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ABSTRACT 

The P t ( 4 d ) / A l ( 2 s )  XPS i n t e n s i t y  r a t i o  f o r  Pt/A1203 c a t a l y s t s  

i nc reases  w i th  t h e  a d d i t i o n  of La203 as a dopant. The P t (311 )  l i n e  

i n  t h e  X-ray d i f f r a c t i o n  p a t t e r n  a l s o  broadens w i t h  t h e  a d d i t i o n  o f  

La2O3. 

La203 inc reases  t h e  d i s p e r s i o n  of t h e  p l a t i n u m  which i n  t u r n  would 

be expected t o  i n c r e a s e  t h e  a c t i v i t y  and thermal s t a b i l i t y  o f  t h e  

c a t a l y s t .  

These data i m p l y  t h a t  dop ing  t h e  Pt/A1203 c a t a l y s t  w i t h  
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332 JUN-YING AND SWARTZ 

INTRODUCTION 

Supported plat inum group metals have been employed as important 

ca ta l ys ts  i n  the  chemical and petroleum indus t r i es  f o r  years.  How- 

ever, t he  ca ta l ys ts  a re  sens i t i ve  t o  p a r t i a l  o r  t o t a l  deac t i va t i on  

by inc reas ing  metal c r y s t a l l i t e  s i z e  dur ing  use and/or regenerat ion 

a t  h igh  temperature. Numerous r e s u l t s  have been repor ted  i n  which 

dopants have been used t o  increase the c a t a l y t i c  a c t i v i t y  arid thermal 

s t a b i l i t y  o f  the ca ta l ys ts .  

prepared from the plat inum group metals achieve s t a b i l i t y  a t  very 

h igh  temperature when they are  doped w i t h  Ce02 and La203. With the  

a d d i t i o n  o f  the  dopant, the a c t i v i t y  o f  the c a t a l y s t  was retained. 

McVicker, e t  a l .  ( 2 )  added Group I I A  oxides t o  Ir/A1203 and Pt/A1203 

ca ta lys ts .  

a t  6 O O 0 C .  

face. 

i n t e r a c t  t o  form a s tab le  surface i r i d a t e .  Reduction o f  the i r i d a t e  

w i t h  H2 forms a h i g h l y  dispersed, a c t i v e  m e t a l l i c  i r i d i u m .  

a1 ( 3 , 4 )  added La203 t o  a Ni/y-A1203 c a t a l y s t  t o  improve the c a t a l y -  

t i c  a c t i v i t y .  They used X-ray powder d i f f r a c t i o n  t o  prove t h a t  the  

La203 i n  the doped c a t a l y s t  was dispersed as a monolayer. The 

La203 a l t e r s  the  support  and produces a h igher  degree o f  metal d i s -  

pers ion.  

Ernest (1 )  has reported t h a t  c a t a l y s t s  

The doped ca ta l ys ts  re ta ined  a c t i v i t y  a f t e r  c a l c i n a t i o n  

No agglomerated c r y s t a l s  were found on the  c a t a l y t i c  sur -  

The authors speculate tha t  the  Group I I A  ox ide  and i r i d i u m  

Xie, e t  

I n  t h i s  i nves t i ga t i on ,  the Pt(4d)/Al(2s) i n t e n s i t y  r a t i o  i n  the  

X-ray photoelectron spectrum (XPS) and X-ray d i f f r a c t i o n  l i n e  

broadening are  employed t o  determine the r e l a t i v e  d ispers ion  f o r  

a se r ies  of La203 doped Pt/A1203 ca ta l ys ts .  

dopant on d ispers ion  and thermal s t a b i l i t y  a re  discussed. 

The e f f e c t  o f  the La203 
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EFFECT OF La20g DOPANT 333 

EXPERI MENTAL SECTION 

i .  Reagents and Catalysts:  The ch lo rop la t in i c  ac id  and lanthanum 

n i t r a t e  employed f o r  c a t a l y s t  preparation were of analytica:  pur i ty  

grade. The y-alumina employed as the support was of 100% pur i ty  as  

determined by X-ray powder d i f f r ac t ion .  

determined to be 201 m2/g. The y-A1203 was dried a t  140°C f o r  four  

hours p r i o r  t o  use. 

I t ' s  BET sur face  area was 

The P t /A1  203 c a t a l y s t s  were prepared by the wet impregnation 

technique. 

stock so lu t ion  t o  y i e ld  the desired weight percent of platinum. 

The system was mixed very well and dr ied  a t  80-90°C. The material  

was then decomposed a t  500°C f o r  four hours i n  a i r .  The impregnated 

c a t a l y s t  was then reduced with pure H 2  a t  numerous, desired tempera- 

tures. 

