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Secondary Recrystallization Behavior during the “Strain-Anneal”
of 3% Silicon-Iron Sheet

Koh MATSUMURA and Akio KaMADA

Synopsis:

The growth conditions of seed crystals in the sheet material of 3% silicon—iron cold-rolled 70% (lst-stage
rolling) and annealed at 800°C for 30 min were examined, and the grain growth behavior during the strain—
anneal procedure was observed together with the texture change.

The prestrain of a wide range of 20—60%, by cold rolling in the Ist-stage rolling direction or the trans-
verse direction was found to be sufficient to induce the growth of seed crystals. At higher prestrains, seed
crystals of (110)[001] orientation aligned to the direction of prestrain appeared. At lower cold reductions,
prestrain in any direction gave the seed crystals of (110)[0u1] orientation aligned to the lst-stage rolling
direction. The primary recrystallization after the prestrain was accomplished by the nucleation and growth
in the former case and by the migration of original grain boundaries in the latter. The transition between
them was found to occur around the prestrain of 309, cold reduction, where the seed crystals of both orien-
tations were found. These seed crystals grew selectively during the secondary recrystallization and the dif-

ference in the rolling or primary recrystallization texture obtained after various prestrains had no effects on
the selective growth of seed crystals.

(Received Apr. 12, 1971)
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Photo. 1. Macrostructures of specimens annealed to grow seed crystals after cold
rolling to a) 139, b) 289, c) 35%, d) 49% and ¢) 789, reductions

in the L direction.
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Photo. 2. Macrostructures of specimens annecaled to grow seed crystals after
cold rolling to a) 0%, b) 13%, c) 20%, d) 25%, €) 35%, 1) 42%,
g) 499, h) 57%, i) 63% and j) 71% reductions in the .C direction.
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Photo. 3. Etch pit patterns of seced crystals grown after cold rolling to a) 209, b) 252,
¢) 35% and d) 499 reductions in the C direction.
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Fig. 1. (200) pole figure showing orientations of seed
crystals grown by annealing specimens cold
rolled in the G direction. )
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Photo. 5. Photomicrograpts showing recrystallization and grain growth behavior, taken after

annealing up to the indicated temperatures.
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Fig. 2. Relationship between annealing temperature
and grain size of specimens cold rolled to
reductions indicated in the diagram in the
C direction.
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Photo. 6. Transmission electron micrographs of
specimens annealed up to 500°C after
cold rolling to a) 109 and b) 709,
reductions in the C direction.

SHREKEETFEE/IE OV,
LEEDSCFBAMBEIECER Lz L R C R &
fEaER L, BFRAMSEIC X b a0 b e Bz L
7z. %§5% % Photo. 6 %> & Photo. 9 jz5%3. Photo. 6
@ 500°C & THZEA L7 T, FEIEE 10% 55 70
% ETOTXTORES ISITFEMARO £ TH5.
Photo. 7 i7"+ X 5z 600°C Tk, 10% FEIED S DI
RAEES AT 57717, sub-boundary DRI A
bhisv. 20% EIETIEA70 0 [EEHBEEA T subgrain
DFERBHD LS /5. 30% FRETIE HisSEn e
EEHLN, 0%, 70% & FTIEEH Tz o T Eo
Hi3tE LC< %. Photo. 8 {T/RT X 5T, 700°C Tk
10% FERED BN BRI —# 4 » M & TR LTV B A%
HEDIEDED LT LTWwinv. 70% FEOFEHIT T
KGNS T LT, 10% FIEDHEHNT Photo. 9

et W A
c) 303 x10000 (9/10)

Cold reduction

Photo. 7. Transmission electron micrographs of specimens annealed up to 600°C

after cold rolling to a) 1094,

C direction.

b) 209% and c¢) 50% reductions in the
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a) 10% b) 70%  X10000
Cold reduction

Photo. 8. Transmission electron micrographs of
specimens annealed up to 700°C after
cold rolling to a) 109 and b) 70%
reductions in the C direction.
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Photo. 9. Transmission electron micrograph of
specimen annealed up to 750°C after
cold rolling to 10% reduction in the
C direction.
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X 10000 (9/10)

