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The role of acid and base properties of oxide supports on the stability of Pt on these supports 
during oxygen treatment at 550°C was investigated. The acid-base properties were determined by 
the indicator-titration method. The supports studied were y-alumina, silica, silica-alumina, mag- 
nesia, and silicalite; the Pt was introduced to these supports by impregnation with H2PtC16 or 
Pt(CSH702)2. The introduction of Pt did not significantly affect the acid-base properties. Hydrogen 
chemisorption and X-ray diffraction were used to determine the changes in Pt dispersion that 
occurred due to O2 treatments. It was observed that O2 treatments at 550°C of Pt on supports with 
basic sites (y-AlrOr and MgO) resulted in increases in Pt dispersions, while decreases in Pt disper- 
sion occurred for Pt supported on acidic and neutral supports (silica-alumina, silica, and silica- 
lite). 8 I985 Academic Press, Inc. 

INTRODUCTION 

The superiority of transition aluminas 
over other refractory oxides as supports for 
naphtha reforming catalysts was recog- 
nized early in the development of reforming 
catalysts (I). Transition aluminas, after ad- 
dition of small amounts of chlorine or fluo- 
rine, have isomerization activity desired for 
reforming while undesired hydrocracking 
activity is lower than on other acidic sup- 
ports. Furthermore, sintered Pt/Al,O, cata- 
lysts can be regenerated; i.e., the growth of 
Pt crystallites which occurs during pro- 
longed use under reforming conditions and 
during coke burnoff, is at least partially re- 
versible for alumina-supported reforming 
catalysts. 

Regeneration of sintered Pt/A1203 cata- 
lysts, i.e., redispersion of Pt, can be 
achieved by appropriate oxygen and chlo- 
rine treatments (2-9). The formation of 
Pt-0-Cl--AllO or Pt-0-A1203 sur- 
face complexes is responsible for the Pt re- 

i To whom correspondence should be addressed. 

dispersion (2, 4), and the alumina stabilizes 
the Pt4+ formed during oxychlorination at 
500 to 550°C (3). However, similar oxy- 
chlorination treatments of silica-supported 
Pt do not result in Pt redispersion (4). Re- 
cent EXAFS results (IO, II) have shown 
that the high dispersions of reduced Rh/ 
Al203 catalysts are due to interactions be- 
tween Rh and surface oxygens of the A1203. 
Similar metal-support oxygen interactions 
do not occur for Pt on silica (10). Basic O*- 
sites, which are present on the surface of 
aluminas but not on silica (12), are probably 
responsible for the interactions of sup- 
ported metals with alumina surfaces. 

The influence of support basicity and 
acidity on the behavior of supported Pt dur- 
ing O2 treatments at 550°C is reported in 
this paper. The supports investigated were 
alumina, silica, alumina-silica, magnesia, 
and silicalite. Silicalite is an essentially alu- 
minum-free pentasil zeolite (13). Acid-base 
properties of supports and catalysts were 
measured by the titration method. The 
results show that sintering and redispersion 
phenomena are correlated with support ba- 
sicity. 
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TABLE 1 

Description of Catalysts 

Support” Catalyst 
number 

Platinum 
loading 

(mass%) 

Method of preparationb 

Pt precursor Solvent 

y-&O3 (AU 

‘y-A203 (A21 

Si02 (Sl) 

SiOr (S2) 
Silica-ahunina 

MgO (Ml) 

MgO ‘342) 

Silicahte 

1 0.5 HzPQ Water 
2 0.5 WXi702)2 Chloroform 
3 1.0 HzF’Q Water 
4 1.0 Pf(CJH702)2 Acetone 
5 0.5 H2PQi Water 
6 0.5 WGH7032 Chloroform 
7 0.5 H2I’tCb Water 
8 0.5 Pf(CSH702)2 Chloroform 
9 0.5 H2PCI, Water 

10 0.5 H2PtC16 Water 
11 0.5 PGH70212 Chloroform 
12 0.5 H2RCls Water 
13 0.5 WGHP2)2 Chloroform 
14 0.5 HzJ9Cls Water 
15 0.5 E(CJH702)2 Acetone 
16 5.0 H2FV-A Water 
17 1.0 WNHW12 Water 

o See Table 2 for descriptions of supports. 
b All catalysts, except Catalyst 17. were prepared by impregnation; Catalyst 

17 was prepared by exchange. 

