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Figure 6. V-C (15 At.% C), Cooled at ~60°C per Second from 1650°C. X1000
VvV + VZC Eutectic

Figure 7. V-C (22 At.% C), Cooled at ~60°C per Second from 1750°C. X325

Primary Crystallized V,C with Unidirectional Vanadium Precipitates
in a Matrix of V + VZC Eutectic.
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Figure 10. V-C (35.5 At.% C), Rapidly Cooled from 2250°C. X475

Nonequilibrium Mixture V,C + VC + traces of V.

Precipitatior of VZC from the substoichiometric (< 40 At.% C)
monocarbide also occurs extremely fast; but, unlike the behavior of the other
group V transition metal monocarbides, it proved in this case to be possible,
by tin-quenching, to retain alloys single-phased down to 38 At.% C. The
series of photomicrographs shown in Figures 1lla through 11f, taken from
samples quenched at various rates, show in somewhat greater detail the nuclea-
tion and growth stages of the orientated VZC and g-vcl = precipitates in the
monocarbide. From crystallographic considerations, it is to be assumed that
the planes of coherence are the close-packed plane (111) in the face-centered
cubic matrix and the (0001) plane in the hexagonal V.G, both of which have nearly

identical occupational characteristics.

Microscopic inspection of a number of specimens quenched from
temperatures ranging between 2200 and 2600°C indicated the phase boundaries
of the monocarbide to be between 37 and v46.5 At.% C and ~2200°C, and the
high carbon bounuary at 2625°C at 46 At.% C. The existence of a eutectic
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Figure llc. V-C (38 At.% C), Cooled at Approximately 100°C
per Second.
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Figure 11d. V-C (38 At.% C), Cooled at ~40°C per Second.
Lattice Parameter of Matrix: a = 4.123 X ;
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X550



X440

V-C (38 At.% C), Cooled at ~10°C per Second.

Figure lle.

Lattice Parameter of Matrix: a = 4.125

X720

V-C (38 At.% C), Cooled at 0.2°C per Second.

Figure 11f.

Note Growth of Precipitate Phases.
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Heating Rate:&°C-per second
\\\\Cooling Rate: 8°C-per second
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Figure 15. DTA-Thermogram of a Vanadium-Carbon Alloy Containing
62 Atomic Percent Carbon.
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Figure 16. Spherical and Platelet-Shaped Graphite in a Hypereutectic X640
VC + C (50 At.% C).
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Figure 18. Diffusion Couple V-C (29 At.% C)-Graphite, Held X750
15 Minutes at 2000°C, and Rapidly Cooled.

Note Unidirectional Monocarbide Precipitations in VZC at the
VZC + C Interface.

Figure 19. Diffusion Couple VZC (30 At.% C)-C. X500
Reacted for 10 min. at 2000°C, and Heated for 62 hrs at 1500°C.

Note Distinct Layer of ;-VC‘ - Between the Sub- and the Monocarbide.
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Figure 23. Nb-C (4.2 At.% C), Cooled at ~50°C per Second from X150
2400°C.

Niobium Phase with Localized Nb,C Precipitations. Note Segrega-
tion of Precipitate Phase to the Grain Boundaries.

Figure 24. Nb-C (8.4 At.% C), Cooled at 5°C per Second from X625
2360°C.

Primary Niobium in a Matrix of Nb + Nb_ C Eutectic. Nb. C-
Precipitates Completely Segregated to Grain Boundaries.
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Figure 25. Nb-C (10.5 At.% C), Cooled at™ 40°C per Second from X1000
Nb + szC Eutectic.

2355°C.

Figure 26. Nb-C (10.9 At % C), Cooled at~ 40°C per Second from X500
2360°C.

Traces of Primary NbZC ina Nb + szC Eutectic
Matrix.
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Figure 27. Nb-C (28 At. %C), Cooled at ~60°C per Second from X500
2450°C.

Nb C with Unidirectional Metal Precipitations and Small Amounts
of “Excess Niobium at the Grain Boundaries.

Figure 28. Nb-C (33.2 At.% C), Cooled at ~60°C per Second from X300
3100°C.

Peritectic Reaction Mixture Nb + szC + NbC‘ o

Center of Grains: Monocarbide with { and Nb,C Precipitations.
Light Seam : Nb,C, Crystallized between 3035° and 2353°C.
Matrix : Rest of Eutectic Nb + Nb C.
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X600

Nb-C (37.3 At.% C), Cooled at ~20°C per Second from

3090°C.
Single Phase NbC

Figure 29.

at the Equilibrium Temperature, Disproportion-

A =X

ated During Cooling.

X175

Nb-C (48.8 + 0.3 At.% C), Equilibrated at 3300°C, and

Quenched.

30.

Figure

Single Phase Niobium Monocarbide.
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Figure 31. Nb-C (50.1 At.% C), Quenched from 3350°C. X550

Primary Monocarbide with Small Amounts of NbC + C Eutectic at
the Grain Boundaries.

Figure 32. Nb-C (50.8 + 0.4 At.% C), Rapidly Cooled from 3310°C. X100

Small Amounts of Primary NbC in a NbC + C Eutectic Martrix.
Eutectic Not Resolved.
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Figure 33. Nb-C (00 + 0.5 At.% C), Cooled at ~40°C from 3310°C. X640
NbC + C Eutectic.
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Figure 34. Nb-C (60.5 + 0.5 At.% C), Cooled at ~50°C per Second X600

from 3310°C.
Traces of Primary Graphite and NbC + C Eutectic.
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Figure 35. Nb-C (63.4i0.5 At.% C),Cooled at ~“50°C per Second from 3330<C.
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Figure 36. lLattice Parameters of Nicbium Monocarbide.

Plate Shapted, Primary Graphite in a NbC + C Eutectic Matrix.
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Figure 40. Diffusion Couple Nb+C, Treated for 3 hrs at 2200°C X680
and Cooled at 1°C per Second.

Heavy Slip Lines in NbZC Resulting from the Displacive Transforma -
tion at ~1230°C.

(Vertical Illumination for Improved Phase Contrast).

Figure 41. Diffusion Couple Nb + C. X600

Sample Prepared by 3 hr Reaction at 2300°C, Followed by 30 hrs
Annealing at 1800°C.

Interface Nb,C-NbC: Note Continuity Between the Precipitates in
NbC and the NbZC -Phase.
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