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whe poonled oi coadning the oificicncy of c.tolruts in eacowiercd

in scverdd eogern-

©) inuse e of ectlye for v nde 1l procccuis or L vor

<Aoes
soule experinents

Uouelly, tiere is no nced tor acw tocaniyuet in ewolu-ting o ciddlyst
aurdn,, ivo wio o s Lhe sield piitern of @ cotilyzed recction cnd
its chunge due to the opereuting conditions or arins of the catalyst
show directly its efficiency.

b) in plannin; a specific catalytic procegs:

Relying upon the experience of the verdor or other users the planser
will select the ost converient =zmon; different cctolysts with
guaranieed efficiency without tecting the cetalyst atsedf.

c) Before and durin; and aftor production on a commercial scale
catalysts are tested carefully to be uble to .ive the reguesticd
cuarantee. fThesc {incl tests are expensive 2s the equipment used
muat allow the cuielyst to be tested under normcl procens conditions
regerding temperoture, pressure, heat exchunse, space velocity,
catalyst to reactants rutio, end quality of ihe cutalyst ond

feed ntock.

d) in search and development of guitcble cetalystc:

Lost techniques for tesiin, catulysts efficiency hud been developed
for this creu of activitizs. There is < wide range froaw micro
catilytic sccle up to pilot pl .t cests.

All these techniques attenpt to predict catalyst cotivitics desired
for specific rea-~tions.

The propertice normally used for such predictions o, ::

surface area

pore volume

pore size "
pore size distribution, wnd

reactivity

All tcchniques allowin; the determination of onc or more of these
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properties as well as t.ose tocchniques which deal with the
determination of the interactions of reactonts with a catalyst
beced on the mentioned propertics mey gerve ag o tool for the

evaluation of cotulysts ifieiuncy.

How techniques in cconomic aveluations ol catalyst effgcieng

Considering heterogencous catalysis. only.

Field Jonization l.ass Spectometry*

this technigue offerc the possibility of ionizing the wolecules
of the gas phase, ul o pressure of about 10~4 tory, which are in
intersotion with o catulyst by means of high clectric fields and
to unalyse them by wues spectrouetry.

Although not new as o techniyue, its application to catulysts
evaluation hos been described by W. d. Schwidt in 1968 (1) (2)
with regord to the NI gynthosis and its possible intermediate
producte.

peble 1 shows various ion typue end their relative intensity

obtained by field ion ness spectrometry of WH3 on irom.
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Ion type Relative Intunsity Ion type Avlative Intensity -
No* 1.0 Nli+ 2. 3x10¢
Nt 4 0x103 Wt 1.0x10°
Nolip, 3.5210° WHW,  2.85%10°
N2Hy* 1.0x10% n,* 1.2
NoHs* 1.0x10" i ;‘i‘*’ 1,0
Noho* 3.2x101 FeNHr 1.0=10.0
Pellpliyt s s2

CSni6

Ny* 3.5

Nyt 2es

Hah, " 645

33344 el

R}Hsf 1.0

Pallylin® 1.0-10.0

0fnd9

Pable 1: Ion typee in the ficld ion nues spectoun of Ny on an iron
tip (Field strength 107 Viem).

Importan. is the hich intenesity .7 the ?ﬁ';;' and 1‘3":“34'— ions and
the absence of N, W' and I iona. Gelwaidt duvesti_ated the
field ion musc spectru: on M 3 o plotinw:, too. Under similor
oonditions only ion structurcs of Piiix* (0Sm6) PtI™* were found.
Fo hydrocen wag present in these ilcns.

The hi h efficiency of iron in thic experiment [o evident!

Infrared Spectroscopy.

This well imown technique wis also used by Nukata und Fatsushita
(3) who found efter adsorption of Np~ll mixturvs and Wiy on &
Fe=310, cetolyst ot higher tewmporatures “nly il «nd Nllo surfuce
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complexcs. According to Jiru (4) vetter results will be obtained
by replwcin, thc 5i02 carrier by wn 140 carrier, s now the strong
bands of ~iG, betwcen 190G end 14 0 cu™' are avoided. With the
g0 currier the Bfrered spectru vy eurfoce complexes may be

weasured in the roenge 4CCC ca~1 to 300 cm‘f.

