial plants.

Deterainstion or activity and celectivity of catalysts
in ocarried ou: in Dicro=reactors or other daboratory equipe
Bent, pilot plants and ¢von in cowuer¢ii L planta, To date,
experiments carried oyt ia corroreial Planty -~ve the only
ohe by which full inforaation can be oL+ eined regarding
the performance of catalysts, wuieh is thg Bost guvore
o8t whioh sust be Pass¢d by a 20w cutalyst. Pilot units
ar¢ built s0 as to reproduce as sclosely as possible, on a
asall scale, the parameterc of 3oanurclal reactors, Testing
of catalysts in such units iz carr-ed out in conditions
very sisilar to those oncountored in cozmercisl plants to
obtain experiusental rosults, onabling adaption to a commer
cial scale. Experiments carried out in commercial plants and
Pllot units are expensive, roquiring larze quantities of mae

_arm.. costly installations, with s high dogree of automa~

tion and such time,
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It 4s ovident thas eccaouical ceasiderations require that

tho greater part of work rclated Lo the choractorization of

catalyst activity be carricd out in tho laboratory, vhile pllo®
unit exporiments cnould bo carried oul only with thoso samplos

of catalysts proviously solected by laboratory testis.

In the following parasraphs, raference shall be made
only to work voznrdin: the detormination of catalyst actvivity
at laboratory scale. This ic duo to two reasons 3

- the inorcasing intezest of rescarohors in sush
work and future poasibilities to study catalytic process ki~
netice and difforentiation of catalytic funetions in the
frequent case of coaplex catalysis 3

- tho oxistence of standardized and fully experis '

mented procedurcs, vhere there is a possibility of juterpre-
ting the data in correlation with those obteined eoumercially
with catalysts of the same type. |
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Detornination of catalytic activity neans the measure=
msent of 8 cexrtiain reaction veloclty in prosence of the ot~
talyst and the detormination of the gseleotivity for the
desired product. loasurencns of reaction velocity im & single
set of exrorimental conditions, allows the selection of oo= ’
talysts, on condition that experimontol conditions remains
striotly unmodilied during the entire experimental oycle. By
varying reaction conditions, informations are obtained on
the kinetic of tho heterogensus catalytic renction ( astivaw
tion energy, order of reaction, réaction velooity equation),
which 48 espocially uueful Tor a more severe culection of the

catalytic system anu,in some cases, for the dosign of commer-

of o
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clal catalytic reactiors,

It is8 well known that g

solid, coaprizes a series of mass ang heat .rensfex 0ifocts

to and from the catalytis surlace. Thoratore, uass transfers
ocours in the following 8lagas

reaction, caialysed by a porous

=transfer of reao
strean surrounding the
face ;

tant molecules from he fluid
catalyst particleg to its outer supe

~diffusion of
lyst pores ;

~chesisorption of Teactant wolocules opn pore

reaotant molecules within the catpe

walls
=Feaction of chemisorbod molecules ;
=desorbtion of rosotion products ; ,
-diffusion of reaction product wolecules nus

lysts outer surfage $

=heat transfer from outer surface of catalyst

Sowards its inside surface ;
-heat absorption Juring ohemical reaction

-

The ocomplexity of the phenomens associated with &
heterogenocus catalysed »
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ol an oxporizuni, and ihe ro:iius SOTLANIG i) A0V COTIUC ULy
rolloct the acuiviiy anc Salostiviy 0 tho ¢ibnlyly wibud
audy. In obis sveas 15 is wsclul Lo CeVe Loversl cxoaplas,

