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It was noted earlier [1] that in systems TaC—ZrC and TaC~HfC there are alloys with a melting
point of about 4000°C which exceeds the melting point of the individual carbides. Later investigations [2,
3] demonstrated the presence of anomalies of the physical properties (including the melting point) for the
composition 4TaC - 1HfC and in the system ZrC—HfC. The authors [2, 3] emphasize, of course, that the
determination of the melting point in their investigation was of a preliminary nature. Other works appeared
[4-7] that were devoted to a study of the evaluation, thermal expansion, and the emissivity in these systems.

It was of interest to reproduce the data of works [1-3] on the melting points in systems ZrC—H{C,
TaC—ZrC, and TaC—HIC, For the investigation we selected the same compositions which, according to
earlier data, demonstrated the highest melting points. The carbides were prepared by reducing the oxides
of the metals in a vacuum (10~ mm Hg) at a temperature up to 2000°C. To create a closer contact during
reduction the charge was pressed under a pressure up to 200 de/cmZ, which was also used in works {2,
3]. From the thus prepared powders specimens were fabricated by the hot pressing method (T-2200°C,
7-15 min, P-200 dkN/cm?), which were then additionally annealed at a temperature of 2500°C for 1 h. The
porosity of the specimens did not exceed 5%. X-ray structural* and microstructural analyses of the
samples showed that they were single-phase (Table 1), The values of the lattice parameters of the carbides
and their solid solutions generally agreed nicely with the data in the literature (for example, [2, 3]).

The melting point was measured by the Pirani~Alterum method on specimens measuring 3 x4 x 15
mm heated by passage of a current. The size of the hole for recording melfing was selecting in conformity
with recommendations in [7, 8] and was 0.3-0.4 in diameter and 2 mm deep. We used an OMP-054 micro-
pyrometer. The experiments were carried out in a medium of thoroughly scrubbed helium. Testing of the
device and determination of the correction for radiation absorption by the peephole was accomplished by
measuring the melting points of pure refractory metals (tungsten, molybdenum, tantalum}). Table 2 gives
the results of determing the melting point of the investigated compositions.

We see from the table data that the composition 8TaC «1ZrC and 4TaC - 1HIC are characterized by
high melting points (3890 and 3990°C, respectively) which exceed the melting points of the individual car-
bides. Thus, the data in [1-3] for these systems are confirmed. In system ZrC—HIC we did not note the
maximum that was detected in works [2, 3]; in contrast, the melting point of the alloys proved to be lower
than that of the carbides of zirconium and hafnium. It has been suggested that this drop of the melting
point in the aforementioned alloys can be due to some specimens of the system ZrC—HfC containing appre-
ciable quantities of free carbon (Table 1}, and this leads to the formation of the eutectic (Zr, Hf) C+C.
An investigation of the structures of the middle part of the specimens after melting revealed the presence
of eutectic segregations (Fig. 1, a); for other alloys only pure grain boundaries were observed (Fig. 1, b),
or, sometimes, boundary segregations (Fig. 1, ¢) whose chemical and phase composition could not be de-
termined, However, later determinations of the melting point in specimens of the system ZrC—HfC not
containing free carbon (within the limits of sensitivity of chemical analysis) confirmed its low value in
these alloys.

Table 2 shows the change in the content of bound carbon and of the lattice parameter in the middle
part of the specimens after determining the melting point. As we see from these results, the content of
bound carbon appreciably decreases. Analyses also showed that the content of the metallic components

*Copper and cobalt radiation (RKU-86 camera) was used.
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Microstructures of carbide alloys after determing melting
points: a) 4ZrC—1H{C; b) 4TaC—1HIC; ¢) 8TaC—1ZrC.

TABLE 1. Chemical Composition of Investigated Specimens (After
Hot Pressing and Annealing)

emic. on .
- Chemical composition, mass. % Stoichiometric
Specimen Ciotal| Cree Cpound Ta Hi Zr N O |formula
zZrC 10,2 {<0,05(10,2 — — 88,3 | 0,005 * Z21Cq 58
HiC 6,1 1<0,05! 6,1 — | 93,8 — {0,005 = HiCg,97
TaC 6,1 |<0,05) 6,1 94,1 — — 0,005, = aCq,p8
1ZrC—1HIC 10,5 1,81 8,7 — . * 0,23 | 0,09 | (Zr, HD)Cy.06
3ZrC—2HIC 9,9 0,24] 9,66 — " * 0,13 | 0,33 | (Zr, H)Cr.n
4ZrC—1HIC 10,0 0,18] 9,82 — * * 0,05 | 0,10 | (Zr, Hi)Cq.pg
same 9,0 [<0,05/ 9,00 | — . * * * (Zr, Hi)Cq.01
2TaC—1ZrC 5,9 0,12 5,78 | 77,7 — 17,0 1 0,05 | 0,08 | (Ta, Zr)Co.2e
4TaC—1ZrC 6,7 0,05 6,65 | 85,1 — 9,2 | 0,05 | 0,09 | (Ta, Zr)Cq.es
8TaC—1ZrC 6,71 0,05 6,65 ) 88,2 — 5,214 0,17 | 0,10 | (Ta, Zr)Cy.e
3TaC—IHIC 5,3 0,13 5,17 | 72,8 | 24,0 — 0,43 | 0,10 | (Ta, HN)Cy. 53
4TaC—1HIC 6.4| 0.14/ 6,26 | 80,6 | 13,0 | — | 0,51 | 0,15 | (Ta, Hi)Cyuq
5TaC—1HfC 5,61 0,15/ 5,45 | 82,5 | 12,0 | — | 0,47 | 0,32 | (Ta, Hi)Cy,ss

*Not determined.

