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Influence of Chemical Compositions on the Texture Formation
of Low Carbon Steel Sheets Hot Rolled in a-region
Takehide SENUMA, Hiroshi YADA and Ryou SHIMIZU
Synopsis :

From a viewpoint of deep drawability, the influence of chemical compositions on the texture formation of
steel sheets hot rolled below Ar; temperature (warm rolled) has been investigated using steels consisting of
various combinations of carbon and titanium contents.

The formation of texture was greatly influenced by carbon in solution. A steel sheet warm rolled in the
absence of carbon in solution revealed strong formation of near ND/< 111> orientations in the recrystal-
lization texture. On the other hand, ND//<111>> orientations hardly developed and near{113}<110> was
recognized as the main orientation of the recrystallization texture when carbon in solution were present.

Microscopic studies using transmission electron microscopy and selected area electron diffraction showed
that, in the presence of carbon in solution, {114} < 110>-{112} < 110> orientations were formed in the
vicinity of grain boundaries by some unique crystal rotation different from that occurring in the matrix.

The occurrence of the unique crystal rotation was explained by the variation of active slip systems
caused by work hardening due to the interaction between dislocations and the interstitial atoms.

Besides, the influence of grain size before warm rolling and recrystallization temperature on the texture
formation, both of which were affected by chemical compositions was also discussed.

Finally, proper chemical compositions for producing deep drawing steel sheets by warm rolling were sug-
gested.

Key words : texture ; recrystallization ; warm rolling ; hot rolling ; deep drawing steel sheet.

1. #

TRAE D) R O 855 12 B W CES BRI o EEM 1L
LLHILR TS, ZOELGHMBGIHIGER, HEL X
PENICHRLSBEBETRICBWTATb R T & 7288, Bl
MER 2 EREE T O RO EL S, ZOfl#%E Ar
ERALUTFTOBETHRETIT )MES#EO O TS,
ZHICHE, An BEREADTOBETIE TR SN SE
BHMBOMFE L IHERIATON A LI DT & VD,
C DG OIS LSRRI T EEREOFEE L
THLADPSITORTIEW AP0 i B8R o B
BWELEICEVW REIREI TIREAE AL R LD
7z,

I

ZFOHEO—o 3, BEEORIETIE T — ) &SRO
DEFLRB L, WROREIERE THAROT AL
LDEROEICEFE L 2 WEASHBIER S RD, —
BICHER ) B SBETE L dho 720 ThADH. L
ML, BEEEELZOEBICLVALTETLE O ¢
M AETAHMEEETETL LRI
RVID . Ay ZERESMLT OBSETIE TR S b 6
DRI I DV EE T DT E 7.

FEOWEHEHRTY, Ti WIABERER O o BBIER
OB RESHMEA ND/<111> 128 WER T > 2 &
EHOLMIZLA. LAL, KEE7LVI 3 FHTIE,
COX)BFBOEICTFE LWESHEBIEEL LW
EHFHMOHNTWBEINTIO BRmDORFFEIE DD o tBh4E

1988 ERSMT AN OWEE S BT HEIRAHIC T—45E WM 63 4F 7 A 18 B+ (Received July 18, 1988)
* T H AR (BR) HARIFE £ >~ & — 11§ (Sheet & Coil Research Lab., Nippon Steel Corp., 1-1-1 Edamitsu

Yahata-higashi-ku Kitakyushu 805)

*2 7 HARBLEE OBk ) S = HAFRFZERT (R & D Laboratories- I, Nippon Steel Corp.)

— 76 —



o SBJE U 72 AR R SR T SRR 0 S AR BT T T DR

783

MOGEROEICHEE C P RELEELSAHTLEWN
S L7275, FORKREBRET 2 ICLELRFMRES
OB+ TbhTnd L IRE AR,

2T, AT o BAEROEESHBIC RIT T
GOEBY, C& Ti OFMELZRbs ¢ EHY
THET L, ) FSIR O B 3 2 BIETAETORE
AHBRNEoTEERIC OV TEHRETS.

2. £ B FH &
2-1 A8
AEBRTI, o BIEROE GBI I R ’BE

C, TiC iy, B REEL CORELHS I
TH7015, CBIXUTI ORMEYZRbs Mz E
ZCRIRTHEL L 72, Table 1 I2ZDALFEK ST %2R Y.
STHBES KR T S 1273K Eic B HEE C
+NOBOL VI SIEE 2 7. EERREIEE
Wiz 20kg 4 > v F% 1523K & 1Th gk L7221,
1270K O FRET 12mm EORICFEEL, ikt
/=100 mm O~FFEITHEMMIT L

-
—

=10 mm, w = 50 mm,
THERLL 7.

