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Characteristics of off-cube grains in high purity aluminum foil sheets
with cube texture*

Naoki TAKATA™, Fuyuki YOSHIDA™* Ken-ichi IKEDA™****
Hideharu NAKASHIMA™** and Hiroshi ABE****

In present study, abnormally coarsened grains in high purity aluminum foil sheets with cube texture ({100}{001)) after
a final annealing was analyzed using SEM/EBSP method. Most of abnormally coarsened grains had Goss({110}001))
or S ({123}(634)) orientations. The coarsened grains with Goss and S-orientations were surrounded by X5 and X7 co-
incidence boundaries, respectively. It was found that these coincidence boundaries would enhance the abnormal grain
growth of Goss and S oriented grains and that these grains would grow using energy of sub-boundaries between
cube-oriented grains as the driving force. The distribution of Goss oriented grains in the partially annealed foil sheets
was evaluated by SEM/EBSP method. It was clarified that many Goss-oriented grains were distributed in the transi-
tion band on the central layer of the sheets.

(Received June 28, 2004)
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TV = LD SESHBSO ERSD—DTh B
(RAALY ({1003€001)) EHPE ORI = » F v 7 HirEic K
B ERETTENS, TOERBELGIWT 220D
A HERBIR TN T X o, ZOKBE, SE7T LV =
U AR 3000 BT VY =9 LSS TRIGHEITLE, HoaEs
F L (240 ~ 260°C), FIMIYERE (EREHK) 20%) B LU
RAEBWEE & W 5 o ol CAWLEEAfid C Stk b, 7
TR TG RERL D SEFERE TR I [0) B 2 T E R an?,
TEMCHIESHOLNTV S,

MWHES Y 1R, oMLY vv2ITBT B ITET AR O 5
FER MM E AT Uce £ OSSR, A ERA ARG SN T
KBVWTOTANERLIC WEEZEEYY, Thicky
U I AR E DO AL RV F—ZENE & L
TERMICEET 2 &2 O MIT Lz, T7b 5, i
TAMIIC B VT, LA RAMR O 2 L, s Aok
GEST AT AIRD Z4EId 3 & 2 1o NS = sod ks %
LT, 95% VI LORREEAT T 5 RESHENE O
BT EEHSMITLEY, UL, —HT B LT
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HER L b hhrb 6, KRR O REBLE R R 5
10em LU EDIEST TR AL T, LIRS GHIAR D ik
EPME NI 2856055 %o MITKTTRIKL O BIEhED AIE &
HA DN BN N TR B IFALTTETT GO KR < DL
KALDFERZI S 5 T &1, @O IRES
EHT2@EMET VI =Y LEORET v 2EFR 5 LT
HETHLLEEZOND, IOFOT NI =Y LITEBT S
S RE AR R I BI S 2 BP0 1, LA RTIL
ROBESREICER LcbOBELAETHYD, BHFT 5
SR RLRL D R P < DR 1 > W TRES 217 - 7o
BBV, Lim->T, Ok mIET AR O &
WA B SBETEIT O T &3, LAHRES R R O
RREWES 5 FTHETH 5,

Z T TAWIETIE, SEM/EBSP (Electron Back-Scattering
diffraction Pattern) i£%& T, V. AKRGARSEHEREL 72
MRk R 4 2 IR AT AR & AT U, RIRKdR O BREh 7]
LEBEOBEE, O, ISR O AEDFAIC S W
THRET 21T > 72 72, SEM/EBSP % Fl W TR BV
DT BT BFERANAMEZTE L, REBLBEORER &
DB K0, FEILITRTT AR DT RAERE 12 > W THRES %
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2.1 =

AW T, RIS T & 0 B EIL G S 7S 99.9% @
T =g AEEHRE LTV, ERAMYIILH I Fe:
17, Si: 23, Cu: 39ppm TdH b, B OIERGMEER, 9
JE&H 10mm OB EIER 259 230 um & THRIELEL, %
DBRGHT 240 F /o ld 250°C OBES F L ANET, LI,
nx [ LM &ERd, Rz g Ltz,
184 um F THAIHELE (ELERK 20%) E1T-7cs TDH
240°C TERIBETS & L &M L 72 (ATINEYIEZER % 540°C T 24
I T 7EL B (R o B IR IR BVILIE 2R 4, S [ ik LT
M1 EEL L7 Fig. LICAMIFETH W7V =9 AfHOH
ETRERT,

