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1-    IMP.&JUC'ilCW 

'ilio p.'Oülei., oí' w^4,iiiiinw  the efficiency- of e. 1....1/i.tw  i;,, cnctamUreü 

In  SCVCTwl   Ci.-Ctr;* 

*"'    in u»'-.,e of Ci-UJ. ,T"!; •_foirj.|(.• ^ ;iie, 1 Áiroccc.jcs QT- 1, òoivtor/ 

goal e experiments 

Usuallyj  there; ir. no nc&d. for neu toc^nii-ucfi in ev<.lu /tint t   catal/at 

dur in,, ita uà;.; e c.r, the- yield pattern of f., c.t;.lyzeû remetían ¿ml 

its eliattê© due to the operating conditions or &finj of the catalyst 

show directly its efficiency. 

k)    in...planning a, specific catalytic process ; 

allying upon the experience of the vsr.dor or other uoere the plana** 

«ill select the i.tost convenient &monsi different catalysts with 

guaranteed, efficiency without testine the catalyst    itself. 

o)    Before and during end after production on a corawercial acale 

Catalysts are tested carefully to be able to t,ive the requested 

guarantee,    These final tests are expensive aa the equipment used 

nttst allow the catalyst to be tested under normal procena condition« 

regarding temperature, pressure,  heat exchange, apace velocity, 

catalyst to reactantE ratio,  and quality of the catalyst and 

feed ntoek. 

dï    in search and development of suitable catalysts; 

Host techniques for testing catalysts efficiency had been developed 

S&T this area of activities,    ü'here iß a wide ran^e fro*a micro 

oatalytie scolo up to pilot pi*nt  tosta. 

All these techniques atteupt to predict catalyst activities desired 

for specific rea-tiow*. 

fho properties noraally used for »uefc prediction« a*a; 

surface area 

pore vol»» 

pore size 

pere «ige distribution, ató 

reactivity 

All techniques allowing the determination of one or nor© of these 
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2.1- 

propertieB as well us those techniques which deal with the 

determination of the interaction of reactanta with a «ttiOyrt 

beeed on the mentioned properties r«.y serve M a tool for the 

evaluation of cataste -víficiuricy. 

BnM technique  *" ^nnnmic evaluations V ofttfclyrt «mciwffl 

Conoiderinc heterogeneous catalysis. only. 

yield ionization Uasa £ photometry- 

thi. technique offert the possibility of lonislttg tfc. ool.«dw 

of the *« pbo», ut 8 vrewur. of about 1CT« ter, *loh art in 

taction with a *rt<ayrt ^ «•«• <* >** eleCtI*C f itW" ^ 
to fen&lyie them by itese spectrometry» 

atta»* mi nm an a technique,  its application to emtayft« 

tvalttation h^ *«n describe by H. A. Sctowidt in 1968 (1) C2) 

with r*«H* to the BK3 synth^i« «d its possible tet«iMÌUt« 

productE. 

TtbU 1 ßhows various ion typu« wd tboir relativ«    intensity 

obtained by field ion w*s apeetroawtry of Tffi3 on iron. 
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Ion type Relative Intone íty Ion type ¡illative Intensity  • 

N2+ 1.0 lili ^+ 2.3x1a4 

N2í-f t«.üx103 
«H4

+ 1.0x10° 

N2K2+ 3.5X101 lïïÏ44ÎÏIi3 2.ö5»3t10"' 

H2H3
+ 1 .oste*- Ìli,"** 1 ° 

N¡¿K4
+ t.üxlö1 1.0 

í.   J 
3.3x1o1 Fe^Hr* 1,0-10.0 

V&ltyln 0 i * 5 »2 
0*n*6 

»3+ 3.ü 
N3irf '*» 

K3H2+ 
4  f.* 

N3V f *> 

»3^+ 1,0 

.«•^lfti* 1.0-10.0 

0*n*9 

tabi« I*. Ion typ«e in the field ion tnae& ape et run of ïïiiy on an iron 

tip (Fiftld itr©ïiffth 10? V/cm). 

