FAI oV AFALVEECOERELMBBRROBREEE 241

wm X

UDC 669.141.241.2-122.2: 548.53 1 620.187

TV R =9 ARV REIR O BRSPS DB

(TR

=R I

Initial Stages of Recrystallization in Aluminum Killed Steel
Sheets as Observed by Transmission Electron Microscopy

Synopsis:

Hideo ABE and Takeshi SuzuKki

In the previous paper [Trans. ISIJ, 11 .(1971), 201], the authors reported several results of the
electron-microscopic observation on local orientation distributions around large dislocation-free subgrains
with their {111} planes parallel to the rolling plane in aluminum-killed steel sheets-at the initial stages
of recrystallization. The present paper is concerned with the similar observation on the dislocation-

free subgrains with their {100}, {110} or {113} planes parallel to the rolling plane.

From a large

number of data on the local orientation distribution at the initial stages of recrystallization, it is con-
cluded that the recrystallization texture of the aluminum-killed steel sheet developes as a result of the
effect of AIN clusters which inhibit the ‘nucleation’ of recrystallized grains from severely bent regions
of the deformed matrix and induce the ‘oriented nucleation’ of the {111}(011A>—oricntcd grains from

weakly twisted regions of the deformed matrix.

(Received June 13, 1972)
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Table 1. Chemical composition of material

(in wt%).

C Mn| P S Si [Sol Al| Sol N | lnsol Al
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Fig. 1. Heating curves for annealmg in 550°C

and 730°C furnaces.
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Fig. 2. Method of preparation of specimens for

observation of sections of the sheet.
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Photo. 1. An example of transmission electron micrograph (a), and selected area diffraction patterns
(b), observed in the specimen heated for 40 min in 550°C-furnace. Photo. (c) is dark-field
micrograph as obtained by (110) spot marked X in the diffraction pattern of ‘A.
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AD (@ <110>40°) aE {(A<210>32°0 F (<110>29°) AD (®<553>20°) AE (A<311>28°)OF (")
86 (<100> 45°) ® H (B <310>45°)

Fig. 5. Figures 4 and 5 are {110} pole figures
for orientations of dislocation-free sub-
grains denoted by A and those of areas
B, C, D, etc. in the surrounding matrices,
observed in the specimen heated for 40
min in 550°C -furnace.

Fig. 3. ({110} pole figure for orientations of areas
A~H indicated in Photo. 1 (a). The
orientation of large subgrain A is near
{100} <O013>. (*) implies that the °
misorientation from A is within 5%, (®
< 110> 40°) implies that the orientation
relation between A and D is approxi-
mately 40° of rotation about near-
<110> axis marked ).
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Fig. 6. {110} pole figure for orientations of areas
A~G indicated in Photo. 2.

+ A:near {100}<ON>0 B (*) *Cc(*)

aD (") A °

-z(m<533>30°) E (®<211>46°) OF (&<53|>55°) A oFRkx {100}<011) ©%%. A & D, E, F %4
Fig. 4. Sk OFREENEL, AR D, E, FAHREZE

: LAV (100} GRIZERS < b Y 2 ZADMWER» S £ L T

Yo 2AD—EIIE A EOFRENIEFITII VTR 5. 730°C Hiblh L3tk o {100) WA RO VW Bahy
B UCHET . D/INE V> subgrain T OWTDF OO EIZE IS Figs.
Photo. 2 ¥ 730°C #esh L3R EHFE LEIF/¢ 73 X8R d. Fig. 7 Tt Figs. 3~6 1257 L4l
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Photos. 2, 4 and 5. Transmission electron micrograph.sl and diffraction patterns from selected areas marked
in the micrographs, observed in the specimen heated for 40sec in 730°C-furnace.
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Photo. 3. Transmission electron micrograph and diffraction patterns from selected areas marked
) in the micrograph, observed in the specimen heated for 40 min in 550°C-furnace.
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areas A~G indicated in Photo. 3. . . e g oy
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12.