2.2 SEM/EBSP &I & B ERA MR

SEM/EBSP IS H okl & LT, MOBELE LM» S8
10X5mm OHIR DGR Z U U7co ND I (FEAEMED fFATH
DR (BRI X D SHIMALIE L 72, 7 TD I (HEAE
HE) @ricsuTid, UHELAREBFE27 v =y 280
HEICHS, BiEmEEAER, HE T EERIFEET -
12 BIAEIEEIARERRE, = FL vy /) a—vkBiUz s
J —VESTELT 1:2:7 OBEMRRER, iRk 2°c, &I
K120V DEEMETIT» 7co —7, IARBVLIERR 3G/ © THR
ORI 31 DFKEH Iz » F v 2c kb, HEE
BRHER O IET H IR NRL A TR L fco T ORITE D Wi %
I L, BT L D SEM/EBSP EIC it 4 3 720 o §ih
BT - 72,

SEM/EBSP 712 & 2 #5777 (LRI (&, TSL#%& o0 oM
A e AHAB T O SEM (JSM-5310) &AW, J#EE
FE25kV, BTHUEER R 7 v 7l 1~5um O, [E—il
BHTMIES A ZE A CTHEBIOME AT - 120

3. ERBRBLUBR

3.1 FEMFERF AL OFERF L OKEH

Fig. 212, KT v F v 7 %0 L 7o iR BILERM AR 4
nd, ARG ORI X O T HEFH RO HE
KPET LRI TH 2, POV T v~ 5 2 b O
73, (001) MzEFFOV KGR OfHRTH 2, —FH, HE
WCRZ 2 EFAY (001 RIS D T5NL % 52 IEST IR T Gk
D TH B, COFEHELD, WIEHENC 3~4cm, LS
[F11Z 10 em DL E DRV CIE RS GRS FE L TV %
lEMbh B, FFg 2HORHITRLIK () OLD
i, RS GLEET BB O I SR 100~500 pm D IF
NG IRRIRIAS fAE L T 7,

Fig. 312, KR 100~500 um D IELHETG LKL D OIM 14
E{11 BRU{001} SN ERT . Fig. 3 (a) DIKAOFHIK
&, LA & FHALZE 15° LIN O 5 0L % F fHik % 7R
T LRSI ARG A HR b ERICR T F72, Fig. 3 (a)
POHIRE 1° 25 15° DA fZER L, KEkid 15° 2L R0
7% Rd o A&k O IR R AR SRR 260 um @
AR ARRL TR S TR 0, IELHERSGRRLORE D 13K
FRRICPHENT VWA T EDbh b, & IET IR AR D
%< 13 Fig. 3 (b) 1R L7 SHA ({1231(634) * Fig. 3 ()
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( Aluminum of 99.9% purity ]
L Impurity Fe: 17ppm ,Si: 23ppm, Cu: 39ppm )
]
Hot roll to a thickness of 10mm
e I p
Cold roll to a thickness of 230 um
e I y
Partially anneal at
L 240°C or 250°C for 6 hrs )
I
-
Additionally (cold) roll to 20% reduction
in thickness (230—184 um) )
I '
[ Finally Anneal at 540°C for 24hrs

Fig. 1 Production process of samples.

Off-cube area

Cube-oriented area

Fig. 2 A final annealed foil sheet (partially annealed at
240°C}) which has large regions with off-cube orientation.

@ ---Cube-oriented grains
—1~15 —15° ~

Fig. 3 OIM Images for crystal orientation and pole fig-
ures of off-cube oriented grains (grain size: ¢=100-500 pm)
in the finally annealed foil sheets (partially anncaled at
240°C).

127K L #c Copper A0 ((1123(111)) @ & Sz, L7 v
1=y ADFEASHBK S TH B B HAEEY O TH
BT EMIHOMEN 5T, F 12 Fig 3 (D) WWRT & 5T
T 5 DFNH 15° L EERE WA, Copper STHLP S Tii
WA AR LTV AR bBlIE SN, &512, Fig 3 (o)
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Fig. 4 Optical micrographs and orientation distribution
maps in the finally annealed foil sheets.

0.6
O d=100 ~ 500 pm _
H d>1cm
> 0.4
Q
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Q
=]
=
2
o
0.2
0
Goss- Brass- Copper- S-orientation Other
orientation orientation orientation ({123}<634>)  orientations

({0113<100>)  ({0113<211>)  ({112}<110>)

Fig. 5 Frequency of crystal orientation of off-cube ori-
ented grains in the finally annealed foil sheets (d: grain
size).

