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The area of platinum in alumina supported catalysts was determined by chemisorp-
tion of hydrogen or carbon monoxide and small angle X-ray scattering. The agree-
ment between the results is good enough to corroborate a hypothesis on the stoichi-
ometry of the adsorption reaction over a wide range of particle size. The distributions
in the diameter obtained by electron microscopy and small angle X-ray scattering
are in good agreement when the particles are homodispersed.

INTRODUCTION

The aim of this work was to study the
morphology of supported platinium cat-
alysts by independent physical and chemi-
sorption methods. This comparison is based
on small angle X-ray scattering and chemi-
sorption of CO and H, for metallic area
determination and on small angle and elec-
tron microscopy for particle diameter
distribution.

Recent improvements in the field of small
angle X-ray scattering theory give special
interest to this comparison, since up to this
time application of multiple scattering
mathematical treatment to a three phase
system has not yet been done. In general,
the use of this method has been limited to
mean parameter determination and it is of
interest to extend this, i.e., to determine the
metallic area and diameter distribution
curves and to check the results with chemi-
sorption data.

EXPERIMENTAL METHODS

Catalysts

The support is an amorphous alumina
prepared from aqueous solutions of alu-
minium chloride and ammonium carbonate
(1). Some properties of this alumina have

been described earlier (2-4). This amor-
phous oxide is transformed into 5-alumina
by heating for 15 hr at 700°C in air or
800°C in vacuo (1). Otherwise, this solid
becomes an n-type semiconductor by heat-
ing in high vacuum (10-¢ Torr) between 450
and 730°C or a p-type semiconductor at
higher temperature (2). These treatments
also produce oxidizing and reducing sites on
the alumina surface, as shown by EPR
(4). Such unusual properties of the solid
have led us to use it as a carrier for sup-
ported platinum catalysts to show the pos-
sible influence of the support on the prop-
erties of the metal.

The Pt is introduced by shaking 1g of
alumina with 10 em® of water containing
the required amount of hexachloroplatinic
acid. The sample is then dried in vacuum
at 100°C for 16 hr and then reduced at
500°C in hydrogen flow for 3 hr. In doing
so, the texture and amorphous state of the
support are preserved (5). Analyses of Pt
and Cl are respectively performed by
colorimetry and radioactivation (6). All
reduced samples, eontaining 1 to 4% Pt,
retained about 0.6% Cl (5).

Chemisorption Measurements

The chemisorption of gases such as Ho,
CO and O, has been extensively used for
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surface area determination of metallic cat-
alysts (7-11). This method is based on two
main assumptions: (i) there is no chemi-
sorption on the support and (ii) for a given
metal-adsorbate pair, the reaction stoichi-
ometry depends neither on the particle size
nor on the nature of the carrier. A suitable
choice of the chemisorption temperature
can avoid tedious corrections for adsorption
on the support. However, some authors as-
sume that the chemisorption stoichiometry
could depend on the size of metal particles.
This seems to be the case for ultrafine Pt
particles where a Pt surface atom can re-
tain up to two H atoms (12-14). In the
case of CO and O,, examples of the varia-
tion of stoichiometry with particle size and
carrier nature have been reported (15-17).

One of our purposes is to verify, by com-
parison with small angle scattering, the
possible variation of the stoichiometry of
CO and H, chemisorption on differently dis-
persed catalysts. These adsorbates (CO and
H,) have given results in good agreement
(18, 19).

a. Hydrogen Chemisorption

In the general case, hydrogen chemisorp-
tion may be represented by the following
equation:

H/Pt = H/Pt, X Pt,/Pt

where Pt, is the number of surface Pt
atoms and Pt the total number of Pt
atoms. The ratio Pt,/Pt represents the Pt
dispersion connected to the metal surface
area. For this work, we have assumed that
H/Pt, = 1. So, the determination of the
amount of chemisorbed hydrogen allows the
measurement of the metal dispersion.