Irapertan«, is the hi£,h intano ity ->f the ÎE^*" ^   I^+* ions and 

tí» abscmee of ,1B¡2*\ Ri4" -and S* ions, üoiaAidt investigated th# 

field ion esaoe speetru» on ÎÎII^ o a platinum, too. Under atollar 

eowütions only ion structuroo of Ptftc* (oM6), Mir4* were found. 

So tydvo&en wao present in the«e icno. 

the bi¿£ efficiency of iron in tliis exp©ri»eni is evidenti 

2.2-   Infrared Sacotro»ooiy 

This well known technique was also uaod by ll&kata and KatsuoMta 

(%) who fo\and after adsorption oí Ï%-1& nixturws and iVd\ on a 

Fe-SiO, catalyst at hi¿Mr tewpor&tureo  ^nly Hi* and HDfc surface 



eofuflexos.    accord!^ te Jiru (4) better «suits «ill bo obt&itttd 

by r«pl-cin¿ tho SiQ2 carrier by un h& carrier, aa now the strong 

b«ïd8 of Mtó2 between I9OO and I4. 0 cnT1 are avoided.    With the 

MeP carrier the Utfr&red speotru UA surface coaxiales «ay be 

riwanred in the r^n^ti 4000 co"1 to 3Û0 oro" . 

2.>     Eleetfor*... Si*oÌ£g\qpJff 
frU« promising technique was kn&*m for 2S y«^ 68 Sletbafan ami 

oo-mikvrs emly»yd I*oto ejected electron». C^)» (6), (7) with 

4 doubl« *oou8i«6 spectrometer.    But not sooner than 1962 it« 

¿«»ria utilisation bcr.&n.   Turner (3) reported Inatrumwrtatloa 

and ¡rtuâles uaint biê* resolution «Kctroa »pootrOBoopr to dettila» 

tî» vibrational states of woloculur ions. 

but electron ope-ctroscopy is i.v*inly fc surface IcoMiiQue ¿B the 

uvur&t,« pon-jtr-tion of e photooluctrcn ir. ubout 1-0 L (9). 

The bua io proctícaus eotnraon to cil <-Uctron spectroscopy tuchniquei 

uro Dhown m /i^uri.   1 - 

Ioniain«., rudir-tion causer the auction oí' n^l*- Vetrone.    ¥at 

electron» ¿fi into «n electron „»nochroottor und tht- enerar of th* 

photowjectea «ilectrun it deUr».u»K.d.    ¿.ftop energy resolution by 

tao »on©chrofih.tar# - ai¿,nU proportions to cloctror. intensity 

is rc¿4 out on the detector. 
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figure 1.    Schci.ut of Llootron iptotroücopy 

The kind of infonn-tion obtained dependa upon the cnor^ of the 

ioniiint radiation and rccolution of th«. r.tono chromât or.    With 

hi¿,i*-*noruy r^dicition ouch í<JR X-r.-yis or /-raye,   core- (¡hrtrnnp n.'iy 

be ejected ^nd tneir binding enemies detcrrcinisd.     .iith low-onerf;/ 

radiation,  »uch ae ultraviolet r ¿--diction, valence f;h<_ll electrons 

will be ejected and their ionization potential determined. 

ühis qualitative flexibility an¿ the possibility of quantitative 

tieeeure»t)Ut «lake thic technique attractive in chemical and ntructural 

analyniß» 

Eepeciívlly, electron »peotroeeopy io auit< %4e for BUI face otudiec 

even though a surface io covered by tao re than one li.;^r of isteria! • 

aim «ubaonoloyers on surfaces may be studied,    i-.bovi. the described 

aèvairt%©8 táio technique OIIOWB the siuulteneouc ctud;/ of th«.- 

surface and the layer ooverini, it«    ïhis is pci.rticuli.rly  interecting 

for catalyst studies,  to the nature of chunks occurring  -t 

active centres on the catnlyoto,   as well v,t, ch-nces in the material 

bein4 absorbed on the cctolyet, ¡¿ay be determined DiMultoneourly. 
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These adront^s toother with the poeaibUitioa of qualitative 

and quantitativo analysis the electron speetro»copy will teoout 

the futur- technique in evalu&tir.    catalysts* efficiency. 

