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Relationship between Thickness of Pancake Austenite and Thickness of Grain Boundary Ferrite

Shiro TOR1ZUKA and Kotobu NAGAI

Synopsis : The grain boundary of the pancake austenite () is a predominant nucleation site for ferrite (). If the thickness of the pancake y becomes

small through deformation, the thickness of the o grains that are formed at the ¥ grain boundaries is also expected to become as small as the

thickness of the pancake 7. On this basis, the relationship between the thickness of the pancake y (TH,) and that of the grain boundary o
(TH,) is studied both experimentally and theoretically for a 0.16C-0.4Si~1.5Mn steel. When TH, is in the range of 30 to 300 um, TH, is
6-7 um and independent of TH,. However, when TH, is less than 20 um, T H,, decreases linearly with a decrease in TH,. Since the volume

fraction of the pearlite is assumed to be 0.25, TH, is expected to follow the relation TH,<0.75TH,. The obtained relation was near

TH,=0.375TH,. The geometrical soft impingement is attributed to the decrease of 7H,.
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Fig. 1. Relationship between the plastic strain and the
thickness of ferrite grains formed at the grain
boundaries of austenite deformed at 1023K and
then cooled at 10K/s. The thickness represents the
grain size perpendicular to the austenite grain
boundary®.

135S H21 B2+ FARI13%E 11 A21 HAZH (Received on Aug. 21, 2001; Accepted on Nov. 21, 2001)
% WPHE - M RISREMITZEAT (Materials Engineering Laboratory, National Institute for Materials Science, 1-2-1 Sengen Tsukuba 305-0047)




y grain boundary\
(a) Before transformation
o grain — g — ~.
—_—f &
v
2
—
(b) Transformation start
= & []
—Eh & ]

(c) Retarding growth Carbon content

Fig. 2. Schematic drawing of the relationship between the
ferrite grain growth and the carbon concentration
profile.
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Table 1. Chemical composition of the sample used

(mass%).
C Si Mn P S N
0.16 0.4 14 0015 0005 0.001

ND

Observed area

Fig. 3. Schematic illustration of the compression deforma-

tion.
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Fig. 4. Plastic strain obtained from FEM calculation at a
distance from the center of the specimen for the
specimens compressed by 20, 30 and 50% in re-
duction at 1023K".
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Table 2. Carbon concentration at the Y/« interface in
0.16C-0.4Si-1.4Mn (mass%) steel obtained by
thermo-cale, where C7%, C* and C° (mol frac-
tion) represent carbon concentration in austenite
at the ¥/« interface, in ferrite and in austenite, re-

spectively.
Temperature (K) [ [l &
1073 1.1119E-02| 6.4220E-05| 7.3649E-03
1023 2.2824E-02| 2.1377E-04| 7.3649E-03
973 3.9237E-02| 2.9642E-04| 7.3649E-03
923 5.8694E-02 3.4306E-04]| 7.3649E-03
(Mol fraction)
—— o
Vo T T L A
E_ L
~ 8 r
= I
I L
[ i
o)
= 6
= I
@
2
h
o
w 4 [
1923 F
@ ¢
2 L
x L s
£ 27 el ‘ Calculation |]
i ® Experiment |
0 ni...l; ill‘lAlllllilll‘

0 2 4 6 8 10 12 14
Time (s)
Fig. 5. Growth of grain boundary ferrite in isothermal

transformation. Lines and plots represent calcula-
tion and experimental results, respectively.

Fig. 6. Light micrograph of grain boundary ferrite on isothermal transformation. Deformation: £=0.75 at 1023K. Isothermal heat
treatment: at 973K for (a) 5 s, followed by quenched and (b)10s, followed by quenched.
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Fig. 7. Relationship between the compressive strain and
the thickness of the pancake austenite 7H,.

NV = FF =T A VEEEERTIRA T = 74 ME OB

TIROTAN04, 0.6 B5KT10THBER25, (4) XKD/
Yr—F%yBXEENEh, 113, 93, 63umELEHE A
b, —F, EHHAIL, 120, 94, 54umTH 0, WHIT L
—HL T3,

3:2:2 Ny —FyRI LR aEEOBRK

Fig. 9(a)~(DIZ &V RiEil A 6 4K U 72 HlRE D Y2581
HEHELZRY, BRATyRE, OFTA, v r—FyEX
FENZ, (a) d,=300um, £=0.78, TH,=138 um, (b) d,=
100 um, £=0.34, TH,=72 um, (¢) d,=50 um, £=0.47, TH,=
31pm, (d) 4,=50um, =10, TH,=18 um, (e) d,=17 um,
€=047, TH,=11um, (f) d,=17 um, £=1.0, TH,=6 um T &
%, Fig. 9), ®) TNV r—FyEE B 2uml EH 0,
FRaLRHAYA vy PPV AT 97 v aDXBIESTH
%, Fig. 9(c), D & S1Z, /3v 4 —F yJE X »330-18 um
ExoTL%&, BTLYE, KR a &KW aDX 53 HHE
T3 aLE->T<L %, X512, Fig. %e), () TI/Sv o —
FyR2R11-6umTH 50, KN4 v FY V2T 9T
YallRoht{hb, KR «E XL, Fig 9a)-(c)E Tk,
ZALMES L A3, Fig. (d)TIER WA L, Fig. 9e),
OTIEBS 2 IZHP LT 5,

ISV —FyBEERR o)L S OBRABE L 7GR
Fig10 b %, Fig. 9 TR L7k Iz, /Svr—FyEEH
300-30 um DFH TIX, KA aEXid6-Tum & —ETH 5,
LhL, Ny r—FyEEB20umPTIZh3E, KR a
JEX WD LEED S, Sy r—FyBE R 10umiiin b L,
KR L2 I3 uml T &A% 5,

Fig.10 D iR,

TH = 0.7STH v eveeeeessessssssisnisiisiisii (5)

Tabb, yRARBKEEZ 120 akiAKRE L DR KE
ETHbB, ZTIZT, BE0751F/5—-5 14 FDOIKMEE25 &
ZELZEDTHS, LIL, Bohr-RRoaBEE LN
- yBXOBRBRIEIIOTHLD LS, y R
22200 afiBERK L 2BED

THy=0.375TH, -+-veeeeerersnseessosssssss i (6)

{Z¥r,

Fig. 8. Light micrograph of the pancake austenite. The austenite was deformed by (a) 0.4, (b) 0.6 and (c) 1.0 in plastic strain at

1023K and then was quenched.
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Fig. 9. Ferrite formed at the grain boundaries of variously
deformed austenite. Prior austenite grain size (d,),
compresswe strain (€) and thickness of pancake
austenite (7H,) are (a) d,=300 um, &= 0.78 and
TH,=138 um, (b) d,=100 um, £=0.34 and TH,=

72/.1m (¢) d,= 50,um £=047 and TH,= 31;1m
(@ d,=504m, €=1.0 and TH,=18um, (e)

fﬁmzso47mmyye41umzmdw)d—
17 um, e=1.0 and 7H, 6,um respectively TH,, is
calculated by Eq. (4).
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Fig. 10. Relationship between the thickness of pancake

austenite 7H,, and the thickness of grain boundary

ferrite TH,,.
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Fig. 11. Schematic drawing of the change of carbon con-

tent at the y/c interface based on the theory of
linearized gradient approximation®.
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Fig. 12. Width of carbon enriched area AX calculated by
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Fig. 13. Schematic drawing of geometrical soft impinge-
ment.
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