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The effects of treatment in oxygen at elevated temperatures on the dispersion of five Pt/A1203 
catalysts (0.5 to 4.0 wt% Pt) were determined. Treatment temperatures of 300 to 700% and 
treatment periods of 1 to 128 hr were studied. Significant increases in dispersion (at times a 
two- to threefold increase) were observed at <600°C. At 500 and 55O’C the increases in 
dispersion were relatively independent of the treatment time. At higher temperatures, rapid, 
time-dependent decreases in disnersion occurred. The results are in agreement with a molecular 
migration mechanism. 

INTRODUCTION 

The high metal surface area per unit 
mass of metal and the thermal stability of 
supported metal catalysts are the main 
reasons for their extensive use. Although 
the thermal stability of these catalysts is 
excellent, i.e., relatively small changes in 
metal surface area occur with extended use 
at elevated temperatures, changes in metal 
surface area do occur with use or treatment 
at high temperatures. The process by which 
this occurs is termed sistering. Several 
mechanism have been proposed for the 
sintering process (1-6). Attempts have 
been made to experimentally determine the 
sintering mechanism (7, 8). Unfortunately, 
discrimination between sintering models on 
the basis of available experimental data is 
not possible (9). 

The present project was undertaken in 
order to obtain experimental data on the 
effects of sintering atmosphere, type of 
metal, and type of support on the rate of 
sintering. This paper deals with the effect 
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of treatment in oxygen on platinum dis- 
persion for alumina supported Pt cat- 
alysts. The phenomenon of increasing Pt 
dispersions for alumina supported platinum 
catalysts as a result of treatment in oxygen 
was of special interest. In the following 
paper (10) we will compare the rates of 
sintering in oxidizing and reducing atmo- 
spheres for various Group VIII supported 
metal catalysts. In subsequent papers we 
plan to report on the influence of support 
properties, metal loading and other atmo- 
spheres on sintering rates. It is hoped that 
these experimental data will be useful in 
elucidating the sintering mechanism(s). 

EXPERIMENTAL METHODS 

Materials 

Five alumina supported platinum cat- 
alysts were used in this study; they were: 
Catalyst 1, 0.5% Pt/Al,Os (Engelhard, Lot 
18-381) ; Catalysts 2, 3, 4, and 5 were 0.53, 
1.0, 2.0, and 4.0% Pt supported on Kaiser 
HA-201 alumina spheres (- 8 + 10 mesh), 
respectively (all percentages are wt%). 
The BET surface area of Catalyst 1 was 
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110 m2/g and the surface area of the Kaiser 
A1203 after treatment at 500°C in air for 
3 hr was 250 m”/g. Catalysts 2 to 5 wre 
prcparcd by wetting the support with dis- 
tilled water (1 cm3 H,O/g of AlaOa), fol- 
lowed by addition of 1 cm3 of H&Cl, 
solution/g of A1203. The mixture was al- 
lowed to stand for 24 hr with intermittent 
stirring before being dried at 110°C for 
24 hr. The H~PtCl~ solution was prepared 
by dissolving HzPtCls.6H20 obtained from 
Engelhard Industries in distilled HzO. The 
amount of Pt in the solution was varied to 
obtain the various Pt loadings of Catalysts 
2 to 5. The BET surface areas of the im- 
pregnated catalysts after treatment at 
500°C for 3 hr were 230 to 240 m2/g. 

All five catalysts mere reduced before 
subsequent sintering experiments. The rc- 
duction procedure for Catalyst 1 consisted 
of treatment at 250°C for 2 hr followed by 
16 hr at 500°C in flowing hydrogen. For 
Catalysts 2 to 5 the proccdurc was trcat- 
ment in flowing hydrogen for 16 hr at 
15O”C, 2 hr at 250°C and 1 hr at 500°C. 
The reduced catalysts were then split into 
smaller portions for the sintering expcri- 
mcnts and stored in air at room tempera- 
ture until use. 

