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Abstract: As an important manufacturing process of oriented silicon steel, the normalizing process has a key effect on
magnetic properties of high magnetic induction oriented silicon steel. In the paper, the effects of holding time and cooling
rate for normalizing on microstructure and texture of high magnetic induction oriented silicon steel are studied with optical
microscope and X —ray diffractometer. The microstructure and texture of normalizing plate are similar to those of hot rolled
plate as well as microstructure is with nonuniformity in the direction of plate thickness. The main types of texture are Goss
texture {110} <001 >, copper type texture {112} <111 > and brass type texture {110} <112 >. With the extension of
holding time, grains recrystallize completely and texture types are changed significantly; with the increase of cooling rate,
there are not significant changes for microstructure and texture types as well as strength of Goss texture is increased.

Key words: oriented silicon steel; normalizing; microstructure; texture

W8 H 89 :2024 - 06 - 01
TEE B MBI (1992 - ), 2, WSEE IFAE ST W, TR0, BUM S e A T4



%54

A 2N e RO [ i A AL U S 4 5 25

AN S AR AR, B R ARGV BE , 2
T L R T K A T 2 AR OR A5 8 A
FAR B TTREREFEZOR A9 42 = BRI A A 5
ol FH AN s A B BRI b GB 20052—2024 ( H 75 7%
e BRI A B M BE A% 5 ) 1 1E KA, B4
IR RE A (H - B A 32 21 G . VF2
B RHBRIE i 45 B T A BEAN AT A A AR,
SRARAFLR G TERE RAF A R e . WAL T
A Sy T RO S e 0 A P T R T R LY
TEAMBHEAL, e FLBOI AR 2 v i Al i
SV R0 175 , A B i A PR T % v 0 e R 4 i 551
T S) RO SRR AE 1 HRTET
B o) ek 9 A T R IR S 32 AR e s il DR Bl
JE A E 7 A R0, 0 Hu 267 RS TR A IR B
S T L] oA Kt R B0 Ling 451 5 T

PHBCECH AL T 208 A0 B 2077 O il 700 A i 1Y
SN, Li 25 R e WA R BT Be Xk T2 B 3k
PR INIRBLRY Goss LUK, $2 1= WG TE RE , Z20% 1 PR
I ) S ¥ ) T O LU 1 50 o A SOR T4
FHR AR X SR AT S AT 5 A Ol g ) B 9% 20
5 3O vy i SR I 1) e 5 2 20 R 4R YA B 1) 5
M
N s B A~

AI i I Hi - B 49 Si 5550 3. 24% , AR
o R 1 iR . F 8 AREL y 2.3 mm JEEEH
A, W EL M EL 550 mm x 180 mm x 2. 3 mm #EL Mg K
MM B E T2 A, W T2l 1 s,
AL 22800352 Fios.

®1 HABERMALZERS (B E) %
c Si Mn P S Ti N 0
0.045 3.24 0.15 0.015 0.005 0.0020 0.006 5 0.0015

WAL LA WA 4 A SRR AT 5T, ARAS PR
TR TR] YL B Ae 1 7 SO 2H 2R e R B s B
5 2 RBHRGHH
2.1 #HEMALRLESH
PERALUNE 2 PR,
5 6] /min
Bl F/hI1zH K2
R0 BUIEZSH .
=R E LB
TR \ \ SV
WE/C o BHE/min - JEEE/°C BF[A]/min
i 1020 3 930 3 WAk e bR
2 1020 5 930 3 K e
3 1020 3 930 3 BRIl
AL T Z AL 20 mm x 15 mm x .

2.3 mm WA, E X s =0 mm,s = 0.6 mm Fl
s=1.2 mmpRlfURERE 174 EH 12 2, Hm&
b EE AL P S T 4% i R RS 1 TR 1t 20 s, FIT
5% B WA AR ZH 2, R X ST SR A
[e) Ak L 28 AR WS R A T 0 A o 38 e X A [

B2 #HAEIRHLR

H T AL P AR R B T 18] 52 ) A2 A
2, FHOMNEUAR R BT 18] Sl 25T 45 dh K R R AN



26 FLARHY

55 50 &

[ 10 LIS T 7 1) U A AN 51, AT 4y Ry 3
JEPRAS R DX A, R TR SRR A A 9 X R A
AT ik ER RO Z X FRIZZBNELH TR H.
T BE AR XAy, LA o R o A A s A P e R A A
it o RIZBC IR ZEEHINK, FL K] 128
AN RS FOSER ALY e U St AN NI E/R SR SN
LA

