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H y d r o s - o x y g e n  t i i rat ions have b,~n perform¢,d at room temperature, over 
2~-~ {Pt -~ R¢)~7' AI_.O~. 0.6 to 0.37L (Pt -~ i r } /~-At,O~ and 2";. {Pt ' Ir)S;" A I .O3 
cata|ysts.  T h e ~  experirncnt~ allov, ed us to obtain some information concerning:  

0)  the ~ dispersion o f  the metal phase (Pt ~ Re or  I t) :  
(ii) the interaction bctx~ccn 1Pt a n d  R e  o r  Ir ( t a k i n  s a c c o u n t  o1" t h e  d i f f e r e n c e  in 

reducibility o f  ox.~T-~en chemisorbed either on Pt or  on Re, Ir, respectively); 
(iii) the ~urlrac~ composi t ion o f  the metal phase {Pt-Re system only, from the 
selective chemisorption o f  Ha on Pt: in appropria te  circumstances). 
It is concluded that  a relatively homogeneous particle composit ion of  the 

bimetallic phas~ is obtained more ,*=~ily in the P t -Re  system than in that of  the Pt - l r .  

The  catal) l ic  acli~ity o f  support~l  monomctall i¢ catalysts ~.encrally depends on 
the percent dispersion ( ~ D )  of ' the  mclallic phase. The measurement of  7/~D by means 
o f  gas chemir, orpl ions ( H : ,  O , ,  CO)  or  t i trat ions is recognized to ha,~e a v e ~  • re.~,on- 
able de~vec of  accuracy, a t  least for Pt i .  • and  ! r ~- ~. Re has been l ~  extensively st udicd 
but ~ c  have gix~L-n some e~ideno~ that  it  is possible to measure ~ D  (Re) provided the 
hydrogen t i t rat ion is carried out  above room temperature ~ in agreement ~vith 
Kubicka°$ work on  unsupported Rc po'~xlcrs6. 

More  t~rt, nt ly,  two metals, for example Pt and  Re or i t ,  have been used to 
proclucc bimetallic catalysts  in order  to  improve their  performan,-e~ in ret'ormln~ 

* Palrl o f  thi~; a l l k J c  ~ras p r c s m l d  . I I  l h c  Y;zcmlm M i c r o b a l z p ~  Ta :hn iqucs  Confc fcno :  i n  ~ l~n-  
~ ¢ r ,  Sct~. 76. T h ¢  N i : ~ r  was rC~Tittcn in  O d .  77, tO t a l c  :,or.aunt o f  m r , "  ~ n t  r,-culls and 
rcfcTcoc¢~ 
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re:zczions_ Determining the .=~ dispersion. ~;:D (P1 ~ Rc or  lr).  kcep~ the same inler~st 
as for  tg~e monometal l ic catal)~r, zs- T ~ o  further problem~ are encountered: 

(]~) Determining i f  the two rrmlals ar~ combined to~_elhcr (in the farm o f  
bin~la!Sc c l u . ~  or  o f  a l loy part iclc~ lhc zem,;nolo~- i~ not established a5 yet). 

(_-~) Determining the surlFac¢ composi l ion of  thc metal phase, that ~ the :'~ 
Rcs (or Irs)~:{Rs -~- Rcs or  Irs), where thc :~u~x :5 refers to the c x ~  metal atoms. 
In =, pr+.~ous palx:r ~. ~c  sho~-cd thai :  

( i) The ~cducibil ity ofox.v_e¢~n cP.cmiso~-bcd on Re is considerably enhanced, due 
to the format ion or  [Pl,  R~) bimetall ic partic!¢s. 

(1) T I ~  rcdLNcibility o f  oxy=,.cr, c l~misorbcd on Rc is considerably cnhanccd, duc 
tO the format ion o f ( P l .  Re) binv~talli~ I~r l ic lu_ 

(iO H)-dro~zz chcmisorpl ion at room tcm]~r~lurc is rather specific tO PI s. Thc~_,c 
t~'o fc~Ltu~ alla~t~cd u5 to ~s~in some insi~hl into t l ~  inlcraction be[~ccg P! and Re. 
and into th~ sarfacecomposi l ion o f thc  (P! : Re) pho.sc. 

F.~PIERIME~TFAL 

ApFara~n; 
chc_m~sorlPlion~titralian measurements ~ere ca~ric~i ~:-::t by means o f  a 

SarEorius 4433 microbalance. The x-acuum cquipmcnt and th~ an i i<ontaminan l  device 
usoJ in ord~r to. decrease the b a ~  line JHI'k due to in sltu contamsnal~on o f  the -~amplc 
by residual ~ still present in the aplpar'Jlus t~ere described in ref. ~- The elecl¢on 
m~roscope ,~a~. a . IEM I00 R. l imi t  o f  resolution -,-3.5 A_ Thc c~tr~ct~an rcpiicat~on 
mctho~ ~.,~ applio4: t~T~in~ di lute H F  aquc-ous 5olui ian Io 5~parat¢ th~ metall ic !~ r t i -  

from Zhc Ai.~O~ support. 

