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Plasma spray forming technology of near-net-shape thin-walled
tungsten heavy alloy
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Abstract: 95W-3.5Ni-1.5Fe composite feedstock fabricated by spray drying was instantaneously sintered at 1 600 C.
Tungsten alloy with high density and wall thickness less than 5 mm were produced using plasma spray forming (PSF)
followed by vacuum sintering at 1 200, 1 300, 1 400 and 1 465 C for 90 min, respectively. After instantaneous sintering
at 1 600 °C, the ball milled fine particles of spray dried agglomerated powders transform from the mechanical bonding
into the metallurgical bonding with deposition rate increasing from 45% to 70%. A typically lamellar structure is found in
PSF deposits with the relative density of 88.90%. After sintering at 1 200 and 1 300 C for 90 min, the initial lamellar
structure is remained in the tested samples with increasing the relative density and ultimate tensile strength (UTS). The
intergranular rupture can be found in fracture surfaces of deposits with no measurable elongation. The initial lamellar
structure with dominated intergranular rupture is presented in the samples after sintering at 1 400 ‘C for 90 min. While
sintering at 1 465 ‘C, PSF deposits transform from lamellar structure into granular structure. The fracture surface of
deposits is dominated by the mixture of intergranular rupture and transgranular rupture with UTS and elongation increase
up to 567.10 MPa and 8.65%, respectively.
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Fig. 1 SEM images of 95W-3.5Ni-1.5Fe composite feedstock
fabricated by spray drying: (a) Surface morphology; (b) Cross

section morphology of single powder
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Fig. 2 Schematic diagram of high-temperature instantaneous

sintering furnace
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Table 1 Parameters of plasma spray forming

fEIEmER, e A IBCEBER e S5 TR
I LEBHINE 1.

1.3 EFERLE

B TRIIE SRR, SR HINUOIN T2 B o
OB, SRR IS TR AT e g b B . FL
SEWTHESEEE M 10 °C/min, BESSEEE 3514 1 200.
1 300, 1400 2 1465 °C, LRUEFEIF4 90 min, &
MTEYE AR B HI A E R

X JH] SETARAM SETSYS Evolution—2400 % #5#4
ST SRR BG4 T 22 80T (DSC) SE By, IR
21500 Cifsh B2 Hl WA T B THR A4, THEH A,
10 ‘C/min, #H A 2R, BUREY 50 mL/min:
SR FH B R ABHE 7200 5 W T A 22 LA R S T )
125 5 K Vickers hardness Tester Jll & 3 B fcdi &,
n#k 25 g, INEREE 15 s, W 6 AN SUSECTIME; R
FH e D) RV W4 Y A 1R Al 26 7 1) D) B2 T hr i
FE, JE25mm, BK25mm, % 5mm, LFPEE
11 mm, % 2.5 mm; XM Instron3369 Jj RESZIG AL 2
FEA 20 B3 Re 4 1 i (R s S A 3, Ay
B E A 1.0 mm/min; >R H JEOL JSM—6360LV !4
L WS T WO A 2 e 2 1 i (1 5 4
P K W UESR,  FE R BERG(EDS) 20 M & b 453 2 1
W 1E y AHFRIEEEE; K Diruax2550 B X SF26ATT
SRS 72 MR OB AF 48 B e 451 I VAR AL o

2 FHR51R

2.1 BUEMARFEMEMERED
2.1.1 1600 Clt Bty KL 24t

Bl 3 s AW a5 T4 i B G R R 48 1 600 °C
Wk 6 45 i () SEM A% EH I 3(a) il WL, Bedh A0 A A
HZRERIERIRL . H P 3(bynT WL, A T T W g 2
ZALBE, HIAN BRI TR T G 4 & Bk
PRHTHIESR AT WL, 281 600 C Wi Bash i5 5 48 K
oYM AR AR L T T SR LR Y
{1

Spray power/ Spray distance/ Primary gas (N,) flow  Carrier gas (N,) flow Turnplate rotate speed/ Chamber pressure/
kW mm rate/(L-h ") rate/(L-h ") (rmin ") Pa
30 150 2 000 300 60 1.01X10°




468 A G A R

201242 H

-
B3 1600 CIm WiRIbed: s B3 Sk R (K] SEM 3
Fig. 3 SEM images of 95W-3.5Ni-1.5Fe composite feedstock
after instantaneous sintering at 1 600 °C: (a) Surface
morphology; (b) High magnification of local surface region; (c)

Cross section morphology
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Table 2 Physical properties parameters of 95W-3.5Ni-1.5Fe

composite feedstock

Fabrication Particle size/ Appa?ent Flow rate/
method pum density/ (sg™h)
(gem™)
Spray drying 33.49 4.13 0.260 2
ing +
Spray drying 49.98 4.42 0.369 4

1600 °C sintering
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Fig. 4  Near-net-shape of 95W-3.5Ni-1.5Fe thin-walled

products fabricated by PSF
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(a) Panorama morphology; (b) High magnified
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Fig.6 Differential scanning calorimetric (DSC) curve of PSF
95W-3.5Ni-1.5Fe sample heated up to 1 500 C at 10 K/min
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Fig.7 SEM images of PSF 95W-3.5Ni-1.5Fe sample after vacuum sintering at 1 200°C(a), 1 300 C(b), 1 400°C(c) and 1 465°C(d)

for 90 min (liquid phase appeared at 1 392 C)
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Table 3 Tungsten content, solubility of W in y phase and
relative density of PSF 95W-3.5Ni-1.5Fe at different sintering

temperatures
Sintering Mass fraction ~ Solubility of W .
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C content/% Wi% e

- 95.45 41.37 88.90

1200 95.48 16.54 90.74

1300 95.53 20.74 92.07

1 400 95.62 26.27 94.47

1 465 95.95 26.33 98.05
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Table 4 Effect of sintering temperature on micro-hardness,
elongation of PSF

ultimate  tensile

95W-3.5Ni-1.5Fe deposits

strength  and

Micro- Ultimate tensile

tenfpi:;;i]rrlf/“C hardness, strength/ Elong/':ltion/
HV 025 MPa
1200 4104 210.42 0
1300 425.6 240.37 0
1 400 458.9 320.65 0
1 465 4935 567.10 8.65

Fig. 8 SEM images of fracture surfaces of PSF 95W-3.5Ni-1.5Fe sample after being sintered at 1 200 C(a), 1 300 ‘C(b),
1400 ‘C(c) and 1 465 “C(d) for 90 min (liquid phase appeared at 1 392 C)
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Fig. 9 XRD patterns of PSF 95W-3.5Ni-1.5Fe sample after
sintering at different temperatures for 90 min, with green
deposits as reference: (a) PSFE, deposits; (b) 1 200 C, 90 min;
(c) 1300 °C, 90 min; (d) 1 400 °C, 90 min; (e) 1 465 C, 90

min
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