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Results are shown of thermal diffusivity measurements and of thermal conductivity calcula-
tions pertaining to monolithic specimens of TiCy.g4, CbCy, 77, and TiNj g4 produced by chemi-
cal precipitation from a gas phase, and covering the temperature range from 1500 to 2200~
2400°C.

Titanium carbide, columbium carbide, and titanium nitride crystallize into the NaCl-form lattice [1]
and become solid refractory compounds with melting points 3150, 3480, and 2950°C respectively. Their
high melting points make them suitable as heat-resistant materials for special applications. It would be of
interest, therefore, to examine their thermophysical properties, especially their thermal diffusivity and
conductivity, at high temperatures., Published test data on the thermal conduectivity of TiC, CbC, and TiN
[2, 3, 4] refer to materials produced by powder-metallurgy processes and having some residual porosity.

In this study we were concerned with the thermal diffusivity and conductivity of titanium. monocarbide,
columbium monocarbide, and titanium nitride which had been produced by the method of chemical precipita~
tion from a gas phase [5].

The results of chemical and x-ray analysis are given in Table 1.

No change in the chemical composition during thermal diffusivity measurements was noted in TiC
and CbC specimens up to 2400° and in TiN specimens up to 2200°C,

An intensity analysis of diffraction peaks on diffractograms of specimens has revealed the existence
of a definite growth texture with the predominant orientation parallel to the precipitation surface (normal
to the direction of heat flow during thermal diffusivity measurements) in the crystallographic (100) plane.
The specimen density measured by hydrostatic weighing was 4.87 g/cm?® for TiC, 7.15 g/o::m3 for NbC, and
5.37 g/cm® for TiN — close to their theoretical densities [1] — and indicated an almost zero porosity of
the specimens.

In order to stress relieve the specimens, TiC and CbC were annealed under vacuum at 2200°C and
TiN at 1500°C for 1 h.,

TABLE 1. Physicochemical Characteristics of TiC, CbC, and TiN

Chemical composition, Jo(weight)
. " rotal ] ormula Lattice per-
Material | 4  carbon nitrogen | oxygen komposition fiod, A
TiC 79,52 18,84 0,10 0,46  ITiCy g45Np o4 |4,327 0,001
NbC 90,97 9,02 0,05 —_ NbCoz7  |4,446+0,002
TiN 76,14 0,15 20,88 —  |TiNg g35 Co,0084,237 40,001
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Fig. 1. Thermal diffusivify a (mz/sec) as a function of the temperature T (°C)
for specimens of pyrolytic TiC (1), CbC (2), TiN (3).

Fig. 2. Thermal conductivity A (W/m-°C) as a function of the temperature T (°C)
for pyrolytic TiC (test) (1), CbC (test) (2), TiN (test) (3), TiC according to [2] (4},
CbC according to [4] (5), TiN according to [3] (6).

The TiC and CbC specimens had a coarse-crystalline columnar dendritic microstructure, with the
axes of the columnar crystals oriented normally to the precipitation surface. The TiN specimens had a
similar microstructure, but without dendrites. The electrical resistivity of the TiC, CbC, and TiN test
specimens at room temperature was 220, 130, and 20 p€ - cm respectively.

The thermal diffusivity was measured by the phase-angle method [6], namely by the phase difference
between a periodically varying thermal flux and resulting temperature fluctuations at the opposite surface
of aflat specimen (0.25~0.30 mm thick). A specimen was heatedunder a vacuum of about 10~° mm Hg by electron
bombardment from a flat and spiral tungsten cathode 4-6 mm away from that specimen serving as the anode.
An alternating component of power was produced by modulation of the anode voltage with a model ZG-10
audio oscillator. The phase shift between the alternating components of power and temperature respectively
was measured with a model F2-1 phase meter. The anode voltage was modulated at a 112 Hz frequency.
The specimen temperature was measured with a model OMP-043 optical micropyrometer. The emissivity
of the specimens was found to be approximately €) = 0.70 for TiC, 0.75 for CbC, and 0.60 for TiN at the
wavelength A = 0.65 pm.

The test apparatus used for these measurements differed only slightly from that described in [6]. The
error of thermal diffusivity measurements did not exceed 5%.

The thermal diffusivity a as a function of the temperature is shown in Fig. 1. Using the published
data in [3] on the specific heat ¢ of TiC, CbC, and TiN at high temperatures, and assuming that this property
does not depend on the specimen structure, we have calculated the thermal conductivity A of pyrolytic TiC,
CbC, and TiN according to the well known relation A = acy and as a function of the temperature (Fig. 2).
For comparison, in Fig. 2 are also shown earlier published ([2-4]}) values of thermal conductivity of metal-
ceramic specimens.

The thermal diffusivity and conductivity of TiC and CbC are much lower than those of TiN, largely
because the electrical conductivity of carbides is lower than that of nitrides and, correspondingly, the
electron thermal conductivity of carbides is lower than that of nitrides, while their lattice thermal con-
ductivitities are comparable [7]. The differences between the temperature characteristics of pyrolytic
TiC, CbC, and TiN with approximately equal lattice components of thermal conductivity can be explained
phenomenologically by an appreciable difference in their residual electrical resistance, the lattice affect-
ing the temperature dependence of the electron thermal conductivity [8]. It has been shown earlier that
the thermal conductivity of pyrolytic zirconium carbide increases with rising temperature [9], as in the
case of TiC and CbC, while the thermal conductivity of pyrolytic zirconium nitride decreases with rising
temperature above 1500°C [10], as in the case of TiN.
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