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ABRSTRALT

Hydrezcn~oxyzen titrations have begn performed at room lemperature, over
2% (M= Re)y ALO,, 0.6 1o 0372 (Pt < I} ALO, and 27 (PL - Ini- ALO,
calalysts. These experiments allowed us (o oblain some information concerming:

(1) the 7. dispersion of the metal phase (P« Re or Ir):

{ii} the intcraction between PLand Re or Ir {1aking account of the differcnce in

reducibility of oxyezen chemisorbed either on Pt or on Re, I, respectively);

(i) the surface compasition of the melal phase (P1-Re sysicm only, Irom Lhe

sclective chemisorpiion of H. on PL. in appropriale circumstances).

Il is concluded that a relauvely homogencous particle composition of the
bimetallic phase is obtained more easily in the Pr-Re system than in that of the P1-Ir.

INTRODLUCTION

The catalytic aclivity of supported monomeiallic calalysts generally depends on
the pereent dispersion (24D} of the melallic phase. The measurement of 220 by means
of gas chemisorptions (H,. 0., CO) or titrations is recognized 10 have a very reason-
able degres of accuracy, at least for Pr¥ - *and Ir'-*. Re has been less extensively studied
but wc have ziven some evidence that it is possible 10 measure 220 (Re) provided the
hydroecn tilration is carried oul above room (cmperature® in agreement with
Kubickas work on unsupported Re powders®.

More recently, iwo metals, for example Pt and Re or Ir, have been used 1o
produce bimetallic catalysts in order to improve their performances in reforming

+ Par of this anicke was prosenicd 3t the Vzoegum Micaobalanees Techniques Conference in AMan-
chesler, Sept. 76 The paper was roaTilen in Ot 77, 1o take aecount of mone recent resulis and
rcfcrenees.
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rexctions. Determining Lhe 7. dispersion, 7.0 (P1 -+ Re or Ir). keeps the same intgrest
as for the monometallic catahysts. Two lurtker problems ane encountered:

(1) Determining if the two mwetals are combined together {in the form of
bimctallic clusters or of alloy particles, the termiaclogy is not established as vel).

(@ Determinine the surface composition of the metal phase, that is the 70
Re, {or In){Pts -+ Res or Irg), where the suffix 5 refars to the exposed metal atoms.
In a presiows paper®, we showed thad:

(i) The reducibality of oxygen chemisorbed on Re is considerably enhanced, duc
1o the formation ol (P1, Re) bimctzllic particles.

{i) The redicibifity of oxy=cn chemisorbed on Re is considerably cnhanced, due
o the farmation of (P1. Re) bimalallic particles.

{i}) Hydrozen chemisorption at room lemperature is rather specific to Pig. These
1wo falures alloved us 1¢ =ain somc insizht into the interaciion between Pt and Be,
and inta the sarface composition of the (Pt - Re) phase.

EXPERIMENTAL

Appuraris

The chemisorplion-titralinn measurements were carried ¢t by means of a
Sarnorius 2433 microbalance. The vacuom cquipment and (he anti-coniaminant device
used in order o decrease Lhe basz line Jrilt due {0 in situ contamnation of the sample
by residual cases <till present in the apparotus were described 1 rel” 8. The eleciron
microscope was 2 JEM 100 B, imit of resolution ~3.3 A_ The extraction replication
mcthod was applied, Gsing dilutc HF agoeaus solulion 1o separale the metallic parti-
cles from the ALO, support.

Coralvars

Supports. Two apes of ALQ, were used: (2) ~-AlQ, oxide C Degussa, 2
powder of § ~ 100 m? g7 (b} ~Al.Q, GBS Rhinc Progil in the form of pellets
~34mmknztk, & ~1.2mm, 5§ ~200m~ g%

Impreznaiion of vhe aciite clements. Aqueous solutions of H,PICl.. HReQ, or
H.IrCT,. or mixed solutions of H.P1CL, with HReO, or H IrCl, were usaed ta (co-)
impreanate the support. Experimental details are given inrefl 3 for the 270 (Pt -+ Rel/
2-Al0, calalysts. and (ke same procedure was applicd to the 240 (PL & INf-ALO,
catalysis. The 0.6 10 0.3 (Pt = Ir) canaiysts were prepaned according to example |
inrefl. 9.

