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T h e  c ry s t a l  s t r u c t u r e  of t h e  i n t e r m e t a l l i c  c o m p o u n d  
ZrsA1 h a s  b e e n  d e t e r m i n e d  f r o m  p o w d e r  p h o t o g r a p h s  
u s i n g  a s a m p l e  of a l loy  p r e p a r e d  a t  A . E . R . E . ,  H a r w e l l ,  
b y  arc  m e l t i n g  in a rgon ,  a n n e a l i n g  in v a c u o  for  t h r e e  
w e e k s  a t  900 °C., a n d  t h e n  q u e n c h i n g .  

T h e  s p e c i m e n  h a d  a n o m i n a l  c o m p o s i t i o n  of 8 .7% A1 b y  
w e i g h t  a n d  h a d  b e e n  t e n t a t i v e l y  a s s igned  t h e  f o r m u l a  
Zr3A1 in a c c o r d a n c e  w i t h  t h e  e q u i l i b r i u m  d i a g r a m  p u b -  
l i shed  b y  M c P h e r s o n  & H a n s e n  (1954). T h e  a l loy  spec-  
i m e n  was  e x t r e m e l y  h a r d  a n d  g r e a t  d i f f i cu l ty  w a s  ex- 
p e r i e n c e d  in p r o d u c i n g  a f ine p o w d e r  b y  fi l ing.  

T h e  in i t ia l  D e b y e - S c h e r r e r  p h o t o g r a p h s ,  w h i c h  were  
t a k e n  u s i n g  f i l t e red  Cu Kc~ r a d i a t i o n  w i t h  a 19 cm.  
p rec i s ion  c a m e r a  d e s i g n e d  b y  A d a m  (1954) were  ex- 
t r e m e l y  c o m p l e x  a n d  su f fe red  f r o m  a h e a v y  b a c k g r o u n d  
espec ia l ly  a t  h i g h  0. A f t e r  a p r o l o n g u e d  a n n e a l i n g  of t h e  
p o w d e r  in  v a c u o  (14 d a y s  a t  600 °C.) t h e  X - r a y  p a t t e r n  
o b t a i n e d  was  c o n s i d e r a b l y  s imple r .  T h e  h e a v y  back -  
g r o u n d  w h i c h  was  a s s o c i a t e d  w i t h  t h e  Zr  f l uo re scence  
e x c i t e d  b y  t h e  c o n t i n u o u s  s p e c t r m n  f r o m  t h e  c o p p e r  
t a r g e t  was  r e d u c e d  to  a m i n i m u m  b y  t a k i n g  a l ong  ex-  
p o s u r e  a t  low v o l t a g e  (4 d a y s  a t  18 kV.) .  I n  f inal  p h o t o -  hkil 
g r a p h s  o b t a i n e d ,  all  e x c e p t  t h e  w e a k e s t  l ines u p  to  1000 
s in  s 0 = 0 . 9 8 0 0  cou ld  be  m e a s u r e d  a c c u r a t e l y  w i t h  t h e  10 i l  
i l l u m i n a t e d - f i b r e  m e a s u r i n g  dev i ce  u sed .  0002 

F r o m  t h e  d a t a  g i v e n  b y  K e e l e r  & Mal l e ry  (1955) for  1130 
t h e  s t r u c t u r e  of ZraA1, t h e  l ines on  t h e  p o w d e r  f i lm  10i2 2030 
a s s o c i a t e d  w i t h  th i s  s t r u c t u r e  were  iden t i f i ed .  Seve ra l  2031 
d i f fuse  l ines b e l o n g i n g  to  a - z i r c o n i u m  w e r e  also recog-  1132 
n i z e d  a n d  t h e  r e m a i n i n g  l ines were  i n d e x e d  on  a h e x a g o n a l  10i3 
u n i t  cell  w i t h :  2032 

2130 
a = 4.8939 + 0.0005, c = 5.9283 +- 0.0005 ~r; 2131 

c/a = 1.211 + 0 . 0 0 1 .  
0004 

T h e  e q u i l i b r i u m  d i a g r a m  sugges t s  t h e  poss ib i l i t y  t h a t  t h e  2033 
t w o  p h a s e s  ZraA1 a n d  Zr2A1 ex i s t  in  e q u i l i b r i u m  w i t h  303_-0 
s o m e  a - z i r c o n i u m  w i t h  t h e  h e a t  t r e a t m e n t  g i v e n  to  t h e  2132 
s p e c i m e n .  I t  was  a s s u m e d ,  t he re fo re ,  t h a t  t h e  n e w  p h a s e  10i4 
i n d e x e d  a b o v e  was  ZrsA1 a n d  t h e  c r y s t a l l o g r a p h i c  ana lys i s  3032 
was  p u r s u e d  on  th i s  basis .  1134 