Fig.

Figures 10 to 12 are {110} pole figures
for orientations of dislocation-free sub-
grains denoted by A and those of areas
B, C, D, etc. in the surrounding mat-
rices, observed in the specimen heated
for 40 min in 550°C-furnace.
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{110} pole figure for orientations of
areas A~G indicated in Photo. 4.

Fig. 13.
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Fig. 16.
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+ A:near (110} <QOI>0 B (<110>31°)  ® C (©<321>40°)
AD (& <331>32°) AE (B<553> 31°)

Figures 14 to 17 are {110} pole figures
for orientations of dislocation-free sub-
grains denoted by A and those of areas
B, C,2D, etc. in the surrounding mat-
rices, observed in the specimen heated
for 40 sec in 730°C -furnace.
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Photo. 5.
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Photo. 6. An example of micrograph of the longitudinal section of the specimen heated for 40 min
in 550°C-furnace and diffraction patterns from selected areas marked in the micrograph.
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Photo. 7. A micrograph of the longitudinal section of the specimen heated for 40sec in 730°C-

furnace and diffraction patterns from selected areas marked in the photograph.

grains (microband) 2%} L subgrain coalescence i
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Fig. 20. ({110} pole figure for orientations of
areas A~H indicated in Photo. 9. The
poles are projected on the transverse
section of the sheet.

Fig. 18. {110} pole figure for orientations of
areas A~E indicated in Photo. 6. The
poles are projected on the longitudinal
section of the sheet.

R.D.

+ A and B o C
4G, Haond I oJ

Fig. 19. {110} pole figure for orientations of
areas A~K indicated in Photo. 7. The
poles are projected on the longitudinal
section of the sheet.
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DR B LT [ Hrle D Th Ty B R bEE S h
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T, HEHIAE V> subgrain A QFFHOD/NE V> subgrain - 730°C BESEDEHEWEL LD 2 X 5 s BiRIC H &ty

°C-furnace.
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Photo. 9. A micrograph of the transverse section of the specimen heated for 40sec in 730°C-
furnace and diffraction patterns.
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F, G, H £HEBRE4T EOARZER~ Y 7 R4EIK

DOuEERH> &5 bulge nucleation O#EfE® © B, C, D
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Table 2~5 iz5kF. 4% Table O D EOEICITEES
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Table 5. Summary of data for dislocation-free subgrains with {311} planes nearly parallel to the rolling plane.