XHELRRZE 174 B 172 20 WS 17
IR, AN 3 iR . R BB R Goss 41

mm 1.00

(a) Y - 1.15
b ¢ 1.31
- 149

1.70
1.93

— 2.18
— 2.46
— 2.78

—3.12

F{110f <001 > FARIZAG {1121 <111 > FIEH] 2
110} <112 >, HiHr Goss SR 3R BE 53k 5 1/4 )2
WO BRI T 2% , Goss 2 AL T Y R4 5, 12 34 52 5
172 JZ AL SR S e A= W X A8 Ak, Goss 24 i1 Y
LR, A 112 <110 > ({118] <110 > vy 2]
F{111} <112 > FISp 549 1001 <110 >, Hir
(112} <110 > 2 o BE e oo FAHLAR R BE Jy 1) 21
A G3 A AN 5], Horh Goss UMTE 1/4 24 i
8

ﬁ :=0°, 90°
®=0°, 90°

ﬁk
>

= 1.00
(b) & - 1.31
ST === 170
- )18
— 2.77
- 3.49
- 436
— 540
- (.62
— 805
—>
®=0°, 90°
= 1.50
o o 208
2.85
- 384
5.09
6.65
= 855
- 10.84
= 1353
\ (§<— 16.65
0,=0° 90°
®=0°, 90°

(a)s=0 mm;(b)s=0.6 mm;(c)s=1.2 mm
B3 #AwmEH

2.2 BUWARS

WAL T A D B R B AR 5 A ] R Y T
XHE MG B . WA LW AR 2
ZUNIE 4 Frs . PEREE T2 1 FA)E, JBEETT
[ 2 U S PR AT T | W IS B T 1) 4% T2 2 R
—E RSN A, R84 h RS R I, 2
JEHES AL BB , KA A 4180, oL
JRRR I S E A &, KRR AL o A
HA, KARBILHRTEEI N, i 4 (a) PR,
MR B RR B K % 5 min B (TE2) R
BETT I & S 3 R A e A A i B TR R 8 2T R
AR R, Y BLIR S 2, WA 2N &1 4. (b)
I o VAT iy WK N A5 VR I Ve B
B, LN 4 () B, 5 4 (a) XL, i
HRJRE BT 1o [RIAE e A AN [ R JBE PR35t {ELJE |l T2

RN, T3 &2 ki R /hNFTZE 1, 23
BT, F AT RS fe st ELI A SUR A 48,
AR RT3 R VAL, B TR 269 4L o
2.3 EUHWARST

B . ol L A, UK S R i B e A P RE 1) 7
—AMHEENR, 2HXE L EHEREZ 174 2
172 R R I i AR AL BEA T 73 Hr , B FEAN [
PR R ANV 517 R . T2 1 AR =R
PRI K A A 5 FoR, )2 (s =0 mm) 7l 1/4
JZ(s=0.6 mm) FZLHGATY N Goss U4 {110
<001 > GBI { 112} < 111 > 18 B4

(110 < 112 >, wrls JZ 32 22 U0 Oy 5 5 A s 1Y)
{118} <110 > FI {112} <110 >, £ JZ Goss L3
E%—E’?O



%54

A 2N e RO [ i A AL U S 4 5 27

(a) TZ21 (h) IZ2 (¢) I3
B4 wieme amey
. 50
(a) - - = 13t [(b) — 1%
— N o 2

9,=0°%, 90°

®=0°, 90°

(a)s=0mm;(b)s=0.6 mm;(c)s=1.2 mm
A5 IT¥1FAmEMN

T2 HAHAS R R MPE 6 frR . St
PRI TR], 0 Uk S 7Y K 58 B2 A7 W] R . 3R)2 M
1/2 |2 FEAUGZET R Goss 4144 {110} <001 > 4
TG 112F <111 > FNEE R TIZI {110 <112 >,
1/4 )2 E RGN A T { 112} <111 > g
LU 11101 <112 >, Goss ZUHK . 5T L 1
FALE , Goss LUK 5 E AR o

SEIE AR R 2 T AT 24, % IR AU

FKAIGE 7 iR $Em e B, 2 2R R e R
Ak, FRJEF BRI LM Goss ZUHE {110}
<001 > ,1/4 JZ2FE%H Goss 414 {110} <001 > i
R R {112 < 111 >, 172 24 AL 404 | 112}
<111 > F1 Goss 2145 {110} <001 > 45, H B om &
BER 118 <110 > 2R A 112} < 110 > 4144,
1/4)2 Goss B {110} <001 > B 5 5 o