lytic reuciions can cungidevani- influence whw develtniias

The distribuiion of w12 6n salysts poxs 5Lz Loy have
@ ooasiderable erioct unon .. experizontal cata. In cost
of the reacvions undor hydro_ea pressura, L45 funciion is
to aveldd formation and mecuzulaeion of L2eLUdrLors taub
would lead %0 polymoric SubLvantus, wicd biock Hho cahae
1yst pores and diminish 1ts active surfacse wnd Lluplicis wie
activity. If tho hydrogen coes no: have votul aceess ve Sao
irner section of ‘tie vavalyay, uee polyamsrization und GOSN G
daiion processes of tho cadulyst wevivity zay occur in the
ianer part of the catalyst particies. Ia such & 6ss0 the
catalyst appears to have a low sctivity altaoush the noturs
of its surface is edequato for obésining bi h conversioa
deroes, in faot the catalyst has a hizh aeiivity coacoaleé
by iae parasiticsl phenomouz thal san be develeped dw to
obsuruotion of diffusion within tie pores.,

The temporature inside the rescior is zouuured in the
reactant swrean. In the cauo of reanciions wiia aim ‘:Lart{a.':.
effecta, the temporaiure at .he surfaco of whv catulyss BLY
diffox pcroatly from that nessurod end can l1oad to wroa: coa~
clusions. )

Ia view of the abovo, oxporiccnss in laboratozy waits
should be oarried out in suck a warger as to %o influcnced
a8 litile as possible by mass and woat transier phenocena,
AS & rule, thir gould be achievod by

= oreatin:; a high turbulenco in ihe Tiuid ssroam ¢
-~ wsing small particles of catalyst, witia lavss
sized pores and high thcrasl soncuctivily ;
of o




If the above Sonditions uye achdeved, thg <daclor gaglyl
| | ORd1L0nS, while 4he
Partial reactant Prezsures, i alber tag catalyst

T, will be Practically equal,

A reactor waich Oporates
ifforensial,

ation i quickly obtuined 20300
ding the Possidility to pplya certain Satalytic systen in
the industy:, With such 2eastors it 15 Qifriculs ¢o s3iisate

> , of the catalysts gug So catadlish
e kinetis of , o&talytio resotion

‘ o Koveziholess, thore mtezu aro
- atill being used Que to the gui- Hag exporienc in estinating
tatalyst porforaances ip the standard

= iapulse Poactors, ana
“ oontinous 7low roeactors




Tho olosed reaciors do not exchanze materials with the
exterior. In thic type of reactor, vhe catalyst togethor
with the reaction mixture, are located in a closed aves, frou
where, frop timo to time, swmall saxples of fluid arc taken to
uuum the chezical tracaformetion degree (conversion).

The impulse reactor sonsists of & tuti ia wadeh the
catalyat 1s ploced and over which & gas is cesstantly passed, -
preferadbly inext to the chenmical chanzes whiok are to be
achieved, AS certain intervals, srall guaniities (iapulse)ef
yeactants are introduced into the gas streac. The resction
products, forsed during the passage of the impulse over the
catalyst layez, are analysed with an analytic instrusent
at the yeactor outlet. Such a reactor may also de by using,
for this purpoce, the column of a gas chromatograph £illed
with the catalyst being studied,

™hese two Lypes of resctors, driefly doscribed adove,
are especially used for prelinsinaxy studics, the closed
reactors especially for non=catalisel rouctions or homogoe
nous ocatalysed, while w impulse yecctors are used to elu=
cidate the sechanisas of eaction or to study tie offects
of various inhibiCors, poisons or propotors.

In laboratqry practice, Tesctozs with continous flow
of feed stock are more Lrequently used. The methods elabe-
seted between 1930 and 1960, whioch wexe developed in the |
asme tise with the crude o1l catalytioc processing sethods,
suh as gasoline cracking, hydrofining and zeforming, weze
beset on the use of integral reastors. Today,theze is &
sendensy t0 extend the use of differential 2esctors in Yeo=
seaxah work to elaborate new catalysts, or izprove the
existing ones, uuunm&mﬂmﬁaduﬁmﬁ
febrication and operation. J.




