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{iii) A renewed industrial interest in the study of alloys
at catalystrs and more ganerally by bimetallic catalysts was
noted. In particular, alloy catalystz derived from ironm,
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the active species were thought to be metal crystallites
suppartad on the rare sarth nitride. A wide range of
compoundse from first row trangsiticn metals and rare earth
elements or actinides were found to be effective catalysts
for the methanation of carbon monoxide (112, 113).
Subsequent work by Ozyvagcilaer {(114) suggested thet mathanol
and esthanol could be produced from carbkon dlioxides and
hydrogen at temperatures below 200°¢C using fron-titanium

Blloys. However, +the most promising intermetallic

The first exemple of copper alloy-based catalysts dates
back t& 1927 when wvarious brasses were activated by
oxidation and subseguent reduction {11&5). Later work by
Baglin et &lI. (118) showed that alloying copper with
rhorium-hafpnium or zirconium resultad in active catalvets
for the production of methancl from svnthesis gas. Tha
glloys thamsalves were not thought to bae the actual

catalysts, but rather precursors of the active catalyst

tha intaernme
under ambient conditions ware Treported to  eaxhibilt
activities greater than thelir co-precipitated analogues or
the cammercial catalyst, UCI C75-4. Owen et al, (118)
showed that catalysts derived from intermetallic alloys of
the lanthanide metals with <opper were very activa for
methanol synthesis. Cerium=copper alloys in particular

gave catalysts with activities comparable to the present

. i s  tiom te t _

pracipitated copper-zing oxlde-piumina catelyst system was

demonstrated by Marsden ef 2i. (119) who leached a series
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af copper-zinc-aluminium allays of differing compositions
in sodium hydroxide +to give Raney copper catalysts
containing zinc and aluminium. Thesa catalysts were found

. .
to be both active and selective for methanol synthesis.

Raney rcatalysts are prepared by leaching axtractable
natal{s] from a composite alloy with aguecus =sodium
hydroxide or acid solutions to leave a higher surfaces area
sponge metal with perous reaction produst zones which act
as catalysts [(120).

nickel-=ilicon alloy (1213 which was obzserved +5 b

pyrophioric if exposed to air. The catalyst was found Lo De
vary active for the hydrogenation of cotton seed oil., A
short time later a sponge nickel catalyet was produced from
a nickel=-aluminium alloy (122) and formed the basis of the
Haney technology as we know 1t today (123). Since their
invention, Raney nickel catalysts have been of great
practical importance in the production of substitute

natural gas from coal (124) wia the methanaticon reactlien,

It iz alspc used as & raagent for the desulphurisation of
organic sulphides, disulphides, sulphoxides and sulphones
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t report of Raney alysts was by
Fauconnau in 1927 {12&8). The catalysts wera used for
liguid phase selective hydrogenation reactions cenducted in
batch reactors using powdered catalysts [(127). Recently,
however, the catalysts have been shown to be active ang

selectiva for the wvapour phese hydrogenolysis of osters

(128) and ethyl formate {12%9) to produce aleochols, for tha
liguid-phase hydrolysils of nitrides to produece apides suach

25 acrylamide (130} and for the vapour-phase dehydes-

genation of methanol to preduce methyl formate (131). B3

number of promoted Rane copper cCatalysts heva bkeen

=== T=F=== i | it i i
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investigated. For example, a crdnium promoted catalyst was
used for the productlen of @, B-unsatureted carbonyl
compounds [132). Copper promoted chromium alley catalysts

haursn hoon 11oaA 4+ a1 Par Aot rao bar mamasr] e A FTATY o3
IAY S LISEEilE e brid el BFUL LL Y WOOo LB hado u:r L EJULryY 4, ]lﬂ L LW L2t ] (=} ) |5
for carbon monoXide oxXidation (134), Nadirev and Savel fay
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modified with Ca, In, Nb, No and W.