Elgctron Spectroscopy

vhis promisin, technique was known for 2%, yeors oo Siegbahn and
co-workers tnelysed photo cjected clectirons. (), (6), (7) with

o double .oousing spectromeicr. Dut not sooner than 1962 ite
cenercl utilization bean. Turner (3) reported instrupentation

and studies using high resolution eluctron spoctroscopy to determine
the vibrotiontl stotes of molceoulir ions.

put clectron speciroscepy i8 mainly & surf«ce Lechnigue om the
average penetrution of ¢ plotocluctren in wbout Lt ﬁ (9).

The busiec procecscs common 10 «ll cluctiron gpectroscopy techniques
are shown in flgure 1.

fonizin, rudiction causec tuc cjection of swaiple clectrons. The
clectrons .o into cn clectron monochromuter und the enerpy of the

photoe jucted olectron ic detcrained. sfter cneryy resolution by

iho monochromuter, & sicncl proportionil to clectror intensity
is rocd out on the dotector.

Skl mMquwmmw‘ TR
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; . . ;

Flgure 1. Schena of Eleotron Spectroscopy

The kind of informution obtained dopends upon the eneryy of the
ioniging radiction tnd recolution of the monochromator, With
high=energy radiation such ws Xerwye or feruys. core elceetrons noy
be ejected and thedr binding ene-;ies determined. Jith lowecnergy
redintion, such ugs ultruviolet radiciion, valence ehell eluectrons
will be ejocted and their lonization potential deterained.

ihis qualitative flexibilily and the pogsibility of quontitative
neepurenent wakce thic technique atircctive in chemicel and structural
mgi,ﬁ;

Especielly, eleotron spcosroseopy 4o auite™le for surfuce gstudies
even thouch ¢ surfoece ic covered by wore thon onc leyer of yaterial.
Lleo submonoleayers on surfuces may be studied. sbove the described
advantages tuis technique allows the sinultaoneous study of the
surfece and the loyer covering it. 'this is porticularly interesting
for catalyst studies, es tie nature of chunges occurring wt

active cuntres on the catalystn, ws well 2o chunges in the matericl

bcing ahsorbed on the cotalyst, oy be deternined simultaneourly.
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Thege advantages to cther with the possibilitics of qualitative
and quantitative wnalysis the clectron spectroscopy will becoie
the futur. techrique in ovaluatir catelysts cfficicney.

Gas_chromztorToply!

Gacegolid chromutogrephy ey be uged in two differont woys for the
evaluation of c.ialysic efficicncy.

.} the cetalytic pulse mctliods, developed 1905 by Eamctd (10), (11)
whioh cre distinguisicd betwoen cceh other by the way of introducing
the recctents to the recctor and the soo=-flow system.
These tochnijues - the Giatde Tulee lethod,

tho Flow Pulsc liethod,

the continuous ¥low lLethod, ~nd

the Circulationul Flow iiethod

a rouetor with the cutalyst to be ¢xamined,

on analyiisel colwan and

. supplenentory oquip.ent.

Recetor cnd supplomentary cquipment is mounted to & pmschromatograph
which gesves as an anclytical tool for the detorminction of
reaction producis.

In principlo, on incrt (o is pagsed through o short catalytie
bed and certcin saell pulpcs of reueting substonces are wetored
into it under sclcected reaoction conditions. Tho coluam and &
detcotor ore uned for the quclitotive tnd quentitutive analysis
of the recction products ond unchenied starting reactants, (10),
(11), tius encblin, thc evaluciion of cutalysts efficiency.

i simple exwsple, Tijure 2, wdy j1lustrate the method und its
evaluation (12)s
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Plgare 2+ Pulse mcthod, Crialyst i'celio=0

Catalyst oxidetion of mgthanel ot 2?()‘){12
I+ CHy0 forwed efter o pulsc of methanol,

I11: 0, consumed ~fter o pulss of oxypen.

