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Ultra Grain Refining of Steels and Dissolution Capacity of Cementite by Super-heavy Deformation

Hideyuki HIDAKA, Yuuji KIMURA and Sefsuo TAKAKI

Synopsis : Mechanical milling using high energy planetary ball mill was applied to Fe—C alloy powders with (ferrite + cementite) two-phase structures to

give an ultimate large strain into the powders. Dissolution behavior of cementite during mechanical milling was investigated in relation to

ultra grain refining of ferrite matrix, and dissolution capacity of cementite was discussed in terms of carbon content in the powders. Ultra

grain refining of ferrite matrix to about 10nm results in full dissolution of cementite in the powders with carbon up to 2 mass% C. Most of

carbon, which has been rejected from decomposed cementite, is suggested to segregate at grain boundary to form amorphous layer. Thus, it

was proposed that the dissolution limit of cementite depends on both volume fraction of the grain boundary amorphous layer and carbon con-

centration therein. For example, as the maximum carbon content of the grain boundary amorphous layer was to be about 4.2 mass% C, the

dissolution limit of cementite was estimated at 30 vol% from the mass valance for carbon content in the case ferrite grains were refined to

around 10 nm. This volume fraction of cementite is just correspondent to that in Fe—2mass%C alloy.

Key words: powder metallurgy; mechanical milling; plastic deformation; iron—carbon alloy; cementite; dissolution; segregation; grain boundary; amor-

phous.
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Fig. 1.
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SEM images showing (ferrite+cementite) two-phase structures of Fe—C alloy powders used in this study; (a)

Fe—0.85mass%C and (b) Fe—1.63mass%C alloys. Specimens were prepared by buff-polishing and then etched with 3% nital

solution.
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Fig. 2. X-ray diffraction patterns of an Fe-0.85mass%C
alloy powder mechanically milled for various time.

3. EBRER

AAZAHIIVTRBICES X F1 FOREE
¥E)

Fig. 213, 75— 74 b #lfk%A AT 5 Fe-0.85%C AEH D
MM LB 2 5 X RS2 — v OB ERT . MMAAE
AL TOARWEEKTIZ aFe & 0456 OBV BT A EED
5EhB, MMUERIZHE 5 T aFe 65 OBETHRIE L 220 ICIA
AD . —F 005 DEHHRIE L 72 WITABRIEIZ & > T 36ks
OMMULEE A i L 2B K CIIEIEERITHALTLE D,
ALEENL, B/ S— 5 4 ML (Fig. 1)) 2 HT 52,
ODIBHENERIRTH > T B 2L kDO ZEB 2 /R L, 36ksD

3-1

+  BEROF-CAEMPOBEDORIT03mass% RETH 5.

53

53




. 54

£ & 58 Vol. 85 (1999) No. 1

Fig. 3. TEM images of an Fe-0.85mass%C alloy powder
mechanically milled for 36 ks; (a) Bright-field and
(b) Dark-field images. Electron diffraction pattern
was taken from the selected area of 1.5um in diam-
eter.
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Fig. 4. TEM images of an Fe~0.85mass%C alloy powder
mechanically milled for 360 ks; (a) Bright-field and
(b) Dark-field images. Electron diffraction pattern
was taken from the selected area of 1.5um in diam-

eter.
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Fig. 5. X-ray diffraction patterns of Fe—(0.85~3.75)mass%
C alloy powders mechanically milled for 360 ks.
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Fig. 6. TEM images of an Fe-3.75mass%C powder me-
chanically milled for 360ks; (a) Bright-field and
(b) Dark-field images. Electron diffraction pattern
was taken from the selected area of 1.5um in diam-
eter.
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Fig. 7. DSC thermograms of Fe—(0.85~3.75)mass%C
alloy powders mechanically milled for 360 ks.
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Fig. 8. Relation between carbon content of Fe~C alloy

powders and the amount of exothermic reaction in
Fig. 7 (@). Data of iron and graphite powder mix-
tures mechanically alloyed for 360ks are also
shown for reference (O).
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Fig. 9, Schematic illustration showing the relation between
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Fig. 10. Relation between grain size of ferrite and soluble

carbon content in Fe-C alloy powders. In Fe—
(0.85~3.75)mass%C alloy powders mechanically
milled for 360 ks, the behavior of cementite disso-
lution was shown by the symbol (C) and (@) for
full and partial dissolution, respectively. As the
thickness of grain boundary layer (f) was pre-
sumed to be 2 nm, the behavior of cementite dis-
solution was reasonably explained in connection
with ultra grain refining of ferrite.
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