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Effect of thermo-mechanical treatment on cube texture

in aluminum foils for electrolytic capacitor

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

The present study was carried out to clarify the effect of condition of thermo-mechanical treatment (partial anneal-
ing and additional rolling) on behavior of cube texture in high purity aluminum foils for electrolytic capacitor. Foils
were partially annealed at 503, 523 and 543 K and additionally rolled to 12, 17 and 22% reduction. They were final-
ly annealed at 573 K. All foils were evaluated by SEM—EBSP method. It was elucidated that the foil partially an-
nealed at 523 K and additionally rolled to 17 % reduction, had larger area fraction of cube-oriented grains than the
other foils after final annealing. From the examination of that, it was concluded that the distribution and diameter of
cube-oriented grains depended on the partial annealing temperature and that grain growth in final annealing was
affected by the residual strain in grains attributed to the degree of reduction of the additional rolling. It was consi-
dered that the optimized condition of thermo-mechanical treatment enhanced growth of cube-oriented grains and
suppressed the other grains. On the basis of the theory to bulge nucleation, the critical diameter of growth of cube-
oriented grains was estimated. The estimated diameter was compared with the distribution of the measured di-
ameter of cube-oriented grain. The result explained well the dependence of the area fraction of cube-oriented grains
on foils with different conditions of thermo-mechanical treatment after final annealing.
(Received October 11, 2002)
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Fig. 1 Production process of samples.

Table 1 Samples of condition of the partial annealing and
the additional rolling

Reduction of Temperature of partial annealing
additional rolling 930°C 9250°C 9270°C
i
17% 23T-17R 25T-17R 27T-17R
0 foils foils foils
a
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Fig. 2 The distribution maps of

cube-oriented grains in the sur-
face of (a) 23T-17R, (b) 25T-
17R and (c) 27T-17R, finally
annealed at 300°C for 60, 180 and
600 s.

Fig. 3 The distribution maps of

cube-oriented grains in the sur-
face of (a) 25T-12R, (b) 25T-
17R and (c) 25T-22R, finally
annealed at 300°C for 60, 180 and
600 s.

Fig. 5 The distribution of the
local orientation differences in
(a) 25T-17R, (b) 23T-17R, (c)
27T-17R, (d) 25T-12R, (e)
25T-22R and (f) unit triangle,
“W” shows cube-oriented grains.
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Fig. 4 The relation between the areal density of cube-
oriented grains and the final annealing time.
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Table 2 Vickers hardness (*refers to standard devia-
tion) , dislocation density and critical diameter for growth
of cube-oriented grains of each sample (25T-0R is the
foil, partially annealed at 250°C before the additional roll-

ing)
Vickers Dislocation Critical
Sample hardness density diameter
(x107Pa) | (X10"/m?) (um)
25T-0R 25.2+0.6 5.17 18
25T-17R 30.1+£0.6 7.38 13
23T-17R 33.2+0.8 8.97 10
27T-17R 28.1+0.6 6.41 15
25T-12R 28.4+0.5 6.55 14
25T-22R 33.5+0.5 9.09 10
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Fig. 6 Diameter distribution of cube-oriented grains in
(a) 23T-17R, (b) 25T-17R and (c) 27T-17R, and each
critical diameter. (d3;: critical diameter after the partial
annealing, dfz: critical diameter after the additional roll-
ing) .
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Fig. 7 Schematic representation for the effect of the par-
tial annealing (Temperature: T,<T,<T;) and the addi-
tional rolling.

510, KRF25T-22R DEFEFREEI IR /D& < 7 b (I E
EORLECIIENELNRDL EEZ DR DM, 3.2TRLE
ARG )t PO RENDE AW b N S AT N (s T DRVAYSE N
TR DERMED S To o, BB L B 5 ERifE R
igolcbE2ZbND, TR ThD d*DOKEIEINTS
WZEMD, SRR EAT - e AT EER O HiPH Tl )i
ALK X 0 MITARL D R BB RIS TREDO TR E D
RS YRS T ISy (W

