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The Effect of Hot-working Conditions on
Superplasticity of Al-Li Alloys

Hiroki Tanaka, Hideo Yoshida and Shin Tsuchida

The superplasticity of extruded rods and rolled sheets on 2090 (Al-Cu-Li-Zr) and 8090 (Al-Li-Cu-
Mg-Zr) alloys were investigated. In extruded rods,the optimum temperature of extrusion to obtain
superplasticity is 673K in 2090 and 573K in 8090. Stable substructures were formed during extrusion
at such a comparatively low temperature. The above two optimum temperatures correspond to the
precipitation of T-phase in 2090 and T,-phase in 8090 respectively. It is considered that the precipi-
tation of these phases contribute to the formation of the substructures. These substructures cause
the formation of fine recrystallized grains during deformation at higher temperature and result in
excellent superplasticity. Rolling condition was carried out on the basis of extruding conditions.
2090 sheet rolled at 673K had the elongation of 9809 in L-direction and 660% in T-direction at 773K
and by strain rate of 5.6 X 107% ™", while 8090 sheet rolled at 573K had isotropic superplasticity of
about 1000% elongation in both directions at 573K and in the wide range of a strain rate, 107°~
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Fig. 1 Effect of extruding temperature on
superplasticity.
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Fig. 2 Superplasticity of an 8090 sheet produced by a new
process (controlled rolling at 573K) compared
with one by a previous process (hot rolling,
annealing and furnace cooling, cold rolling with
high reduction).
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Fig. 3 Specimens produced by a previous process after testing

to failure at 773K and a strain rate, 5.6 X 1073sL.

Unevenness occurred at the surface of a specimen
stretched in T-direction.
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Fig. 4 Comparison of m-value between a new process and a previous one.
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Fig. 5 Microstructural changes of 2090 rods extruded at 673 and 773K. (a)(c) ¢ =0, (b)(d) ¢ =0.5,

deformed at 773K and 4.6 X 10~%s™%.
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Fig. 6 Microstructure at ¢ = 0.5 during deformation
at 773K and 4.6 X 107%7! in case of a 2090
rod extruded at 673K.
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Fig. 7 TEM structures of 2090 rods extruded at 673K.
(a) asextruded, (b) e = 0.5, deformed at 773K and 4.6 X 1073s™!
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Fig. 8 Isothermal changes of electrical conductivity
in ingots heated at 573 ~ 723K.

Fig. 9 Isothermal changes of Vickers hardness in
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ingots heated at 573 ~ 723K.
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Fig. 10 Microstructures of the precipitates in 2090 ingot
heat-treated for 14.4 and 345.6 ks at 573, 623,
673 and 723K followed by quenching into water.

Fig. 11 Microstructures of the precipitates in 8090 ingot
heat-treated for 14.4 and 345.6 ks at 573, 623,
673 and 723K followed by quenching into water.
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Fig. 12 TEM micrographs of 2090 ingot heat-treated for
14.4 and 3456 ks at 573, 623, 673 and 723K
followed by quenching into water.
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Fig. 13 TEM micrographs of 8090 ingot heat-treated for
14.4 and 345.6 ks at 573, 623, 673 and 723K
followed by quenching into water.
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(a) BF image of T,-phase

(b) DF image of T,-phase

Fig. 14 Precipitation of Ti-phase in a 2090 ingot heat-treated for 345.6ks at 723K.

(b) BF image of T,-phase

(c) DF image of T,-phase

Fig. 15 Precipitation in an 8090 ingot heat-treated for 345.6ks at 573 and 723K.
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Fig. 16 DSC analyses of 2090 and 8090 ingots
solutionized followed by quenching
into water.
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Fig. 17 Microstructures of 8090 sheets produced by two kinds of process. These sheets were finally
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Fig. 18 Microstructure in cross-section parallel to
tensile direction after testing to failure at
773K, in T-direction.
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produced by a new process compared
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Change of Metallurgical Structure of
Rapidly Solidified Al1—8%Fe —2%V
Alloy by Heating

Kazuhisa Shibue, Yoshimasa Ohkubo and Shigenori Yamauchi

Al-Fe-V-Mo-Zr alloy has been developed previously to extend the superior heat resistance of Al-

Fe alloy by using rapid solidification and powder metallurgy methods.

In the present study, the effect of heat treatment on the metallurgical structure of rapidly so-

lidified Al-8 % Fe-2 %V ternary alloy made of the powders from atomization-rolling process had

been investigated.

{1) The rapidly solidified Al- 8 %Fe- 2 %V alloy consisted of the cellar structure and round com-
pounds which were considered to be O phase containing Al, Fe and V. The cell size was about 0.3

1 m and Fe was segregated at the interface of the cells.

(2) The O phase dissolved into matrix at the temperature about 450°C and completely dissolved
at 600°C, causing the precipitations of AlisVs, Als(V, Fe)s and AlsFe around the dissolved phase.
Precipitated Al-Fe compounds in the cellar structure developed to Al;Fe by the heat treatment

at the temperature over 500°C, whereas the cellar structure almost disappeared at 450°C.
(8) The hardness of Al-8 %Fe-2 %V alloy decrased above 350°C with the increase of annealing

temperature.
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Fig. 1 Appearance of Al-8%Fe-2%V alloy flakes. %
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Table 1 Chemical compositions. (wt%) 0 I t
0 200 400 600
No. | Alloy Fe \Y% Al
Temperature (C)

1 Al-8%Fe 8.1 - Bal.

2 Al-8%Fe-2%V 7.8 1.9 Bal. Fig. 2 Effect of annealing temperature on hardness
number of Al-8%Fe and Al-8%Fe-2%V
alloys.
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Fig. 3 Results of X-ray diffraction of Al-8%Fe-2%V alloy; (a) as-prepared and (b) annealed at

500°C for 1h.
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Fig. 4 Effect of annealing temperature on relative intensity
of X-ray diffraction of the dispersoids in Al-8%Fe-
29V alloys.
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Fig. 5 TEM photo. and EDS spectra of Al-8%Fe-2%V alloy

before annealing.
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Fig. 6 TEM photo. of Al-8%Fe-2%V alloy before
annealing.
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Fig. 8 The structure changes of Al-8%Fe-29%V alloy on heat treatments.
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Mathematical Models for Computer Control of
Hot Rolling of Aluminium

Hiroshi Kimura

Mathematical models for estimating rolling force P, rolling torque G and forward slip f were

developed. These models consist of equations for calculating rolling force function @y, rolling

torque function €, forward slip f, mean flow stress Ki,, temperature of rolled material 7 and

friction coefficient u. @, Q¢ and f equations are derived by the multiple regression analysis of

calculated values of Orowan’s exact theory, K, equation is based on the empirical expression of

the experimental data of cam plastometer and besides corrected by the correction parameter. T

equation is derived theoretically considering temperature change during air cooling, spray cooling

and roll gap. Heat transfer coefficients decided in the former study are used. The values of £ and

correction parameter of Kj, are decided simultaneously by substituting measured values of f and

Pinto the fand Pmodels and solving them. Almost satisfactory accuracy is achieved in estimating

P, G and f. Improving the accuracy is expected by the use of (coil to coil) plus (ot to lot) adapt

ive control method.
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A~B, D~E, G~H, J ~K . Air cooling
B~C, E~F, H~I : Spray cooling
C~D, F~G, ! ~J : Rolling

Fig. 1 Schematic layout of the aluminium
hot strip mill line.
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Table 1 Main specification of rolling mill and
rolled products.

Rolling mill Rolled products
Type 3 stand tandem mill | Thickness max. 12.5mm
Roll 7334/1380¢ X 2286mm | Width max. 2100mm
Main motor| DC 2600kw (each stand) | Coil outer dia. | max. 1950¢
Roll speed | max. 288m-min~! Coil weight | max. 8ton
2. BREFINOEREE
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Table 2 Correction parameter Zt of T, T2 equation (equ.

No. (19), (20)), Zu of K equation (equ. No. (18))
and Z¢ of G equation (equ. No. (7)).