2R L7 Goss HALY ({1103(001) /D78 WAEELE L T Wi,
LI Eo#EED S, B I A7 3 5 K8 100~500 um
DI HEGRRLOZ < 13, FRELHRRKR S TH 5 &h
S & 785 7,

Fig. 412, KX lem VL EOMKRISIENL S KT GIRID A 5
NICHHE B O TK T » F v 7% OMREE & Z oftR
HAAHN%ERT, 2T Fg 4 (b)) (d) D& K
KBV TIE, FFEDH MBI Xt icz D HiE/RL T
W5, Fig. 3 &0, IEHEGAFHEDZE < 13 Goss HALTH
HONTVE I EDNDNE, 2 Fig 4 (o) () 1WRT LD
I, S HNMOFHEIBEAEYD b1, Mhoalkl oL, 5 g
FIEHE THELTVWA T EDbh -z, LI EOHELS
R Tem DL EOMARK OFEE 611, Rk 100~500 um DI
SRR EFRIS 0, 2K DBE Goss HHLP S L&
W o ICRFEDFRERE AR SN T WA T EMIH S E 75 - 7o,

Fig. 5 (&, FELH KA R &R 100~500 um & 1em P
LBl 2OMBURAE 2R LI, TI T, Goss /i
i, Brass Jifii 3 & U Copper I OIS Aidr & 15° IN D
flhihr %, TN Z N Goss AL, Brass HH1H & U Copper /7
LB Lo [RIRRIC, S HRLOBREA R 5 5° LINO AL
EET AEERERE, SHE Lz, 2 hDANDOHRLD b

Fig. 6 OIM images for (a) (c) the distribution of cube-
oriented grains and (b) (d) pole figures in the finally an-
nealed foil sheets (partially annealed at 240°C).

DF, Other orientations & L 72, K& 0, K 100~500 um
DL R DH 40 %614, Copper Shrkr & S AL TH O,
Brass HOLRLEEEY S8 - 72, F 72, Other orientations (&
50 %D TV B, GRS T OFER Fig. 3 (D) 1IT/R L7k
I8 CHMP S HRLICEWAHRMDO b DMNIEEAETH - 12,
—h, lem Pl LORE%E G 2 H KGR OR 60 % &
Goss HHLRLTd D, RO TSHAKIA 20 %% Hd T,
NS DFERDN S, Goss ORI S TT LR D IRAX BULER Hh i
BRI RERRE L TV B EFZ SN, KT Goss FhkL
DESHENHETH D T ENHS L ETL > T,

3.2 EENMEODEENN &R FHER

Rk DOFBETH 2 RADBEHE » 13, kA TEKIN
3 15)0

v=M:-P €))

22T, MINABHOLEE, PldzoRE/ITh s,
KA D GBI AR P RLAER Ic i < IRAE S 5 19710 2 &
DBEILN TV S, —F, RkEDIHKEJIC 3R OEFERFIC X
209FAHIFNF—, KA A LVF-BLORAT R IVF—
MEZLS6ND, T T, AIETT/RLK Goss HALKL & S AL
Fr D FEHE RIS O IR & OREREEZI S icd 570,
Wik Fe D ERE) /7 & A SRR © ORIAERG IC o W TR 21T -
720

Fig. 6 (a) (b) 1T, Fig. 4 HOFEK (3) DL KGR
K&z o {001} rsiKa R T, [EFRIC Fig. 6 (o) (d) 1T Fig. 4
hofil (4) OV AEAMDHERE Z D {111} AR % 7R
9, Fig. 6 (a) () ORI 195 15° DHNLE, KR
15° DIbo AR £%2Rd, £ fmaXiE, Fg 6 () (o)
DEFIHINT BRERALD M ZRT, K&, VHEGM
T 5 EEIC 13 8° DM ZEE RO TR ANEE® Sh,
KL 100~500 um O+ 7 7 L A v TR S LTV, —A,
Goss S0 S AL DA IFH—DFS b TH 5 T Eidbh -
foo TD & D HAKRLIE 300°C DOIKIRBVILEES 1 22 FRREE Ok
B T ORI BV TIEED S NS, X0 ER, EREOE
IR TH AL SBEE TH 2 T EE2 PHEBRICLOIEZELTO
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b0 ED T ENS, HERBILEETITHE—O Goss ALK
S BRI, SLHEGNRZEE LIan o REhE L&
THITE 5,