Activation. {3) 27 (PL - ReY:~Al,0, {0 : =2 Re i 100} (% Re indicates the
relatine ™2 of Re versus (P1 - Re). The standard procedure consisted in reduction
under llowing hydrozen durinz 7 h at 500°C.

{B) 2% (Pt + Ir)=AlLO,. A first series of catalysis was submitied Lo the same
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reduction procedure s for the 27, (P - Re) catalysis. A second series was calcined
i am at 300 *C duninz 15 h, before reduction by hydrozen, These lasi catalysts are
dosiznated as “cajcined ™ 1o specily the acnivation procedure.

()06 3" (Pt - Ir)5-ALO, These catalvsis were calcined inoair at 526 °C
during 3 h oniy, before hydrogen reduction {16 h at 430 "C).

Procedure followed during the H -0 . virraiions

The sample was re-reduced in silu and oulgassed al its aclivation lemperntore
— 430 or 500 "C. Hxdrogen was {irst infroduced at room temperature (p ~ 100 Tarr:
f ~ 13 min). Several O.-H. eyeles were performed subsgequently, as shown im Fig. ):
2 pressure wis &~ 100 Torr, limwe of 2as-sohd contact ~ 13 onin, evacoation ~ 13 min.
HC,_, i< the increase in waight of 1he sample duning the H, chemisarption, HC, . the
loss in weizhl deninge evaceation and HC,,, the net increase in weizht of the sample
afler evacuation.

The first oxyzen Hiralion {of irmcversibly chemisorbed H} gives risc, similarly,
10 OT, ... OT, ... OT, . In the following we do not 1ake aceount of the reversible
oxyeen chemizorplion which iz only very slichily relevant for the present purpose. In

f Awipgrgeat)

-
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Fig- 1. Weight change of 1he sampic as a fonaion of 1he time, durning § ; chemisorpion and sub-
soguent Ha-Qa rirgisens. pver: 6T PrUy-ALAT, and D70 TF -AL0),.
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Fig. 2. 270 i+ Ra—AILD, atzbsk. Imeversibly dhemisortaog My {HC,... care 1), irrcccrsibly
pckod vp Hy dovme the first (HT, ;.. or socond (HT; () lilntion (cunve 1) 25 2 fundjon of 7280c
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Fig- 3. 225 (A = Re) 3-A3;0, atxlync Irmeversibly conspned O, during firs fourve ) or second
founac 1} axxpon Bilgtion, viersgs TR,

A cases 7~AL0, chemisorbs H.O strongly so that the water formed during the O, H..
litrations was apped by the support of the caalyst.

Resules of ke (1., O.) chenvisorprion and ritration experiments

Fr, Re, Ir nronamciallic caralysis. The amounts of irreversibly consumed H., O..
H.. - - - dunng the H. chemisorplion step (HC,,,) and the subsequent O.-H, tira-
nons are reporied in Table 1. In 1he case of Re, HT, ,,, appears 1o be nezlizihly small
and OT, 4, is less than 107 of OT, .,z only a small 2 of oxygen chemisorbed an Re
is then titrated by H, under the actual conditions, 1.2., at room lemperature

2% (PL = Re)ry-Al.O,. The varation of HC,,, (curve 1), HT, 1m» HT: i
(curve 11} versus 22 Re is reported 1n Fiz 2 The accuracy of the HG,;,, values was
rather low;. HT, i, HT; i, have similar values and decrease sharply as 74 Re in-
creases above 60%7

On the other hand, the OT, ;.. values {Fig. 3, curve 1) show only a rather small
varmhion versus 72 Re, while the OT, |, values {(Fig. 3, curve 1Y) show the same trend
as the HT, ;.. HT. ;,, values.

Figure 4 shows the varations in the amount of hydrogen reversibly chemisorbed
during the hydrogen chemisorption and the first and second hydrogen fitration meas-
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Fig. 4. 3% (P + Rel3~ALD, cxslyxis. Reversible chomimarbod H: dorning i, chemisorption
(I C =], st and zevond H it 1H Ty - HT 2 e rospoctivcly)s versos JJRe
TABLE. 2

COATFARSDN: DF THE NORMAL ANT REDISETRSID roeus or (FT - Rel5-Al05 (T2 Re -+ 60}
Valuesmpg™ " )
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urements. There is a pregrossive decrease of (HC, HF . HT ). a3 7. Re increascs.