2.2 RRBREH
FEROFEMR L ESIF T 1273K € 30min ML,
Z2¥% 1200K AT 10mm 25 5mm 21 /82T
50% DEEX TV A — 27+ A4 MR E L L 7.
Zo®k7ed L, 1023 K 12 7% D 72B T T a — v 2Bkl
AL 7-REECTHRE 1mm 3 T1 /82T 80% DFEE
FEE#iFo7z. HH L0 — L oEid 250 mm, [ElERE
3B 100 @ THo. EES L UEESESHED
PRI EER 2 s DIRICKE Lol B I UHEE

#3412 1023K 0T 30min Bisi L 2R KD, %
neERPYO L. 7., EMEOBREDES SDOH
ek LT, HEESKE LR 2RI E 2 Hv
T 10K/s THEL, 873K 75 1123K n#ipio i~
DOBEIGEL-BATKE L, HBBEE0FE, M
RABNARELEWVEEZBHEMRE L ER L.

2-3 EA4HBHLUOERSTELOBIE
EH4MBORE R (100) TS B L TEADRE
AN E RS, FhEEK L CRemEREER L 7.
5 8 L O BER 2 FRAT LRSI O 7 — & % Ruer 52
AIIBL, KELY FERLANZ FVETITY, £
DR Z R OEHEREGHBOERE LR T E O
kS BlEER R & Fig. 1 IORTRRETRLZ.
—5, SR O A EA R E - B EE O
HIRREE T BEIC L > TRD 72,

—w(¢=45)

O (@=45") —

(1) RDy<110> (2) TDjy<110> (3) RD/<100>

Fig. 1. Diagram of representative orientations of
ODF-data'®.

Table 1. Chemical compositions of steels used in the experiments (unite wt%).
Steel C Ti Si Mn P S Al N

A 0.0035 0.064 0.02 0.25 0.001 0.005 0.012 0.0023

B 0.042 0.290 0.02 0.25 0.001 0.005 0.019 0.0019

C 0.0023 0.035 0.02 0.25 0.001 0.004 0.011 0.0023

D 0.010 0.052 0.01 0.25 0.001 0.005 0.014 0.0023

E 0.0023 Trace 0.007 0.24 0.003 0.003 0.019 0.0013

F 0.010 Trace 0.006 0.24 0.004 0.004 0.021 0.0020

G 0.031 0.063 0.02 0.26 0.001 0.005 0.011 0.0019

H 0.020 Trace 0.007 0.24 0.003 0.003 0.019 0.0013

Table 2. Data describing material properties.
Steel Solute carbon at C as TiC at Solute carbon at C as TiC at Grain size before To(K) r-values calculated

1273 K (ppm) 1273 K (ppm) 1 023K (ppm) 1023 K (ppm) warm rolling (um) R from textures
A 8.5 26.5 0 35 42 1033 1.528
B 14 406 0 420 37 1073 1.409
C 17.9 5.1 0 23 170 1003 1.158
D 33.2 66.8 9 91 35 1073 1.230
E 23 0 23 0 82 943 0.948
F 100 0 100 0 38 923 0.936
G 190 120 186 124 21 1123 1.129
H 200 0 200 0 28 913 0.998

log 10 [Til[C]=—10500/ T+3.76
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Fig. 2. Rolling textures at the mid-plane of steel sheets hot-rolled at 1 023

K by a reduction of 80%.
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Fig. 3. Recrystallization textures at the mid-plane of steel sheets hot-roll-
ed at 1 023 K by a reduction of 80% and annealed at 1 023 K for 1 h.
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Fig. 5 12, Z OMFEOILER S & .08 O Bib s
AT RYT. CORIYHALLRLH I, C% Sppm

FCTFIFA I LICX Y, ND/<111> KGR0 4EFE 4554 <
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{114} ~ {112} <110>EHE O H LD ER R A DN BV,
727U, EEMONESKBEHRE»ro0, @ C
T A S N7 MALHEIC X 5 1100} <001> % & RD/
<100>FHREAHRK L 72,
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Chemical composition (wt.%)

c Si Mn P ] Al N
0.0005 0.009 0.29 0.012 0.014 0.042 0.0030

o1 A

15° 0%5° 30° 15° 0
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Fig. 5. Recrystallization texture at the mid-plane
of a decarbonized steel sheet hot rolled at 1 073 K
for 80% and annealed at 1 073 K for 10 min.
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o
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(8)Ti A\t Nb 2 EOFEMC LY, FEE C 247
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