Sinilitude to differ

catia. condivions
several ways, the vain

L3 Io acﬂi@ged in

steps talkon ¥efaxring to
=achiovement of a Test

layer (Re, nighor than 30), the

catalyst layer bedn: prohibitive

flow over the Catelyat
pProssure drop alon: the
H
~u3e o7 the smalles
to avoid internal diffusion,
. PEessure drop along the

vV possiblie Cutalyst particlos
the limivation also being Lhe
catalyst layer ; ' '
, ~outalyst dilution with an inert
= : “resctnat dilution ;

~experimentin; at low conversions, {1
preduct method of analysis,

baverial ;

The laboratory reaotors differs by Sonstructive ang
funetlonal charasteristios oBd one may distinguish the
following typos:

~fixed bed reastoxs
=fixed bed roactors witd vocctans
~roastors with fluidireg catalyss
~¥otating catalyst bed Teactor,
lop gactors. .
This type of Feactor is
being composed of o Slass
with oatalyst, over which

BUdualy pessed. Similitude
achieved by ;

resizculatica;

»
¥

tte most simplo to obtain
or metal tube, Partially filled
tho reactant sireanm is conti,
to différential conditions is

~Oporation at very low convorsic
=dilution of cata

as(around 1%);
lyat with aa icert aaterial,
of .
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especially ‘n the case of rasactions which occurs with sipnie
ficant thernmal ¢ffects ;
~ dilution of focd stocks ;

- using such a flow that the ke, would be higher

pe
then 30,

The achievement of these conditions is sariously linie
ted by the degree of sensitivity and accuracy ol the analy=
tioal procedurcs, as well as the pressure drops along tue
catalyst layer.

In current practice such reactors are of the integral
type and only in speciil cuses experimental conditions oan
bo achieved which could be considered ss differential,

2o Fixed bod reactor th react

In such a resctor, the Yoactants are recycled over

- the fixed bed of catalyst by means of & pump, meintaining
at the same time a continuous feed stock stream snd oveous=
tion of reaction products. A high flow rate of reactants
is thus achisved over the ocatel ‘st bed, conversion being
very low at a sinpgle pecsage (dirferential). A ratio beiw
woen recycle rate and feed rate vetwecn lo aad 15 is
sufficient to achieve experimental conditions close to bthe
differential ones.

In spite of constructive difficulties which limit
its use, this type of reactor has certain cheracteristics
worth mentioning ¢ ‘

-1t operates in conditions very similar to
those of a differential remctor

-liniar veloolties of the fluid sirean over the
catalyst bed are very similar to thode of the commercial
resotor 3 o .
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- = 4%t doec not roqg.ire an Crcopilicn.lly eniivive anse
lytical Dethod.

The use of {x S Urpe of roucio i3 not recoamended
when 8econdary homosenous Toaciions can eccur. It iy true
that the circuits Shrougzh whioen reclrculeiion ig carried
out are dead Spaces favorable v0 the developmeny of LoRogce
Rous secondary Teactions, Coolin; of these circuits 4p ordey
to minimalize Secondary Teactions, makes gt diffiocult tp
control the temperature within the roactor, reducing the
aocurasy of the exparimental deterainations,
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low charge 3H0Ck ratsn, duciuss warbulence is produced oxclu=
gively by ke rosation of the catalyst pcd and is thus inde-
pendent of iho feod rate ;

- conditions o study tno influence of the paysical
phenosena upon vhe rate of reacsion, variation of Gie speed
with whica the catalyst basiet rocates beins sufficient for
this purpose. ‘

: ., Jroa the data published %o dete, it seoxs that
this typo of reactor is more appropriate for the operating ;
conditions preseribod for tho dilferential reactor, its use |
being, therefore, indicated to study tho Kinetics of hetero-
genous catalyst reaciions and %o coapare the pexformance of

different catalysts. The reslisation of such & reactor, 6spe-
cially when it is desired to operate under pressure,requires
high technical skill, thus liziting ihe use of it. |

When choosing the type of zeaotor, all the
above considerations and reactions studied must be taken into
account as well as the possibilities of prectiocal achievesment.
Interpretation of the experimental data is a vexy delicate
probles as false conclusions may be reached especially when
the differential Feactor conditions ave not completely fule
£411ed or when there is Do severe control of the reaction
peranetess.