Reynolds and Mackenzle (12€) dascribod a procesa for the
production of a partial acild extracted Raney copper—zinc
catalyst for reactione such as the hydrogenation of
furfural o furfural alcohol and the hydrogenation of
acetone to isopropyl alcohol. Sultanov and Maslennikowva
(12¥}) reportad that Raney copper Bnd Raney copper-zine

catalysts could catalyse the reduction of furfural teo

sylvan.

owaver, it was not until 1980 that Maradsan et al., (1192)
demonstrated the activity of a zinc promoted Raney copper
catalyst for methapnol =svpthesis. Their reseerch waBS
promoted hy a previous investligation by Wainwright and
Andersan {138) who found that Raney copper had certain
properties which are necessary for a mathanol synthesis
! tles incsluded a large pore S
eliminate peora diffusion problems, a puafflciently large
gsurface area to permit high catalyestr activity apd the

hydrogen, making it an ideal mild hydrogenation catalyst.

Other Ranay catalysts that have been prepared ara promoted
Raney nickel (13%), Raney cobalt (140], Eaney ruthenium
(141} and Raney platinum (142). Recently, Imamura el al.
f143% reported that high surface area, skeleten-like Ranay

nickel and cobalt could be prepared by leachiing cut rare
earth compenents from rare carth — Ni or Co intermetallics,

nsing solutions of 1;2-diiodoethane or 1,2-dibrompethane in

methanel or teteahydrofuwran. 000000
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1.7.2 Baney coppar catalvsis for the water-gas ehift
reaction

St o A b1 al mualiiodd o @ WR o e oaa L e L=

aliy wNS QANlcial EVaiLaLion O H BY CQPDREI a5 poOTential
B, Marsden et al. (119}
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simulraneausly promoted the WGSR. WGS Activity was later

reported by other researchers alse testing Raney copper for
pathanal =ynthesis activity (144). In many cases,
commarcial low-temperature WG5S and madern methanol
synthesis catalysts contain the same oxides of copper, zinc
and zluminium, albeit in different ratios. Az recent
developments {1458] hava revaxled that the active
composition of the Hanay copper catalyst for met
synthesis was Cu-Zno-A£.0,, it appeared possible that this
ed

same catalvstr cvrstenm roanld he oobimis Far pHeo G9m e
£ Fla - T P e e Bl Tk e e ek e bl e L=

WCSE.

The continued importance of the WGSR as 2 source of high
purity hydrogen, and in the development of catalysis theory
{148), has encouraged many regearchers to improve procecss

conditions and catalytic performance by glucidating the

meshanism of tha reaction. However, despite many

theoretical and mechanistilc studies [35, 96, 147, 14E}

One of the earliest, and probably the first, mechanisms
proposed for the WGSR was that made by Temkin et al. (149},
In this mechanism the CO shift conversion invelved an

oxygen transfer reagtian 1In which an oxygen atom is

- I 3] » ) = [T - L H el ] = - s 1

monoxide molecule, the wcatalyst acting as the oxygen

transfar agent, This type of transfer iz known as the



5

regenarative or redox (reduction-oxidation) mechanism. The
reaction is genarally split into two half reacticns in
wiiich the active surface sites 5 underge successive

Al et an awmAd wasie
P LA kWbl il u T

respectively, to form the corresponding hydrogen and carbon
)

H.o{g) + 5, = 5, +H, - (1.11)

Oxidation:

SOl + By, = Spog+ 00, (5] - {1.12%

This mechanism iz characterized by two features (397):
Flrstly both reactions must be thermodynamically possible

and secondly, the two reactions must, tao a cartdln extent,

procesd independently of each other.

support for the regenerative mechanism came from Boreskov
et al. (150) who showed that the reguired reductian of the
active phease of the high temperature shift eatalyst, Fe,.O,,
and the subgequent oxidation of the reduced speciez, was
porsible under normal cenditiens, They concluded that the

H,O0g) +3Fe0 « Fe,0, « H, (g - {1.12}

- g S y ’ - [I.14)

