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Abstract In the study, a hybrid constitutive model for densification of metallic powders was applied to cold

isostatic pressing. The model is based on a pressure-dependent plasticity model for porous materials combined

with a dislocation density-based viscoplastic constitutive model considering microstructural features such as grain

size and inter-particle spacing. Comparison of experiment and calculated results of microscale and nanoscale Cu

powders was made. This theoretical approach is useful for powder densification analysis of various powder sizes,

deformation routes and powder processing methods.

Key words : Nano powder, Powder plasticity, Viscoplastic constitutive equation, Powder consolidation. Grain size

effect, Dislocation density
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Fig. 1. Schematic showing the stress and strain acting dur-
ing cold isostatic pressing.
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Fig. 2. Scanning electron micrographs of copper powders (a) 100 nm and (b) 2.5 um in diameter.
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Fig. 3. Strain-stress curves for Cu powder for different
grain sizes at a constant punch velocity 3 mm/s.
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Fig. 4. Calculated relative density curves with time of
coarse and fine copper powders and measured pressure
during the cold isostatic pressing.
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Fig. 5. Comparison of calculated and measured compac-
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Yol. 11, No. 4, 2004



346 +54 - ARA - AT

2

B

[=4

a

2

3

o —#- Nano Cu(100nm) Powder CIP
0.6 ---@-- Nano Cu(100nm) Powder Die-Compaction

Compaction velocity 3mmvs

05
0.4+

T ¥
] 300 S(I)O 900 12b0 15'00 18'00 21b0 2400
Pressure (MPa)

Fig. 6. Comparison of the calculated cold isostatic press-
ing and die compaction processing of fine sized powder.
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Fig. 7. Calculated normalized dislocation density curves
with applied pressure.
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