The majority of the Pt in Catalysts 2 and 
3 was conccntratcd in an outer layer with 
a thickness of approximately one-third of 
the pellet radius. For Catalyst 4 the Pt 
penetration was about + to 3 of the radius 
while for Catalyst 5 the Pt was distributed 
throughout the pellets. The determinations 
were made by crushing catalyst pellets and 
examining the fractured pellets under an 
optical microscope. 

The hydrogen used for reduction and 
adsorption mcasurcments was produced by 
a Matheson H2 gcncrator and was further 
purified by passing over an Engelhard 
Dcoxo hydrogen purifier. The oxygen, used 
during sintering, and the nitrogen, used for 
flushing and as the carrier gas during ad- 
sorption, were Lindc prcpurified grade, 
99.995 and 99.997y0 pure, respectively. The 
nitrogen was further purified by passing 

over a Cu/Cu20 bed at 350°C (11), for 
removal of traces of H2 and 02, and a 
molecular sieve column for Hz0 removal. 

Sirzteriny and Adsorption Procedures 

The catalyst sample to bc sintered was 
placed in a U-shaped Vycor tube and oxy- 
gcn at 50 cm3 (STP)/min was passed 
through the U-tube. The size of the catalyst 
sample used varied with metal loading; 
5.0 g were used for Catalysts 1, 2, and 3, 
2.5 g for Catalyst 4 and 2.0 g for Catalyst 5. 
The U-tube was then placed into a modified 
Thcrmolync Model S6 muflle furnace which 
had been hcatcd to the desired sintering 
tcmpcrature. The trmpcraturc of the fur- 
nace was controlled by a Therm0 Electric 
400 temperature controller which rcsultcd 
in catalyst bed temperatures that wcrc 
within f2’C of the set temperature. After 
the U-tube was inserted 1 to 5 min were 
required for the tcmperaturc to regain the 
set value. The sintering times wcrc mca- 
surcd from the time that the furnace tem- 
pcraturc had attained the dcsircd value 
after the sample insertion. The oxygen flow 
was maintained throughout the sintcring 
period. The oxygen pressure was -93 kPa 
(-0.92 atm). 

After the catalyst had been sintcrcd 
for the desired period of time the catalyst 
was pretreated for hydrogen adsorption 
measurcmcnts. For sintcring tempcraturcs 
> 500°C the following procedure was 
employed : 

1. The flowing oxygen used during the 
sintering was replaced by flowing nitrogen 
(50 cm3 (STP)/min). 

2. The U-tube containing the catalyst 
was immediately removed from the furnace 
to ambient conditions after the gas change. 

3. The furnace was cooled from the sin- 
tcring temperature to 500°C (20-30 min). 

4. The U-tube was again placed into the 
furnace and kept in flowing nitrogen at 
500°C for 1 hr. 

5. The nitrogen flow was replaced by 
hydrogen flow (50 cm3 (STP)/min) and the 
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catalyst was kept in flowing hydrogen at 
500°C for 1 hr (reduction step). 

6. The hydrogen flow was replaced by 
nitrogen and the catalyst was kept at 
500°C in flowing nitrogen for 2 hr (degas- 
sing step). 

7. The U-tube containing the catalyst 
was removed from the furnace, cooled to 
room temperature by immersion into a 
water bath and hydrogen adsorption up- 
takes were determined by pulse addition 
of hydrogen to the nitrogen carrier gas 
(adsorption measurement ; procedure de- 
scribed below). 

When a sintering temperature of 500°C 
was used the above procedure with the 
omission of Steps 2 and 3 was empIoyed. 
For sintering temperatures below 500°C 
the above procedure (Steps 2-4) was modi- 
fied in the following manner: the catalyst 
sample was left in the furnace; the oxygen 
was flushed from the system with nitrogen 
at the sintering temperature (0.5 to 1 hr); 
the nitrogen flow was maintained while the 
temperature was raised to 500°C and for 
1 hr at 500°C before proceeding with Steps 
5 to 7. During this procedure, significant 
amounts of adsorbed oxygen may be present 
during the heating stage. To determine 
whether this influenced the results one ex- 
periment was carried out (sintering tem- 
perature 300°C) in which, after flushing 02 
from the system, the reduction in flowing 
hydrogen was carried out at 300°C for 1 hr, 
heating to 500°C and maintaining at 500°C 
for 1 hr. This was followed by Steps 6 and 
7. This change in procedure did not mark- 
edly alter the subsequent adsorption up- 
take, i.e., results were within the repro- 
ducibility experienced with this apparatus 
(see below). 