The y-A1203 was t r ea t ed  with an amount o f  H2[PtC16].6H20 

The lanthanum dopant was introduced by impregnating the  

y-alumina w i t h  appropriate amounts of La(N03)3.6H20 so lu t ion .  The 

material was then dried a t  80-90°C. The lanthanum was oxidized to  

La203 by heating in a i r  a t  580°C f o r  f o r t y  hours. The La203/y-A1203 

was then t r ea t ed  w i t h  H2[PtCl6]-6H20 a s  described above to y i e ld  the 

desired c a t a l y s t s ,  

i i .  XPS Spectra:  X-ray photoelectron spectra were obtained w i t h  a 

GCA/McPherson ESCA 36 photoelectron spectrometer. Mg( ka) (Ex=1253.6 

eV) o r  Al(ka)(Ex=1486.6 eV) X-rays were employed to  exc i t e  the spec- 

t r a  a t  a tube power o f  320 W. The base pressure i n  the sample cham- 

ber was typ ica l ly  2 x lo-' t o r r .  

chamber gases w i t h  a spectromass 80 RGA indicated t h a t  the  pressure 

was mostly due t o  H20 and CO/N2. 

Analysis of the  residual sample 

Typical spectra were recorded over 
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334 JUN-YING AND SWARTZ 

a 20 eV binding energy range. The C(1s) signal from the ubiquitous 

hydrocarbon contaminant was used to co r rec t  f o r  charging of the in -  

su la t ing  samples. 

A1 ( 2 p )  e lec t rons  a re  approximately ident ica l  , i t  was necessary to  

determine the a reas  of the P t (  4d 

obtain in t ens i ty  data. 

dard planimeter techniques on normalized spectra.  

samples were mounted on double sided cellophane tape f o r  ana lys i s .  

i i i .  X-ray Diffractometry: X-ray d i f f r ac t ion  data were obtained 

on a Ph i l l i p s  X-ray gonimeter equipped with a c rys ta l  monochromator 

and proportional de tec tor .  

power of 680 W. 

r a t e  of 0.5' Z O / m i n .  

overlap,  i t  was necessary to  use the weak Pt(311) l i n e .  

Since the binding energies of the  P t (4 f7 /2 )  and 

) and Al(2s) e lec t ron  s igna l s  t o  5/ 2 
The peak areas  were measured by using s tan-  

The powdered 

The C u ( k a )  X-rays were obtained a t  a tube 

The d i f f r a c t i o n  pa t te rns  were obtained a t  a scan 

Since the primary platinum and alumina l i n e s  

Sche r re r ' s  equation ( 1 )  was used f o r  the (311) l i ne .  

The constant K i s  equal t o  0.89, B and b a r e  the half  widths of 

the  d i f f r ac t ion  l i n e s  from the  sample and a quartz standard,  res- 

pec t ive ly ,  and D3i1 i s  the average c r y s t a l l i t e  s i z e .  

RESULTS A N D  DISCUSSION 

The dispersion of a supported metal i s  rout ine ly  measured by 

se l ec t ive  chemisorption (5)  o r  X-ray 1 ine broadening (6) .  

the a p p l i c a b i l i t y  of these techniques a r e  of ten  l imited by the nature 

and p a r t i c l e  s i z e  of the  c a t a l y s t .  

However, 

The signal from XPS i s  l imi ted  
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EFFECT OF LaZ03 DOPANT 335 

to a surface region whose thickness i s  l ess  than the mean free p a t h  
n 

of the photoelectron ( ~ 5 0  i). 
to measure the dispersion o f  supported transit ion metal catalysts.  

I f  the metal loading on the support i s  small, the metal covers only 

a small fraction of the surface area of the support. 

the XPS signal from the support (Isupport  ) i s  almost constant. The 

XPS signal from the metal (Imetal)  depends on i t s  degree of loading 

- and on i t s  praticle size. The larger (thicker) the s ize  of the metal 

a t  constant loading, the weaker the XPS signal intensity. Therefore, 

Therefore, XPS has become widely used 

I n  th is  case 

the rat io  of metal and 

Rd 

will be related to the 

support XPS signal intensi t ies  ( R d )  

= 'metal ' I support 

extent of  metal dispersion. 

Scharpen (7)  studied the Pt/Si02 system and  found a good corre- 

la t ion between the XPS intensity ra t io  and the dispersion as deter- 

mined by hydrogen chemisorption. 

relationship which related dispersion ( d )  t o  Rd in which W i s  the 

weight percent of total  metal in the catalyst  and K i s  a constant. 

He reported an  empirical 

Rd 
W d = K -  ( 3 )  

When W i s  constant, there i s  a l inear relationship between Rd and the 

dispersion (d) .  

A ser ies  of Pt/y-A1203 catalysts with 3% metal loading b u t  vary- 

i n g  amounts of La203 dopant (expressed as  g La203/g A1203). The 

catalysts were reduced in pure H2 a t  250"C, 400°C and 550°C. 

