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Abstract This study was carried out to investigate the possibility whether Metal Injection Molding (MIM)
process could be applied to 95wt.%W-3.5wt.%Ni-1.5wt.%Fe heavy alloy in order to obtain an intricate shape.
Methylcellulose was used in the injection molding for binder. FeCl,-4H,0 was added in solvent substituting Fe
powder and FeCl, was doped on W-Ni premixed powder. When FeCl,-4H,0 was added in solvent, the binder sep-
aration occurred for injection molding so that the matrix content was changed. Such problem was solved when
FeCl, was doped. In this study, the debinding process did not affect residual carbon content. The sintered micro-
structures as addition methods of Fe element and the sintering temperature from 1420 °C to 1470 °C, which are
around the temperature of liquid phase formation, were observed.
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Table 1. Characteristics of elemental powders
W Ni Fe

particle shape polygonal spiky spherical
mean particle size  1.77 pm 4 um 1.95 um
purity 99.9 % 99.99 % 99.7 %

density 193 g/em® 89 g/em® 7.87 glem?

Table 2. Characteristics of additives used as binder
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distilled water methylcellulose glycerol boric acid
density( g/cm?) 1 1.362 2.261 1435
wt. % 6.4~7.7 1.695~1.73 small amount small amount
vol.% 55~63 19 small amount small amount
purity 99+% 99+%
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Fig. 1. As-injected green part
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Fig. 2. Viscosity of binder as rpm. Quadrangle symbols-

present the viscosity of binder without salt and circle sym-

bols present the viscosity as addition of FeCl,-4H,0.
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parts. A : W-Ni-Fe, B : W-Ni-FeCl,-4H,0
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Table 3. Residual carbon contents

specimens carbon content (wt.%)
P 0.0586
brown part s 0.003548
sintered part P 0.01883
after debinding S 0.00385
. . P 0.00421
direct sintered part S 0.01332
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Table 4. EDS result of matrix
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Fig. 4. Relative density of sintered part. P presents that all
powders were added, S presents that FeCl,-4H,0 was
added in distilled water and D presents that FeCl, was
doped.
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Sintering Tomp. (°C) W (wt.%) Ni (Wt.%) Fe (Wt.%)

P S/D p S/D P S/D
1420 27.69 30.96 52.00 5242 2031 16.62
1430 28.32 30.67 51.98 5245 19.71 16.88
1440 27.79 29.48 52.06 53.54 20.14 16.97
1450 29.64 30.20 50.62 54.31 19.74 15.49
1460 29.72 31.19 51.50 52.40 18.78 17.41
1470 29.20 31.46 / 2221 51.04 5221/ 62.14 19.76 16.33 / 15.65
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Fig. 5. Microstructures of sintered parts as addition of all powders. Sintering temperature is respectively A : 1420 °C, B :
1430 °C, C: 1440 °C, D : 1450 °C, E : 1460 °C, F : 1470 °C

D E F
Fig. 6. Microstructures of sintered parts as doping of FeCl,. Sintering temperature is respectively A : 1420 °C, B : 1430 °C,
C:1440°C, D : 1450 °C, E ; 1460 °C, F : 1470 °C
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Fig, 7. Microstructure of sintered part at 1470 °C as dop-
ing of FeCl,.
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