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Surface Energy Controlled Abnormal Grain Growth in
Melt—quenched 6.6 % Silicon Iron Ribbons

Toshiro ToMIDA, Atsuki OKAMOTO and Masashi TAKAHASHI

Synopsis :

In order to understand the mechanism of abnormal grain growth in melt-quenched Fe-6.6%Si ribbons the
recrystallization process during high temperature annealing has been investigated. Abnormal grain growth
occurs at temperatures between 1273 and 1473 K in vacuum, dry hydrogen or dry argon atmosphere. The
preferred orientation of the abnormal grain growth depends on annealing temperature and atmosphere sensi-
tively. In the vacuum of total pressure from 6 X 1072 to 10 Pa, highly oriented {110} <utw) and {100} <0
vw> textures form under the conditions of higher temperature-lower pressure and lower temper-
ature-higher pressure respectively. In the hydrogen and the argon atmospheres with dew point of 228 K,
strong {110 <uaw> and {100} <O vw> oriented textures are also observed respectively. Such an abnormal
grain growth can be explained in terms of the surface energy differences between the crystallographic

planes, and the surface energy itself is also affected by the oxidation.
Key words : abnormal grain growth ; surface energy ; melt-quenching ; iron-silicon alloy ; high temperature

annealing ; texture ; oxidation.
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Table 1. Chemical composition of the ribbons
prepared (wt% ).
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a)-c) Longitudinal cross section

d)-f) Surface appearances
Photo. 1. Microstructural change of the speci-

mens during isothermal annealing at 1473 K in a
vacuum of 6 X107 3 Pa.
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Fig. 1. Grain growth during isothermal annealing
at 1273 and 1473 K in a vacuum of 6 X107 3 Pa.
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Fig. 2. Variations of {222}, {200} and {110}
X-ray intensities of the specimens with annealing
time in a vacuum of 6 X107 2 Pa.
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(a) L.D (b) LD

(a) 1273 K for 480 min (b) 1473 K for 160 min
Fig. 3. Plots of (100) poles of coarse grains in
the specimens annealed in a vacuum of 6 X107 3 Pa.
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Fig. 4. Effects of annealing temperature and
pressure on preferred orientations of coarse grains
in the specimens annealed in vacua.
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Photo. 2. Scanning electron micrographs showing
grain boundary migrations due to surface energy
change in the specimen. The specimen was
annealed at 1445K in 2Pa a), reannealed at
1373 K for 60 min in 5 Pa b), and then reannealed
at 1473 K for 4 min in 6X10 *Pa c).
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Pa O yiZem, 1445 K THESE L T 7 {110] Cuaw> &
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COXD AR E o TH 2 TH, I
o U Tk F SRR L, Lad 2ok Rtfigg)

5mm

Photo. 3. Effect of annealing atmospheres on the
abnormal grain growth behavior of the specimens

annealed at 1473 K for 60 min. The kind of gas
and the dew point are a) hydrogen, 255K, b) hy-
drogen, 228 K, ¢) argon, 228 K.

(a) LD (b) LD.

(a) For 60 min in a hydrogen atmosphere of 228 K dew point
(b) For 120 min in a argon atmosphere of 228 K dew point

Fig. 5. Plots of (100) poles of coarse grains in
the specimens annealed at 1473 K. The annealing
conditions are described above.
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(b) Auger spectrum, dN(E)/dE, after 2 min sputtering 8 Si
Fig. 6. AES surface analyses of the specimen a 0 T ‘] I é = 3
annealed at 1473 K for 60min in a hydrogen Sputter time (min)
atmosphere of 255 K dew point.
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h % L 2h BESEL SRR O AES 5474 R &R S ‘
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ANy F—{DF—T 2 ART FIVIZIE, 46 B L U52
eV iz, Z 20— 253 6hns, ThbDE—

30 50 70 30
Electron energy(eV)

