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Transformation Kinetics of Bainite during Isothermal Holding and
Continuous Cooling

Minoru UMEMOTO, Kazunari HORiucHI, and Imao TAMuRA

Synopsis:

To obtain a general cooling transformation kinetics of steels from its isothermal transformation kinetic
data, a bainite transformation has been investigated in present study. The main results obtained are
as follows:

(1) The isothermal transformation behaviour of bainite for the steel used in present investigation
(JIS, SUJ 2) can be expressed by the Johnson-Mehl type equation.

(2) The bainite trasformation is retarded with an increase in the austenite grain size. The nucle-
ation site of bainite is mainly on austenite grain surface but some homogeneous nucleations in the
matrix are also found.

(3) The equation expressing the transformation bahaviour of bainite during continuous cooling has
been derived from the experimentally obtained isothermal transformation kinetics. It is examined that
this equation well expresses the actual continuous cooling transformation behaviour.

(4) The above result showing that additivity rule for transformed fraction is hold for bainite trans-
formation during continuous cooling and cooling transformation behaviour can weell be predicted using
the isothermal transformation kinetics.
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Table 1. Chemical composition of specimen.

(Wt%)

Cc Si Mn P S Ni Cr Mo Cu
SUJ 2 0.99 0.24 0.29 0.019 0.0l 0.04 1.39 0.02 0.05

wfn 55 4 10 REa u%fﬁ"k’(%"ﬁ Wfn 56 4£4 A 3 B2 (Received Apr. 3, 1981)
* g2z T acig Ph, D, (Faculty of Engineering, Kyoto University, Yoshidahonmachi Sakyo-ku

Kyoto 606)

*2 j%’:%ﬁj(%j(-}cﬁm (Graduate School, Kyoto University)
* ik T 2ed T (Faculty of Engineering, Kyoto University)
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Fig. 1. Heat treatments. (a) to study the isothermal
transformation, (b) to study the continuous cooling
transformation, (c) to study the effect of austenite
grain size on bainite transformation.
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Table 2. Etching solutions.

Picric Acid (saturated solution) 20cc+
Lauryl Benzen Sulfonic Acid (saturated
solution) Scc+FeCly (1035 solution)
1.8cc+HGI 0.1cc

Etchant to reveal
prior austenite grain
boundary

294 Nital HNO; 2cc+CyHsOH 98 cc

Austenitized at 1000°C
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Fig. 2. TTT diagram of SUJ 2 showing the time
at which bainite fraction are 5, 50, 959;,.
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Photo. 1. Opt;gél gnicrographs ofrspecimens trans-
formed (a) at 550°C for 2min, (b) at 325°C for

30 min.
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Fig. 3. Isothermal reaction curves for specimens
transformed at different temperature.
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Fig. 4. log In 1/1-X as a function of log t. Slope

indicates the time dependence of the isothermal
reaction.
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Fig. 5. The value of n as a function of
transformation temperature.
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Fig. 6. Temperature dependence of the overall
reaction at X=0.05, 0.5 and 0.95.
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Fig. 7. Qalculated isothermal reaction curves at
different temperatures.

— 96 —



RAFA4LVOSEEBREFH L L OEBEHNEB~DEMA 465

Ehibrb
3.1-3 «4r4b£%@¢ AT F A MESRIREK
i

<A Fq4 VERBIHT S r REOEE O OWTIRTh
EFTWLOBDHED " eI hThb. £D0EL X
TLREXE2 520X ) r NEXELE 2 T W 5%
2, TOHETNEODHRLrLEELZOS O 0 &
(RHTPHRAIL N I E) DPRFCRZ ) ¥ KROBHR
FaEFAND EERTLRECHRE DL TERY S
5 NENES. GragaM & Axon'® |2 Fe-0.97%C
HEEEAEOIERD LFH~SA 74 + T 7 BENKE
D& 5% BT HORETHEEIEL b ¢ HE
L, TOEHELTAEWr HROESE, TE 7T —~
DORFDEFAVPZI A BEE LTS, Zhiexd LT
BarFORD & OwenN' (¥, (1~1.4) %4C-(1~1.5) %Mn
A FoT 1000~1250°C (5min) @ y{LT 7y HiR%
#x, FOH%, 1000°C T 5min £ Ly (b&tbr %5
ZIEBRER oot TOER 25% UTo—EED
A FA P ERETHCETHREER, B, TEH1 -
A P r RENRKREL D ONERRCEIN TS - &
FRVCH LA, ZOMEE LT, HHE, RIH94 0D
BB r RO ETh 5B & U, BAeERBRENE
REREREEL WD EThIE, hATEREETIIC
BT LRI r R HAIT A EREETEL L LT
W5, HE, MHOBEIRIST 7 A + ORFEMET
Bl L~ 31 M3 r RRCERINCER LTS
DONRBEI 5.

