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Table 1 Chemical compositions of studied

high purity aluminum ingots( 10™ %)

Ingot Chemical compositions

No. Fe Si Cu Mg Mn Y addition Al
1* 37 7 26 18 <10 0 Bal.
of 35 7 27 16 <10 15 Bal.
3* 39 19 46 29 <10 30 Bal.
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Table 2 Coldrolled reduction and lubrication co ndition

Sample Ingots No. Reduction/ % Lubricant Sample Ingots No. Reduction/ % Lubricant
I Al 1* 97.6 M achine oil A1 1# 95 M achine oil
I B1 1# 97.6 Kerosene 1IB1 1* 95 Kerosene
I A2 2F 97.6 M achine oil ITA2 oF 95 M achine oil
I B2 of 97.6 Kerosene 11 B2 2* 95 Kerosene
[ A3 3* 97.6 M achine oil ITA3 3* 95 M achine oil
I B3 3* 97.6 Kerosene 11B3 3* 95 Kerosene

Notes: 97.6% and 95% reduction symbolized as 1 and Il respectively; machi ne oil and kerosene symbolized as A and B respectively.
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Table 3 Draught and geometry factor
(1/d) of samples cold rolled from
4.5and 2.2 mm to 0. 11 mm

Pass, Thickness, Draught, Geometry faction,
n H/mm &/ % 1/d
0 4.50
1 3.30 26.70 2.0
2 2.20 33.3 2.6
3 1.30 40.9 3.5
4 0. 60 53.8 5.2
5 0.33 45 7.0
6 0.13 60. 7 11.0
7 0.11 15.4 8.8
Pass, Thickness, Draught, Geometry faction,
n H/mm &/ % I/d
0 2.2
1 1.25 43.2 3.6
2 0.55 56 5.4
3 0.33 40 6.9
4 0. 125 62.1 11.1
5 0.11 12 7.9

2 LIHER

K1, 2 Fixk 0. 11 mm JEEEEA LT
o, BILZE K Cubenp B T, SRR T oy
BT 3 AMRFE(1Y, 2% J 3% ) ZELIh(A) A g
(B) MMM T2 97.6 % (K 1) A1 95% (K 2) %L
BTG em kL) B L f (g ) W = HUm 60 A . i
B e, 3 /M FEENLHIE TS 97. 6% ¥ HL AR %
J&, B-, Cu K S-AmHm = EHEMMRE, f(g) M
BANMEALT S-ALE . G- f (g) (EIRAE, Rot.
Cube A7 f (g)EJLFA 0, wn EF T AL, T A2
F T A3 Fiow . AR, 3 N RFELE e 1 ¥4 #L AR B
Ja, Co M f (g )MHIR &, B-X S-AnWf(g)

AR, Ja& oW mH, 3 MR R A
ORI Rot. Cube B U) 2R 4143 {001} <110, &
HIB1, I1B2K&IB3JT K.

Bl 2 sl R 2RI S5 1 1 AR . 3 A
RFEENLIE N 95% R4 TE 5, B-, Cu M S-41
SRR E AR, f(g) R KELT S-AE .
G- R ot. Cube {3 W AR 59, H f(g)EILF
0, tnEAF AL, 1TA2 M 1IA3 Fis . & #E 34
IRAEL SN 95 % A48 TB)E, f(g) MKE
T Cor i, MARIARERAI{001}<110>23H 4
4%, B, 1IB2 & 1IB3 fix. 5K 14,
95% e M A FLIRAE T, Cur, Rot. Cu be 2 B-21
P 59, HUIMIENE AREE S-41 0508 .

ME 1, 23607 LU H, BEE Y IS B3En,
Rot. Cube Zf4) 45 5%

B3 o4 17 R Al AR TR RE R A 4L R S
) Ze Al . AT I, R —IEH 4% T, 95%
BICFEE T S-2U 4 73 bb 97. 6% B JEFEE T 1)
S-4H 4y, M Ca 4l 431E 97. 6% L EFEE T .