The hydrogen adsorption measurements 
were carried out at room temperature after 
the above pretreatment by addition of hy- 
drogen pulses to nitrogen carrier gas. The 
nitrogen carrier gas flow rate was 45 cm3 
(STP)/min. Experiments to determine 
whether the carrier gas flow rate influenced 

the adsorption uptake showed that at 
carrier gas flow rates from 25 to 65 cm3 
(STP)/min the carrier flow rat.e did not 
affect the hydrogen uptake. A two-loop 
Carle G. C. sample valve was used for the 
hydrogen pulse injection and a thermal 
conductivity detector was used to monitor 
the amount of hydrogen in the nitrogen 
before and after the catalyst bed. The size 
of the injected hydrogen pulses was 18.7 
pmoles/pulse. Hydrogen pulses were in- 
jected at 3 min intervals until no more 
hydrogen uptake, as indicated by the 
amount of hydrogen in the exit stream 
from the catalyst bed, occurred for two or 
three successive pulses. The standardized 
time between pulse injection is necessary 
since some hydrogen is weakly adsorbed 
and desorption occurs between pulse addi- 
tion. For a complete description of the 
equipment and calibrat.ion procedures see 
Ref. (I@. 

At least two successive determinations of 
hydrogen adsorption uptakes were carried 
out on each sample. The treatment be- 
tween adsorption measurements consisted 
of reduction in flowing hydrogen at 500°C 
for 1 hr and degassing in flowing nitrogen 
at 500°C for 2 hr. If the difference in hy- 
drogen uptake between the first two deter- 
minations was more than 10% further ad- 
sorption measurements were carried out. 
Deviations of > 10% in successive deter- 
mined uptakes on the same sample occurred 
only twice in the present work. The average 
percentage standard deviation (coefficient 
of variation) (IS) for repeated determina- 
tions was 2.9%. Reproducibility of com- 
plete sintering experiments (i.e., starting 
with fresh catalyst samples) was not as 
good and variations of up to &lO% were 
experienced. The average coefficient of 
variation for repeated runs using fresh cat- 
alyst samples was 6.8%. This variation 
from one catalyst sample to the next from 
the same batch is largely due to the in- 
homogeneity that exists between catalysts 
pellets as indicated by the color variation 
between pellets. The reported platinum 
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dispersions, calculated from the hydrogen 
uptakes, arc based on the average value of 
the measured uptakes; repetit’ive uptakes 
on the same sample which dcviatcd by 
more than 5% from the avcragc were not 
included. 

RESULTS 

Various investigators [e.g. (8, 14-l 7)] 
have observed increases in Pt dispersion 
during thermal treatment of supported Pt 
catalysts in oxygen containing atmospheres. 
Treatment of deactivated Pt/AlzOs cat- 
alysts in oxygen containing atmospheres is 
a patcntcd regeneration process (18). The 
effects of treatment time and temperature 
in pure oxygen on the Pt dispersion was in- 
vestigated in the present study. (Disper- 
sion is defined as the rat’io of surface metal 
atoms to total metal atoms.) The Pt dis- 
pcrsions were calculated from the hydrogen 
adsorption uptakes using the assumption 
that one hydrogen atom adsorbs per Pt 
surface atom. 