This eximple chowe ~ two=siep oxidation -
reduction wechonisn
I. Cujon(g) + KA=0 (s) = CH20 {;) +iti(e) +120 (g)

Mo Xai(e) + % 00(;) = xar=0fe) -

ctzon(r) + 1 0a(2) w waw L0} + 10 ()

In the caotalytio oxddation of methencl on an Te=to=0 cotalysi: ey
In the firet step (I) with o pulec of wethanrl is reduccd in the

abaence of paseous ox gen: the wethinol itself ic oxidized to

formeldelyde Ly the lattice oxygen of the euoialyst (iL1=0). In

the followin;, step (XI), with - pulse of ovygen in the cbsrmece

of methenel the reducod part of tie catelyst is reoxidized showing

the corrzopondin; oxyrsen consuuption,

Such cxperinents offer the possibility of evulucting he cfficiency
of cectelysts.
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b) fhe Ilicronctivity [ cthod

™

In this tcelmigue the cetolyst ituelf is £illed in o chromctographic
colunn, 2nd its chrow togriphic p opertics in the pieseace of the
reactents ond products are cvalucied under experimentcl conditions

lying, near the catalytic process in question.
J o ¥

This technique Lae become .liwst un industricl stonderd bul may

only be ¢pplicd for routine eveluctions.

Dut, as we hove found (13) thet the cetivity of c.rbormonoxide
converting catalysts is proportioncl tc the retention volwies of
the reactunts we hove medificd tho micre cctivity test for the
determination of thc retention velume of o reactant roe (112,002,
lip0) at temperaturcs renging from 2209 to 460°C on & 2%‘6203’!
Cry04. NopO cetelyet.

Detector wos o thernwoeconductivity eccll wiere the retemtion tine of
& sanple e wes deterained by compuring the thermeconductivity of
the corrierepros without and with o sasple &8, the latter having

peesed tae cotolyet column.

The specific retention volume vefeus tompervture curve r.ioWeg &

distin uished amoxinw: ot abeut JWOPC where we found the activity
moxioum aloso

Analogous reoulte had been obtuin d also with o metline converting
Mecatalyst wiich wee investijeisd ia the teuperciure range of
200°G to 000°C. . maximaw of the rotention voluwes was found ot
sbout 740°C wherc the highest activity for the methene conversion

wags cncountcred.

i8 thin test cun be unde ecsily within 10' with cbout 407 cetelyst
(&ftef tempereture constancy) it offers . new possibility of an
indirect eveluation of cetalyets. Whe specific rotention volune
RVaa2 vt (v= 08 vate in wlfece, 1= retention tinme, O= weight of
catulyst—) of coeh reictunt of a reaction is o aeximum &t the

tonperoture of the activity meziuwa.

Lt taeore‘f icel appreoch

P e

3

Because the ireditioncl actlods uscd Lu cetimate the efficliency of

cotalyste arc veoy cexpencive aad tde conzumang, o (rewr effort wee
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mede to dovelop new and wore ropid :nd wexpeacive

, '
coeslinae -
Ll ues,

But cven {hc Micrs=ictivit: teate Luni b Corried out ot aon

o

differcnt conditions zad the reguls boy Mot be oxtyopeletes 1o

& procens of eeconciic secle.

Z
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If we realizc thot 20,006 cnt 20t formlotione we i tricd Ly

Gerncn roscerchers(17) in develesdng o sniteble ect dyst for the
synthesiz of wwmoniu, end that 211 of theau foroulitions wust
have been tested we lncdiutely understand the difficultice -
rogerychor is facing whon he hos 1o devaloy w ecotulyst for o
wpeciiic runetion.

for that recson o now approach iz desirceble. . muiber of

o e B A R i s

researcaors (10), (16), (17) try to uge tiw sveilable deseription

f. Lk bXTLC NELYOLLNEA for < specicl

seroonin, onelysis, waich cuite oftcn o “fers tic voosibility

fo derive “working odels + Thes. woaliin, wodels cic uged to
develop o new catalyst for & specific ertelytie reuction which

i8 cclled “tar; et recciion®.

i

The fuido~lines for thei coproach ore

o) Nationalization, tlrouci oriticis:. of ~11 aveil-ble

informetion, from any “colleetivet arce «f intercsd,

b) Choice na suveloiaent o suitable workin:, nudels, which

simplifies the prcblem but comicdns the Yessenti l terag®.

e) Parclicl studics on reeidon to be investigated (toe,es

reactions) end recctionr sclected os model rocotion:.