EXPERIMENTAL METHODS 
Catalysts. Catalysts were prepared by 

impregnation with aqueous solutions of 
chloroplatinic acid, impregnation with chlo- 
roform solutions of platinum acetylaceton- 
ate, impregnation with acetone solutions of 
platinum acetylacetonate, and by exchange 
with aqueous solution of tetramine Pt(I1) 
chloride. The catalysts used in this study 
and their preparation methods are pre- 
sented in Table 1; the physical properties of 
the supports are given in Table 2. 

Impregnation with Pt(CsH70&-CHCl3 
solutions consisted of immersion of the 
support in CHCG for 24 h, addition of 
Pt(CsH,O&-CHC& solution at room tem- 
perature followed by intermitted stirring for 
24 h, evacuation of mixture at room tem- 
perature until alI the liquid had evaporated, 
and drying of the catalyst in air at 120°C for 
6 h. Impregnation with Pt(CSH,O&-ace- 
tone solutions consisted of wetting the 
supports with acetone, addition of 

Pt(CjH,O&-acetone solutions followed by 
intermittent stirring at room temperature 
for 24 h, slow evaporation of acetone at 
35°C until a thick paste formed, and drying 
at 75°C for 24 h. The impregnation proce- 
dure with chloroplatinic acid has been de- 
scribed previously (6). Catalysts prepared 
by impregnation with H#tC& were dried in 
air at 110°C before reduction. 

All the dried catalyst prepared by im- 
pregnation were reduced in flowing hydro- 
gen at 150°C for 16 h, 250°C for 2 h, and 
500°C for 1 h. The reduced catalysts were 
stored in air until use. It should be pointed 
out that none of the catalysts prepared by 
impregnation were calcined at elevated 
temperatures before reduction. The omis- 
sion of a calcination step prior to reduction 
results in catalysts with relatively low Pt 
dispersions. Relatively low Pt dispersions 
(~0.5) of the fresh catalysts were desired in 
the present study since one of the objec- 
tives of this work was to determine whether 
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TABLE 2 

Description of Supports 

Support 

Y-M203 (Al) 
y-Ah03 (M) 
Silica (Sl) 
Silica (S2) 
Silica-aiumina 
Magnesia (Ml) 

Magnesia (M2) 
Silicahte 

Supplier 
(source) 

Cabot Corp. (Alon) 
Kaiser (KA-201) 
Degussa (Aerosil-200) 
Ventron, Alpha Products 
Ventron, Alpha Products 
Decomposition of basic 

magnesium carbonate 
Ventron, Alpha Products 
Union Carbide 

Surface Total 
area acidity 

b2/g) bwk) 

100 0.48 
250 0.76 
200 0.05 
220 nd.” 
125 0.24 
65 0.00 

90 0.00 
4356 n.d.” 

Total 
basicity 
(meqhd 

0.30 
1.04 
0.0 
n.d.a 
0.04 
1.16 

3.65 
n.d.” 

a Not determined. 
b Single point BET area obtained from supplier. 

treatment in oxygen of reduced catalysts 
can result in increases in Pt dispersions. 

The preparation of Wsilicalite (Catalyst 
17) was done by exchange of silicalite with 
an aqueous solution of Pt(NH,)&, con- 
taining 13 mg Pt/cm3 of solution. The mix- 
ture was shaken intermittently and allowed 
to equilibrate for 60 h at room temperature. 
The solids were filtered from the solution 
and washed eight times with distilled, de- 
ionized water. The catalyst was dried in 
air at 60°C for 2 h, at 120°C for 5 h, 
and at 300°C for 3 h, and reduced at 
300” in HZ for 36 h. Previously reported 
studies (14, 25) for Pt supported on silica- 
lite and ZSM-5 indicated that a significant 
fraction of the Pt after this preparation 
method is located in the zeolite channels. 
The Pt content of the Pt/silicalite catalyst 
was determined by neutron activation anal- 
ysis. The Pt contents of catalysts prepared 
by impregnations were calculated from the 
composition of the impregnation solutions. 
The chlorine contents of the alumina sup- 
ports (Al and A2, Table 2) and Pt/A1203 
prepared by impregnation with H,PtCl, 
(Catalysts 3 and 5, Table 1) were also deter- 
mined by neutron activation analysis. The 
as-received Alon (Al) contained 1.5 wt% 
Cl; however, thermal treatment of the Alon 
in dry 02 at 550°C for 2 h reduced the Cl 