2.4-     Cae ctoomatpiirflj&y. 

O^-solid ohronu.tcsraptar nay be u3ed in two different ways for the 

evaluation of c talyote efficiency. 

) the catalytic pulso :*tto>do,  sloped 19tf ^ S»-" <10),  00 
which ~re diotintuisi^d between erch other by the way of introducine, 

the reactanU to tho rector and the <ao-flow system. 

Those techniques - the fjtctic rulao I-othod, 

tho Tlow Puis- i.ûtbod. 
the c.)iitinuouo ïlow hothod, and 

the Circulâticnal Flow Uethod 

have in oocmon 
a r^tsioT with the catalyst to be examined, 

an analytical coluî.in and 

... r,u.>pletiicnt..ry oquipuent. 

reactor and aupplor.entary équipant is   mounted to a ta.Chromatograph 

which BUYO* as an an.l/tical toul for the determination of 

paction products. 

In principio, en inert ;,-a i-. paooed through a chort catalytic 

bed and certain r..»r.U pulsus of re,.ctin,, rubstanceo or* »etered 

into it under selected reaction conditio•.    fiho coluan and a 

detector r.r. ur.ed for the ^Ut-Uve uoA quantitative analyoi* 

of the reaction producto and unohu^ed ntariit* reactants,  (t0)# 

(11), thu» enablin;   the cvJuáior of catalyoto efficiency. 

L .imple «aaplc.  FÍ-.T« ,\  ^ illustrât« the t^thod and it« 

evaluation (l.-')i 
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«•ruis«   -»»»»»tit» í 
Figur« ¿'    Puls«» laethod, C-'talyot j'e-Ko-O 

Catalyst oxidtvt ion of j.-.cthrjiol ¡vt ¿70°C, 

Is    CH2O foiMic-d r-fter '  pul3i  of methanol , 

XX*    Oo concumod   -ftti  ;. pult,;j of oxygen. 

this ©xunple uhov/r  -. two—¡top oxidation - 

reduction wochsxiigiA 

I.    CU3on(¿) + KAV-0 (r.) « CÍÍ20 (;.,) +ILJ,(e) +i¡¿0 (¿¿) 

Us.„mte) + 19?íLXJ>~ m^hj _„  
CL!3on(,'.) + ;• OoL) « UAV Ch2ü(¿) + ü20 (¿,) 

t» the catalytic oxidation of ucthun^l on en ^e-To-O catalyst* 

In tlte first step (l) with u pulce of :.iuth..%n'1 is reduced in tho 

&bfl«nee of fjûscous oxygen;   the uioth^nol itself iz oxidized to 

foxwddeUydt tiy the lattice oxyton of the o-.ialyct (u/.'i'-O), In 

the following step (il), with .-. ¡mine of o-r/i.en in tin.- : bfj'.-nco 

of roethciiel the ruduc-jd nurt ot the cut&lyot io reoxidizod showing 

the eenrsepondin^ oxyc.cn conc.vu.ipt ion. 

üiieh CÄp#riw©nts offer the possibility of «vauutintó -'he efficiency 

of o&tdyeta. 
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In this te clinique the  catalyr.t  itself ib filled in a chrOHata/,raphic 

column; and its chrou;' tc^ruphic p. oport ieG in tho piesence of the 

reactanto and producto er« evaluated under experimental conditions 

lyina near the catalytic procesa in question. 

Thio technique 1*GS become ..luost un induci rial standard but may 

only be applied for routine evaluations. 

But,  ao we heve found (I3)  that the activity of ourbonmonoxide 

oonvertinL catalysts is proportional to the retention volwaes of 

the react ant 8 we have modified the r.iicrc activity test for the 

determination of the retention volume of a re act ant íAS (ìl2>CG2, 

II2O) at temperatures rani.;in0- from 22O°0 to 4¡$0°C on c, ^03 

Cr^O*. ltc'¿0 catalyst, 

Detector was a theruoconductivity cell where the retention timo of 

a sar.iple [,-xtí w¿^ determined by eapp*.»rint. the therweconductivity of 

the oarrier-,'<,ae without and with a ¡sample ;,z.a,   the« latter having 

passed the  catalyst column. 