The volume of irreversibly adsorbed hy-
drogen at 200°C on Pt is measured by a
pulse adsorption method which consists in a
modification of that of Figueras, De
Mourgues and Trambouze (20). In our
method, the injection of a mixture of
H.-N, containing 5.7% H, (instead of pure
H,) leads to a definite improvement of the
sensitivity and therefore only a few hun-
dred milligrams of catalyst are used for
each experiment. The apparatus and experi-
mental procedure have been described else-
where (21).
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b. CO Chemzisorption

The amount of CO irreversibly fixed on
Pt at 15°C has been determined by gravim-
etry. Apparatus and experimental procedure
have been already described (21). The in-
frared spectra of CO adsorbed on Pt sup-
ported on amorphous alumina have shown
that CO molecules are linearly bonded to
the Pt atom (Pt=C=O0, -characteristic
band at 2070 em™) (21). These results
agree with the conclusions of Blyholder and
Sheets (22), Lin, Witt and Hammaker
(23) and Dorling and Moss (16). We have
therefore assumed that each Pt surface
atom of the catalyst irreversibly retains
one CO molecule.

For both H, and CO chemisorption, the
metal surface area, Syetar (m?/g Pt) is de-
rived from the figure of 1.12 X 10 surface
atoms per m? of Pt surface (24). The mean
diameter Dy is evaluated from the formula
Dy = 6/pS, valid for spherical particles
(p: density of Pt). This last assumption is
based on electron micrographs which show
that Pt particles are nearly spherical.

Physical Methods

These methods yield simultaneously the
metal surface area and the granulometry
laws (25). Various types of laws, called
particle distribution functions, can be ob-
tained. The first of them is the frequency
law, in which the frequency is proportional
to the number of particles whose diameters
range between two limits. This function,
fv(D), leads to a mean diameter:

Dy = L Pes 1y f(DYdD.

This value is evaluated from the micros-
copy data by the well-known expression:

= Z ND?
Dv=3n3p

Likewise, a surface law, fs(D) and a

volume law, fv(D), can be defined with the
corresponding mean diameters:

_ Drax > ND3
Dg = /0 Dfs(D)dD = SNDY

- Dree I ND
Dy = j; Dfy(D)AD = 5375
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The important point is that all these fune-
tions are normalized by the expression:

[) P e DYID = 1.

This procedure is only valid if all the
particles have the same shape. When this
condition is not fulfilled, the difficulty is
solved by choosing for the particle diameter
a diameter which is that of an equivalent
sphere (a sphere which has the same
volume). Actually, all our supported cata-
lysts show nearly spherical particles, even
at 800°C.

a. Electron Microscopy

Electron micrographs were taken with
a JEM 100 B microscope which permitted
a resolution to about 3 A. Specimen prep-
aration was the same as outlined in (26),
using the extractive method on ecarbon
films. For each sample, 1000 to 2000
particles were measured, on randomly
selected photographs. The direct magnifica-
tion is 150,000 to 200,000 and the total
magnification, on the photographs, 600,000.

b. Small Angle X-Ray Scattering

The experiments were performed on a
special small angle goniometer (27), fitted
with a Guinier type collimation system,
which includes a fine foeus tube (0.1 mm),
a bent quartz monochromator, four slits, a
scintillation detector and electronic step
scanning. The beam is focused on the de-
tector slit and its dimensions are 0.15 X
25 mm. Such a beam is considered as “in-
finitely high.” The complete intensity
curves are registered for values of s =
20/\x varying from zero to 8 X 107t A,
where 26 is the scattering angle and A the
copper or molybdenum Ka wavelength.

