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Migration of Low Angle <110>Tilt Boundary in Fe-3wt2%Si Bicrystals

Masato Uenara, Hisamitsu Tosuma and Hideharu N akasHima

Synopsis : The kinetics of grain boundary migration for low angle <110> tilt boundary with misorientation angle of 6° was
experimentally studied at various temperatures between 1200 and 1625K using Fe-3wt9%Si solid solution bicrystals by
capillarity technique. The migration velocity of the low angle tilt boundary was much smaller than that of the X9
coincidence boundary. The driving force and mobility of the moving grain boundary were calculated from the migration
velocity, the curvature and the grain boundary energy.

According to the calculation, the small migration velocity of the low angle tilt boundary is considered to be due to
the small mobility and the small driving force (the grain boundary energy).

But the migration mechanism of the low angle tilt boundary was as same as that of the 29 coincidence boundary.
At the low temperatures, the migration was controlled by the diffusion of Si that interacted with the grain boundary.
On the other hand, at the high temperatures, it was controlled by the grain boundary diffusion.

Key words : grain boundary migration ; low angle tilt boundary ; capillarity technique ; Fe-3wt%Si alloy ; oriented electrical steel
sheet.
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Fig. 1. Relationship between f (&) and a®.
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Fig. 2. Photomicrographs of Fe-3wt%Si bicrystals
with low angle. tilt boundary of (a)a=30"
and (b) « =10° annealed at 1223K for 4.5ks,
and SEM image of that with 29 coincedence
boundary® of (c) @ =23" annealed at 1223K
for 2.7ks.
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Fig. 3. Relationship between the annealing time, ¢,
and the square of displacement, a2, at 1223K
for (a) low angle tilt boundary and (b) X9
coincedence boundary?®.
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Fig. 4. Relationship between the curvature, », and
the migration velocity, v, at 1223K. Solid
circles show the calculated values of X9
coincedence boundary® and open circles indi-
cate those of low angle tilt boundary.

Fe-3wt%SiEAMRIEE & 12 3017 5 AL MAEBRLR O B EF1E

BALDTR G B, 3 72, BREN S #7925k Pall F B ILERR) T
NMEBKR ROBEEEIZY 9 ok RD1/30 6 1/2FRE,
EREN h »H)25kPall E (B8 T RS TRL/TRETH - 12, 2
DOENEE D2 Fig. 4 2t~ T3 v, Fig. 5, F—
DEEN N THREIEE R IR L2 DT H 523, T NidFig. 4
PERENH L L CEI CRIR T A —THB L LI Bt e
3, 2% b, MABKROBEFEEL /NS I EOBEEC
X, REMLBEEE, 230, FEEZOLDIPI 0
2t ofbiz, RRBEIOBREN L L TE R A v X —
DRI ERETONS,

L 2AT, Fig. 4 RFig. 5 6 b5 & 512, 29 XKL
RHE 1 RETH 2354, MABKLR LY 9 xSk R O E)
HEDERBZELIKRS -1, 23 9, 2 9IORFDE
FEERET H 2 k572 . 0X10'm~ 2 6 S EOWERBETH 5
8.0 X 10*m~ D [ (BX&EN 1 5725k Pah & 50k Pa) Tlid/IME A kL
RES IR R OBEEEDHEIFEIIRELL-oTV S,
I, BETNSHERKT, 2oL 5 il (BRE) #HE
T, BEORROEBLEREIE#EI N L Z L2 5,
3.2 SEENREKRGTHE

K, WRBEOREMELRE T 22D k7 LIRE
THEREXHEL, ZEFEFRDI, HonzHE8EM
P7r=vx2x7ny bTFig. 6 2R, k¥, LHEOND
SORBRIRIIOC T, BB TIHERDEER
L1129, £ TOIRET/MEARRDSEIREILY 9t oRLF 2
ERTh3CsDThHo12, 12, MABKRDZEED
BIEREER, 39 xtoki g & Rk P REHERES ZIRA T,
NEDOREL B 2ODEIZHI B I LT ET,

2%, 1198K % 6 1248K D KR T O/ IMEA KR D 5 8l
B, SO MSKRIRDL/3 L1/ 2BETH - 12, 36142,
O D HiEHALT AV F —2RKD B £, MERKRTIE

14

I T=1223K
12} ® X9 coincidence boundary %
| o Low angle tilt boundary 6"

10}

Migration velocity, v/ 10%m-s?