(a) Observed in the specimen heated for 40 min in 550°C-furnace.
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R DKV subgrain A BB ITEZOREIZTL
72 HFRIBEMRIZ A & V> subgrain D HRIZES 5° DLk
DI >TSS EiE  EERER T L
#2 & %i¥ Table 2 ©—fTHICVX, subgrain A O FHL
i {100}¢011) ©, TDARE X 1°2p, Thliliv
FRroE MR B #3560, C fHigoAi s officix
<100) #hiz B L 18° o RIERE GRS D T Lix &Y
Table 2~5 R LicHFNBERE D LI, 7i=U
ARV RO BiEs REHBO BECOWTHEXTH
%. Table 3ic X % & 730°C Hegdi L7-3hpCid, #BAL
WEOENV {110} HHA7D subgrain QEBHICIE T &
FHREO TR HFLE Liswv 2 EH3 4. Photo. 4 B
X% Fig. 13~17 iR Lz X 5ic, 730°C EEgto skl
TiE {110}€001) 5 EvWFREafr o O < A0 iE
L Z 55 subgrain 3 U LIFEIE S hiond, Fhe
BigE LT {111}112) HRoZR < b Y 7 RS HE
THZEBEHOR. TOX ST FRBRE 3% HR
S Mgk BRSO B TH AbhT R,
{110)¢001) 7 RrFF&ESRE {1113112) SRIS M RLP
o (BT HARIZE LD RED KE W] (LLTFX D
I iR ¢ & —ikEic THIEE] &WS) 2 H4E
W - FaET 5. [HEE) o {1103€001) FrAr5k
&R A Teksrvd {110}<001) HArFfESRIA LR LT
W osite EFEx bR, {1103K001) J5RIvE R AR 5
LTAREREEFMTH Y, EERIFERINCHIZELD
AMOKE NERO—E LTCERET O LEX LR
5. Zo X i THAEE » AR LEREHENE, &
LBE LRI CRABL TR LR U AMOER < ) 7
RAHFEFE L7 7% DT ‘“oriented growth” L9
THAH5. {110}001) Hhrz—2>0flE LTHE XD,
FOOHRIEECH LT REER ST DOWTD, W
HEEESHBAOSANE LTEDSERRPET
HoOThH, [H K] & LTEENSMEEEERPSE
L bEWVIRD AR DS WwTH S 5. 730°C Hedl
OWATE, {110} HRroiEsic {100} = {311} FHALic
ST h, EMAEBEOEYV subgrain A3 LAE L k&
T3 LAOABCENERCAFEOER < Y & ZHK
BELAEELEDTWD Z LM%V Fic 730°C B
St LBl OB EIZS T1E, Photo. 8 WARLAK ST
SR OFW O subgrain {3/hE V> subgrain DR
DOFEMBELLTWE = Y 7 A AT E L biv/e.
DX ST END, 730°C gEghTIR [H 8] 5
s SRR MBI AR - BB LT L, TORRY A
RO LIED LB e SR R L E X 5.
550°C sl L7=stBlcix, Table 2~5 1Z7R Lok R
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XD &, —RRICERAERE O\ subgrain 24 3 4 L)
TOHBEZ, TOFIGENER~ b Y 2 248K
LTHIET B ZEMNH. 550°C Eeghclx [H fE8E
D OO FEEM O LTS, bl &3 THuE
FELL ED#ERC 3572 D BIEEILDOAEFE DX \v= b)) &
ATRIR) (AT 2o X 5 i@z —figie TK 48] & X
&) OEFERIAER - BELDPT VWD EEX BN
. TN 2T AFVREITY A PSR LT, i
Aeim A3 E < S MEERELS /NE v, 2o FR%
AIN 2 5 2 2 — T HiC X DFERAER site OFEHI &
BRSO TEXD LR T =Y 4 %0 ROTLES
ZEENE AT 50 IFHRETH 5.

{111} BRI ORI E DR FLELAI A & v subgrain &
TORBEOER~ Y 2 X L oflicid, Rk Q11
i B3 5 EiRBIE 23 £< B 505 (Table 4)10,
{111} BRI REIERAE TERES RS & LTS BT
HET BH5, 270 RWHIBICh i > TIREZERS <11
T B L Th Chf’:%}ﬁz-« YO GRS LT LIEEIER
Shiz. ZoX5iEdii—Eo K] Lvwx 5.
{111} HARITERTCrd THAER | 4023 5 $E% b s
Shi=p3, 550°C BESioD B &1 AIN 2 5 = % — FfHic
b [H 8] » 5o ER AR Xh 3 o7,
730°C BegtinF AT < 5 [KEE] 560 {111} K
HREBNOLER - FERI VS B EEZLND.

D& {100} HRcDOWT E 2 THSB. {100} FHr
THESRIE— TR &7 {100} HRZER~ b Y 2 =48
WOuEER, bbb EiEo [KER | » 54U Tns &
BRI H5HE08E D7 Ui L {100} HREESTER ;N
T TEWHICEIRMIBEEMSRL, HRZE s, *®
EVveriifie i) (UWTXo X 5 hdEss [L
MR & X&) 2%V (100} HRIEIER PSS
B9 <, {100} HArELESSEiE {100} 5 A0S HER:
S HAERL - FE LR T V. ZDEE {100} KR0S R
R b LA LA EMc TKAER | oighic THEEM]
HFETDHEEZ LRSS, AIN 252 % —klss o
iE THEEE] 2> 50l #E SR AR Sh 5 c5 %

