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Effects of Alloying Elements and Cooling Rate on Austenite Grain Growth
in Solidification and the Subsequent Cooling Processes of Low Alloy
Steels

Kunio YASUMOTO, Tsurneaki NAGAMICHI, Yasuhiro MAEHARA and Koki GUNJI

Synopsis:

Effects of alloying elements and cooling rate on 7 grain growth behavior in the solidification and subse-
quent cooling processes of low alloy steels have been studied in relation to surface cracking of continuously
cast (CC) slabs.

Grain growth of 7 phase occurs rapidly. below a completion temperature of transformation into ¥ phase
(T, ), since strong pinning effect of the second phase such as & -ferrite and/or liquid phase on 7 grain
boundary migration disappears. Thus 7 grain size of as-cast steels can mainly be determined by T, i.e.,
the maximum grain size is obtained at a peritectic composition, as expected from Fe-C phase diagram. The
carbon concentration at the peritectic point is significantly shifted by the addition of alloying elements.
The coefficient k, on the shifting was determined separately for Mn, Ni, Si, Cr and S. Using the k, for

element X, carbon equivalent (C,) for perifectic reaction of low alloy steels can be written additively as

Co=C+ % kn X,

In the same composition, the 7 grains are largely refined by increasing the cooling rate because of the
effects of decrease in T, and of the suppress of 7 grain boundary migration below T .
Key words: continuous casting; low alloy steel; solidification; cooling; grain growth; grain size; phase

diagram; phase transformation; peritectic reaction.
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Table 1. Chemical composition of the base steels
used (wt%).

C Si Mn P S Al 0] N

0.02 :
§ ~0.01 <0.01 ~0.02 ~0.002 ~0.03 ~0.006 <0.001
0.56

Table 2. Amount of each alloying element added
separately to the steels (wt%).

Si Mn Ni Cr Mo S
2 1~2 1~2 1~2 1 0.03
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Fig. 1. Example of thermal analysis ; 0.06%C base
steel cooled at a rate of 0.5°C s~ L.
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Fig. 2. Example of thermal analysis ; 0.18%C base
steel cooled at a rate of 0.5°C s~ ..
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a) Quenched at 1 470°C (T, +5°C)
¢) Higher magnification of the grain indicated by an arrow in b), showing 7 grain boundary

Echant: a), b); 2% nital and c¢); Picric acid
Photo. 1.

O GGG % R AR UGBRGIERE (T,) BX Uy
DFEBRT S LI o=y BEETIRE (T,7) »HHE
WK ENDB, 2O X)) BSHTTIC X HERE S
EDEEIZOWTCHHEARRDO DS L IHTHAHY, K
e cidE e LTy RREHICERE 5720, UL
‘o T, 2 T2 0HICER LA yREERECEL
Tl T,k T2 HEMAEREREOC LM ps, Y H
MLEREL: LT T(=T,4 T, 2E&L, FFICWD
W|H T EIZ L.

T, Bits OMEELDO—H% 0.15%C-1.48% Mn i %
0.1°Cs ! TEHHI L -45122 W T Photo. 1 IZ7/R7.
BMAMICBITAH T, 1& 1465°C TH Y, Photo. 1a), b)
BB P LHMOBENS T, OB EERICHE TS
1470°C & 1460°C IE L72BRIC A DIT T & kAN L
2bDTHAH. T, #BX5B LAy RAVHKAL LG
OB ENDbNL, MBOBMBIE 2% 45—V TAT
D7, BEEEFOEKIZTLVF I A M8y MSie T
50T, BEFEOBETI1IEO y NALRELLS
A2IVF A P65 EDoTEY, Photo. 1) IR
Y2y UBIBEICED y MR —3T 5 2 EERR &
niz. L7hoT, Z0&) MR TR S DMk
By HAEBICHIE LT WA LT E NS, B
Photo. 1a), b) RSN ARk X, WHEEOAK—
wknborEZON, HIZ T, FiETO y R EEH
OFERE LEZZRBLTwBEb0LEBbhs,

BAOMETRD 7 T, &, BEIRIC o=y LS
BEOBSERAE  BEMITT A LICLDRDA T,
X &S5 ELCD, SHE TR AEMEEINL &2 DR
ELadFLdb—HLTwihw, L2rLedFs, Lkl
Ly HOESEREE 2 K& (TR VWEEICZENLAL
OHPHELE-EEO LD THH LW SN, ¥ HEE
2L BECEBTANT, Lk, o T, #HWTE#E

b) Quenched at 1 460°C (T, —5°C)

0.15% C-1.48% Mn steel cooled at a rate of 0.1°C s~ !
Microstructural change during continuous cooling.
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Tr. : Liquidus temperature
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& -ferrite

T, : Starting temperature of peritectic reaction

Ts /vy : Starting temperature of ¢ =7 transformation

Ty : Completion temperature into ¥ phase

Fig. 3. Phase transformation of base steel cooled
at rates of 0.1 and 0.5°C s~ L.
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Fig. 4. Effects of Mn and Ni on the C dependence
of T, of the specimens cooled at 0.5 and 1.5°C s~ 1.
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Fig. 5. Effects of Si, Cr and S on the C depen-
dence of T, of the specimens cooled at 0.5°C s~ ..
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Fig. 6. Variation of T, and 7 grain size (D, )
with C content in various alloy systems.
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Fig. 7. Variations of T, and D, with cooling rate
in 0.2%C-2%Mn steel.
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Fig. 8. Phase transformation during continuous
cooling of the base steels containing 0.02%P and
0.002%S. Broken line is Fe-C equilibrium phase

diagram339),

The specimens were remelted at 1580°C, cooled at 0.1°C s 1to T, (1455°C) and then a) quenched into water, b)
continuously cooled at 0.1°C s~ ! before water quenching at 1 300°C, c) cooled in air (about 10°C s 1) followed by
water quenching at 1 300°C.

Photo. 2. Effect of cooling rate (v) after passing through T in 0.2%C-2%Mn steel.
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Table 3." Effects of alloying elements on shifting the peritectic point.
Alloying element, X Mn Ni Si Cr S Method Remarks
Non-equilibrium
Present work 0.02 0.04 —0.01 0.02 0.67 Thermal 5 g rate 62‘;{;505 l)
ks ISHIDA et al. 0.015 0.038 0 0.019 2.9 }y‘;}‘;‘;’gg; Equilibrium
k. : Coefficient of each alloying element on shifting the peritectic point of Fe-C system (C%/%)
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Open : Cooled at 0.5°C s™!  Filled: Cooled at 1.5°C s™!
Fig. 9. Relation between T, and D, in various
steels.
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1300 1400 1500
Ty (°C)

@ : Grain refining due to the reduction of T, from 1450°C to
1400°C

@ : Grain refining due to increase of the cooling rate after Ty
and due to decrease of Ty

Fig. 10. Austenite grain growth during continuous
cooling at rates of », 2v and 0.5v between T, and
1000°C.
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