At large angles, beyond 2 X 102 A, the
Porod law is generally followed and the
product I X s* (in the case of an “infinitely
high” beam) tends to its constant asymp-
totic value. Actually, the curve I X §*
versus s is a straight line with a slope de-
pending on the value of the background;
the intensity then reads: I(s) = A4/s* +
B, where B is the background term due to
the Laue scattering of the pore maskant,
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to the counter noise and to incoherent
scattering. This background is subtracted
from the experimental data to obtain the
true scattered intensity. The multiple seat-
tering treatment is then performed on this
scattered curve leading to the projection
qg(t) of the Patterson function on the ob-
servation plane and to the function itself,
P(r) (28, 29). All the parameters available
from small angle data can then be com-
puted from P(r) or from q(t): surface area,
porosity, various mean diameters and
particle distribution functions.

Surface area. The specific area is pro-
portional to the first derivative of the Pat-
terson function at the origin: S = 4 X 10
[P’(0)/u?] where u is the crystallographic
density, P’(0) is calculated from the P(r)
function or directly from the asymptotic
value of I X s% In the present case of an
“infinitely high” beam, the expression of
P’(0) reads P’(0) = 16 =*[lim (I X &%)/
m v a], in which v = 0.00716 A*, A the
wavelength (A), m the mass of sample in
the sample holder (g em™2), and a the
transmitted flux. Generally these two
values of P’(0) agree within less than 1%.
A first measurement is performed on the
support, leading to a value P’,(0). A second
measurement, on the catalyst itself, gives
P’,(0); the area of the metal then reads:

S = 4 x 10 220 = P40 - PL(0),

Assuming that the contact area between
metal and carrier is low, w is approximately
the density of the metal. One must note
that, with platinum, the error due to this
approximation is low.

Porosity, mean diameters. The porosity
of the support, e, reads

_ (PO).
@ 2

Besides the Guinier radius of gyration,
various mean diameters can be calculated.
Two of them are specially important since
they permit a comparison with electron
microscopy results. If we assume that the
particles are approximately spherical, Soule
(30) has shown that the expressions for
Dy and Dy are:
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A _ 1 9(0) ~ _ - P
DV = KP-—(O) and Ds = KP—‘—,(O)r
where K is a constant.
Particle diameter distributions. The

first type of distribution, which involves no
assumption on the shape of the particles,
is called cord length distribution, ¢ (I). This
function is the probability that a segment
of length ! has both extremeties on the
particle surface. However, as the physical
meaning of this function is not very clear,
we prefer to calculate the diameter distri-
bution funection with the assumption of a
spherical shape. The expression of the
volume funection fy(D) is:

_ D d P"(D)
fV(D)—Kng)< D >’

where P”(D) is the second derivative of
the Patterson function and K the normal-
ization constant. This function can also be
obtained directly by Fourier-Bessel trans-
formation of the scattered intensity (28).
Now the question arises of the meaning of
this function when the shape of particles
is not spherical: it has been shown that in
the case of needles or of elongated ellip-
soids, it represents the distribution of the
diameters of the particle cross-section.
Experimental procedure. A registration
of the direct beam is first done. Then, three
-experiments are performed: (i) on the sup-
port treated under the same conditions as
the catalyst, (ii) on the evacuated cata-
lyst, (iii) on the catalyst after adsorption
of a “pore maskant.” In the present case,
the pore maskant is CH,I;, which has
nearly the same electron density as alumina
(31). This adsorption is conducted in two
different ways, either by cooling the out-
gassed sample at liquid nitrogen tempera-
ture and condensing pure CH,I, on it, or
by introducing CH,I, dissolved in ether
directly to the outgassed sample. A precise
control of the amount of CH.I, is neces-
sary; it has to be slightly greater than the
pore volume of the support (0.2 ecm® g?).
However, a large excess of pore maskant
leads to a considerable increase in the back-
ground. The experiments on this “masked”
sample lead to the particle distribution
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TABLE 1
H, CuemisorpTiON; EFFECT
oF THE METAL CONTENT®

Pt content Shetal Ds
(%) H/Pt  (m/gPt) (&)
III M Carrier
0.6 0.84 231 12
1 0.78 215 13
2 0.59 163 17
2.8 0.44 120 23
3.8 0.38 105 27
IV N Carrier
0.6 0.88 243 12
1 0.80 221 13
2 0.62 171 16
2.7 0.49 135 21
3.7 0.38 105 27
4.8 0.33 92 30

¢ Reduction temperature: 500°C.

function. The scattering curve obtained
from the “unmasked” catalyst gives, by a
comparison with the support, the specific
area of the metal.

