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Peritectic Transformation and Austenite Grain Formation for Hyper-peritectic Carbon Steel

Tohru MARUYAMA, Kiyotaka MATSUURA, Masayuki KUDOH and Yohichi IToH

Synopsis : Three binds of solidifying regions, (L+8), (L+8+7) and (L+7) have been observed in an unidirectional solidified hyper-peritectic steel
sample quenched from a temperature above the solidus temperature. The primary & phase in the (L + ) region solidifies to a dendritic struc-

ture, and the fine columnar y grains are exist in the boundary part of the (L+ ) region near to the (L+ &+ 7). The columnar shape of the fine

Y grains is caused by the shape of -dendrite. A transition from the fine ¥ grains to coarse columnar ¥ grains occurs in the (L+7) region

when a volume fraction of liquid lowers. The structure of coarse columnar y grain have no relation with dendrite structure. The fine columnar

y grains disappear as a result of growth of coarse columnar ¥ grain. The measured temperature ranges for the (L+ &+ 7) region agree with

those calculated under a non-equilibrium condition. The end temperatures of peritectic reaction and solidification calculated are somewhat

lower than the equilibrium temperatures, and are independent of solidification rate.

Key words : dendrite arm spacing; directional solidification; grain growth; peritectic reaction; phase transformation; segregation.
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Table 1. Chemical compositions (mass%) and solidifica-
tion conditions used for the experiment.

No C Mn P V/mm's' G/K'mm"
1 0.24 0.10 0.016 0.003 1.08
2 0.24 0.12 0.014 0.008 1.28
3 0.25 0.11 0.015 0.033 1.07
4 0.24 0.11 0.015 0.033 0.50
5 0.23 0.10 0.014 0.033 0.81
6 0.22 0.11 0.013 0.033 0.88
7 0.23 0.11 0.014 0.033 0.93
8 0.24 0.12 0.018 0.083 0.77
9 0.22 0.11 0.013 0.083 0.59
10 0.22 0.09 0.051 0.033 0.87
V : Solidification rate
G : Temperature gradient
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Fig. 1. Experimental apparatus for unidirectional solidifi-
cation.
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Fig. 2. Schematic profile of carbon content for calculation.
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Table 2. Diffusion coefficient and equilibrium carbon con-
centrations used for finite difference simulation.

D, 0.761X 10%xp(-134400R"'T"") (1 m*-s")'®
Csirs 8.91X107*T—1.48 "

Corr s 1.68X107°T—2.81 '

Cons —5.86X107°T+10.53 '

Crny —1.83X107*T+32.89 7

R : Gas constant (J*K'-mol")
T : Temperature (K)

Csir s
interface (mass%)
Cs/y 4 ¢
interface (mass%)
Corns
interface (mass%)

: The equilibrium carbon concentration in 6 -phase at 6/ 71
The equilibrium carbon concentration in 7 -phase at 6 /7
: The equilibrium carbon concentration in 7 -phase at 7 /liquid

C, 11 : The equilibrium carbon concentration in liquid phase at 7 /liquid
interface (mass%)
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Fig. 3. A macrostructure of an unidirectional solidified
sample quenched from a high temperature above
the solidus temperature. (¥=0.003 mm-s L G=
1.08K-mm ")
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Fig. 4. Microstructure of d-dendritic region.
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Fig. 6. Microstructure of fine columnar y grain region (a)
and result of EPMA analysis (b).
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Fig. 7. Microstructure of residual liquid region.
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Fig. 9. Effect of solidification rate on ends of peritectic re-
action and solidification.
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Fig. 14. Three-dimensional observed of coarsened colum-
nar y grain.

RBINo. 3ERICE&HT—HaEH <&, 82AaLi, B6
N7z aR & BELE 5 12 E 5 2K 3 mm AR TUIMr L
BHETO y SR AR L 2. ZTO/BR yBaKIZEER
HEk L OCREHEIEGEMNIZRET 2 80X, KEEHET
HWET 2800550, LaL, FITERT 300
Bwohhhrot, £72, ERLZyEaKRIIST Y F
74 b EIERRICIFEL T2 Z &b o ARy
SR I E A1) 20 1 BRE AR C IO 2 KRR o 66 ok & 3B RTH
XH, BREANISHKRE yEROANBERIhDI & E R
ohd, 2TOyHEROAENLEFELRTILIETE
BWZENG, T TIREGNIZHRET S yMak (Fig.
4HDA) LHET % yiEdk (Fig 14D B) OBKR%E
Fig.14 12787,