Table 2 sathers the wlues of HC,.. HC,... OT, i HT, ir. OT. .. for the
roulinely activated 6027 Re catalyst and for the same catalyst “redispersed™ according
to 2 method described by Yao and Shekel”. The “redispersion”™ consists in oxklizing
1he catalyst with ©. at 300 “C, subsequently healing inan inerL 215 s(FEam oF iG vacuum
al 500 "C. befere final hydrosen reduction at 300 “C. OQur experimenizt conditions
were: O, (100 Torr, 4 h) evacuation (15 hY. 10 “redisperse™ the rhemium. OT, ;..
. appears 1o be very significantly increased and OT, ,~OT. i even more s0.

(P = Ir)i5-ALLO,. Fizure 3 reports the vanations of OT, (n versus “r It for
the three serics of eatalysts. OT, ;. d0es not depead very much on % Ir in the 0.6 to
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Fig % 4Pt = 10 ALLD, clalyts bnoocridbly comamneed 32 during the dirst axxpen sitrvion
1or, sreke 3 fumciion of " Ir: 3 ta 06", 15 - Ird clcined Crizlveis dewve Tp: 275 1 - Ik ozl
cincy] cRialrsks fourve 1 27 (P - In) nonalcined catadoas (corve K.

370 (P - ) conalysts: it imercases significanthr at hizh °_ v, in the non-calcined
275 (P < 10 calalvsts: fimally OT, . decreases hincarly as ™. It increases in the
calkcined 27 (P1 - 1) catalysis,

The accurcy in the measurements af {HCY;,, was rather low, as lor the 27
(M1 - Re) catalysis. HT, 5, was lound to be approximaltely proportional to OT, ;...
hence LIS nol necessary to report their valucs. Concerning the hydro=cn titrations, it
is of inlerest lo consider the kinctics of the process. [L was found in fact that the by-
drogen lilration 13 more rapid aver PUAL O, than aver Ie7ALL O, _Therefare, the rtios
of 1117, . ; (incpease in weight afier 2 or 4 min during the frst or second hydrosen
titration) and .3 I, were evaluated. Figure 6 shows the variations 10187, , .7 1117,
versus ;. Ir for the 0.6 1o 037 (Pu - In) catalvats and Fie. 7 relates to the 2%
(P1L -i Ir)catalysis: a. calcined - b_non-caleined.

Elcciran micrascopy resilfis

The H.~O; litrations do pol give any inforniition about 1the metallic particle
size distribution, eleciron micrascopy being the most uselul tool 10 this respect.

The results oblained over a few Iypical catalysts are sathered in Table 3. The
following remarks may be added -

(1) The diMcolty of observanon of Re in Re~ALO, and (P1 -+ Re)5-AlLLD,
has also been reporied by others'™.
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Fig 6 Fust o sexond Ha fitrotion ouer fhe 03 (o 0677 {P1 ~ Iv} cldeod calalysls. Inonease of
weighi afier 2 o (eninve 13 or -3 min i [T ovef incrcase of weight aller 15 min, worsus I

{2) A considerable difference was obsexved betwern the alcined 277 Ir catalyst
and 1he two other Ir monometalic clalvsts. Sintering of Ir as big 11Q,; particks
during prolonged heating of IrfA1L,Q, i air has already been reporied® ', The 15k
calcination in air of our 2% Ir catalyst was clearly not sufficient to permit all of the

Ir ta be sinlered, since small Ir panticles were still pretent besides the ~ 200 A large
on=s.

DISCUSSION

T!u_e discussion it snecessnvely focused on the 52 dispersion of the monrometallic
ealalyss. 1the properiies of the melallic phase in the Pi-Re and Pi-Ir bimetallic

calalysts [Z20 (Pt = Re or I1)], the sieface composilion and the inleractions between
Prard Re or Ir).

The Pt, Re, Ir mononerallic carolysrs

Mecthod of measurement of LI{Me). The calculation of $2(P1). %D{Re),
22N [rom the H.-O.. tiralions at yoom lemperaiure and the comparisan with
electron microscopy data have been discussed in our previous papers®5_ Table 4
reporis the stoichiomelry of surface reactions which amc considered 10 operate over P,



103

Fig 7- First or sevond H, titrarion aver the cakined 22 (Pt =+ Ir) catalysis (3) and over the non-
calcived eatalysis (b). Increase ol weight aficr 2 min fcurve 1) or 4 min {(curve 11) over increasc of
wight 3ficr 15 mm, vorsas 74 Ir

in azreement with Barbaux et al.*, over Ir, in agreement with Brooks®, and over Re.
With regard 1o Re, we consider the hydrogen coverage 1o be very low after the hy-
drozen chemisorption measurement, under our experimental conditions, and the
OfRe, ratio nol very diflerent from | after the OT, ;. measurement.

