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Effect of the Tertiary Recrystallization on the Magnetic Properties of
High Silicon Iron

J. M. Koo
Dept. of Heat-Treatment, Cheon-An Technical Jr. College.

ABSTRACT

The 6.5wt%Si-Fe alloy sheets were made by the twin roll process. The magnetic properties and mi-
crostructures of sheets annealed in the sulfur atmosphere were studied. In the as-prepared sheet, non-
oriented columnar grains about 10um in diameter were observed, which grew from the surface to the
inner part of the sheet.

When the annealing temperature was around 700°C, the primary recrystallization was formed
around the middle part of the sheet thickness, and the grain size increased with increasing annealing
temperature. At the annealing temperature of 900°C, the grain size became 30~ 40um. Around the an-
nealing temperature, the motive force of the grain growth is the grain boundary energy. However,
above 1000°C the surface energy played an important role in the observed grain growth. When the
sheet were annealed at 1200°C, the grains whose (100) planes were paralled to the thin plate surface
grew, and all sheet surfaces were covered with these grains after 1 hour annealing. This phenomenon
is called tertiary recrystallization. A difference in surface energy between (100) and (110) surfaces
provides a driving force for growth of tertiary grains. The coercive force was 0.27 mOe and the AC
core loss W,y was 0.38w/kg for the 6.5wt % Si-Fe alloy.
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Fig. 2 X-ray diffraction patterns of the 6.5wt% Si-
Fe alloy showing the changes in diffracted
plane with heat treating conditions.
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Fig. 3 Optical micrographs of the 6.5wt%Si-Fe
alloy after annealing for lhr in the sulfur
atmosphere(cross section)
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Fig. 4 Optical micrographs of the 6.5wt%Si-Fe
alloy after annealing for lhr in the sulfur
tmosphere(surface)
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Fig. 5 Optical micrographs of the 6.5wt%Si-Fe
alloy after annealing for lhr in the sulfur
tmosphere(surface)

A) 1200C B) (100) plane

(80) #2104 anpIa0y

o
[
Y
1

METRGR 104, 4% 1997/251

3 gFolvke Ag JehiR A,

oo} 22 Ad dAHo| ol 2AHY (3 HEF
#)olx, 1100 oldelA dHe) ez F7
w2t o]E (100)A¢ e 259 BAYol F43)
A7EA e dA g Adsh "

3.2 X715 B

Fig. 6 d4g&xd uwl& 3xl3(He)ol ¥}
& Jeld Zoith A Y Aejel vt FajEe
o 1.80ez 27 Ao o8] YAHFL FH3
ZAasgct. daes q2g AAH] o] 744
£ 9f 700°Ce]7] W&o o] o3l M BAE Fx1Y
o] A3lke 2EAd g8 uwehlel 71388 Fol
Zad7) gEolein YA},

700°ColA 9] &AEE 0.9 Oeoliom Axz] &
=7 F7hE wet e aA) gask 1200C
A9l gaEe 0.27 OeolUrt. o]AE Fig. 3(d)
e} o] dAAe] &5r} nLoa FrIge et
ol AU (3A AU B2 A% 2HYY =
th 2o} A 25 A2 W F-go] AR 2
] o5& W k= pinning site7} ZtAaslo] ¥}y
o] ZAadhe Ao wAHL)

Fig. 7& (100)8& e A4 H7F 2WYA
of th¥t #2138 (He) o] ¥shE EAIE Rolo)h. a9
A & F ARl YAHE P 2AEAL] Q5

20 T v T T

.\

~

o
T
I

o
T

3

00 T 1 N A L i " A

0 2% 400 800 800
Annealing Temperature (°c)

Fig. 6 Annealing temperature dependence of the
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252/n7t4d 72w 2A71H A wlA e 33 A 9%

vldsiA Doz Wsta flo thes 22 A
7} Ayd.
Hc(mOe) =50/d(mm) -+ 18:-c-+-+ (3—1)

B Adox ZAY =77} 5.5mz s 2
(100)8W g =HE& zte o] S
27mOeo| YojH ).