REesuLrs AND DiscUsSION

H, and CO Chemasorption

The results obtained from H, chemisorp-
tion, related to two different sets of cata-
lysts prepared from two different amor-
phous alumina lots (i.e., III M: 137 m?*/g
and IVN: 131 m?/g) containing various
amounts of Pt and reduced at 500°C, are
shown in Table 1 (21). It appears from

TABLE 2
H, CuemisorpTioN; EFrecT oF HEaT
TREATMENT ON THE 3.7%,
IV N) Pt Caravyst

Heat treatment Smetat Ds
temp (°C) H/Pt (m?/g Pt) A)
500e 0.38 105 27
600° 0.33 89 31
7000 0.26 71 39
800° 0.26 71 39

a Under H,.

b Under H; at 500°C and then in vacuo.
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TABLE 3
CO CurEMISORPTION; EFFECT OF
THE Pt CoNreNTe

Pt content Shetal Ds
(%) CO/Pt  (m¥/gPt) (&)
0.6 0.79 218 13
1 0.72 199 14
2 0.57 156 18
2.7 0.46 126 22
3.7 0.36 98 29
4.8 0.32 87 32

¢ IV N Carrier reduction temperature: 500°C.

Table 1 that the results are fairly well
reproducible.

Table 2 gives the H, chemisorption re-
sults concerning the heat treatment on a
nominal 3.7% (IVN) Pt catalyst. The
reduced samples were heated in vacuum,
respectively, at 600, 700 and 800°C for 6
hr. The same catalyst (3.7% Pt) heated
before reduction, in air at 700°C for 4 hr
and then reduced at 600°C for 3 hr, leads
to a value of S = 11 m?/g and D, = 250 &
(not reported in Table 2).

Table 3 shows the results obtained from
CO chemisorption on the IV N Pt catalysts.
A comparison of Table 3 (CO results) with
Table 1 (H. results) shows that both
methods lead to the same value of the
metal dispersion within a range of 10%
(21).

Electron Microscopy

The micrographs of the 0.6, 2.0 and 3.7%
(IVN) Pt catalysts, reduced at 500°C for
3 hr, are respectively reported in Figs. 1, 2
and 3. Figure 4 is related to the 3.7%
(IV N) Pt catalyst, first reduced at 500°C
and then heated in vacuum at 700°C for
6 hr. The total magnification is 600,000.
Figure 1 shows almost all very fine particles
(10-20 &) with very few 40 A particles.
This micrograph corresponds to the dis-
tribution curve in Fig. 5. In Fig. 2, more
40-50 A particles appear as can be seen
in the distribution curve of Fig. 6. The
situation is more delicate with the reduced
3.7% sample: half of the volume is com-
posed of 40-50 A particles which correspond
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to only 5% of the total number of particles.
Therefore, a small “sampling error” in
selecting the micrographs had led to an
important perturbation in the distribution
curve (Fig. 7). The situation is still worse
when this catalyst (3.7% IVN Pt) is
heated, after reduction, at 700 or 800°C
in vacuum (Figs. 4 and 8, curve 3). All
the diameters between 15 and 150 & are
present in the sample and it is difficult to
make sure whether some large clusters are
composed of several fine particles or not.
Moreover, it is almost impossible to ob-
tain a correct distribution curve, since 2
or 3% of the total number of particles
have a diameter comprised between 80 and
150 A but they can easily contribute 50%
of the volume. The statistical error being
high on such a sample, the resulting error
in the distribution curve can reach 20 to
30%.

