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Effect of Hot Rolling in Ferrite Phase on r-value of Cold Rolled and
Annealed Extra Low Carbon Steel Sheet

Shunichi HASHIMOTO, Takahiro KASHIMA and Jing- hui ZHAO

Synopsis :

The effect of hot rolling in ferrite phase on r-value and recrystallization texture of cold rolled and

annealed extra low carbon steel has been studied.

In order to eliminate the inhomogenious texture

formation through thickness direction, the hot rolling with good lubrication condition was performed in

this experiment.

The rolling texture was formed for the steels hot rolled in non-recrystallization ferrite region. This
rolling texture brought the development of rolling texture after cold rolling and brought high r-value after
annealing. The cold reduction giving highest r-value was depended on the formation of rolling texture in

hot rolled steel sheet.

Even in the 70 or 80% of cold reduction, r-value of 2.3, which is as same as the highest value obtained
by 90% of cold reduction in the conventional production process, was obtained in Ti or Nb-added extra low
carbon steel by applying hot rolling in non-recrystallization ferrite region.

Key words : r-value ; texture ; hot rolling ; extra low cabon steel sheet ; ferrite phase.
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Table 1.

Chemical compositions (wt% ).

Steel C Si Mn P S Al Ti Nb

N 0.0045 0.02 0.21 0.015 0.006 0.041 — 0.06

T 0.0020 0.02 0.11 0.002 0.008 0.024 0.032 -

Fig. 1. Hot rolling condition in this experiment.
HRLUZBEKRE AL F 0 FHEICHNICIE N %2, 8T
WK Ti2C, NOBFEFYERDEICENLZ#TH B,
BLUEFEERIE Fig. 1 \OR$ &M CT11o 72, 201 X 60w
mm DOFEH % 1150°C (2L L 78T 10 mmt T 2 /%
ADNEEEFER L 7. 9] &HE 950 25 750°C DD
HREIRAE(C 3 min BRFF LA AL 17 5 72, KT
3 C OURFRME & BIERE (FET) & LTRBLL .
fEEBIE IR H S Lo — L EEIZERA L 70—
VEHHWV, 50% OIETHT1INADTFLEfro7. o
DR OITHLEE 1 20 m/s TH D, L EBIFEIE Smm T
HDHT. o DB & TR IR £ ML > 70,
80, 90, 93% ML, 750°C X 3h D HEH % FjE L
12.5 mmw ORI 12X 5 r HOBIW, BLUK
WAL T OMREFLE O 1100] BB LT v & L&
HEGURE & AT H U - S B 0 X AR5k It (i) ) % i)
L7, ZORFERROR T 1(222) 2L FKilL
2. BBIREFEMAS WO HOBEEE, REBEHOES
HHoTRDOT, PMr mE¥EE 20O 1/2
D15mm &L, nE4ETHILTHEDNELIZ
o fo. T WA OILERE O LTREE L T T 5 720,
Y TOME, Y Fig. 1 *RLU&LETML7 +—
RAZ =Ty Ialb—hL, FDO%k2°C/s THHEL
ZDBETOBELIIC X 0 BRERE % Ml L 72,

3. R B & R

3-1 BMEHOMERE, WX

Fig. 2 IIARFEERIZ BT HBMEREY T L TRT. I
L74—=<25—THIELZMN, TO Ar; IBEG#
NnE N 865, 880°C, Ar iRFEIE 820, 855°C T - 7.
TBEATOY Y SIZEERERHAL R L TWh, BUE

ORI AT, ETEEE I e~ ER A 30% KR L, W 5T
TORGHBENLZOON LD 7.

~1000}
S 950 FET (C)
T g00| 900 &30 860
= 840
e 820 800
& 800l
€ 750
2
700f Ars|Ar
N |865[820
T |880[855
WRAW

Recrystallized
Non recrystallized

Fig. 2. Hot rolling temperature range and fraction
of non-recrystallized region indicated by shade in
each hot rolling condition. Transformation tempera-
ture is shown in table.
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cold reduction on rvalue of steel N.
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Fig. 4. Effects of hot rolling temperature and
cold reduction on 7-value of steel T.
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N.

