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Recrystallization Textures of Low Carbon Rimmed Sheel Steets

Synopsis:

Hideo ABE and Kineo TAKAGIK

It has been shown by many research workers that a good drawability or a high strain ratio value can be

attained in properly processed aluminum killed steel sheets and the higher density of near {111}{112)or {111}
{110y component in the recrystallization textures is responsible for the higher strain ratio values of the
sheets. The authors have recently obtained high densities of the near {111} (112} and {111} {110} com-
ponents in the recrystallization texture of a rimmed steel sheet.

The massive transformation structure was obtained in the hot-strip of a rimmed steel(C=0'06 wt%) by
quenching from 920°C. After ageing at 200°~250°C for 3 hr, the strip was cold-rolled 70% and finally
annealed at 700°C: or 800°C: in wet hydrogen or argon atmosphere. The (200) pole figure of the finally
annealed sheet showed strong intensity maxima around the poles corresponding to the near {111} (112} or
{554} (225> and {111} {110} orientations. The pole density of {222} parallel to the sheet plane divided by

that of a random specimen was 6'7~7-1.

The results are discussed in relation to the inhibition of the recrystallization process by finely dispersed

Fe,C particles.

(Received May 31, 1969)
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Table 1. Chemical composition of the hot-strips

(in wt 9).
Hot-strip .j. C Si Mn P I S
R-1 0-04| 001 0-34 | 0-010| 0-013
R-2 0-06 tr. 0-29 | 0-011 | 0-021

% Table 1 1Z55%F.

EHEERSEY R-1 13 2 3mmr, R-2 3 287 mm
T&H 5. AARMTOEELFCFETICES 100 mm,
& 33mm DOAEXCHEMLA. 04 R-1 1kOHT
RTHEE (D FXC Q) wHv, 8% R-2 28 (3)
R,
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920°C T lhr FEGEAT7n Dz, Wi 720°~980°C D £
BEECTFINEAL Thsh lhr %L 724 0°C ozkiic
BEANL 7=

FEE (2) BER L DEE

ERROLH T oVT 400°C ¢ 3hr OEREL % {7/%
7.
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SHTHET) 920°C ¢ lhr OB Fe o753 (G0
FATRT) oV T RROGMELE, Sipsia T
L7z,
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Quenching temperature of the hot-strip  (°C)

X : Final annealing in wet Hy at B00°C for 20hr.

QO : Final annealing in wet H2 at 700°C for 20hr.

@ : Final annealing in dry argon at 700°C for | hr.

H : Processed from the original hot-strip.

A : Processed from the hot-stip annealed at 920°C for | hr.

Fig. 1. Harmonic coefficients as and a4 of the low-
carbon rimmed steel sheets cold-rolled 70
% and annealed at 700°C or 800°C
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- Quenching temperature of the hot-strip (°C)
Solid line : Quenched from each temperature.

Broken line : Quenched and tempered at 400°C for 3 hr.
The symbols X, O, @, H and A are the.same as in Fig. 1.

Fig. 2. Effects of quenching and tempering prior
to cold-rolling on pole densities of (222),
(200) and (110) parallel to the sheet
plane in the finally annealed sheets.
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Tempering temperature for the hot-strip (x100°C)

H : Processed from the original hot-strip.
A : Processed from the hot-strip annealed at 920°C for 1 hr..
W : Processed from the hot-strip quenched from 920°C.

Fig. 3. The hardness of the steel before and after
cold-rolling,
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Tempering temperature for the hot strip (X 100°C)
The symbols H, A and W are the same as in Fig. 3.
-=0O=-- As cold-rolled 70%
—@— After final annealing at 700°C
Fig. 4. Effect of heat-treatments of the hot-strip
on the harmonic coefficients of the sheets
cold-rolled 7025 and finally annealed at
700°C for 3 hr.
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Tenpering temperaiure for the hot-strip (xI00°C)

The symbols H#, A and W are the same as in Fig. 3.

Fig. 5. Pole densities of (222), (200) and (110)
parallel to the sheet plane in 702, cold-
rolled sheets.
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Tempering temperature for the hot-strip (x100°C)

The symbols H, 4 and W are the same as in Fig. 3.

Fig. 6. Pole densities of (222), (200) and
(110) parallel to the sheet plane in
the sheets cold-rolled 709, and fi-
nally annealed at 700°C for 3 hr.
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i b R FEE AW F{TiR [110] shic B
L CIEEOR EITREEL T {112}K110) HAiicE
HHEOERE, {111} 2RE TR AR 258
CAHLIS. ZHRIEROKKRFEY & FERATEE
ERCH BN HRENLEETH 5.