2133 
T h e  a t o m i c  v o l u m e s  of e l e m e n t a r y  Zr  a n d  A1 s u g g e s t  2240 

t h a t  t h e  n u m b e r  of 'mo lecu les '  of Zr2A1 in t h e  u n i t  cell  2034 
is two ,  g iv ing  t h e  c a l c u l a t e d  d e n s i t y  as 5.67 g . cm.  -a. 3140 
T h e  d e n s i t y  of a s p e c i m e n  of t h e  a l loy  m e a s u r e d  b y  m e a n s  3141 
of  a d e n s i t y  b o t t l e  was  5"78 g . cm.  -3. S ince  t h e  s p e c i m e n  10i5 
c o n t a i n e d  a n  a p p r e c i a b l e  f r a c t i o n  of ZraA1, w h o s e  t h e e -  2242 
re t i ca l  d e n s i t y  is 5.98 g . cm.  -3, i t  is r e a s o n a b l e  to  s u p p o s e  3142 
t h a t  t h e  o b s e r v e d  p h a s e  is Zr2A1 a n d  t h a t  t h e  u n i t  cell 2134 

40~0 
c o n t a i n s  t w o  f o r m u l a  un i t s .  4041 

S y s t e m a t i c  absences  g a v e  P6a/mmc as a poss ib le  space  20~5 
g r o u p ,  a n d  t h e  size of cell a n d  ax ia l  r a t i o  c o r r e s p o n d  to  3034 
t h e  r e q u i r e m e n t s  of t h e  B82 s t r u c t u r e  as e x e m p l i f i e d  b y  3143 
:Ni2In. L i n e  in t ens i t i e s  h a v e  b e e n  c a l c u l a t e d  on  th i s  bas i s  40¥2 
w i t h  t h e  a t o m s  in t h e  fo l lowing  p o s i t i o n s :  0006 

3230 
10i6 
3251 
21~5 
2244 

2Zr(I)  : 0, 0, 0 
2 Z r ( I I ) :  ½, 2 ~,~ 
2A1: ½, 2_ 39~ • 

A n  a b s o r p t i o n  f a c t o r  b a s e d  on  t h e  m e a s u r e d  d e n s i t y  of  
t h e  p o w d e r  s p e c i m e n  h a s  b e e n  i n c l u d e d  in t h e  c a l c u l a t e d  
i n t ens i t i e s  g iven  in T a b l e  1. T h e  a g r e e m e n t  b e t w e e n  t h e  
c a l c u l a t e d  in t ens i t i e s  a n d  t h o s e  e s t i m a t e d  v i sua l l y  f r o m  
t h e  f i lms  is q u i t e  good .  

T h e  f inal  va lue s  for  a a n d  c w e r e  o b t a i n e d  b y  u s i n g  a 
N e l s o n - R i l e y  e x t r a p o l a t i o n  of t h e  m e a s u r e d  v a l u e s  of 
s in  s 0 g i v e n  in T a b l e  1. U s i n g  t h e s e  v a l u e s  for  t h e  u n i t  
cell t h e  i n t e r a t o m i c  d i s t a n c e s  are  as fo l lows:  

