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Effect of the Interaction between Carbon and Substitutional Elements on
the Deep Drawability and Texture of Cold-rolled Sheet Steels

Synopsis :

Koichi OsawaA and Kiwami KURIHARA

The effect of the interaction between carbon and substitutional elements such as chromium, silicon and
phosphorus on the deep drawability of cold-rolled steel sheets was studied.

Chromium drastically deteriorates the deep drawability with the coexistence of C. This effect is derived
from the interaction between C and Cr : this attractive interaction tends to form Cr-C dipole and weakens

the orientation selectivity of recrystallization nuclei by inhibiting the dislocation movement.

Cr is similar to that of Mn.

The effect of

Silicon and phosphorus keep similar effects on the deep drawability independent of the existence of C.
This reflects the absense of attractive interaction between C and Si or P.

Phosphorus improves the deep drawability in steels containing both C and Mn in the case of annealing by
slow heating. This fact is explained by the indirect effect of P that suppresses the interaction of C and

Mn.

Key words : deep drawability ; recrystallization texture ; cold-rolled steel sheet ; interaction between carbon
and substitutional elements ; cromium ; silicon ; phosphorus ; Cr-C dipole.
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Table 1. Chemical compositions of samples (wt%).
C Si Mn P Cr

Cr series 0.04 ir. 0.06 0.005 tr.~0.38
Si series 0.04 tr.~0.40 0.05 0.005 -
0.04 tr.~0.40 0.20 0.005 —
P series 0.04 tr. 0.04 0.002~0.080 —
S 0.04 ir. 0.20 0.002~0.080 —
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a: Pearlite b: Coa(se cementite
Photo. 1. Carbide morphologies of hot bands after
heat treatment.

#%, CERRILYWELEZ A 2DOFME E2ITo /.
¥, CEHN0.04% T, RALYTLEAMEKERSIY A1
Y LT ¥%— 5 A b A% Mean free path T 20 um F2J# (2
BB TN (5= 4 M) EEEBEIY
MY LTHAEL72E X % £ b A Mean free path
T 80um BEOEEHCH M LYY TV (KL X~
4 M) REBR L7, BiElCoWnTid, #idks 3 C¢H
WO RACESE SRS DT, 350°C X 1 h HEKF
LOMEEITY, BB CRIZEALOELS BE
D2WVTIE, F—AFFA e 7294 FOXFEEHD
780°C X 1 h HBAZF G OMBIC L >TH b, #
KEAY ¥4 PHOKREEE CEEH 4ppm THD
7z. Photo. 1 (2 L2 2 FEE O RALMIEREOH 2R T.
THhEBNZ, 700°C X 30 h i Hy, FHESMEICLY
CE# 0.002% UTE TS LAY 7L (0.002%C
) bYER L7, BiEBEO 7514 MRELI SiESR
Tzl — X5 ASTM HEHES T8 405H 8.5, P&
REZTY—ZHFELL 9 EITF—FETH DO DK
L, CrEBx%Tx7:3)—Xit Cr B2 %< 2513 M
WenoTHY, ASTMHEFKFST7»5H 8.5 £ &1L
LTw/. %3, BERIREICLD AIN BELICHTT

LTWwWaDT, $EBOEEHER~D AIN OF5 X
BBETEHLEZILND.

PEDHy 7nizontid, 75% OHMEER, &
ZhsEst (FiRER 100°C/h, 700°C X 1h ¥H#) &
EHNBBESE (700°C D VL b N ZUC 2 min BIE L CHEE
BRI ER, WOlAZEL, XS5IIAEETASHR
HestidFCEMZEL L, 700°C X 1h O¥#|EIT2/. 2O
BE OB AFEOREERE L 50°C/s THo/:) 21T
WV, AFUNAFERES rEEMELL. T, HER
BXOBEMB OB EINE 1/4 (B O XHRED K
HregpE (PE)Y 1 & ) SFME L 7.

¥7:, C & Cr OMEERA EERBED L ORRET
BT Lh I OLD CrBEYEL L) —AD—
HLOY > T RHIZONWT, 75% DEELER 300 » 5
500°C DFE4 DEEICREFEL 72V )V F2¥ 242 10 min 7
BT LR R T 072, DWW T, 250°C T 5h O@KER)
WL % 4TD 7=, 700°C OV NV F/XZIZ 2 min BIET 5

SORMIBUESE L TV EEICER G S . £ ORBESIN
O XBRESETRE LT Lz, 72, RSOy~

7wuom<uﬁﬁ%®ﬁﬁﬁ%%%$ﬁ&ﬁu;b%

~7-.



950 B & M # 75 4 (1989) % 6 &

3. £ B # B

3-1 C&CrDHEEENTE
O EF, SHEER O X BT ETEEE & Jl L 7298,
WIEESGHBIE CEBL ORIV ETRES
DTWALELDD, CrBICEAZILIRIFEA L DD,
D EIZ, BESLTR O X ES URTEE % Fig. 1 1R 7.
WHESAB OIS W, BREEESHEZ C
2, RItYWEEBLX T CrBlInELIRETS. %
3, 0.002%C #Tix {222} sREEHE <, 1200f, {110}
BREEARY, ZLC, CrE2ICEAE(LiEbTHTH S,
ThIH L, 0.04%C TRV TROREILTEEM &
b 0.002% C M2 ~T {222} WKL % D,
{2001, {110} sREAE L &%, £ LT, Cr BB &
b [222] MEOKT & 1200} MEDOERASELL
b, $hbb, C& CrH#RHETHEF {111 HHS
EEMBOFENE L SIS D, RImssEsid & &
INBABESEH & B &, 0.002% CH & /%—F 4 MF
T NEREE O 5 A% {222 SREEASE <, {2001,
{110} WML B 2555, HRKEA V94 MfTIEZD
WO 2 5.