Material Zr | Zw | Zyv2 | Zws | Zay | Zo2 | Zas
A ( 1100) | 1.05 | 1.06 | 1.01 | 1.31 | 0.71 | 0.91 | 1.26
B (%1050) | 1.05 | 1.13 | 1.09 | 1.27 | 0.70 | 0.91 | 1.27
C ( 3003)] 097 | 0.98 | 1.00 | 1.02 | 0.77 | 094 | 1.25
D (=3004) | 0.95 | 1.18 | 1.14 | 1.10 | 0.80 | 0.95 | 1.22
E ( 5052) | 0.76 | 1.08 | 0.99 | 1.03 | 0.87 | 0.97 | 1.22
F (=5082) | 0.61 | 1.27 | 0.74 | 0.77 | 090 | 0.96 | 1.20

Suffix 1, 2, 3 : No. 1, No. 2, No. 3 stand
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%Table2io/Rd, 7z, o—NVEFRERo—LVFr .y
7 ABREE & R O & L,

T= T1+(ATA1+ AT(;‘*‘O.S ATr)ZT (19)
To=T+ 0.5 AT+ ATnp) Zr 20
ATy =~ c2,gTh (Tl Ta) Ata
_20¢€4 { 20¢€a {<T1+273
ca Oalu Ca Paln 100
_ (273
100 ) } Ata 2

) s ar=ax=199(T—-T.%* (HRSH) 22
e @ttt K'e (g £ atT S oF)
x<63> (02)} (6> i) ar=ar=2.97 (1+0.0126V) (&&EEH) O
2a
ATo=——29C_ (T4 AT,,~To) At 04
E=1n<%> (15) ¢ Ca On h1 ( 1 Al c) C
2
ac=T900%% @)
_ 1000w _
=80 T ¢ i AT.= AT+ AT+ AT 09
K=K, w® AT, = é%il<m>xwﬁ 2
2.3 HMEEEEFI ATi= éf%#mAwqw 08
EBERES A VENB L LUE0EIC X A60EEBREE
SRR, FHEREIIO 1 OFEHREE 71 & LT =y )
WEFARISHAEZEET 2LERL L, BEREMNEET
SN IV EABE DI L, FERER D AR =P 80
Table 3 Coefficent of K, equation (equ. No. (15))
Material ar bt cT @ bn Am b K. K.
A ( 1100) —18.93 20.81x103 —3.66x106 —3x10™* 0.302 4.5x10~¢ —0.208 1.01 0.01
B (=1050) —11.17 11.34x10% —112x105 —3x10~* 0.302 4.5x10~* —0.208 1.01 0.01
C ( 3003) —12.97 14.40x103 —151x1068 —3x10* 0.282 4,010~ —(.184 1.02 0.02
D (=3004) —29.28 33.84x10% —584Xx106 —4x10-¢ 0.329 2.5%x1074 ~(.113 1.02 0.02
E ( 5052) —24.54 28.99x103 —388X106 —4x10~¢ 0.329 2.5x10~* —0.113 1.02 0.02
F (=5082) —37.26 4352x10% —629x106 —3x10™¢ 0.302 2.5x10~4 —0.113 1.06 0.06

20
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Un= 9560 JF & 8
p=1-(1+H(1-r (32

ar
ATy=— VR (T+ AT — ATe—T) At, )
a,=9600 A, (34
_ 2aq .
AT y= CM%M(T+05Aﬂ Ty Aty
~_203A{<T+&54ﬂ+zm '
Ca Oah 100
_(Ta+273V
(B0 ) } At &
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Ty 1dNo. 1 2% v FOBAIERME, Zh A Lk
2% v FOHAEREEM, P, f, v, V, ve ZEMIE,
hy, he @No. 1 2% v FAM, &K 25 v FHANGER
fli, #hPAR=R 70~ =Y Ata, Atas, Atc,
At, 3 VEEROWCOREMEEEA 5, &7, Ta, T,
T 3BETOENIEELEZ 2, £, 1, Knldf
OB & BWEE, Z, idTable2 DA 5.2 3,

FERATig. 2R d, Mio, MEEEFERE,
bbb, Fig. 1 0T Ot EME ERIEOFERZE G TL
11CTH 3,

2.4 BEEREHTFN

241 [EE, Sk EXNEOBRELE

mEETIRDEBVT, FEERIERKEEL W
ELT, BEEKuATEST S, UL, TV IBED

100
n =95
L X =0.4
=113
S
s |
°
E 50}
Z i
(]
0 m

-30-25-20 -15-10 -5 0 5 10 15 20 25 30
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Fig. 2 Accuracy of the temperature model.

(T shown in Fig. 1, Suffix A : measured,
C . calculated)
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LIEEAERLTHB Db b, £, WEED
Ul ED ppk D, BMATOOSRKE WA T HIE, T
FHETHERAT 2O REEFEHE I A # I kO
WESE AR KT © (0.83~1.0D) f5Th 35 T Lic &k
%,

S &L, BU300FEEEEDIc>WT, SlEEREZER
30TE1.0% (o EfERIRELD), FERER
FRI+ 2% (EM), PHERERBEEZRT20% (Fi
W) & LT, R, ek, EVET e 2EEL, Fig.
41CRY, W3R, FERE, FHEREIOR
EMLWE LSS, MihdREHERNTEhENEE
ZTEBUIBEAO u OFKE, B/MEEZRT, TOK

0.4 T
Alloy D
0.3
8\%\ £-02t—
0.1
0.4 0.3 0.2 0.1 0 0.1 0.2 0.3 04
M

Fig. 3 Relation between g (from forward slip) ~ g1,
(from forward slip and rolling force) and ,
(from rolling force) ~ uip.
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Fig. 4 Relation between g and g™, g™,
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Bo AT, 1, KnOERICHE SN 58775 %E &
e 3,

242 NERHOBALZOUNEREE

A TIREEERRE T 570, Fig. 5 IT/R9 eER
AAEBRELLY, WHEHE VOMERR S v FiElicow
TR, BEN = DN —s%a — il B o ElEEE
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VB HEUR S e BllRE e & B —05, v~ VilE v Ol
B, 77 8 — VB G AR PGRIC K B, SR
R 1300 TEHET B,

f:i%ﬁ 36

SR DRBEAWRT 3D, E5/4 VBT 5%
R ORIEME 0 — < — 7 BEIC & BAEMO LB

Stri
Pulse P
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PG - -
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PGr Main roll 7 Looper roll
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Fig. 5 Measuring system of forward slip.
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Fig. 6 Comparison of /5 (measured forward slip
by the measuring system shown in Fig. 5)
and f® (measured one by the roll mark
method).
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Ut F5E%EFig. 6 10RT, 0 — e — 220 TH,
=273 - VHRAD 1 #rO AT e v — VAR
#92300mmTH B, FIEL /a4 MEERR 0%, FHIKC
RBIE - U L <~ — 7 [EEEREZIE L 1o 7033, WERE
BEDERG L 0 EERANORERIEET> /o T/, 5B
IEH « BTRMUT DI W E%2BRERL TV 5B, Fig.
6 LD, HERHOBERIEEREEZGITH0.3%TH 5,
243 EBEEHETI

oA vF—5E2R0T, EVETEERE, FHE
TEABREWE T 5, FHTHKN 71, K(1)~6),
~UTH 5B, E5AvF—2 L LTHEZZDIE, P, f,
g Oy, b, by, b, RTH 5B, TOW, P, f, bI3ER
%, o, 0,327 v FilicoWTik, MENV—E
HE D OWMEMEY, BERXy v FHAlic->WTIE, a4
S -BRL Y OBBEEAX5Z 5, hi, hetdNo. 1 R & v
FARROHEKR 7 v FRAEEIEEZ, x5 v FiE
vR70—-4F—-V%5X 3%, Rldo — VITEEROEAIME
Thd, o0, WEINZEHERERKEL D, K
@) CAEIRRHIEREZ, 2R %, Zyl3HME &,
Ry RETEICERD B,

P

— LM fm
ZM—K—K{“ 8]
fof L, HEPHIEERKL IO TEHET 2,
DEEOMEHEE I, F9~6) OMEHRRE € 7V CiTE
T 5, 1oL, FHEAEETig. 2084 LB TH S,

SRS AR Z, 2 Table 2 1<, BELK L%
Tabled 12787,

Table2 & 0, Z,130.74~1.310 &It H b, KO
EOMEARLTWS, Tabled &b, ©130.041~0.200
DOHPHcH b, HRK CEEH, Si ) BFEEAZED0.104
~0.395" p &M/ E W, 72, No.1 29 ¥ F>N
0.2Z2% Y F>No.3XR2 v FTHY, &< icNo.3 2
5 v F130.041~0.052 & M FEIEIE 1S & D BRI TH b,
THRAS Y FEE NI VDORTRIELE, RE, o —
WEDN, EEHEESK, HWEHEEMEWG EoE L
EZONBY, uk oD ELTETENLLI T

Table 4 Friction coefficients.