5. L7<HDT 550°C Hedhicix 730°C Hegfiic < 5o

{100} FRrEESR R I FTH 5. (111} B
{100} HfrcEAs L zniz, {111} BAEESROAE
Bk site BRI FLEE O IC R NIC SEEET 528, {100}
TRV IR ST EE ST B A b B site TH D, Fhicki [K
IR | OEsie THHfE ] 32 Twb2:Th5.
—fic [ L] CRE/EARSAER - FELIE L W»
2%, AN ORFRHT HEALBRICE 2 27580 [K 48k |
7 LOBRERAA KD IS, Metavic T LAEE ] 78

LSRR - T80 site WD 3BLE2BR
o EEDLRLDBTIC 7V E =9 & U RGO —Frsstio
MAZTEVD, ERERO—D2L LT, BEEMSD
B 5N 2 T, —REESE A B & Dt
f {11} BEEA—EY - EELAOLI VERED
—IR BT BN R TR 2k, BXOZ 0 EE T
{100} 35 X O {110} FREEEE VIt n L, FEEE SO A & X 8
MR DZEERVWH LA Zok 5 hgERl, AIN
THARITHS@BFIT R D TKEER] > SO RE SR 4
IR N oD E S Z LTI & 5.

DERT IV 2T A XV MO SR ORARIC W
THLELTHD. REFEBEMBEIRITL B L 550°C ©
wEMESh Lol OB Sk 3 mER TH b, 730°C T
SBER L U O T USRI 7 B 43, BEHOWE
FISIC X 2T ERROEROHEIZTE SR o & < 91
DRIE» LR LN, ZhIIEEGENE L EZER < b
) 7 ATEIRD subgrain OELFIAAEL HEIRL TV B &
x5 TiInbbLEHEONEEIZIC \\T, 550°C Hish
TVRTEE S VT 5 T AR < (O e 4 4 U B
ZEMBE VD, 730°C HEEGHTIX subgrain OO HE)
BEELTWSHEENBELD ZEMNEL, Toz s
730°C BESGTTRE SR A FHFNTTEE LT Vv —o0
M EE25.

e BIHIO A MEICEE Lic— 20k E X & flz
FERE LT, Hhk #EEEY 13 Fe-Al-N 54 513 547
HOWARKE 2 B CHBEEEEE L, BEMICE>TH
FIRC BT W ABITHE D% 58 RS BRI T, il
Wi 1D Al AR SEFHRE LT O TRV L
BLTVD. RO —ZSEEREHRT by (111}
FAEESRE 1D fcBEd 5 BEGENEECH
D, ToEro {100}, {110}, (311} FArEE SRR T
vx C110) #EIEREAfRH3 % < FEE L, 550°C Bisfiz < &
~R730°C BESDiE 5B X D &< @ (110) fihE#ERE (%3
Aol W ORRETHMOFRELE, 7=
& XV RO R RE ST KA B o pd
DV EDHDOTVEO»D LN VWHBRTH A BEE T 2
L5ETIEDTWIL .

5. B B

TR =T A XV REEE 70% WHEZERE, 550°C {5
i 40 min o [HEWESE) 35 X T8 730°C 5k ¢ 40sec
D [REEESE] & L, FiERyHoBRNE & EIEHIC F1T
7R & AT S L AR T 45 X OVREBR I CEEBRERZR L
7o BEMICFETAEmICOWTOHETIE, L ICEE
mic {100}, {110} & Xo° {311} WA TR EE T
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LIERNIEBE DKW LAY K & v subgrain EH L, %
& B & OB B RE FIREE EHTIC X 0,
FIR® o {111} FR >WTORBROBEEE L Hb
BREFFETL 2 UTEHEROENERT.

