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Figure 22. Nb-W-C (80-10-10 At.%) Melted and Rapidly Cooled. X1000

Primary Metal, with Intragranular Carbide Precipitates, in
a Eutectic-Like Matrix Consisting of Metal and NbZC Phase.

Figure 23. Nb-W-C (36-50-14 At.%), Melted and Rapidly X375
Cooled.
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Figure 24. Nb-W-C (37-44-19 At.%), Melted and Rapidly X 350
Cooled.

Eutectic Grain Showing the Bivariant Solidification Along the
Metal-Monocarbide Eutectic Trough.

Specimens located on the section szC-WZC melted
extremely two-phased up to tungsten exchanges of approximately 80 At.%; at
still higher tungsten contents the melting became increasingly sharp and
metallographic inspection of as-melted alloys revealed single phase sub -
carbide alloys with only negligible coring. However, as evidenced by the
melting behavior, as well as by metallographic and X-ray analysis of as-
melted and of quenched alloys, a complete solid solution formation between
the subcarbides does also not occur at high temperatures (Figures 25 through

29).
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Figure 26. Nb-W-C (59-8-33 At.%), Cooled at ~15°C per Second X320
from 3050°C.

Primary Monocarbide with Intragranular Subcarbide Precipitates,
Secondary Subcarbide, Forming Walls Around the Monocarbide,
and Rest Eutectic.

Figure 27. Nb-W-C (47-20-33 At.%), Rapidly Cooled from 3100°C. X500

Primary Monocarbide in Metal + Monocarbide Eutectic-Type
Matrix.
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Figure 28. Nb-W-C (36-28-36 At.%), Rapidly Cooled from 3000°C. X520

Primary Monocarbide Grains, Surrounded by Small Amounts of
Subcarbide, in a Eutectic-Type Matrix.

Figure 29. Nb-W-C (18-52-30 At.%), Cooled at ~150°C per Second X600
From 2700°C.

Tungsten-Rich Subcarbide Phase with Intragranular Prec ipitates

of Monocarbide and Metal Alloy, and Excess Metal Phase at Grain
Boundaries.
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Monocarbide alloys which were quenched or rapidly
cooled from liquidus temperatures were heavily cored and the diffraction
patterns of these alloys were correspondingly diffuse. To obtain homogeneous
alloys for X-ray studies, the alloys were, after melting, homogenized for
1 to 2 minutes at slightly subsolidus temperatures, and then rapidly cooled
to room temperatures. After this treatment, the X-ray patterns of the
majority of alloys were sharp and the samples proved to be homogeneous
under the microscope (Figure 31). Exceptions were only encountered in
specimens located near the tungsten-carbon binary, where the rapid dispro-
portionation of the monocarbide phase resulted in the occurrence of non-
equilibrium mixtures of cubic monocarbide, tungsten monocarbide, and sub-

carbide phase at intermediate cooling rates (Figure 32).

Figure 31. Nb-W-C (30-22-48 At.%), Rapidly Cooled X700
Following Equilibration at 3100°C.

Single Phase Monocarbide.
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Figure 32. Nb-W-C (2-58-40 At.%), Cooled at ~100°C Per X400
Second from 2750°C.

Monocarbide Solid Solution {Decomposed), with Small
Amounts of Excess Tungsten Monocarbide.

In spite of the large differences of the eutectic tem-
peratures in the carbon-rich regions of both binary systems, melting in
the alloys located along the monocarbide + graphite eutectic trough did not
appear too heterogeneous (Figure 33); correspondingly, the microstructures
of melted alloys were found to resemble clnsely those of binary eutectics,

instead of shcwing the morphology typical for bivariant solidification.

The course of the eutectic trough itself was delineated
by microscopic inspection of the as-melted and quenched alloys. Typical
examples of microstructures of melted alloys located at, or near, the mono-

carbide + graphite eutectic trough are depicted in Figures 34 through 37.
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Figure 34. Nb-W-C (34-6-60 At. ‘k). Rapidly Cooled From ~3300°C. X130

Small Amounts of Primary Graphite in Monocarbide + Graphite
Eutectic Matrix.

Figure 35. Nb-W-C (33-11-59 At.%), Melted and Rapidly Cooled X400

Monocarbide + Graphite Eutectic-Type Structure.
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Figure 36. Nb-W-C (27-20-53 At.%), Melted and Rapidly Cooled. X275

Primary Monocarbide in a Eutectic-Like Matrix of Monocarbide
+ Graphite.

Figure 37. Nb-W-C (4-46-50), Melted and Rapidly Cooled X350
Primary Graphite with Peritectic-Type Walls of Tungsten

Monocarbide, and a Euvtectic Matrix of o-WCl_),-ss + WC
(Monocarbide Phase Decomposed). ‘
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