Journal of Korean Powder Metallurgy Institute
Vol. 15, No. 4, 2008

Hi7fglt st Fe LI E2SE

ch

ks

SE IS P

L HM% - ORIy

e BRI

Sintering Behavior of Fe Nanopowder Agglomerates Prepared
by Pressureless Compaction
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Abstract Sintering behavior of iron nanopowder agglomerate compact prepared by slurry compaction
method was investigated. The Fe nanopowder agglomerates were prepared by hydrogen reduction of spray dried
agglomerates of ball-milled Fe,0O, nanopowder at various reduction temperatures of 450°C, 500°C and 550°C,
respectively. It was found that the Fe nanopowder agglomerates produced at higher reduction temperature have a
higher green density compact which consists of more densified nanopowder agglomerates with coarsed nanop-
owders. The sintering behavior of the Fe nanopowder agglomerates strongly depended on the powder packing
density in the compact and microstructure of the agglomerated nanopowder. It was discussed in terms of two sin-
tering factors affecting the entire densification process of the compact.
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Fig. 1. (a) SEM- and (b) TEM-micrographs of agglomer-
ated Fe,O, powder.
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Fig. 2. X-ray diffraction pattern of the ball-milled
Fe,O,powders.
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Fig. 3. SEM micrographs of spray dried Fe,O, agglomer-
ates : (a) coarse and (b) fine.
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Fig. 4. Micrographs of the coarse (a-c) and fine Fe agglomerates (d-f) prepared by H

agglomerates at (a, d) 450°C, (b, ¢) 500°C and (¢, f) 550°C.
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Fig. 5. Size distributions of the Fe nanopowder agglomerates prepared by H,-reduction of spray dried Fe,0, agglomerates:

(a) coarse part and (b) fine part.
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Fig. 6. Pore size distributions of spray dried Fe,O, agglomerate and H, reduced Fe nanopowder agglomerates. (a) coarse

and (b) fine.
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Fig. 7. X-ray diffraction pattern of the Fe nanopowder
agglomerates.
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Fig. 8. SEM micrographs of the slurry compacts of mixed agglomerates of Fe nanopowders prepared by H,-reduction of
spray dried Fe,O, agglomerates at (a-c) 450°C, (d-f) 500°C and (g-i) 550°C.
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Fig. 9. SEM micrographs of the sintered compacts of
mixed agglomerates of Fe nanopowders prepared by H,-

reduction of spray dried Fe,0, agglomerates at (a-c)
450°C, (d-f) 500°C and (g-i) 55°C.

Table 1. The results of relative density and volume shrink-
age of the slurry compacts of Fe nanopowder agglomer-
ates after sintering at 1000°C for 1 hour

Relative sintered density (%) Volume

Sample ] shrinkage
Before sintering After sintering (%)
A 8.7 30 71
B 13.5 45.2 70

Table 2. The results of volume shrinkage of the micro-
structural constituents of Fe nanopowder agglomerates
after sintering at 1000°C for 1 hour

Volume shrinkage (%)

Sample Sintered  Intra-agglomerate Inter-agglomerate
compact (nanopowder) (agglomerate)
A 71 (100%) 45 (63%) 26 (37%)
B 70 (100%) 7 (10%) 63 (90%)

*(The percentage ratio of volume shrinkage)
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