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LETTERS TO THE EDITORS 

Contradictions in the Interpretation of Experimental Results 
Obtained upon High-Temperature Hydrogen Treatment 

of Supported Platinum Catalysts 

In recent years growing interest has been 
paid to the study of the influence of high- 
temperature hydrogen treatment (HTHT) 
on the hydrogen adsorption and catalytic 
properties of the supported Pt catalysts 
(Z-4). 

Recently Kunimori et al. (5) have pro- 
posed a plausible redox reaction (see be- 
low) on the basis of the correlation found 
between the decrease (or increase) in the 
amount of H2 chemisorption (AH/PO and 
the amount of H2 (or 02) consumptions dur- 
ing the pretreatment processes. 
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More recently this approach has been ex- 
tended to study the SMSI behavior of the 
Pt/TiO, catalyst (6). 

We have found certain contradictions in 
works (4-6) and the aim of our comment is 
to demonstrate that the extrapolation given 
in papers (4-6), i.e., the use of the correla- 
tion mentioned above, is not sufficiently 
correct. It will be demonstrated that addi- 
tional surface reactions also may be in- 
volved in the hydrogen consumption during 
the pretreatment processes. 

The first contradiction we found ap- 
peared in the preliminary report (4). It was 
mentioned that in the course of HTHT the 
number of hydrogen atoms consumed was 
about 10 times as many as that of the total 
Pt atoms. We believe that this high value 
cannot be interpreted any other way than to 
assume additional hydrogen-consuming re- 
actions. 

Let us examine data given in the subse- 
quent paper (5). In Table 2 (see run No. 2) 
the value of hydrogen consumed during hy- 
drogen treatment is 1.25 H/Pt (reaction 
(la)) and the corresponding oxygen uptake 
during oxygen treatment calculated from 
run Nos. 3 and 4 is 0.46 O/Pt (reaction (lb)). 
The latter value corresponds to 0.92 H/Pt. 
From this data it follows that in run No. 2 
hydrogen corresponding to 0.33 H/Pt (i.e., 
1.25 - 0.92) is consumed in an unknown 
surface reaction (in run No. 5 this value is 
even greater: 0.49 H/Pt), i.e., either redox 
reaction (1) should have different sto- 
chiometry or additional unknown reactions 
should be involved in the hydrogen con- 
sumption. In this respect there is only one 
question: what is the reliability of the corre- 
lation found if discrepancies of this kind oc- 
cur in the initial data? 

Let us discuss the basic point of the pa- 
pers mentioned, i.e., the linear correlation 
found between the Hz (or 02) consumption 
during the pretreatments and the decrease 
(or increase) in the H/Pt ratio measured by 
chemisorption (AH/Pt) (Fig. 2 in Ref. (5) 
and Fig. 1 in Ref. (6)). On both figures the 
experimental points are very scattered. Al- 
though on these two figures the ratio of 
slopes is close to 2 to 1, the significant scat- 
tering of the experimental points raises cer- 
tain doubts in relation to the reliability of 
these ratios used as a basic proof for reac- 
tion (1). Let us discuss only one point in 
this respect. In Fig. 2 of Ref. (5) it can be 
seen that the behavior of the catalyst 2% Pt/ 
ALO- is quite different than that of the 
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catalyst 5% Pt/ALO-2. Upon using the ex- 
perimental points obtained ,on the former 
catalyst the extrapolation applied by Kuni- 
mori et al. (5) resulted in much higher slope 
ratios than 2 to 1. For this reason it seems 
to us that it would be more correct to deter- 
mine the ratio of slopes for each catalyst 
studied, and to analyze the value of these 
ratios separately, as it hardly can be ration- 
alized that a generalized linear correlation 
should exist between the decrease (or in- 
crease) in the amount of chemisorption 
(AH/Pt) and the amount of H2 (and 02) con- 
sumptions during the pretreatment pro- 
cesses for all kinds of supported platinum 
catalysts with different Pt content and a dif- 
ferent type of support. With respect to the 
Fig. 2 of Ref. (5), we have additional ques- 
tions: 

(1) if the aim of this approach was to get a 
generalized correlation, in this case why 
were the results obtained on other catalysts 
(see Table 3 (5)) not included in this figure? 

(2) can this correlation be extended to 
catalysts with high initial dispersion values 
(H/Pt > 1) or to catalysts which showed 
significant decrease in the H2 chemisorp- 
tion (i.e., high AH/Pt values) upon applying 
HTHT (see, e.g., catalyst No. 3, H/Pt = 
1.21; catalyst No. 7, H/Pt = 1.04; and cata- 
lyst No. 4, H/Pt = 1.25) (5)? 

(3) in Fig. 2 of Ref. (5) the highest value 
for AH/Pt is around 0.75; why were the 
above-mentioned data with high H/Pt val- 
ues not used for the correlation? 