Comly~s 

SupFor~s. Two  t_~]~s o f  AI :O~ ~v,~r~ u~t'd" (a) ~--AI:O~ oxide C D~gussa. a 
pov,dc~r of  S ~,- 100 m: g - "  (b) ~--AI_.O~ GBS Rh6n¢ Pro~il in the form o f  pcllct$ 
- -3-4 mm Icn~--lh, ~, -- 1.2 mm. ~ --.-_-~0 m-" ~ -  ~. 

[mpr~..ualion oflhe erl irr cl~mcnls. Aqu~ous solutions o f  H:PICIb.  HRcO.L or 
H.tTC~,. or  mixed solution~ o f  H.PICI,.  w i lh  HRcO.L or  H , I r C I ,  were u~-d to (co-) 
imprL~late the support. Ex!~r imental dctaiL~ are ~iv~-~rl in rcf. 3 for  the 2~.~ (Pt .~ Re)/ 
7~-A1_.O~ Calal~t~. and the ~ m c  proc,,--durc ivas applied to the 2~. (Pt -~ Ir)~7-AI..O:, 
catal)~ls. The 0.6 to 0.3:,; ( R  ~ I f )  cata l~ts  m-ere p t~a rcd  according to example I 

in ref. 9. 

r~ la t i~  o~ o f  Re ~'ersus (Pt -~ Re). The standard procoJun~ consisted in reduclion 
under flo~°~n~ h y d r o ~ n  during 7 h at 500 *C. 

(b) 2 ~  (Pt ÷ ir)j.~:~-AI.Oj. A t i m  s £ ~ s  o f  catalysts was submitted to the same 
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rcducl ion procedure as fo r  1he 2 :~  (Pi --. Re) catalysts. A sccond scrics xvas calcined 
in a i r  at 500 ' C  dur ing 15 h, before reduction by h ,drogcn.  These lasl calal_vsts arc 
dc~i~-natodl as -ca lc incd-  [o Slx~ify the aclix~ation proccdurc. 

(c) 0.6 to  0.3":; (P[ -~- Ir)/~,-AI.O~_ Thc~e ca ta lys~  were c:dcined in ~ir at 5~_0 ~'C 
durin~ 4 h only. before hydro~=cn reduction ( !6  h at 454) "C). 

ProccdJlr~ fol!o. '~. l  ,htrin~ !lie H z - O  : IDrzTiions 
T h e  s~mple  was  re-rcducc'd in silu a n d  ouz~_a~sed a t  it.~ ac l iva t ion  t e m p e r a t u r e  

- -  4:~0 o r  ~ "C. H.vdro~cn ~vas first inlr~)duccd al room tcmlx:ralurc (p  -- I00 T o r r .  
-- I.~ min)_ Several O - - H =  c~-c]~ ~'ere performed .~ub~qucnl ly,  as shown ;n R~-- I : 

p ~ u r e  was - ,  I00 Tor t .  ~imc o f  ~as.snlid comae[ -* I.~ min.  e~acua[ion -~ I ~ rain_ 
HC,.~ is !he increase in ~vci~hl oI" lhc s.~mplc dur in~ lhe H ,  chcmi_<~rplion, HC~,~ lhc 
I o ~  in ~c i~ht  dur in~ evacuation and HC~,, ~hc ncl incrcas~ in ~-c~hl  o f  the ~ m p l ¢  
aNer evacuation. 

The fi~r,~t ox)-=:cn l i t ra l ior l  (Of i rrc~-c~ibly chcmisorbcd H}  ~is-c~ ri.~c, s imi lar ly,  
to OT~ ,.,. OT ,  ,~.. OT,  ~,r- In lhc fol lo~in~. ~vc do not lakc accounl o f  thc revcrsiblc 
oxx'~en chcmisorp l ion ~h ich  is on ly  ~-c~- sli~hll~- rclc~ant for  the prcscn[ purpose. In 
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TABLE  I 

F ] l . - t ~m~emee~  a~3) 5~3m.~se.~r (Oz. H : )  " r J v w ~ t ~  ~ t n  7"-AI:O.~ 51s's'J'c:~'r~D 1>t, Re ~,.'mo ! r  

C~,d..-m" 
f71 ~.c~l~ ! IC~,.  OT~ ~,. I IT~ ~_ 07".. ~,. l i T :  , , .  

"~,: ! ~  4~  IIX)~ 140  I I I 0  14~ 

2 ~'J~ Pt sO I ~ 0  ~ 1645 210 
{Qk incd)  
2 ~ .  Re !o io ta  o 90 o 

s.': l= lOG IS64D _-t'05 1715 ~05 
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r , a ~ ] n  I . J  1 . ] 3  
X T 1 U r  l u l l  } X  
ut .a~lo j  

8 

J I I  

i "  

1 '  

4 0  6 0  I g O  
5 . l l e  

u p  t t~  d ~  tiN: ~ l i l T ,  j . )  o r  second t i l T :  ~,,) lilr~tion ( c u r ~  II). ;is = funct ion o f  '~'.Rc.. 
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Firr- ~- 2 ~  [Pt ~- Re) ~-A~-~.Os catalysL¢. Ir t~ 'et~bly c o ~  Oz during f i t~ {ctsfx-c l) o r  second 

all ~ }'-Al.,O;t chcmi.sorb~ t l : O  :~tron~!y so that  the ~a t e r  formed during the Oz. M- 
litt-~tions ~-~ts t t~ppcd by the support  of  the catal)~t. 

