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Texture of Crushed Coarse Crystalline Powder Specimens 
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In pinhole powder diagrams of crushed coarse powder samples of fluorite and other insulators, 
studies of the number and appearance of the diffraction spots indicate that the particles are single 
grains. 

I n t r o d u c t i o n  

Freshly abraded single crystals and freshly crushed 
coarse crystalline powders show similar diffraction 
changes. (D'Eustachio & Brody, 1945). Very thin 
fabricated quartz wafers tend to become polycrystal- 
line throughout when cold worked (D'Eustachio, 
1946). These two phenomena suggested an investiga- 
tion, first, to find out if coarse powders of size 30-40 #, 
made by crushing up good single crystals, are single- 
crystal or polycrystalline; and second, to see if they 
develop a surface layer of damaged "mosaic" material  
of the order of a few microns thick, which is the depth 
of the surface layers observed on abraded slabs (Gay, 
I-Iirsch & Kellar, 1952). 

The experiment to determine the average number of 
grains per powder particle consists essentially in 
counting the number of diffraction spots from a 
roughly uniform coarse powder sample and comparing 
with the predicted number. In  the experiments to 
see if there is a damaged layer, the number and in- 
tensi ty  of spots as a function of exposure t ime are 
studied. 

T h e o r y  

2tumber of grains per particle 
If a monochromatic beam of convergence dO illu- 

minates n grains of a powder or polycrystalline sample, 
the number, 2~, of diffraction spots from planes at  
Bragg angle 0 is given by 

= ½pn(dO + d)  cos 0 (1) 

where p is the multiplicity, and d is a lumped angular 
spread due to all causes other than the lack of paral- 
lelism in the beam. An experimental plot of Z T versus 
dO should give a straight line from which n may be 
determined. Very tlfin powder samples were used, 
one layer of particles thick. The number of powder 
particles, n', was determined by counting, and n/n' is 
the number of grains per particle. 

Equat ion (1) represents an adaptat ion of the 
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method used by Hirsch & Kellar (1952) for measuring 
the grain size of polycrystalline aluminum. We could 
not use their reflection techniques because the par- 
ticles we used were too large compared with the 
beam penetration. 

Depth of damage 
Suppose the powder sample consists of approxi- 

mately cubical blocks of a highly absorbing material;  
say exp( -#bl )_~0"01 ,  where # = l i n e a r  absorption 
coefficient and bl = length  of edge of a block. Assume 
a po]ycrystalline damaged layer of depth b2 cm. Then 
if tl is the exposure time to produce faint spots from 
large blocks of volume b~, a small increase in exposure 
time will produce little or no increase in the number 
of spots. However, new faints spots from the surface 
layer will appear after prolonged exposure t ime t~ 
such tha t  

tdtg= (be/bl)2[exp (2#b2)- 1]. (2) 

R e s u l t s  a n d  c o n c l u s i o n s  

In ~he first experiment coarse fluorite powder of ap- 
proximately homogeneous size was prepared from a 
good single-crystal specimen. Spot ty  transmission pow- 
der diagrams were obtained, at  four different values 
of the beam convergence, with Ni-filtered Cu radia- 
tion. Values of dV obtained by counting spots are given 
in Table 1. From the slopes of the graphs o f /~  versus 
dO in Fig. 1, n was determined (see equation 1). Then 
n' was found by  direct count and finally n/n' was 
computed. The results are given in Table 2. All re- 
sults indicate one grain per particle. 

If an estimate of/1 can be made, equation (1) can be 
used to find n from a single value of dO. In  Table 3 

Table 1. 1Yumber of spots, _IV, vs. convergence, 
dO, for the three curves of Fig. 1 

N 
^ 

dO I II III 
3"96 x 10 -3 radians 283 478 502 
5.85 × IO -~ radians 33I 518 533 
8.00 × 10 -3 radians 407 641 643 
9.22 x 10 -3 radians 430 638 748 
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Fig. 1. Number of spots, N, plotted as a function of beam 
convergence, dO. Data from Table 1. Fluorite. 

Table 2. Determination of n/n' for fluorite 
by using the graphical method 

Indices 
of 

Sieve ring 
size* used n n" n/n' 

I 200-270 (220) 5-2 x 103 5.2 x 103 1.0 
II  325-400 (220) 7 × 10 ~ 12 × 10 a 0.6 
I I I  325-400 (111) 12 x 10 a 12 x 10 a 1.0 

* The powder passed through the larger sieve but not 
the smaller. 

Table  3. Determination of n/n' for various 
materials using only one value of dO 

Material* Fluorite Quartz 

Indices of ring (444)t (101) 
dO (radians) 8.43 x 10 -a 17.3 x 10 -a 
A (radians) 4 × 10 -3 0~ 

/V 147 80 
n 1.3 x 104 10 a 
n" 1.2 ×104 0.7 x l0  a 
n[n" 1.1 1.4 

Wulfenite 
(I16) 
I I .2  x I0 -8 

84 
2-1 x I03 
I . I  × lO 3 
1.8 

* All three materials are of sieve size 270-325. 
~f This is a back reflection ring. 
$ Small enough to be negligible. 

are results for fluorite,  wulfenite and  quartz.  The 
est imates  for A were made from line broadening.  In  

the  calculat ion for wulfenite this  in format ion  was no t  
avai lable  and  ~ was neglected. Thus, the  number  1.8 
is an  upper  l imi t  on the  value of n/n' for wulfenite.  
Again all results indicate  one grain per particle.  

Exper iments  using equat ion  (2) were made  wi th  
bar i te  and wulfenite powders of nominal  325-400 mesh 
size. No increase in the number  of spots was found 
wi th  an exposure t ime tg--100tl. This establ ished the  
non-existence of any  "mosa ic"  layer  th icker  t h a n  
about  2-3 microns. The value of bl used in equa t ion  (2) 
was 31 microns (microscopic measurement) .  

When  exposure t imes t~ were ex tended to  1000 tl in  
a t t emp t s  to f ind a th inner  layer,  the  background got 
too dense for useful counts. Diffuse rings were then  
observed. The area of a diffuse r ing m a y  be expressed 
as the product  of the  number  of ind iv idua l  spots in 
the r ing and  the  average area of each spot. An ana- 
lysis showed t h a t  the  amoun t  of mater ia l  in  the  beam 
was far too scanty  for the  diffuse rings observed to  be 
produced by  a polycrys ta l l ine  surface layer.  On moder- 
a te ly  long t ransmiss ion powder diagram, the  'powder 
effect' no ted  by  Tr igunaya t  & Verma (1962) was 
usual ly  observed. These effects are rare on back re- 
f lect ion rings and  common on low-index t ransmiss ion 
r ings;  therefore they  too come from the  body ra the r  
t h a n  the  surface of the particles.  Also, measurements  
of line broadening indicate  t h a t  there  is more angular  
dis tor t ion relat ive to thei r  size in the  powder particles 
t ha n  in the  large crysta l  the  powder was ob ta ined  
from. 

Some fur ther  experiments,  t ak ing  Laue diagrams of 
indiv idual  grains, are expected to yield more informa- 
t ion  about  the k ind  and amount  of the  damage in 
the  powder particles. All results so far  are consistent  
wi th  the  model of a single grain per part icle wi th  no 
damaged surface layer  of thickness 3 microns or 
greater.  

This inves t igat ion was suppor ted in pa r t  by  a grant  
from the  Research Corporat ion of America.  The 
authors  also wish to t h a n k  S. Gay, P. B. Hirsch, and  
I. Fankuchen  for suggesting the method  of a t t ack  on 
the problem. 
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