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The crystal structure of ZrAl~ has been determined from powder samples and imperfect single 
crystals. The unit  cell is hexagonal with 

a=5.282,  c=8 .748A;  c/a=1"656.  

There are four ZrAI~ units per cell. The calculated density is 4.56 g.cm. -3. The space group is 
P63/mmc. The structure is a Laves phase of the C14, MgZn 2 type. The contraction of the A1 sub- 
structure and the expansion of the Zr substructure support the general conclusions about the consti- 
tution of Laves phases. 

MePherson & Hanson  (1954) have  published the  
equil ibrium diagram for z i rconium-aluminium and 
reported t h a t  the  intermetal l ic  compound ZrA]~ has 
an  or thorhombic  uni t  cell with 

a = 10.42, b = 7.22, c = 4.98 ~_. 

I n  order to invest igate  this s t ructure  more fully a 

funct ion was used to obta in  accurate  cell dimensions. 
Confirmation of this uni t  cell was obta ined by using 
very  small and somewhat  imperfect  single crystals 
produced by crushing a piece of the  specimen. Rota-  
t ion and oscillation photographs  were t aken  with both  

Table 1. X - r a y  data 

sample of the  alloy was prepared by arc-melt ing in sin -~ 0× 104 sin 2 0× 104 
argon and given to this l abora tory  by Miss J . R .  h i d  (obs.) (calc.) (visual) (cale.) 
Murray,  A.E.R.E. ,  t tarwell .  Micrographs t aken  from lOiO 289 287 w 10 
a polished and etched section showed t ha t  the  sample 0002 315 315 vw 6 

was approx imate ly  single phase, the  max imum grain 1011 367 366 w 8 
1012 601 601 m-- 10 

size being about  0.3 mm. The impur i ty  phase, which 1130 859 858 s 4o 
was es t imated  to be present  in the  approximate  ra t io  10]-3 992 990 vs 62 
1"17. was la ter  identif ied as the  intermetal l ic  com- 2030 1143 1143 m - -  9 
pound  Zr2A18. Bo th  Debye-Scherrer  powder photo- 1132 1170 1170 v s  61 

2031 1220 1221 m 32 
graphs and  single-crystal  ( rotat ion and  oscillation) 0004 1250 1251 v v w  3 

photographs  were used. 10]-4 1535 1535 vvw 2 
For  the  Debye-Scherrer  films a precision camera of 2033 1843 1844 w 6 

19 cm. d iameter  (Adam, 1954) was k indly  lent  by  2130 1995 1996 v w  2 
2131 2071 2075 vw 3 

Dr J.  Adam, A.E.R.E. ,  Harwell.  The powder specimen 10]-5 2232 2235 m - -  13 
was prepared by  crushing and grinding with an agate 2132 2306 2307 vw 4 

mor ta r  so as to pass th rough  a 300 × sieve and inserted 3030 2562 2565 m - -  12 
in a 0"3 mm. radius Lindemann-glass  tube. The ZrA12 2133 2694 2696 s 40 

0006 2806 2806 vvw 4 
alloy is very  br i t t le  and  the  sharpness of the  diffract ion 
lines indicated t h a t  anneal ing of the  powder was not  3032 2872 2871 m 21 
necessary. All the  films were t aken  with fi l tered Cu Ko~ 20~5 3083 m 32 
radiat ion.  The diffraction lines were measured wi th  1016 3085 

2134 3237 3235 vvw 2 
an i l luminated  fibre device similar to t h a t  of Lees 2240 3413 3410 m 22 

(1955) wi th  an accuracy of _+ 0.005 cm. This ins t rument  1156 3654 3652 v v w  2 
gave much bet te r  reproducibi l i ty  of readings on the  2242 3724 3721 vvw 3 
weak and  very  weak lines t h a n  was possible with a 21~5 } 3935 { 3932 2036 3935 m 22 
precision t ravel l ing microscope. 3142 4003 4005 vw 2 

From the  calculated values of sin~ 0 i t  was found 10]-7 4096 4092 vvw 3 
t h a t  all the  lines could be indexed on a hexagonal  3143 4392 4392 m 24 
uni t  cell wi th  40~0 4548 4544 vvw 2 

4041 4622 4622 vw 7 
a=5"2824±0"0005,  c=8"7482±0"0005 _~, 2136 4783 4784 vvw 5 

4043 ) 5249 (5242 
c/a = 1"656. 10]8 5254 v w  9 

3036 5351 5351 vvw 2 
An ext rapola t ion  me thod  using the  Nelson-Ri ley  31~5 5631 5631 w 12 

Intensity Intensity 
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Table 1 (cont.) 

sin e 0 x 10 a sin e 0 x 10 a Intensity Intensity 
hkl (obs.) (calc.) (visual) (calc.) 

