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Effect of Cold Rolling on the {110} <001) Secondary
Recrystallization in 3% Silicon Steel
Toshiya WADA, Katsuro KUROKI and Kenzo Iwavama
Synopsis :

Cold rolling is a primary process for producing the texture of {110}<001) in 39, silicon steel. Two types

of experiments are made to evaluate the role of cold reduction.

One is the change of rolling direction between

cold rolling and hot rolling. Heavy cold reduction of 879, resulted in highly prefered orientation of the
{110}<001) secondary recrystallized texture regardless of the cold rolling direction, whereas lower cold
reduction of 70%, led to deviation of {001} axis to the hot rolling direction.

The second experiment is cold rolling with grooved roll during the early stage of cold rolling. Cold

reduction with grooved roll led to the occurrence of

smaller secondary grains with {210}¢001% and {310}

{001 orientations among the large {110} (001) grains resulting in smaller average grain size as compared

to the ordinary case.
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Table 1. Chemical composition of the experi-
mental material.

(weight %)
C Si Mn S Al N Fe
0.053 293 0. 080 0.026 0.030 0.0070 balance

BEF 59 4£3 A7 B+ (Received Mar. 7, 1984)

*OBTH AR (BR) NIBREPT I8 (Yahata Works, Nippon Steel Corp., 1-1-1 Edamitsu Yahatahi-

gashi-ku Kitakyushu 805)

** FRAMS ) BZHWHER (R & D Laboratories-][, Nippon Steel Corp.)
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Table 2. Experimental procedure.

Hot band— Annealing——Pickling——Cold rolling——Primary recrystallization——MgO coating——>Secondary recrystallization

(2.3 mm) (1120°C)

(70%, 87%)

(850°C, 5min in wet Hj)

(1200°C, 20h in dry Hy)

Specimen

Hot rolling directian

Fig. 1. Schematic diagram of specimens cut
from hot rolled sheet.
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Fig. 2. Magnetic induction of specimens after
secondary recrystallization.
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Fig. 3. Macro-structures and {200} pole figure
of secondary recrystallized grains of the 90°-
specimen cold rolled 87% and annealed at 1200°C.
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Fig. 4. Micro-structure and {200} pole figure of
the 0°-specimen after hot coil annealing.
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Fig. 5. {200} pole figures of the specimens after cold rolling and after primary recrystallization

annealing.
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Fig. 6. Relative planar orientation density of
surface layers of the specimens after 879 cold
rolling and primary recrystallization annealing.
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(a) After cold rolling to 0.225 mm.
(b) After cold rolling and primary recrystallization.

Fig. 7. {200} pole figure of 90°-specimen after
cold rolling to 0.225 mm (90.2% reduction) and
after primary recrystallization.
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Fig. 8. {200} pole figures of the 70°-specimen
after cold rolling of 709, and after primary
recrystallization.

tivity &\ S RBDR KBS RORBEY BV ERB ©&
HEFERLTONE., =k oh K CEET SO
X, —RERBROE, ol L) bECERRL, ¥
KEHBRL W= 1), 7 22RO TEENCRE
T35, ZOb—RkNOFCRERMZEYFEoOZ LItk
5. ZORIKR=F2NX - X BEKEH, 4F/V=y
(1/d=1/D) X 2oTREL, —EDOKREITELIK
HiEROK LS., 22T r BRA=21¥—, V X
BEIE, d Z—KEONE, D X ZKN~RETS
— AR DRI TH S

Decker » Harker1) 3 {110}<001) %<& Zhic
WAL b D& FdE 40% BIEL, XBr X sHlE
ITONRHER, {110}<001) Hirokin hoFhrod & o
CHE L TEREZZTROTL, LA o TR LT
ROCEAR L, BN 1 A2EBTLERELTY
%. MWk (110) [001] BEiEREREST5 L R0
X 5w {111}<112) DRIEREITALA~[FD D> TREROE
HEYEUSH, ToOREIBERNTE—KkEESDT
7, BWELEBWESRHD, BUOESE 70%
OWEES (110)[001] HFrkffoTwbH o &, Fiho

— 279 —



2070 % r M

# 70 4 (1984) 152

Cold roll reduction
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$ ‘:;rrrn / pitch 3mm
_l—'\_I:L—u—\:"‘. width tmm
- = depth 05mm
Tmm 0.5mm

(a) parallel groove roll. (b) 45 degree groove roll.
Fig. 10. Rolls with grooves used in the experiment II.

DI DEBEHINREKRE T Ex BT Soic L, BEEA
EAEIT S B A A {110}001> TH5H. ZhboBre
BERBEOTENTHEBRE O DA LIEMBERLS &
Tz, BAHOKRE {110} <001) 2ELH BER
THZEERTFRLIELDES L XS,

—~ KT SRR & kRS AR D T ABE R S EE
EHFTH55. DUNN LItz e oW TENRD 2R Y
BHE3 ST LCuwisys. SHINOZAKI BH1%), ¥z
Darra it {110} {001y —RFF#E il % A4 Tr— Wk FR bl
#ric, (1JA12) A BRBETHHZ &L, TOHEREL
LT {110}¢001> & {111}(112) oIz ok
H (coincidence boondary) 2355 Z & HIF T\ 5,

ZURERROHBEOBEGL LT, 1 veEX—DFE
EERLRITVH Y. DUNN ORIz DA v
Ex —0iWEERTThh W5, ZOBARIKE
B RELCBERISVERE R b o— R MRS
HBWELE LD ThD. SREHOBZTITZDLS
ez EwiRz DB\,

May } TurNBULL® |} MnS #&4F3% 3% T
Ew BT BFgeafTy, {110}<001) kRS AOR
i MnS WERTHBZ L wmR L. TO#EE LT
11, Fo— KIS REATEE Y L ORI R R
L, {110}€001) Hfrxd ol OREY B 50 L3
B LTS, o {110}<001> LRk O L%

H.D)

Fig. 9. {200} pole figures of the 70°-
specimen after the secondary recrystalli-
zation.
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Shematic diagram
of secondary
grains. Number
in the grains
correspond to
those in pole
figures.

b
(& Bg:1925T

4_HI -
3o sigld! 1y
nB + B
12

gl

(a) Cold rolled with ordinary roll.
(b) Cold rolled with parallel groove roll.
(c) Cold rolled with 45° groove roll.

Fig. 11. {200} pole figures of secondary recrys-
tallized grains for three kinds of rolling conditions.
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Fig. 12. Influence of cold reduction with groove
roll on relative planer orientation intensity after
primary recrystallization.
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