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B-WB with an orthorhombic, CrB-type of
structure (a = 3.142; b = 8.506, c = 3.065 R in excess WzB containing
alloys) extends from approximately 48 to 52 atomic percent boron (2200

to 2400°C) and melts congruently at 2665° at a composition of ~48 At% B.
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Figure 2. Constitution Diagram Tungsten-Boron
(The Temperature Figures Refer to the Precision of
the Measurements and do not Include Errors in the
Pyrometer Calibration)

It forms eutectic equilibria with WzB (43 At% B, 2580°C) and szs

(63 At% B, 2337°C), and decomposes in a rapid eutectoid reaction at ~2110°C

into WzB and a-WB.
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Figure 8. Mo-B (15 At% B), Rapidly Cooled from 2200°C. X1000

Primary Molybdenum in a Matrix of Mo-Mo B Eutectic

Figure 9. Mo-B (20 At% B), Rapidly Cooled from 2180°C. X500

Primary Molybdenum in a Matrix of Mo-Mo B Eutectic
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Figure 10. Mo-B (20 At% B), Sintered at 2100°C. X1000
Mo + MozB

Figure 11. Mo-B (25 At% B), Sintered at 2100°C. X1500
Mo + MozB
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Figure 12. Mo-B (25 At% B), Rapidly Cooled with ~40°C X750
per Second from 2180°C.

Primary Crystallized Mo B in a Matrix of Mo-Mo B
Eutectic
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Figure 13. Mo-B (23 At% B), Rapidly Cooled from 2200°C. X1500
Mo-MolB Eutectic



The eutectic structure itself is built up of
a boride matrix with the molybdenum embedded in fibrillous form
(Figures 14 and 15). It is interesting to note, that the morphology of the
eutectic changes to a nodular-lamellar type at hypereutectic boron concen-
trations.

An alloy specimen with 30 At% B is still
two-phased, containing small amounts of metal at the MozB grain boundaries
(Figure 16), while a sample with 33.4 At% B is single phase (Figure 17).

X-ray examinaticn of the alloys up to boron
concentrations of 33 At% only showed molybdenum and MozB to be present
in varying amounts. No precipitations from the Mo:B-phase were noticed,
and the lattice parameters showed insignificant variation only (Table 9).

The homogeneity range of MozB is therefore very small.

Figure 14. Mo-B (15 At% B), Rapidly Cooled from 2200°C. X2500
Primary Molybdenum and Mo-Mo B Eutectic .,
(Note Fibrillous Molybdenum in the Eutectic Structure)
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Figure 15. Mo-B (20 At% B), Rapidly Cooled From 2180°C.

Primary Molybdenum and Mo-Mo_B Eutectic
Eutectic: Fibrillous Molybdenum'in a MozB-Matrix

Figure 16. Mo-B (30 At% B) Rapidly Cooled from 2200°C .

Primary Mo B with Molybdenum (Depleted Eutectic)
at the Grain Boundaries
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Figure 27. Mo-B (50 At% B), Cooled with 2°C per Second X750
from 2200°C.
X-ray: a-MoB with Small Amounts of f-MoB

Figure 28. Mo-B (56 At% B), Cooled with ~30°C per Second XI1000
from 2400°C.
p-MoB and MoBz (Banded)
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Figure 36. Molybdenum-Boron: Alloys for the Investigation
of the Solid State Portion of the System

Figure 37. Powder Diffraction Pattern (Cu—KG) of MoB
Alloy Mo-B (90 At% B), Heat-Treated 72 hrs at 1700°C

~12 °
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Figure 47.

W-B (25 At% B), Cooled with “80°C per Second X1000
from 2610°C,

Primary Tungsten and W-W. B Eutectic

Figure 48,

W-B (27.2 At% B), Cooled with ~60°C per Second X1000
from 2600°C .
W—WZB Eutectic
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Figure 49. W-B (27.3 At% B), Rapidly Cooled from 2570°C, X2500
Sinterstructure W-WZB

Figure 50. W-B (27.8 At% B), Cooled with ~20°C per X2000
Second from 2600°C .
Traces of Binary WzB in a Matrix of W-WZB Eutectic



Figure 51. W-B (31.6 At% B), Cooled with ~20°C per X2000
Second from 2650°C.

sz with Tungsten (Depleted W-W_B Eutectic; at the
- G 2
Grain Boundaries
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Figure 52. W-B (26 At% B), Cooled with Approximately X2500
100°C per Second from 2610°C .