4044 } 5789 (5784  
2137 5791 vvw 5 
1128 5820 5821 m-- 13 
4150 5962 5961 m-- 13 
3253 } 6092 { 6091 
2028 6092 m-- 25 
2246 6202 6200 m-- 13 
4152 6271 6270 m 26 
4045 6483 6481 m 16 
1019 6569 6570 vvw 3 
2138 6953 6953 m-- 15 
3255 7332 7330 m-- 15 
3038 7518 7518 m-- 17 
3360 7660 7659 w 9 
5053 7789 7789 m-- 15 
4260 7938 7942 vvw 6 
3362 7970 7969 m-- 18 
4261 8016 8019 m-- 17 
3256 8183 8181 w 7 
2139 8268 8268 w 8 
2248 8368 8367 vvw 5 
4263 } 8647 { 8638 
3148 8650 m 34 
4156 8747 8747 m-- 11 

2,0,4,10 8889 8889 w 13 
5055 9028 9027 m-- 14 
3257 9188 9187 w 13 
5163 9487 9487 vs 74 

1,0,1,I1 9665 9665 m 27 

vvw = very very weak, vw = very weak, w---- weak, 
m-- = medium weak, m--- medium strong, s---- strong, 

vs-= very strong. 
All six~ e 0 values below dotted line refer to resolved 

a 1 components. 

a and  c as axes of rotat ion.  The observed and  cal- 
culated values of sin +̀ 0 are given in Table 1. 

Using the  a tomic volumes of the  zirconium and  
a luminium atoms derived from the e lementary  crystal- 
line forms, the  proposed uni t  cell contains four units  
of ZrAl+`. The calculated densi ty  was 4.56 g.cm.-8; 
the  densi ty  determined experimental ly ,  using a bulk 
sample containing the  impur i ty  phase,  was 4.42 
g.cm.-3. 

The visually es t imated  and  calculated line inten- 
sities are given in Table 1. The calculated intensities 
were corrected for absorpt ion bu t  the  t empera tu re  
factor  was ignored. The absorpt ion factor  was ob- 
ta ined  from a table given in K l u g &  Alexander  (1954) 
for cylindrical powder  specimens. The value of ,ur = 3.1, 
used for this purpose, was based on a calculated com- 
posite absorpt ion coefficient for the  compound and an 
exper imenta l ly  determined powder  density.  

The single- crystal  photographs  indicated the  following 
conditions for reflection: (000l), 1 = 2n; (hh2fzl), 1 = 2n; 
(hlcil), for h -  k = 3n, l =  2n. Al though several space 
groups are possible a good in tensi ty  agreement  was 
found using P63/mmc with the  a toms fix the  following 
positions: 

4 Z r  in (f)  positions: ½,~ ,z ;  z =  
6A1 in (h) positions: x, 2x, ¼; x = -  
2A1 in (b) positions: 0, 0, 0. 

No a t t e m p t  was made  to refine the  Zr and  the  A1 
parameters .  The proposed ZrAlg= s t ructure  is thus  a 
Laves phase of the  C14, MgZn+ type.  The in tera tomic  
distances are given in Table 2. 

Zr-Zr: 
A1-A1: 
Zr-A1: 

Table 2. Interatomic distances 

2 at 3-28 and 2 at 3.24/~ 
6 at 2.67 and 2 at 2.64 A 
1 at 3.13, 1 at 3.11/~ and 1 at 3-08 A 

Discuss ion  

In  the  ideal Laves  phase of the  C14 type  which is 
formed when c / a =  (8/3)½ = 1.633, the  B a toms occupy 
corners of regular  t e t r ahedra  which are joined alter- 
na te ly  point  to point  and  base to base. The larger 
A a toms occupy the  'holes'  formed by  the  t e t r ahedra  
to form another  subs t ruc ture  which is characteris t ic  
of the  phase. A n y  depar ture  from c /a= (8/3)½, leads 
to a change in the  height  of the  B t e t r ahed ra  and  
consequent small differences in the  in tera tomic  dis- 
tances in each subs t ruc ture  as observed in Table 2. 