3 HHSItE

3 FPRE A B9V FLA) UE 23R #1542 BL{ 001} <100 Y 24
Pk, BAEUIF@HAA T B RFE R PR,
R HERR T IR RSN [F R 52 . N46 AL
ARG B AN R P R 5 g A, Wi T
N46 HLIHHRSBE LG AS B2 K15 2 (40 CH, Taom=
(4 1.4~ 50.8) x 10" ® Pa*s, T= 1.90x 10™ ® Pa*
s) o A ELIE AR FLHE 5 AL TR P ok T R R A
o BEIE I SRR R TN L 4 s 1 R
FERHL 95% I PR FMIE MY 45 1 T & HhaliE X ODF
B, Hrdi(a), (b), (c) AMLHIEME RGN . HE 4
(a) A LA H 43.2% TSI 7 5 B L 1) e %
SIATTE R OkL} 10002304, FF Hodih K S 1m) o B )
2 b1 G- B (B L 5. 35) Bt AR TR A
75% i, B b Cor (B ) %5 B 9 8.2) «S-( B [0 %



CHRRE R SRATH, AR N R v Al T AR SR 1Y S R < 787 ¢
(011} fo11} {011} (011} ~ {112} ~ {123} ~ {011 001} tooumon
{100} {211) {111) (o011} {111) {634) {211} {100} {100) {110}

15[(a) o—IA1 50[ (b O—TAlL 15 O—IA1

* o—1 A2 (&) o—T A2 (e) i
a—TA3 a—T A3 a—TA3
B—]1B1 40 BE—1IB1 H—1B1
e—1B2 —]H e—IR2
&—1B3 A— 183 10} A—]1B3
30
20
5_
10
- - 0 1 1 0 1
90 45 60 75 90 15 a0 45
1 P2 o1
1 AEBELHIE 20 &= 97.6%)
Fig. 1 Skeleton lines of cold rolling textures of foils with 97. 6% reduction
(a) —afibre; (b) —B-fibre; (¢) —Cubeyp fibre
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Fig. 2 Skeleton lines of cold rolling textures of foils with 95% reduction
(a) —afibre; (b) —B-fibre; (¢) —Cubeyy fibre
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Fig. 3 Skeleton lines of cold rolling textures of f oils with 97. 6% and 95% reductions
(a) —afibre; (b) —B-fibre; (¢) —Cubeyp fibre
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(a) —Lubricating with kerosene;

(b) —Lubricating with machine oil

FERESE N, (3 48 )[ 1146] B in L Fs % 8 .
SR, Bl TAYSRE, & KPR T
(001) [ 100] A2 TE 454, XPhARTE 45 44 BEAS BE FH 352
AT W1 e e B AR AR R ] Dillamore 2511 (1
BIRMRRE . XA SR T B T — i Be TiOk} 2]
(i R IE e, NEE T SRt T R4
WITEAZ 5 - A SCAE B R DL, A5 3 4L 1 Ak
FE oA R RE BT YDA, Al A7 A8 S 7 B ) 1) 45
A

[ REFERENCES]

[1] Asbeck H O, Mecking H. Influence of friction and geom-
etry o f deformation on texture inhomogeneities during
rolling of Cu single crystals as an example [ J]. Met Sci
Eng, 1978, 34: 111- 119.

[2] Hirsch J, Liicke K, Mecking H. Comparison of expert
mental an d theoretical rolling textures of FCC metals
[A]. Proc ICOTOM 7 [C]. Noor dwijkerhout, 1984.
83— 88.

[3] ZHANG Xirming. Entstehung und Entwicklung der
Walz und Rekrri stallisationstextur in CurZn und CuP
Legierungen in AbhAngigkeit von der Wal z und
Glithtempera tur sowie von der AusgangskorngroBe [ D] .
RWTH-Aachen, 1987.

[4] LIU CM, ZHANG X M, CHEN Z Y, et al. The effect
of hot fi nishing rolling on cube texture on high purity a-
luminum foils [ J]. Trans Non ferrous Met Soc China,
2001, 11(1): 103- 107.

[5] Kneynsberg H P, Verbraak C A, Ten Bouwhuijs M J.
The influenc e of inhomogeneous rolling on the capacity of
aluminum anode foil material [ J] . Mater Sci Eng,
1985, 72: 171- 176.

[6] Kamijo T, Adachihara H, Fukutomi H, et al. Develop-

men t of cube texture in aluminum single crystals of a sta-



* 790 -

A R R

2001 4F 10 H

A cta Metall, 1992, 40(4): 693-

ble orientation [ J] .