The dispersions of Catalysts 1 to 5 after 
treatment in oxygen for 1 hr at various 
temperatures arc plotted in Fig. 1. The 
dispersions of the unsintered catalysts are 
also shown in Fig. 1. For all catalysts the 
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FIG. 1. Effect of treatment in oxygen for 1 hr at 
various temperatures on dispersion of Pt/Aly08 
catalysts. 
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FIG. 2. Effect, of treatment time and temperature 
on dispersion of the 2.0% Pt/A1203 catalyst (Cat- 
alyst 4). 

dispersions after treatment at ,<liOO”C are 
higher than the initial dispersions. The 
maximum dispersion, which generally was 
two to three times the initial dispersion, 
occurred aft’er treatment at 550°C (SOO’C 
for Catalyst 2). 

The effects of length of treatment in 
oxygen arc shown in Figs. 2 and 3. Figure 
2 shows a comparison of the dispersion 
after 1 and 16 hr treatments for Catalyst 4. 
For temperatures ~550°C t’he dispersion 
is relatively insensitive to the length of 
treatment, while at higher temperatures 
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the dispersions for the 16 hr treatment are 
significantly lower than for the 1 hr trcat- 
ment. The results presented in Fig. 3 show 
the same behavior. It should be noted that 
for Catalyst 4 treatment at 550°C and 
times of 1 to 128 hr resulted in the same 
dispersion. 

A fresh catalyst sample was employed for 
each of the data points shown in Figs. 1 to 
3. In one experiment, the sample obtained 
after treating Catalyst 4 for 16 hr at 700°C 
was treated in oxygen for 16 hr at 550°C. 
The dispersion after sintering at 700°C was 
0.11 and after the subsequent 550°C treat- 
ment it increased to 0.18. Although this 
increase in dispersion of 65% is not as large 
as the increases observed in the treatment 
of fresh samples, it does show that redisper- 
sion occurs even for heavily sintered cat- 
alysts. Sintering experiments in hydrogen 
never resulted in increased dispersion. A 
comparison of sintering in hydrogen and 
oxygen of Group VIII metals will be pre- 
sented in a subsequent paper (10). 

Decreases in support surface area during 
thermal treatment could in part be re- 
sponsible for the observed losses in Pt 
dispersion. Total surface areas of Catalyst 
4 (2y0 Pt) after various thermal treatments 
were determined by the BET method. The 
unsintered catalyst had an area of 240 
m2/g. Treatment for 128 hr at 550°C in 
oxygen decreased the area to 210 m2/g. The 
surface areas after treatment in oxygen for 
16 hr at 600, 650 and 700°C were 230, 195 
and 180 m2/g, respectively. Hence, the 
most severe treatment conditions (16 hr at 
700°C) resulted in a 25% decrease in total 
surface area while the Pt dispersion de- 
creased by 65y0; therefore, the decreases 
in dispersion were mainly caused by Pt 
crystallite growth and not by decreases in 
support areas. (The loss in support area 
could have been partly responsible for the 
lower redispersion of Catalyst 4 when treat- 
ment at 550°C was carried out subsequent 
to the 700°C treatment.) 

X-Ray diffraction patterns for sintered 
and unsintered samples of Catalyst 4 

showed that no recrystallization of the 
alumina occurred during the thermal treat- 
ments. The diffuse peaks in the diffraction 
patterns correspond to those of r-A1203. 
Treatment in O2 for 16 hr at temperatures 
2650°C resulted in the appearance of Pt 
lines, but the intensity and position of the 
alumina lines did not change noticeably. 

DISCUSSION 

Since the major objective of this work 
was to obtain information on the sintering 
mechanism(s), attempts will be made to 
explain the observations in terms of mecha- 
nistic models. A mechanistic model of the 
sintering process, in order to agree with the 
above experimental results has to be able 
to account for the following observations: 
(1) increases in dispersion at low treatment 
temperatures (5 6OO“C) ; (2) constant in- 
creases in dispersions, independent of treat- 
ment times, at low temperatures (-500- 
55O’C) ; and (3) decreases in dispersion at 
higher treatment temperatures (>, 650°C). 

