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break the covalent bonding perpendicular to 
(001)  plane. This undoubtedly supports the 
existence of an easy (110)  cleavage in these 
crystals. It may be mentioned that along both the 
directions the strain varied linearly with stress 
before the crystals broke under compression. 

When an indented face was subjected to etching, 
considerable random cracking was observed around 
the indentation mark, and no rosette pattern was 
formed, indicating that the crystals do not under- 
go plastic deformation at room temperature. This 
view is also supported by our hardness exper- 
iments. High temperature might produce slip. The 
density of transparent crystals, determined by the 
bottle method [19] at 28~ was 2.003gm1-1. 
The solubility in water was found, using stoppered 
flasks, to be 0.0689g per 100ml at 28 ~ C. The 
specific resistivity at 26~ was observed to be 

5 . 3  • 109 gLcm . . . .  

A c k  n o w  ledge me nts 
Many thanks are extended to Dr K. Sangwal for 
useful discussions and help in writing the manu- 
script, and to Dr C. K. Patel for the help rendered 
in using Instron Machine. 

References 
1. H. K. HENISCH, J. DENNIS and J. I. HANOKA, 

J. Phys. Chem. Solids 26 (1965) 493. 
2. A. R. PATEL and S. K. ARORA, J. Mater. ScL 11 

(1976) 843. 
3. R. F. STRICKLAND-CONSTABLE, "Kinetics and 

Mechanism of Crystallization" (Academic Press, 
London, 1968) p.1. 

4. S. TOLANSKY, "Multiple Beam Interferometry" 
(Oxford University Press, Oxford, 1947). 

5. W. G. JOHNSTON, "Progress in Ceramic Science", 
Vol. 2. edited by J. E. Burke (Pergamon Press, New 
York, 1962). 

6. V. N. ROCHANSKII, E. V. PARVOVA, V. M. 
STEPANOVA and A. R. PREDVODITELEV, Sop. 
Phys. Crystal. 6 (1962) 564. 

7. N. F. KOSTIN, S. V. LUBENETS and K. S. 
ALEKSANDROV, ibid 6 (1962) 588. 

8. KH. S. BAGDASAROV, E. R. DOBROVINSKAYA, 
V. V. PISHCHIK, M. M. CHERNIK, YU. YU. 
KOVALOV, A. S. GERSHUN and I. F. 
ZVYAGINTSEVA, ibid 18 (1973) 242. 

9. M. J. BUERGER, Amer. Mineral. 30 (1945) 469. 
10. A. S. PARASNIS and J. W. MITCHEL, Phil. Mag. 4 

(1959) 171. 
11. M. S. JOSHI and B. K. PAUL, J. Crystal Growth 22 

(1974) 326. 
12. A. R. PATEL and S. K. ARORA, ibid 23 (1974) 95. 
13. K.A. GROSS, ibid 6 (1970) 210. 
14. S. AMELINCKX, W. MAENHOUT-VAN DER 

VORST and W. DEKEYSER,ActaMet.  7 (1959) 8. 
15. B. W. MOTT, "Microindentation Hardness Testing" 

'(But terworth, London, 1956). 
16. J. H. WESTBROOK, "Environment Sensitive 

Mechanical Behaviour", edited by A. R. L. 
Westbrook and N. S. Stoloff, (Gordon-Breach, New 
York, 1967). 

17. R. E. HANNEMAN and J. H. WESTBROOK, Phil. 
Mag. 18 (1968) 73. 

18. I. G. BERZINA, I. B. BERMAN and P. A. 
SAVINTSEV, Soy. Phys. Cryst. 9 (1965) 483. 

19. A. FINDLAY, "Practical Physical Chemistry", 8th 
edition, (Longmares Green, London, 1954). 

Received 9 November 1976 
and accepted 9 March 1977 

A. R. PATEL 
S. K. ARORA 

Department of  Physics, 
Sardar Patel University, 

Vallab.h Vidyanagar 388120, 
Gu/arat State, India 

On the spark machining of cubic Laves- 
phase compounds which contain 
gadolinium 

The cubic Laves-phase compounds of gadolinium 
are of interest to research workers in the fields of 
M6ssbauer spectroscopy and nuclear magnetic 
resonance because the nature of the hyperfine 
field at the lattice sites yields information on the 
nature of the spin-exchange interactions in the 
bulk material. The gadolinium compounds which 
are, at present, of most interest are GdF% and 
GdCo2. These compounds are manufactured by 

2128 

melting a stoichiometric mixture of gadolinium 
and iron or cobalt powders in either an electron 
beam furnace or an argon arc furnace. Once the 
molten state has been reached the samples are 
quenched rapidly to room temperature. They are 
then turned over and the samples remelted. T h i s  
procedure is performed several times to ensure 
homogeneity within the sample. Ingot sizes are 
usually small: typically they are produced as cylin- 
ders having diameters of about 10 mm and heights 
of about 4 mm. 

After the ingots of the compounds have been 
manufactured they have to be converted into the 
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shape which is required for the experiment; thin 
discs, spheres, ellipsoids or toroids, which have to 
be machined from the ingot. The high chemical 
activity of gadolinium imposes restrictions on the 
procedures by which samples may be prepared 
from the ingots. For example, gadolinium oxidizes 
very easily and powder specimens are usually 
crushed or filed in an alcohol bath to minimize the 
formation of Gd203. The use of high- and low- 
speed diamond saws is impractical, both because 
of the high chemical reactivity of gadolinium, and 
because they cannot be used to produce the shapes 
which are required. Diamond impregnated and 
chemical wire saws could be used, but wander of 
the wire during cutting limits the accuracy of the 
shapes which are to be cut. The technique which 
meets both the requirement that cutting should 
take place in a non-reactive atmosphere, and the 
requirr that cQmplicated.shapes cal3. be~ fabri- 
cated, is that of spark-machining. This note 
describes the effect of spark-machining on poly- 
crystalline specimens of GdF% and GdCoz. 

