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I n  a radia t ion-damaged mater ia l  the  lat t ice defects are 
usual ly  considered to be isolated inters t i t ia l  lat t ice atoms, 
vacancies, and  perhaps ra ther  small agglomerates of these 
defects. I f  a sufficiently large concentrat ion of these 
defects can be bui l t  up, i t  seems reasonable t h a t  observ- 
able X- r ay  effects migh t  be found. Fur ther ,  i t  would 
seem, the defects being re la t ively  simple in nature ,  t h a t  
the  X- r ay  effects migh t  be in terpre ted  wi thou t  too much  
difficulty. 

There have  been a number  of theoret ical  calculations 
of the X- r ay  effects to be expected from localized stat ic  
lat t ice defects in crystals.  Zachariasen (1945) has given 
a general theory  of displacement disorders. H u a n g  (1947) 
has given a detailed t r ea tmen t  of the X- r ay  effects to be 
expected from spherically symmetr ic  elastic singularit ies 
in a face-centered cubic lattice. Both  of these t r ea tments  
show t h a t  the  intensit ies of the  Laue -Bragg  m a x i m a  are 
altered, as if by  an  artificial t empera ture  effect, and  t h a t  
there is no broadening of the  Laue -Bragg  max ima  due 
to the defects. Huang ' s  analysis  also predicts an  isotropic 
expansion of the lattice, which can be shown to lead to 
Vegard 's  law for the case of solid solutions. The absence 
of line broadening in solid solutions provides a fur ther  
tes t  of the calculations of Zachariasen and  of Huang .  
Bo th  analyses also predict  t h a t  the  defects should produce 
diffuse max ima  surrounding the reciprocal-lattice points.  

Boron carbide, B4C, suggests itself for a s tudy  of X- r ay  
scat ter ing b y  localized stat ic  lat t ice defects because, 
owing to its h igh mel t ing point  and  great  s t rength,  i t  
migh t  be expected t h a t  the  defects once formed would 
have li t t le t endency  to anneal  out  a t  ordinary  tempera-  
tures. Rad ia t ion  damage in boron carbide is produced 
mos t ly  b y  the  reaction of the B-10 nucleus wi th  thermal  
neut rons  to form He-4 and  Li-7 nuclei, which then  dis- 
sipate (Bethe, 1950) 1.47 and  0.84 MeV., respectively,  
of kinetic energy in ionization and  bumping  collisions. 
The importance of this  react ion is due to the high cross 
section (4000 barns) and isotopic concentra t ion (15% of 
e~ll a toms in B4C ) of the B-10 nucleus. These factors afford 
an  excellent means  of producing a large amount  of rela- 
t ive ly  stable damage quickly wi th  ve ry  l i t t le a t t e n d a n t  
radioact iv i ty .  

We have had  single crystals  of boron carbide i r radiated 
in thermal  neut ron  fluxes for a ve ry  wide range of ex- 
posures and have found all of the effects predicted by  the 
theoret ical  work of Zachariasen (1945) and  H u a n g  (1947). 
The effects become more pronounced with increasing 
exposure. Since there is no indicat ion t h a t  the  na ture  of 
the  effects changes wi th  increasing exposure, the  results  
for crystals  given the heavies t  exposure ( integrated 
thermal  neut ron  flux of 3 x 10 ~° neutrons/cm. 2) will be 
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described. There are extensive changes in the  intensi t ies  
of Laue -Bragg  maxima.  The changes are of two types .  
Firs t ,  there is a s trong and  highly  anisotropic art if icial  
t empera ture  factor  present.  The factor is roughly  four 
t imes as great  in the  c o as in the  a 0 direction/f  Secondly, 
there  are changes in the  intensi t ies  indicat ing real  struc- 
tu ra l  differences, i.e. a l terat ions in the average posit ions 
of the  lat t ice atoms. There are no apparen t  changes in the  
b read th  of the Laue -Bragg  maxima.  Final ly ,  there  is an  
expansion of the a 0 axis of about  0.6 % and  a contraction 
of the  c o axis of about  0.8 %. The diffuse scat ter ing a round 
the  reciprocal lat t ice points  predicted b y  Zachariasen 
(1945) and  H u a n g  (1947) is also observed to a ve ry  ex- 
t reme degree. In  fact, the  in tegra ted  intensi t ies  of some 
of the  diffuse max ima  appear  to exceed by  a large marg in  
the intensit ies of their  corresponding Laue--Bragg maxima.  

The in terpre ta t ion  we give these results  is tha t ,  owing 
to anisotropic bonding of displaced lat t ice a toms and  
preferential  removal  of cer tain lat t ice atoms b y  the  B-10 
react ion and  h y  rear rangement  af ter  collision events,  
there are large local anisotropic distort ions of the lat t ice 
which give rise to the  wide var ie ty  and  very  pronounced 
X - r a y  scat ter ing effects covered in a general way  b y  the  
calculations of Zachariasen (1945) and  H u a n g  (1947). 
These effects seem quite clearly to have  such an  origin 
ra ther  t h a n  being t rue thermal  effects because the  ob- 
served effects are not  al tered b y  lowering the crys ta l  
t empera ture  to t h a t  of l iquid nitrogen. Al though defect 
scat ter ing has been observed before, for example,  in  
d iamond by  Lonsdale (1942) and  in cold worked metals  b y  
Guinier (1939), we have  hopes of learning something about  
the detailed na ture  of the  defects in i r radiated boron 
carbide. To accomplish this,  we plan to use the theory  of 
Zachariasen (1945) and  perhaps also to ex tend  the  
analysis  ~f H u a n g  (1947) to the case of anisotropic defects. 
For  this  work we are current ly  conduct ing Fourier  analyses  
of the intensit ies of the Laue--Bragg max ima  and  also 
p lan  to s tudy  the intensi t ies  and shapes of the  diffuse 
maxima.  The results  of these studies will be given in full 
a t  a la ter  date. 

We are indebted  to Dr  G. R.  F in lay  of the  Nor ton  
Company  for a generous supply  of boron carbide single 
crystals.  I t  is also a pleasure to t h a n k  Dr  J .  R.  Low for 
suggesting boron carbide as an interest ing mater ia l  for 
s tudy  and  Dr  J .  E.  Burke for his interest  in this  work. 
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