2 Z r I  - Z r I  =c/2 = 2.9641 + 0 . 0 0 0 3 / ~  

6Zr I  - Z r I I  = (a~/3 +ce/16)½ = 3.1906 _ 0 -0003 /~  

6 Z r I I - A 1  = (a2/3 +c2/16)½ = 3.1906 + 0"0003 A 

3 Z r I I - A 1  = ~/(3) .a/3 =2 -8254  + 0.0002 A 

2 Z r I I - A 1  =c/2=2.9641+_0.0003/~ 

T a b l e  1. X-ray  data 

sin s 0 (×  104) Rela t ive  intensities 

Observed Calculated Observed  Calculated 

335 338 vvw 2.0 
506 508 mw 8.6 
- -  682 - -  0.26 
999 1004 vs 31 

1016 1016 vs 31 
- -  1335 ~ 0.57 

1502 1506 w w  2.9 
1678 - -  0.6 

1858 1860 vw 8.0 
2005 2010 ms 16 

- -  2328 - -  0.6 
2493 2496 mw 3.5* 

2711 2711 w w  3.7 
- -  2 8 5 3  - -  1.5 

2996 { 2 9 8 8  { 10 
3002 s 21 

- -  3045 m 0.46 
- -  3663 m 0.28 

3705 3703 mw 17 
3845 - -  2.2 

3978 3979 w 7.6 
4034 - -  0.38 

- -  4309 - -  0.35 
4480 4477 vvw 2.0 

- -  4560 - -  1-04 
- -  4652 ~ 0.21 

4983 4982 mw 14 
- -  5024 - -  0.7 

5298 ~ 0.18 
5461 - -  0.94 
5550 - -  0.96 

5684 5684 mw 13 
5825 5824 w w  2.0 
5973 5972 vw 7.0 

- -  6084 - -  0.05 
- -  6287 - -  0.37 

6415 6414 vw 7-2 
6 4 5 5  - -  2.1 

- -  6 5 3 9  - -  2.2 
6674 6673 w 14 
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Tab le  1 (cont.) 

sin ~ 0 ( X 10 4) 
^ 

hkil Observed Calc~ated 

40~3 ~ 6812 
4150 } { 6945 d~fuse 
32~2 6957 6959 
31~4 ~ 7002 
11~6 - -  7073 
2026 7404 7403 
41~2 - -  7618 
4044 ~ 7792 
32~3 ~ 7801 
50~0 - -  8263 
2136 8393 8393 
5051 - -  8431 
31~5 - -  8518 
lOT7 - -  8604 
33g0 } 8936 { 8922 
5052 8937 
32~4 ~ 8980 
3036 ~ 9053 
4260 - -  9252 
4261 ~ 9420 
4045 - -  9507 

_ 

3362 - -  9596 
4154 9646 9639 

Relative intensities 

Observed Calculated 

1.1 

{ ms 16 
0.81 
0.23 

vw 8.7 
0.5 
0"53 

- -  0.31 
0.27 

ms 24 
1.9 
3.9 
2.1 

{ ms 16 
1.7 
0.45 

- -  1.1 
0.79 
4.1 
4.6  } 
0.65 

vs 111 

line refer * Line overlap with ZrsA1. All values below dot ted 
to al ,  components. 

v~v ~ very very weak; vw = very  weak;  
m = medium weak; ms -~ medium strong; 
vs = very strong. 

w ---- weak;  
8 = strong; 

D i s c u s s i o n  

T h e  B8~ s t r u c t u r e  p roposed  for  Zr2Al is t h e  ' f i l led-up '  
ve rs ion  of t he  NiAs  (B81) s t r u c t u r e  w h i c h  is c o m m o n  
a m o n g  b i n a r y  al loys of a t r ans i t i on  m e t a l  such  as Ni,  Fe ,  
Mn,  etc. ,  a n d  a me ta l lo id  such  as Se, Sb, Te, etc.  T h e  
B81 s t r u c t u r e  is v e r y  versa t i le  a n d  of ten  cons ide red  as 
a h e x a g o n a l  c lose-packed  a r r a n g e m e n t  of me ta l l o id  a t o m s  
w i t h  t he  m e t a l  a t o m s  fil l ing t he  o e t a h e d r a l  holes.  Var ia-  
t ions  in compos i t ion ,  w i t h i n  t h e  s ame  al loy sys tem,  are  
possible as t he  t r igona l  voids  b e c o m e  fi l led-up w i t h  m e t a l  
a toms ,  t h e  comple t e ly  f i l led-up vers ion  (B82) h a v i n g  the  
compos i t ion  M e 2 X .  I n  t he  process  of filling up,  t he  c/a 
ra t io  decreases  a n d  approaches  a l imi t ing  va lve  of (3/2)½ 
for Ni2In (Raynor ,  1959). I f  i t  be  supposed  t h a t  a lumin-  
i u m  behaves  l ike a me ta l lo id  in Zr2A1 t h e n  it  is n o t  
surpr i s ing  to  f ind  t he  B82 s t r u c t u r e  appea r ing  in t h e  
Zr-A1 sys tem,  h a v i n g  a c/a va lue  of 1.21. This  u n u s u a l  
b e h a v i o u r  of a l u m i n i u m  has  been  obse rved  before  in 
ZrsA13 (Wilson,  Sams  & Renouf ,  1959) a n d  in ThaA12 
(Braun  & Vuch t ,  1955). 