A Servomet Type SMD spark-erosion machine 
was used. The dielectric medium, kerosene, was 
recirculated through a high capacity filter unit. 
The cutting tool was tungsten, because of its low 
rate of wear during the sparking process. For the 
GdF% specimens ranges 3, 5 and 7 of the spark- 
erosion machine were used. Range 5 only was used 
for the GdCo2 specimens. 

The distribution of erosion craters on the cut 
surface was investigated using a Baker metallurgical 
microscope fitted with an A.E.I. image-splitting 
eyepiece. The surfaces of the specimens are similar 
to others described in the literature [1]. After cut- 
ting they are covered by an isotropic distribution 
of craters, the diameters of which are fairly con- 
stant. The deviations from stoichiometry and gross 
mechanical damage arising from the sparking pro- 
cess have been investigated using X-ray diffraction 
techniques. Chemical etching was used to remove 
the surface layer to a depth of 5/am, and then the 
surface was subjected to X-ray analysis. Etchants 
used were either nital (5%) or dilute nitric acid 
(1 : 25 by volume). The X-ray equipment comprised 
a Rigaku D9C generator, a Rigaku SG-7 Horizontal 
Diffractometer on which was mounted a Xenon pro- 
portional detector, and a standard Rigaku elec- 
tronic control panel. Analyses were conducted using 
both chromiumKa and molybdenum Ka radiation. 

The stoichiometry of the sample and the pres- 
ence of other phases within the sample were 
checked by the comparison of the integrated 
intensities of the lines recorded on the X-ray 
charts [2]. The depth of detectable damage was 
assessed by observation of the behaviour of the 
[3 1 1] reflection as etching progressed. From the 
integral breadths and peak shifts of the lines in- 
ferences can be drawn as to the degree of faulting 
and macroscopic strain which exists below the 
surface [2]. 

Surfaces cut from a GdF% ingot using range 5 
of the spark-erosion machine were too disordered 
to give rise to diffracted beams. The initial chemi- 
cal etch of 5/am removed the disordered layer 
completely. However, besides the reflections due 
to GdF%, reflections characteristic of GdFe4 are 
also observed. On referring to the phase diagram 

. [.3.] ~ one. notices, that the. hexagonal GdFe4 is 
formed at higher temperatures than the f c c  
GdF%. This is consistent with the fact that the 
surface has been subjected to temperatures in ex- 
cess of the boiling point of GdFez. Since gadolinium 
has a higher vapour pressure than iron, the molten 
crater is deficient in gadolinium. On cooling the 
stoichiometry in some regions probably favours 
the formation of GdFe4 rather than GdF%. 
About 10% of the layer consisted of GdFe4, and 
this phase was present until 20/am of the material 
had been eteched away. The recovery of the 
[3 1 1] reflection for GdFe2 is shown in Fig. la. A 
stable diffracted intensity was achieved after 
70/~m of the surface had been removed. The vari- 
ation of integral breadth of the [3 1 1] reflection 
with depth below the surface is also shown in Fig. 
la; the integral breadth being a measure of the 
mechanical deformation of the specimen [2]. The 
deformation decreased and reached a stable value 
at about 70/am below the surface. It is interesting 
to note that there was no change in the position of 
the peak as the depth below the surface varied. 
The position of this peak was displaced to higher 
20 angles than would be expected from calculations 
using Bragg's law. Such a displacement is consistent 
with the existence of deformation faults within 
the specimen, and it would appear that the distri- 
bution of these faults has been unaffected by the 
sparking process. A similar procedure was followed 
for ranges 3 and 7 of the Servomet spark-erosion 
machine. 
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Figure 1 The variation with depth of the peak height and integral breadth of the [3 1 1 ] reflection from spark-machined 
surfaces of (a) GdF% and (b) GdCo z . 

TABLE I Results of experiments performed using the Servomet spark-erosion machine 

Material Servomet Range Spark Gap voltage Average Crater Cutting Rate Depth of Detectable 
(V) Diameter (mm h- 1 ) Damage 

(~m) (#m) 

GdF% 3 100 5 5 X 10 -2 200 
5 80 3 1X 10 -2 70 
7 60 <1 2 X 10 -3 <30 

GdCo 2 5 80 3 5 N 10 -3 90 

The GdCo2 specimens behaved similarly to the 
GdF% specimens. The initial etch showed that 
some latent ( fcc)  cobalt was formed. Approxi- 
mately 5% of this surface layer was cobalt. After 
some 20/1m of material had been removed no 
cobalt reflections were observed. The [31 1] 
reflection grew with successive eteching and a 
stable diffracted intensity was observed after 
90#m of material was removed. The integral 
breadth decreased with etching and became 
constant after 90t~m of material was removed. 
There was also a displacement of the peak to 
higher 20 values. This displacement remained 
constant as etching proceeded, which supports the 
contention that the distribution of dei~ormation 
faults within the GdCo2 is unaffected by the 
process of spark-erosion. 

The results of the various experiments are 
collated in Table I. Both the rate of erosion of the 
samples and the depth of the damaged layer de- 
crease as the energy liberated in each spark de- 
creases. Although the rate of removal of material 
by the process of spark-erosion is slow for both 
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gadolinium compounds this is well compensated 
for by the ability one has to manufacture speci- 
mens having a wide variety of shapes. 
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