0 10 20 30 40 50
Driving Force, P/kPa

Fig. 5. Relationship between the driving force, P,
and the migration velocity,v, at 1223K. Solid
circles show the calculated values of X9
coincedence boundary® and open circles indi-
cate those of low angle tilt boundary.

215



. 216

# & $AVol. 84 (1998)No. 3

T /K
1600 1500 1400 1300 1200

07 =220k)/mol”
Q"= 240kJ/mol '

175110 kJ/mol

170 10 kJ/mol N \

\,

220220 kJ/mol

Mobility, M /m-s"-Pa"

12| @ X9 coincidence boundary
10 (region II)®

© Low angle tilt boundary(6°) 204£5 u/\n?;"\‘l
1 0.]3 " 2 2 . " "
60 64 68 72 76 80 84

T'10°K™

Fig. 6. Arrhenius plot of the mobility, M.
Solid circles show the calculated values of
X9 coincedence boundary® and open circles
indicate those of low angle tilt boundary.

204+ 5k]/mol £ 72 b, X9 AHEKIFR D220+20k]/mol ¢
BIEFECHEZ LS, 2RO DEIa-Feh DSiOEF L
BOFEELT A v ¥ —(219.8+4.2k]/mol?) 12X —¥K T
5, MEARFIIK R OEHEE Z B U 5 RS »
129, SIRT £t DMAEHI/DNICEFLON T, LY
L, ZOEY»,, KEMTR/MEARRORRRZE b,
T 9 AORLR L RSB F ORI L > THRES TV 5
LB A5,

% 72, 1473K #»° 6 1623K D &8s T UL, AMEFKIR D 5
FEIZY 9 RHSRL R DFI1/80 6 1/TRRE L EF N30 DT
bHolee 3612, MOFEY L/ L NIFEELT AV —
&, MEFARIFE TI2170+10k]/molTH b, 2 9 KkIF O
175+10k]/mol t RIZF CETH -2 T 6 ida-Fed D
SiDEA B D EMAL T F v F— (219.8+4.2k]/mol®) %
a-Fe® H CA& FILERDE L= 4 v F—(240.9k ] /mol'?)
b b3, LL, BEINTE % a-FeDRRILHD
HHEALT A v X — (#9139.6~173.5k]/mol'"M {ZEET H
3, LD T, ZOEERIZIT5RFBENIRFRIHE
Lo TEEINTVREELZLNS,

LIAT, GRETORARENL, SIEFOREYDH
Y Z e Gintrinsic BRI BEN L EF LGB, L
L, —CHAEDHISLIT O /MEfARK R OR R B8
BECHRTEERCEEINS LEL LN T H1, 46D
BELR-EHLZC, ZORKREODCTRIRED L Z A
L The, i TOMIBKTORMAEBREN BT 2

MEDELW, fccEBEACLLDTHY, SRIDL S
becEBDOFNIFHEDM SR b BT H 5, becDF dulEs
dfeccd W ZERBRIIK S, LYo T, SEID L 5 LA
ZHH) 6 D/MEAKIR T bbec® B 61 RIFILA D &
5 By E C A TREEYTH B, L L, I RUkHER

Dik B LIGT, bec BB D/ IMAABLR DS = DT
DFHMEHRVVELFELIONRS,

Vb, MR BEOREREORT» 6, MAAKR LY 9
toRLR L RIREC, KRB TR L AR T 2SR T
DIEE - AE S 1, SIEFOIED R R OB EIEE (2B
Tall 3L REEBRTIREAIE-FEEINEZ L
Bhhotz, L IAT, MEBEHOMOPRIREL, K
IR O EEEE D O SISO BERE~DBBRIE L E L
Ld, L L, JOxpkiR L/ MERKRE L Tk, ERD
BF@ELS TV, 2% b, 39 Ak R IZH1300K TK
B 6 &SRR CIRERHTER L TU DR LT,
AME BRI TG 0 BR LT3K T RIS OB St
Lo Twv b, BEEEOERIL, SiEFOIE»HRFD
BEEE BT RBLELS, SIRHBOGHEY
B2, intrinsic /MAMK R OBEEE XY 9 Kk
RIZHRTIEE NI, LI2H 5 T, T 9 RiF s~
T/MEARRREERTLRITO»CERBT A EEHELLNS,