OTy iy was then used systematically for the caleulation of 37 D(Pt, Ir, Re)
(Table 5). When possible, 22D (Me) was also calculated from the cleciron micrascopy
data. The agrecment between the oxyzen titration and the electiron microscopy data
may be considered as satisfactory, excepl for the non-calaned 274 Ir catalyst. The Ir
in this catalyst was esrrainly not compleiely reduced o Ir”, since increasing the
temperature of reduction from 300 to 700 "C gaxe rise to a 107 increase in OT, ;.,,
mstead ol the decrease thar would be expected. It i wonh noting the agreement be-
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TABLE 3

ELECTRINN MR TOr: ala

— e — T ——— e e L e ————— s o

Crecaalesr Armee pn-fm!# e ] a#ntahr ar rr;:ad tar dhp purrtiche size
sice ¥4 e rrshainne

Cabaged 065, Pt 1570

Cabapal 27 P 1= A very small T2 P piesent o kirse partsckes
1100300 A)

Mon-ceicinod 27, Pt ~ 20 o bl barge pertichkes anc more numcrmgt than
mcboied T, Y

270 R Urabctermncyd Fhighhv grepersod Ko i handiy ™ obsoroed by
chkeciron mcnzsgcepy

Calcpad .37 Ir -~ ID Smalker unedeiodcd parlicies sire probably aha
prossT

Cirlcime] 27, Ir Undcicrmingd Larpe partichs §~ 200 A) pho mech smalker ones

t\m—:::km:l > tr -~ o Namew panikcke size distribotion

am Py Re) Nog examincd In spmilyr proyioendy cuaming] eatalysts?- < did

net vary auch Miom G up ta ~ 370 Re; e the
kighesr 7o Re; sy rosnark o Gor ke 270 Re

il
Cakined B.67T_tF1 - Ir)
= Ir - 67 16-20 Phes 3 ow Luiger posteches
= Iy = 5 1.9 F Ruckatiody mrpow partiche sinc distr bution
Cabcend 270 ¢ & ) Unibctcrmmimad Sl fp 3 F0- 50 mintors o e nclzted
=Ir =~ 5p mosoacEaiic c212lysis
Woo-gicnad 27 1P - Ty~ W Retatively narmow panicke siee distribution
Tole s D
TABLE 4

TN s mFArt REACTRES DRSS TE H: cimusosenas awn scmegersr (-5 ieaross aover
1. Ir ox Re>~Al£),

T - f— e — R - - A - -

Soic R [65 ¢ T Jreereerse of wiveke of
I.E.'_:qmpkr g ety l[r;l
s ..., Ae, - B -« Ac. H .
[ BN o 3 U AcgH : L5 D — Ale O -2
Ir = = EHD o,
s HE g o Mo - 31— Al 1 .- 34
z Il:ﬂm
2 HG ., I vory low ~ @
Re -
z OTy iee Mo, = 10— A O - 16

———— S e - m— —

= Thccmhn# wacE s posgmcd Lo iﬂ:qnhlnlrn:l}‘ n—.—-ppcd I'-r lhx:qlaly.sl mﬁ-:-n,

tween Lhe oxyoon itration and the clectron microscopy dala for the B33 Fr catalyst
which was feond o b ixeemedy well dispersed ; this sugzests that only lll.ilc devialion
if amy from the steichiometry of 1 O per Irg takes place as 7002 () increases up (o very
high values It shonld be recalled that achange in the sloichiometrs: frem 1 O per P ta
10Q por 2P iis corrontly admitied, as 220 (P) increases to very high values!'*-*3
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TABLE §

o DM e i P I suserevnven v 5 AL, ook E g L CATALYSTS

Caralrsr el ) X0 T F =20 < Mcy frooar
Jroun OTy .., clecIron microsoopr

= - - - . - — - e ea—— - ————— e m

Cakuned DL6™ T, ~ 60

52
Calancd 27, Pt 43 - &l
Non-cakmned 270 P e o ~ 50
ol . % &0 U ndctermimcd
Calcined 0.372 Ir s ~ o
Calkeined 2701 15 LU'ndcticmmined
Monscaboined 27 Ir &b ~ 95

