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Recent Progress of Research and Development on Production
Process for Grain-Oriented Electrical Steel Sheets in Japan

Qi Dianwei, Mu Hao and Ding Wei
( Technology Center, Angang Steel Co Ltd, Anshan 114009)

Abstract According to related typical patent technology for grain-oriented electrical steel sheets, the recent trends
and progress situation for production process of grain-oriented electrical steel sheets with high magnetic flux density and low
core loss in Japan are summarized including low temperature slab heating, suitably regulating inhibitors, adjusting and utili-
zing key element Mn, C, Sn and Sb, manufacturing for new annealing agent and insulating solutions, and fining magnetic

domain, and some suggestions are put for domestic grain-oriented electric steel producer to apply for a patent.
Material Index Grain-Oriented Electrical Steel Sheet, R&D Progress, Patented Technology
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Table 1 Types of technologies for producing grain-oriented

electrical steel sheet according to slab heating temperature
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Table 2 Latest technologies for producing grain-oriented electrical steel sheet by low
temperature heating slab

WERBMABE AR LR E B TREHEAR

JRTE] B, LASKE BUAE P i R ] B

BN

A7 . BARERM
oy AEA RE/TC :
%\I‘%ﬂ[ﬁlﬁﬁéﬁo’%ﬁ’f\,ﬁmﬂﬂﬁé JFE  AIN 1100~1300  (1)(%)1.00 ~5.008i 0.02 ~0. 12C, <0. 010Al, <0. 005N,
BB koot 1R oh SR BB S (£ 1150 ~1250 LA 0.02 ~2.0Mn,0.005 ~ 2.0Ni,0.01 ~2.0Sn,0.005 ~
. . : 0.55b.0. 01 ~2.0Cu 0. 01 ~0. SOMo 7T HE —Fh L I ;
R AERFREE TR, AT AT 3 (2)§ztﬂgﬂiﬁ§;950 <
— i ST 7% CIBEEETE=2T5%;
_ 5%35%’5;&““5“@% (4) <3 mm BB LR B4R R LR <20% , =20 mm )
B S B <15%;
;?ESEL?\WJ;L%%HE@;L‘?E; (5) BN SRARELFE 0. 27 mm 1 0. 35 mm.
i B AR B NSC AIN, <1280 (1) (%) 0.80 ~ 7.00Si, < 0.085C, 0.01 ~ 0.065Al, <
B, BfE i8R IE E L R EE R MnS, 0?;0121\1,#@35537;” Mn,Cr,Cu P .Sn.Sb.Ni,S #l Se %7
N . MnSe 2 —FLL L
FARRR BT B AT IR, X A 44 Sn (2)Mn/(S +Se) =4;
e 2 o M £ 1 Sh (385 1 458 AFE1 000 ~1 150 °C %52 #:3B K7E 850 ~950 C;;
FAG AT AR R 89 BE (4){\&%@;%%;@%?;0?&%” 720 e
X < ; ’ (5) BigiB KIRIE B 55 T 720 °C, 240 C/s, 54
TR @ﬁﬁbﬂﬂ&{ﬁfgf} ;a—@mﬂ,?z@m ~900 °C,75 ~ 125 C/s;
#7E1280 ~ 1300 C 2ER A& . (6) G MR :0. 22 mm,
Ay (1) (% )0.80 ~7.00Si, <0.085C , <0. 5P 0. 01 ~0. 065Al
HHRE . NSC AN <1350 <0.075N, < 1.0Mn, < 0.015 (S + Se).0.003 ~ 0.05
2 BB INNETSE (Suy =S +0.406 x Se) , <0.3Cr, <0.4Cu, <0.035n, <
0. 03Sb, H A M BFIZ R
2.1 & B TR (2) BEEAMAIREE(T/C) Ty =10062/[2.72 - log( [ Al] x
211 B T AR [N])] —273.T, =14855/(6.82 — log([Mn] x [$1)] -

R T RS, EHE R

273.T, =10733/[4.08 - log([ Mn] x [Se]) ] -273;
(3) HAELBR T1 000 ~ 1 150 °C &5 S AbTE, 485 850 ~ 1100
CE A EHER K SRS Z E I =20 pm,