Iz, MRS IEST IR RERL & ST IR T R D 5 R BE R 1T
HHT 2 &, Fig. 6 (b)) &b, SAHKENMKLE Goss HRIALD
b S d[oliRh (001), [RIERAEY 400 D X5 KIS A BfR %
ALTWi, E72, Fig 6 (d) L0 ST ETHIEAGALE
ORI, Heamalizih (111), [EERAF 400 © 27 RHES
FRIRTH > 7o TNEDT ED DS, HARILL I ITIKS
ORI, SEHEARIT LK S %A 9 5 R/E 0BG
RO CENIHS LB ol TDX DT E5 0 27 xRk
FRAB B 0L 2V F = 2K 190, GEEO GV
RIGLIOD T 5 2 EMHAILNT WS, LEA->T, WH
TR VAN CRONE = L)1 R Y=ANS VT A, B 2t | VAV 2 L VA
LD &2, RAEHNIRERICRERINE T2 EA 6N 5,

Fig. 4 (a) TR L 7l EBVLEIR O Goss HIRICEH T 5
&, RD AENTESEMICERE L TOE 2 EDBD S, Goss A
fRE 0 D 25 SRR R EEEH@E L TWA T &b, Fig 4
(2 1o (1) TRT L7 RD HEICFEE LR L DR E
Fig. 4 () o (2) TRT &5 P i Emhiic kT &
b5, INHLDOIEND, Goss FAKE D D X5 ufiikr A o
THR LV EFE ORI ABEIEMNICEE LicZ Ehbh b,
TOT EF, RABER AN OBENKIES %2 120,
PRI ORI & » T T & 5, 2% D, Fig. 7(a) T
R EA R R ORI T b 2 ARIEALIE 30 EEh & L7
WS K > THEIT 5, —77, TFig. 7(b) T/RI AL DKRA
DORIFULALTH B HHAMRALIE, BEORIC A ER) 2 05
LBy, IHEMNOTESCEEHTELLEL 5N 5,
& o T, KRR S ENEE O MHE DR RS BRI
BT ETFllansg, CofER»S, FAOLEREL, (bl
Az i CREAMmA A & BERIKEICEEEZ KT L TV 3
ZENDbN B,

Wiz, FEERIKE OBREJIC > W TR AT 5, Fig. 38
XU Fig. 6 X0, BAKEVLEM ORINIC B W TRUNG L2
Wish o totcsd, IELGIRITALRL O Rk E OREN ) & 75 B i
MR IVED NEHHARIZIEEAETHB L TW3, LEhi-T,
CORBEIC BT B Goss Hhrki & S Hhiki o Rk E O EXE /)
& LIRS ARI O/NERIR O = 3 v F — | » [FhH* %
WE—DIAMAEN ] TH B EEZ 5N 5B, Table 1 I1Hi7
VI =Y ADRET R IVFE— DOXHEE Y 2Rd, b
DOETIE, Goss HHLD {011} i &L O LGRS LD {001} I
DHRE T FVF—DEAPCPEVERICHD, TDELEFL
AEBWT ENbr5, Lichi-T, FilT V¥ —0@H
T3 Goss ik 0 B RIE OEKE) ) 2T & v, —
77T, Fig 6 (a) BV ALK O/NMERIFRIcEH 9
% &, KSR E Goss HRIRIATEAL S 5 R B = F A
BV, 53R A NERIFIC RS TWBIEIRICE -
TWBTENbhrb, TOTEEFFg 6 (o) BT B S HAL
FICBOWTHRIBETH > 7o Lchi-> T, BEEhLE OKE)
N3NNI ROKA LA NE-ThHBEEZOND,

—fITRIAR T RV F — 3, BMOFEECLZ0TAHT R
F—OM1/10° TH B EBHONTVE Y, £/, OFAH
T 3 IVF —ZEREN &4 BRI SR AR Ik E L s &
WIS DFERY 2B ET 5L, X (D pobTiHlsh
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(a) Tilt boundary

Common Axis [001]

Grain
boundary
plane

(b) Twist boundary
nCommon Axis [001]

Grain
boundary
plane

RD
}»TD

ND
Fig. 7 Schematic illustrations of (a) a tilt boundary and

(b) a twist boundary between an ideal cube orientation

({100}(001)) and an ideal Goss orientation ({110}{001)).