Né. 1 stand No. 2 stand No. 3 stand
Material

x G x & x G
A ( 1100) 1 0.103 0.008 0.088 0.007 0.045 0.007
B (=1050) | 0.115 | 0.016 | 0.083 | 0.011 } 0.046 | 0.008
C ( 3003) | 0.104 | 0.013 | 0.077 | 0.010 | 0.041 | 0.007
D (=3004) | 0.137 | 0.019 | 0.094 | 0.007 | 0.041 | 0.006
E ( 5052) | 0.200 | 0.047 | 0.102 | 0.022 | 0.049 | 0.011
F (=5082) | 0.178 | 0.020 | 0.096 | 0.005 | 0.052 | 0.006

% . Mean value ¢ . Standard deviation
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BESILBVOT, ARTEIMETE, X5 v FTE
D—EEET B,

wic, 5000FEESFOREMEE 2 Fig. 7T IK/R T,
T IBGEDBE, uMKREVWEE T - VEEO T V3
=g ha—F 4 vIBEL, WEERBE Y 7T v TEN
PTVHY, FOREENo. 1 AF Y F>No. 2 25 VY F
>No.3 RS Y FTHY, pDREFIEHIEL TS,
I, FEIN L uBEHLEOTHE—o D&
15,

Fig. 7 SEM micrographs of rolled sheets (Alloy F).
(a) . After No. 1 stand, (b) ;. After No. 2 stand,
(c) : After No. 3 stand
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Fig. 8 Accuracy of the rolling force model.
(Suffix A . measured, C . calculated.)

Table 5 Accuracy of the mathematical models for rolling force P, rolling torque G and forward slip f.

(Suffix A : measured, C : calculated)

Number PA/pc GA/G¢ SA—fC (%)

Material of No. I stand | No. 2 stand | No. 3 stand | No. 1 stand | No. 2 stand | No. 3 stand | No. 1 stand | No. 2 stand | No. 3 stand

coils Tl | x|l xl el x| | x| 6 |x s | x s | x 7 | x -
A ( 1100) 105 1.00 [ 0.04 1 1.00 | 0.0711.00}0.11|1.00 | 0.16 { 1.00 | 0.10 1 1.00 | 0.11 | 0.0] 0.6 0.0f 0.6 [—0.1} 1.3
B (=1050) 132 1.00 | 0.05|1.00 1 0.08 | 1.00 | 0.10 | 1.00 | 0.25 | 1.00 | 0.13 | 1.00 | 0.12 | —0.1| 14 0.0] 09 |—0.2] 1.6
C ( 3003) 122 1.00 1 0.07 | 1.00 | 0.07 | 1.00 } 0.07 | .00} 0.20 | 1.00 | 0.10 | 1.00 } 0.14 | 0.0/ 0.8 0.0{ 0.8 [—0.2] 1.1
D (=3004) 138 1.00 | 0.06 | 1.00 | 0.04 | 1.00 | 0.08 | 1.00 | 0.15 | 1.00 | 0.05 | 1.00 | 0.07 | —0.1| 0.8 0.1} 0.7 |—0.1| 14
E ( 5052) 274 1.0010.12|1.0010.07 | 1.00 | 0.0811.00{0.19|1.00{0.10 [ 1.00]0.11|—0.2| 1.5 |—0.1} 1.2 |—0.1] 1.1
F (=5082) 164 1.00 1 0.07{1.00|0.05|1.0010.06|1.0010.13]|1.00 | 0.05| 1.00 { 0.06 |—0.1{ 0.9 0.2{ 0.4 0.0f 1.1

. Mean value

x
& . Standard deviation

24
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Fig. 9 Accuracy of the rolling torque model.
(Suffix A : measured, C : calculated)
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Fig. 10 Accuracy of the forward slip model.
(Suffix A . measured, C : calculated)
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Evaluation of Cleaning Methods for
Existing Aluminium Brass Condenser Tubes

Koji Nagata, Kyuji Sudo, Yuhei Kato and Katsuhiro Onda

Heat transfer rate of aluminium brass condenser tubes using sea water as coolant reduces with
increasing in operating period due to the depositions of some kinds of matters, such as corrosion
products, iron oxide, manganese oxide, bio-organisms, mud etc, and not necessarily recovers by
means of conventional soft nylon brush cleaning due to the increase in their hardness.

Laboratory cleaning test of existing aluminium brass tubes removed from three power stations
of Chubu Electlic Power Co. was made to evaluate various cleaning methods such as hard nylon
brushing, passing of abrasive balls made by Taprogge, water jet cleaning, sand blasting and
chemical cleaning, from view point of their removing force, recovery of heat transferrate, protective
properties of remaining deposits, working cost and practical application.

Following results were obtained.

(1) For condenser tubes covered with easily removed inside deposit, granulate ball cleaning was
evaluated to be optimum. Water jet cleaning was an alternative and hard nylon brush cleaning
was also applicable under high frequency cleaning of 6 to 10 times.

(2) For condenser tubes covered with hard deposit of corrosion product, water jet cleaning was
ranked to be the best. Sand blasting could be practical if protective film treatment after remov-
ing the deposit was made.

(3) Performance of refreshed tubes is desirable to put in the target zone of high polarization re-
sistance over 10°Qcm®/high cleanliness factor over 90 %.

Protective film treatment in operation after cleaning is recommended to be decided based on
the relationship diagram of polarization resistance/cleanliness factor.
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Table 1 Operational record of sample tubes of aluminium brass condenser tubes removed from three power

stations of the Chubu Electric Power Co. located at Ise Bay.

Power station

Sea water treatment
Operational period

Cleaning of tube inside

Fe+t injection? | Chlorination®

Sponge ball

Nylon brush

A 21years, since 1966 Yes None None Yes
7years, since 1980 Yes None None Yes
C 4years, since 1983 Yes None Yes® Yes

(1) 0.03ppm continuously for one month after periodic inspection and then reduce to 0.01ppm.
(2) At plants A and B, chlorination had been made for several years.
(3) Sponge ball cleaning of 1 or 2 times per week/30min per time was made.

Table 2 Conditions of tube cleaning.

Method

Conditions

Nylon brush cleanin,
Y B of skef/em?.

Max. ten times passing of soft nylon brush / hard nylon brush using pressurized water

Taprogge ball

o
cleanmng ball (G ball).

Cleaning by sponge ball of 26mm dia coated with cardorundum in a belt (C ball) /
sponge ball of 25mm dia coated with powder of poly-carbonate, so-called granulate

Water jet cleaning

High pressurized water cleaning of 300kgf/cm? using rotatiny nozzle with tiny jet

which moves back and forth over entire tube length.

Sand blasting .
nozzle fixed at tube end.

Blasting of alumina powder of ave. 150pm dia. with compressed air using spray jet

Chemical cleaning

Dipping in dilute HCI solution added special inhibitor.
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Fig. 2 EDS analysis and morphology inside deposits of
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Table 3 An example of performance of sample tubes as received.