Photo. 10. Transmission electron micrograph and diffraction patterns of the specimen
annealed up te 650°C aftér cold rolling 509, in the C direction. Diffraction
pattern B from the recrystallized grain is related to that of matrix A by

rotation of 30° about the [111] axis normal to the specimen surface.
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Photo. 11. Transmission electron micrograph and diffraction patterns of the specimen
annealed up to 600°C after cold rolling 309 in the C direction. The (110)
diffraction pattern B from the area B in the electron micrograph is related

to that of A by rotation about the plane normal.

T L THFH inhibitor % & D P> TEIE L, &R
DI DPROBENIE <, inhibitor X Z OBEIEITDOWT
VIR BEO LR L X b ic BB% >-51F normal
grain {growth % %. CZOFR2IKBFELHDIDDR
Rxiznv¥—BEbhTlLEs. 209% LEoFEET

RZEENTSH THOTEMATH R L LR SH%EH
BT L HMEIRD 7o D#EE IR K E { e\, T T~ inhibitor
HEDOTETHADOBEZ ST 2. 27 inhibitor
DOEIBZ7-13EREN B 5. 1000°C L EomERE CH
RUIEEESN, 2KREHEG~NORENB /b b,

— 89 —



462 % & 8

i 58 48 (1972) 53 2

2 RBHE X DRBEMLEE~NLANS.

3-3, 4T~/ X 512, Z @ strain induced grain
boundary migration I CILIEER A7 00 FEIE
SAMENID £ DRGIT Ao, | RS S EST
RHO BET1Tebh 570 HEEAHGH S » 47
nN%. EHEGERSMED MmO SRt LoR5 &
{111} w3 % 23 {110} THIZ (T & A &7 { normal grain
growth OEEE 4 MIE>T 5. 209% L)1 DFERET nor-
mal grain growth 23f &g 2 KEFRSSMSB 2D,
ZOFEF (110) [110] Lt bt 1 S HES T Goss
Fhi% & p HAERMICERET 5. CofsRiz LARE
AT OWT D [k E FExbh, 271 WIEEHR &
45° DE N ELE L7354 & MERic | RITEE 5T Goss
FRie EBRBRE LT E 252 bbidE, -0
strain induced grain boundary migration = k % 1 W
Hidea 2R RBEY S 5T, FOERE
FENCIZBR LAV Z Enbr b, Wy EThi< o
DERRMTH D0, [l ORSEIZ OV Chibo 7
EOUEEHET S L 3EBTH D2, FOUHERE
FUDL DD L EXLRS. X LT BSHTRA 0
BIC X5 1 kRS +4r BEER/hxL, o
normal grain growth % il & h T i HiR T 2 %
PR EI LD 5 2L brot. 0ETIRED
nucleation and growth jz ; % 1 IREGHEE b S
L., % L TIRJEFER | D strain induced grain bound-
ary migration iz X % (110) [110] Rk D5k &,
X DEEEZRA D nucleation and growth BRI S
Goss AR DFELE & A ELED 30% Fif% o ERS 4k < %l
gEhs.

RIER A& < 72 5 &lH @ nucleation and growth

£ 2 DIRFHERDGH T 5. Donn® |z Lz 2 e o
DX LT ] K FEE O X v minor component ¢ 3

D,§t7h9772ﬁ02%®x%é%%01w5a
W 5. impurity inhibition!® DNEEEZ DX\, 2%
FREGRILD FEEIT DV C | IR FFEE I 124 Cic. Goss
oMb frk b kX <, impurity inhibition i & Dk
2 TR 5 W TR BT < S SR A b5 LIS T
EERIBBEZRT V. UL U | kB EIC 13 Goss
FHHE B & < K& g\ A5, impurity inhibition %
TADTERANC BT, Goss HREI D A28 £ o Bz
B UC 2 KB s 2 B ATHEM L, 5 5.