Re~ulls of  d.,e (1t., 0 : )  chemisorpliou and fi!ration experiments 

PI, Re, l r  nmnom¢ia!lic t-ara/.r~rs. The amounts ofirre,,~ersibly consumed H. ,  O z. 
i-!:. - - - during the H .  chemLsorplion step (HC~.) and the subsequent Oz-Hz titra- 
tions am rcTmrled in Table I. In the case of  Re, HT~ ~. appears to be nc,~=ligibly small 
and O T . . ,  is less than 10% o f O T ,  ~.: only a small % of  ox)~en chemisorbed on Re 
is then titrated by H :  under the actual conditions, i.e., at room lemperature- 

2 %  {Pt -~ Re)~7~-AIzOj. The  ,-ariation of  HCj~r (cur~'e I), HT,  ~,~ H T .  i .  
(curve I I) versus % Re is reported in F i ~  Z The  accurac 3" o f  the HC~.  values ~vas 
ra ther  low; HT~ ~w, HTz s .  hw,¢ similar values and dec-r~se sharply as "/~ Re in- 

On the other hand, the OT,  . .  values (F-i~ 3, curve !) show only a rather small 
• ~r ia t ion  versus ~ Re-. while the OTz in- x~alues ( F i ~  3, cun 'e  IF) show the same trend 
as  the H T  w ia, H I ' ,  ~. x-alues_ 

Figure 4 shows the x~ariations in the amount  o f  hyd ro~ 'n  r~'er~ibly chemisorbed 
dur in~ the h y d r ~  chcmisorpt ion and  the first and  second hydrogen t i t rat ion meas- 
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I:'~F 4. " ~  (Pt ~ ReI~--AI:O# ~ta l )x t~ .  Rcccc~bly c h o n i s o ~  I1:  dur ing  If= clgmisorFtiogt  
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T A B L E .  2 

llY;;lucs in ~1;:- B g) 

C,~e, f i ~  tPCnnr l ice . , .  OT~ .,~ I I T l  ~,,. 07":  ~ ~'OT._ ~, . -OTs s.~2~ 

R g a i I N  ~ ~ I'/3-~ 9~ 910 :;.?.~ 

u~meRts .  There is aL pro~:ssi~,-~: ~ oF (HC. HT,. HT-h~ as  % Re i n ~ -  
Table 2 gathers the ¢alues o f  HC,~ .  HCi., .  OT,  ~.. HT,  . , .  OT_. ~. for Ihe 

roulincty acli,~ated 60~£ Re catal}~t :,rid for the same c'~tal.~:~ - ' f ed i spers~-  according 
to a method described by Yao  and Shcld "~. The  -redispersion-  consists in oxidizing 
the catal~-sl ~ i l h  O .  at .500 "C. subsequent I)" hc'Jtin~, in an inert ~ stream or in ¢=cuum 
at ~ ~C. before final hydro,~n reduction at 500 "C_ Our experimcntal condil ions 
~ m :  Oz (100 Tort.  4 I1) e,~acuation (15 II). to -redisperse-  the rhenium. OT,  i,, 
appears to be very signifamntly increased =nd OT,  . , - O T .  ~.~ e~en more so. 

(Pt 6- Ir~;--AI.O~. I:i~urc 5 ~'Imrls Ihc s-ariations o f  OTI ~,. ,,-ersus ~." Ir for 
"~ Ir in the 0.6 to the Ihn~e series ol 'calal~. 'L OT,  . .  does  not depend ,b-cry much on ,., 
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Fig. ~.  t P t  -~ I r l - - -A I ;O:~  Calal~.z~. l r r c ~ c r ~ i N y  c o w a , m c d  O :  d u H n ~  |he first o x y ! ~ c n  t i t ra l i~n  
I O T z  + . ) .  ~ ~ f u n c t i o n  o f  _'~,lr: 0_~ t o  O.& ~'.  I P l  - I r l  o k i ~  C=Z~Iy+,+L~ i , . a u n c  I1"- TM ""  I[PI - -  I r i  c.-~l- 
ciocd GII;II}'~4S ( o l n ~  l l ]  2", .  (PI : l r )  non-c~lcir~cd C-Jl;zl}.~ts k-on~c l l l | .  

0.3"~ (t'~ --~ I t )  c'~l~ly~t~: it increases si~.nilic~ndy az high ",, It+ in |he non-calclncd 
2.% ( h  ~ I t )  calal}~ts: f inal ly OT~ ~. dccrca.~'~ l incar l }  0 as " .  I r  incrca.~cs in the 
calcined 2 ~  (Pz +~, I t )  cata!_'rslS. 

