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Preparation, performance and structure of
high tenacious Mo-0.1Zr alloy
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Changsha 410083, China)

Abstract: Mo-0.1Zr powder was prepared by ball-milling, then this powder was made into high tenacious alloy with
tensile strength above 650 MPa and elongation above 30% after a series of processes including press forming,
pre-sintering, high-temperature sintering, and vacuum heat treating. The effects of vacuum heat treatment on properties
and microscopic structure of the alloy were investigated. The results show that, after sintering at high temperature, the
properties of Mo-0.1Zr alloy have no obvious improvement compared with pure Mo, and its fracture exhibits an obvious
characteristic of intergranular brittle rupture. However, after vacuum heat treatment, the performance of Mo-0.1Zr alloy
rises obviously, tensile strength increases by 40%, elongation percentage increases from 7.3% to 31.2%, and alloy
fracture translates from intergranular brittle rupture to transcytalline ductile rupture. At the same time, parts of the grains
exhibit a characteristic of ductile tearing. The significant increase in performance of Mo-0.1Zr alloy after vacuum heat
treatment is closely related to the elimination of vacancies and dislocations. However, an excessively high temperature
will cause the grain growth, resulting in the decrease of increasing extent of alloy performance; an excessively low
vacuum heat treatment temperature has little effect on increasing the alloy performance because it can hardly play a role
in eliminating crystal defects.
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Table 1 Mechanical properties of pure Mo and Mo-0.1Zr alloy

Sample Tensile strength/MPa Elongation/%
Pure Mo 415 3.9
Mo-0.1Zr 475 7.3
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Fig. 1 SEM image of fracture of sintered pure Mo



116 A G EE R

20124FE 1 H

SEM 5. ATLLEH], Mo-0.1Zr & & 54 F AR AL Sk
A, AEA R LB A, LSRR TR AE 2
BRIE/ANKL 1o S IR ERIE /IR T I RERE AT (LI 3)
AR, XESRIFHH Moy Zr 1 O JTEM, WG4
JUER Zr BRIy [ 2 Mo Hefdk, x-Sl B[ v st
£y € L S A S R FRIVAS SV D AN R A7) AN R e o S
RATEENpYE S8

B2 peshiA Mo-0.1Zr &4 11 (1) SEM 1%
Fig. 2 SEM image of fracture of sintered Mo-0.1Zr alloy
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Fig. 3 SEM image (a) and EDS analysis results (b) of

particles at grain boundary
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Fig. 4 Stress—displacement curve of pure Mo after vacuum

heat treatment at 1 200 'C

700

Stress/MPa

L I 2 3 4 3
Displacement/mm

B 5 21200 CHAMBEIG Mo-0.1Zr i

H—Ar g2k

Fig. 5 Stress—displacement curve of Mo-0.1Zr alloy after

vacuum heat treatment at 1 200 C
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Table 2 Effect of vacuum heat treatment at 1 200 C on

mechanical properties of pure Mo and Mo-0.1Zr alloy

Specimen Treatment Tensile  Elongation/
p strength/MPa %
Sintering 415 3.9
Pure Mo
Vacuum heat treatment 400 3.5
Sintering 475 7.3
Mo-0.1Zr
Vacuum heat treatment 660 31.2
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Fig. 6 SEM images of fracture of pure Mo after vacuum heat treating at 1 200 “C: (a) Center area; (b) Fringe area
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Fig. 7 SEM images of fracture of Mo-0.1Zr alloy after vacuum heat treatment at 1 200 ‘C: (a), (c) Center area; (b), (d) Fringe area
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Fig. 8 Effect of vacuum heat treatment temperature on tensile
strength of Mo-0.1Zr alloy
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Fig. 9 Effect of vacuum heat treatment temperature on

elongation of Mo-0.1Zr alloy
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Fig. 10 SEM image of fringe fracture of Mo-0.1Zr alloy after

vacuum heat treatment at 1 150 C
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Fig. 11 SEM image of fringe picture of Mo-0.1Zr alloy after

vacuum heat treatment at 1 300 C
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