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Effect of Morphological Change of Fine Carbide Precipitates on
the Ductility of Continuously Annealed Mild Steel Sheet

Yoshihiro HOSOYA, Takamasa TAKAHASHI, Hideo KOBAYASHI,

Takayoshi SHIMOMURA, and Kazuo MATSUDO

Synopsis :

Fundamental effects of fine carbides which precipitate during primary cooling and over—aging on the
ductility of continuously annealed steel sheets have been studied based on the tensile tests, microstructural
observation and quantitative analysis of carbides’ size and distribution.

The results obtained are summarized as follows:

(1) Strength and ductility of continuously annealed steel sheets are affected by the amount of C in solution
as following equations.

4 (Uniform-El) ~ —0.09% - 4 (Q -1 x 104)
4 (Total-El) == —0.3% - 4 (Q -1 x 104)
4TS~ 140.06 kgf/mm?-4(Q-1x 104) at Q-1<30x 10-4
4TS~ +0.18 kgf/mm2-4(Q-1x 104) at Q-1>30x 10-4
Q71 : Internal friction due to C in solution.

(2) New method for quantitative analysis of fine carbides in continuously annealed steel sheets is estab—
lished.

(3) Considering not only the contribution of fine carbides on shortening of mean free path for the pre-
cipitation of C in solution during over-aging but the improvement of post—uniform ductility due to the
reduction of grain boundary carbides, the existence of moderate amount of fine carbides in ferrite matrix
with the mean diameter of carbides ranging from 0.5 ym to 1.0 gm is most desirable for the mechanical

properties of continuously annealed steel sheets.
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Fig. 1. Steel chemistry and heat treatment
sequence.
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Fig. 2. Change of carbon in solution during heat
treatment from TREAT. (I) to TREAT. (III)
arranged by intermediate quenching temperature
in TREAT. (I).
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A~E : Optical microstructures after TREAT. (I).
a~e : Blank replica images after TREAT. (II).

Morphological change of carbide precipirates in TREAT. (I) and TREAT. (II).

Photo. 1.

WERY Fig. 2 &, #80E (1) TONREL2 VRS D
PR E, B (1) CONMABM 4 v & 1+ O
HiRONER /%, Photo. 1-(A~E) & (a~
e) Rrhrthmri.

Fig. 2 X v, #8038 (1) CHRMEEN D
B, 7 =54 r FOBMAERBCE (Qrix

EEAKS LR
) 13 70

10-4 Ligsh., oh¥y (1) XY R I-oTERYCHBET
% &13% 120 ppm Lg%,
EBCE (Wwt%)=0.0044x Tpx Qndx cooveoeer (1)

Tp(A % —7 ©— 7 RE) ~393K
LT, CogfE (0.019 wty) 2 LHMi LT,
ClE&BEBIRREE L InoTuhins. 2 hid, KRB 2
v A oG, NACHFLET S0, BALRZER CK
LB LicCle L, W R TR CalvEE
LTwacdsEL bhsd. L, Photo. 1-Ank
mb, 37 i bk 700°C EEGE T R R TIR I3IE 7
=71 PEERBCTHS LHMiTE S,
DEFCBNERECO Quix & I 7 v ABRTILILUT
DXB TS,
EALE (1) Tik Qrk £ 10x10-4~70x 10-4 DEE
TEETS. 7@k, PREEET10s fEFLE
&, BEETCHESOTE 2 V&1 bR EAFIRC
¥+ % X 5127 (Photo. 1-A, B, C), 3min {£f#
LiBa, SRAUCNRECZ s 2kt v 4L
O, ERMTIE7 = 51 PRACHEM w2 v &

1 FOFH»EDBRB X 5cics (Photo. 1-D, E).

BULE (DB Qmax 1, BALE (I) T Qrk =60
X104 DBE, Qmix <3x10-¢ ¥ TR T 5, Bl
FH(I)T Quix <60x10-4 L 7coi-354, %08
FBREDOBATLEDT, 5x10-4<Q nke <15x 104 &
BATLIEWCRERBCORNE /5. BUE () T
i3 %24 v% 1 b ORI, Photo. 1-(a~e) XD
BE (1) T Quix A 50x10-4 P EDFH/IET = 5
1 PRACEMTE L, ZhDToBaEesh R
TS 5.

BULE (D) T, REERBT Qrix <3x10-4 ¢
BEHECHEATS. 1, BOE )Tk 7 w8
DELIXERD BRI Dle.