The accur~q- in Ihe mcasurcmcnls oi" (HC)~,, xras rather Iox~ +. as for  the 2 %  
(PI ~ Re} calalysts_ H T I  i .  ~as found to bc approx imalc lv  propor t ional  to O T j  +., 
hence  it is no t  n ~ r . y  zo repor t  zhcir s ~ l u ~ .  C~nc~rn in~  the  h ) d r o [ c n  l i t ra t ions ,  il 
ix o f  inlercst  Io  cons ide r  the  klnclic's o f  the  proems.  II sl~s found  in facl that  the  h y -  

d r o , ~ ,  n l i l ra l ion  is m o r e  rapid  over  h :.AltO ~ Ihan  o~er  I r jAl :O. ,  .Therefore ,  the  ra l ios  
o f .  ! IV: ,,r ~ ( increase  in u-eighl a f te r  2 o r  4 rain du r ing  lhc  lirsl o r  ~ c o n d  hyd rogen  
l i l m i i o n )  a n d .  I i 1 ~  ~-erc ¢~alu~tccl. Figure 6 .~ho~:,~ (he ~ r i a t i o n ~  _ ! I1": ,,+ _/_J I!'~ .~ 
versus ~ i r  for  the 0.6 Io 0_3"_ ~ (PI -= Ir)  catalysis and | : i f .  7 relates Io the 2 %  
(Pt + ! r )  ca la l~ l~ :  a. calcined: b. non-calcined. 

Et('~lron nliiTas¢opr rc~llll$ 

The H.~O_. l i t rat ions do nol gix'c any in format ion aboul  Ihe mclal l ic I~ r l i c le  
site d is f f ihu6on,  dcc l ron  micrc~op.v  i~ in~ the mo~l u~cful tool  in this r~pecL  

The results obla incd m e r  a fox- lypic~l c,-ilalysls a re  ~ltherccl in Table 3. The 
t 'ollmsing remarks may Ix: added: 

( I )  The d i l l i cu l ty  o f  obsena l ion  o f  Re in R~27-AI,O:~ and {PI -~ Rc)jT-AI_.O ~ 
has also been repor ted  ~o o~hcrs ' " .  
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F,I;- 6. Fma or se:o,d H- t~ra6o, m~'r Ib: 0J Io 0.6"; (PI ÷ It) c:~£iaal c~ul _)~.u. iaa~=~ of 

(2) A c ~ b l e  d i f f ~ m ~  ~ o ~  t ~ - t ~ n  thc calcin~l 2~/= I r  catal)'~t 
and the two other I r  monomelall ic catalv~.~. 3interning o f  I r  as big I rO ,  pmliclc~ 
during prolon~eecl heating, o f  I r l A l : O j  in air  has already ~ reporl£d ~J=. _The 15 h 
c a ~ f i o n  in air  o f ( m r  2% l r  calal]r_~g x~-j~ clearly not suWu:ient to permit all o f t l ~  
I r  to be sinlero~, since small I r  particles w~rc sl;!i p rc~nt  besides the --200 ~ l a r ~  

D ~  

"]'he d ~ ' u - ~ o n  is $,___,¢Y~<~-dy focused on the ~ clis~e~ion of  the monomctallic 
ca la l~ t s :  the properl:~,e~ o f  the metallic phase in the P t -Re and Pt - l r  bimetallic 
ca~i~_~ [ ~ 9  (pt ~: Re o r  It)]: the surface composition and the interactions bet,xeen 
l)t and Rc or  It). 

TI~ ~t,  ~ .  l r  ~ t o l l i c  crual).~s 

MezA~ of  m r m ~ o a ~ z  of ~Z~(Me). f'lhe calculation or :!_0(~), %/:)(Re), 
. ° / , ~ ( I 0  from the H.-O= titra[ions at room temlx, ratum and t l ~  compar/son with 
~ n  m icm~opy  data hat~ be~. discussed in our p r ~ o u s  papers :-s. Table 4 
l~'p01ts tlu~ ~oi£hion1~l~3 of~mTacc ~'aclion.s which arc coIL~dcrc~ tO 0 ~ [ C  over I t ,  
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Fi  F 7- F-ip~l olr r4z:ood H ;  tizrazion o ~ - r  Ihc  c a k i n o t  2~ ,  [PI  ÷ I t )  czlaly,sls (a} and over  lhc non -  
c a k ~  czzal~e~L~ (b). lacr~Lse o f  = ~ g h l  a f ter  2 rain [ c u n ~  I)  o r  4 rain (cun-c I I )  ovc r  iocrczsc o f  
wc i~h[  a f l c r  15 rain vcr,'>us ~,~ I r .  