Two mechanistic models have been pro- 
posed for the sintering processes. The first 
envisages sintering to occur by the migra- 
tion, collision and coalescences of metal 
crystallites on the support surface (1, 2). 
This model will be referred to as the crys- 
tallite migration model. The second model 
envisages the sintering to occur by the 
dissociation of molecular or atomic species 
from the metal crystallites followed by mi- 
gration of these species over the support 
surface and capture of the migrating species 
by trapping sites on the support or other 
metal crystallites (3, 4). This model will be 
referred to as the molecular migration 
model. These two models have also been 
referred to as the Smoluchowski and 
Ostwald-ripening models (7). Modifications 
and extensions of these models are required 
in order to explain the experimental ob- 
servations in terms of these models. 

Crystallite Migration Model 

The crystallite migration model always 
predicts increases in average crystallite 



SINTERING OF SUPPORTED Pt IN OXYGEN 30 

sizes, i.e., decreases in dispersion, as sintcr- 
ing proceeds. Hence an additional process 
has to be included in the model to account 
for increases in dispersion during trcat- 
mcnt at low temperatures (5600°C for 
Pt/A1,03). Ituckenstcin and Pulvermacher 
(2) in their dcvclopment of the crystallite 
migration model attributed the increases 
in dispersion to the changes in intcrfacial 
energies (these arc a function of the atmo- 
sphere to which the catalyst is exposed to 
during treatment) which cause a cryst’allite 
to split into smaller crystallitcs. The brcak- 
up of Pt films into Pt crystallites during 
treatment in air at 500 to 1000°C has been 
observed (19, 20). The splitting mechanism 
can account for increases in dispersion. 

This mechanism can also account for the 
time independent increases in dispersion if 
one assumes that the splitting process is 
rapid so that the metal crystallites dis- 
sociate to their respcctivc “equilibrium” 
sizes (these sizes should be a function of 
temperature, atmosphere and metal-sup- 
port interactions) in <l hr. This process 
predicts that the increases in dispersion arc 
only a function of the metal, support, tem- 
pcraturc and atmosphere. The increases in 
dispersion should be indcpendcnt of t’he 
surface area of the support, the metal load- 
ing, and the initial metal crystallite sizes. 

At higher t’emperatures the migration- 
collision-coalcsccnce of crystallites has to 
be more rapid than the splitting process in 
order to agree with the observed decreases 
in dispersion. At the higher t’emperaturcs, 
the splitting of crystallites may not occur 
due to changes in the platinum-oxygen in- 
teractions. [The platinum-oxygen system 
is not well characterized (Sl)]. The sta- 
bility of plat’inum oxides is discussed in 
more detail below. 

Molecular Migration Model 

The molecular migration model predicts 
decreases as well as increases in dispersion 
depending on the treatment conditions 
(3, 4). Increases in dispersion result if the 
migrating species are trapped at sites on 

the support that have large metal-support 
interactions or if colliding molecular species 
result in the nucleation of new crystallitcs. 

For the platinum-oxygen-support sys- 
tem, the transport of Pt as molecular or 
atomic species can occur by various routes. 
Equation (1) shows the various possible 
processes. 

Equation (1) is not intended to be a stoi- 
chiometrically balanced equation ; it is only 
intended to present the various possible 
processes. The letters in parentheses indi- 
cate the state of the species according to 
the following code: (c) = crystalline or 
solid phase ; (g) = vapor phase ; (a) = ad- 
sorbed state ; and (s) = species on the 
support surface as individual atoms or 
molecules. 

The rates and temperature dependence 
of each of the steps in the postulate mecha- 
nism are discussed below. This discussion, 
due to the lack of knowledge of the P-02- 
support system @?I), includes a significant 
amount of speculation. 

Step 1. The adsorption of oxygen on Pt 
surfaces is a well-known phenomenon and 
occurs at room temperature. Although the 
stoichiometry of adsorption may change 
with temperature it is certain that even at 
elevated temperatures (700°C) some ad- 
sorbed oxygen exists. [Note: PtO(a) refers 
to Pt crystallitcs with adsorbed oxygen.] 