Slow heating | 0 0.002% C Rapid heating
annealing 0 0.04%C (c:::-res:me annealing ‘
45 wv‘kc Pearlife
o
40t 00—0_\0
3.54— :D‘Q .
> ~
z ‘;\ i {222} -
< ~Os ~
s 3OPR R a N ~
£ a [ A\A A
[ = g B A
o 25+
S
o
2 1ot
. v
) LA -0
v PE
x 05
051 o o S
STk a— - =
o 0
O " Il 1 ! 1
[0} ol 02 03 040 ol 02 03 04
Cr % Cr %
Fig. 1. Effect of chromium on the recrystalliza-

tion texture of steels with various carbide mor-
phologies, cold-rolled by 75% , annealed at 700°C.
The heating rate for annealing is 100°C/h and
50°C/s for slow and rapid heating annealing, re-
spectively.

BEsitE 0 r HOZEIL % Fig 2 IR T. rEOEILE
Fig. 1 IZ/R Y HRREGHBREfLL oL TWwE, %
3, 0.002% C #® r AN B L O 2R mBuEsio
BELEBIL, CrBOBIICE bRV RE & A1
WZH DD, FOEEAS v, Shiz L, At x v
¥4 D rfEid Cr E2% tr. Tid 0.002% C #F & i121¥
FLCLARXVTHBA, CrEOHEME L HITHFL KT
T5. KTOEGVEEEMBBEMOF IS, 2o
728, 0.002%C # & xR ) IMBUEE OB A T E
REL2b, A= 74 MHMTE r EOMEAEL,
Cr BIlXBETHELVY, BETEAV KL~
FA MLV, F, OB INBGEEKT
TrizgeALhwv, ThSOEMEFET®R? To C &
Mn DHEROHHELFRLTHS.

DXIL,CEE Cr2nR L H5HENR, T4bH5,0.2%
Cr oKt x> %4 M, 0.2%Cr @ 0.002%C # B
Xt Cr DMKt 254 Mo T, &Nk
PESHiE DESHBRIT B LITTRISEM OB+ H /R
% Fig. 31IRY. tn Cr DMlKE A% 4 ML 0.2%
Cr ® 0.002%C#, ¥4bb, Cri/ziz CoVTh
PHRRDS T % 3 TN OB RFESL% O B4 Mk
AESEHIC LS TIRIET—ETHLDITHHL, C & Cr
OMEHIFT S 0.2%Cr DHKERX > 5 1 MOk
BRI RTBE SR C L D KESBET 5.

3-2 C & SiDEavDOTE
0.05%Mn B X 0.20%Mn $#i22oWC, HHEIFLERE

B L UBES R O X BT TR 2 Jl5E L7225, £ O
O O A Slow heating annealing
©® B A Rapid heating annealing
2.0 T T T T
1.8 B

1.6 - -e -
s . 0® 0.002% C
o o
> LIS o= 0.04%C Comentite
- 14 5 “a._ A4 0.04%C Pearlite]
i o\&@ \\\\
|2 N \\\ -
™, . -
\\\\\A\
1.0 1 |\‘I\‘L~___J
[0} [oN] 0.2 0.3 04 0.5
Cr %
Fig. 2. Effect of chromium on the 7-value of

steels with various carbide morphologies, cold-
rolled by 75% , annealed at 700°C. The heating
rate for annealing is 100°C/h and 50°C/s for slow
and rapid heating annealing, respectively.
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Fig. 3. Effect of preliminary heat treatment
(pre-heating) on the recrystallization texture of
steels with various chemistry, cold-rolled by 75%,
annealed at 700°C for 2 min after rapid heating at a
rate of 50°C/s. Pre-heating : heating at 300 to
550°C for 10 min followed by overaging at 250°C
for 5h.
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Fig. 4. Effect of silicon on the 7-value of steels
with various carbide morphologies, cold-rolled by
75% , annealed at 700°C. The heating rate for
annealing is 100°C/h and 50°C/s for slow and rapid
heating annealing, respectively.
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Fig. 5. Effect of phosphorus on the recrystalliza-
tion texture of steels with various carbide morpho-
logies, cold-rolled by 75%, annealed at 700°C after
slow heating at a rate of 100°C/h.
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Fig. 6. Effect of phosphorus on the recrystalliza-

tion texture of steels with various carbide mor-

phologies, cold-rolled by 75% , annealed at 700°C
after rapid heating at a rate of 50°C/s.
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Fig. 7. Effect of phosphorus on the rvalue of
steels with two different manganese levels, cold-
rolled by 75%, annealed at 700°C after slow heat-
ing at a rate of 100°C/h.
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Fig. 9. Effect of substitutionals, Mn, Cr, Si, and
P, on the rvalue of steels with different solute

carbon levels, cold-rolled by 75% , annealed at
700°C after slow heating at a rate of 100°C/h.
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Fig. 10. Schematic illustration of the change in
r-value with the content of substitutional elements.
Ky and Ky : the slope of the content of substitu-
tional elements vs. r-value curve for steels of so-
lute carbon free and with solute carbon, respec-
tively.
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