The DS~ structure o~ the Now0tny phases MesXa may 
be  r e g a r d e d  as a mod i f i ca t ion  of t he  B82 s t r u c t u r e  a n d  
since this  also occurs  in t he  Zr-A1 s y s t e m  as ZrsA13, i t  is 

i n t e re s t ing  to  specu la te  on the  reasons  for  t h e  a p p e a r a n c e  
of b o t h  phases .  T h e  s t r ik ing  f ea tu re  of b o t h  s t r u c t u r e s  
is t h e  m a j o r  ske le ton  f o r m e d  of rows of compres sed  Zr  
a t o m s  a long  t h e  ver t i ca l  six-fold axes.  T h e  s ame  f ea tu re  
occurs  in t h e  Zr4A1 a s t r u c t u r e  (Wilson, Spooner  & 
Thomas ,  1960) a n d  in t he  a p h a s e  of t h e  t r an s i t i on  
e lements .  The  l a t t e r  are  ful ly t r i a n g u l a t e d  shell  s t r uc tu r e s  
in  w h i c h  the  a t o m s  in t he  ver t i ca l  rows h a v e  ob la te  
coo rd ina t ion  p o l y h e d r a  w i t h  coo rd ina t ion  m t m b e r  Z14  
( F r a n k  & K a s p e r ,  1959). A l t h o u g h  the  ZrsA13 a n d  Zr2A1 
s t ruc tu re s  are  n o t  ful ly  t r i a n g u l a t e d  accord ing  to  t he  rules  
of F r a n k  & Kaspe r ,  t he  Zr  a t o m s  a long t h e  ver t i ca l  rows 
h a v e  t h e  same  coo rd ina t i on  n u m b e r  Z14 a n d  are  com- 
pressed  to  give ob la te  coo rd ina t ion  p o l y h e d r a .  Thus ,  i t  
seems t h a t  t he  p a c k i n g  of t he  Zr  a n d  A1 a toms ,  con- 
s idered  as u n e q u a l  spheres,  is a m a j o r  f ac to r  in s tabi l i s ing 
t h e  two  phases  in t he  Zr-A1 sys tem.  I t  m i g h t  be  supposed  
t h a t  t he  fai lure  to  f ind a a phase  in th is  s y s t e m  is d u e  
to  t h e  large  d i spa r i t y  b e t w e e n  t h e  radi i  of t h e  Zr  a n d  
A1 a toms .  

A p a r t  f rom Ti~Sn3 a n d  Ti~Sn, ZrsA1 a a n d  Zr2A] a re  t h e  
on ly  c o m p o u n d s  f rom t h e  s ame  b i n a r y  s y s t e m  crys ta l -  
l izing in t he  D88 a n d  BSo s t ruc tu res .  T h e  reasons  for  
th is  a re  n o t  clear.  I n  t he  t i t a n i u m - t i n  sys t em,  rTi < rsn 
whi l s t  in  t he  z i r c o n i u m - a l u m i n i u m  s y s t e m  rzr >rAt. On 
t h e  o the r  h a n d  Ti a n d  Zr  h a v e  a ce r t a in  chemica l  a f f in i ty  
a n d  be long  to  t h e  s ame  sub-group  of t h e  per iodic  t ab le  
whi l s t  A1 a n d  Sn h a v e  no  chemica l  a f f in i ty  b u t  each is 
cha rac t e r i zed  b y  h a v i n g  no i ncomple t e  d shell. On this  
basis,  t he  two  phases  c a n n o t  be  r e g a r d e d  as e l ec t ron  
c o m p o u n d s  b u t  i t  m a y  be  supposed  t h a t  in a d d i t i o n  to  
p a c k i n g  the re  is a smal l  e l e c t ron -concen t r a t i on  f ac to r  
w h i c h  con t r ibu t e s  to  t he  s tab i l i ty  of each  phase .  

T h e  au tho r s  wish  to  t h a n k  :Dr J .  A d a m ,  A . E . R . E .  
t I a rwe l l ,  for his he lpfu l  adv ice  a n d  e n c o u r a g e m e n t  a n d  
Mrs J .  Thomson ,  I m p e r i a l  College, L o n d o n  U n i v e r s i t y  
{formerly of A . E . R . E .  Harwe l l )  for  p r e p a r i n g  t h e  a l loy  
spec imen  used.  
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