In light of the contradictions mentioned 
above we suggest that the hydrogen con- 
sumption measured during HTHT can be 
only partly attributed to a redox-type sur- 
face reaction (1); it is more likely that fur- 
ther unknown surface reactions are in- 
volved in the hydrogen consumption, and 
the decrease in the H/Pt ratio upon applying 
HTHT is a result of a very complex surface 
phenomena that cannot be attributed exclu- 
sively to the redox-type surface reaction 
(1). 

Let us discuss the possible surface reac- 
tions responsible for the additional hydro- 

TABLE 1 

HTHT Induced Changes in the Cl Content 
and H/Pt Ratio 

Run Pretreat- 
No. ment’l 

Chlorim? 

Residual Lost 

1 Hz(3OO)l .O 1.32 0.01 0.31 
2 Hz(5OO)l.O 1.18 (1.16)d 0.18 (0.20)d 0.09 
3 H2(630)1 .O 0.95 0.24 0.05 
4 Nz(500)1.5 1.24 0.11 - 
5 02(500)1.5 1.25 - - 
6 wwl.5, 

H2(500)1.5 1.03 0.26 0.23 
7 02(400)1.5, 

H2(500)1.5 0.88 0.54 - 
Two times 

a Atmosphere (temperature, “C) time, hours. 
b Measured as Cl-; initial Cl content: 1.36 + 0.06. 
c By pulse method at 20°C. 
d After 4 h. 

gen consumption. We believe that the sul- 
fur and the chlorine content of the catalysts 
can be involved in these reactions. 

The involvement of the HTHT in the 
control of the SOi- content of the ALO- 
type alumina has been mentioned by Kuni- 
mori er al. (5). The strong correlation be- 
tween the decrease in the SO:- content and 
the increase of the Pt content may indicate 
that hydrogen activated by the platinum 
may play a significant role in the loss of 
sulfur. 

The role of chlorine was entirely omitted 
in the papers discussed (4-6). Reforming 
Pt/A1203-type catalysts with a 0.5% Pt load 
always gives a chlorine content in the range 
0.5-1.5%. This means that the atomic ratio 
of chlorine to Pt is 5-15 to 1. Catalysts with 
higher Pt content may have even higher 
chlorine content. In order to demonstrate 
the role of HTHT in the chlorine balance 
we carried out the set of experiments 
shown in Table 1. 

Above 300°C formation of HCl was ob- 
served in oxygen, nitrogen, and hydrogen 
atmospheres. In the presence of Hz the 
amount of HCl formed was always higher 
than in its absence. However, consecutive 
oxygen/hydrogen treatments (run Nos. 6 
and 7) resulted in further loss of chlorine. In 
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this case it was suggested that the oxygen 
treatment was involved in the mobilization 
of chlorine by formation of PtCl,O, (7, 8). 
All of this experimental evidence cannot be 
interpreted otherwise than to assume hy- 
drogen-involved surface reactions during 
HTHT. 

The catalysts used in the papers dis- 
cussed (4-6) were prepared from HzPtCl, 
in aqueous solutions and were reduced in 
hydrogen at 500°C for only 1 h. For these 
reasons we believe that all of these cata- 
lysts should have sufficient chlorine con- 
tent. As far as the standard pretreatment 
processes of all catalysts have been carried 
out under the condition 02, 450°C; HZ, 
300°C (5), it can also be suggested that the 
temperature of the hydrogen treatment is 
too low to mobilize the surface chlorine. 
However, upon increasing the temperature 
of H2 treatment up to 500°C and varying its 
duration this process can be more pro- 
nounced resulting in higher chlorine loss. In 
other words it can give higher H2 consump- 
tion values under experimental conditions 
used in the papers discussed (4-6). 

All of these data may indicate that the 
basic approach used in the works dis- 
cussed, i.e., the use of H2 or O2 consump- 
tions (with the corresponding H/Pt = 2 and 
O/Pt = 1 ratios), may not be correct as the 
additional hydrogen-consuming reactions, 
observed upon applying HTHT, may alter 
the theoretically expected H/Pt and O/Pt ra- 
tios. Consequently, we believe that it was 
incorrect to use the generalized extrapola- 
tion based on the dependence of HZ (02) 
consumption during the pretreatment pro- 
cedure vs decrease (or increase) of hydro- 

gen chemisorption (see Fig. 2 (5)) as a basic 
proof for the redox reaction (1). This reac- 
tion, as was stated earlier (I), may be of 
importance only at much higher tempera- 
tures. 

We believe that in the case of supported 
Pt catalysts the HTHT induces a very com- 
plex set of phenomena. One of the key 
problems in this respect is to get more reli- 
able experimental data, including H/Pt val- 
ues. However, in order to obtain these data 
more detailed and confirmed studies are 
needed. 
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