(a) Peak to peak height profiles of Fe?%%¢V, (0503¢V 5pg gl 619V

with Ar* bombardment
(b) Auger spectrum, dN(E)/dE, after 30 s sputtering

Fig. 8. AES surface analyses of the specimen
annealed at 1473 K for 120 min in an argon atmo-
sphere of 228 K dew point.
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Photo. 4. Selected area diffraction pattern of thin
Fe;04 film formed epitaxially on (001) plane of the
specimen and its shematic representation.
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11 (010) Fe-s;i
5104 |8 — 12x0? " (110) Fe30,
o & (in Ar, dew point 228K)
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v -
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. . %
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Using the data in Ref. 10
* x Using the data in Ref. 18 0
Fig: 9. Stable oxides at 1473 K as a function of 100) Fe-si
(170) Feo

oxygen pressure. The equilibrium oxygen pressure

and the oxygen pressure in the present conditions

were calculated using the previous data.
KAHREE L 72 (Pyy/Po,=2) &RGE L7 & & OREEIE
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WA L 7-BE R OB LD kR4 il — 4 L F — (KT A
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BESh L 72 A RIS SOV fbizgZo s h Tt s
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—J, TOT e L 2o alEl R 0 TEM 852
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a (001)Fe-si

QO Fe atom on
a (001)Fe0

S S S -
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Fig. 10. Configurations of iron
(001)pesi #/ (001)g. oxige plane.

atoms on

L 72 Fe;04 73588 5172 (Photo. 4). Z OFREIZ 4T,
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BILDDTER SN HDT, Fhriitsizd, FEH»S
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Fes04 ~ & EHE9(4FeO—Fes0,+Fe) L72b D & E 2
LNMb., @i TLER KL TH S Fes0 b LI
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EuFEZONE, WFRIZLTYH, RAEIERLE IR
5D Fe BRALY & 885 M1 BLY O BT FIEE G2
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WAREE L7 6.6% HREEFORME T AL ¥ — 12 &5 RERE 1051

1100} HOEKE TV F—% T & LFEKNTIEZ VA
I R (o

4-2-3 PLZEHBESE

Fig. 4 {277 L2k 542 1110} & L <1 {100f v
TR TRBAVLIEN 2 AL, PR &R RTF
LTEY, 2PaifiToO s DERIIAHES OHEY
E—HT A CoOBSLEIE L gkoBIbE v Bty
SEF LIS, TADLERMT 110} BAEEI R
Lok, 16 UBEESH T TEimi 2 VS LD o g s
AT LB LA DI b T, TaEHET
1100} 75 {110} NEZEMATR O E DL L mEDE L &
LIS B0, FRATOBRSIEAS kb Lk
OEALYEIT LR T (2 n T ETEMMICIERTE S,
Sudzhid, AN Fe BILE AR S 2T WK
BTl C o RARE LI LD 11001 AL @
s, BEEod: Uiz o AT iR & [
U< N0 RIARERE R EEZOND.

5. # E ]

WARZG L7 6.6% HEKBHOMETB X UOAK
JEA ZERAH 1273~ 1473 K TOREE SR8 L, £
BT AL F—2FH L CHE L 7R, Kok 21497,

(1SR T v ¥ A HEO £ TRE AN
WHMT 2 CIERREEL, ZO®RBMEFIZIST
AR E OB A F5 o - R AEL B

(2)ZORERKERALEDOARL 5T NAEFA
PThAL, ARG CEERIEET 1110 Canwd,
IR BT AT 110010 wvwy, KAUTFFMAP TIdENA
228K O AKFEHTHIF, WLULEHLOT7T VT hTikiESE
WO L R E e B

(3)VRFRME IR ANV F OB L HZ,
TRV F— MR EROBILICHEES AT
5.

(4 )SAWFRE AT ITERBRILOIREECE (1101 HOE
WAL F—ib<an, 5 5mm BEOHE

Fe 128 A ZERILB A & 72 KREECiE 1100} H A
LEEL LD EEZHLEEOMELBRHHTES.

(5)1100f MALEEE 2 A BN EERETOBEAY
(FesO4 or FeO) L H & DR T OELSMHIZH S L H#E
maAND,

Bbil, AR FEITTAICH - DHIGE W&
T L oA AT e R 2 (B A 7 & SARELE
%) HHUICHEEY VA T LEBE AT K
FuE, AIREAEEED R OEFv LS.
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