Samples Overall Drop compared Electrochemical properties
Deposits . Fouling
heat transfer | with new Natural Polarization
Power Positions rate tubed factor tential ot
. (mg/cm?) (m?h'C /keal) | Potentia resistance
station of sample (kcal/m?h'C) ) (mV, SCE) (0 cm?)
Inlet 135 —_ P — _ i —
A Middle 11.1 2475 20.4 8.2x 1075 —265 2.8x10¢
QOutlet 11.9 2587 16.8 6.5%10-5 —260 2.1x10¢
Inlet 13.2 2364 24.0 10.1x 1075 —260 11.5x10¢
B Middle 14.6 2310 25.7 11.1x 1075 —235 12.8x104
Outlet 15.5 2307 25.8 11.2x10°8 —240 13.2x10¢
Inlet 11.9 2408 21.4 8.9x10"5 —260 10.5x 104
C Middle 13.6 2254 26.4 11.7X 1075 —260 4.8x104
Outlet 15.3 2162 29.4 13.6X1075 —235 3.6x104
(1) : 3110 kcal/m?h°C for new tube of the same size.
0
10°¢ 1 N ( ) . as received
[ | A
r | 2
EY L5 “
- sy 5§38
“é rT=y N ¢
S £ §° 40y A PS.  (7.9mg/cm?)
¢ 10538\ E
e ] prar}
§ . g & C PS.
2 [e37 oo 13.4mg/cm?)
.% o { (13.4mg/c
c NN 3
s [y S so B PS.
S qospeey K (12.7mg/cm?)
3 - € 100 \ | |
& - 3 0 3 6 9 12
I g (As received)
I % No. of cleaning
¢ New tube 2 (a) Soft nylon brush cleaning
10 , . . S 0
100 90 80 70 60 K] ( ): as received
o]
: £
Cleanliness factor (25) g 20k
Fig. 3 Relationship between polarization resistance value
. . 40_
and cleanliness factor of sample tubes as received. A PS. (7.2mg/cm?)
bhr b, 60f
- C P.S. (99mg/cm?
32 MEMBRERE (5-Sme/em?)
3.2.1 HEYBREE 80} B PS.
I = 7‘7“/%@ ] B (13.3mg/cm?
Fig. 4 12 7 5 v BEIREE & T BYIRELOBIRERT, 100 ; , :
AFEFREM TR 75 v ok « BIc L S5 3 DB 0 3 6 9 12

kD, FEYBRERIZOKYS THIMEITEL TV 3,
IhiE, EM O EEefrE LR eERET 505
MIhENAEB cBRETE B, TRIMNELLESE
BRYFEEOMNBEYRBRETELVWI LITIELTW 3,
—7, B, CREFEEM OMNBMIZRERKE & bic

(As received)

No. of cleaning

(b) Hard nylon brush cleaning

Fig. 4 Changes of removal ratio of inside deposits

with number of nylon brush cleaning.
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FA2GR - V0B DISE L~ 5 L EE (ARE
0

( ) . as received

20

40 A P.S. (7.9mg/cm?)

—0

60

C P.S. (11.9mg/cm?)

80
P.S. (11.3mg/cm?)
D
100 ! ! L ;
0 100 200 300 400

(As received)
No. of ball passing

(a) Granulate ball cleaning

Removal ratio of inside deposit (%)

0
( ) : as received
20
40H
A P.S. (7.9mg/cm?)
60
80k C P.S. (12.6mg/cm?)
B P.S. (11.9mg/cm?)
o]
100 ) | ] |
0 100 200 300 400

(As received)
No. of ball passing

(b) Carborundom ball cleaning

Fig. 5 Changes of removal ratio of inside deposits
with number of ball passing.
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Fig. 7, 4 v F 75 XA MR BT 54 v FIEHE

0
3 Pressure of water : 300kg/cm?
% Jet nozzle moving | 10m/min (go) ~
K 20F velocity © 7m/min (back)
o
8 ( ) : As received
3 40t
o
£
o 60}
= A P.S. (7.3mg/cm?)
©
é 80F B PS. (86mg/cm?)
2 C P.S. (11.2mg/cm?)

100 | ! L )
0 2 4 6 8 10

(As received)
No. of cleaning

Fig. 6 Changes of removal ratio of inside deposits
with number of water jet cleaning.
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Fig. 7 Changes of removal ratio of inside deposits
with quantities of sand sprayed.
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Fig. 8 Changes of polarization resistance with
number of hard nylon brushing
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Fig. 10 Changes of polarization resistance with
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Fig. 11 Comparison of the effect of various cleaning
methods on the removal ratio of inside

deposits.
0 :A P.S
0 :B P.S.
W :.C PS
0
20+
S
5 401
°
&
b
k= 60}
=
<
<@
o
80}
L
100 N T
<
Lo - —
£ - - - » 82
< = = =}
£ 8 g § B2 25§
5 (&) G} = » B [Shs]

Fig. 12 Comparison of the effect of various cleaning
methods on the recovery of cleanliness
factor.
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Table 4 Evaluation of various cleaning methods in case of existing condenser having 15,000 pcs aluminium brass
tubes of 1 inch OD X 13,000 mm long.

Nylon brush Carborundum | Granulate Water jet Sand blast
Item cleaning ball cleaning ball cleaning | (nozzle moving)| (fixed nozzle)
3 times 100 passing 400 passing |1 back & forth| 1.2kg shooting
—~ Cost' k
g 200 100 200 1,000 2,000
bt (yen/tube)
~
B3 Working period . . . .
o 6 0 (in operation) | 0 (in operation) 10 15
2 o | day)
g
E < | Practical
1) g o ) 1 3 4 2 5
= application (ranking)®
Removal of
is] o . 5 4 3 2 1
2 inside deposit
(9]
L Recovery of
25 Y 5 2 4 3 1
S heat transfer rate
= .
»S < | Protective film
S 8 1 4 2 3 5
A & | treatment
. 58 For soft deposit 3 4 1 2 5
s 5
& S | For hard deposit 5 3 4 1 2

—
—
—

Including labor fee, material cost and equipment cost for removal of inside deposit
Ranking : 1 (advantage) ~ 5 (disadvantage)
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Effects of anions in anodic oxide films on
adhesion durability of epoxy-phenolic coatings

Tsutomu Usami, Masaya Imai and Yosifumi Hasegawa

Using aluminium alloy specimens prepared by the anodic oxidation in solutions of (1) 15wt%
H.PO., (2) 15wt% H,SO,, (3) 10wt% H3sPO,+ 5 wt% H,SO, at the direct current density of 10
A/dm? and the temperature of 70°C, the effects of anions in anodic oxide films on adhesion dura-

bility of epoxy-phenolic coatings have been investigated.

Phosphoric acid anodic oxide film provides good adhesion durability regardless of anodization

time and the amount of phosphate ion per unit area. On the other hand, the poor adhesion durability

has shown on sulfuric acid anodic oxide film with various amount of sulphateion. As to phos-

phoric/sulfuric acid anodizing, both anions are incorporated in the film, and the adhesion durabil-

ity increases depending on the increase of anodization time. Because the migration rate of phosphate

ion is lower than that of sulphate ion, it is considered the oxide film surface becomes rich to alu-

- minium phosphate which retards hydration rate and improves durability.