Strong disagreement with regard to the invelvement of the
ragax mechanism ovar Cu-bkased low temperature shift
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cetalysts iz evident in the literature. van Herwiijmen et
al. {151] rejected the mechanism on the basis that neither
ouQ nor Cu.? could ba formed from copper and steam updar
the reaction conditions. However, Chinchen et al. (152]
domonstrated the possibility of a regenerative mechanism
for the copper catalysed WGSR. More recently using *o-

jsotopic laballing in an epdeavour to elucidate the

methanol synthesis mechanism, chinchen and co-weorkers {153)
showed tHe ooourrence of two reactions needed for both the
forward and reverse WGESR:

H30[3?5+S'*'GM5*H2 [er} - {1.1%)
CO(gh + 4, = 500, {g) - {1.16}
wherea: 5 is 5 wacant surface site

In the light of soma of these results, Lloyd (1) concluded
that wvan Herwi4nen’s dismiszsal of the regenerative
sechanicw was inwalid for adsorbed owygen formation,
pecause there is no aguilibrinm limitation te Reaction 1.15

[oF oxygan coverage of o falf monolayer oo less.
1‘3-2 ThE‘ -.____ﬁﬁ{ ntdue e L]

yurfeva at al. {154) proposed 2 mechanism ol a copper
chromite catalyet, where the reaction takea place through
an activated copplex or central interpediate of a prior
gnknown stoichiometry of reactants Co and H.O:

C Do} — CO(ads)
H,D(e) = H,Dlags)

—_n 7]

COlags) 4 H,0Olads) ~—— [ } ~— LC@,lads) Hafads)
Lo ladst === COgq)

HE{HHS} — Hytg! - {1.17)
where: [ ] denates the central intermediate O unknown

capcentretion.
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It is of relevance t9 wmwention studies conducted to

determine the identity of this central intermediate.

Yropmramd adoaosrd- 1o, sombers dhooa s d oo
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to expect a relationship betwesn the activity of the metal
catalyst and the strength of interection of CO with the
metal. Uzing heats of adsorprion data ag reported by
Vannice at al. {1%5), they were able to draw & "wolcano
shaped®” correlation between the heat of adsorption of CO,
and metal activity at 300 C, as shown in Figure 1.8.
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turnover npumber &at 300°C and hear of
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interaction between O and the catalytie surface. It is
argued that if this interaction is weak (as in the casa of
Au) the activity will be low because the surface

concentration of €0 will ba low. Hlowevar, 1f the

interaction hetwesen CO and the metal 1ls very strong (as in
tha cacse of P4 or Irl thenm the CO-metal intermediate
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becomes =0 stable that subseguent reaction from a cantral
intermadiate slows down. For the WGESE the copper—carbon
nonoxide heat of adsorption at 200°C ls ebout 18.3K.cal/mol

I I

activity at low tempperatures. Bassd on thelr studies of

J o -

support effects, Grenoble af &l. {39) showed that Si0, and

AE_ 0, supports provided the principal =ites for water
agtivation. It wes suggested that in the case of Af_0,,
water could be activated wia dicsociative and non-

dissociative adsorption.

In c©onclusion, they considered the WESR to ocour
bifunctionally with the active metals actlwvating CCO, and

Mo Froeesad e o SR Aol b asausdd ode s

As early as 1520 Armstrong and Hilditch (156) suggested
that formic acid was the ¢entral intermediate ln the WGSR
over a Cu-Znd catalyst., They based their findings an the
fact that copper became active for the reaction at a
temperature corresponding to the onset of Gatalytic
activity for the decomposition of formic acid.

Grencble et al. {(23%) proposed the fellowing mechanism for

thae formation of a formic acid intermediate, owver an
alumina supported metal cATalyst.
D
iy
[N (L] H--F‘::I.l H
\_/ \ s
O 0
— = = = — Id.-l i = l-a.=-nl___.l"1. L nLa
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whora: M reprasents the metal surface
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Formlie acid must "shift" from the support to the active
meta)l component of the catalyst, before decomposition to
tha products H, and ©0, can take place. According to this