in a ercement wi th  Barbaux et a l . ' ,  over [r ,  in a~reement t,-ith Brooks "~, and over Re. 
With re_eard to Re, we consider the hydro e~n coverage to be very low al'tcr the hy- 
drogen chcmisorpt ion m..e:a_,mrement, under ou r  experimental condit ions, and lhc 
O,qRe.~ ral io not  very different from I after  lhe OT,  i .  me~Lsurement- 

OTI  in ll~aS then u s ~  systematically for the ¢~alcul~tion o f  .~ D(Pf~ i t .  Re) 
(Table 5). When p~_~_ble, % D  (Me) ~LS also calculaled from the electron microscopy 
data.  The  agreement  between the oxy~en l l t rat ion and the electron microscopy da ta  
may be considered as  salisfactory, excep! for the non-calcined 2~= Ir  catalyst. The  Ir  
in this catalyst  was certainly not  completely reduc~:i to l r ' ,  $inc~ increasing thc 
temperature  o f  reduction from 500 to 700 "C gsavc rise to a 10% increase in OT~ i,,, 
instead o f  the decrra~ tha t  would bc c x ~ c d ,  l( i~ wor lh  not ing the a~rcement be- 
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w h k h  ~ Found  [ o  b c  c x [ ~ ' m d y  ~ d l  d i s ~  ~ th~s suE.~csls I h a [  o n l y  l i t ( I t  dc~.'. 'al ion 

i f  a n y  f r o m  [ h e  ~ t o i c h i o m e ~ o "  o f  I 0 p£T I t s  l a k e s  p l ace  as  ~ D  ( IF )  i n c r c a x s  u p  I o  ~ - r y  
hi*-.h val,.,,-< iz _should b e  reca l l ed  I h a !  * c h a n ~  i n  I h e  ~ l o i c h i o m ~ t r ;  f r o m  ! O p e r  PIs  t o  

I O ~ 21)1~ is c u r r c n | l y  --,dm~tzexl. ; ~  ~ , D  (1~)  i ~  t o  v e r y  hi~_.h ~ L l u c s  z ' "  ' ~. 
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T A B L E  $ 

Cami.ra~ r , D ¢ .I h- ~ 7 ; D ~ M~" ~ j'~m, 

C'ak-i~ 'd 0 _ 6 ~  P[ 52 -. 60 

~on-~k:i .n~l " .  Pu 44 .~ ~,0 
2 7 ;  I ~  60 Undczoqnnincd 
C ; ~ i c i n ~  0-.~T; I r  g5  -- 9~ 
Cak.incd 27; Ir 15 UnOc~,..,,,,incO 
Non<~kin~127. tr 66 - 9s 

The ~:alue~ o f O T ,  .,_ HC,~  in Table I show OT,  i,,~HCi,, x~llucs significantly 
lower than the Iheor~tical one z4 relevant to Ihe stoichiomelric reactions reported in 
Table  4. This  may be ascribed Io sornc rcoxidation o f  the rr~tal during e~acuation in 
vacuum after in $itu r¢-3ciix~lion. 

The me'an ,,-aluc o f  lhc rcvcr~.ibk hydrogen adsorplion on Pt was found to be 
--0.75 H per PI~ and may be re-,-~rded as bein[  in reasonable ac-.rcement x,i:h Barbaux 

cl aL j ( I  H per I P% undcrp  --_200 Tor t ) ;  the reversible hydrogen adsorpl ion on Pt 
in fact ~ . h ~  r i ~  to I R bands o f  increasin~ intcnsily with The h ) d r o ~ n  ad~43rplion 
prc~s~r~ ~s. The r~ ' e~ ib l e  h.v~Iroeen, adsorpl ion on Ir i~ probably somm~-hal l e~  lhan 
on Pt (-,-.0.4 per lrs)- 

~ D [ P I ,  Re, Ir)  a e r ~ r d i l ~  to d w  w.cdeod o f  p reparmion.  The rc!e~-anl feature 
about  Pt is that  .'~D (Pt) d~-s  not depend yoU" much on the support ,  the xxt 7~ Pt~ or  
the method o f  prcparalion.  F~xtrcmc!y wcl! dispersal  pure Pt on  7-AI.O~ is certainly 
hal ea~ily ohlaincd and stabilized. 

On the olher hand, ~ "  highly di.~persed I r  is easily prepared, in agrecmcnl ,,~ i lh 
for  instance Boitiaux Is who prepared 0_35 ~ Ir~;--Al_.O, ivi[h ",:D (Ir) -- !(30 (duration 
o f  [he c~Icination step in air,  before reduction:  2 h at 530 ~'C'). Sinfeh ~', Ra~.cr j=, 
some of  us also in rcf. 5 and in lh¢ prcsenl work (Tabk~ 3 and 5) have shown Ihat a 
prolonged calcination (--  I:~ h) in a i r  o f  H.IrCI~,!Ai_.O3 at :500 ~C s-a t or  a t  a still 
higher temperature ~x gives ri~c Io a considerable decrea~e in ~-~D ( l r )  in the final 
catal)~t. The  v a t ,  l ion o f  U~D (Ir) ver~u~ the durat ion of  the c~[cinalion step before 
reduclion,  is most probably  the result o f  two phenomena:  

(i) the conx~-~rsion of  only slo~vly reducible irCl~ e_xchan~-d species in lo  more 
easily reducible frO= ag~regalcs. This  phenomenon would result in an increase in zhc 
number  o f  Ir~ in the final catalyst.  In this re~=ard, recall tll~t E-~ard ez al. TM, l~43zon- 
Verduraz c t a l .  ~9 concluded from XPS- UV-x~siblc spectroscopics and  selective exlrac- 
[ion. t l ~ t  imporlant  amounls  o f  Ir  (111) may be trapped on the surface o f  reduced 
AI:O3 supported l r  calalysts. 

