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Abstract: Tungsten alloys have attracted much attention in the nuclear, electronics and weapons industries due to their
excellent high temperature properties, resistance to creep, radiation, and wear resistance. Wi-Ni alloys with different
composition were prepared on the surface of carbon steel substrates using a laser solid forming (LSF) method with multi-
channel powder feeding. The effect of laser process parameters on the microstructure of single layer and multilayer W-Ni
alloys was studied. The dendritic growth simulation of W-Ni alloy were carried out by a CA model, and the composition and
microstructure of the W-Ni alloys were compared with that characterized by EDS and SEM. Results show that W-Ni alloys
with different composition can be formed by multiple elements mixing under appropriate LSF process parameters. The
microstructure of the alloy is dense, composed mainly of the tungsten particles that are not completely dissolved, and the
compounds of W-Ni and W-Fe. After multilayer deposition, the alloy has formed a distinct stratified structure. The
microstructure is gradually transited from the bottom W-Ni-Fe disorder dendrites to the top W-Ni dual coexistence. CA model
calculation shows that the influence of equiaxed crystals cannot be eliminated, and a messy equiaxed zone is formed at the
bottom of the melting pool, which agrees with the experimental results. The tensile strength of the W90%-Ni is up to 882 MPa.
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Table 1 Experimental parameters for laser solid forming of
tungsten alloy

Parameter W70%-Ni  W80%-Ni  W90%-Ni
Power/kW 34 3-5 3-5
Velocity / (mm-s™) 5-12 6-10 6-10
Focus spot / mm 3 4 5
Shield gas Ar/ (L-min™") 10-30 10-30 10-30
Overlap/% 30-50 30-50 30-50
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(a) W70%-Ni, 3 000 W, 6 mm/s,
focus spot 3 mm

(b) W80%-Ni, 4 000 W, 5 mm/s,
focus spot 4 mm

(c) W90%-Ni, 5 000 W, 5 mm/s,
focus spot 5 mm
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Fig.2 Microstructure of W-Ni alloy by LSF with different composition ratio (Low magnification)
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(a) W70%-Ni, 3 000 W, 6 mm/s,
focus spot 3 mm

(b) W80%-Ni, 4 000 W, 5 mm/s,
focus spot 4 mm

(c) W90%-Ni, 5 000 W, 5 mm/s,
focus spot 5 mm
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Fig.3 Microstructure of W-Ni alloy by LSF with different composition ratio (High magnification)
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Table 2 EDS analysis results of different phases in Fig. 4  (w/%)
Elements W Fe Ni C (0)
Spectrum 1 85.81 3.17 0 11.53
Spectrum 2 62.47 26.19  2.05 929
Spectrum 3 30.47 57.42 555  6.57
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(a) Macrostructure morphology of three LSF layer (W80%-Ni) (b) EDS result of the first layer
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Fig.5 Macrostructure and EDS analysis results of three LSF layers (W80%-Ni)

Kl 6(b) Al AR W & @ AR R Al W B0k JEREE R TOIFBCA B R SE 42 0 W-NT AH B
2 T A B R B B JE LAY 5 (B A 1URE A T RE, TR AR A — R T A 2 i S
i, WK 6(c), HTEARES® =JZERMEGE, i, RS =EMEE, A% m T W-Ni Pt
Fe JUR M B AR AR /]S, B DX A e FARE o T8 7R Y B A R R A A e Bl
PICE B W-Ni BSR4 i T RIEER L ZU0 F1% T JBE L IR R, S5 IR A AN ] 3 A A B
K. MUY R, AR, fE— LI LSBT X PR BEL R . A LA 25 A 2

10 pm 20 um

(a) Bottom area (b) Middle area (c) Top area

K6 HOLEMBIEN W80%-Ni £2)26 4 A F) KIS O ZH SR 55
Fig.6 Microstructure of W80%-Ni multilayer alloy produced by LSF at different positions
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extending to substrate under laser melting and LSF
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Fig.8 Competitive growth of columnar and equiaxed grains in W-
Ni alloy (Temperature gradient is 1x10* K/m, and scanning speed
is 1000 pm/s)
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(a) Specimen of multilayer W-Ni alloy
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(b) Schematic diagram of tensile sample
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Fig.9 W-Ni alloy sample fabricated by LSF
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