1. El

HEETE, BERBIGLER, BARPLERL SE2EN
& LB E OEAREO FHILEE & U TR < TERMIC
BHEhTW3, LeLEAs, JISHE602 (1981) [7
W= ARUTILI =0 AEEDOBHBREBLBEEAK
B s, BEBIEEEZzOBEESEES A TY
BT X0, i, MZERERICBY 2MEHEER
OREFE L b, BBB{LUBREER - 7314 v — &
OEERAROHELZBANE LTiTbhd k5t o,

BREET BT 2 EEMAEREEEHNE S 5 TH
MBS, [ERED, B-BEo/nsBr bV vszy
Fvy (FPLx v ¥ v 7) ®7 o sBEGBRILSTHOO
TW3, UL, KETR, £—4 v 7da51970FE/R
BIFE L7 0 AR LS — L LoD b 5, BEEi
A% & HickET A5 E LT, Hardwick 522 13,
FPLz v F v 7, 3203, b ABEERLL cREIC
* BEEYAEEEENAS CERTES AL B« KRAD

T T—ERFEE
*+ FEOTHFFCAT LA AR

38

NTMP (=r VB bPYRAFLYY VER) ZWREBEIYE
ZHEABELTWS, 7, Arrowsmith 5% 13, B
@@T@E%@@k&ﬁ%&&bt&,OA@@K&E
THEHEEARREL TV S, DARREICE, #EEICHE
3 &) i EB BB LR O @m%mﬁﬁéﬁ
A BEMEDLNTV B,
PllEocEhod, 7= sB{bEdicEET
BDABA A v IF, BEWAN BRGNS 5 LE
ZoNbd, FITARTE, DAR, REBEMUTHAR -
GrEE O RER THER T 2 BILEREIC oW T, @m&ﬁ¢
KD AENL T =2 v BEERAE KT TEET
WTHEE L,

2. ¥ B F &
2.1 =W
‘AL, T =0 AE4 AS052P —H38, #RE 0.25
mm% Wi,
2.2 BIALER
ZEHETovs ) ERER Y FY v # 322-N8 (HAE



Vol.30 No.4

BB LR T = 4 ¥ OBREHERA I RIE T

207

A v FRED 3wt ki AV, T0°CT30sBIEE

L7t WKkTEEL, ZRTHERL -,

2.3 R LI

BIALERIR, 15wt %6 » ABRIAHE, 15wt % HRERIAR F U110
wt%6 D ABR & b witSHRER DR CREMBER(L L 7o ML
B, TNThERBFECED, BRETC, BERE
BE10A/dm* ¢ 5, 10K T15sDEHT# ﬂ%‘hl‘%ffﬁ@ﬁ:
L7ci&, Bkcetil, ERTHR UL, U, BLE
MED# 7o - BRI, TOoRKER VRS
&0, EHETHKEERT B EEZ 1Y,

24 TRED T/ —NEBROBE

230X BB LA L 2%, 2 RFv 72/ —
WEERL GREEA v+ BEWED 2 —a—- s 2FHLT
B L, 260°CT 1 min BERT T 257 - 720
HIRBOBEBERR, BLF45mg/dm’Th -,

25 EREICHER

5 mmiB I YTl L 7o B 0 IRl A R & &, &Y
TIFRKY FAVNT 4 s (51 2 T,
FATIF7 4 AT7000, EX40um) 25A T, BE
200°C, 3kgf/c®OHEFTT1lmin L, F0BEE
Lo PLEDOFHEC X ERIL 72688, 90°Co 1 #
YRBKFIT L ~THRE LK, BRETAIL, B
nic Fid EERRBICH L 1o,
BRI, EBRC BV THEEHEE 200mm/min T
180 1F<BEL, £ODT B XFEERE L 720

26 BEHRAFUBREROTEER

BEB LRSS NI2ER I+ VOERBICXD,
MR REREOKRE S E2 KL o, FBAEIC>WT
&, BER® OFERICRE - 7o, HENA A v REREYERE I
Fr- MLEYERER L, BOTFBETRET 5700, &
FRB(MoREBRELKT 2018 TH 37,

2.7 BEEBEEEROGRRA AV RUYABRSAF Y

DER

(1) g1 A v OER

100cm’ @ [E R B (L ALERAR % 7 NRSER7A M 12 70°C T10
min FEEE L CRRACEIEAAE L, /B LR v 4+ v
ZLEE (JIS K 010D itk v EB L,

2 AR YOER

50c? D [E MR R {LALEERR % 4 NBRER A 1250°C T100
minfllZE U THRLRIEERER L, BE LD AR &
vEE)TFUERE JIS K 0101) KL ERBL 2,
2.8 BFHEMEBEHZE

IGHRER LR I D R T BSR4 B v B ERr Bl RS
FEAMEBES —800% i\ CTITW, MIEEEIT1I325kV & L 1,
SRR LB IR D 13 < BEIBILE Z/KBEIC X DTV,
RIEORMEBET T OERICiE, Iz ot —4
(LBK 2088 Ultratome V) B\, UHIR Y 5 =+
A7, F5A4¥YEYFF4 7OMEICHWTIT- 7,

3B L 2 REROHEET R OB, AARETIEM -
S0AZBIEFERMEEEH WV TITL, MLEEHEZ200kV

39

& L7,

3. £ B #

31 BEORBEM
3 OBMR D BRI, R RBRA
D180° & < B S £ RTE L 4R % Fig. IR Lo 41
M3 B 3, SRECEBERIEMcI b E
AIZOLS, 6.0kgf/SmmiBLLED 1 < BERR S & R T HER
Frico\W0 T, BRI/ B LR R 65 0 B P < 1 <
BBy, BLRE S SR OBOBENRREL TV
Vo DABR BRI E O F18 i < Bt s 1,
WIR b BERLEE10s OB AR bR Z VDI L,
BRRGWREBR LB OFIEIIE Bt s 13, BRRR iR &

£

7
L
I ———— o
£ 5:TTif“““*‘**-h--*
L(E) -l 15s
= 4t Tl o~
» 5s e
- 3
o
s 2
@
g
o ola . L .
0 3 5 7
Immersion time (d)
(a) Phosphoric acid anodization
=
ke
2
£
IS
wn
=
)
=
b
)
o
P
»
3
a
Immersion time (d)
(b)Y Sulfuric acid anodization
— 7
£
° L
z 6 . 15s
5 \,
B 4o\
4 N S
= ~ -
s 3F N N\ e 10s -
og \\\ \'/ \~./"’a’
é 2 \\ //A ________ y"’
» e’ 5s
3
a
O 1 1 1
0 2 3 5 7

Immersion time (d)
(c) Phosphoric sulfuric acids anodization

Fig. 1 Effects of anodizing conditions on bond strength.



208

R B & B & W

LhicHikLt, BEBORCEBRSDETIR, BER
(LB BT < 0 ATRBERR LALE T/ ha <, TR
KRR LV T 128 % 2 Bk id 1 kgf/ 5 mmIBRLT
BT LTz, fih7, BEREERLUEOES, BREB{L
B s & bIBERORCERS OETR/NECED,
BIER0 I3  BHEFT R, R LR R 45 5> & BRI
PICEET L7,

3.2 A FURESR

&R LALENC o WOk - RN ZRERICH 5
TSR ERAFig. 210K Lo, FRERGHRER{CLE T XI5
BRI & & b RER S hicl~F L (L
TH D, BLEEES oA £ 5 REBEOBEAR & KL
LTWwaEEZ 6N, —F, DABKPEREHBRL
IR TIR, BLEEORBIHEBETR LD dBL VIO
(LR BERE 554, WRREROEMBIEDL - T

90
801
70}
60+
£
L
S 501
=
=
3 40
5
2]
2
. 30r
k=
~N
201
1 : formed in H;PO, bath
10k 2 : formed in H,S0, bath
3 : formed in H;P0,—H,S0, bath

O 1 | 1
5 10 15

Anodization time (s)

Fig. 2 Zinc ion adsorption on apparent unit surface
area of anodized aluminium alloy.

3.3 BEBAAVRUVUYABAFTVOEER

R IEFE LA W TR 7 B RERE T 5
il A A v RO ABRA 4 v B%Fig. 31, HHREER
M0 OWREEA A Y RUDABRA A vE%ETablel KT
ZFNR Ltce TBREBRERLEZIE D SIAH U ICTRER A A v
B3, BEBIEEE & bicEkL, v ABBRBILE
BhSEE LD ABA A VBIRENEFLIKREYL, L
L, 3.4 TRT & D ICHRBBBERIE (15s) BExi
D ABIEBERERIE (15s) OE S~ 3IHH, B

40

Amount of PO,3* and S0,2* (nmol/cm?)