The values of OT, ;... HC,,, in Tabtle | show OT, ..;HC;,. values siznificantly
lower than the theorctical one®? relevant to the stoichiomelric reactions reporicd in
Tablkc 4. This may be ascribed 1o some reoxidation of the metal during evacoation in
vacuum alter 1y situ re-activalion,

FThe mean valuc of the roversible hydrogen adsorpiien on PL was foond 1o be
~1.75 H per Pi; and may be reganded as being in reasonable azrecment with Barbaux
et al.’ {1 H per | Prg under 2 =200 Torr): Lthe reversible hvdrogen adsorption on PL
in facl gives rise to IR bands of increasing intensity with the hydro=en adsorplion
pressur'®. The reversible hydrogen adsorption on It is probably somewhal less than
on Pt ( ~@42 per I).

T2MAPL. Re, W) giconding to ihe mrethod of prepararion. The vclevant feature
about P11 that 720 (P1) docs not depend very much on the support., the wi 7% P, or
the mecthoed of preparation. Extremely well dispersed pure Pt on 3-AlLLO, is certainly
nof casily ohiaincd and stabilizcd.

On the other hand. very highly dispersed Iris easily prepared, in agroement with
for instance Boitiaux'® who prepared 03377 rf--AlL.O, with =_2(Ir) ~ 100 {duralion
of the calcnation siep in air, bofore redection: 2 h at 350 ‘C). Sinfelt!!, Rasser'”,
some of us also in rel. 5 and in the present work (Tables 3 and 3) have shown that a
profoneed caleination {~ 135 k) in air of H.I0CIfALO, at 300 'C%** or at a sull
hizher temperatore’™® gives rise 1o a considerable decrease in %D (Ir) in the final
catalyst. The vanation of 2.0 (Ir) versus the duration of the ealcination sicp before
reduction. 15 mosl probably the resull of two phenomena ;

{) the comersion of only slowly reduaible IrlCl, exchansed species inlo more
easily reducible IrQ, aggregales. This phenomenon would resuit in an increase in the
number of Irg in the inal catalyst. 1n this reoard, recall that Escard et al*®, Bozon-
Verduraz 1 al.'? concluded from XPS. LiV-isible spectroscopies and sclcclive exirac-
tion, thal imporiant amounis of Ir (111) may be trapped on the surface of reduced
Al O; supporied Ir catalysts.

{11) The second cffect lies in the sintering of the small 110 aggremates inlo Targe
(200300 A) IrQ. particles, as mentioned above.
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TABLE &

% oosrescsEnx oF (P & RE) N THE 2742 {F1 + Rl ~AlQ) CATALYSTS

it o] = Lt ] = = LTS A e T TSI IR, SN SRR i

¥ Re a o 40 &0 50 100
D Pr-= Rei 31 = Gl 0 o6 o0

With regard 1o Re, we simply note thal the 34 Dispersion is of the same order
of magritude as for Pt.

The 2%, (Pr < Re)i-Al.O, caralyses

#(PL - Re). The conest method for evaluating 52D(Pt + Re) from OT, §,,
was discusted in ref. 3. The varialion of SZD(Pt 4 Re) versus %% Re, (see Table 6)
shows a broad maximum 3t 60-707% Re.

ToRegi(FPte +— Reg) (surfgce composition). Similar values of the surfzee and mean
vompositions of the metal phase were inferred from hydroger chemisorplion volu-
meine measurements and from CO IR spectroscopy measurements®. The present
result concerning the reversible hydrogen adsorption (Fiz. 4) corroborate this con-
clusion. 3t should be noted that il the deerease in (HC, HT,, HT,),. as % Re increases
from O 1o 40 is less than 407, this may be acconnted lor by the increase in D
(Pt 5 Re).

Inreractions berween Pr and Re. This quesiion was answered previously by CO
IE. speciroscopy measurements and by a comparison between QT . and OT. ;,,.
In fact the rexfuction of the oxxgen chemisorbed on P1 is very rapid at 25 "C while the
reduction of 1the oxyoen chemisorbed on pure Re i< extremelv glow_ A sirona inereacs
in the eduability of RecO may be constdered as exidence for (P, Re) bimetallic
parlicics. Thrs inlerpreiation is strongly corraboraled by Massbauer speciroscopy
studies of (PL, Fe) bimenllic catalysis cither supporied on carbon?® or on alumina?®.
VYannice and Garten™* proved in fact that the oxidation {O.)-reduction (H.) of Fe on
the surface of (P1, Fe) alloy particles is reversible at 25 °C, whereas over pure Fe
particles it is not.