TABLE 2. Melting Point at Change of Chemical Composition When
Determining Melting Point

Interval of > [ .| _Cbound | _aa
it me . w584 Before| After |Before| After
Composition asured taem : 9512 8O | melt-| melt-imelt-| melt-

peratures, "C ZzH8g|<® ling |ing |ing |ing
ZrCq, g8 3460—3490 5 13470 |10,2 | 9,1 [4,689] 4,695
HiCg.97 3700—3760 5 13750 | 6,0 | 5,8 |4,640( 4,639
TaCy,98 3830—3880 5 | 3840 | 6,1 | 5,7 |4,454} 4,444
1ZrC—HiC 2930—3030 8 {298 8,7 | 7,56 |4,663] 4,664
3ZrC—HiC 3140—3180 6 | 3150 | 9,66 7,7 {4,670} 4,669
4ZrC—1HiC 3150—3220 8 | 3200 9,829,1 |4,683] 4,684
4ZrC—1HIC* 3180—3220 4 |3200 9,00 T T T
2TaC—1ZrC 3760—3830 5 | 3800 5,8 |5,3 |4,622] 4,524
4TaC~—1ZrC 3810—3840 5 13830 |6,65|53 |4,495] 4,492
8TaC—1ZrC 3880—3930 11 | 3890 | 6,35 | 5,9 [4,470} 4,466
3TaC—1HIC 3820-—3920 4 | 3890 | 5,17 | 5,05 (4,486( 4,483
4TaC—1HIC 3970—4010 4 | 3990 | 6,45 | 3,54 | 4,473 4,468
5TaC—1HIC 3940--3960 5 | 3950 | 5,45 | 5,05 {4,473 | 4,472

*Results were obtained on specimens not containing free carbon.

+Not determined.

after determining the melting point decreases appreciably more slowly or even remains constant, and in
some cases increases. Hence we can state when determining the melting point of carbides and their
alloys there is preferential evaporation of carbon and a change of stoichiometry. Thus, the carbides of
zirconium and tantalum changed stoichiometry from ZrCg,gs and TaCy, g to ZrCy,zg and TaCg.g3. This is
also indicated by the change of the laitice parameter, which coincides with the results of investigating the
dependence of the lattice parameter on the stoichiometry of zix conium, hafnium, and tantalum carbides
[9-11]. For the most refractory compositions we can consider that the change of stoichiometry occurred
from (Tag gHfy.»)Co.z5 to (Tag iy 2)Cq 50 and from (T2 gZT.11)Co.96 L0 (T20.8Z%0.19C0. -
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It is known from results of determining the melting points in the region of homogeneity of ZrC, HIC,
and TaC that maximum temperatures pertain to nonstoichiometric carbides: ZrCj,g-p,9» Tmp =3410~
3435°C [9]; HICy 9, Tmp =3820°C [10]; TaCg,g, Tmp =4000°C [12].

The appreciable decarburization which we noted in the systems TaC—ZrC and TaC—HIC and the
results of works [9, 10, 12] give us grounds to assume that the high meltings points for compositions
4TaC - 1HfC and 8TaC - 1ZrC which we and other authors [1-3] elicited, are a consequence of a shift in
stoichiometry during the experiment. Zirconium and hafnium probably have an effect only on intensilying
the evaporation of carbon, which leads, in accord with the data [12], to a rise of the melting point in com~-
parison with that for the stoichiometric carbide of tantalum.

In works [2, 3] the high melting points for alloy TaC are related to the formation of a stable con-
figuration d5 in the metallic sublattice. Owing to the demonstrated appreciable decarburization of carbides
and the shift of stoichiometry toward compositions corresponding to the highest melfing point, the ideas in
[3] cannot be accepted unconditionally. We also emphasize that in the metallic system Ta~Hf no anomalies
were noted for tantalum-rich alloys* [13],

Our suggestion concerning the possible cause of the high melting points for alloys 4TaC - 1H{C and
8TaC - 1ZrC is in need of an additional experimental confirmation, in particular, a more thorough study
of the regularities of carbon evaporation at premelting temperatures.
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All abbreviations of periodicals in the above bibliography are letter-by-letter translitera-
tions of the abbreviations as given in the original Russian journal., Some or all of this peri-
odical literature may well be available in English translation. A complete list of the cover-to-
cover English translations appears at the back of the first issue of this year.

*We can indicate that the mixing energies in systems ZrC—HfC [14] and TaC—H{C [15], which were esti-
mated in the works by studying the short-range order and the phase diagrams, are, generally speaking,
small: 1.5 kcal /mole for Zr—HIC and 0.3 kcal /mole for TaC—HfC. This indicates a slight deviation of
these systems from ideal solid solutions.
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