55 42 55 4 10 W g fl %K Vol. 42, No. 4
2021 4 8 A IRON STEEL VANADIUM TITANIUM August 2021

¥ 8 X1 Jo B m) g T3 20 41 A0 84 1 RE B9 52 1

FRA,F &

(R BV e AR A B L TR R, I e T T 476000)

T8 B DS R R A R RVBK B 0 JC ) F T R SRR, SRR b BT . AR SO R R e DU
TR AT BOBAR B et T F T A U RE SR T T IS . 25 SRR I s SRR 1) Aol IR ST Bt R4k 25 e 1 i
W, MER ARV 0.015% B, BURE Y SR 2 U2 SEeIR, 5w, L sk DL E AL e b s, HATHLF
LI b AL s B R AR R 2 0.015% LA b, HLAH S0 i b A8 B 5, Bk LAR-BR B AL TR 20T 1R T A R &y
B b Wi rER( <0.015% ) 1T 035 FL T4 114 7 8% 5 3 RV B, SR IR W5.50 29 4.6 ~ 5.2 Wik, LRI SR E By,
29 1.74 ~ 1.76 T, (A A bk Gk & B 02 v
SEHEIR): JCIL A F T 05 SROT 3R MR 0R B k4t
FE 5 25:TF823, TG142.1 kRS A
DOI: 10.7513/j.issn.1004-7638.2021.04.026

Effect of Ti on microstructure and magnetic properties of
non-oriented electrical steel

Li Jingcai, Xin Yan

(Department of Mechanical and Electrical Engineering, Shangqiu Vocational and Technical College, Shangqiu 476000,
Henan, China)

Abstract: In this paper, the effect of titanium content on the microstructure and properties of non ori-
ented electrical steel with different titanium content was studied by means of annealing furnace, trans-
mission electron microscope, metallographic observation and magnetic property test. The results
showed that the grain size of electrical steel decreased with the increase of titanium content. When the
content of titanium was less than 0.015%, the grain was equiaxed with a higher uniformity. The titani-
um precipitated in the form of carbonitride and was pinned at the grain boundary of the structure. With
the increase of Ti content to more than 0.015%, the grains in the microstructure were obviously de-
formed, and Ti precipitated out of the grain boundary and in the grain boundary by Fe-Ti phosphide.
The magnetic induction and iron loss of electrical steel could be slightly improved by adding a small
amount of titanium ( < 0.015%). The iron loss W5, s, was about 4.6 ~ 5.2 W/kg, and the magnetic in-
duction By, was about 1.74 ~ 1.76 T. However, excessive addition of titanium should be strictly avoided.
Key words: non-oriented electrical steel, titanium element, magnetic induction, iron loss

0 2% S T Bk ERE, W R ALRHER, N T T
B e 3 FL T T e AT D R S A . I,
ML TR /N LRV TR BB bR, % e R AL Y . ok R g

WS B #A:2021-01-10
YEE BT 2R A (1982-), B, DU, BRI, EBLWFFT 7 ). AEMIF & AR, E-mail: 411785183@qq.com.


https://doi.org/10.7513/j.issn.1004-7638.2021.04.026
https://doi.org/10.7513/j.issn.1004-7638.2021.04.026
mailto:411785183@qq.com

4 1)

ZEEEA, A B RN IO ] FL T A2 SRR PERE A 2 - 157 -

S TB, RIRERE S 1 TR REVERE, I &
R 22 HA (IR BRABURI o R SRR R 7 i, X B kA
JEPEREE B T A SR . ARk S T
ZIEFETHLUG REVEREZ 18] A 5 25 1 52 1Y, Sk il
M T A P B AR I < B B, B
CLETCH ] L AR b S T e AR X 3%
PABARRERAR" .

