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The preparation and characteristics of 
ZrC and TaC single crystals using an r.f. 
floating-zone process 

TaC exhibiting superconductivity has the highest 
melting point (~3900~  of the refractory 
carbides, hence, its single crystal has not been 
obtained using the radio frequency (r.f.) floating- 
zone process [1]. In contrast, the authors have 
grown comparatively large single crystals of TaC 
by the r.f. floating-zone process. Prior to growing 
TaC crystals the preparation of ZrC single crystals 
was attempted. The method of preparation was 
based on the knowledge that single crystals of NbC 
with nearly the same melting point at ZrC, have 
previously been grown using an r.f. generator of 
30kW [2], but it was impossible to obtain ZrC 
single crystals using this method. By contrast, an 
r.f. generator of 50kW made it possible to grow 
large ZrC single crystals easily. The present note 
describes the preparation and characteristics of 
ZrC and TaC single crystals grown by the r.f. 
floating-zone process at a pressure of  10 atm. 

The operating procedures for growing crystals 
were essentially the same as those previosly des- 
cribed for TiC [3] and NbC [2]. The working 
coil for ZrC was a six- or eight4urn co-planar coil 
of water-cooled copper tubing, while for TaC an 
eight-turn co-planar coil was used. The growth of 
TaC single crystals is far more difficult than ZrC. 

About 1 h after the formation of the molten zone 
of TaC, the crack initiated at the surface of the 
specimen, but it was possible to observe the 
molten material through the crack. The funda- 
mental difficulties in growing TaC single crystals 
result from the surface tension not being suf- 
ficiently high to maintain a zone with a high 
density (14.5 g cm-3). Also the coils are punc- 
tured by arcing between the coil and melt. 

Metallic4ooking ZrC single crystals 8 mm in 
diameter and 60 mm long were grown. A typical 
example is shown in Fig. 1. Fig. 2 shows the TaC 
single crystal appearing at the cleavage planes. 
Except for the surface of the crystal, which was 
a golden yellow colour, it had a silver metallic 
look. There was a longitudinal crack. The macro- 
photographic observation of the cross-section 
along the dotted line in Fig. 2a is shown in Fig. 
2b. There appears to be a large melted grain and a 
cleavaged crack. ZrC was greater than 99.9% pure 
and TaC was 99.5% pure as determined by X-ray 
fluorescence analysis. The average chemical com- 
position was ZrC0.9 and TaC0.83 as obtained by 
chemical analysis and electron microprobe X-ray 
analysis. X-ray powder diffraction patterns of 
crushed specimens indicate a lattice parameter of 
ao = 0.4702 and 0.4429nm for ZrC and TaC, 
respectively. The growth direction almost coincided 
with the (1 10) or (100) direction in ZrC and the 
(1 10) direction in TaC. Dislocation pits of ZrC 

Figure 1 As-grown single crystal 
of ZrC. 
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Figure 2 (a) As-grown single crystal of TaC. The cleavage plane is 
observed and the crack extends longitudinally and (b) the cross- 
section of the crystal along the dotted line in (a). 

and TaC cleaved planes are shown in Fig. 3. The 
crystal quality of ZrC is better than that obtained 
by Lee and Haggerty [4] which were characterized 
by low-angle grain boundaries. The slip traces in 
TaC could be caused by thermal stress during 
crystal growth [2]. 

The C/Zr and C/Ta ratios determined by elec- 
tron microprobe X-ray analysis along the growth 
and radial directions indicate that the C/Ta ratio 
has a slight scatter, but that the C/Zr ratio is 
almost constant. 

The electrical resistance values of TaC single 
crystal, i.e. the golden yellow surface (1) and the 
inner part of the crystal (2) are shown in Fig. 4 
at low temperatures. Both (1) and (2) become 
superconductors with the onset temperatures 9.0 
and 7.15 K, respectively. The C/Ta ratio of the 
surface of the crystal (1) has a higher value than 
inner part of the crystal (2) so that the onset 

temperature of the former is higher than the 
latter when considering that TaC exhibits a decrease 
in the superconducting critical temperature with 
the departure from the stoichiometry [5]. The 
stepped change in Region (2) would be due to 
local fluctuation in the composition. 

The periodicity of the hardness curves of ZrC 
and TaC, i.e. the four-fold symmetry in the 
(1 1 0) planes, is shown in Fig. 5. The present 
anisotropy and theoretical curves [6] indicate that 
the primary slip system of TaC is {! 1 1}(1 TO), 
while in ZrC the {110}(170) system is found. 
This is consistent with previous works [6, 7].  The 
degree of anisotropy in the hardness [8] is 6.8% 
for ZrC and 2.0% for TaC. The former is compar- 
able to the data of Hannink et  al. [6]. A small 
anisotropy in TaC would firstly be due to the 
non-stoichiometry of the crystal and secondly 
due to the crystal quality such as high dislocation 

Figure 3 Etching patterns of (1 0 O) planes of (a) ZrC and (b) TaC single crystals. 
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Figure 4 The low-temperature behaviour of the electrical 
resistance, R, of TaC single crystals: (1) Golden yellow 
surface of the crystal and (2) inner part of the crystal. 
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Figure 5 Vickers microhardness anisotropy of ZrC and 
TaC (100)  planes. 
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Figure 6 A logarithmic plot of hardness against homologous temperature. T m represents the melting point: (a) ZrCo. 9 
and (b) TaCo.,~. 
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density. In fact, TAG0.96 single crystals grown by 
the flux method [7] show a larger anisotropy 
than those grown by the method here, and TiCl.o 
single crystals with a low dislocation density of 
103 cm -2 indicate pronounced anisotropy in 
the hardness [8]. 

High-temperature indentation was performed 
using the Nikon high-temperature micro-hardness 
tester model QM [8,  9 ] .  Cracks observed at each 
corner at room temperature diminish at 900 and 
1200 ~ C in ZrCo.9 and TaCo.83, respectively. This 
is explained in terms of the dislocation mobility 
corresponding to the kneek in a logarithmic plot 
of hardness against homologous temperature 
T/Tm represented in Fig. 6. The gradual decrease 
in the hardness of TaCo.s3 up to a temperature of 
l l00~ is characteristic, while in the case of 
ZrCo.9 a drop in hardness of about x 10 occurs 
in the same temperature range. The temperature 
dependence of hardness in TaCo.sa is similar to 
that in another fcc metal (Cu) and co-valent semi- 
conductors (Si and Ge) [6] with the {1 1 1 }(1 TO) 
slip system. 
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