,,,,,,,, 4 - [ ———— 1 | —— J iy —_——
L 1 Lo HUVHEILIICW Y e

proposal, the rata of reac
accasgibility of vacant surface sltes on the metal, nade
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Herwidnen et al. (151) glso raported the existence of a
central intarmediate over a Cu-3i0., catalyst having the
pame stolchlometry as formic acid. They alsao suggestad
that copper was an active catalyst for tha decomposition of
formic acid. amenomiya and Pleitzer (84) were able to
identify tha presence of formate ions on promoted alumina
catalyate using infra-rad spectroscopy, Bnd propo=sed the

mon choan ol FAare +
—a =] L= A L WP T e A [~

K .
0 4+ €O + H,Os) = HCO,
Al.ﬁ" 2 I
K. K*
Ea Al-0OH ) .
e _ [l-lg}

Backing up their proposal, they also found that the
reaction rate was proportional to the surface concentration
— of the formate icns.

Shide et al. examined the mechanism of the WGSR over Mgo
{157y and Znd (158) uslng Fourier transform infra-red
spectroscopy. In the case of Mg0, they observed that
hydroxyl groups reackted with 00 to produce unidentate,
bidentate and kridge type formate intermediates, whilst
bidentate and bridge type formates pecurred on Znd.  Very

racently, Horvath and S5is=kin {15%) used high prassure NME

spectroscopy to provide direct evidence for the formation

prasent in corl. On the other hand Colbourn &t al1.

{1
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generate formate—type Aadsorbates on unsupported and
urprometed copper catalysta. Inatead, they considered the
reaction to be occurring by tha saguential nxiﬂatian and

— ] —_—_ a1 I T P L

reduction of a small fraction of the Cu surface to pra

the WGE products. Salmi and Hakkarainen {l&l) have

P N TR N I P I S I .
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the regenerative and

i
asgeociative mechanism on copper based catalysts.

Shopov and Andraeaev {146) &lso demonstrated the conbined
mechanismn over a4 oobalt oxide promoted iron-chromium
catalyst, and extended 1t for all capes when the WEESR i=
carried out with the participation of transition metal

ions. The machanis=m aszume= the participation of lattice
MirirreaT [ ] -9 Fada-Rals =) A Fhaoa e IR Y otada i n T mru 1 wa
WY Ml [N L) L= 3 hrblCah Lg% L0l Lrk i OCAIOSLION =3 P lw R PLery LEL AL LFLL L1
Booordance with the redox machanisn. Formation of the
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oA raddein
=0

L

¥
)

Hutchings ef Aal. (162} investigeted tha reaction pathway
mvar c<obalt chromium oxide, cobalt mangenese oxide and
copper manganessa oxlda catalysts. Using kinetie and model
reagant atpdies, they proposed mechaniswme invelving the
formation of surface formate intermediates pn both cobalt
~ and copper contalning catalyst systems.  This wark is 000

discussed in more detzll in Chapter 7.

Okl and co-weorkers used the stoichiometric number concept
to conduct what Newsome [35) describes as "fundamantal and
exhaustive" mechanlstlic studies performed on the iron-
chromium  high temperature shift catalyst. The
gtolchiomnatric number cancept 1& regarded as one of the
most powerful technigues avallable for the determination of
tha rate-gentrolling step or steps for solid-catalysed

Jasacus raactions (35). Thermodynamic calculations, the

1]
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The wvelue of the stoichiometric number procedurs implied
the number of times an 2lementary step had to be repepted
in order to obtain the overall stolchiometric eguation far
the reaction. Using this concept, Okl concluded that the
"Tempkin redéx mechanism" [(145%) for the ilron  besed

- F .
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proposed the following two mechanisms:

Mechaniem 1:
COig) — CHi=)
HthgJ T— ZHLa} 4 fal

COLal + Ola) =— CO,al

—
CO,la) == O,

ZH (=) H:[g]' - {1.20)
Machanism 2:
COigy =—— CO(a)
Hzﬂ{g} — ({QH{a) + Hia}
Coia) + QHla} =— COOHLa)

COOH{a} == CO5(a} + Hia)

CDE{E} ——— CDE{Q]
2H{a} T=— H,ig} - [1.21)
whare: {an} represants spagies adeorbed on the active

eite.