COBEMEOBROMER, BE-ETEIHHYEL
THRATHLR OGNS, FiBDFig 4 131223KTH R % H
S RIAERTH 525, 3 9 MFhL LM 52,0 X 104m !
TERDPELC T3, L L, MIAKRXAEORET
BBEESEOERILR G N v, Fig. 6 2 6, 1223KT /b
{EAPRLR ORI R BENL S BIRE L 72 TIRSITE T D HLEk
RSN TV A LB Y»TH L, @I, MEAK
FUIREFR & b RS LR (W8.0X10'm L) TER L
TwatFEioNs, D3 b, lHEH2.0x104~8.0X104m™
DOREITIRY 9 sk IR IR SR I N DI L T,
AMEARRISIEFOEERI-gE s NG, LI > T, Hixd
LI OEBETORBRISEEDOZEDE L WKL, MFEOHE
DL 2 EBBEOMBIII-TLRLINNLDTH 5,
IORBRBEBOBEKEDER, 010, BHMEEORM
L BEALIZFe-3wt%SIEBHAS L EDL S, 2EBCEZ
NTUCAREETLRREVSHEER LRRBINC KRS ¥
Brh5: 555 REAIGFFEAEHEDOLDTHELEFLLN
5, LIchio T, #ifB I~ T, »sRERBETRYVE
BELTOHEIEEREAEDHED, BFEOFHSEOELRED
T, B LEMIBRYER LT CLEELLR
%,

4. A

Fe-3wt%SilElAAA D/ MAFARI R ¥ H o T, KA ZE)
EERHE L TUTORRELEL.

(1) /MEfARROBEEEIZY 9 SRR~ THE
NS, ERDT2.0X10'm T LR TY 9 MR R O/ 4~
1/582BTH - 12, 3 12, BHEH2.0X104~8.0X 10*m T
39 SRR DRI/ ISRRET H - 12,

(2)M=H72.0X104~8.0X 10*m " (BR &} /1725 ~50k Pa)




T/AMERKIR LY 9 SRR OB EEEDENE L KEL
Loled’, THEREBERAEESCRAETDH 2R BINEED
BRSO HRLR L MAAK R TRLAIDEF LS
ns,

(3)/IMEBRROBEEEL /NS DX, BENEZD b
DH/NS T LD, ERENL L L TEIRR 4 v ¥ —
PRI EVETLNS,

(4)1198K ~1248K 3517 3 /MEA KL R ORL T B ENOE
L A v F—13#9204kJ/mol t 72 b, a-Feth DSiDE A i
BOBEH L AV F— 12 3E—T 5, i, KEARE
CZHARTSIE T L OMEERD DS e L F 2 o b/ MAERKL
ROBFEBEN G, 2 OEEMTIIKEARR & R ICSIR
FOIE Lo THEEINT V2 EHF L LN 5,

(5)1473K~1623K ! 351} 5/ MEA KL R ORL R BN D&
LT AN XF—128170k] /mol & ¢ 5, 2 ik a-FeD R F 4L
BOFEE LA — L~ T 5, B, ZOBEMTO
MERRRORRBENIR R REEI N TS LH R
Livh,

b bz, RFREFITT 04120, Fe-3wt%Sia®
DALFSHTE LT o2, #HARER 24 EH

Fe-3wt%SiEla RS 6 2 35 1 5 <110/ MAAKLR O FE BT HE

R L» GESHE L BT 5, ks, AIFFRILFER6 FE
XEERHERRE K B) Lo TIT- DT H 2,
CIUEHRELTEHOBRERTARETDH S,

X [y

1) 28, K.T.Aust and J.W.Rutter : Trans. AIME, 215 (1959),
820.

2) EBBER, Evk R BARSEESEE 54 (1990), 1.

3) hEEE, FEFT, EIEEL, HINEZ, ShHHME g LM,
82 (1996), 238.

4) WiEZ, LEMT, EIER, SERR, MREIEXR, JEE—,
B, EHkB MY gk LM, 82 (1996), 471.

5) R.C.Sun and C.L.Bauer: Acta Metall., 18 (1970), 635.

6) H.Kurishita, A.Oishi, H.Kubo and H.Yoshinaga: J.Jpn.Inst.
Met., 47 (1983), 546.

7) D.Wolf : Philos.Mag., 62 (1990), 447.

8) E.D.Hondors: Technique of Metals Research, ed. by R.Bun-
shah, Vol.6 (A), Chapter 8A, John Wiley&Sons, New York
(1970).

9) H.Oikawa: Technology Reports, 47 (1982), 215.

10) H.Oikawa : Technology Reports, 47 (1982), 67.

11) S.V.Zemskii, V.IGrigorkin and L.N.Moskaleva: Chern.
Metall., 13 (1970), 86.

12) 8 21¥, R.Viswanathan and C.L. Bauer: Acta Metall, 21
(1973), 1099.