Table 4 summarizes the electron micros-
copy results obtained from IVN Pt cata-
lysts containing inecreasing Pt content.

Small Angle X-Ray Scattering

As expected, the Porod law is followed
at very high values of s, above s = 0.5 X
10* A1, This fact is, of course, due to the
very small size of the metal particles.
Therefore, after subtraction of the con-
tinuous background, a precise evaluation
of the Porod invariant is possible in the
zone 0.5-0.8 X 101 A1, The plot of I(s)s?
versus § is shown in Fig. 9 where curves 1
and 3 show the experimental data concern-
ing, respectively, the 3.7% catalyst and the
carrier. In curve 2, are plotted values of
curve 1 after correction for the continuous
background (see experimental section). Of

TABLE 4
ErectroN Microscory®

Pt content D:'v D, Smetal

(%) A) &)  (m/gPy)

0.6 23 16 175

2 29 18 155

3.7 38 24 116
«IV N Pt catalysts; reduction temperature:

500°C.
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Fic. 1. Electron micrograph of the 0.69%, Pt (IV N) catalyst; X600,000.

Fia. 2. Electron micrograph of the 29, Pt (IV N) catalyst; X600,000.

Fia. 3. Electron micrograph of the 3.7% Pt (IV N) catalyst; X600,000.

F16. 4. Electron micrograph of the 3.79, Pt (IV N) catalyst, after treatment in vacuum at 700°C; X 600,000.

course, the larger the amount of Pt, the
larger the difference between the value of
P’(0) for the catalyst and the earrier, and
the smaller the error in evaluation of the

area. It can be seen in Table 5 (see below)
that this difference is 25% in the case of
the 0.6% catalyst and 100% in the case
of the 4.3% catalyst.
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F1a. 5. Distribution of metal particle diameters of the 0.6 9, Pt (IV N) catalyst. (- - -) Electron microscopy;
(—) SAXS.

a. Effect of Pt Content increased from 0.6 to 2%. For larger Pt

Table 5 shows the effect of the Pt con- contents, the increase is slower. In the
tent on parameters measured by small curves shown in Figs. 5, 6 and 7 (for 0.6,
angle scattering. The D, and D, diameters 2 and 3.7% samples) the particle diameters
rapidly increase when the amount of Pt is are plotted as a function of their volume

F, (D]

oa 102}

02 102}

-y

100 D.A

F1a. 6. Distribution of metal particle diameters of the 29, Pt (IV N) catalyst. (- - -) Electron microscopy;
(—) SAXS.
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Fic.7. Distribution of metal particle diameters of the 3.79, Pt (IV N) catalyst. (- - -) Electron microscopy;
—) SAXS.

fraction. A very slight shift of the main D, diameter is multiplied by 2.5. In the
maximum (D)} occurs (see Table 5, last distribution curve corresponding to the
column), when the concentration of Pt is 0.6% sample (Fig. 5), there is only one
increased from 0.6 to 4.3%, while the maximum located at 154, followed by an

F(D) =%

0.3 10°

T

0.2

[N 3

0 50 100 DA

Fic. 8. SAXS distribution of metal particle diameters of the 3.7%, Pt (IV N) catalyst. (1) Only reduced
at 500°C; (2) reduction at 500°C + heat treatment in vacuum at 600°C; (3) reduction at 500°C + heat

treatment in vacuum at 700 or 800°C.
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1 I

o 3.10-2

6.102 SA!

F1a. 9. I(s)s® vs s: (1) Rough data, 3.7% Pt (IV N) catalyst; (2) corrected for continuous background,

3.7% Pt (IV N) catalyst; (3) rough data, carrier.

