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Catalyst Size Distributions from X-Ray Diffraction 

Both the average metal crystallite size 
and the size distribution can be obtained 
from Fourier analysis of X-ray diffraction 
peaks from supported metal catalysts. The 
average size is obtained from the first deriv- 
ative of the cosine coefficients (after cor- 
rection for instrumental effects and micro- 
strain), and the distribution from the second 
derivative. The advantage of this procedure 
over, say, electron microscopy is the good 
sampling associated with a large cross-sec- 
tion of X-ray beam. Furthermore, the 
weighting of the distribution determining 
the average size is the same as for chemi- 
sorption, so that direct comparisons are 
possible, (L3)/(L2) where L is the size. (This 
is not the case when the half-breadth or in- 
tegral breadth of a peak is employed.) As an 
example of such an investigation with cata- 
lysts, see Ref. (I). Because the weighting of 
the distribution is different in microscopy, 
direct comparisons of X-ray and EM results 
must be made carefully to take this into ac- 
count. Some investigators have verified the 
X-ray procedures for the case of mixed 
samples of two known but different size 
distributions (2, 3). The calculated and 
measured distribution agreed. But this has 
not been done for catalysts, that typically 
have low metal loading and large back- 
ground scattering from the support. This is 
the purpose of this brief report. 

The preparation and characterization of 
the Pt/SiO, catalysts employed here are de- 
scribed in Ref. (4). Catalysts of 6.3 and 21.5 
pet metal exposed (with metal loadings of 
1.97 and 1.48 weight percent, respectively, 
and with the ratio of catalyst weights 3.5/l) 
were thoroughly mixed. The experimental 
details for recording the diffraction peaks 
and processing the data are given in Ref. 
(I). The 111 and 222 peaks for the 6.3 pet 

metal exposed were measured, to correct 
the Fourier coefficients for microstrain, 
while only the 111 (was measured) for 21.5 
pet metal exposed because there is no 
strain at this percentage exposed (I). (In 
this reference it is shown that the coeffi- 
cients of the 111 and 222 overlap in this 
case.) For obtaining the size distributions, 
several procedures have been described 
(3, 5) but we have found it quite adequate 
simply to fit the Fourier cosine coefficients 
with spline functions before taking the sec- 
ond derivative. The size distributions for 
the individual catalysts are shown in Fig. 1. 
Note that the asymmetry is quite different 
in these two distributions. To calculate the 
size distribution of the mixture, let M, be 
the weight of the 6.3 pet exposed catalyst, 
MI1 the weight of the 21.5 pet metal ex- 
posed. Then, let A = MIIMII. Also, let n be 
the total number of columns normal to the 
diffracting planes in all crystallites. Then, 
with K = nilnt,, p the Pt density, VL the 
volume of a particle, and PL the size distri- 
bution function, representing the fraction of 
columns of length L In the sample: 

A+$ 
n1 T P VLIPLI 

1111 T P VL1’PLI1 

-;Z- KZ. (1) 

Therefore 

nII = nlZ/A, 

and 

K = AIZ. 

In the mixture 

nPL = nIPL1 + nlIPLII, 

(2) 
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FIG. 1. Size distributions of component catalysts: 0, 6.3 pet metal exposed; A, 21.5 pet metal 
exposed. 
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FIG. 2. Size distribution of catalyst mix, 3.5/l, 6.3 pcV21.5 pet: A, experimental; 0, from Eq. (5). 
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rz’PL’ + rz”PL” 
PL=p- 

KPL’ + P,” 
nl1 K+l (3b) 

= XPL' + (1 - x) PLI', (3c) 
i.e., the size distribution of the mixture is a 
linear combination of the size distributions 
of the components. 

Now taking 

c LJPL' 

c L3PLi' 
L 

we obtain from the distributions in Fig. 1: 

PL = 0.56PL1 + 0.41 P,". (9 

In Fig. 2 is shown the measured size dis- 
tribution and that calculated from Eq. (5). 
There is good agreement between the mea- 
sured and calculated size distributions, 
which indicates that Fourier analysis is 
suitable for determining size distributions in 
real catalysts. 

For the silica gel used as a support (70-80 
mesh) and the CuK, employed for the mea- 
surement (with a cross-sectional area of 240 
mm2) some 13,500 gel particles are sam- 
pled. This sampling can be increased by an 
order of magnitude by employing MO K, ra- 
diation . 
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