Step 2. Platinum metal ca,n bc convcrtcd 
to solid platinum oxides of various stoi- 
chiometries by exposure to oxygen at 400- 
550°C (22). At temperatures above 560°C 
solid platinum oxides dccomposc to plati- 
num and oxygen (.22, 23). 

Steps 3 and 4. The transfer of PtOz (or 
other platinum oxide) molecules from the 
solid to the support surface are the postu- 
lated processes which are the basis of the 
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molecular migration model. It, is believed 
that these steps occur quite rapidly at the 
temperature used in this study (300-700°C). 
The concentration of PtOz (s) in equilibrium 
with PtOz(c) or PtO(a) should increase 
with increasing temperature until PtOz (s) 
decomposes. 

Step 6. Since PtOz(c) ‘s unstable at tem- 
peratures >SSO”C, it is also likely that 
PtOz (s) decomposes at higher temperatures. 
The temperature of this decomposition is 
not known and will depend on the inter- 
action of the support with the PtOz(s). 
Based on the results of this study it ap- 
pears that the decomposition occurs at 
550-600°C (this is discussed below). 

Step 6. The extensive work on nucleation 
and film growth shows that atoms are mo- 
bile on support surfaces, even at low tem- 
peratures. At the temperatures ( >550°C) 
at which PtOz(s) decomposes to Pt (s) plus 
02(g), the Pt(s) atoms are probably very 
mobile and will be captured by PtO(a) 
particles upon collision. 

Steps 7, 8, and 9. PtOz(g) exists even at 
high temperatures where PtOz(c) is un- 
stable. Schafer and Tebben (24) have deter- 
mined the vapor pressure of PtOz over Pt 
at llOO-1210°C at various partial pressures 
of 02. Using the correlation they present 
for the vapor pressure of PtOz, the PtOz 
vapor pressure at 500 and 706’C with an 
oxygen pressure of 93 kPa is =9 X lo-lo 
and 2 X lo-’ kPa, respectively. These are 
very low pressures and hence very little 
bulk transport of Pt (i.e., loss of Pt to the 
vapor phase) occurs even if equilibrium 
vapor pressures of PtOz are reached in the 
oxygen gas stream used during treatment. 
For example, it would require -55 yr to 
remove all the Pt from a 5.0 g sample of 
0.5% Pt/AhOs if oxygen at a flow rate of 
50 cm3 (STP)/min and 700°C were satu- 
rated with PtOz during passage over the 
sample. Although the rate of Pt loss is 
small the transfer from PtO(a) and PtOz(c) 
to PtOz(s) by means of PtOz(g) can be ap- 
preciable for small crystallites at tempera- 
tures 2 600°C. 

Steps 10, 11 and 12. Due to the ex- 
tremely low vapor pressures of Pt, the con- 
tribution of these steps is negligible at the 
temperatures employed in this study. 

The interpretation of the dat’a obtained 
in this study in terms of the molecular 
migration model yields the following con- 
clusions. At temperatures <6OO”C the Pt 
transport occurs by Steps 2, 3, and 4. The 
increases in dispersion are the result of 
PtOz(s) formation. Some of the migrating 
PtOz(s) may be trapped at high energy 
sites on the support resulting in the forma- 
tion of new particles. The decomposition 
of the PtOz (s) to Pt (s) and 02 (g) when the 
oxygen atmosphere is changed to nitrogen 
(followed by hydrogen) can also result in 
the nucleation of new Pt crystallites if the 
PtOz(s) concentration was sufficiently high. 
Since the increases in dispersion were found 
to be independent of treatment time (for 
2 1 hr) at 555O”C, “local equilibrium” of 
PtOz(s) was established rapidly. This “local 
equilibrium” refers to the PtOz(s) concen- 
tration on individual support grains (out 
of which catalyst pellets are made) which 
contain Pt particles. It is believed that 
migration of PtOz(s) is restricted to indi- 
vidual support grains and vapor phase 
transport is required for transfer of Pt from 
one grain to another. At temperatures 
>,6OO”C the Pt transport occurs by Steps 
3, 5, 6, 7, and 9. This results in decreases in 
dispersion since the migrating Pt (s) species 
are captured by Pt or Pt (a) crystallites. 