Pt(4dgi2)/A1 (2s )  intensity ratios are  tabulated . in  Table I and the 

data are plotted i n  Figure 1 .  

The 
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336 JUN-YING AND SWARTZ 

T = 250°C 

0.092 

0.135 

0.205 

0.261 

TABLE 1 

E f f e c t  of La203 Concentrat ion and Temperature on t h e  

Pt(4dgI2)A1(2s) Rat io  and C r y s t a l l i t e  S ize  f o r  a 3% 

Pt/A1203 Cata lys t .  

T = 400°C T = 550°C 

0.075 0,069 

0.110 0. 0885 

0.159 0.126 

0.221 0.167 

0.349 0.209 0.60 

Dg,, GI* 
143 

113 

4 6  

*Crystal  1 i t e  s i z e  a f t e r  treatment a t  550°C. 

0.40 - 
0 '.= 0.30 d 
.- z 
E 
= 0.20 

z 
: 
s 0.10 z 

- 

0) - - 
c v) - N 
U 

0.00 l # l * l ~ l ~ ~ ~ ~ ' l  

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 
g L a , O J g A I , O ,  

Fig.  1: Pt(4d)/A1(2s) i n t e n s i t y  r a t i o  as a funct ion,  o f  
La203 content f o r  a 3% Pt/A1203 c a t a l y s t  a f t e r  
heat ing  t o  250"C, 400°C and 550°C. 
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EFFECT OF La203 DOPANT 337 

The Pt(4dgI2)/A1 (2s) r a t i o  increases w i t h  inc reas ing  lanthanum 

content a t  each temperature. 

Figure 2 and the r e s u l t i n g  c r y s t a l l i t e  s izes a r e  tabu la ted  i n  Table 

1. With inc reas ing  La203 content the P t  (311) l i n e  becomes weaker 

and broader. Th is  i nd i ca tes  t h a t  the plat inum c r y s t a l l i t e s  become 

smal le r  as the d ispers ion  increases w i t h  inc reas ing  La203 content. 

F igure  3 i s  a p l o t  o f  Pt(4dgI2)/A1(2s) r a t i o s  f o r  t he  3% 

The Pt(311) XRD l i n e s  a re  shown i n  

Pt/A1203 c a t a l y s t s  as a f u n c t i o n  o f  temperature. 

i n d i c a t e  t h a t  Rd decreases w i t h  inc reas ing  temperature as the  r e s u l t  

o f  the format ion o f  l a r g e r  c r y s t a l l i t e s .  

w i t h  the  a d d i t i o n  o f  o n l y  0.1 g La203/g A1203, the  d ispers ion  o f  a 

doped c a t a l y s t  t h a t  has been heated t o  550°C remains h igher  than t h a t  

o f  an undoped c a t a l y s t  t h a t  has been heated t o  on ly  250°C. Thus, t he  

a d d i t i o n  o f  La203 t o  the c a t a l y s t  increases the  thermal s t a b i l i t y  o f  

the system. 

The data c l e a r l y  

It must be po in ted  o u t  t h a t  

A se r ies  o f  c a t a l y s t s  were prepared w i t h  0.10 g La203/g A1203 

The Pt(4dgi2)/A1 ( 2 s )  i n t e n -  i n  which the  plat inum load ing  var ied.  

s i t i e s  a re  tabu la ted  i n  Table 2 and p l o t t e d  vs weight % p la t inum 

i n  Figure 4. The data c l e a r l y  i n d i c a t e  t h a t  t he  a d d i t i o n  o f  La203 

t o  the  Pt/A1203 system u n i v e r s a l l y  increases t h e  d ispers ion  o f  the 

plat inum up t o  a t  l e a s t  10% weight percent. 

The quest ion of  the mechanism by which a La203 dopant increases 

the p la t inum d ispers ion  must be addressed. 

func t i on  o f  La203 conten t  a re  shown i n  Figure 5 .  

due t o  La203 are  n o t  observed u n t i l  0.69 o f  Lai03 have been added 

per 1 g o f  A1203. 

The XRD pa t te rns  as a 

Note t h a t  the l i n e s  
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338 JUN-YING AND SWARTZ 

O g L a 2 0 3 / g A l z 0 3  

0.109 L a 2 0 3 / g A I z 0 3  

0.25 g L a 2 0 3 /  g A1203 

I I I I I I 

83 82 81 80 79 
20 (Oegrees) 

The e f fec t  o f  La203 on the P t ( 3 1 1 )  
X-ray d i f f r a c t i o n  l i n e .  