October 1989
180 >
7
’
’
2 7
Ve
v
7
150} it
7/
7/
’
/
/
/
/
’
’
100+ /’
/
1
!
/
’
/
’
/
'l
50
3
4
— e e e e i e e .
- _ - -
o~ 1
0 5 10 15

Anodization time (s)

: PO,3* ion formed from oxide film formed in H;PO, bath
: 0,2+ ion formed from oxide film formed in H,SO, bath

W N

bath

4 : S0,2* ion formed from oxide film formed in H;P0,—H,S0,

bath
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Table 1 Change of amounts of PO,** and SO4* incorporated
in the oxide films to the surface absorbed Zn%*.

Anodization time (s)
Bath Ton 5 4 10 } 15
mol ion/mol Zn?*
HsPO, POt 0.46 0.33 0.23
H2504 SO 1.43 2.26 2.11
PO, 0.37 0.41 0.67
H3POs—H2504
’ SO, 0.23 0.25 0.31
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% &L, Davisb™ i, XPSESTEMIC & » 0 ABER{LEE
RRER( LR IR O /KRN HE 2 8 ~, FRBErhic e 3 % BEA Tt
DOYABT VI =Y LDOFHPKIRIEDORETH 5
ERAS T LT,

AREBRTERL 12 ) ABGRBLEEFO D ABRA &

42

vEBOFERTRE, TOBLEEOBREMAMEICEHE TE
BEHONT, WIFNBIFTH»7To THEHELT,
R LR DG, HMTERY D ORI & v
BCBRE AT A IR E Y, EBREERLTE, T
REEM D DY ABRA A VIRUTREE A 4 v 2 BRRIL
B & & bicind 548, BInREVABI A v DED
BREV, O L, 44V ERWNSSBHHEED
OB A A v 3B LRER X DR BAT BN L
4 A VEROKEROABAA Y IEBICB ICOHT
Bl EEL NS, Lizhi-> T, IBERGHREB{LRE,
D AR LR & BRI EA O D AT VI =D
A X OBWEIN S, BEBEBLEEE & b
AMEDEETEEEZSNB,

5. #&

W, © ABRRKR U AR - R cAR T G ERERL
B> WT, EERA R TBRILRERICH D A
Fhic7 =4 v OFE%E180° 13 < Bk THAN L 72,

(1) b ABEEBILRER, RO ABRS A VO
BIcBR A < BIFSEBEMAMER L o

RS AR L 12, FIEhORRER A A v ORI
BE(R TS < BEBTAMEDS b A BRI LRI e -
TWi,

(3) BEEth TR AL, BRRERILR A &
IR BRPEVEEMAMNE E L, Thid, #RA
CRERERSDABRT VI =y ATHESNS T
itk dbnEERINI,

il

(2)

X g

) R &EEHEBN, 37 (1986), 534.

2) D. A.Hardwick, J.S. Ahearn, and J. D. Venables :
J. Mater. Sci., 19 (1984), 223.

D. A. Hardwick, J. S. Ahearn, and J. D. Venables :
J. Mater. Sci., 21 (1986), 179.

D. J. Arrowsmith and A. W. Clifford : Int.
Adhesion and Adhesives, 5 (1985), 33.

iLB—. HERFOR - BRI, 36 (1968), 34.
S3EH, PERIER ;- Ak, 30 (1989), 72.

/NREER - BRI, 43 (1975), 618.

J. D. Venables, D. K. Mc Namara, J. M. Chen, T.
S. Sun and R. L.Hopping : Appl. Surf. Sci., 3
(1979, 88.

R. A. Pike : Int. Adhesion and Adhesives, 5 (1985),
3

J. D. Minford: J. Appl. Polym. Seci., Appl. Polym.
Sympo. 32 (1977), 91.

D. M. Brewis : Durability of Structural Adhesives,
Applied Science Publisers, (1983), 215.

G. D. Davs, T. S. Sun, J. S. Ahearn, J. D.
Venables : J. Mater. Sci., 17 (1982), 1807.

3
)
5
6
N
8
9
10)

1D

12)



Reprinted from  SUMITOMO LIGHT METAL TECHNICAL REPORTS  (Title No. R-354 )

1 & #

TiAl © % P 4L”

n v

Ductility Improvement of TiAl

Takeshi Kawabata

ERE SR T2k 2 Bl m



17 & #

TiAl

D fE

AT

n e B

Ductility Improvement of TiAl

Takeshi Kawabata

The ductility improvement of TiAl at room temperature is reviewed for factors such as pole

figure, size and morphology of grains, shape, structure and segregation of grain boundary, mor-

phology, size and distribution of precipitates on grain boundaries and within grains, strengthening

of bond force and occurrence of a third phase due to the additlon of third elements.
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Durability of SUMIKEI PEX Tubes

Yoshifumi Hasegawa

The test and evaluation methodes for the durability of cross-linked polyethylene tubes are de-

scribed briefly.

From the results obtained upto the date according to these methods, SUMIKEIPEX Tubes as
well as Wirsbo’s products have been estimated to have the durability which would be over 50years

under the service conditions for hot water distribution.
Further test is now successively going on SUMIKEI PEX Tubes to develop them into the use for

hot water supply system with good durability.
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Up until the end of World War I, Japanese aluminium industry developed based mainly on
military applications. Japan’s post-war aluminium producers started entirely anew. Largely
supported by the high domestic economic growth, both primary smelting and semi fabricating
industries achieved remarkable growth.

Japan’s primary aluminium smelting industry has virtually vanished due to soaring energy costs
triggered by the two-time oil crises of the 1970s. Hence, semi fabricating has assumed the role of
industry leader.

Semi fabrication can be divided into rolling and extrusion sectors. Both sectors have achieved
favorable development in recent years heavily aided by the brisk domestic demand for aluminium.

In particular, high growth in the demand was evident in such segments as aluminium cans, trans-

portation and building and construction.

To ensure that Japanese aluminium industry continue to grow further, the semi fabrictors must

strongly pursue effective research and development endeavors to develop new applications.

It is

also essential for the industry to strive for securing stable supplies of aluminium ingot and also

for intensifying scrap recycling.

1. History of the aluminium
industry in Japan

1.1 Development of thc industry

Research into the production of aluminium
metal began in Japan as far back as in 1897,
and all of those involved dreamed that one day
aluminium might be smelted domestically. After
three decades of meeting one failure after an-
other, Nippon Electric Industry (today’s Showa
Denko K.K.) finally succeeded in producing al-
uminium on a commercial basis in 1934 for the
first time in Japan. The smelting plant had a
production capacity of 10,000 metric tons per
year. The company made aluminium from alu-
nite. There was no company in the world at
that time using alunite as the raw material for
making aluminium.

* This paper is updated from the original one pres-

ented at Metal Bulletin's fifth International Alu-
minium Conference in Caracas, November 1988.
**  Director, Adviser to the President
Former Chairman of the Japan Aluminium Fed-
eration
**x Head Office, Sales Administration Dept.
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Now, we would like to refer to the history
of the aluminium fabricating industry in Japan,
which, one could note, has a relatively long his-
tory. It was in 1895 that aluminium started to
be used for military applications though these
were simply military kits such as aluminium
buttons for military uniforms and other small
goods. Manufacturing of these products was
carried out at military engineering factories.

Aluminium fabricators in Japan at that time
imported small sized aluminium ingots and
then rolled them into sheets by a 12-inch wide
roller. Subsequently, demand for aluminium
mill products grew so strongly that the milita-
ry’s aluminium sheet manufacturing operations
were transferred to the private sector.

Sumitomo Copper Rolling Company (today’s
Sumitomo Light Metal Industries, Ltd.) which
had sufficient equipment and technologies,
was requested to take over these operations.
Sumitomo’s plant was officially dedicated in
April 1899, which means that Japan’s alumini-
um rolling business was initiated only 11 years
after the introduction of the Hall/Heroult elec-
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trolysis process.