oscillating tail with a slight bump at 30 A.
When the Pt concentration reaches 2%
(Fig. 6), a broadening of the peak at 15 A
is observed and a true maximum appears
at 30 A. At first sight, this slight difference
between the two curves does not account
for a difference of 40% in the metal areas.
This contradiction is probably due to our
measuring procedure, since the pore mas-
kant (CH,IL,) only fills about 80% of the

TABLE 5
SmaLL ANGLE X-Ray Scartering (IV N
CARRIER); EFFECT OF THE METAL
CoNTENT ON THE CATALYSTS
REDUCED AT 500°C

Pt con- P'(0) Smetal
tent (g em™® (m%/g D;s 121- Dyos®
@ A Py A& A& &
0 430 1400
0.6 590 225 13 22 15
2 670 126 22 38 15
3.7 830 105 28 45 16
4.3 860 95 32 55

¢ Dyiax is the abscissa of the maximum of the dis-

tribution curve.
b § support (m2/g AlOs).

porosity and in the case of the 0.6% sample,
the tail of the curve is precisely in the range
of abscissae of these unfilled pores, i.e.,
30-60 A, as shown in Fig. 10, where the
pore diameter distribution of the carrier is
plotted. In the case of the 3.7% sample,
there are simultaneously an inerease in the
size of metal particles (40&) and a con-
siderable augmentation of the volume frac-
tion of these large particles (Fig. 7).

So, when the amount of Pt is increased
from 0.6 to 4% the size of the finest
particles remains nearly constant, but there
is a large increase in the volume fraction
of large particles (30-80A).

b. Effect of the Heat Treatment

The results concerning the heat treat-
ment of the 3.7% Pt (IVN) catalyst are
illustrated in Fig. 8 and summarized in
Table 6. Samples are first reduced at 500°C
and then heated in vacuum, respectively,
at 600, 700 and 800°C for 6 hr. It can be
seen that the sintering of the metal mainly
oceurs between 600 and 700°C (Table 6).
In Fig. 8, it appears that the main maxi-
mum is progressively shifted from 16 to
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o 50

100 DA

Fia. 10. SAXS distribution of pore diameters of the carrier.

25 A and the secondary peak from 40 to
75 A. In fact, it is probable that some very
large particles (300-400 &) are formed
which increase strongly the mean diameters.

The results obtained from the four tech-
niques are gathered in Table 7. We have
seen that each technique leads to self-
consistent results; the metal area (m?*/g
Pt) decreases with Pt content and with
temperature increase. However, a sig-
nificant difference appears from this com-
parison, especially when the dispersion is
not very good. For the 0.6% sample, all
the methods agree on the value of the metal
ares and on the diameter of particles. The

TABLE 6
SMALL ANGLE X-RAY ScaTTERING; EFFECT
oF THE HeaT TrREATMENT ON THE 3.7%,
Pt (IV N) CaTarnysT

Temp Smetal lzs D:u Drnax
(°C) (m/gPt) (&) (A) (A)
500° 105 27 45 16
600° 95 30 50 18
7000 60 45 70 25
800° 58 46 80 25
2 Under H,.

b Under H, at 500°C and then ir vacuo.

dispersion of the metal is very good for
this sample and the distribution curves of
the diameter very narrow, showing a maxi-
mum at 15 A. In the case of the 2% sample,
the agreement is still good. X-Ray and
electron microscopy show that 20% of the
volume is composed of particles with diam-
eter ranging between 25 and 50 A. For the
3.7% sample, half of volume of the metal
is composed of particles with a diameter
less than 30 A and both distribution curves
(X-ray and electron microscopy) show an
oscillating tail reaching 100 A. In that case,
the metal area is the best parameter for
characterizing the sample. The situation is
more critical for the samples (3.7% Pt)
heated at 700 or 800°C. Their distribution
curves are broad (Fig. 8, curve 3), as ex-
pected from the large difference between
D, and D, values {Table 7). In that case,
the results obtained by electron microscopy
are not reliable, since it is difficult to select
a number of micrographs which really rep-
resent the sample. However, for these cata-
lysts, the X-ray distribution curves seem
to be more reliable, as metal areas obtained
from X-ray and adsorption methods are
in good agreement (about 60 and 70 m?/g
Pt, Table 7).
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TABLE 7
COMPARISON OF THE RESULTS®
Sample Diameter (&)