According to the above interpretation, 
the dispersion after treatment in 02 and 
reduction in H, depends on the treatment 
temperature, PtOz (s)-support interaction, 
support surface area, metal loading and 
initial Pt crystallite sizes. The major effect 
of temperature is related to the tempera- 
ture stability of PtOz(s) (Step 5). The 
PtOz(s)-support interaction affects the 
equilibrium PtOz (s) concentration ; higher 
interactions result in higher equilibrium 
concentrations. For large interactions, low 
metal loadings and/or high accessible sup- 
port surface areas, it is conceivable that all 
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t,ho platinum can exist as PtOz(s). (The 
accessible support awa in the absences of 
vapor phase transport is comprised of those 
grains of support which initially contain Pt 
cryst.allitcs, i.e., for surface coated catalyst 
pellets only that fraction of the support 
t’hat contains Pt is accessible to the mi- 
grating I%02 (s) species.) The crystallit’e 
size affects the PtOz(s) concentration since 
small PtOz(c) or Pt’O(a) particles, accord- 
ing to t.hc Kelvin equation, have a higher 
equilibrium I%02 (s) concrntration than 
larger particlcs. 

Model Discrimination 

The crysta1lit.e and molecular migration 
models predict different behavior during 
redispcrsion, i.e., for the particle splitting 
the redispersion should be relatively inde- 
pendent of metal loading and initial metal 
crystallite size, while the molecular migra- 
tion model predicts, in general, a dcpcn- 
dence on these properties. Catalysts 2 to 5 
were prepared to determine the effect of 
metal loading on redispersion. Unfortu- 
nately, the l’t was not uniformly distributed 
throughout the support pellets (i.r., not, all 
the support surface was accessible) and 
hence it is not possible to determine the 
effect of metal loading from the data, but 
it is possible to determine the effect of 
average initial crystallite size on the redis- 
persion. The genera1 trend is that the 
maximum dispersion obtained increascsmith 
decreasing initial crystallite size. (The 
crystallite size is inversely proportional to 
the dispersion.) This is true for Catalysts 
2 to 5 as well as for the rcdispcrsion of 
Catalyst 4 which had been sintcred at 
700°C for 16 hr. Catalyst 1 does not fit 
this trend, but this is not surprising since 
the support for this catalyst was different 
than that of the other four catalysts. 

The dependence of t.hc increases in dis- 
persion on the initial dispersion supports 
the molecular migration model. The recent 
results of controlled atmosphere electron 
microscopy obtained by Baker et al. (25) 

also support the molecular migration model. 
These investigators observed, from tine 
films, that detectable 1% particles (>2.5 
nm) on Al,03 were immobile. Hence, it is 
difficult to explain the continued decreases 
in dispersion at higher temperatures by the 
crystallite migration model. In our study 
average crystallite sizes of -10 nm were 
obtained (dispersion = 0.1) after sintering 
at 700°C. Experiments to determine the 
effect of met,al loading and support surface 
area on the degree of redispersion for cata- 
lysts with metal evenly distributed over 
the support surface are planned. 

CONCLTJSIONS 

It has been found that treatment of 
Pt/AlZ03 catalysts in pure oxygen at ap- 
proximately atmospheric pressure and tem- 
peratures <SOO”C results in significant in- 
creases in platinum dispersion. The in- 
creases in dispersion at 5 550°C were found 
t,o be independent of the length of treat- 
mcnt. At treatment’ temperatures 2 600°C 
decreases in dispersion occurred. The de- 
creases were a st’rong function of treatment 
time and temperature. The molecular mi- 
gration model is believed to be the mccha- 
nism of sintering for supported Pt/Alz03 in 
oxygen atmospheres. 
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