BN 72 & 51 C HRID FEFER 235 < 75 % b AT
{IL1KUI0Y 2338 < 70 b, 7= (211} HRRA B LT
{LHKN2) 24T, zhps kBT (111)<112)
EFBE BT 5. 1 KESSEAME 1 {111)<112)

BELEENDZIONE LEBEEH I >WTHIFEDOZ &
T, Goss FH{f 2 R 213 [110] #zBIL T 35°
DEEEFCSH D, KEOFMEZIZRT I 0L ELS
hs.

Goss 5L 2 IREESMEORA T LT, FIER 1%
FIERER AT (111) [112] BRrosfEm s EE+nid
D 1R B EEEHEN IS LT (110) [001] HA2AE
SVEENTL B EERTWE. FEZOEBRTILE
MERED HEFEESHBIO EHsre LT (111)A12)
A LIREEGESHERICII A D3RV Gosspi At
BHbhTws. CHMEEDEEE 2 IR mE oMt
12 Goss AL BN S LR &, [FiEESH Bk {111}
L12) AT 5 FEEA—FH LTS5, Dunny 510
AT HELRIC & B RS S AU SRS SRk
X OWGRL LR IR EIc e b L ah T
A3 feifi WaLTer & Kocu?D, Hu®D, k2 Lo
R OPWTOBEFHMEC X 505, S EEMSdh O
P KRB GEOFERTBEL P Eh>25%. 48
FRATICDWTh, BIZHMSEIOE L L CRERED
Iz 2R R A E R U AR OMs 355 EvdH 2 &
TR, ZOEMO RITD MEicks & Bbhs
A, COERBRTH EE—R{EHEkohic Goss HhRId
L<id (110) [110] HRroEksras (111} = k) » » 22
HAEhcRyHidh.

70%LA EEAE L 72 30RHEIR B AR 1T X 5 Besti & i
R & 75 5. FOHRIE Goss B FHTEOEREAH <,
2RSS T EDRRLEZAOLN D, WEHHE
{27 ELBBLE Lvinv.

AFEE T Goss HALOERL MM D b DT EHE
EAMERT {11312y gkay, (F10) [110] Hhrof@ss s
o ohcboid {(111IK10Y fagngEnTtns.
JEAESE, IR NN &2 CEMEAEBKS biEv, |1
W REASMEED Goss 724k (110) [110] p4r% 4
LAERELRLD, OFFASFIRLDODTVS. L
» Ui H9icid Goss &5 E (110)[110] Hfrod 2 3k
RS ELN. 2O 213 2 kTR oriented
growth TiTlbi-Z L2 RTHDLEELNRS.

4. =E %

39 IEEHE 70% 1 JGSHE L, 800°C ¢ 30 min i
BREES L7cd O& AR & LT, Bl X 58
ERDOI- D DEHEMOREEN R /LD, Db TH
kRS XOBERESHEEROBREZ L b 7.
DEERIIRD L S EHELD.

1) §IE» % BEOFRETIX EERIT KELEZV

SF

A 2o Zo

— 90 —

)



-’/

i

C MR BT A ESHRO R EERERII O WT 463

P35, WIHEE JhiX, LARNCHERE LTdh CHENCE
WLTh, EEED 20% 5 60% FTOIEFITAV
I TSI RE LcEESNE LR S.

2) LB FiELEE, Boh s B Wi
(110) [001] ¥ 7t Goss KA TH 5.

CHMC I L7ciE, SEEZEER T 1 RpEofm
i Goss itk & 5 (110) [110] HhroEfESmH5KE L,
BEEEERITIE H LV FIESR GIREZED HE)
Goss FHiw & HHEfEMATE S, FEHER 30% 6t o
NHOBEBREHTH D, Goss Hhr (110) [110] FHhiod
MR DIRE L0 E LS.