Steel T

FET=750°C FET=880°C

25

';
.
= _;:‘1::0
o
<
P
° //
T ~0% o,
o

[}
3
S 20¢ % {,’
L } i o M
| ! | {
| I | '/’l:
‘ / ‘|?I’, "
r .
45 kq ,oy
15} p!
‘I
|
‘\
|
i
W
10l $fes
~ 7080 9093 7080 90 93
CR(%)

Fig. 6. Effect of hot rolling temperature on rela-
tionship between r-value and cold reduction of steel
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Fig. 7. Effects of hot rolling temperature and
cold reduction on I(222) and I1(222)/I(200) of
cold rolled and annealed steels T.

KEA2EEEEERIToTWAI &M, BEFMIZB W
TOWEF [ OBESHBEIESFEF DI nI LItk
5.

Fig. 8 IS8T % FET 750°C THAME L 72355 DI IE-
Begtitk o {100} W% R$. WEEFEH 70, 80, 90%
EHINT B2 L 7245w Near {554} <225> i~ D #Ff%
AL, 1100} HE~NDEEIZET 5. GHEFEH
93% 127 B & {554} <225> #7173 RD-60°//<110> %
bbu@&t,%@E%Hu&<%%n%ﬁﬁa&n,
ZOHRMBIESHIHL R Vo l®S {1001 <011> 4
A~ DEFE L 70% Lﬁlhbﬁ< 0, Fig. 7 TR
L7=& 512 1(222)/1(200) 13 \/MEE 20 r fEOIET
zHioH LTWA,

3-4 BE, AE, BRUZA/EOL£4EETIE

FET 750°C & 880°C MEILHMM % FAT L L, 70% O
W, BESiEIT o2 L EOMWMT OKMABED 100} s
M % Fig. 9 i27”3. FET750°C THRIEE L 7 IKHET I,
BRWAERTAHAELIT - 72 & E 12135 N5 G HEEA R
CHEMOESHMAER LT A, 70% OBHEE M
HIlizkn NI2I<N0>FHhr EHMETHEEE
BHBOTEATFRS S, BEflifE Near {5541 <225>H
HaEAMETEONE. Z0L &0 7EIF 2.14 TH
5. Wol¥H FET 880°C THLEE L 723541213 {110}
<001 >/ % EHIL L § 5 BIEHRES BTG S R,



2198 #®o& o

%75 4 (1989) #F12%

CR: 70%

FET = 750°C
Fig. 8. Effect of cold reduction on {100} pole figures of cold rolled and annealed steels T.
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Fig. 9. Effect of hot rolling temperature on {100} pole figures of hot rolled steels, cold rolled steels
and annealed steels (Steel T, FET = 750°C, 880°C).

(a) Steel N Anneali (b) Steel T Annealing
2.6 2.6}
CR:80% _ °
224 -~ \O\o 224 . e o CRD0%
o 9 3 A o——0—¢
iWL2.2 . L 2.2 S~ o
«———® —0—“0‘—3 0 0\0_‘0__0__0_““
2.0} CRi90% o 2.0 cRBo% O
- Cold rollin:
- CR:90% ol 9 - CR:90% Cold rolling
N 10}, gz = ~8 N9 8
Y b S & ~—q_0—B—0—0_
= 9 crso% Ne-.8 S 8f lIe- 3-2-0-0e
8 o ~—"---- o 7t Cri8O% 6~~~--0
Hot rolling Hot rolling

(222)

> 0O N
O
o
(222)
oW o
LIS S

(a) Steel N (b) Steel T

S| | Hot reling %120. ' ot rolling Fig. 10. Effect of hot rolling
2120 o | ’ 2100f rox.afe e | 1 temperature on hardness and
B 100p nonrex.« | «+ |73 € 80t L I1(222) of hot rolled steels,
T 80r 820 865 £ 6op nenmrex.® 855 830 I1(222) of cold rolled steels
750 800 850 900 950 750 800 850 900 950 and r-value of annealed steels.

