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Abstract

Tungsten(W) metal has excellent properties in heat-resistance, corrison-resistance and impact—
resistance but W-Metal is hard to sinter because higher than 2,000°C is required to sinter W-powder. Con-
sequently, a deposit technique of Nikel Phosphorus(NiP) on W-powber by the liquid reduction precipitation
mothed was performed. Sintering temperature of the resulting W-NiP composite was lowered around to
1,000°C, and the mechanical properties of the sintered body was studied. The most suitable conditions for
NiP thin film deposit on W-Powder by the liquid reduction precipitation method, which are composition,
concentration, pH and temperature of the liquid reduction solution, were considered. The activated sintering
was carried out in a reducing condition furnace. Components and properties of the sintered body were in-
vestigated by the density and the hardness measurements, X-ray diffraction analysis, and microscopic pho-
tographs of the surface. Quantity of NiP thin film en W-powder could be varied by the change of the liquid
reduction solution composition. The sintering temperature of W-NiP composite powder is lowered to 950°C
from 2,000°C and the hardness is increased (ca. 720 Hv). Large shrinkage could be observed since density
was increased from 5.5 to 11.0 g/cfn3 which 86.2% of theoretical density. W metal and Ni,P crystal were
detected through X-ray diffraction on the sintered body. Perfectly activated sintering was observed by mi-
croscopic photographs.
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Table 1. Purities and manufacturing companies of

regents
A% ¢ E ¥ A4 9
NiCl, 96.0% DUKSAN PHARMACEUTICAL C0., LTD

NaH.PO.-HO | 97.0%
NaLHO,-2HO | 99.0%

Junset Chemical Co., LTD
DUKSAN PHARMACEUTICAL COQ., LTD

H4BO, 99.5% | DUKSAN PHARMACEUTICAL CO., LTD
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Fig. 1. Flow chart of liquid reduction precipitation
process.
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Table 2. Variation of concentration of regents for Ni-Pliquid reduction precipitation experiments

Al of 1 2 3

4 5 6 7 8 9 10

NiCl,(M%) 0.03 | 0.06 | 0.1

015 02 | 025 | 03 | 035 | 04

NaH,PO, - HO(M%) 0.06 | 0.1 0.2

0.3 0.4 0.5 0.6 0.7 0.8 0.9

NaiCH:0; - 2H,O0(M%) 0.1

Fixed
H:BO:(M%) 0.2
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Fig. 2. The schematic diagram of the Ni-P liquid
reduction precipitation equipment.
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Fig. 3. The schematic diagram of furnace in reduc-
ing condition.
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Fig. 4. Relation between NiCl, mole and Ni-P wt%.
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Fig. 6. Relation between NiCl, mole and hardness
(sintering 950C ).
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Fig. 7. Relation petween NiCl, mole and density
(sintering 950°C ).
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Fig. 8. Relation between NaH,PO, mole and hard
ness {sintering 950°C).
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Fig. 9. Relation between NaH,PO, mole and density
{sintering 950C ).
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Fig. 10. Relation between Ni-P wt% and hard-
ness.
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Fig. 11. Relation between Ni-P wt% and density.
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Fig. 12. X-ray diffraction patterns of Ni-P fim
on the iron plate.
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Fig. 13. X-ray diffraction patterns of W—-NiP
composite powder sintering at 950TC.
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