3) CHMEX DERRDRELZ 5 X FoD bR AE
DR E L BB &, 30% LATF O EHERTIBESIATO R
ROBENC X D, %7 30% LA EOFEAEE T nucleation
and growth Ofiffic X v 1IKFEFERTS. £ 0% 10%
FEE OB CIE normal grain growth 2k Z b 2KH
e Lwas, 20% Ll ko FIERTIE normal grain
growth AHIHIEN &R T 2 KEERT 5. BHEGPE
BNL7dDLEEMT 2 KEZEEP T bhaZ LT
H5.

4) LSS, LREEMEAHBE S LERE
M & CHmEEM & TP DB BH, 2 KBRS
HoTEEE S Goss HRrE vk (110) [110] FHRCAALE
T5. ZoORE, FEESMEHO (1113112) gfas
EELEREZEIATIOLEELLND.

5) RELEROHMTETIE, TOEESMICE ST 1K
FEIE AT Goss Hfia & BB GPKETS. 2% D
EsATR RoOBENC X b 1 KEHREPTbh 5546,
MEOFMICREE IR, LB 2TEMEYSE
[T XoC, (110) WA IC AT T [001] 5w ftE
D E ORGSR D.

Wiz, BECHIY TIRETX B TRENE
kBN U B — R ISR, ToRKLH
S-SR ECECEILR L LY Ed. £
AR OWCIFFCF R L CMFF LB L2 W 22w
TR BT R FE TS R EIR IR RV LET.

x [
1) F. W. NoeLe and D. Huri: Phil. Mag., 10
(1965), p. 777

2) &k BE
3) C.G. Dunn and G. C. Nonken: Metal Progress,

64 (1953), p. 71

4) HE, ®AN, F1H: gk, 52 (1966), p. 187

5) W. G. Burgers and P. C. Louwerse: Z. f.
Physik, 67 (1931), p. 605

6) R. W. Cann: Proc. Phys. Soc., A 63 (1950),
p. 223

7) A. E. Van ArRgeEL: Rev. Met.,, 33 (1936), p.
197

8) C. S. BarrerT: Trans. AIME, 137 (1950), p.
128

9) P. A. Beck and H. Hu: J. Metals, 4 (1952),
p- 83
10) L, ik BAREB¥45E 32 (1968), p. 130
11) H. Nakag: Trans. JIM, 2 (1961), p. 213
12) K.T.Aust and C.G. Dunn: J. Metals, 9(1957),
p. 472

13) K. T. Aust, E.F. KocH,and C.G. Dunn: Trans.
AIME, 215 (1959), p. 90

14) P.K. Kou and C. G. Dunn: J. Metals, 7 (1955),
p. 401

15) HRE, &k, ¥i: gke8l, 54 (1968), p. 162

16) H. Hu and R. §. CLine: Trans. AIME, 224
(1962), p. 784

17) C.G.Dunn~ and P. K. Kon: J. Metals, 8 (1956),
p. 1017

18) C.G. Dunn: Acta Met., 1 (1953), p. 163

19) J. E. May and D. TurnsBuLL: Trans. AIME,
212 (1958), p. 769

20) fEIEE: BEREB¥ESEm, 1 (1962), p. 583

21) J. L. WALTER and E. F. KocH: Acta Met.,
11 (1963), p. 923

22) H. Hu: ““Recovery and Recrystallization of
Metals” (1962) AIME

23) E. FurusavasHri: Trans. JISI, 9 (1969), p. 222

& E

(HM) #Fessw T 54

BIEER TTFREESATCLREETTEREEES 2 Th, &
EHRAPELZCH22bb ¥, BEMERL Goss Fir
PEET 5.

(@m#&]

FEBRCHEB LAMBITIX 10% LTFO3RER T
HERBRE L2k, MEPSESTSH ) BHSE
MRDOTERBERED, BOAVEFETEEL TWARL
#5, —fRIC filebh B BIRER ITX B HiEd, strain
induced grain boundary migration /s % 8%+ % 3 @
EFhiE, ChREFERCE TS 30% UTOEWEE
DIPFCHYTDHLEZLND. ZOBE, TEDHE
PO BRI TEOFMICIKF LR Y. T &, BLEE
WFBIZL L EREEHRRXCIEGBR LAV D &b
5.