W-W_B Eutectic Structure: Fibrillous Tungsten (Light)
in a Continuous Matrix of w.B

Note the tungsten depleted zone around the primary tungsten
crystal (lower left), which is approximately of the same width as
the average distance between the tungsten fibrillae.
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Figure 53. W-B (26 At% B), Cooled with Approximately X2500
100°C per Second from 2610°C,

W-W_ B Eutectic Structure: 'Grain-Boundary' Between
Two Eutectic Colonies of Slightly Different Orientation

Figure 54. W-B (34 At% B), Cooled with ~60°C per X500
Second from 2600°C,
W._B with Traces of WB-Precipitations

59













Mt B R M e e RS S S e

Figure 57. W-B (44 At% B), Cooled with ~80°C per X1060
Second from 2590°C.
Primary WB in W B-WB Eutectic

Figure 58. W-B (40 At% B), Cooled with ~20°C per X1000
Second from 2600°C.
WBina Matrix of WB (W _B -Depleted Eutectic)
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Figure 60. W-B (50 At% B), Cooled with ~100°C per X1500
Second from 2500°C,
P-WB with Localized Precipitations of a-WB.
X-Ray: B-WB

Figure 61. W-B (55 At% B), Cooled with ~40°C per Second X500
from 2450°C,

Primary p-WB (Completely Transformed) in a Matrix
of WB-W B, Eutectic. Pores (Black)
X~-Ray: a-WB + W235
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microstructures of melted and quenched alloys (Figures 61 to 64), the
eutectic concentration was bracketed to within the concentration limits
63 + 1 At% B.

While the alloy with 68 At% B is single phased (Figure 65),
a sample with ~70 At% boron already shows scant traces of excess boron
and WB_ , at the grain boundaries (Figure 66). The lattice parameters
of W B, show only a very nominal change with the boron concentration

{Table 12). The peritectic decomposition of the high-boron phase (WB«.u)

Figure 62. W-B (62 At% B), Quenched from 2350°C, X500

Small Amounts of Binary WB in WB—WZBS Eutectic
Matrix and Pores (Black)

at temperatures in the vicinity of 2020°C was ascertained by metallo-

graphic and X-ray inspection of alloys quenched from temperatures varying
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Figure 63. W-B (65 At% B), Quenched from 2340°C.

Primary W B ina WB-W B, Eutectic Matrix.

Figure 64, W-B (66 At% B), Quenched from 2340°C.
Primary W B,, and WB-W_8 Eutectic
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Figure 65. W-B (68 At% B), Rapidly Cooled from 2370°C, X2500
Single Phase W B,
(Vertical Illumination to Reveal Grain Boundaries)

Figure 66, W-B (70 At% B), Melted at 2365°C, Equilibrated X1000
for 2 Minutes at 2100°C, and Quenched. ;
wzn, with Scant Traces Second Phase at the Grain Boundaries !
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between 1950 and 2100°C. The X-ray results are supported by a plot of
measured incipient melting -temperatures (Figure 41) which indicate a
slight decrease of the melting temperatures at boron concentration above

90 At%. The microstructure of an alloy with a nominal boron concentration

Figure 67. W-B (86 At% B), Melted at 2180°C and X1000
Reannealed for 1 hr at 1800°C
WB,_ - with WzBs at the Grain Boundaries

of 86 At% shows WB_ . and smaller amounts of W.B (Figure 67). The metai-rich
boundary of the high-boron phase in this system is therefore located at
still higher boron concentration.

The experimental findings have been combined in the phase

diagram of the system tungsten-boron, which is shown in Figure 2.
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