( i~ The second effect lies in the sintering, o f  the small IrO= ag~regatcs in lo  large 
(200-300 A) l r O .  particles, as mentioned above. 
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~. x e  o 2o 40 6o ~o IOO 
66 6o 

With re~ard to Re, ~ ~imply note tha t  ti1¢ ~= Dispersion ;s o f  the ~ r n e  order  
o r  ma~it ,~ _,~ as  for PL 

77w 2 ~  (Ps + Re)i~-Al.O~ caml)~s 
.~D(Pt ÷ Re). The correct method for  e~aluating ~D(P t  ~ Re) from OT~ t ,  

~ s  d ~ . d  in gel. 3. The ~.~riation o f  ~ D ( P t  ~ Re) q . ~  ~ Re. (~a~e Table  6) 
s h o ~  a broad maximum a t  (~--70".~ Re_ 

~-Resj(.P't$ ~ J~s) (_su~f~¢e composition). :Similar values o f  the SuH-;tc~ and mean 
compo~tions o f  the metal phase were inferred from h ~ d r ~ p ,  chem~,ovption volu- 
metric measurement:; and from C O  ! g  spectroscopy rneasu~mcnts  ~. The present 
result c o . c e m i n ~  the reversible h y d r o ~ n  ad~rp t~on  (F~:_ 4) corroborate  this con- 
clusion. It  should be noted that  i f  the decrease in (HC,  HT, ,  HT:)r~. as  ~ Re increases 
from 0 to 40 is less than 4 0 ~ .  thi~ may be accounted for by the i ~  in ~ D  
~Pt - -  Re). 

latera~ions i~rset~ P! and ~ .  This question l~as answered previously by CO 
IR  spectroscopy measuren~a~ and by a comparison between OTI  ~ and OT2 i . -  
In fact the reduction o f  the oxygen chemisorbed on  Pt is x~,ry rapid a t  ~5 "C while the 
reduelion o f t h e  oxygen chemisorbed on  p u ~  g e  ic extw.n~_v slo~_ A s t rong inezease 
in th~ reducibility o f  Re-sO may be considered as e ~ d e n ~  for  (Pt,  Re) bimetallic 
particles. This  interpretat ion is ~tron~=J~ corroborated by M 6 ~ b a u e r  spectroscopy 
studies of(Pt~ Fe) l~rne~ll~c catal)-~ts ¢'ith~ supported on carbon z° or  on alumina-". 
Yannice and ¢~_xten'-' p rove!  in fact that  the oxidat ion (O. ) - rcduct ion  ( H . )  o f  Fe on 
the surf=v-- (~ (PI, Fe) alloy parlicle~ is revet~ble at 25 "C, whereas over pure Fc 
panickes i t  is not. 

T A B L E  7 

m m e ~  tqme~x~; oF ~ m- r~  ~ L'~ 2~  OPt + ReL~;,-AI.Oj (6O~ Re): c e ~ r ~  oe l~ee 
P~OR~UUL ,t.N~ ~ $1rATE$ 

C ~  
tlO~/Jza/g~fPx ~- Re~ *Pt.J t~Re~i [ P t ~  Re~J ~ D  fPt~. Re] (Re~ollojrJ fRe .uedlo~J  

ping j¢- I p o ~  $ -  t po~g g -  t pas~¢ g -  • 

36 7! 7O --36 "- 0 ~ o r m ~  35 
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( ~ t ; ~  |) .  ~¢m--~Iciacd and ¢; tk ined 2 ~  (P i  -~ l r j  c:zL:tlyra.~ [,_-urt-cs I t  and I I i .  rcsl3C~i~'cly~. 

The ielry similar  ~-alm:5 ofOT_. ~_ and OT,  i,. in the _20. 40 and 6 0 ~  Rc catalysts 
(see !Fi~ 3) show that  a lmost  all o f  the oxygen chemisodTed on Re dur ing the f ir~ 
oxygen t i t rat ion ~ z s  reduced by H .  during the first hydro~,,en l i tration, a l though the 
H.-catalycA contact  l ime ~t~a_~ only *. 15 rain_ Hence PI and  Rc may Ix: considered as 
bein~ mainly alloyed. "The more impor tant  d;fferenoe between OTw ,_ and OT= ~.. 
in the 8 0 ~  Re catalyst could he accounted for  by a kinetic effect ra ther  than by a 
much more significant amoun t  o f  unalloyed Re._ Increasing the He-cata lys t  contact  
t ime up to -- ! h indeed reduced OT~ ~ . - O T .  ~,, down to  a ncEg/~ble value o ~  the 
g0~,  Rc catal)'st, but  not  a t  all o1,-cr the 100~/~ R© t-at~ly~. 

