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Effects of Strain Annealing Grain Size on the Magnetic
Properties of Extra-Low Carbon Steel
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*Div. of Advanced Materials Engineering, Kongju National University, College of
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Abstract The effects of the grain size on the magnetic properties in extra-low carbon steel after strain anneal-
ing were investigated. Two kinds of sample were prepared. One is the annealed sheet, which was annealed at
670°C and 850°C for various time periods after cold rolling. The other is the strain annealed sheet, which was
temper rolled by 0.4% and subsequently strain annealed at the temperature ranging between 670°C and 850°C
for various time periods. The grains after strain annealing became more coarse than those after primary anneal-
ing. The grains were coarsened due to the strain induced grain boundary migration (SIGM). It was found that the
permeability tended to be increased and coercivity tended to be decreased with the increase of grain size. The
optimum magnetic properties was achieved after strain annealing at 850°C for 30 minites. Under this condition,
the coercivity was measured to be 0.8 and the permeability was measured up to be 13000.
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Fig .1. (2) Schematic diagram of braun tube structure and (b) Figure of inner shield.
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Table 1. Chemical Compositions of IF Steel Sheet
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Fig. 2. Microstructures of 90% cold rolled TF steel sheets after annealing at 670°C for 30 min and (b) 660 min, at
750°C for () 30 min and (d) 660 min, at 850°C for (e) 30 min and (f) 660 min.
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Fig. 3. Changes of grain size and maximum permeability
as function of annealing time and temperature.
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Fig. 4. Orientation densities along (a) o fiber and (b) v fiber for 90% cold rolled IF steel sheets after annealing at

850°C for various time periods.
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(e) ()

Fig. 5. Microstructures of 0.4% temper rolled TF steel sheets after strain annealing at 670°C for (a) 10 min and (b) 660
min, at 750°C for (¢) 10 min and (d) 660 min, at 850°C for (e) 10 min and (f) 660 min.

W WEe FA 2ath T, AYEAs o 4.1 &

& 5ol o 54 299 A9 4] )

stof glo] e WYL 2k 0] ohlel 7 41 WH2S0 offt OXRE MF

2o A YRRAL AAD) dFolh mR W B ARl Base Zoge MRt o
AF 257t S5 QuEne) et opiant 8] A8E glosa, gk i HE o
= AL 20 A 59 29 S8 7h el EAlsie 24Hdel SHYs Fsp)

Silths A& oulght), =9, HiaE & 2djgh el 2 W uRY AelE FEHeE sk
o3 5 AEAo] dojv= HEHY] 29" A3 (strain
e WA BAE el 1A & induced grain boundary migration)&4}0 2 o|3]H



214 REESE - AT - ANEME

160

—#— Annealed at 670°C
—e— Annealed at 750°C
Anneslod at 850G |

140

100 -

Grain Size(um)

T
10 30 80 180 300 660
Annealing Time(min)

(@)

14000

b
10000 -
&

T BO00 e
£ L
i /./
< 0004

(5]

=

[
Q.

2000 -8 Annealed at 670°C [

—~— Annealed at 750°C
—a— Annealed at 850°C

T T T
80 180 300 660
Annealing Time(min)

(b)
Fig. 6. Changes of grain size and maximum permeability
as function of strain annealing time and temperature.

10 30

Tk 53, fekgo] W 220N = Rl
P olf= B4R AT B3 24
Atole) mhze)) o)) Hr1A Adgo] Whlxm 11
By 28 3 JZHOH FEH7] wZelti14]. &
8] 2ASMAS] Aol G T qgs A
3l7) wiiol B3l &8 de Wk Wdel

i3] wpaAGE Aa115), FAN T B R
T olo) wlel 2718 Aoz o). wek] o

S Ssltiels AFHex e fad
U Hl?‘?ﬁ =A H olel] W} ZFoA
| Kot -golshA dojrtiar A7y
Feeded S Bl 04% AT AA)
H WS AR S5l S
= A, ol 24
ZA3 23}, oA
1520] TS} Phiglo] o] e
E5S ¢ 4 Ak o] fEHEE H
= YU(redundant work)e] #5o] ¢
= o} AAZ 2% "] AL Sl
Z29t FAo X WRollE Ao WIS uk
, RN W UA)7} g 3

H‘“L

3
%0

ol

n
H
i

[e]

A}
i}

= rlo
O

N
~

SR
o

T

1 r&ﬁ rr &P r

7|
[s} E ‘%La
. de 3 975 ARAEe 27
WA} Ae] o golRtkn ¥ & o), ¥
RIS o) ol g WA} Fr1)
ol Y= Aoz 2 % Yok o] WA} 7
S e 2AEhe 24 el uet gt

7 g},

Bro] 7128 v} o] oUiA7} 2 EAfshs
240) gele] A Aol Ejele ohixg
S ke = Aol ol ulg AR 4%
o] Qolui= ZelcHe].