1988, 36: 2883- 2904.

698. [13] Lee CS, Duggan B J. A simple theory for the develop-
[7] BungeH J. Mathematische Methoden der Texturanalyse ment of inhomogeneous rolling textures [ J]. Metall
[M]. Berlin: Ak ademie Verlag, 1969. Trans A, 1991, 22A: 2637- 2643.
[8] Licke K, Pospiech M J, Virnich K H, et al. On the [14] Hjelen J, @rsund R, Nes E. On the origin of recrystal-
proble m of the reproduction of true orientation distribu- lizat ion textures in aluminium [ J]. Acta Metall, 1991,
tion from pole figures [ J]. Acta Metall, 1981, 29: 167 39(7): 1377- 1404.
- 185. [15] Kohlhoff G D. Textureund M ikrostrukturentwicklung
[9] YAO Ruohao( @k %7 #). Friction and Lubrication of bei Walzu mformung und Rekristallisation von
M etals during PI astic Deformation ( 4z & Hs JJ 0 1T it #2 Einkristallen Kubisch- FRchenzentrierter M etalle [ D] .
WP B 5 W) [M]. Beijing: M etallurgical Industry RWTH-Aachen, 1988.
Press, 1993. 125- 157. [16] Kohlhoff G D, Krentscher B, Liicke K. Texture Devel
[10] MAO Wermin( & B [&), ZHANG Xin-ming ( 7K #r opment in a Cube Oriented Copper Single Crystal [ A].
M) . Quantitat ive Texture Analysis of Crystalline Ma- Proc ICOTOM 7 [ C]. Noordwij kerhout, 1984. 95-
terials( i AM BHRM E &4 HT) [M]. Beiji ng: Met- 100.
allurgical Industry Press, 1995. 96— 102. [17] Kohlhoff G D, Hirsch J, Schlippenbach U V, et al.
[11] Zhou Y, Té6th L S, Neale K W. On the stability of the Microstruct ure and recrystallization of rolled FCC single
idea 1 orientations of rolling textures for FCC polycrys- crystals [ A]. Proc ICOTOM 6 [ C]. Tokyo, 1981:
tals [J]. Acta Metall, 1992, 40: 3179- 3193. 481- 498.
[12] Hirsch J, Liicke K. Mechanism of deformation and de [ 18] Dillamore I L, Katoh H. The mechanisms of recrystal-

velopment of rolling textures in polycrystalline FCC

lization in cubic metals with particular reference to their

orientatiorr dependence [ J] . Metal Science, 1974, 8:

73— 83.

metals Il simulation and inter pretation of experiments

on the basis of Taylortype theories [ J]. Acta Me tall,

Influence of lubricants on deformation textures in high purity Al

ZHANG Ximrming, JIANG Hong-hui, XIAO Ya qing,
CHEN Zhtryong, LIU Chuming, ZHOU Zhuo-ping
(Department of Materials Science and Engineering, Central South U niversity,

Changsha 410083, P.R. China)

[ Abstract] The influence of the cold rolling lubri cants on the deformation texture in high purity Al was investigated in detail by
ODF ’s. The results show that the foil which is deforme d at room temperature at high reduction with machine oil lubrication has de-
velop ed the typical rolling textures of FCC metals, which consist of B-, Cu- and S-co mponent, and the maximum peak of the ori-
entation density f(g) trends towa rds S position; in the case of the kerosene lubricant, however, the roll ing textur es were compar-
atively weak, and at the same time the shear texture {001}{110) is de veloped. The rolling deformation was much more homogeneous
and the shear strain was lower on the condition of machine oil lubricant because of its high viscosit y. The grain orientations gathered
around ¢ fibre at low reduction and shift ed tow ards B-fibre with increasing reduction. At high reduction the final tex ture became
the copper-type rolling texture of FCC metals. Comparatively, the vis cosi ty of kerosene is much lower, the coefficient of friction be-
tween the roller a nd the metal surface is higher during rolling, and it results in the inhomogeneous de fo rmation. At lower reduction
the shear texture( Rot. Cube texture) in the rolled su rface of the foil appeared, the Rot. Cube orientation shifted towards Cu or ienta-
tion with increasing reduction.

[ Key words] high purity aluminum; deformation texture; shear texture; lubrication
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