Fig. 8 /I ZhEIERHF % 920°C » HEEANLTC
BWEEE L2 F T, 2R EE DT
PLADTWHEPEMFLRALTH 5.

Fig. 9 IBEIEEEF % 920°C » o AN
200°C T 3hr IR L THALBREEL -4 %
ML, I ERESEIC B THL, <K
(1113112 & {112)<110) BRrpksfhiTic $E8)
E— 258D bN5S. LLED X5 CERIELE ke

R.D.

o (oot) [11Q] a: (TN [010] and (1) [10]
x: (T12) 1G] end (1T2)010] & : (1) [112] and (1T} [112]

Fig. 7. (200) pole figure of the 709, cold-rolled sheet
processed - from the hot-strip annealed at 920°C
for 1 hr.

R.D.

The symbols ©,%,4,and 4 are the some os in Fig. 7.

Fig. 8. (200) pole figure of the 709% cold-rolled sheet
processed from the hot-strip quenched from 920°C.
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Fig.

The symbols ©,%,4,and4 aore the same as in Fig. 7.
Fig. 9. (200) pole figure of the 70% cold-rolled sheet
processed from the hot-strip quenched from
920°C and tempered at 200°C for 3 hr.
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: (011) ol
AT i end GT1YDI10]

: near {111} <112> or {554} <225>: The orientations derived
from (112} <I110> orientations contained in the deformation
fexture by rotations of ~35° about the <I{0> axes.

10. (200) pole figure of the finally annealed sheet pro-
cessed from the hot-strip annealed at 920°C for 1 hr.
The final annealing was at 700°C for 3 hr in argon.
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i (Fig. 5) T (222) ROy OMEDIZAIE

(200), (110) PP REETHOIEERE—
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<112) F 721X {554}¢225) DEEfsE — # 78 Fig.
Il X% vwoXxd il 2T 5 E IR
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v ZhEXBRAAEORIE (Fig. 6) T
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SPZ L XL —FHLTVW5.
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The symbols 0.,90,4,and ® are the same as in Fig. 10
Fig. 11. (200) pole figure of the finally annealed
sheet processed from the hot-strip quenched
from 920°C. The final annealing was at
700°C for 3 hr in argon.

The symbols 0,0,a, and ® are same os in Fig. 10.

Fig. 12. (200) pole figure of the finally annealed sheet
processed from the hot-strip quenched from 920°C
and tempered at 200°C for 3 hr. The final an- -
nealing was at 700°C for 3 hr in argon.

— 119 —

BELALRUBRE2FRT. SEEMIROE
DIEE DT HICEEF NN TS (ko
Photo. 2. d £M7).

3-3-6  BHMSEMIEE O R

EAREFEIRAE (Photo. 1. 2) TWE L LT
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»of=. (Photo. 2. b). 400°C < BWHBIE
WEN7Zs FeaC i ¥y FH3hEs8 2B (Photo.
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W —ERICED >V FeeC AT HHRLF 5B L TWw 5
% @ FesC RO 4B0ikigl3 Photo. 1. (o),
(@) XD LIPS EL TVB.
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SITRT &5 BN ST, BREAARICS
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PITE O THEBREGHBSIRES EEZD T
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AR V% X AR ERIC 1T % Sk g B
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Table 2 Grain size (JIS No).
Heat treatments of the hot-strip
Specimen 3 Tempering temperature (°C)
As hot rolled Annealed | Quenched |
at 920°C | from 920°C 100 | 150 | 200 | 250 | 300 | 350 | 400 | 500 | 600
Hot-strip 9-7 9-2 — —_ -] -] = - —| — | —[10'3
Finally annealed sheet 10-2 9-5 10-1 10.3 10.0; 10-3| 10-1f 10-4| 99 9-8/ 9:9] 9°8

(a) Hot-strip.
(c) Finally annealed sheet processed from (a).

Photo. 1.

BHELAERICE TS Table 3R (1D, 2@, 3) @
FREGROBEEDORES Table ¢ XS E L DB
LBTESL.

FARS R AE §B 4 O LRkVE, H, AyZ Photo. 1. (a), (b)iz
TIRUTH, EalOREX LT 2 24 bk
QI ETNLEFERUTHS. W, TofHEiPhoto.2.
@), (b) WRLALXS T, Wi L massive 75 {fflic 4y
REBERL TV 5.
QLWERHETHLE, QTIET =54 hEEHERRA
DRFEROBAFEEK L LT HDIHLT, WT

PSRN R A e /e N A A . E

B i . - S

(b) Hot-strip annealed at 920°C for | hr,
(d) Finally annealed sheet processed from (b).