SEITRTTORL O BUR W] B 7o il AU B8 % FA W o DL R o B
Bs, {oBelcE L EIMMELORREE R LIcEAR %
Fig. 7 W~ ¥, Ty, To, Ty & Rix HIRE CHHPEC E L
T &, SHERAR OG5, —TF, MIELE%
i Ui e aEr ok i O FaaBER L, HRRR %X
{F5zET, REWBEMIAEFTFAR OEEZHEINT 5,
AR A 2, OFTASMREEZE L IED Ltk b,
d¥RE IO O FRORREHZHIHCcE s LE2 b0
%o M EofERE, #obt ¥ LIRS & M InAELR 4 955
T 52 L k) BURABR TN R MR DR A R L,
T RS ET B 2 EMTREE e B 2 LA mB L
Twb,

4. %

wEa T vy REMET V2 =T ABEONTRE S
BT Bz 38 Bels £ LIRS & NG LR D e 8% B 5
T T % feddic, SEM-EBSP % H W T hin TAVLEE &%
ZE 2 B A T L, SETRTRORL O 7570, BURZEE) & R
DOT 4, WETEAEANBCE B L THF &7 - off
B, UTFofsmaxEc.

(1) okl VIRENBILT 5 &, REBUIEEK O]
AR O HFRIZENT D, LA bEls & LRI X
D LT TIRCRL O S AT IR ek & SR AR LT B fed T
BhH, Lo THHBE T LIREXR#E(LTH ek h, 7
FI R LRL A INBIFC 54T L, O FE SR O O+ & % 5 LI

il

223

Exifl+5 2 LT s,

(2) MIAEER LT 5 &, KBRS D7 i)
RO HAERIET 5, SHEMIWELZC L vEA Zh
LRNCERE T 50T RO G AREN R 0, ST HITAR
720 Tl < M OFE R DR ZEEN VLT 210 Th D, &
> T IMFERER A @it 45 2 Lk v, SrHEHARL &
(kL & DO B e B A LIS ET R O R % (R
EF 5 EEbi, MR OEIER R X O ki O3
AEBERHIRHEXIH T L2 LnTE D,

(3) bulge nucleation BRI IS\ C, HRERBEL A
FiRERL DRI d* xR, EEROSAIRAE & il L 7o,
T OFERF I Z 41 5 BR ATRE e L ST (AT SR D AL & FR A% 2
PR D EH R L3R X WHERIRIC B 5 = b -
N

RBCARHITEO T ) Shic N KRR ERA Bl
WG (B v == a2 v a7 2JUHH) wg  EEHHT
%o ADMEIL, BERFS - NILLE ORI O
DO—E L THmRE AU Thhicb D ThH b, Hehd
REMITEL BH OB AT T, 7ok, APEO—MiL, WHE
AR BIES SR X ORI 24EEE S AR Fe B 4 -
BERBEZE (A) GREEFHRS12750624) DR X v fThiiic
bOTHbH, Tt L CREH OB A RT,

2 £ X W

1) IUEEPYER - 48, 35 (1985), 365.

2)  HEEHR - B<JE, 43 (1993), 285.

3) B. Pokrzywnicki and E. Langer: Aluninium, 42 (1966), 300.

4) EiEER, NE H, r=v -2y 2V BeRE, 28
(1978), 35.

5) B BRI, bBdOKk— : 4@, 48 (1998), 507.

6) i, Ak TE KIERL— : B, 49 (1999), 583.

7) B¥OK—, B iDL, EIEH, K BLE, 49
(1999), 589.

8) O. Engler and M. Y. Huh: Mat. Sci. Eng., A271 (1999), 371.

9) MhEE—, HEMFE—LS, FHEAE, R, P A Be
&, 51 (2001), 119.

10) EHHELH, mEE—, HEIE, B 6l 2 THH, 40

(2001), 638.
11) A. A. Ridha and W. B. Hutchinson: Acta. Metall., 30 (1982),
1929.

12) HE f&, BEER WMEED B FEAR: BASBE%S
2%, 64 (2000), 535.

13) MR B, fEmEE—,
(2001), 182.

14) J. E. Bailey and P. B. Hirsch: Proc. R. Soc., A267 (1962), 11.

15) HAMESS BB E s X O o BmA S & Bk,
(1987), 85.

16) 7ok ziX, KRAERE, affC—, BHETZE, FOo %, &~
MB=: HASEFSSRE, 41 (1977), 1290.

17) GHEIRK - 7v 3 = v bRt R & TR, W EBRA
f®), BB is, (1985), 118.

18) B L, HEHW®ME  BEBE S 100EIR A SR,
(2001), 321.

IR, B B— BeE, 51