content to 0.8 wt%. This decrease in Cl 
content is probably due to decomposition of 
residual AlC13 in the Alon. (The Alon was 
manufactured by flame hydrolysis of alumi- 
num chloride.) The Cl content of Catalyst 3 
(1 .O wt% Pt on Al made by impregnation 
with HzPtCl,) after reduction at 500°C was 
1.0 wt%. The Cl content of support A2 was 
co.03 wt%; impregnation with H2PtCls 
(Catalyst 5) increased the Cl content to 0.5 
wt%. The sodium content of A2, as speci- 
fied by the manufacturer, was 0.2 wt%. 

Acid-base properties. The acid-base 
properties of supports and some reduced 
P&support samples were measured by the 
nonaqueous indicator method (16, 17). The 
advantages and limitations of the nonaque- 
ous indicator method are discussed in these 
references. The white solid acid modifica- 
tion of the method (28) was used for the Pt- 
containing samples. Aliquots of samples 
were tirated with 0.1 N solutions of n-butyl- 
amine in anhydrous benzene for acid site 
determination. Benzoic acid in anhydrous 
benzene (0.1 N) was used for basic site de- 
terminations. The strength distributions of 
acid and base sites were determined with 
the indicators listed by Tanabe (27), 
phenolphthalein was used as the indicator 
for basic sites with pK, > 9.3. 

The samples were treated in dry air at 
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TABLE 3 

Stre& Distribution of Acidic Sites for Supports and Catalysts 

Support 
or 

catalyst 

n-Butylamine titer as function of PK. 
(meqlg of sample) 

pK, < -8.2 -8.2 to -5.6 -5.6 to -3.0 -3.0 to +3.3 

~403 (Al) 
Catalyst 1 
Catalyst 2 
Y-&O3 W) 
Catalyst 5 
Catalyst 6 
SiO2 (Sl) 
Catalyst 7 
Catalyst 8 
Silica-alumina 
MgO (Ml and M2) 

0.21 
- 

0.21 
0.32 
0.31 
0.31 
0.00 
0.00 
0.00 
0.16 
0.00 

0.17 0.08 
- 0.44” 

0.17 0.08 
0.14 0.26 
0.17 0.29 
0.17 0.24 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.00 0.08 
0.00 0.00 

0.02 
0.02 
0.02 
0.04 
0.02 
0.04 
0.05 
0.05 
0.05 
0.00 
0.00 

a Total acidity with PK. < -3.0. 

400°C for 4 h prior to titration measure- 
ments. Great care was taken to avoid expo- 
sure of the dried samples to moisture since 
such exposure, either during handling or 
due to traces of water in the benzene, could 
significantly affect the acid-base properties 
of the samples (16). 

Hz adsorption and x-ray dieaction mea- 
surements. The previously described (6) 
pulse-flow adsorption apparatus and proce- 
dures were used to measure Hz adsorption 
uptakes. Briefly, the procedure consisted of 
reducing the sample at 500°C in flowing Hz, 
degassing at 500°C in flowing, ultrapure Nz, 
cooling to 22°C in flowing N2, and measur- 
ing the Hz uptake at 22°C. This Hz uptake of 
catalysts not treated in 02 is referred to as 
(H/Pt)~. Following this adsorption measure- 
ment, the catalyst sample was treated in 
flowing 02 at 550°C for the desired time. 
The 02 treatment was followed by 500°C 
reduction, degassing, and Hz adsorption at 
22°C. The Hz uptake after 02 treatment, 
reduction, and degassing is referred to as 
ww. 