28 AL 550 &

- 1.20 = 1.50
(a) - 130 () <= ° == L80
=1 = i
7 1.64 S\ 30
1.76 .
@ m— 1,90 — 422
- 205 — 4.93
- 220 — 5.73
— ) 37 6.63
= m I 0,=0°, 90°] @ > —— § I 9,=0°, 90°
QM — 7SS0\ [@=0e, 90°
= {-0°, 90° 7 \_|®=0°, 90

(C) - 1.20
- 1.44

& = 1

— )04

@ 2.40

D 2.83

== 3.32
= 3.87
m— 4.50

s

—_—
9,=0°, 90°

X =00, 900

(a)s=0 mm;(b)s=0.6 mm;(c)s=1.2 mm
B6 I¥2HAMEM

= 1.30 N = 2.00
|ia; %§ | - 1.47 (b) = 2.49
@ 1.65 3.09

= 186 - 379
2.09 @ 4.62
2.34 5.59
- 204 - .72
- )19 = 301
- )35 948
—2.53 - 1114
= (§¢=0°, 90° = = ®=0°, 90°
= 2.00
= 239
2.85
. 337
G@ o 3.97
4.66
: - 543
- .31
- 729
— 8.39
0,=0°, 90°
®=0°, 90°

(a)s=0 mm;(b)s=0.6 mm;(c)s=1.2 mm
B7 IT&3wihRreEs

Zi BT WAL PR A B —  FEE N, AU R S U T 2251
TEMIRNE o AR A L A P R P4 A, R T

puat

AL RS, W K R E S 50

5 min B (1220 2) , JBBE T ] I bR 28 58 Bl - 445 o (1) 5 AR AR PR 1) 2 2T 84 HL A 48 K
BHLGERTH R, AEFEALTZ, SRR R M, W T2 e iGE R EURE S R AR 5k
FARAk, FEEN Goss LR {1101 <001 > i I 4144 (2) WAk LIRS AN Goss 2144 {110

[H12) <111 > FIE g R ARy {110} <112 > ,1/4 )2 <001 > MR [ 112} < 111 > 185 4 80 21
Ib Goss LR FE i o, 1252 i Tibise k4 {110} <112 > ,1/4 24 Goss ZIFA 58 B it



555 1 A 2N e RO [ i A AL U S 4 5 29

(3) FEA A P s [1] BE A% 102 F fod R P46
fe (i HEH I, SRR A W R A8 1k

(4) R B, PG B AR, Goss
SR 5 BE R 15

2 % X W

[1] Giri S K, Kundu S, Prakash A, et al. Defining
the Role of Hot Band Annealing in High — Per-
meability Grain — Oriented (GO) Electrical Steel
[J]. Metallurgical and Materials Transactions A,
2022,53(5) . 1873 - 1888.

[2] Chang S K. Texture Change from Primary to
Secondary Recrystallization by Hot — band Nor-

malizing in Grain — oriented Silicon Steels[ J].
Materials Science & Engineering A ,2007,452;
93 -98.

(3] £E ,5iE#,57F%, 5. Fe-3.15%Si 1&k7
R AEAR R R AL T8 T 69 41 LR AT B AR BF
%[ J]. &% 34,2013 ,49(5) ;562 —568.

[4] MWL, festk, KR, F. £ K*F &4 50W470
B G ARG W) Foa [ )], & )% R AL
2015,40(11) ;165 - 167.

[5] ChengZ, Liu J, Yang J, et al. Effect of Nor-
malization on the Microstructure and Texture

Evolution During Primary and Secondary Recry-

[6]

[7]

[8]

[9]

[10]

stallization of Hi — B Electrical Steel[ J]. Indian
Journal of Engineering and Materials Sciences,
2016,23(2/3) :165 - 170.
Tsai M, Hwang Y. The Quenching Effects of
Hot Band Annealing on Grain — Oriented Ele-
ctrical Steel [ J]. Journal of Magnetism and
Magnetic Materials, 2010, 322 (18 ) 2690 -
2695.
Hu C, Song R, Wang Y, et al. Comprehensive
Influence of the Normalized and Final Annealing
Process on High Strength Nonoriented Silicon
Steel[ J]. Steel Research International 2022 ,93
(7):1-12.
Ling C, Xiang L, Qiu S, et al. Effects of Nor-
malizing Annealing on Grain — Oriented Silicon
Steel[ J]. Joural of Iron and Steel Research In-
terational ,2014,21(7) :690 - 694.
Li H, Feng Y L, Song M, et al. Effect of Nor-
malizing Cooling Process on Microstructure and
Precipitates in Low — Temperature Silicon Steel
[J]. Transactions of Nonferrous Metals Society
of China,2014,24(3) .770 - 776.

AR ARGR o IR G EEAR L2 55 R M R A

%[J]. & 148,2021,3(5) :15 -20.



