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Densification of Metal Injection Molding Parts
Made of Ball Milled W-20wt% Cu Powders
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Dept. of Materials Engineering, Hanyang University, Seoul 133-791, Korea
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Abstract An investigation was carried out on the possibility whether the ball-milling process of low energy
could successfully improve the packing density and flowability for MIM application in W-20wt%Cu system. In
this study, W-20wt% Cu powder mixture was prepared by ball-milling. W powder was not fractured by low
mechanical impact energy used in the present work during the critical ball-milling time, but the ductile Cu powder
was easily deformed to the 3 dimensional equiaxed shape, having the particle size similar to that of W powder. The
ball-milled mixture of W-20wt%Cu powder had the more homogeneous distribution of each component and the
higher amount of powder loading for molding than the simple mixture of W-Cu powder with an irregular shape
and a different size. Accordingly, the MIM W(1.75)-20wt%Cu powder compacts were able to be sintered to the
relative density of 99% by sintering at 1400°C for one hour.
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Table 1. Physical Characteristics of W and Cu Elemental Powders

Powder Shape Purity(%) Density (g/cm3) Mean Particle Size (Um)Angle of Repose (deg)

Vendor
W(4.80) Korea-Tungsten Co.  Polygon 99.9
W(1.75) Korea-Tungsten Co.  Polygon 99.9
Cu(—400) Changsung Co. Sponge 99.7
Cu(3 um) Aldrich Dendrite 99.7

19.26 4.80 48
19.26 1.75 47
8.92 25.23 33
8.92 3 33
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Fig. 1. SEM morphologies of W and Cu elemental powders; (a) W(4.80), (b) W(1.75), (¢} Cu(-400) and (d) Cu(3 {im).
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Fig. 2. Schematic diagram of debinding process.
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Table 2. Characteristics of Various W-20Cu Mixture Powders

Mixing Mean Particle Size

Specific Surface Apparent Density  Angle of Repose

Method (Um) Area (m2/g) (g/cm3) (deg.)
SM 2h 22.05 0.363 5.410 27.39
BM 2h 5.760 1.153 4.028 45.32
4.80)—2 —
W(4.80)-20Cu(=400) BM 5h 5.535 1.155 3.945 46.32
BM 10h 5.665 1.124 3.984 46.71
SM 2h 19.45 0.379 2.810 44.80
BM 2h 5.137 1.237 4.466 45.03
W(4.80)—20Cu(3 m)
BM 5h 5.377 1.199 4.404 4441
BM 10h 6.495 1.005 4.098 44.46
SM  2h 18.05 0.603 3.960 45.05
W(1.75)—20Cu(—400)
BM 2h 2.605 3.019 3.849 45.70
BM 2h 11.37 0.684 2.170 51.02
W(1.75)-20Cu(3 um)
BM 2h 2.835 2.581 3.785 48.59

* In the mixing method, “Simple Mixing” and “Ball Milling” are abbreviated to SM and BM.
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Fig. 3. SEM morphologies of simple mixed and ball-milled W-20Cu powders with W particle size of 4.80 [Lm; simple mixed
(a) W-20Cu(—400), (b) W-20Cu(lim), 10 h ball milled (¢) W-20Cu(-400) and (d) W-20Cu(3 Llm).
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Fig. 4. Particle size distribution of W(4.80)-20Cu powders as the milling time; (a) W-20Cu(—400) and (b) W-20Cu(3 pim).
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Fig. 5. SEM morphologies of simple mixed and ball-milled W-20Cu powders with W particle size of 1.75 (tm; simple mixed
(a) W-20Cu(-400), (b) W-20Cu(pim), 10 h ball milled (c) W-20Cu(~400) and (d) W-20Cu(Um).
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Fig. 6. Schematic diagram of morphelogical changes in W-Cu powder during the ball milling process.
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Table 3. The Solid Loading and Relative Density of W-
20Cu MIM Mixture

Mixing Solid  Relative Density
Method Loading (%) of Mixture (%)
SM  2h 48 99
W(4.80)-20Cu(-400) BM - 2h >8 99
' UBM sh 60 98
BM 10h 60 97
SM 2h 40 100
W(4.80)-20Cu(3 )BM 2h 58 98
.80)- m
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SM 2h 50 96
W(1.75)-20Cu(-400)
BM 2h 58 97
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. - m
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Fig. 7. The carbon contents in the W-20Cu specimens at
the different stages of MIM process.
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at 1400°C for 1hour in H, atmosphere.
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which were prepared by 2h ball milled W-20Cu powders
with W particle size of 1.75 Lim; (a) W-20Cu(—400) and (b)
W-20Cu(3 [tm).
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