Mechanism 1 modifies Temkin’s redox mechanism (149} in that
surface adseribed pxygen (rather than lattice oxygen) is

involved in the reaction pathway. Mechanlsm 2 is
slgnificant because QK1 demonstrated that the ildea of a

[l - e P P 3 L = y o = = 1+ —ha H = = M T
= = = = ]

based on the stoichiometric number technigue,
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The mechanism of the homogeneous catalysed WESR over simple
transition metal carbonyls of general formula M,{CO), was
considered by Ford (14B). He propoeed that rhe
nucieophilic activation of €0 by reactiaon with H,O or OH

in the formation of a formate

ke 1l ko L oa I F - ' P '
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LEl
atom and noft vis the acidic oxygen ms ie often predicted.

Some researchers have reportad that the formation of a
formate intermediate does not nacessarily ensore automatic
decomposition to products. For exampla, Ellioctt et al.
{1€3) showaed thaet together with a formate intermediate, the
prasence af carbenate and hydroxide anlons ware necegsary

[ L L7 o il A nrdl Toamsonsn F1Emh
A wUF g (=g | T AW El]u AaCla O WwWel L4L+2F

Bkt = L Y ol
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also  i1nstrumental in  activating its deactivation to

Aydrogan and unidentate carbonate, which desorbed as COg

1.8.6 Summary of proposed mechanisms

Evidence has been presented in this review to clearly show
that although controvarsy still surrounds the exact

hans ; a1 ; .

mechanistic routes can be gategorisasd. Flrstly, the
regenerative redox mechanism appears to be operaticnal over
= ondly, iccovery of a centra
formate intermediate easpeciaily an Cu based catalysts,
providas eavidence for an agscciative type of mechaniam.
Although overwhelming evidepnce must convince one that a
formate species may play 3 pivotal rele in the mechanism
over copper containing catalysts, and evan matal carbonyl
homogenaous systems, 1t would be unwise +to  ignore

significant experimental results showing the feacsihility of

having a modified yedex mechanlem in eperaticon over similar

cataly=ts.

Steps reguired to complate the reaction cycle appear to

lnv:‘_‘rl".rp ctyraimhkte forward zadepnr

=il
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It is suggested that the mechanism of the WCSH is catalyst
sensitive, and the simultapeous cccurrence of both tha
redox and asacciative mechanisms, or variations thereot,
may be possibie for certain catalytic formulations and
operational conditions.

1.9 THE KINETICS OF THE HATER-GAS SHIPT REACTION

A large number of kKinetic exprassions have been derivad for
both the iron based high temperature shift catalysts [164)
and to a lesser extent the copper-based low temparature
shift ecatalyst (131). As the kinetic rate expressiens of
catalytic processes are dependent on a number of factors

— g T S —— - e mma _.m

alyst preparation tochnigues, reagent gas

impurities and operating conditions (35}, it is not

mathematical rate expressgicons for similar WGE catalytic
systems. A summary of fcme of the important axpresgions
follows in thils pection.

For the high temperature Fe-Cr-0 catalytic systens, Hoes
{165) presented an expression based an an egquilibrium-
limited, first-order dependence for all reactants in hLoth

found wide application in industry, and has the form;

Myog = K[ Fy o Py = By Py - k] - {1.22)

where: R..0o = WG5S reaction rate
= rata constant
k = agqulilibrivm constant

"~
|




Temkin &f al. (1l66) derived a somewhat wmore comnplex power

expression for the same catalviic syetem:

{Kag- Pog, Fp )
5 - {1.23)

A.E%ﬂ+ oy

Hyze = K Fpor Fop —

where: Reyrza = WGE reaction rate
K = rate constant
Kag = eguilibrium constant
2 = capstant
12 = partial presgure of compenent i

