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Research of microstructure and properties of tungsten
based alloy fabricated by laser solid forming
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(1. Science and Technology on Surface Physics and Chemistry Laboratory, Chinese Academy of Engineering Physics, Mianyang
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Abstract: In order to prepare high-performance and large-size tungsten alloy parts, the preliminary experiments were
carried out by using the laser solid forming technique. Various proportions of W-Ni-Fe high-density alloy mechanical tensile test
pieces were prepared under atmospheric conditions. By testing tensile strength and hardness, by analyzing the structure and the
compents proportions, the differences between the traditional powder metallurgy sintering process and formability and mechanical
properties were found. The results show that the maximum tensile strength reaches 717. 5MPa under 0.6 of W atomicity fraction
and it decreases significantly with the increase of W atomicity fraction. When atomicity fraction of W atom is more than 0. 8, the
strength is lower than 400MPa. Holes and oxidation phenomenon exist in the samples. A large number of W doesn’t melt. The
more Ni, Fe elements, the better microstructure uniformity, the smaller composition segregation. The results preesent that
tungsten alloy can be formed by laser solid forming technique but experiment process parameters and experimental environment
remain to be further improved. Samples can be obtained free from effect of atmosphere and process parameters limits based on this
study. Furthemore, the study is helpful to obtain better performance of tungsten alloy laser solid forming parts.
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Table 1 Raw material powder and properties

ler 1 sprayed atomized iron
owder e
P P tungsten powder Ni powder powder
.pal/meh 325 +900 ~100 4300  —200 +325
size/ mes|
. Beijing Beijing Metalluary Beijing
1 f
place of origm Langqiao Institute Langqiao
the b;t“h LF341 10112501 140422
number

W-Ni-Fe 54453 OB AR M B FL A LR 2.

Table 2 Preparation of raw material powder

alloy powder type W60 W70 W80 W90
atomicity fraction of W 0.60 0.70 0.80 0.90
atomicity fraction of Ni 0.28 0.21 0. 14 0.07
atomicity fraction of Fe 0. 12 0.09 0.06 0.03
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Fig. 1 Equipment of laser solid forming

Fig.2 Accumulated sample of laser solid forming
Table 3 Process parameters for preparation of W-Ni-Fe samples by means of

laser solid forming

powder  scanning

laser feedin speed/ beam spot  laser  protective lappi
el spee rlappin,
power/ rate/ rg (Ir]nm diameter/  height/ gas Ar/ ove la})}; &
. . -
kW in!) -1) mm mm MPa atese
min s
1.4 0.2 5 2 15 0.04 40

1.3 tFmiEsERin S5

PRSI B AN & 3 BoR AR g b fE e T
T RERTRHA IR AL CSS-44100 32 AF 5 1) 0 i 5 3,
P 2 H 3. Omm/min; 7F Wilson Hardness REI-
CHERTER UH250 A i 43 - I 30 % FCRE 2, R He b
()47 5s 5 OGRS 47 4 A0 70 B, P X 99 24
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Fig.3 W-Ni-Fe alloy tensile pieces

a—rpbhoto of tensile specimen b—CAD drawing of shape size
SHU(Xeray diffraction, XRD) 417 145 G HIZLAG; 1A
A 7 32 f55 ( scanning electron microscope , SEM )
W R TP S0 RIS 70 BT o
2 HiEE
2.1 MEERNER

B BE T PERE A, A5 R WK 4, BUR
SRR 2 RS A SO A

Table 4  Performance of different W-Ni-Fe specimens

performance
samples
tensile strength/MPa hardness/HRC
W60 717.5 29.87
W70 611.0 20.63
W80 363.0 36.63
W90 317.0 50.70

MR A T LI R fh R PTI98 B A W60 1k 2]
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Fig.4 Laser micro metallographic photos of W-Ni-Fe alloy
a—W60 b—W70 ¢—W80 d—W90
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Fig.5 Holes of laser micro metallographic photos of W-Ni-Fe alloy
a—W60 b—W70 ¢—W80 d—W90
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Fig. 6 XRD analysis result of W-Ni-Fe alloy
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Fig.7 SEM photos of W-Ni-Fe alloy
a,b—W60 ¢,d—W70 e,[—W80 g,h—W90
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Fig.8 Spectrum analysis diagram of W60 sample
Table 5 Local chemical composition ( atomicity fraction) of W60

Fe-K Ni-K W-L
part 1 of W60 0.4111 0.4890 0.0999
part 2 of W60 0.1157 0.083 0.8760
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