TABLE ¥

SURFACE FEONFEATINS OF THE ATAL pHask 1< 177 (PL = Re) < Al0,; (6077 Re): COMPAKEDN OF THE
NOWMAL AXD RIDISPLRSID STATES

Comlysr

£ IO parg (Pr = Re] "Pi) fRe. tP1.+ Re ) "D (Pr=Rej (Re,plfor) §Re unallay)
F " car. poigg='  poprm'  pegpet parg~'  papgTt
Normal 35 3% T T - 36 ~ 0

Redispersed -~ 65 4 92 ¥ 53
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Fig. 8. %, Dispersion ol (Pt - Ir} 35 3 fooction of 7% Ir. Caleined 0372 10 0672 (P <. 1r) calalysis
{exrve ). Men-eskeined and cabloamsd 272 (Pt -+ Irp caralyvsis tcerves 1 amd I cespectively).

The vexy similar values of OT . ., and OT, ;,, in the 20, 40 and 6077 Re catalysts
(sex Fig. 3) show that almost all of the oxygen chemisorbed on Re durning the first
oxyaen utration was reduced by H. duninge the first hydrogen titration, althongh the
H .-catalysl contact lime was only ~15 min. Hence Pt and Re may be considered as
being mamly aloyed. The more imporiant difference between OT, ... and OT: ...
in the 8072 Re catalyst could be acrounted for by a Kinetic efiect rather than by a
much more sizmbcant amount of unalloyed Re. Increasing the H,-calalyst contact
time up to ~ 1 f indeed reduced OT, ;,-OT ., 3., dJown 1o 2 neglizible value over the

% Recatalyst, bot not a1 all over the 10 % Re catalyst,

T clfccr of the redispersion Frearmeni. This effect 15 shown in Table 7, for the
60 52 Re catalyst, in the standard state and in the redispersed form. (PLy) was evaluated
from the hydrogen reversible chemisorption, and (Res), 720 (Pt = Re), (Re; alloyed),
(Reg unalloved) were subsequently svaluated from OT, 4,,, OT; 3.

The redispersion treatment, initially proposed by Yao and Shelel” for the
RefAlQ; monometallic catalysts resulis:

{3} in a significant increase in the %40 (Pt 4 Re)(fvom ~ 7 uplo ~90);
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(i) m a decyease in the interaction between Pland Re. The metallic phase in the
redispersed catalyst 13 most likely enmposed of bimctzific (Pr, Re) particles with, °Z Re
lower than the nominal composition and of extremely dispersed purc Re particles.

The (Pr -+ IrjfAlOy comolyses

Overall 7, dispersion af tie (Fr < Ir} phase. The vamtion of 740 (P -2 Ir)
calculated from OT, .. versus 7 Irisshown in Fig. § for the three serics of catalysts:
0.6 1o 837 (P1 + Ir) {curve 1) 2% (Pt - If} non-calcined (curve 11) or cakined
€corve ). Te 2 first approximation the variations of 7P (Pt - It) are prozrossive,
and the deviations from the incantx abserved at very small 2. Ir (corve 1Y or in the
0-207, Ir cancentration range (vurve 1) do naol deserve sny specific discussion. Note
that curve 11 does not differ much in its shape from (hat published by Engels 21 af.*
who reduced tiwir L67_ (P = I catzlysis withoul any precalcination inair.

Surfgee composition of the (Pt -+~ [r} phase. The surface composition may nol
be infermed from Lthe O.—-H. lilrations since the samie stoichiometric equations hold for
bolh irand P1.

fnreractions benweew Pr ond Ir. This question is importapt in that the (PL = 11/
Al-O, catalysis have some practical applications. In lact, the 0.6 0 0.3 =5 (Pt < Ir)
series of the presenl work has been prepared for an industrial purpose (sclective
hydrozenolysis of aliphatie dvdrocarbons??).