Podolski and Kim (167) used statistical tachnigues +to

digcriminate between rival models., Also, using their own

and previcusly published data, they concluded that only the
power law and a Langmiur-Hinshelwood model could best
dezcribe their resnlts, However, Boudart (168) considered
the form of the Langmiur Hinshelwood rate expression to be

hasad laroelv on an ovarcorrolation of arailalhle datzs . hute
Qely Dn an ovarcorrolarion oI avallahle dada, bukb

admitted that tha model reasonably predicted the expectad
yeneral order of adsorption strength of the speciles in the

WESR to be CO = H,00 > CG, =~ H,, However, in a guest to
move away from complex mathematical medelsa, Chinchen et al.
(42 succegsfully reported a modified rate eguation based

on & Langmiur-Hinshelwood model to describe the WESR over
an Fe-Cr-0t catalyst. They managed to reduce tha rate

equation to the following expression:

R *5 (1.24)
aa T T '
where: Ruwna = WG5S reacticn rate

P = total operating pressura
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Recent work by Hotchinge et al. f162) showed that at low
Poe the WGSR was also cbserved to obey Langmiur-Hinshelwood

type behaviour over Ce-Mn® and Co-Cr,0, high temperature
shift catalystis.

For the coppaer-based low temperature WGS catalysts, the

power exprassion derived by Temkin ef al. (166) was also
found to accurately describe the kinetiecs of the reaction
over a Cu-Ind catalyst {53). In addition, Lloyd et ai. (1)
have reported the pore-diffusiocn limited version ©of thae

data and semi~techpnlcal scale results:

k00 [8,00272 (1 = [00,] {#,] - K00} [H,0]

Rz = - (1.25
s PYEQI 4+, [C0] + O[O0l +. ..} f )
whers: Errears = W55 reaction rate
k = rata canstant
€y and C; = eguilibrium constants

These findings might be diffiecult to explain if the irsn

catalyeed WGSR is considered to proceed cnly wvia a
regenerative redox mechanism and the copper catalysed
reaction only via a formate type intermediate,

The kinetics over a sulphur tolerant Co-Mo oxide catalyet
system was shown by Hou af al. (169) to bBe linked to the
kinetics of the irop and copper based systems in terms of
a Langmiur-Hinshelwoond surface reaction.




The kinetic expression obtained by these researchars is

ghown in Eguetion 1.26.

k K [oo] {H,]

H o - " - 1-26
T {1k (H,0] + K, [CO] ) 2 r :
where: Rizasa = WGE raaction rate
K = rate constant

K, and K, = eguilibrium constants for H,O and Co
adsorption respectively

Eineti¢ consziderations of the WGSRE have provided us with a
means of analysing wvarious reactieon mechanisms and
improving our understending of the reaction sygitem As A&
whole. Both the regenerative redox amd the assaciative-

intermediate types mechanisms have been shown by wmany
authors to conform +to  wvariocus observed rate laws,
substantiating their validity and inportance in the WGSE.

1.10 ATMS OF THE THESIS

Whilst tha WGSR iz a very important catalytic and
industrial process, catelyst development and oparation is
&till not fully understood. At present there exists a need
te develop a WG5S catalyst that has high activity,
structural stability and, sulphur poisoning insensitivity
{55)., Clearly, it follows that the achiavement of a low

concantration of carbon monoxide at the exit of the LT

shift converter, a= a raesult of a highly active, wall
stabilized catalyst, would be of considerable finamcial
benefit to the plant operator. Lleyd and Twigg (79) stated

44444444———£h5t—&—pEff&ﬂt—}ﬂH—temperaturggshtftgcatatygt would cperate

continueusly at the eguilibrium outlet carbon menexide

i
4+ -+
Fﬁ'l"‘l"'ﬂl‘l‘l" DOy oo st .d rg o th

m

temparature determined by the

inYet gas temperature and carbon  monoxide content.
Although in practise this is rarely poseible, much resasareh
has given ug criteria necessary te strive for this goal.