Some of the catalysts were examined by 
X-ray diffraction (XRD) after various 
stages of treatment. XRD measurements 

were done with a Philips diffractometer us- 
ing the step-scan mode and CuKe radia- 
tion. The range of 36 to 44” of 20 was 
scanned at a step size of 0.02” of 28 and a 
counting time of 100 s per step. At these 
conditions, the Pt 111 line at 28 = 39.8” (the 
most intense Pt XRD line) was readily de- 
tected for Catalysts 16 and 17. Reliable de- 
tection of Pt lines for most PtiAl203 cata- 
lysts was not possible, even at the slow 
scan rates used, due to the low Pt contents, 
relatively high Pt dispersions, and interfer- 
ence of y-Al203 diffraction lines with Pt 
lines. At the conditions used for XRD, Pt 
crystallites ~-2.0 run were readily detected. 

RESULTS AND DISCUSSION 

Acid-Base Properties 

Total acidity and basicity of supports are 
given in Table 2; strength distributions of 
acidic and basic sites for supports and some 
supported Pt catalysts are listed in Tables 3 
and 4. The acid-base properties of silicalite 
were not measured, but these high-silica 
pentasil zeolites are essentially neutral 
(19). 
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TABLE 4 

Strength Distribution of Basic Sites 
for Supports and Catalysts 

Benzoic acid titer as function of pK, 
bneqlg of sample) 

PK. > 18.4 18.4 to 15.0 IS.0 to 12.2 12.2 to 9.3 

Y-A~O~ (Al) 0.10 0.08 0.00 0.12 

YAW, (~42) 0.42 0.22 0.40 0.00 
Sit& (SI) 0.00 0.00 0.00 0.00 
Silica-alumina 0.00 0.00 0.00 0.04 
MgO (MI) 0.00 1.12 0.00 0.04 

MgO (Ma 0.00 0.05 3.60 0.00 
Catalyst 16 0.00 0.00 3.55 0.00 

The two alumina supports (Al and A2) 
have similar acid-base properties; i.e., 
both contain strong acidic (pK, < -8.2) and 
strong basic (pK, > 18.4) sites, but the Alon 
(Al) has a higher total concentration of 
acidic sites (2.9 sites/nm2) than the Kaiser 
(A2) alumina (1.8 sites/nm2). This is proba- 
bly due to the chlorine content of Alon. 
However, A2 has a higher concentration of 
basic sites (2.5 sites/rim*) than Al (1.8 sites/ 
nm*); the Na content of A2 may be respon- 
sible for the higher basicity of A2. The silica 
support Sl (Aerosil-200) had no basicity 
and only a low concentration of acid sites. 
This low acidity is probably due to traces 
of impurities (20, 22). The silica-alumina 
(53% silica) had a low concentration of ba- 
sic sites and acidity similar to that of the 
aluminas. The magnesias had no acidity 
and high concentrations of basic sites with 
intermediate strengths. 

Acidity and basicity of some supported 
Pt catalysts were measured to determine 
whether introduction of Pt or the nature of 
the Pt precursor affected the acid-base 
properties. Impregnation of the aluminas 
with Pt, followed by drying and reduction, 
does not appreciably alter the acidic prop- 
erties of the aluminas even when HzPtC& is 
used in the impregnation (see results for 
Catalysts 1,2,5, and 6, Table 3). Impregna- 
tion of Al with H2PtC16 does not alter the Cl 
content markedly since Al already contains 
significant amounts of chlorine. Hence, the 

lack of variation of acidity between Al and 
Catalyst 1 is not surprising. Impregnation 
of A 2 with H2PtCla increases the Cl content 
form co.03 to about 0.5 wt%. However, 
this increase in Cl content only resulted in a 
slight increase in acidity (cf. A2 and Cata- 
lyst 5, Table 3). This again is not surprising 
since low levels of chlorine do not affect 
acidity of aluminas significantly (16). Simi- 
lar results were obtained for .the silica-sup- 
ported catalysts (see results for Catalysts 7 
and 8, Table 3). The basicity of MgO is not 
changed significantly even if 5% Pt is intro- 
duced by impregnation with H@& (see 
results for Catalyst 16, Table 4). These 
results lead to the conclusion that introduc- 
tion of Pt to the various supports, using var- 
ious Pt precursors, does not have a signifi- 
cant effect on the acid-base properties of 
the support. 