Firsily [et us consider the main fterature data. Sifell'* showed that H.FP<l,
plus H,1I7CL coimpregnated silica, reduction a1 500 °C, contains a {Pt, Ir} alioy phase
as deteced by N-ray analysis {(mean partide size 23 to 30 A according to Lthe wi "7
(Pt = ir) which was betwern 3 and 20); the ™2 Irii{Pt < Iny was 30 A 50 P1-50 Ir
supportcd alloy was then oblained even though the solubility of Irin PLat ~300 *C is
ounly 3 very fou: 70 and the solubility of Ptin Ir is stull smaller® 2, [Lis not elear as vet if
thx alloy phase &= thermodynaomacally stable {doc to an increase in the mutoal solu-
bality as Z0.0{P1 < Ir) increasces) or only metasiable since the segregalion of Pr from
Ir when bulk (Pt Ir) solid solutions ane heat wreated a1 ~ 500 "C shouold be extremely
slow*“. Sinfelt’* abo showed that 2 15 h precaicination in air at 500 “C of (Py -3 In)f
510 or ALQ, catalvsis ggve pise, alter reduction. ta a mixtune of Tarse Ir particles and
of much somifler P particles. Sinfelt' wried ta characterize 3.3% (Pt -+ IWALO,
catalysi= by Mossbauer spectroscopy using a small 7, Fe as a probe clement. The
resulis favounad the hypothesis of a (P, Ir) bimeiallic phase, provided the calcination
i 2w at 300 “C slep was omitied.

The Rasser' 7 approach lics in the H. Therma) Prosrammed Desomtion (TPD)
method. The most significam differenoe betwren PLand [rwas found 1o consist in their
respeclive sensitivity 10 carbon porsoning, which givesrise loa H, TPD peak a1 224 K
and which &= much less over I than over Pt. Only a small amgunt of Ir in the surface
of Pt was found to be sufficient to yemove the carbon depasit from neighbouring Pt
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siles, in the presence of hydrozen. The AlLLO, or 510, supporicd alloys prepared by
Rasser were ~300 A in metal particle size [35 (Pt -+ Ir} ~6]; calcination in air at
330~-600 "C for 13-20 h preceded the reduction.

Lel us recall also that a simple mixing of (NH,).PCl, and (NH,), IrCl, pow-
ders (3077 Pi-30% I1) followed by calcination for 16 h at 300 'C was sulficiont 10
obtain a heteroseneous alloy phase after reduction®, When the same mixture was
reduaced without any precalcination in air separate particles of Pt and of Ir, dentilied
by X-ray analysis, were obtained. Coming back 1o the {P1 - In);+-Al.O, catalysis of
the present study:

{1} Tlee elexiron micrascopy data in Table 3 together with the above literature
datz supporct the idea that the metailic phase in the 257 (PL = Ir) cakcined catalysts is
stronglv heterozeneous with regard o its panticle composition. On the ather Hand,
Fia_ T(a) shows a P1 like behaviour during thx H, litrations up to a high 77 Ir valoes.
The moat hikely hypolhesis 1o account Tor all of these data, is that the farge metallic
particles delecied by chectron microscopy arc indium particles with o small 72 of P

{2} The 0.6 1o 037 (Pt = Ir) catalysis and the 27, (P1 <+ Ir) non calcned
catalysis do not show any evidence (Fizss. 6 and 7h) for a symereelic effect betwveen Pt
and Ir during the H, tiratiens. Henoe we think that the metalhic phase in these cat-
alysis contains a high 72 of the Ir in the form of pure It panticles, withoul any inter-
action with P1. It should be noliced that this method of appreciation of the Pi-Ir
interaciions has only little significance in the low Ir concentrasion range; hence it is
very difficull to give valoablke conclusions from © vp 1o say 209, Ir. It should be
pointed oul that the synergetic effect between P and the second clement in (Pi-Mc)
bimctallic panticics, during the ©,-H, tilrations, is a vather gencral phenomenon. It
has been mentionsd above for Me = Fe and Re and was alko observed when
Me ~= Ni?%. The absence of any synergelic effect is strongly indicative, in our opinion.
of the presence of al least a part of Me in the form of isolated pure Me particles or of
{Me, 1) panrticles contaming no Pt in their sorface.

In conclusion, we have shown that the measuremen of overall 7 dispersion of
the metal phase in (Pt = Re or Ir) afumina supporied catalysis is possible by means
of the H,-0O. titrations. Taking account of the kineties of the hydrogen titation also
allowed us Lo oblain uscful information concerning the Int¢ractions belween the two
active clements. The (Pt, Re) alumina supported bimetallic phase appeared 1o be more
easily oblained than the (P, Iv) equivalent phase, over a large range of concentrations
of Ir ar Re.
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