Bl

Complex feed stocks of various chemical com=
position are submitted to catalytic processes. Catalysts ave
tested under conditions vexry similar to industrial ones in
pilot units and charged with feed stocks ideavical to these
used in the industriess o
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Thies aaepis - wana “n? hich ease ot pilot
oxperimonts, as woll as B2 need G Lndividually chairactie-
rize tio catalysy CUNC CLlGhu, Lave wCad %o Lhe GavVuiopucons
of methods Ior Studyin:- tho catalysts by tecy reaciions

with unitary Subsbances,

A tost reaction must; b8 S0 ciozen ag go Le more row
Presentative for catalyet cnaract@riaation, il other words,
the teciniquo according 1o which it 1s carried out nust pe
the same as that used to obtain e main reaciions in the
industry in the bresence of ihe vospeative caitalyst., It is
Tecommended that the followiny considerations be taken into
&caount when chossin- a pesi reaction:

-ohoosy « sinzie reactiion and aveld paraliel or

¢onsecutive roactiions ;

-the selactied reaction should pe thermodyaamieally
&8 possible complaeto;

~the reaction musy ROt change too much the catalyst,

80 that itg activity 1is Raintained cons iany, during the re~
action ayele H

&courately as poasible.

I the grude o4 Processing industry the main cataly-
tie resctions are orackin, iaomerization. that take place
by an acid Dechanicn, ana hydrogenation and dehydrogenation
reactions, catalysed especially by metals, metallic oxldeu
Or sulphidos. Biatunctional catalysta must not be onzitted
with acid and zetallic functions, which catalyso oracking
and isomerization reactions, Toupectively hidrogonation-
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in Ur4er Lo sheracssriae cosalyot aglivily, reproson-
oy L I e e an R oy o ' I R 3 $
Lative Tencbions ase telochvod, odbinr aclid cutaly.sed,olTied
: P P T Y o P e - . s PR 3 -
pobal cavalvsad. Tetow are ~ivan o {aw axandian of tond

'3

reactinng, catulysed by active oold cantres.

Tae non-erystallise oy arysteiline ailica-slwiina
cracking satulycos nare tesved by cumane cracking or oy
convar-ion of a linear or brencied paraliinic aydrvocarvoh.

"he Lcomerization ostulysts are charactorized by thelx
activity in peralfinic or alkyloromatle hydrosarton 1zowge
risation ( for exemplo n-ranian or xylure izonerizaticn).

Acid csupports used Lor tha preparation of different
catalysts are also characteiised by their capacity of ca-
talyzing double bond jsomerizu.iond or of somg hydrocarood
chains ( ox. : isomerizalion of ayclohaxune at methyie =
cyclopentana). |

All these resctions wre tocts to ochiimate the main
funotion of the above satalystis, that 1s, thelr acld lfung=-
tion, and Tinally, thoir spesific activitvy.

Tost peactions of sromntie Rvdrecarbon hvdrormenation
vr dehydrogensbtion ol cyoloperalffines, are the criterla
for estimatbing tie wetallle Jurction of hydrodracking
and reforainps catalystie.

¥inally, hydrogerolysis zesotion of some sulphur
compound {such an thipphane) or nitrogon compound (such us
pyridine) ave tosts o eatimale lne desulphaurstion, resue
pectively deniiration activity ol the catslysts usod fox
the purifioation of peireleum Tractions by hydrogen trea=
ting ( hydrofining).