ojojgto] AR YA ] F7Igtl we} FxHo] Ha
3h= A disiMe Moz tet o] H1
o Aok, AR-EA N o8 ol 278 23
HollME B4t 1 BA 2] oo A3} golFe
wafo] thach o] wjie YAIF-ZeME AFo] A
713 a9 28 FR(EFRD AR e sk &
A A7) F7IEH YAle] FEHo| i)
Y2 AFe] Yo} 2askn G|zt st
of o] Hadith H¥Hoz YA =
He whFske Zo] AL Yo B 44 o
Fo i Aol Wste] v &S AARA] oLy
Aol 1/2d vhldlshe 2= s Jdop.
T4 gan 28 2] ool & Ase 3
T ©730] dAe & L F7] Wi FAHE
#aA717] e 2EYEAEY 7R F8F 84

100

T T Y Yy ey ——

Coercive Force ( ®Oe)

40 | -

20 Lol TP U TP S s 1
00 02 04 06 08 10 12 14 16 18 20

1/d (100) Grains {(mm-1)

Fig. 7 Relationship between coercive force and
grain size for the 6.5wt%Si-Fe alloy

299

Fig. 8& 8130} 27mOe & ZH= 6.5wt%Si-Fe
o] HulASUE (Bm)ol] ti g A& (w) 2 3)x
g2)Al & &2 (hysteresis loss)e] #3tg Vel
o). &% Fo5 50HzoIith. Bmel F7le] ubet
e o FagEAa &4do] §48) 3718l Bm
9} 1.6— 1.8%9) )3} ct gt Bmo] 14KG=2
€w ¥4 Bme] x4 1.6—1.89 gtEut o 0.
1w/KG =ZA =2ich. aapA o]ale] HEe] &4
Hd Bm=12.5KG9] #=42 @}

Fig. 9v t2d F8uie] A7 200e9]
A AEUE Byoll 3 HE(w)o] o =A = ¥als)
=718 Jehd Aoju}. H&E(w)E Byoll 34 g&
gl Byo] 710 o8 di(w) 2 FE3] #asld
Wias0(50cycle, 12kgauss)ollA Ha i (w)e
0.38w/kgo]t}.

ojopge AL(w)el #4E Fig. 2 ¥ Fig. 3 5
oM & 4 %ol A& BHY] FollA dNEFFeR
N ARz oAde] AR EFEHR] #e
(100)9 e} AAYE A A A AHL=E F71
AlZIL RS B H7] WEeg Alsdch o
M 58 E97) F Il & niaE Fal

—_—
010 |- ~
| »  Total Loss
o Hysteresis Loss *
0.08 |
‘g'_ 0.06
] L L]
g
004 |- . 4
»
( .
0.02 | 4
-
. 1
ooo 1 1 I i
2 ‘ ] s 10

Induction (KG)
Fig. 8 Iron loss and hysteresis loss dependence of
the Bm for the 6.5wt%Si-Fe alloy



s IRg At 104, 458 1997/253

iron Loss (w/kg)

A Agae] A A 23 ALEE 54 2 A
APt 7hs gt

4. B

6.5wt % Si-Fegrgol sl #3 £97) & 94
23l (100)2FHE HeH oz YA 3a A
AAo]| 2 |EAY mAe FEE AR A o
<3 o
1. 1200°CollA 1A17E dxgshd o] FBAHH (34}
AAA) el ziskAl s HHUES 5.5m
o]t

2. Z & ol AAY (3 AMEAY) 4Pz
3o Ay 7rAskd 27TmOeo]Sith

3. 17} AHAl 200e9| A AELE Byl sl &S

ZAKG 3% AeEwie Bedl ZA 2E3le By

9] Z7)d) e} Aewe F48) Badtd Wiys

A F4 Aewe 0.38w/kgolRith

“o EES 1996WE VRS WFATY TR
s A7ale] ojslel AT

048 T T T T T
0.48 |-
F:50Hz
Bm:12.5KG
044 b
0.42 -
0.40 p- ‘\-
0.38 b

142 144 148 148 150 152
Induction Bzo (KG)
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