Our results with alumina are at variance 
with those reported by Sharma et al. (22). 
These investigators found that coimpregna- 
tion of chlorinated r-Al203 with 0.35 wt% 
Pt and 0.04 wt% Ir caused decreases in con- 
centration of weak- and medium-strength 
acid sites (-5.6 I p& zz +5.0) of 0.16 to 
0.27 sites/rim*. These decreases in acidity 
correspond to the elimination of three to 
five acid sites per metal (Pt + Ir) atom. A 
decrease in acidity of -0.1 meq/g of cata- 
lyst would have resulted for our 0.5 wt% Pt 
catalysts if every Pt atom eliminated four 
acidic sites. The results in Table 3 for Cata- 
lysts 1, 2, 4, and 5 show that such a de- 
crease was not observed. Our observations 
that impregnation of aluminas with Pt does 
not alter the acidity of the aluminas are in 
agreement with the results of Kupcha et al. 
(23); they found that impregnation of alumi- 
nas with Pt does not affect the electron ac- 
ceptor properties of the supports. The 
probable cause for the observations by 
Sharma et al. (22) was exposure to mois- 
ture before or during the titrations. This ex- 
planation is substantiated by the results 
they obtained for their Sample A (a y-A1203 
obtained by calcination of boehmite). They 
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TABLE 5 

Influence of O2 Treatment at 550°C on H2 Adsorption Uptakes (Hz Uptakes Measured 
after Reduction at 500°C) 

SUPport Catalyst Flatinum 
precursor 

02 treatment 
time 

(h) 

Hydrogen uptakes 
(H atom/Pt atom) 

wmo wm 

wm 
- 
WWO 

y-Ah03 W) 

SiOz (Sl) 

SiOl (S2) 

Silica-alumina 

M&Q tw 

MgO W) 

Silicalite 

16 
1 
3 
1 

16’ 
I 0.27 

16 
1 

16 

3 
1 
3 

3 

3 
1 
3 
1 
1 
1 
1 

1 
3 

0.29 

0.54 

0.33 

0.24 

0.46 

0.40 

0.40 

0.20 

0.31 

0.09 
0.04 
0.00 
0.00 
0.00 
0.06 

0.47 

0.62 
0.64 
1.08 
1.11 
0.68 
0.69 
0.71 
0.61 
0.5 1 
0.52 
1.02 
1.06 
0.31 
0.26 
0.35 
0.28 
0.08 
0.04 
0.18 
0.14 
0.04 
0.11 

El 
0.00 
0.16 
0.19 
0.14 

2.1 
2.2 
2.0 
2.1 
2.1 
2.1 
2.7 
2.3 

:.: 
212 
2.3 
0.78 
0.68 
0.88 
0.70 
0.4 
0.2 
0.58 
0.45 
0.4 
2.7 

- 
- 

2; 
3.2 
0.30 

did not observe any strong acidity for this 
sample; we have always found significant 
concentration of strong-acid sites on y- 
A&O3 obtained by this method, but expo- 
sure to moisture significantly affects the 
acidity of these samples. 

Infuence of 550°C Oxygen Treatment 

In previous studies (6, 24, 25) we ob- 
served that oxygen treatment of reduced Pt/ 
y-Al24 catalysts at 400 to 550°C resulted in 
increases in hydrogen adsorption uptakes. 
The results in Table 5 show the effect of 
oxygen treatment at 550°C on subsequent 
hydrogen adsorption for Pt on various sup- 
ports. The results for Pt on alumina are sim- 
ilar to those reported previously for cata- 
lysts prepared by impregnation with 
HrRC& (6, 24, 25); i.e., treatment in 02 at 
550°C results in about a twofold increase in 

HZ adsorption [(HiPt)/(H/Pt)O = 2.0 to 2.71. 
This increase was observed for PtlyAlz03 
prepared by impregnation with either 
H#tCL, or Pt(C~H702)2, but catalysts pre- 
pared by impregnation with Pt(C$H70& 
(Catalysts 2,4, and 6) had a higher absolute 
HZ uptake than catalysts prepared by im- 
pregnation with H#tC& (Catalysts 1,3, and 
5). 