(i) [pEdgesh] LasAslicl, BELPWIO sub-
grain OKEINH 3p LITDEHE, £ subgrain @
FEOEWEREDZER ~ b Y & Z4EASBHEE UCHAET
5 EMNERICE V. COBRIRBEMOSE S, T
i3 7e DR BEL LB b D HHZEL
DAFRD/NEVERERD — LR D4 U B 2 EHBE VT
LR

(i) [2BNESE] TV AW subgrain ok X
EHY 3p UToRHETD, TORAICTh &EHMDIE
WGBS T LD I L. &< {110} 546
& HRIODE ZETEME LS BiE LT
FET D 2 enIpwicdic. 7z (110} FRLoanric
vx {110}<001> K& F+% subgrain »5 LiE LITEAEE
Ehjopd, TRUCEEE LT (111112 HHa-E
BEET S EBEI D/, T XS H BRIk
OMGPERKIC BT HHEEEOMARBRE X< —FL
T,

(iii) {100}, {110}, {311} #774io> FEEESANERD
subgrain & % o FHOZETZAER & O (110> #ihic B
T 5EERHRS &< & b7z {110} Afr subgrain
TR ELLE L H Oz, [ RS & [ABEEs) %
5 &, (At o5 Q100 e+ %=
RESIESEE RGN B R O S M 2 VA e A W = X di 1]
Bk UL thicB 3 2 EEERARS L W EHETH 5.

(iv) BWHEERSHEMORESIES & LCRET
%5 {100} = {111} BROEREANTE, JAVEIFEIZH
72 0 ARIZE( LD/ N WEE S EIER E s &< {100}
FRERRATE S BESN, T X5 L kEix
VKRR R L, EESHIT X 0 &RENCEERIEREE A L
HREABE DI V.

(v) Mmoo BERFRcIdL, —KiC
RS R ETIC R MU TWBIEER SV, 5
FtiC & 2T subgrain OROD AmH3EER LT 55
WrEE I, [22Eel] TlXZ o X 57¢ subgrain
DU D F A EEE LTV 5 i K & v subgrain 33
FEUTWB I EN %L, TORIKD FHim Kdorg
v [REMESE ) TRERGOTIMOERR > bR T
7- subgrain 34 < X N7z

(vi) EWROEER RS XVERD S < DEHEIC
L BEBRBEEMND, T =L RHOBERES
oL H e LT {11301 HRrH5E T HEH

subgrain T3,

subgrain

BOEDLOSHE 2. 5 Rl FE 2B T2 D FHE fnBESE D FHR
iz AIN 252 %~ OISR 2 5. ZORR, &%k
FERASEEMINCAER - BEZLRTWEEZLLND/H
FREIC 722 LD BELD K&V, L7227 [iE#HD
subgrain size 2/ X {BRAIBE O E W B ((H 8 1)
o HOTEE S A R IE = h, AT BIo%F, T
b BBEN bz 2 T HAME LD AR D/PNE
ZEaas (K f8ik ) 3PS EfrsEnk site & UTHF
wind. (1113011 HRrEssERE, ToXk57k [K
BN O—HETH DM 1D SicB LIRAEE» S
BAEK b ? B HREE T 5 (111} @A AEE» 5
£ - FELOT V. {110} HhrEiEaiE [H f#)
25, {100} HfmsaEhns {100} Hans ek FukFo
[H4EE ] = [KEE] 54K LT w3, AIN &5
A & —tric X v [THEE] 5 5 oF i AR > #nd|
ENBOTENSLDEMOBFERIOFEEIRLT 5.
BT, AU HA LR 2RIt A H B
B RAH R HEEFRC#EL2 R TS L L dic, T8
T, THIRZE WiZvwic BEFHIEERE, SRR T
K, HiARARSEICES VA2 LET.

75 F5 ASTRZC DO IFEE B D — TRV Sk SMEL TS L R 28 P
FHERE OISR B X DD TH 5.
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