It may be concluded from this chapter that it iz widely
accaepted that the activity of low tenparatuye =shift
catalysts is to a greater or lesser extent dependent on the
suriace area of the copper metal content and thus, in
general, the greater the copper area, the higher the
activity. Therefore a catalyst containing 100% copper, ing
a sufficiently finely divided form =ghould bea the most
active material for this duty ([&1]. However, at low
operating temparatures, small erystals graow by sintering,

rapidly decreasing the copper gurface area and hence
activity. Thus a well formulated catalyst should be an
optimised balance of dispersed, finely divided coppar, with
sufficient support incorporated to stabilize the copper

crystalsz, Th

a development of such a catalyst forms the
basis of this thesis.

Initial Iinvestigations inveolved the identification,
characterisation and preliminary optimisation of novel
Raney coppar catalysts for the WGSR (Chapter 4 and Chaptar
5). The objective was to preduce highly ective and stable
Raney catalyets by the caustic and acidie extraction of

cu-Zn=Af{ alloys. The continuous, sponge-like Raney copper
rin suggested that a minimzl amount of inactive =ipc

————Bupport may be required te provide ecatalyet stability. It —

was congldered that the high copper surface area might be
meintained by the wvonusual morphology of the catalyst

systen. Thus the effects, if any, of the zinc stabilizing

promoter on WGS activity and long term catalyst stabiility
was exanined by the selective incorporation of the metal
into the Ranay catalyst, either during the extraction
process from gincate added to the leach solution, or by ion
implantetion. Specific copper surface areas were
determined wusing B nitrous oxide pulse chemisarption

technicgque described in Chapter 3.

Statistically designed experiments {Chapter &) wers

enployed to assist in the formulation of an optimal Ranay

coppar catalyst by simultanecusly conegidering the large

N B N T

numhar of variables which may have contributed towards



catalytle activity angd stability, This approach allowed
far the ldentification of asignificant variable intarastions
on the desired responses «hich were itmportant for
accurately calculating the optimum catalyst composition.
Raney copper catalyst performance was evaluyated as a
function of time-on-stream, opsrating temparature, (GHSYV and

COIH_Q ratio.

Model reagent co-feed experiments were carrisd oot ip ocrder
te elucidate a possible WG5S mechanism aver the optimisad
kaney coprer catelyst {Chapter 7). Alsa, the effacts of
the addition of alkali metal promotars on the WGS activity
of the Raney copper catalysts were considered in Chapter 7.
lkali metals are well known to promote the activity of
conventional’ co-pracipitated Cu-Zno-af_ 0, WGS catalysts,

-

Earlier ressarch work (55) showad +that the high WGS
activity and stability of chromium and nanganese oxide
supported cobalt catalysts could be sustained ip gas
contalning up to at least 240ppm sulphur. This result
Euggested that these novel high temperature WGS catalysts
couid aiso be operated in coal-based plants which contain
sulphur impurities in their feed grses. Chapter B expands

444444444444nL4tnisgxeseaxen—iap—aﬂaiyﬂiﬁg—%#ﬁr—perfﬁrmancagtﬂthhESE““““*

catalysts in higher concentrations of sulphur.
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catalytic activity and stebiliey, fThis approach allowad
for tha identification of significant variable interactions
on the desired responses which were important for
accurately calculating the eptimum catalyst compositicn.,
Raney copper catalyst performance was evaluated as a
function of time-pn-stream, oparating tenmparature, GHEY and

CO:H,O ratio,

Model reagent co-feed experiments were carrisd out in order
to elucldate a possible WES mechanlem over the cptimizsed
Raney copper catalyat {Chapter 1. Alsn, the =ffactg of
the addition of mlkatil metal premoters on the WES activity
of the Raney copper catalvste were considered in Chapter 7.
kall petals are well known to promote the activity of
‘convantional’ co-precipitated Cu-Zn0-Af_ 0, WES catalystsg,

Earlier research work (55) showed that +the high wWas
activity and stability of chromicm and manganese oxide
supported cobalt catalysts could he sustained in gas
containing up to at least 240ppm sulphur. Thizs result
suggested that these povel high temperature wWe3 catalyets
could also be gperated in coal-based plants which contain
sulphur impurities im their feed gases. Chapter 8 axpands

———onthis research by analysing the performatce of thess

catalysts in higher concentraticns of sulphur,
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