AR 7 o 4k S R L1 HE 4N
B Sio & 36 e BEL R s
MR TR E R RS M. A, JFE Bt
RNRHAT TR RO AR, 8 R R SR
mEEHEESHEEN TR, FABEAREFMT
VERE 75559 P o R B i TR AR AR TR ROR . M
PR T RELS T

(1) F b B g TR A L8R S &8
FNh P SR Rt . SRR R Row T
R R R« d” R BB 7 M d” A3 ) 2
AF0.03 mm<:<0.15 mm Fl 1 <d/t <5 BIER,
HEEray 1110} <001 > R & BE/N T 15° By kL
o B AR EL R R TE 10% ~90% , TERRESH
WERRE x0. 1HEEBENTE S S]EH
FEAE 6.0% ~6. 6% , THARE .03 AL F 1 Si
SEEREELE 8% ~5.0% , FEHWTFB—BR A
BREACE MY BUEHE T Z,

(2) FEAAS: 10 2 e B 3 2 A 7 A 2000300 ] ot
KR, —77 X R B AR H A0 i R R A A
FTPER B ST, 45 R WA 1B i O 0 9 40 B0 oh 0
Ti.V 1 Nb &Bribyndr B4, 7 3647 Si BEEB AT
o, AT LURTEAN b L B S AT L Y i 4L
AR, T 24 A R AT 4 B RS AR, FEREAT Si [E
B AR E XS BB RAF SR B

SR, WAL RTE Si ERB AR # R B
WA 8, SRR SRR

OTE#HAT Si ERB AL, IRAT 21 AR
MR AEE TA P, I8 A% iE 9 A L E A A
1T b AT B 4B K B s QBR AR T IR
St HEEFRBET , B RS kI 2wk e i
% ; @FF LR OO/ BHEISA , 7T DA R 2 BB
T 4 £ e AL 31

S —J5 T JFE R b a BT TR, A
HEERD (%) HE: <0.02C. 4.5 ~7.58i, <
2.0Mn, <3.0Al,<0.2P,<0.02N,<0. 020, HA&H
BeRZe, AN, BRI RLER I Bi Ag 1l Ag,S .
BE EREEERES0.03 ~0.5 mm,

(3) 0 AR 3 17 B 5k Ry g Fn AR B B U ) R
OALEBIHIBRL 1o 8 H B B TR A K
I3, T S5 L 1) AR S AT A4 JEE BE O 1) i LR
B CIRFRIE S R 1) , 3 6 B 7 n SR 4 458 1 1E
70 ~ 160 MPa Py sfck A T il 3 28 16 2% L BL AR 55
Bt R B SRR AE A AR K B, T ELRRERS
R ARk 0 B Sk TR ARV (048 . SRR T R 5K
S FVER AR B 7 1] e O B IR L A, AT LAAR 4R
PR HTOAR J7 1 T8 A FE B R it 30 mm (K ETE



%2 0

FREE: B AR TAE LR R TR -23-

100 mm LA b SRR EANE — @ L3 F AL 3
FIARAR S TR B R R B TR . REEEN
2 L HOCRE IR RN REEE
HIL/200 8 o R Ia] A 2 T 1Y 5K I 7 PR 25 18 1 4 o)
18 MPa DT,

XFRE ) TR F AR F TR (%) MY
$% < 0.005C, 4.0 ~ 7.08i, 0.005 ~ 2.50Mn, <
0.008 0Al. <0.003S.<0.005N %, KA ENE
TR RALAL TR 5 BE AL ANE R B A7 81 K 4 3 A
REAR AR BEPEBE , 18 AT LAGE 24750 Sb . Sn 1 Bi %53
BE—8ITER . XA = ER ) s TANARE SR A = T
2T SRR M EFEARAE S LT
JEREO0.05 ~0.25 mm B7= 65,

2.1.2 HiftHbuds AR B T4

BERERT R AT LB, S H ek
SHAMRERS, AL ERB TR, Eit
M ER TR 5, BB SRR, HER 2 B
BE WSS . A EHRE B A e L VE LR A B
R, HRERBEG IR K, HIkEE KRR
REHT IR B A TE R LD B R R TR,
MTIAREIRAE T 7 B LR, S BRI I B 7= AR B R
R TP, B SR ANR TR T —FiflE
HIRHEPAAE.C T ANBUT B THR, XHRNEAE
HRSHERSR, £FTETE " ELAE.