1.2 The Post-war Years, a period for

creating new applications

Up until the end of World War II, aluminium
demand was heavily supported by the milita-
ry’s substantial requirements but theseinevita-
bly —and suddenly —disappeared when the war
ended. Japan’s post-war aluminium producers
had to start entirely from scratch by develop-
ing peace-time demands because creating these
new demands was absolutely necessary if the
industry was to survive.

To cope with this evolution from war-led to
peace-time demand, the Japan Light Metal As-
sociation was founded in 1947. Consistent re-
search and development efforts as well as care-
ful adaptation and selective introduction of
new technology were carried out. As a result,
new aluminium applications were steadily de-
veloped in such industrial sectors as automo-
biles, railroads, shipbuilding, building and con-
struction, machineries and packaging and con-
tainers, whereby the industry was able to hike
capital investments.

By 1964, Japanese production reached 152,000
tons of primary aluminium and 149,000 tons
of semi fabricated products with both total ex-
ceeding the highest level marked in the pre-
war times (137,000 tons each in 1944).

The industry achieved tremendous growth
in production of primary aluminium up until
1977 where it peaked, registering 1.19 million
tons (expanding at an average annual growth
rate of 13.5% since 1964). Semi fabricated pro-
duction in 1977 reached 1.22 million tons (gro-
wing at an average annual rate of 14.19§ since
1964). Japan advanced to become the third
largest aluminium consumer in the world in
1963 and the third largest aluminium producer
in 1972 after the U.S. and U.S.S.R. It was about
this time that aluminium production surpassed
that of copper and zinc, and alumminium
became the second largest base metalinvolume
next to steel.

But Japan’s primary industry was predomi-
nantly oil based and hence, the competitive dis-
advantage of using fuel oil as an energy source
for primary aluminium production became ev-
ident after the two-time oil crises of the 1970s.
Japan, at one time, had a total primary alu-
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minium smelting capacity as large as 1.64 mil-
lion tons per year, but this has contracted to
only 30,000 tons today. Thus, Japan’s primary
aluminium smelting industry, has virtually
vanished. It was an unfortunate event for those
engaged in aluminium business in the country.

Fig. 1 indicates the trends of production of
both primary and semi fabricated aluminium
in Japan during the period we have just referred
to.
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Fig. 1 Trend of production, primary and semi
fabricated aluminium.

Up until the first oil crisis in 1973, as Japan
had been self-sufficient in the primary alumin-
ium metal, growth in production of semi fab-
ricated products and primary aluminium ingots
was achieved in tandem.

Although primary aluminium production
kept rapidly declining after hitting its peak of
1.19 million tons in 1977, semi-fabricated prod-
ucts output has maintained a relatively steady
growth and this exceeded 2 million tons in 1988.

After World War 1I, only on four occasions —
in 1975, 1977, 1980 and 1981 —has the demand
for aluminium semi fabricated products fallen
below that for the preceeding year. During the
past six years, “all time highs” in demand
have been renewed in succession. We should
emphasize that the strenuous efforts made to
develop Japan’s demand for aluminium coupled
with technological innovations, were the main
factors that led the Japanese aluminium semi
fabricators to achieve such remarkable growth.

Aluminium has unique characteristics. It is
light, resistant to corrosion, easily workable,
and has high electric conductivity. Japan’s al-
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uminium semi fabricators have made all out
endeavors in attempting to develop new appli-
cations by taking advantage of the abovemen-
tioned physical properties in such areas as
consumer items, building and construction
materials, electrical appliances or equipment,
and in transportation equipment. For several
decades, Japanese semi fabricators have en-
deavored to improve both their production
technology and the technical services offered
to customers which have enabled them to en-
hance product quality standards and opera-
tional quality control bringing these to the
world’s top level.

The aluminium industry has played a role
of providing superior industrial materials
under stable supply to various economic sectors
in our country. The Japanese aluminium semi
fabricators have greatly contributed to the
success of the domestic high-tech and advanced
industries, that Japan can boast to the world,
such as the automobile, electrical and electron-
ics industries by developing close working re-
lationships with consumers in these sectors.

2. The current status of
the Japanese aluminium industry

2.1 Aluminium industry and demand

The Japanese aluminium industry’s history
spans about 90 years with the first aluminium
sheet produced in 1899. During this 90 year
period, the industry has gone through many
enormous changes — switching from military
to consumer-led demand after World War II,
the first and second oil shocks that forced the
industry to slim down — leaving the industry
in the shape it is today.

We would like to discuss our industry more
specifically from a demand development point
of view. As mentioned earlier, aluminium
smelting in Japan practically stopped when all
but one of the smelters, hard hit by soaring
energy costs touched off by the oil crises that
came in two waves, were closed.

On the other hand, Japan’s demand for alu-
minium products has grown steadily to a point
where demand for all aluminium products (in-
cluding semis, die-castings, castings, electrical
cable, powder and paste, etc.) amounted to
3.34 million tons in 1988 as can be noted from
Tablel.

This makes Japan the second largest market
in the free world next to the U.S.

Of the total demand of 3.34 million tons,
semis account for the largest share with 2.04
million tons. Aluminium semi products are
being widely supplied to the food-stuff, building
and construction, electrical machinery, trans-
portation and other consuming industries —as
shown in Table 2 . Demand for the semi prod-
ucts can be roughly classified into two cate-
gories, namely sheets and plates, and extru-
sions. During the period from fiscal 1983 to
1988, sheet/plate demand grew 4.9% annually
while demand for extrusions increased 4.5%,
thus giving a combined growth rate of 4.7%
per annum.

As can be seen in the sheet/plate sector in
Table 2 , markets for cans, foil, transportation
industry applications and building and con-
struction have grown strongly. In particular,
aluminium can stock shipment over the past 2
years have risen extremely fast with total ship-
ments reaching 244,000 tons in 1988 compared

Table 1 Demand trend for all aluminium products. (unit ; 1,000m.t.)

Product 1084 | 1985 | 1986 | 1987 | 1988 |AVORY
(%)
Semis 1,638 1,692 1,716 1,901 2,037 5.9
Castings 285 289 290 306 330 4.2
Die-castings 440 490 503 528 588 8.5
Forgings 2 3 8 10 13 34.1
Electrical cable 103 81 86 90 66 —10.2
For steel making
and others 200 189 184 219 303 13.5
Total 2,668 2,744 2,787 3,054 3,337 5.5

MAv. G. R.=Average annual growth rate over 5 years.
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Table 2 Shipments of semi fabricated products by end-user market (unit : 1,000m.t.)
vs.'87\ | Av.G.R.®W
Market 1984 1985 1986 1987 1988 ( )
(%) (%)
Can stock 120 128 148 201 244 (21.4) 16.0
Foil stock 128 128 130 140 143 (2.1 3.9
Electrical
engineering 84 84 74 82 94 (14.6) 4.6
‘S« Transportation 47 53 56 63 75 (19.0) 11.8
% | Building &
2 | construction 45 48 48 58 65 (12.1) 7.2
= | Others 163 166 163 176 196 (11.5) 3.9
T T ] FRPPPRSIU NSRS FRISSUR RUPTRIRISURIU! SUTTT S R
(—% Total domestic 587 606 619 720 817 (13.5) 7.9
Exports 187 195 181 168 100 (—40.5) —9.1
Exports ratio (%) (24.1) (24.3) (22.6) (18.9) (10.9)
Total 775 802 800 388 917 ( 3.3) 4.9
£ | Building &
8 | construction 630 650 685 761 832 (9.3) 4.3
:: Others 233 240 231 252 288 (14.3) 5.1
;: Total 863 890 916 1,013 1,120 (10.6) 45
Total semis 1,638 1,692 1,716 1,901 2,037 (7.2) 4.7
WAv.G.R. ! Average annual growth rate over 5 years.
with 148,000 tons in 1986 —an increase of 65%. this 4%.

The greater part of this growth is attributable
to the general boost in aluminium canned beer,
which has been stimulated by “the dry beer
boom” in Japan lasting more than 2 years.
Moreover, Japanese overall beer consumption
has grown favorably. In addition to these,
substantial growth in aluminium can demand
for the soft drink market has been another
important factor.