ZDXHEAA FA PERBERT S r HEROEEIT D
WTOHRIFTEOTCR o TE kb TEd, L
M EDIL METABRELBMEZINRT S, KHIET
A A P OSBRI i 5 BREETERLTD 7
RARDOBRE B ST THENTr LBEE r B %4
BEL, r RERELEETRA 74 + BREOLTHE
Bichic 5 ROBEE T S\ TIH~N .

Fig. 8 12 SUJ2 %#fi4 IciBE Tr b Licko r RiE
DEER LT 5. 7 {LRE% 1000°C 75 1150°C
FCHEZD ERRIT 80 p 5 600 ~ &7 5L L
CHEMRLTWS. Fig. 93 4 oD R OBECTr 1t
LT r NEEE%, TO% 1000°Cl5min fE1LCr b
&MERTH %, A FA FEHED nose fED 425°C ¢
FREEBIRICLZOBEIETHES. 2O/7705
A > PEREL -5 1 PERE LR r NEAKRE
BB ONERMBEVREEA~BH L5 00b
MhH. ZOXOSRyNENKELS LB ESA 71 +HHRE
DETHEL 5 E5 = L BARFORD & OwWENID (D)

6001

S00

Grain Diameter (um)

200} /

100f
o—""

——

1000 1050 1100 1150

Temperature (°C )
Fig. 8. Effect of the austenitizing temperature on
the austenite grain size.

100

— austenitizing temp.

o
£ o 1000°C 7 “'"/ / e A/B pm
c a  1050°C.

'.9.. e 1N00°C

% 50 S 1ns0°C
= 1 10ury/ / 196 um

£ /4

% o - . transformed at 425°C
@ o r ,u/&

5 10

Time (min)
Fig. 9. Isothermal reaction curves for specimens
austenitized at different temperature.

o

HEL—H LTV, FITRECOD r WROEELYT
BEEEROICERNCERR TS Z Exhnk. BE5
X, TTRASA—F 1 b RIGER LT 7 BiE (d) ofREy
EBATREEEER & LTAREXRBELLY.

X=1— exp[ k(T) dm} ceeereeeenneee (6)

ZCHREm IBERBIICEKETS. Thbb, NAE
DREPWOZERTIHEDO L5, BUFEHEYCIO
BAEBSBH OBV RECHEATH L ETImiz l &k

D, Eic, BABBEHSEO edge X 5 BAWIRR
RoORAFCHEHGAIL, mix2:is. T LT, BRERSE
FiABIod corner @ X 5 FeB AT RIRD 3 Fimif H B
L, mik 3 &ien. i, b UBAERSBIBERR &
FOMKBRR Yy 2 AR —EHMH LT B8
&, DE VIBBEBEROBARIIME0THS,

Fig. 10 %, Fig. 9 % Avrami Plot L3 DT3 3
B, ey PERFrNRLIBEERCE L D
EROMEE b DENRETES. Fig. 10 X b5
n OEL y EDKEL D LN 2 EBILD
HANIT 4 2HIBTH H r WEHNEIL LT LR DR

— 97 —



466 g & M % 68 g (1982) 3T
05 3 T 95
austenitizing temp. o/ a/ -/ ./ 90
o 1000°C 4§/ //
a 1050°C P o 80
¢ 1100°C // ./ o
. 1150°C £i
0-0r transtormed at 425°C o// ./n=4~15 60 2
ne4.50 °F / [ 50 ¢
| /A o2
£ // /%n:&.ZO E
o n=4.25°% & & 130
grosy }7/ e
oA ol {2075
-]
~-1.0 10
la__cva i n 1 n n i 48
22 24 26 28

log ¢
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Fig. 12. Comparison of the calculated and observed
transformation behaviour of bainite during continuous
cooling. calculated, O A [] experimental.

Photo. 3. Optical micrographs of specimens trans-
formed by constant rate of cooling (0.1°C/s), (a)
transformed until 350°C, (b) transformed until
300°C.
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Fig. 13. log In 1/1-X as a function of"log t.

Slope indicates the time dependence of auto-
catalytic transformation.
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Fig. 14. Schematic microstructures (a) with large
growth rate and small nucleation rate, (b) with
small growth rate and large nucleation rate.
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Fig. 15. Schematic transformation curves showing
the delay from additivity rule.
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