ïhe specific retention volume versus temperature curve chowe a 

distinguished maxiuuw at about 3üüuC where we found the activity 

ao*iïuum aloe. 

analogous resulte had been obtain-- d alao with a raetl :.«e converting 

îïi-catalyst which was investici cd in the tcuperuturo ran¿.;c of 

2ÛÛ°0 to oOO°C.    a. maximum of the retention voluwea vrao found at 

•     about 740°C where the highest activity for the methane conversion 

waa encountered. 

¿s thin test can be wade easily within 10* with about 40c catelyirt 

(after temperature constancy) it offers a new possibility of aa 

indirect evaluation of catalysts.    The specific retention volutae 

HVaHi    (va i,o& rate in id/e^c,   U retention titie, 0« weight of 

catalyst)     of each react ant of a reaction is  r »aaxiwuin at the 

temperature of the activity ma-îl.ruj.u 

2.3-       LJ¿Í^JiS*S-S¿*}^&i-P£h 

Becaune the traditional üiothods used tu estimate the efficiency of 

catolystu  arc very e:a^en;:rw -ad ti;.¡e concurain^,  a ;.rea\  effort wae 
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made to develop new aid wore rapici :jid un.xpcaeivv toc]«iu.w3. 

But even the- uicro-r.ctivixv w,tc ...ur,t bw c^rri^d out ;.t in- 

different  conditions  :iad tuo roaUt i.u-,v not   be oirtr.-pcUti.:; tu 

c process of economic OCCJLC. 

If we realize tlu.t 2ü,(.0G cr.t .-.l.-st  ferale ti-'.::« w*r. t^d by 

Oormcn rûsocrchers(l?) in develo vin. a ev.it r.bl e crt-.4yst for th. 

«yntheeia of amornu,  end that ;.U of tboeu fsraiuUtione tlU8t 

haw bean tuuted wc iuaödiutely wideret and the difficulty r. 

ro#ecr©i»r is facing mon he hca to devaioM » ce.tayot for A 

specific rüöction. 

iter that reason a now approach ic deUrtebltì.    .   nwubtr of 

researchers (t>),  (16),  (17) try to WAjtj^^v^latl^ 

9f.R.^?iKja.íXi^jüi-LX£jiiijLA for e. 3pr¡¡¡r* 
scroc-nin,: ;¡nclyaio;  w.*ieh cuit, oft«; i. ?fers tac ?c=osibiHty 

to derive ;,workinL modulo--  ïtefu  wnvkii*. ïaodclo r.^ uacd to 

develop & now catalyst ío¿> & B¿>ccific cctwlytic reaction which 

ia celled "target roceJion". 

the ¿^ido-linea for thct epproach :-ro 

ß)    nationaljgation,  throng «itiois?. of .-.¿1 a*.,ilrAlü 

iaforw&tion,  fron» any "oolluctiVw" arre- <--f interuot. 

b)    SÌEàSS í;íld SH^£¿?«n* c*  auitujlv working nwdelr,, which 

sirapHfiês tfco prcblcK but conUiins t!i« "cttocnti-l tor^w». 

0'    ÌM£àk&j£}ìa££. °n rtwC-liot*;   to be  investigateli'(tcr0c-i 

roaotiona) end rcaotionr- aclucted ¿9 ¡»del rcioUont. 

*5    Sf>t¿bl iahir«^ ^jy^^ions 

totutun target tind. »»»del r«*¿.ctiono,  and l&ttrcon eolie* proptrtitc 

tiid chcniccl reactivity, with u.ip»y-3is on their possible !*predietive*»» 
value. 

Áa en cxuuplojhou to find correlation^ tu'- cooic«; of t-xidttion 

BWdol rej-ctions in described.    *.t  firot tin  r.vciilubl& activity 

cmpmncú of vcjpioun ozidG-CÄtelyet*. ic tûk».n.    . .c. 3tonu (1U) 

eotcbliolied the p.tttrn <~Z nitrous oxido decomposition, i.-alc 2. 