F i g .  2: 

200.00 300.00 400.00 500.00 600.00 
Temperature ("C) 

F i g .  3 :  P t ( 4 d ) / A 1 ( 2 s )  i n t e n s i t y  r a t i o  as a f u n c t i o n  of 
t e m p e r a t u r e  for a 3% Pt/A1203 c a t a l y s t  w i t h  
v a r y i n g  La203 l o a d i n g .  
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EFFECT OF LaZ03 DOPANT 

0.30 

0 .- c 
2 
-i? 0.20 c" 
4 
P - 
Y) 

N - a 
2 
s z 

0.10 

339 

. 

' 

Pt/A1 203 w % p t  

p t ( 4 d 5 / 4 / ~ 1  ( 2 s )  

1 

3 0.0752 

5 0.102 

10 0.210, 

0.001 ' I " " " ' I 
0.00 0.50 10.00 

Weight % Platinum 

Pt(4d)/A1(2s) i n t e n s i t y  r a t i o  as a 
func t i on  o f  metal load inq  f o r  Pt/A1203 

and Pt/La203/A1203 ca ta l ys ts .  

Fig. 4: 

WO.1 Og La203/A1 203 

P t  ( 4d5/2 /A1 ( 2s I 

0.0625 

0.110 

0.148 

0.290 

TABLE 2 

E f f e c t  o f  P t  metal Loading on the  Pt(4d5/,2)/Al(2s) I n t e n s i t y  

Rat io  f o r  Pt/A1203 and Pt/O.lOg La203/A1 203 Cata lys ts  D
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340 JUN-YING AND SWART2 

3 % P t / x g  La203 /7 -A1203  

0.25 a 

0.10 g 

0.00 g 

32.50 31.50 30.50 29.50 28.50 27.50 26.50 25.50 
ZO(0egreer) 

0.00 g 

32.50 31.50 30.50 29.50 28.50 27.50 26.50 25.50 

2 0  (Degrees) 

0.60 g 

0.50 g 

0.40 g 

0.25 g 

0.10 g 

F i g .  5: X-ray d i f f r a c t i o n  patterns as a funct ion o f  

La203 content f o r  doped y-A1203 and 3% 
Pt/La20g/y-Al *03 cata lysts .  
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EFFECT OF La20j DOPANT 34 1 

0.60 
0, z 
> 0.40 

0, 
3 

m 

m 

0.20 O k l  0.60 0.80 1.00 
Added La,O, gl g AI,03 

Fig. 6: R e l a t i v e  c r y s t a l l i n i t y  f o r  La203 doped 
y-A1203 (BET Surface area o f  r-A1203=141 m2/g) 

These data suggest t h a t  there  are  no La203 c r y s t a l l i t e s  on the 

surface which are  l a rge  enough t o  y i e l d  an XRD s igna l  below 0.609 

La203/g A1203. 

La203/l OOm o f  y-A1 203. 

This corresponds t o  a th resho ld  value o f  0.309 

2 

Xie (3,4) has repor ted  t h a t  XRD phase ana lys i s  o f  La203 doped 

Ni/y-A1203 c a t a l y s t s  y i e l d s  a th resho ld  f o r  the  La203 s igna l  o f  0.289 
2 La203/100 m o f  y-A1203. By t r e a t i n g  the  La203 as a dispersed c lose-  

packed monolayer, Xie has ca l cu la ted  t h a t  0.279 La2O3/100 m A1203 

i s  requ i red  for monolayer coverage. Therefore, Xie concludes t h a t  

the La2O3, l i k e  o the r  inorgan ic  oxides and s a l t s ,  i s  loaded op t0  the 

surface o f  alumina as a monolayer. As l ong  as the La203 conten t  i s  

l ess  than 0.289 La203/100 m A1203, the  La203 disperses a monolayer 

and no XRD s igna l  i s  observed. 

2 

2 

2 Our th resho ld  value o f  0.309 La203/100 m A1203 i s  c e r t a i n l y  

w i t h i n  experimental e r r o r  o f  the  0.279 La203/100 m A1203 monolayer 2 
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342 JUN-YING AND SWAFlTZ 

value. 

i s  dispersed as a monolayer on the y-A1203. 

Thus i t  i s  l i k e l y  t h a t  the La203 dopant i n  the present study 

CONSLUSIONS 

The u t i l i t y  o f  X-ray photoelectron spectroscopy and X-ray d i f f r a c -  

t i o n  t o  determine the  r e l a t i v e  d ispers ion  f o r  supported p la t inum 

ca ta l ys ts  has been demonstrated. 

y-A1203 i t  disperses as a monolayer. This monolayer o f  La203 changes 

the surface p roper t i es  o f  the  support and thereby e f f e c t s  the d isper -  

s ion  and c r y s t a l l i t e  s i z e  o f  the supported metal. 

improves the a c t i v i t y  and thermal s t a b i l i t y  o f  the Pt/A1,03 ca ta l ys t .  

When La203 i s  added as a dopant t o  

This i n  t u r n  
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