3.2 #NERELHBEXXL 21DV AIRH

BULE (1) R\ CTEESIRE ) DEEKA B L0954
LRkt E, BRIEED 500°C & 300°C ¢ 10s %5 &
O 3min REHRKE LRk oWC, th Fh B
() % CAUEZITORREET, Sflcr v 14 094
Aoyt ME LckR % Fig. 3 R

700°C K&HCI3, FHER d) 2% 0.40 pm D%
Mex vz bAWTHT 2. ShicxL 700°C Zegit
TiL, d<0.5 pm OFEOKNTFOENEZELIBIL, B
HBERBCTRHACHHE L EELbhD d>2.0 pm DR
FORMHBRDOND.

PREHRE T 10s B LCHE, 500°C T, 4>1.0

— 100 —



L 9% 19 B0 K B 4 JE S O BEOHR R AL A AT MU B & JE B

399

T T T Y Y T T T

T T T T T T T T

E »2.90 Wo y
S 290~260 TREAT(I] —— 700°C WQ [ TREAT.(| —~500°CxI0sec | F-="1  TREAT (D] ——300°CxiOsecWQ | 7
W 260~2.30 ——--700°C AC T -—--500%Cx 3min ][ r ----300°Cx3min WQ |
@ 230.200 -
g 200~1.70 1
W 1.70~1.40 3 -
i 1.490~1.10 T 2 S Ve N 1.36 1
S 1.10~080) -} ---- O —— , l
.E‘_, 0.80~050 i 1
W 050~0.20 ___ i —] 045 1
= - - ]
2 o200 || L ! . : L 1 L L
o 20 a0 40 60
v (%) VE (%) VE (%)
Fig. 3. Change of size distribution of fine carbides after TREAT. (II1) due to the conditions
of TREAT. (I).
pm ORIFOREE e LC d=0.66 ym L 7. Th o
XL 300°C iz, d=0.45 pm i't“:\fzj%*l:f‘ EHVN X .E ., _o”
= O
SIeBM, THIL, 7 =T A PRI D BT - 0% —°
(2]
PEINT B 7D THB. r 34 ‘
07 Q
REREET Smin REFLIHE, 500°C k 300°C ly a0 veocom™_ worr
- . JPtae e PEPO
Tit, WFhd d=1.35 pm ¥ CEHRTEIAE LR e 00ppmC Q' x 10
5. LdL, A4 XHmCBE LT, By d=2.30~ 50; 4,
2.00 gm & 1.10~0.80 ym & 25D € — 7 & HTHD o, ©.e AFTER TREAT(I)

N 2 4 .a AFTER TREAT)
CHRL, $%EL d=1.40~1.10pmz v — 7% ET 5. ] 5% N0 o, AFTER TREAT®)
Ziut, 500°C gFTi, BRPCBFCHET27 4 ) Afier E.T STEPHENSON
AatRE A VA AL E, EEHAERC T s %O
2V a4 RO E—2%, 300°CRETE, 300°C ot
B R LR LcHfll e 2 v 21 rDOE—7 w
HRTHDOTHS.

. 30}a
3.3 BER C HICHESHESMTDOEL 3 S,

BUYLEE (1) 5 (M) TOERE C Tt > 5IRMEE K e —
(TS), —HBHOt (U-El) 35 X 008 (T-El) oZefbs = T

. . - ~0.08% °
Fig. 4 &Rt 20 ’699!!!0 oot -

MR L O D ER CREENE, AEMCIETHT S ° 20 0 e 80

Carbon in solution (@' 10%)

wA A DEEYS ALK RET EOBILTH B,

HAE (M) CEBCRIBIZLEF B IS REBCOME
BlLE (22 vzArofiHEBoECER) » HHE
LT, B (1) st s HEEE, EEBECED

Fig. 4. Effect of carbon in solution on tensile
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Table 1. Comparison between the results of the effect of C in solution on tensile properties

studied by STEPHENsON and present work.

Uniform-El Total-E!

TS

Stephenson
(C:0.05 wt%)

—4.6%/100 ppm C
=~ —0.08%/unit (Q'x10%)

—8.5%/100 p
~—0. 15%/umt (Q XIO‘)

+9 800 psi/100 ppm C
=~ +0. 17 kgf/mm2/unit (Q~'x10%)

Present work
(C: 0.02 wt%)

