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Alloys containing between 2 and 19 At% vanadium and which
were equilibrated above 1200°C, contained corresponding amounts of pro-
eutectoid a-hafnium in a eutectoid matrix [ Figure 4(a) and 4(b)]. Another alloy
Hf-V (81-19 At%) was purely eutectoid (Figure 5), whereas the sample con-
taining 22 At% V is unmistakingly hypereutectoid (Figure 6). Based upon the
metallographic observations, as well as the DTA -results, the composition of
the eutectoid was placed at 19 At% V and a temperature of 1190 + 20°C.
Although an average of the DTA results (Figure 2) would indicate a 10 to 20°C
higher temperature than that which was finally adopted, the lower temperature
was chosen, since precipitation of HfV, from B-hafnium tended to supplant the
eutectoid reaciion and thus the isothermal reaction temperature measured in

hypereutectoid alloys was too high.

Figures 4(a) and 4(b):
Proeutectoid a-Hf (Stained Dark by Electroetch) and Eutectoid (Light).

Figure 4(a): Hf-V (95-5 At%), Cooled at 12°C per Second X325
from 1650°C.



Figure 4(b): Hf-V (85-15 At%), Cooled at 30°C per Second
from 1600°C.

Figure 5. Hf-V (81-19 At%), Cooled at 3°C per Second
from 1400°C.

a-Hf 4 Hf\'A, Eutectoid.

(Structure not Completely Resolved)



Figure 6: Hf-V (78-22 At%), Cooled at 3°C per Second X760
from 1400°C.

HfV, Precipitates in 2 Eutectoid Matrix.

The eutectoid reaction appears to be fast and the p-phase
could not be retained even after tin-quenching of the alloys from above peri-
tectoid temperatures. A maximum solid solubility 23.5 At% vanadium in B-hafnium
was deduced mainly from a microscopic examination of alloys after equilibration

and quenching from the p-Hf + HfV, eutectic temperature.

Melted alloys from the concentration range 25 to 42 At%
vanadium showed primary crystallized P-Hf in a eutectic matrix (Figure 7).
The alloy with 43 At% V was purely eutectic (Figure 8), whereas alloys in the
range from 44 to 63 At% V contained primary crystallized HfV, and eutectic.
Two samples located at 66 and 66.6 At% V were single phase HfV, after quench-
ing from the melt; however, the alioy containing 68 At% V already showed

approximately 40% eutectic besides primary crystallized HfV, (Figure 9).
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Figure 7: Hf-V (73-27 At%), Cooled at ~60°C per Second X840
from 1600°C.

Primary B-Hf (Decomposed, Dark Grains) in a Matrix
of B-Hf + HfV, Eutectic.

Figure 8. Hf-V (57-43 At%), Cooled at 20°C per Second X1000
from 1460°C.

B-Hf + Hsz Eutectic



Figure 9: Hf-V (32-68 At%), Rapidly Cooled from 1540°C X600

The solubility of hafnium in vanadium was not specifically
investigated, although microscopic examination of a melted alloy containing
95 At% V showed the alloy to be close to the phase boundary at 1500°C. Lattice
parameter measurements on alloys quenched from 1500°C yielded an average
expansion of the vanadium lattice from a= 3.206 R, for pure vanadium, to
a=3.046 & for the hafnium-saturated solid solution. In the 1200°C -equilibrated
alloys,the parameter of the hafnium saturated solution was a = 3.031 R. Taking
imo accaunt the atomic radii of the alloy partners, these parameters would sug-
gest a maximum hafnium solubility of ~4 At% at 1500°C, and of ~1 At% at
1200°C.

No additional phases were detected in the lower temperature
(<1200°C) heat-treatments, and the only modification observed for the HfV,-
phase was the Cl5-type. On the average and independent of the composition,
a parameter of a= 7.388 R was measured in the alloy series heat treated at
1100°C. Towards higher temperatures, the phase seems to exhibit a small

homogeneity range as evidenced by the change of the lattice parameter from
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Figure l4(a): X720
Hf-Cr (96-4 At%), Cooled at
4°C per Second from 1700°C.

Proeutectoid a Hf (bright-
grains) and Small Amounts
of Eutectoid.

Figure 14(b). X375
Hf-Cr (90-10 At%), Cooled
at 3°C per Second from 1550°C.

Slightly Hypo-Eutectoid
Composition.

Eutectoid Not Resolved.

Figure 14 (c). X 1000
Hf-Cr (88.5-11.5 At%),
Cooled at 9°C per Second
from 1400°C.

a-Hf + HfCr, Eutectoid,
Lamellar Structure not
Resolved.
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Figures 14(a) through 14(c):
Micrographs of Hafnium-Rich Hf-Cr Alloys.
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Figure 15. Hf-Cr (63-37 At%), Rapidly Cooled from 1530°C. X1000

Primary B-Hf in a Matrix of pB-Hf + HfCrZ Eutectic.

Figure 16. Hf-Cr (59-41 At%), Rapidly Cooled from 1510°C. X1000
B-Hf + HfCrz Eutectic



Figure 17. Hf-Cr (50-50 At%), Rapidly Cooled from 1650°C. X1000

Primary HfCrz in a Eutectic Matrix.

Figure 18. Hf-Cr (13-87 At%), Rapidly Cooled from 1700°C. X1000

Isolated Grains of Primary Chromium in a Predominantly
Eutectic Structure.
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Figure 19. Hf-Cr (10-90 At%), Cooled at 30°C per Second X760
from 1730°C.

Primary Chromium and HfCr2 + Cr Eutectic.

The eutectoid reaction in this system also occurs with high
speed and the B-hafnium phase could not be retained by tin-quenching the
alloys from temperatures above 1360°C. X-ray patterns of alloys from the
concentration region Hf + HfCr,, regardless of the heat treatment, therefore

always showed the pattern of a-Hf beside the equivalent amount of HfCr,.

Melted and quenched alloys, as well as samples annealed at
subsolidus temperature, invariably showed the presence of only the hexagonal,
Cl4-type modification of HfCr,; no signs of a transition could be detected in
the DTA -runs. At high temperatures (~1500°C), the phase was found to
exhibit a noticeable range of homogeneity, extending from approximately
64 At% Cr (a=5.0908; c=8.258), to 67 At% Cr (a= 5.056 8; c=8.21R%),
as verified independently by metallographic inspection of the alloys. In dis-~
agreement with the earlier findings by Elliott(b) and by Alisova et al. (8), we

were unable to detect the cubic, Cl5-type, modification in any of the heat-treated
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