1) Lstublishin, correlations

el £y
Botweun turset and wodel recetions. and Lotween colid prepertior

ad cnendedl vooctivaly, with cuphrais on their pesaible "predictive®
valuc.

4t 2n exwuplo, how 4o find corrclitions,tu. choice of cxiduiion
wodel recctions is deseribed. .t first the evailable wetivity
cequence of vorious oxide-cotolyst. ic tcken. .ol Stone (10

estoblished the pottern 5 nit-ous oxide decoaposition, toale 2.

Apptrenily, the cetivitie: o taoe verious cutzlretr w, Lo devided
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ivto 3 croups-

The p=type oxides cre clearly ithe vest catolysts,
the netype orides crxe the least effective ones, and

the 0 énd (70 ghow in intermediate Lehaviour.

720 — 00 | 0> c
Decoaposition Oxidution Isotopie ex= Ltom recombination
(18) (19) chnge
(20) {21)

Cuz0 Col - Lo30y Cul
Col CusC in O R 17
L.ng{!} 0 10 1;‘&203
MO Yy Cu O Coy Oy
w0 : CuC Jeg0y }in203
Fo0 0y Zn0 ca o
¢ Zr 0 Crp0y, Ni O
41,03 | 1 0y vy O Zn 0
n 0 Cro0y w0y 54 G
€d O Vgﬂi} Gr2 93
Gry0y
?‘3233

fable 2: Hetul oxide cetnlytic in the order of decrecsing
cotivity. (rcoctious without hydroien)

The other recciions cliosen, nusely the Carboneronoxide oxdidition,
oxy,en isotopic exclicnze, and recowmoinction of oxyien show o

giailer trend (12). .o o firet recsult we vecosnize that the

meet active cotalysts ove those hoving, cetions with unpeired

d=electrons. GDhe unonclous behaviour of chromium oxide is on

sxceplion witich cannot be ewpledred with the “rule of unpaired

gecleetrone”. £~ cocond result of thot sci of recctions is the

{cet that therc does aot occwr hydrogen.
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1o arrive at =~ correct workin: nodcl we heave to investizote

hydrogen contuinin_ reactions witi thic soc cotalrats (Toble 3)

¥

to0.

T Cily i i )
Oxidotior  Oxidetion  Iydrocarbons oxida%ion oxidution

)

(u2) (23 oxidotion (26)
(24) (25)

Coaty Ce 30& Ce 39‘.;
Cro0, wrg0y
Cu O Cu 0
LUy imp0y in Oy
i 0O Ni O Ri o
Mep0sq Fep04 Poz0y
I U V. O
1';1203 in (}‘ wn O
Cu G Wi QG (,:1*2()3
L © 41,04 Vo O
Ago0 v; 0:) 10y

-

Pable 3+ Hetal oxide ezialyste in the order of decreaging
ectivity (recctions with hrdrozen eontaining copoundn),

As o result frou'this st of roactiong we werive ot the soae
activity pattern am with the set of table 2. Hoic wortly, oven

the clromiuis oxide cbeys now the “"unpaired d-clectrons rule'.

Of course; we orc awere thot catelysis Ly oxides is o very
complex phenomenon cnd cannot be cxplained in terws of o single
oriterion, but this obscrved cctivity prttern indicates to sone

extent, rules for selection of oxidoiion catalycts.

If we had literaturce aveiloble to derive clso correlations
regardin; selectivity, surfice properties znd rcoction conditions
we could ochieve o systen of perfect scree ing of cotaelysts in

order to suve costs and timc for ile development or scarch of &




catalyst o ito cvaluetion awy be predicted for o specific
rewction,
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