P TN 7R R R S - I N s 1

AR RS e 34 45 22 75 THT 5 T, L3 S5 g 4]
F NG HAE T AR Y, JeEk AR
RIENICER, AP ke 155 ARk, HA e
B e B T BRI, USROG M RE, 15
HOMA R 2 A R i B XU, R A
TE AU I RO A & AR TR R R Y A
FEF Y, MEHW, A X C. S, O, N XN
RE Y SE AT SE AR FR4%, A SR ERPURT 4R 1 H R
PERE A5 A A 5T WA JRIES . Pei Ruilin 28 A3
H3.29%Si BE ARG PE E 2 7 A AR, IRIA R B Bk
0.038% AN H B0 T B4, 1% Bk 0.002% 144N
MR H B O S o N T R, 4 B 5%

B2 TR LG8 [ B 5 sk LA Bk LA 0 T BT HR
R Setfr i WAl T REVERE, ELICA Rz H T-Be.
Yangsu Lim 5 A& BG4 0t o i) F T 40
REEA S THE I, DF IO M85 5 0.018% A,
PURBR E A T BRI M WR 1 -FR4S AL 1R
I T HEVERE

A EEOR U ELINE K T2 s A Rk
R TCHUR REBIAR, WTFE T BRTE A e T
LHAVHREPERE B2, LU 5 BRoA T 9 B SE 4it
AR S

1 RBEMREF®

FIF 50 kg BB AHE TS A —&
ZEPANER, ANER Y LA an e 1 i, H
v SRBE A TR A3 BRAT A i P fl, T AR G 228
R R 2, RIS ek A i EL 4 U BE AG R T
PL USREE R ERE A ISR AR 3 i, 435014 0.002%
0.004%. 0.005%. 0.009%. 0.015%. 0.042%.
0.072% 1 0.118%, Hofth =222 18053240, 43 5ilbR
ICIX SR A 27 ~ 9'FE

F1 HERHEBUFRS

Table 1 Main chemical compositions of tested steels %
C Si Mn P S Als Ti N (6]
1" <0.001 0 0.30 0.29 0.100 0.004 2 0.27 <0.001 0.001 3 0.003 2
2' <0.001 0 0.32 0.30 0.098 0.004 1 0.28 0.002 0.001 5 0.001 8
3 <0.001 0 0.33 0.28 0.098 0.004 5 0.26 0.004 0.001 3 0.001 0
4 <0.001 0 0.32 0.30 0.097 0.004 2 0.26 0.005 0.001 3 0.002 4
5 <0.001 0 0.32 0.29 0.098 0.004 2 0.27 0.009 0.001 4 0.002 2
6 <0.001 0 0.28 0.29 0.098 0.004 4 0.27 0.015 0.001 3 0.001 1
7 <0.001 0 0.29 0.28 0.100 0.004 2 0.26 0.042 0.001 2 0.002 6
8 <0.001 0 0.32 0.30 0.098 0.004 5 0.28 0.072 0.001 3 0.003 2
9" <0.001 0 0.29 0.29 0.097 0.004 2 0.27 0.118 0.001 1 0.001 2
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Fig. 2 Microstructure of tested steels after annealing
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Fig.3 TEM images of Ti bearing steels after annealing
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duction B;, and the content of titanium

TR ) T B 5 JRE AR A0 B PR 5 2 A 2y 1y
PR B Jm R AL, O A B S  os n] LA
BT T AR b RSE, FFR G e g 240
A S, 258 B B X AL TN W50 PTG IR



2021 4F56 42 5

- 160 - W gk Pl K
VL5 By WS, JCHR M) HL T4 v N 2kt f K B
wEH RN, dEkEES R M%MﬂM%m,

DR e i R R A EE K AN HAl S
IR TR P

Pl 7 IR 8 Sl KR Je R A S A P i 5 G
RO IR OC R, Horh {222} FhRDEBOMERREf Y,
EAEIR ST 9 B A X R, (R R R

RO A O R A3, IR AT Y {222 5 B Bl
RS R M, (HIR S TP i {222 ) 5
IR —E 1 sh 284k, X AT B2 B ERFEAS [ A1 R
HT HUIRZS HUREIR . {200} fb T S R Ak, HAEiR k
Jer R P ) B R B B B B Y T AR BT R,
TSR A AR 1 R SR 7 5 B R K B R 0.015% J5
ERRRN S — A EUR P

6 %ﬁﬁlﬁkﬁuﬂ’lﬁzwa

Fig. 6 Microstructure of individual steels before annealing
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Fig. 7 Relationship between strength of reverse pole dia-
gram and titanium content in steels before anneal-
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