1 9ol 670°ColA 1023 WEAES Al
EBSD(Electron Back Scattered Diffraction) 2 7}
g Ushick, 138 3% AHe Suy 24
EAabol] Tkt (normal direction)e] HH1E F3sH
Axtolt). A FHAAM 27} {15 51 5} <5 1
22>, {5 6 6} <13 5 6>2] W7} & FFFOA
BE R S L 5 ek 39 9 NG
660 MHAET H9% olsh FARE AL 1Y
i, {55 7 <16 21 5>, {2 2 1} <33 5 56>,
{111}<121> {655}<6 155> <9

AA™el 7 2 *4%6& Z2e wEsisirt,

o] SAF WSS she BE EY U
Q) = ofH. o= W o9l vt
gl SAEIANE, o WelET F919] 24H
S W BAE wolzl geth 71l YA
AolMe HE7IAS el Hizn
35" <110>2] dA7o] wWe] Tl h16),
B AR oo} T2 ST IEAE HolX



SAgzdEe] Aol wlARs WHAT

(001) (112)  (111) (110)
é110] (170]  [130] [170]
1 : X ;
—&— 10 min. o = Qe
® 30 min. — AEo
] 60 min. ¢, = 45
| 180 min. -
300 min. .4
{1 <« 660min. ." '\
10
¥4
- « \
flo) | / ;
5+ P |
\ |
o Fa “
“m J
dvw 4
41‘3’/’4 I\‘ |
0 — ——T—T 4—!}3‘
0 30 60 90
[0}
(a)
(CT1) (172 (121) (170)
é1 10] [1.:0] [149] [1.0]
® D
| —=— 10 min. 0= 0°
e 30min. - ARG
4 60 min. =40
| —w— 180 min.
300 min.
4 < 660 min.
10 -
fg) - i

2] of 215
(111) (111) 11) (111)
3 0[1 10) [(121) [(110] [112)
4 —®— 10 min. ¢ =54.74°
4 @& 30min. -
J 60 min. 2= 498
4 w180 min.
25 | 300 min.
] < 660 min.
J % &
] eme .
20 me® &
I I S |
] L ‘
g - ' I"
154 & !\ g <]
| ma /"
4 S b= .,_-_ S |
Toh 4 ”
ky !¥3!
-
10 -1 < 4 <
T ¥ ] I 2
0 30 60 90
@,
(b)
(1*1) (1.1 1) (117)
25[1 +0] [11] [.30} [11c]
{—=— 10 min. -
{1 e 30min @ =oda
1 60 min. ¢, = 45
1 » 180 min.
201 300 min.
1 « 660 min.
: a™R ry . *
15 a e rn l«‘
T s n
f(g) 0 i = = =
] /a"0gqe0®" e, /e %y
® .
" ‘ |
v Y ‘v 4 v
s @ | b §
5 'v Y' 4 'V ¥
1 < (<4
4 < 4 « P -
04—
0 30 60 90
9,
(b)

Fig. 7. (a) Orientation densities along (@) o fiber and (b) y fiber for 0.4% temper rolled IF steel sheets after strain

annealing at 670°C for various time periods.

(b) Orientation densities along (a) « fiber and (b) y fiber for 0.4% temeper rolled IF steel sheets after strain annealing

at 850°C for various time periods.



216 HEERE - BT - FhEME

ek, LA Pl ol FPRA 13
oleka Siske ND@HA Way/<111>5h 445

0.0800
l”/
0.0575 4 /
| -
s
o 00550 OO a
— o
o 005251 e /
2 /,,
aa /% ./I
2 0.0500+ A
] P
~2;ﬂ1%>2/'
0.0475
0.0450 — . . .
0.0 0.2 0.4 06 08 10

Distance from Center

Fig. 8. Variation of the effective strain though thickness
direction with friction coefficient of 0.2 and 0.3.

(857)(16215]

(655)[6 135]
(25 12 5){595]

(221)[33556]

& 249 Welefe Aol ghee < &
42 FHYIY | SXIBU| HTEA
Aol ATHE §3) AEE Vehle TS
the 408 BAT 5 9k,

_B
" m

o7]4 B =H + 4nMe)=E 9)o] TAlE thew
o] Fojxint,
BH=1+4n(M/H), u=1+ 4nx @

o]7]A, B: A& % (magnetic flux density), H:
A} (magnetic field), M: #}3-7 % (magnetization
intensity), «: 2% ABH&(mass susceptibility), u:
FAE (permeabilityys WEPATE 2FoA ARE

(15 51 5)[5 1 22]

(a)

Crystal Axis

(11DR211]

[001 7 [101]

(b)

Fig. 9. EBSD map showing growing grains in IF steel sheet after strain annealing at 670°C for (a) 10 min and (b) 660 min.