In Japan, beer packed in aluminium cans
accounted for 27% of all of the beer shipped
in 1988, but this figure is expected to increase
to around 40% within few years. Under these
circumstances, demand for aluminium can
stock is anticipated to maintain a steady
growth for some years to come.

As for aluminium foil, demand for food-stuff
packed in foil, household utensiles, and for
electrical engineering applications has been
brisk and shipments in this sector grew at an
average rate of 4% per annum over the past
five years. The Japanese aluminium industry
Is now in a position to mass produce alumini-
um foil products only 0.006mm thick. If the
trend towards increasingly thinner foils is
taken into account, the growth rate on square-
meter basis would even be much greater than
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Taking a look at the transportation market,
this segment achieved very high demand growth
during the past 20 years mainly from the
growing needs for car airconditioners and al-
uminium wheels. However, more recently alu-
minium has begun to be used for carbody
panels and radiators for domestically made
cars. It is expected that aluminium still has
the potential for much further growth in auto
industry applications.

Japan’s “Shinkansen” or Super Express
Train, and other modern railroad rolling stocks
are increasingly using aluminium to increase
per unit payload. It should also be noted that
aluminium is penetrating into the shipbuilding
market nowadays, particularly in small sized
boats in the 5 to 10 ton class where aluminium
hulls are being preferred.

Demand for alminium sheet and plate from
the building and construction sector has mainly
stemmed from their use in building panels and
sidings for residential houses. Consumption
of the aluminium sidings has been on an
upward trend in Japan during the last two to
three years.

Regarding the market for extruded products,
in 1988, a total of 1.12 million tons of alumini-
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um extrusions were produced, 75% of which
were destined for the building and construction
market. Most Japanese houses and building
use aluminium window frames. Japan has
much greater usage of aluminium in housing
than in any other industrialized country. More
recently, various types of aluminium exteriors
have been developed and are gaining healthy
market share. Aluminium verandas, balconies
and gates are example of such exteriors.

As for aluminium extrusion markets other
than building and construction, the largest are
the transportation and electrical engineering
sectors where extrusions are being widely
used — for example, copy machines, and for
precision machinery parts for office automa-
tion equipment.

2.2 The structure of the aluminium semi

fabricating industry

With the near demise of primary smelting
in Japan, semi fabricating has assumed the
role of industry leader. This sector now ac-
counts for two thirds of Japanese aluminium
industry production in terms of tonnage. The
semi fabricating industry istoday very efficient
and innovative, directly employing more than
40,000 workers in fabricating plants nationwide
and has an annual turn-over of 1.3 trillion yen
(approximately US$9 billion). If related down-
stream processing operations are included,
total turn-over would be 3 trillion yen (about
US $ 21 billion) and 80,000 people employed.

Worldwide statistics for semi fabricated
aluminium production ( rolled and extruded
products) are not available but the production
in Japan, U.S., Europe and Australia totaled
about 12,400,000 tons in 1987. Japan’s produc-
tion of 1,901,000 tons accounted for about 15
%of the total tonnage following that in the
U.S. of about 6,180,000 tons.

Now, we would like to elaborate upon the
semis industry in our country. The rolling sec-
tor comprises 16 companies. Rolling is basically
a capital intensiveindustry and therefore, seven
large rolling companies together hold a pro-
duction share of about 96% . There are 64
companies in the extrusion sector. Among them
are the six large rolling companies referred
to above while the remainder are either exclusive
extruders or integrated extruders with window
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framemanufacturing. These integrated window
frame makers occupy the majority share of
Japan’s extrusion production.

Aluminium foil production is carried out by
seven companies, of which five are exclusive
foil makers.

2.3 Japan’s import dependence

Primary aluminium smelters around the
world are in the process of transformation.
A major shift of production capacity is occur-
ring to countries where low cost electricity is
available, such as in the Middle East and in
Latin American regions, whose own home
markets are far smaller than their production
rates. Primary production capacities in these
regions are expected to increase substantially
in future. It is believed that this substantial
shift in the world’s ingot production and supply
structure, together with the introduction of the
LME aluminium contract have caused the metal
to become an influential commodity and its
prices become more volatile.

Since domestic smelting capacity has virtually
disappeared, Japan’s dependency on imported
aluminium metal has reached as high as 98%
of total domestic requirements. These imports
vary in nature from equity metal imports to
long-term and spot contract material.

Table 3 Production and imports of primary
aluminium. (unit ; 1,000m.t.)

1977 1982 1987 1988
Production 1,188 295 32 35
Imports 470 1,350 1,907 2,050
of which
equity metal 120 300 555 560
long-term
contract 110 390 490 590
spot 240 660 862 900
Import ratio (%) 21.4 82.3 98.5 98.3
Demand 1,512 1,670 1,966 2,085

During 1988, imports from Japanese equity
shares in foreign smelting projects reached
560,000 tons while long-terms contract imports
and spot imports totaled 590,000 tons and
900,000 tons respectively.

In order to cope effectively with fluctuations
in LME aluminium prices which are used as a
base for fixing prices of most of the aluminium
ingots that Japanese consumers secure, the
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aluminium industry studied the possibility of
locating an LME warehouse in Japan. As a
result, LME warehouses was established in this
country effective July 1989. In addition to this,
establishment of a Japan Metal Exchange is
also being studied.

3 Problems facing the Japanese
aluminium industry in the future

3.1 Development of demand and technical

innovation

Having gone through the two oil crises, the
Japanese aluminium industry has strived to
strengthen the development of down-stream
sectors. Japanese aluminium semi fabricators
produce high quality products that meet the
highest degree of world quality standards by
their excellent quality control capability and
technical services. The industry has made a
considerable contribution to Japan’s national
economic and social development through the
stable supply of high quality and reliable
materials.

To ensure that aluminium continues to play
this important role in the future, semi fabrica-
tors must be conscious of the fact that they
constitute a core of the Japanese aluminium
industry, and must endeavor to continue up-
grading the industry’s technical qualities.

The “History of aluminium” has been a
“History of developing new applications”
principally substituting other materials with
aluminium, and those engaged in the aluminium
business should bear in mind that there is no
progress for aluminium without new applica-
tions.

It is fundamentally essential for the alumini-
um industry to strengthen ties with aluminium
consumers to accurately grasp their real needs
and to pursue efficient research and develop-
ment endeavors to meet those needs.

Furthermore, it will become necessary for
the semi fabricator to reinforce his manage-
ment foundation and transform the company
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into a general materials manufacturer rather
than a single material producer, by expanding
his operations into new fields like high-tech
and advanced materials as well as compound
materials in down-stream businesses.

3.2 Securing stable supplies of aluminium

ingots

Japan’s imports of aluminium are thelargest
among the major aluminium consuming coun-
tries, and our share in world aluminium trans-
actions is continuing to increase.

Excluding Japan, self-sufficiency in each of
the world’s aluminium consuming nations is
more than 50%. You will recall that Japan’s
is now less than 2%. Therefore, the Japanese
industry faces the problems of securing ade-
quate and stable supplies of metal at reasona-
ble prices.

At present, Japan’s share in the world’s al-
uminium trade exceeds 409% . Consequently,
Japan’s behavior in obtaining aluminium metal
significantly influences the formation of world
aluminium market prices. In this connection
we believe it is essential for the Japanese alu-
minium industry to continue to mainly secure
metal through equity imports, and on a long-
term contract basis which we consider to be
the more stable sources of supply.

However, in tandem with these efforts, we
also recognize the importance of creating a
better environment in which we might be able
to reduce —if not avoid —the problems of un-
stable aluminium prices. Included in this, of
course, 1s the establishment of an LME ware
house in Japan.

One of aluminium’s many unique character-
1stics 1s its recyclability which contributes not
only to saving resources but also to saving
energy. There is still some growth potential
for secondary aluminium that has not yet been
exploited. While intensifying scrap recycling
activities, it is vital to develop new applications
for secondary aluminium as well as secondary
metal processing technologies.