Oxygen treatment at 550°C of silica, sil- 
ica-alumina, and silicalite-supported Pt did 
not result in increases in Hz adsorption. Ox- 
ygen treatment at 550°C for these catalysts, 
regardless of pt precursor, always resulted 
in decreases in HZ adsorption. Similar 02 
treatment of Pt/MgO catalysts prepared by 
impregnation with H&CL caused in- 
creases in Hz adsorption; however, the ab- 
solute values of the H/Pt ratios were low 
(10.3). Pt/MgO catalysts prepared by im- 
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I.. . -...-.* -.I 
36 38 40 42 44 

Diffraction Angle, 28 

FIG. 1. XRD patterns of MgO and 5% WMgO (Cata- 
lyst 16): A = MgO; B = 5% Pt/MgO reduced at 500°C; 
C= sample used for B and then treated in Or at 550°C 
for 1 h and reduced at 500°C. (Patterns B and C are 
offset for clarity.) 

pregnation with Pt(CSH70& did not adsorb 
HZ (see Catalysts 13 and 15, Table 5). More 
detailed results of the anomalous H2 ad- 
sorption on Pt/MgO have been presented 
elsewhere (26), and further investigations 
of the Pt/MgO system are in progress. 

XRD was used to determine whether O2 
treatment at 550°C causes changes in Pt 
crystallite sizes, since HZ adsorption up- 
takes may not reflect Pt dispersion. Figure 
1 shows XRD patterns for reduced samples 
of Catalyst 16 (5% Pt/MgO). The high Pt 
loading was used to obtain relatively large 
diffraction intensities for Pt lines. XRD pat- 
terns for the 0.5% Pt/MgO catalysts had 
weak Pt diffraction lines indicating that the 
Pt was well dispersed in these catalysts. 
The freshly reduced 5% Pt/MgO catalyst 
displayed an intense Pt 111 line (see Fig. 1, 
Pattern C at 28 = 39.8”). Oxygen treatment 
followed by reduction caused a three- to 
fourfold decrease in the integrated intensity 
of the Pt 111 line (cf. Patterns B and C, 
Fig. 1). This means that over 70% of the Pt 
in the Ortreated, reduced sample is present 
in crystallites smaller than 2.0 nm. If ~70% 
of the Pt is present in Pt crystallites <2.0 
nm in size, then the Pt dispersion is >0.35. 
However, the H/Pt ratio after l-h O2 treat- 
ment at 550°C was only 0.16 (see Catalyst 
16, Table 5). These results again show that 

H/Pt ratios for PtiMgO do not correspond 
to Pt dispersions. 

Results of XRD studies on the 1% Pt/sili- 
calite catalysts in Fig. 2 clearly show that 
02 treatment at 550°C causes growth of Pt 
crystallites and increases the fraction of 
XRD-detected Pt. The integrated intensity 
of the Pt 111 line increased about twofold as 
a result of l-h 02 treatment at 500°C (cf. 
Patterns B and C, Fig. 2). This indicates 
that approximately half of the Pt in the 
freshly reduced sample is present in Pt 
crystallites ~2.0 nm in size. The Pt crystal- 
lite sizes of the XRD-detected Pt, based on 
the integral width of the 111 Pt line, are -9 
nm for the freshly reduced catalyst (Pattern 
B, Fig. 2) and -12 nm for the 02-treated 
catalyst (Pattern C, Fig. 2). The decrease in 
H2 adsorption as a result of O2 treatment 
(see Table 5) is in agreement with the XRD- 
determined increases in Pt crystallite size. 
XRD studies of Pt on y-A&O3 are compli- 
cated by the broad 222 line of r-Al,O, at 
28 = 39.5” which masks the Pt 1 I1 line. This 
is illustrated in Fig. 3 for the 1% Ptly-AllO 
catalyst. Patterns B and C in Fig. 1 have 
higher intensities in the 38 to 42 “28 region 
than the support (Pattern A), but Pattern B, 
before 02 treatment, and Pattern C, after O2 
treatment, appear to be similar. However, 
point-by-point subtraction of Pattern C 
from Pattern B, resulting in Pattern D, 