Appt.rentiy,  tac cctivitie^   o*  tiw. various c-t:ayet~ .Jí....   U-, devided 
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int:) 3 ¿roup'!* 

ihe p-typs cxitko ,,re elecrl/ the best oatalyctn, 

tí» n-typo o-iàc-3 ~ie the lecot effectivfc ones;  and 

the :it'.,0 rXid Utì show en iiiterr.c:di¿tw behaviour. 

JX-Ccupociticí! 
(18) 

CO 
Oxiù.iti-J»: 

(19) 

°2 
Isotopie ex-      At 

chcn, o 

(¿0) 

c 
.LI re combinivi; ion 

(¿1) 

Cu20 Cul) Cc304 CuO 

CoC Cu,>C 
i. 

Kn O2 I'H"0 

fja2°3 *iO :'i o •A20J 

Ni 0 !*Iï02 Cu 0 Co3°4 
Coi) OuC rc203 Hn203 

iôO ..'UJJOJ ZnO Cd 0 

Ci* 2r. Ü Cr203 îïi C 

AI/)} 'i í o2 v¿ o.-, Zn 0 

Zr Ü Gr2S ïi 0¿ rii C2 

Cd 0 V-,0, Cr2 0, 

n o., u2o3 

tJr203 

*'• 2o3 

Volile ¿:    iietuL  c;;idc crtr-lytt:.  i.. tht: urdur of decreasing 

cetivity.  (rc-.cticiir, wüi.out hy<hx>>n) 

The other re ce tic vi a chosen, n-jnely i ho <h.rbon-i.onoxide oridution, 

ojty^eii inotepic ûïCî*Jn;-.»-.   ¿.nd iecof.-.jinr tion of oxygen show a 

citali er t rei id (1").    ':   >• first ror.ult wo recognize that  the 

PiC?t active cctalyjtD evi. thov.t- h- .vin-, cutiom with unpaired 

d-electrona.    ïhc unoneiouo behaviour of chromium oxide is cai 

exception which cennot be expleired with the "rule of unpaired 

d-eltiCtrontM.    A ' <^conu. result of that Get of reactions is the 

ít'Ct that  there  does not occur hydrogen. 
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To arrive at a correct working model we have to investigate 

hydrogen containing ro&cüona with tue aa.ie catalyoto (Table 3) f 

too. 

Cbci4.rti.Qr    . Oxidation 
(23) 

hydrocarbone 
oxidation 

te) 

{:-c'3M 
Cr203 

Wi3 
oxidation 

*2 
oxidation 

(26) 

Co3°4 
Cr2Ü3 tí *"«>(/-! 

Cc304 Cc3°* 

á¿j20 Cu 0 Cu 0 
MftgOj llriíi03 1^03 ì:n203 Kn02 

Cu 0 Cu 0 Fi 0 Ni 0 tü 0 
lit 0 Coj04 ?e203 ^2°3 Vc-¿Oy 

V20K ïi O2 V¿    Or, 

Cd 0 AI.JO3 Zn 0 hn 0 
l^Oj Fo2°3 Cu <; Ti 02 t;r203 
r¿'i Ü2 Hi  0 hL o A1203 V20, 
Zn 0 Ac-20 v.,o. Ti02 

ïaUe 3"    Metal oxido catalysts in the order of decreasing 

activity (reactions with hydrogen ennt..lining compound?!). 

JkB a result froa'tUis set ox roaotivUü wu arriv. at the cawe 

aetivity pattern as with the act of table 2. ilote worthy.,  oven 

the ahroraiui.1 oxide obeys now the "impaired delect rows rule". 

Of courses wo arc aware that catalysis by oxides is a very 

eoBtplex phenomenon and cannot be explained in terina of a Sintis 

criterion, but thic observed activity pattern indicate?, to som 

extent, rulos for selection of oxidation catalysts. 

If we had literature available to derive also correlations 

re^ardin- selectivity,  surface properties and reaction condii ione 

we could achieve a oystera of perfect ¡scree in¿ of catalysto in 

order to cave costs and time for the development or search of a 
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oatalyst ce  its c^luctic^ r.u-y be  predicted fo: 
reaction. 

specific 
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