Tire effect o f  the redisper:Hon treatment. This  effect is shown in Table 7, for the 
f ~ / ' .  Re c a t a l ~ ,  in the ~anda r d  state and  ;n the redispersed form. (Pts) was e~aluated 
f rom the hydroggn re~l~'sibl¢ chemi~orption, and (Rex), .~/=D (Pt ÷ Re), (Res alloyed). 

21 (Re_~ unal lo3~i)  w c ~  :mbr~rquent|y g~-aluated from OTt  i . ,  OT2 ~rr - 
red,pelion treatment, initi31ly pro~ by Yao and Shelef 7 for the 

ReIAlzO~ monometallic catalysts results= 
(3  in a significant increase in the %O ( I t  + Re) (from ---70 up to -,~90); 
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(i~ in a decrease in the interaction betx~x-en Pt and  Re_ The metallic phase in the 
redisper~ed catalyst  is most  likely composed of  bin~eL~llic (P[. Re) parlicles x~th 7~ Rc 
loxx~-r than the nominal  composi t ion and  o f  extremely dispersed pun:  Re particles. 

The (PI q- lr):.41,Oa ca!al)~tx 

Or~rali ~ dix!~rMon o f  line {P# -=~+ If) phame. The  ~,~ariation o f  7~O (Pt ~'. If) 
calculated from OT~ ,,.. ~-crsus ~2 Ir is shown in Fig. 8 for the Ihr¢~ series o fca la lys t s :  
O_& to  O3~2 f;Pt + If) (curiae I~L 2.'~ ( i t  +:- If) non-calcined (curve II) or  calcined 
(cur~e II!).  To  a first approximat ion the sariation_s o f  . ' ,D (Pt q- If) are  proc.-rcssivc., 
and  1.he aleph, ions from the linearit_v o b s e r ~ I  a l  ~ e ~  + small ~£ Ir (cur~e !) or  in Ihe 
O-297~. l r  conoentrat ion rankle 0_'ur~-c II) do  not  de~-rx-e any  specific discussion_ lqote 
that  c u r ~  II d o ~  not  differ mu~h in its sh;~pc from that published by ]Engels ~ al . : :  
~-ho ~ l m a e d  I[.:ir 0_6",  (Pt  -=_.+ 10 cat~b~sls v, i lhout  an,, + prcc-~Idnation in air. 

S~wfac¢ composition of tAt, (Pt +~ lr~ plmse. The surface composit ion may not  
ix~ inforred from the O e - H :  fitrations since the same sloichiorrmtric cqualions_ hold for 
bo th  i r  and Pl. 

Intcrncrions b t ' ~ r ~  PI and If+ This question is impQrlant in Iha! the (Pt ~ Ir),I 
A I -O j  catalysts hay© some praclica| applications_ In fact, the 0-6 to 0+3 ~"~ {Pt -~ Ir) 
ser;~ o f  the pres~nl ~-ork hns been prcparL-d for an industrial purlx)~ (~lecti~e 
h y d ~ o l y s ~  ofal;phat;c h i'drocarbons:J)_ 

Fir~ll$" let us consider the main literature dala.  3 in f¢ l i ' '  sho~cd  Ihat H,PIL-'I 6 
plus H. I~ ' I , .  coimpn:g~natcd silica, reduction at 500 +C. contains  a (Pt, If) al loy phase 
as  detected by X-ray anab~is  (mean particle size 25 to  50 A accordin3 to the ,,1 7f. 
(Pt  q+ If) xl'hh:h ¢,'as betu.-c, en S and  20); the ~ Irf(Pt ~: If) I~,~as --:YIO_ A 50 Pl-.50 l r  
supported al loy XS~LS Ihen oblained es~a thou3h the solubility o f ! r  in Pt at  --500 "C is 
only a ,~ery fe~. ~/; and  the solubility o f  PI in Ir is still smaller ¢~. It  is not  clear as  3~et if  
this  ;alloy pim.sc is thermod].armmlcall~- slabk: (due to an  increase in the mutual  solu- 
biliL¢ as ~.~D+0Pt ~ tO incn:as~)  or  only  metaslabl¢ since the s c g r e ~ t i o n  of  Pt from 
Ir ,,+hen bulk (Pt.  i f)  solid solutions are heat treated at  -.. :g)0 "C should be extremely 
s l o w : ' .  SinfeR'" also _sho,,ved that  a IS h precakina t ion  in air  at :TgX) ~C o r ( P t  + l r ) l  
SiO: or  A l : O s  c a t a ~ s  ga t~  ~ aRer  reduction, to a mixture o f  large l r  particles and 
o f  much sm;llter P t  partk:l¢~ S in fd t  w TM tried to charactearL~_ 3.5~-~ (Pt ~ Ir)!AIzO] 
catrd~csts by  Mfissbauer spectroscopy using a ~mall ~+~ F© as a probe clement. The  
results fa~'ou~d the h)lpothesis o f  a OPt. If) bimetallic phase, prosided the calcination 
in  a i r  at  ~00 +C s~ep ~ '~  omittocl. 