The impor t an t  pa rame te r  governing the  format ion  
of Laves  phases, when the  c/a rat io is approx imate ly  
correct, is the  rat io  of the  atomic diameters  of the  
two components  d~/d B. In  the  ideal C14 s t ructure ,  
in which A a toms touch each other  and  B a toms touch 
each other,  d ~ / d B = ( l ' 5 ) ½ = l ' 2 2 5 .  Ber ry  & R a y n o r  
(1953) showed t h a t  if W = d a / d z  is less t h a n  1.225, 
there should be a contract ion of the  B subs t ruc ture  
and an  expansion of the  A substructure .  Assuming 
the  atomic diameters  dA and  dz  to be the  in tera tomic  
distances in pure  metallic zirconium and  aluminium,  
3.17 and  2-862 /~ respectively,  we find for ZrA12 t h a t  
W =  1.108. Al though this is a r a the r  low value there 
are a t  least  two other  compounds,  viz. WFe2 and  
MnBee, for which W is smaller. On the  other  hand,  
it is interest ing to note t h a t  there is no Laves  phase 
of the C14 type  with A1 as the  B a tom repor ted  in the  
list given by  Ber ry  & Raynor .  The expected contrac- 
t ion of the  B subs t ruc ture  and  the  expansion of the  
A subs t ructure  is clearly revealed by  the  in tera tomic  
distances given in Table 2. 

Following Ber ry  & Raynor ,  and using the  m a x i m u m  
interatomic distances listed in Table 2, the  paramete rs  
SA~, S~B and S~B, are de termined for ZrA12. These 
parameters  represent  the  percentage deviat ion from 
the in tera tomic  distances in the pure  components  and  
are defined by  the expressions: 

S~a = 100(daa-d~) /d~ ,  SBB = IO0(dBB--dB)/dB , 

100 [dAB-- ½(da + dB)] 
S~B -- ½(d~ + dB) 

For  ZrAlg.: S ~  = 3 " 4 8 ° ,  S z B =  - 6 " 8 4 %  and  S~B= 
3-79%. The values of SAa, SBB and S~B for the  known 
C14 Laves  phases formed by  zirconium as the  A com- 
ponent  are plot ted against  W in Fig. 1, to give a dia- 
g ram similar to t h a t  first  presented by  Ber ry  & 
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Fig. 1. Plot  of SA4, SBB and SAB against W=d~/dB for 
Laves phases of the C14 type with zirconium as the 'A' 
component.  

- - .  SA4; . . . .  SBB; . . . . . . .  SAB • 

Raynor. Aluminium appears to fit very well into this 
scheme and since chemically aluminium differs con- 
siderably from all other metals in this set, the im- 
portance of geometrical factors in the formation of the 
C14 phase seem to be over-riding. 
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A number of new BoA compounds, with A a rare earth or yttrium and B a transition element, Co, 
Ni, or Cu, having the CusCa structure, have been prepared. In most of the compounds, the inter- 
atomic distances are normal. However, Co appears to have a valence substantially greater than 
three. Also, in CosPr , Pr appears to have a valence slightly greater than three. 

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

In the course of a continuing study of the magnetic 
and structural properties of intermetalhc compounds 
between rare earth and transition metals, a number of 
new compounds with the CusCa structure have been 
made. Some of the results of magnetic measurements 
have already been reported by Nesbitt et al. (1959). 
I t  is the purpose of this paper to report on the crystallo- 
graphic investigations of these new compounds. 

E x p e r i m e n t a l  

Stoichiometric amounts of the constituents were 
melted by induction heating in fused A1203 or quartz 

crucibles in an argon atmosphere.* The compounds 
appear to melt congruently as they form readily from 
the melt. 

X-ray powder photographs were taken with Cr K s  
radiation and a Straumanis tsTe Norelco camera 
(114.6 mm. diameter). Observed and calculated inter- 
planar spacings are shown in Table 1. 

These compounds, BsA, belong to space group 
P6/mmm(D~h ) with A in (a): 0 ,0 ,0 ,  2Bz in (c)" 
_+ (½, 2~, 0), and 3B~ in (g): ½,0,½, 0,½,½, ½,½,½. 

* All of the rare earth elements, except Pr  (99-9 + %), and 
Y were of 9 9 + %  purity. Co and Ni 9 9 . 9 + % ;  Cu 99.999%. 
The Nd was kindly supplied to us by Dr F. H. Spedding. 