’/I
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The tect youction sonc Pt, which 15 @ simplification
of the rval tace, 1s of rrea. uid in solvin;; eeriain problens
regardin;; the culection of oa Lalysts and catalysic systeus
end in somo cimplo cases ( hydrogzenolysis reaction of sulphur
or nitrogen compoundc) can Vel be used for scale~up
problems, This eoncept nust b corefully appliod when doalingz
with the characierization of wifunciional catalysts as 1
Bey soadtimes lead to a harptul over sinplificution, Thus,
in the procence of bydrocracking or reforming catalyctis,
zade up of a support wiwh 8cid Tunotion end a me tai in ole~
Eontary fors (sometives in ©xidic or sulphur fora), simultee
deous reactiona take pPlace, catalysod by the acld function
4nd setallic funotion of ihe catalysts, Renctions, such as
pararfine iscuerization oy aromstisation, oecour through e

catalyss emly through the Sess reaction of oaly one of the
functions is net 00zrect. It is also Rocessary to ¢ffect

& 2eaction which would be representasive for the ocatalyst
88 & whole in order to obtain & Corress pioture of its
activity., Por this reason, £y hifunctional catalysts, re-
lastively complex teas reactions are alno used, such as gon-
version of normel pereffines with more than six carbon

weight hydrocarbons, it is icomerised and dehydrocyclised
to toluen. Such a test eaotion, aprarensly selected in
ccatrediction with the seloction principles mentioned pre-
viously, is zequired to charactorise oerssin catalysts of
this type with cosplex runctione.

./0
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v. S%qwd«rd e uiiads oy tnustrisl cauvalysé

activity debersiniii, o

Por the purpose of characturizing the catalyst
activity in tho moein netrolcum refining processes, stan=
dard methods have been elahoreted which, in many cases,
are the basis either of commezcial actions, ox curront
control of commercial plants.

The standard mwethods have, as a common factor,
the fact that tho potroleun frections used as feed are
reoresentative with respeoci to source, composition oF
cat&lycic process. These mathods are caxried out in
dontinuous system under operating oonditlons similar to
those applied in the indusiry.

Catalyst activity and seleotivity ic expressed
in terms of technologzical or commarcial intereat such
as the most intexesting procuct yield or one of the key
product represontative cheracteriatlc of the process
guch as a property or composition of the product. in
peny methods, in owder to simr-lteneously express the ca=-
talyst selectivity,thece cho.uiteristios are dependent
on operating condition prssoriptions or czo correlated
with the respective product yields.

It stands to reason that in order to obtain

repres:. atative data An this nanner, deep conversion must
be effected, close to thermodynamical equilibrium, as .
ia done in commercial plents. For this purpose the ope-
rating conditions of these standard methods,place the
reactors in the intepgral grouwp. The conditions for the
competent estimation of data obtained are: strioct obser-
vance of the experimental parameters, charge stock and

0/0'
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tay product Yecossing conCitior 1 as woll 48 & ple knowledge
Iogarding the bohaviour o Qutblaysiit an diilerunt sized planis
and industyial fvacters, As in  tho gase of antalysts and po=-
troleus velining processes there 19 such an oxXperience, the
stendard methods riw usafyl and are uced on g large ncale.

To this Le also udded the posnivllity adopved oy scme of
thosd methods cf effecting dotevaluntions in comperison with
¢ kuown catelyat takon ag o atandard,

| A brief cumary iu giver bolew Togardiag the principle,
operating mothods and e:tpronsisn of oatalyst activity and
£9leotivity by theme methods.