y S R & B 5 22 I I3 EEFERRE TR S h B 1)
Mz y KESRIOHRE KORRAWHIT 2 Z LAV ETH
5,

4, ¥E

—FFIEEEE R L AIRE ARV EOMEFIZLD
BAGMOLE, SHE LU yHOHB AT\, §7 F
A F LD yREENOEBEMEAEER L, BohH
R TOEH12FLHoNSB,

(L+&)M, (L+s+yilH KT L+HDOEKE TRIICD
Wiz,

(1) —HECEEL 2R THRLN D L+6+nHOK
X Fe-C ZICRDEIRIZK DIZIEFTFHITZ 5,

(2) BAFHEKTH > TEL+I+HEIIREIRATTE

21

AR B D AEEREL A — 27 F 4 P RSARIK

T3,

(3) 0.003mm-s™'~0.083 mm-s~' 0 &l O & [E & E T
W, ARG ORE TR ¥ & OB T 58 1SS 2
RAE L R,

—7F, LEAFEIET 28R TO M7 5 yHANOEREL ¥
SR O BRI DV TE,

(4) (L+8+y) Mok & C(L+y) Mo —E8ic
I > THEIHIR y KSR 2TEIE L, ZOMERT Y F 74
bR ICIEIEIE LR E SICE S,

(5)  TRORBREIR o A5 Siokz o0 BB K 0 (RIR M I3 KAEIR
YRR AFEL, TO/BMKRIEZST Y F 74 ks
MEARICFIEL T0b,

(6) TEHIEEIR y 55502 & FLEARAEIR y 5 S RN DB FE
BLAEIC XS pRESKRRE Y IEDRE > THEI I3
2, EVIEOshRIZILEAERIEET 5H1ICkbNh 3,
F 7z, AEBRERMHTIE, MRy SRR y &
RO REIZ & DIHKT 5,

X [

1) YK.Chuang, D.Reinisch and K.Schwerdtfeger: Metall. Trans. A, 6A
(1975), 235.

2) H.Fredriksson and J.Stjerndahl: Mer. Sci., 16 (1982), 575.

3) Y.Ueshima, S.Mizoguchi, H.Kajioka and T.Matsumiya: Tetsu-to-
Hagané, 71 (1985), S201.

4) Y.Ueshima, S.Mizoguchi, T.Matsumiya and H.Kajioka: Metall.
Trans. B, 17B (1986), 845.

5) N.Komatsu, Y.Ueshima, S.Mizoguchi and H.Kajioka:
Hagané, 71 (1985), S1061.

6) Y.Ueshima, N.Komatsu, S.Mizoguchi and H.Kajioka:
Hagané, 11 (1987), 1551.

7) S.Kobayashi, T.Nagamichi and K.Gunji: Trans. Iron Steel Inst. Jpn.,
28 (1988), 543.

8) K.Matsuura, M.Kudoh and T.Ohmi: IS/ Int., 35 (1995), 624.

9) K.Matsuura and M.Kudoh: Mater. Trans., JIM, 39 (1998), 203.

10) K.Matsuura, Y.Itoh and M.Kudoh: Tetsu-to-Hagané, 84 (1998), 26.

11) K.Matsuura, Y.Itoh and Y.Matsubara: Tetsu-to-Hagané, 76 (1990),

714.

K. Matsuura, H.Maruyama, Y.Itoh, M.Kudoh and K. Ishii: /SIJ Int.,

35(1995), 183.

K .Matsuura, H.Maruyama, M.Kudoh and Y.Itoh: ISLJ Int., 35 (1995),

1483.

A.J.Pokorny: De Ferri Matallographia III, Berger-Levrault, Paris,

(1967), 46.

T.Maruyama, M.Kudoh, K.Matsuura and Y.Itoh: CAMP-ISIJ, 11

(1998), 111.

Y.Ueshima, S.Mizoguchi, T.Matsumiya and H.Kajioka: Metall.

Trans. B, 17B (1986), 845.

T.B.Massalski: Binary Alloy Phase Diagrams, vol. 1, ASM, Materials

Park, (1990), 842.

K.Ohsasa, T.Takahashi and H.Miyashita: Imono, 61 (1989), 92.

SIMEAMAERL L, HOARSRHAG MW, A, B, (1982),205.

W.A Fischer and H.Fry: Arch. Eisenhiittenwes., 41 (1970), 293.

Tetsu-to-

Tetsu-to-

12)
13)
14)
15)
16)
17)
18)

19)
20)

591 I