Pt Treat- Metal area Adsorption Electron
con-  ment (m?/g Pt) —_— X-Rays mMicroscopy
tent  temp (Hy) €O - - -

(% (°Cy H, CO X-Ray EM (Ds) (Dsg) Ds D, Dmpax Ds D. D
0.6 5000 243 218 225 180 12 13 13 22 15 16 23 15
1 H00° 221 199 13 14
2 5000 171 156 125 166 16 18 22 38 15 18 20 15
2.7 5000 135 126 21 22
3.7 5000 105 98 105 125 27 29 27 45 16 24 38 25
4.8 5000 92 87 90 30 32 32 55
3.7 600¢ 89 95 130 31 30 50 18 23 33
3.7 700¢ 71 60 91 39 44 70 25 33 5l 25
3.7 800° 71 H8 56 39 46 80 25 53 95 100
@ IV N carrier.
® Under H,.
¢ Under H, at 500°C and then n vacuo.

An interesting point arises from the dif-
ference of metal area measured by hydro-
gen and CO chemisorption or small angle

X-ray scattering., This difference is ap-

proximately 10% and several explanations
can be put forward:

i. This difference is not significant; it
is caused by the difference in the experi-
mental procedures applied to chromatog-
raphy and gravimetry techniques. How-
1 must he mentioned that H, resulis

1V Hiudvu UT CiuiUlICu viiau 143z 1T5Uuiv

ovnr
uvil,

always give areas greater than CO results
(Table 7).

ii. As reported by several authors (16),
a few percent of CO molecules are “bridge-
bonded.” Tn that case, the H, values would
be more exact. However, the X-ray results,
close to those of CO, are difficult to ex-
plain, since they are also absolute measure-
ments, free from any assumption about
particle shape.

iii. This difference corresponds to the
area of contact between metal and carrier.

1t 1gq
v I8

Aotiigllyy
adiualty,

hydrogen can diffuse over this area while
CO molecules cannot.

The third explanation seems to be the
best, since it agrees well with X-ray data:
P’(0), from which area is derived, is in
that case underestimated, as the transition
in electron density is taken equal to ppe —

ronannahle to acsuime that
reasonanie o assume inav

pair- S0, the total metal area could be mea-
sured by hydrogen chemisorption, while the
accessible area could be measured by CO
chemisorption and small angle X-ray scat-
tering.

CONCLUSIONS

The present work has shown that, for
the most diluted catalyst (up to 2% Pt),

where metal is finely dispersed and the
distrihution

nrogsont
GIstripution

PLoolliv

meralv
LiICLICLY

orvoag

nnn
(SLVE & A viv)

one
sharp maximum, the results obtained from
chemisorption techniques, small angle X-
ray scattering and electron microscopy lead
to practically identical conclusions. How-
ever, when the metal dispersion is less good,
the distribution curves obtained by X-rays
remains a satisfying representation of the
reality, while the values obtained by elec-
tron mieroscopy are less reproducible. In
that case, the most reliable parameter is
the metal arca measured by X-rays or

chemisorption.
On the other hand, the agreement in the
values of metal area obtained by X-rays

and chemisorption is good enough to con-
firm our hypothesis on the stoichiometry
of the chemisorption of H, and CO on Pt
catalysts. Moreover, there is no modifica-
tion of this stoichiometry with Pt particle
size, even for ultrafine particles.
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Finally, from the economic standpoint,
our results related to the effect of Pt con-
tent outline the unprofitability of exceeding
the content of about 1% of Pt, since any
higher metal excess is incorporated in
bigger particles which should be of con-
siderably less catalytic efficiency.
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