=~ —0.09% /unit (Q-1%10%) = —0.3%/unit (Q1x10%) z

0. 06 kgf/mm2/unit (Q7'x10*) (Qmax<30x10™*)
0. 18 kgf/mm3/unit (Q*x104) (Qmdx>30x107)
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Fig. 5. Change of n-value due to precipitation
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Fig. 6. Change of m-value due to reduction of
carbon in solution during heat treatment from
TREAT. (I) to TREAT. (III).
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Photo. 2. Transmission electron micrographs showing the microstructural changes
during deformation due to the morphological difference of carbide precipitates.
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Fig. 8. Fundamental effect of mean diameter of
fine carbides on m-value of continuously annealed
steel sheets.
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Photo. 3. Scanning electron micrographs showing
the microstructural changes in the visinity of
fractured portion due to the difference of precipi-
tating site of carbides.
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AR LT, 7234 exva 4 RED
LN EE LR RE Y RT3 7 v AR RESR
T3, Fig. 8 /R L7z (A) & (B) oRkhc-o
W, GRS OB MTERE B D WiTE A A EEEIZL L
7of5$% Photo. 3 13, (A) oMLY, BRI L
CEDILEhRBD bRV DIXFL, (B) of#kc
3, BMRDwA VAL Y7 254 F LDORECERD
Ehr@EBobbhb. 2%y, 7254 bPRFE~D 2 vV
A POMHIL, 7 =2F M b/ ex x4 REOX B
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JH 9% 5% S K R 4 K SR AR 0 SR R AL A AT U T B & RE 403

CXb=A427m25 ., s0RERREIRLLICID
T, FfBORSLIREZ ERRLTVS.

DIERU e, HbeBests M 3o\~ TREMITREE 2> &
DAL - BRZHMEBRE T TS v 2 v A4+ O
B L IENE & DBR B, B DR OT AbEh: 0 [k
HBHNIET A FEKEANDOLEBEY BN ELTY =
74 PRNCEME 2 v a1 F R ERs Lk,
HE )RR MC R EcERTHD. Lal, d<0.5
pm ¥R s L, YP o bR, U-El X\ nfl
DIETHEE LI 5.

=7, 7=514 PRACEME A V24 PR EAL
B LisWi54, Btk (KRB ToBE (1))
PEECENHMTS. ZoBAE, HACHTHT 5%
MlexrvagricBRTS HEED RFIX BEINS
25, B CEMNC X3 MBS b O F i3
A VEAPCIOTREBHOIMETTS. Lich>
T, Fig. 7 i ;RLIc e A V2 A4 P OFH A b &
P HHELT, d<1.0pm THBEOMFE L.

Pl Eogin b, s et 28w v 21
X, FOEHEREN 0.5 pm<d<1.0 pm OFEHETH S
&, MEBEOBEN S VAORTHELVWES L
B. TRt BRFH w2 v x4 ERABHEITH € 2
VEAYRIETOIREBTCHS.

4. &

BT REMENE S M OB E L Ok XiET, S
BHCLexva At ONHEBREBOThThOFECD
W, SEELTER LEEER, UTerRTARELMT
foote.

(1) ESepEpisEREmiko —#kmo (U-El), £
fpor (T-ED), BIEME (TS) X, DTFrRTHMbEE
CaE Q") KEHERT.

4(U-El) = —0.09%- 4 (Q-1x 10%)
A(T-El)~—0.3%-4(Q-1x 10%)
ATS= +10Q.06 kgf/mmz2- 4 (Q -1 104)
(at Qmix <30 10-9)
ATS=+0.18 kgf/mm2. 4 (Q-1x 104)
(at Qmix >30x 10-4)

(2) HEFEFEMBRc@MPcHilTs 1pemil #o
Bz 2 V24 OV A RAGHEERE L. ThicXb
&, BEMRENDORS - BRNSHAEARCTHE T2 ¢
2V EA ML, RGAMEERE> OIS 258, %

il

OPHERE (d) 130.4~0.7pm THB. Thicx LK
PR CTRR~D L2 Va4 MiHERS &, 413 1.4
pm BEC S,

(3) 7 =54 PR 2 VYL FRRET
LR EDOTAdAINZL B L, BRO—BFHO R IV
n fEBMETFT 5. 2k d<0.5 pm DOFERTIX, B
BEORINE L b, OFARE10% L EkiT? n{E
DEABIETAED GRS, &0, 0.4 pmId<].4
pm OFFEO w2 Vx4 PHHRETCRIEZEAEELL
VAR

(4) 7 =54 VPRI ET B2 V&4 FHTHIL,
7254/ eA a4 REO XIS w1 7.
25, 7OFERCIY, WRORRBPOLSHEIRS.

(5) BFEEFEMBREASERKRCI\NT, 7=71 Ml
Nl 2 v 24 v b ABRERBIRSZ &, #
BOREWIA T VADBRTHEE L. ZOHE, B
v AV EA L DOEEP A4 XH, 0.5 pm<d<1.0 pm
ThHEEXERICHENIEORS.
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