I- . . . .-- . 1 
36 38 40 42 44 

Diffraction Angle, 28 

FIG. 2. XRD patterns of silicalite and 1% Pt/silicalite 
(Catalyst 17): A = silicalite; B = Catalyst 17 reduced 
at 500°C; C = sample used for B and then treated in Or 
at 550°C for 1 h and reduced at 500°C. (Patterns B and 
C are offset for clarity.) 
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. . . J 

36 30 40 42 44 

Diff radon Angle, 20 

FIG. 3. XRD patterns of y-A&OS (Al) and 1% Pt/y- 
A&O, (Catalyst 4): A = -y-A&OS (Al); B = Catalyst 4 
reduced at 500°C; C = sample used for B and then 
treated in O2 at 550°C for 16 h and reduced at 500°C; D 
= Pattern C subtracted from Pattern B. (Patterns B 
and C are offset for clarity.) 

sfiows that the intensity of the pt 111 line 
has decreased slightly as a result of O2 
treatment. This is in qualitative agreement 
with the increased H/Pt as a result of O2 
treatment . 

Acid-Base Properties and Pt Dispersion 
after 02 Treatment 

Comparison of support acid-base prop- 
erties (Tables 3 and 4) with the influence of 
O2 treatment at 550°C on subsequent HZ ad- 
sorption uptakes (Table 5) shows that in- 
creases in H2 uptakes only occur for sup- 
ports with basic sites of medium and/or 
high strengths, i.e., aluminas and magne- 
sias. Oxygen treatment at 550°C of Pt on 
acidic supports, such as silica-alumina 
which has very low weak basicity, and es- 
sentially neutral supports, such as silica 
and silicalite, always caused decreases in 
H2 uptakes. XRD results, e.g., Figs. 1 to 3, 
show that increases in HZ uptakes are ac- 
companied by decreases in average Pt crys- 
tallite sizes. Hence, oxygen treatment at 
550°C can cause redispersion of R on sup- 
ports with basic sites, while similar treat- 
ments of Pt on supports that do not have 
appreciable basicity results in sintering, 
i.e., a decrease in Pt dispersion. 

The current observations are in agree- 
ment with a previously proposed mecha- 
nism for sintering and redispersion (6). This 
mechanism proposes that Pt oxide species 
are formed on the pt crystallites and these 
Pt oxides migrate across the support. Sin- 
tering occurs if the interactions of these 
mobile species with the support are weak, 
and increase in dispersion occurs if the mi- 
grating species are trapped by strong infer- 
actions with the support. The PtO, formed 
on the Pt crystallites may decompose to Pt” 
and oxygen on the support. On nonbasic 
supports the mobile Pt species do not inter- 
act strongly with specific sites on the sup- 
port and sintering results. On basic sup- 
ports the migrating Pt species interact 
strongly with the basic sites and increases 
in dispersion result. Basic 02- sites stabi- 
lize Pt”+ (3) as well as Rho (IO, II). These 
results support our conclusion that basic 
sites are responsible for redispersion during 
02 treatment. 

SUMMARY AND CONCLUSIONS 

The behavior of supported Pt during oxy- 
gen treatment at elevated temperatures is 
strongly affected by the acid-base proper- 
ties of the support. On supports without ba- 
sic sites only sintering was observed, while 
on supports with medium and/or strong ba- 
sic sites increases in dispersion occurred as 
a result of 02 treatment. XRD and chemi- 
sorption results were in qualitative agree- 
ment; however, the H/R ratios measured 
for Pt/y-A1203 prepared by impregnation 
with H#tC& and for Pt/MgO probably do 
not correspond to Pt dispersions. The H/Pt 
ratios for these catalysts were consistently 
lower than the R dispersions indicated by 
XRD intensities and linewidths. More de- 
tailed investigations dealing with the quan- 
titative disagreement between Hz chemi- 
sorption and XRJI results are planned. 
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