FET (°C) FET (C)

1100} WA XA 5, iRl (FET 800°C) Tix {554} <110 > MR 2B L, KR (FET 750°C) T
<225> 7 5 |112] <110 > 72 245 T @ RD-60°// 112} <110> % 5 {100} <011 > FHilc» i+ TD RD//



2200 % & W % 75 4E (1989) FE 125

N FET=750°C

FET=800°C

Fig. 11.

<10> M MBPSERL TVDL I ENLHHTE S,
Bennewirz!® (S HEE SR OIS B LIFTTHEERD
BB LA L, RS IEE TIE RD-60°// <110 > #iMEHLEL
DR SN, BEHOHENE & b2 (1121 <110> K
*EHM LT 5 RD//<10>HHEHABICBITTIAT L
R LT A, REBRFROREES, RiEEOHER
BenneEwiTz ORGIEE, B EROMHE L H UL T b
Nakamura & 19 Li*kl_fl‘&’(@ji#ﬁ-;fumh@iﬁﬁb[lbl RN
STE(LE & 1(222) O%GE & IIAHBBRS S S 2 & 2R
wa%#,mﬁmcuﬁﬁ%b%hhA%¢% Nb
MO T5 A HESIRE SR, FRESHEBRORED
I EiRE»SH 5N, FET800°C i N & FET
750°C O T i3 13 IFFS O BRIERESHEAHOND
EEMERLTVD, ZOMRRLBEMBORE S & LIS
SHMOMICEELA BB EERL TS,

4-2 AEESHBORY

Fig. 10 7R L=k )i, BIEREOLLICE b %D
BIEW O 1(222) OELEE L, 80% & 5\ id 90% &
WM 1(222) OELEEIZIZIZFRLECTH Y, GEES

Effect of hot rolling température on ]100!} pole figures of hot rolled steels N.

AL I BIEEAHBOBEL* RE(ZIT TS I DD
»%. Fig. 12 12 FET 750°C, 880°C Tij#& M EFEIZ &
b 7% ) WIEESHBE AR T, GEEOMIMCE L%
v I1(222), I(211), I(200) »s#EinL, I(110) A%
THIERECMONALHETHDHY, KFERIC
BULWTHHEROEMIZE bR WE LB LR ON
5. FDFRFEORE TN OBIEI T O EE SR
DIHE SIS L, o REMSSEEM O L2,
2N DT HFE—HERTHE L/ 8 &, GHEAME
DEENF L. & SICBRIESRN, BIUEEIC»»D
5FEEHMOTALERN AT FITTH A Z & i, IR
WTORFEESHBOREOEENG LA DOGEESGH
BOBHERELTVDBLDLEEZLNRL. LT
o R SBIEETOE TR LM S E X, 70% K
®$L$Téofb,7ﬁﬁﬂﬂmﬁﬁﬁﬁﬁﬂrﬁ
2ELILNUREL 1 5.
4-3 BREEGEBOMEB LV riE

Fig. 10 IZ/R L7: & 9 ICHER D 1(222) & o REHS
SREEM TRET A, Fhl UG 80%



KR BFERBO r BB IITT 7 2 95 4 MRS BT 2201

(a) Steel N 10L(b) Steel T
8 " rer=rs0c_® S _0"0
S| ./v/‘ 8 &
= = - FET=880°C
O FET=880°c__o nmo
8 o0 ~"0
- 'g 3.5} //’,/0
8 35¢ 3] 3.0p 8
8 3.0 = 25
~ 25 = 80
~ 3.0t =~ 2.5} ~ 0"
- ot g -0~
& 25 = 20
= 29 50.10F Ry
~ N
So.05} &:u\<;L° T 005 AN
Tz o} = o %
70 80 90 93 70 80 9093
CR (%) CR (%)

(a) Steel N (b) Steel T
Fig. 12. Effect of cold rolling reduction on pole
intensity of cold rolled steels.
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