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Consolidation of Sheathed Pure Iron Powders by Warm Caliber Rolling

Minoru OTAGUCHI, Syuuji WANIKAWA, Kaneaki TSUzZAKI and Kotobu NAGAL

Synopsis

: Metal powders produced by mechanical milling show the specific microstructures and properties. With these merits preserved, the powders

should be combined into a large size compact. Saito et a/. and Kimura er al. have succeeded in consolidating the iron powders into

1~2.5mm thick sheets by sheath rolling at a relatively low temperature of 973K. Based upon their success, we have attempted to apply cal-

iber rolling for consolidating the powders into a large bar (¢11xX1 000 mm). The sheath can was filled with pure iron powders, sealed in vac-

uum, and then rolled. When the rolling temperature was 973K, rolling reduction of more than 80 % was enough to make sound compacts of

>10 mm diameter with fine microstructure and relative density larger than 99.6 %. When the rolling reduction was 90 %, the consolidation

was accomplished in a wide range of rolling temperature between 1273K and 823K. At 823K and 873K, the sound consolidation could be

realized without recrystallization. The tensile properties were better than those of the HIP treated compact. Hence, the solid-state joining is

confirmed to occur much easier in the present method than in the HIP method.

Key words: consolidation; pure iron powder; sheathing; warm caliber rolling; tensile properties; solid-state joining.
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Table 1. Chemical composition (in mass%) of the iron
powder used in the present study.

[ ¢ O [ Ni [ & [ si [ Ma ] P [ S8 [ Fe |
[0.002 [ 0178 | 0.011 | 0.041 | 0.02 | 0.16 | 0.01 | 0.01 | bal |
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Fig. 1. SEM (a) and optical (b) micrographs of the iron powder.

Table 2. Relative density, Vickers hardness and tensile properties.

Processing Processing Rolling Relative Vickers Tensile Total Reduction in area
method temeprature (K| reduction (%)} density (%) | hardness (49N)| strength (MPa elongation (%) | in tensile test (%)
55 93.1 32 0 0 0
64 97.3 127 350 3 6
973 75 99.3 147 420 13 40
79 99.6 150 425 20 57
90 99.6 178 458 20 70
Rolling 823 99.5 155 481 18 02
873 99.5 156 469 22 63
923 99.5 155 459 23 69
973 87.8~88.7 99.5 155 455 22 73
1073 99.5 144 428 32 72
1173 99.4 141 421 22 70
1273 99.3 108 349 25 71
HIP 973 99.6 115 354 21 24
HIP + Rolling 973 87 99.6 150 427 23 60

( The Vickers hardness of the initial iron powder was 110HV0.05 )
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Fig. 2. Stress—strain curves, SEM fractographs of the fracture surfaces and opti-
cal micrographs of microstructures for the compacts rolled at 973K: (a),
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Fig. 3. Reduction of area in tensile test
by change in rolling reduction.

(b), (c) rolled by 64% reduction, and (d), (e), (f) rolled by 89% reduction,

respectively.
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Fig. 4. Optical microstructures in the section parallel to
the rolling direction (a)~(d) and the fractographs
(e)~(h) for the compacts rolled by about 88% at
different temperatures.
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Fig. 5. Optical micrograph (a) and SEM fractograph (b) for the as-HIPed com-
pact, and optical micrograph (c) and SEM fractograph (d) for the HIPed
and rolled samples. The HIP treatment was carried out at 973K for 3.6K
under a pressure of 200 MPa. The rolling after the HIP treatment was per-
formed at 973K until the total rolling reduction of 87% was obtained.
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Fig. 6. Stress—strain curves for the caliber-
rolled sample and the as-HIPed
one. The rolling temperature and
reduction for the calibar-rolled
sample were 973K and 88%, re-
spectively, The HIP treatment was
carried out at 973K for 3.6ks
under a pressure of 200 MPa.
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samples obtained by the present study.
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