The  Rzzsser ~ TM approach  ~,ics in Ihe H -  Thermal  Pro~2_xamme~l Desorpt ion (TPD)  
method.  The  most  signifieam d~ffen:rme bet~x-een Pt and  l r  x~ts found to consist in their  
n~spective s ~ s i t i ~ t y  to ~ r b o n  poisoning, which fix'ca ~ to  a H~ T P D  peak at  224 K 
and  which is much less osier Ir  tha~ o~x-r I t -  Only  a srr~!l amount  o f  Ir  in the  suffaoe 
o f  Pt  was found to be sufficient to  remox-e the ca rbon  deposi t  from neighbouring P t  
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sites, in the presence of  hydro_~en. The AI:O~ or  $ i O :  :;upported alio s~ prepared by 
Rasser  II~-c "-300 A in metal particle $i2:c [ ~ {Pt ÷ It) ~ 6 ] ;  calcinat ion in air  a t  
550-600 "C for I$---'q) h preceded the reduction. 

Let us recall also tha t  a simple mixing of  (NH.s).PtCI,. and  (NH_.), IrCl,, pow- 
ders (50~,  P[-50~-~ It) followed by calcinat ion for 16 h at 500 ~C I~u$ ~;u!licicnt to 
obtain a heterogeneous alloy phase al ter  reduction ~. When the ~amc mixture w a s  

reduced ,,-ithout any  precalcination in air  separate particles o f  Pt and  of  i t ,  identified 
by X-ray analysis, wcrc obtained.  Coming back to the (Pt -~ lr)/7-AIzO 3 ca ta l~ t~  o f  
the present s tudy:  

( I )  The  elcclron microscopy da ta  in Table  3 together with the above literature 
data  s u p p o ~  the idea that  the metallic p h a ~  in the 2"~ (Pt ÷ lr) calcined catalysts is 
s t r o n ~  • heterogeneous with regard to its particle composit ion.  On  lhe other  hand,  
Fir.. 7(a) shows a Pit like behaviour dur ing  th~ H_. l i trat ;ons up to a hieh_ ";/,. Ir  ~ lue~ .  
The mc~t likely hypolhefi$ Io account for all o f  these data,  i~ that  the lac_ec mctalli~ 
particles dcleclcxl by  electron micro-.,copy arc iridium particlc~ ,,vilh a small ~ o f  PL 

(2_) The 0.6 to 0.3.%." (Pt  + It) catal)~ts and  the 2 ~  (Pt .:-- Ir) non calcined 
catal~'sts do  not  show any  e'videncc (Fies- 6 and 7b) for a .synero..ctic effect bctxvcen Pt 
and Ir d u t i n [  the H :  tlitation.~. Hence ~ think that  the metallic phase in these cat- 
all-sis_ contains a high "~.~. o f  the !r in the form of  pure Ir  particles, without  any inter- 
a ~ i o n  with PL It .,;hould be noticed that  this method o f  appreciat ion o f  1he P t - l r  
interactions has  only little significance in the low Ir concentrat ion range;  hence it is 
very difficult to g i ~  valuable conclu~i0ns from 0 up to ~ty 2 0 ~  !r. I t  should b~ 
pointed out  that  the syner_eetic effect bct,,~ccn Pt and  the second clement in (P t -Me)  
bimetallic particlc~, durin£, the O : - H ,  titrations~ i~ a ra ther  .eeneral phenomenon.  It  
has been mentioned above for Me ~ Fe and Re and w-as also observed v,-hcn 
~te ~ Ni z~. The absence of  any  xynergelic effect is s t r o n ~ y  indicative, in our  opinion,  
o f  the presence o f a t  I , ~ t  a part  o f  Me in the" form of  i ~ l a t c d  pure Me particles or  o f  
(Me, PI) p.arlicles containing no Pt in their  surface. 

in  conclusion. ,xe have shown that  the measurement o f  overall ~ dispersion of  
the metal phase in (Pz + Re or  It) a lumina  suPlmrted catalysL~ ~ possible by means 
o f  the H2--Oz li trations.  Tak ing  account  of  the kine,.ics o f  the hydro~_en t i trat ion also 
a l i m ~ !  us to oblain u~,¢l'ul information concerning the interactions between the two 
a c l i ~  elements. The  (1Pt, Re) a lumina :;uppor~cd bimetallic pha~ appeared to be more 
easily obtained than the (Pt, | r )  cquivalc-nt phase, over a l a r ~  ran~*~e o f  concentrat ions 
o f  Ir  or  Re. 
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