A reletivily high numbdeyr of "¢ thody have beep prepared
ba various companiss in d1ffarant countries to charsoterise
oracking catalysts, using varied oparating conditionssvarious
epecd rctes, charge stock/catalyet ratio, tenpsrature and eyole
timo, In all ceses hoavy distillate outs are oracked, expe-
clally atmospteric distillation gas a4l vhiuined fros a welle
known orude (East-Texns op Mid-Contlient, eto). Pixed bed as
voll as Fluldizvdbed oatalysts wro used, the tendonoy deing -

~in oonforwity vith the brture o the Indngtrie) process -« to

gineralizo thy fluidigedled catalyat procadupe,

Aotivity is expressed by thw &0 osllod " -@otivity index"
waloh differs fxom one method t» anolner. In most cases, the
aotivity index ropresents i propertion of hxdrocarbons, with
bolling temporature below 200°C, in tue 1iquid product odbtained
by oracking under procedurs oond!tions, plus 4istillation losses
(D + L). In other proocedures, the activity index represents a~
8oline yleld with distillation up to 200 or 210°C as compaved
to the feed stook processad. Many times thin aotivity index s -
related to that obtained with o standerd catalyst,

/’
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It russ pe pointed ony (L4 YOr the de seraiimbitm of

the frosh craokin,: catalyat activity Ludg:r, 8tops are takon

to eliminote PITOTs resuliin: rpog the analysin o initial

Catnlyst activity. por this purpoae the catulyss {4 brougsht

%o a constent activity love:, soxewhas Correnponding to the

equilibrium catalyst sctivity in anduatrial Plonis, ei chey
o D7 8tean treatuent oo conaacutive roaotion—regomraﬂng

No mpesial me thods have boen developed rogarding the

of Lhese ostalynts, lowever, the catalyet “anufacturing

or o4l Processing conparies or various countries have dewe-
1oped thesp owp Bethods. ‘this state of aifairy 4s Party
oxplained by the bigh cogt or Squipgent as wel} as of the
woRk itselr, whioh 1% prohibitive Tor 20tivity detorminge
Sion 4n certain Yofineries which, in case of need, contagt
tho speciali~eg copenies,

Rﬂ'ﬁrﬂing cotalyst ac tivity ang soleotivity irt
charecters ed by the Seforsed product ocliane number (case~ , #
lime stabilized by dabutanizm.; or even domamizlag) Obe '
tadned by proceasing, 4n conditions ginilyy to commerctal

3
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B N S 7 Toralan e E T T LAg UMb rdro cgn
sulphilde, i t- o oAl Tem e R EERR LRI ‘TLP yeroe
seanlyais MCLITIOG gf “, Tang o “ONPOULdE G n thy Procasgrec¢
vil cus,

Tetalyss Wity {5 exXprogsed Ly re 19.;v00 of dow-
suirhurs tion, duntir:r&;igm f'}m}xy*p;m;im; Whilen Téprosens
‘he r:utio helveen 1h- TChoay Sentienca or mn phur, nityoa
8%, 0XYRGN < thp Tond agace g0 pradusg, Pproised jip DOY e
s6ntagan. Ta orae; v ensure Yepariibtldcy op dcﬁeminatimg
it 1¢ aben.‘iu'taig lheceagmey e vork with the 409 Leed stoek
23 She larye varlsty of hsrurcﬁmmmﬁs Tron tine o4} cuty
nd thaly rraglivigy {a well known, Many biwosn At 18 prow
fevable, ij ¢l cagse ag weil, L0 Lodpaxe the porforpance
with ey of AtanVard atalyst, l¢ guse 2100 be pointed
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coumnrclal unila where rolatlvely sluple cutolylic reage
tions oceur, which, uniortunntely, 1o not the case in crude
oil processing. To date, in order Lo obtain dasisn data

for oil processinz catvelytlic plents, sludies must be carried
out 4n various sleps, iacluding pilot units, as the simplie
fyin;; date obtained by test reactions are not suffiocient to
desizn a catelytic reactor. An exception iz the hydrofie
ning process, relatively the simplest, where the date obitale
ned by test reactions were actually used to design coumere
¢ial resctors.

On the othor hand, despite the ompiric or coanven-
tional character of the so-called standard methodos fox de=
termining industrial catalyst activity, these procedures
are 8till being used on & large scale a3 technological date
are furnisbed, easily accessible to those who uce industrial
catalysts.