Table 1 Surface energy (J/m?) of aluminum reported
on the literatures

{001} {011} {111}
J- Schochlin et al® 1.081 1.090 0.939
B. Mutasa and D. Farkas?" 0.935 0.980 -

& 20T, REROFAT R VF—D XD 8RS KT
DEGHITR B EALGHEORELZ TV, KRz 2L
FDPEAT X VF—D L IWKE A/ NS VESICE, B
B OB BN D T EBbD 5 1,

DI Eoksts o, B g 81 3 IET IR AR O
FLHERIE S, SR BV T T AR SRR R A L 2
JESTITRTT AL D 5 B B ENE O & WM Xl O A 2R
Goss HOLkL & S HALRIAS, LG RTT NDRL R @ /N R AR o R
RrxvF—2WE1 & LThkET 270D Csb0E
WawmoTons,

3.3 EFERRFBELIESLH KRG NIR DA RS OR%ET

INFTIT, FAKBILEER O ARLOZ < 1& Goss HHLE S
HhiTd 5 T Ealiio, SIS X 2 Lo
(B0 O—>2>Td 5 SHOIE, ERERRRD Rk LR
Ik > THAEL, VARESHBTCERFELZ D EER
5B, LLEAG, Goss HALIFFFHELEIC & 5 AFHAkR
5 (o HHIEEY) ©O—>Th BH, 90% LI LD sFIEH N
SNTNVI =T LAETREBEAEHESINTOW I ENDS,
S AL E T E IS M TR L TV 2 alfEEDN B b, T DK
5 1% Goss JT MR DIEM B Z I S v icd 5 2 &3, FEHRL
RN 9 B HR 7S IR S (R Rk 2 i3 2 7o o T2
Wi 7ov 2452542 % ECHbEETH S,

LTAT, INETOWYED O BB Ik 24
BRI, BOYHETS £ LIRIC B T BRI TR < IkfET B 10w
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¥a% ‘nat - Sy 5
*** Cube-oriented grains
() -+ Goss-oriented grains

Fig. 8 OIM image for (a) crystal orientations and (b) distribution map of cube-oriented grains and Goss-oriented grains in a

transverse section of the foil sheet partially annealed at 250°C.

CEMBIALMITIE > TWDE, £ T, RIEEWIEFD Goss 5
RLAAIR D S AIRRE & T DRI IC > W TGS 3 5 720, 8
SYHETS £ LM B O 2 HER & RS AL0 4 AIR BE o iR i &
1o

Fig. 81T 250°C i/ hE7s £ LM O LR (TD) 1cH1)
5 () Ao E (b)) VAEGRB LT Goss HHinTh
K#%/Rd, Fig 8(b) T, LAMKAERL ({100}(001)) &
Goss HAL ({110}(001)) DOHEFESG LA & H (L2 15° D falE %
ThZhREEFETRT, MLb, BEALOFBORE
K 5um TH - 723, 30 um PLEITHARAL L T 5 5HI b i
BEn, AT EENDDL D, Lic-T, &
RIFEAEIT & - TR S N c i AR DS, ks Lick -
ThHIDPITHAE L Tch 2 B 5N 5, OB+
BV, FURFRENT 51T 34 AR5 R AR A AL S 1A iR -
THEAELTVWE I EDRED ONE, —F, EORIIEIZ Goss
HOLFRES R S L, iSRRI THA L Tvw 3 T
LD B, MOGFOBIEME, S 6, £ D Goss HhL
FABIESER ISR L TV B T &b - 1e F F2fETic
13, ND X L TH 40° O 72 SR o f AR ASFHRIE L T3
D, ZOHICE D Goss AN D SN d, ZOHIR
DFERE I, ZHHR T OZB A (transition band®) & X 5
N3, COMKICERT 209200 MREBIEIAE—TH S
EEZONDB Y, WOl E LiIck 2RKESE 3o fE
HLomnwE PN, Lich-T, HOBELSF LBROH
PR CRIE S L Goss AALARIR I, WIS X - T
B & 0B AN AT 5 T EARBE N, £
7o Hjelen 5% &, SBITAER O 99.99% TV 3 =Y AICH
W, EREPIC Goss HAFAEMNTEK L TW5 T & E2HRE
LTWwa, ko &6, WL & 2 HEhRESoRE
—ISETRITE - T Goss HRLREMNER S 1, EBEL £ L
& D Goss FAKBHALT 2EEZ 605, 20, K
E—ZSIE RIS O TR A I & & 2 & 5 IS TR O 5 % 5%

Wik Eicky, BERKEDERDTH B Goss S
Kok E2iEcEx 3 EnTFHlsN 5,

4. & =

VR ESHMAEA T 2 EME T VY = AP TR
L 72 3BT &G fikhi & SEM/EBSP %2 W T L, =@
JERBERE IS > W THRET L 72f5R, LIN o 2 EMIHS T -
720
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