SAEkAvbEe] APde] wlA]

78 Ase] Ao we} 4nM 9 A7)
AJHETE Fe, Co, Nisd 2 244 Ar:e
4aMe](+)Z o] H < B H1, 4} Z715)7]
ol IFAES AL 5= Qlui16].

2 lle Y=o B glo] AgF oz ¥A|
Hol A& @k 1¥8A gukgo s At
(magnetic damain) ©]2¢] 2J3PH 92 2(H)2)
Fell oJ3)] o]F3h= A9 (magnetic damain well)
< BFHTt AR wle} Ao o)s-L alEt
WA o] ZFol50] A3l (hysteresis loss)]
Feste] BAg (e Fhe] F7ishe §h, 1R A
Al S e ol Fw) 3o oJa) sl v
Ao (micro eddy current)’} 938 =7}
ANEAD &, FAES] UL o3ke nixmg Ay
AU} EA D delA k3], Az 9=
Tool17] B A A 249k tE 291
U rARE ANl HeS Hagige
A7 AAHEEw oF 85 pmekal B1st Fo| Qi)

oA wAZA| T} AR EZ A & et
HREAES A9 7390l moldgse) o)X
28] witel Aol 1, FUs nRA e
ol oM, 1 A} 850°CollA 30%7F L3
A 79 i AEHEE 83 yme.E, BAjEe
0.6 oJelolRATL, HHEARE-E 130009 955 =}7]
A AAS gHg vhE, U3} oldyst AlHe] B
o= Aol 2k 212 YXAAe d, vA)
22 L0, AUFEAES 9000024 HELES A
He] A7)H Rt d9lsirt.

HALTEE a2old T golls] A2 A4
A A2 AGAA BRe-S E71A)7)

-
.

o orr oo

A

iy

]
83 pmAt}h. ©] ¢ 100 pm o]
2= AR vwe] Joxds & Ajo)
7F ik 100 um oo AU} Zobehe
FAEO] SolAls Aog Hol B A Algd
&l thaials d4 AFHEI) 80-100 pm Ale]
A gk 8 4= gl

5.4 E

FAERF] HF PARG ol gsl] A0

5
&
rok
A
=
Ly

() WPAEE nHEAe] Aol
o) ZUhEe] oAl T ¥
AR} A1) Z71e) W} 7] Fal
oI o] Wi, w3, Zrjgle)
9ol et PEAe) Wal giglon, I
Ae) PPy P4 e Aee R,

YA 54 o) wrfe

oMdA] fele] oJs) @gol

@) Zriwe g
Al 4
st

(@) e Wreol] me} Al ol )
FARE 2ok B Bolom, 49 2}
3L 850°ColA 3027 HALES Aem

ZAEEE 83 ume 2, ol BA1Y

A BT A

[e)

ST AR 955 47154 ShraIT,
A28

1. S. Tsunematsu and Y. Yamanaka: Sumitomo Metal,

48 (1996) 45.

G. Kim, K. Kim, and O. Kwon: POSCO research

report, 97P025 (1998).

R. R. Judd and Blazek: Energy Efficient Electrical

Steel, Proc. TMS-AIME, A. R. Marder and E. T

Stephenson(Ed.) (1980) 147.

. M. Shimanaka, Y. Ito, T. Irie, K. Matsumura, 1.
Nakamura and Y. Shono: Energy Efficient Electrical
Steel, Proc. TMS-AIME, A. R. Marder and E. T.
Stephenson(Ed.)(1980) 193.

. C. R. Austin, L. A. Luini and R. W, Lindsay: Trans.

ASM. 35 (1945) 446.

S.K, An, S. -H, Hong, J. -H, Choi and W. -S, Chung,

. Kor. Inst. Met. & Mater., 40(8) (2002) 903.

H. Nakae and H. Yamamura: J. JIM, 32 (1968) 130.

G. Kim, K. Kim and O. Kwon: Inter. Symp. Modern

LC and ULC Sheet Steels for Cold Forming:

Processing and Properties, W. Bleck (ed.), RWTH

Aachen, Aachen (1988) 479.

. 5. -H. Hong, S. K. An, ]J. H. Choi and D. N. Lee:
Rex and GG, Aachen, G. Gottstein and D.A.

2.

3.

6.

7.
8.



218 ENE - B8 - FEAE

Molodov (ed.), RWTH Aachen, Aachen (2001) 1101.
10. V. Randle: Microtexture Determination and Its
Application, Inst. Mat., Bourne Press, Bournemouth,
Great Britain (1992).
11. W. B. Hutchinson: Inter. Met. Rev., 29 (1984) 25.
12. U. von Schlippenbach, F. Emren and K. Lucke: Acta
Metall., 34 (1936) 1289.
13. C. S. Barrett: Trans. AIME., 137 (1940) 128.

14. T. Sakai, Y. Saito, K. Hirano and K. Kato: Trans.
ISI], 28 (1988) 1028.

15. W. L. Roberts: Iron and Steel Engineer, (1972) 56.

16. K. Lucke and M. Holscher: Texture and Microstruct.,
14-18 (1991) 585.

17. J. S, Woo, and C. S, Lee: J. Kor. Inst. Metals, 28(2)
(1990) 179.