(1) & B T 88 %0 H iy Bum i T80t
Bt BR, 15 A T 3 0 A R ) B T AR 1 B0
RATH AN A AR R E(BEE, m)/mm’) FEEFHE
ARSI ER BT H(A/m) B E f1TE
WG HWEERNBETFTRER.E=1.51 x
107 xH -7.8x10° xH +2.96 x 10 xH -1,

(2) AT PLAS P00 B R AE B T 900 1 %
K R Ge L T4, X FE SR A B[] S, T 4R AR il i 19 %
SHERE#S HEAE 40 A/mld |k,

2.2 RS TR

75 Fs % 1138 Mk 3R AR R MR & B AR BE TR oK
AAER, B BA L Rtk sE Ry HiB B B T
FESRFEE N, W5 — )5 WA 7 HiB BUm i T
B B SR P b e 1 A TR AR R S5 7 i R R A
WHESMERESR . X, JFE Fir B 8517 T 354
R, FAFFTHAELFIHE A, XL HiB Bb
i TSN BB B R AT i sk R A o R 2k 31 1

JFE 2R A T — R a9 4 1570, X 2% 4 Al
A FEER A B TR — N B R AE . AE P iR
TAAMeT,JFE a4 asm Ti Zr V Nb Hf #1 Ta JT

EFH—MABFHE L, B TiC ZrC ,VC NbC,
HIC 1 TaC $I#[57) , 33 #5177 LA 2 5] 40 o B8 i
BRIV, BOuRBE, N T, 8%V, TR A K C
EEE VIR TIC ZE8WENMEHN, REE
BN ELAR LR AE KA H, FEX RSN T, AR
IR A1 250 TR, MTTRRAE T A 7= miAs
2.3 BuparH L AR A RRES

FEEL 5] TR HEAT 258 KR, M LR E %R E
BRAREREATREE THREEZNSBZ .
JFE [o] E A48 0 E RS B M SR A — SR
BR 55, IR E B RAUE B AT AR k3,
R vERE . JFE BFR A RBEH I FHEARF R .

XFPE A B TR AR AR EERSEN
W AR NRBRERERAY , & LRY,
HEGX e b i 2 /0 — R R B R E H A4,
ANNEHN 0.001% ~5.0% W &5+ 8. Wiy
() ARREEE . WER TP B NIGRLE &
BRTEBERMAKRERT TH; () NERRIIRAWE:
RABRWIMBERNRRE; Q) ARRAFILERY
K ABR-REB IR Z AL L R R R R
HRYEI B

WX 7 5% AR I 5 7 i 2 B BB ) el T4
WA, SEMERL T RAGEWEERTIB AR
BIRIAEE , BB 3 FEARE ) B AR AR, B0
W mrEtERE. R ZFHRNBRARER . EE
2 0.23 mm B[] B T80 AR 4 B 15 08 B K PR FE AT
LIRE{EE 0. 598 W/kg,
2.4 Bya) e TANAR 46 4% )2 A0 PR S A FE I 7R

N T FRARAS AR W3, S015 BRI B TR
B R T A 4 R/ INERAT o SREBUR A 35 R S R AR AR
RERELLGZ BB ZENREK S SR,
BieE M R B2 R IE A PR BOR, 10X ek
fEA, R TARIES 2R 5K T, IREE A — SR
FEARREW 048, TR BRI RIEERBLEZZE
AR H RSP ERRREE RN, N
WM R ESR , X A% ZA B BE RN T RE
SEISAN, B H kR JFE B AR Br 2k R & M4 %2
AL IR

(1)JFE JF & BB [ v TR I sk 4 2% 2 b
R

AL B IE N T 5 R e B —
FheR LR . &4 Mg.Ca.Ba Sr.Zn Al Al Mn &
JB T E B E L .0. 2 ~ 10 mol /Y B K ( % 7E 3% BX
HIBEER ER R A9 PO, 1 mol MRTHR T , B — LAk =



“ 24 .

L5373 w3 %

RI EFESHBHEABINIZAAENER

Table 3 Key points of latest technologies or methods for producing grain-oriented electrical steel sheets with Hi-B character-
istic
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