Microstructures of the hot-strips and the finally annealed sheets. (x400)

BFEAETRCORFEOEMEIEK & L2 Tk b 47
A A4 PBREFEELLV.

Table 4 DF & DI INIE, Y & FEIKE VT (2 &
(3) gL {111} RS EZED L DT,
DRFZEFELY 7 = 74 FPEEEIFR X 0 @S icEH
HREL, ¥4 —253+14 MELTERTD FesC %
HHREL, ThaBEANn CathatamEEke L, 5
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(a) Hot-strip quenched from 920°C, showing massive transformed structure.
(b) Hot-strip quenched from 920°C and tempered at 200°C.

(c) Hot-strip quenched from 920°C and tempered at 400°C.

(d) Finally annealed sheet processed from (b).

Photo. 2. Microstructure of the hot-strips and the finally annealed sheets. (x400)

Table 3. Relations between deformation and annealing textures.

Orientations in the . . . . Orientations in the o
deformation texture Orientation relationships annealing texture Classification
Rotation of 35° about {110) axes (011) [100] ()
{111}<112) '
Rotation of 30° about (111> axes
(1113¢110) Machanism of the strain-induced grain (1113<110> (2)
- boundary migration
. o 111}<112
(112)¢110Y Rotation of 35° about (1105 axes near %554§§225§ (3)

N50T, 5EBRFTH5LENDS.)

Wik (3) BELELTVWEDIC Q OBE T i
Goss RO ELELTVWS. FOoOFEFEELTE, Q i
715°C P LEBANT-OT, REEOMBEGBER T2k
AT % FesC WFokEos BEmBEMETER
BT 50, WIRFERIETHHRIN e 2 v 24 e b 5
3 920°C S OEANTHREES Licid, St

OFREEFRIBEME TH 5% { O FesC #pF2357E
THILERIBDEEZLNS.

Tibb AMED BHRIZ, 703 0 FEC B F5
AIN ERIC XS HghiR%E FesC hizg b7,
EERETIE HIT €4 044 b ELTHEET B RTD
Fe;C % Ay UL EWCMBEL CH—2FF4 MELT
GRARIEL T) »HEEAN, BEL %242 TAR®NN
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Table 4. Preferred orientation relationships taken in the final annealing process.

Specimens Preferred orientation relationships
H Relation (1) was preferred moderately )
A Relation (1) was preferred moderately and (2) and (3) were inhibited
Q Relation (1) was preferred strongly
w Relation (3) was preferred remarkably
T Relations (2) and (3) were preferred remarkably and (1) was inhibited
H : Processed from the hot strip. A: Processed from the hot strip annealed at 920°C.
Q : Processed from the hot strip quenched from 715°C.
W : Processed from the hot strip quenched from 920°C. .
T : Processed from the hot strip quenched from 920°C and tempered at 200°C.

A HAPERDBRNEED FesC ML HBRF &
LTHHEEhEL WL e TH5B.

ZOBEFE FesC M F2 AIN LEUC LS AshEe b
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{654} ¢225) & (111}<110) @ 2 iy eBEREZES
LDTHAHS. '

FOREBBIC 2WVWTIE, 7 XU REC BT
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{RRE Y & REAO BRI ERESR N 12 458 O BYLEE % 1775
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EL, ROBRE2GR.

() HANEBECX LS

B IE S & M R L T, BAREESESD
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TELEYD B O & RIFRIC As #80L LORE» S OBEAN
AR T (222) RSy A3 3N L, (011) (1001 53 A3 I Ad 5.

2 MmMELIEXBEH

WTNOBEANBE DR ITO2WT D, ERLETK
5T LT EDT, (222) porH#ghnL, (110) BsmH3iE
T 5.

(3) HBRUBEORH

EAEER T % As LA LOBREH S BEAN T mas-
sive ZERBMARLZ 1571, 200°~500°C TOEERE L #177s
5 &, (222) gRsrosahn, (110), (200) pE4y Db
My B, & LI 200°0~250°C TOERLIC LT

(222) RS DEEINHEF Lo

@) EAWPEDHFRTINE, Vs FEERIZSVC
Rt (222) psra WEHNT 5ITiE, FHEEIER
PlEESED REZERT TS VA F HESHEERYZ
Az 520 FOIBES HEEAN =% 200~250°C THRE L,
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