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Analysis of Solidification and Coolng Process

in Continuously Casted Aluminum Slab
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by Eiichi Hirosawa and Teruo Urno

A mathematical model has been developed to obtain solidification and cooling patterns

in continuously casted 1100 aluminum slabs.

On the basis of a unidirectional heat flow, heat transfer equations have been programmed

and computed by means of a digital computer.

Solidification and cooling patterns calculated for a 34cm slab are presented and discus-

sed.

Although rough assumbptions have been used in calculations because of the complexity
of boundary conditions and the variation of thermal parameters with temperature, calculated
results are in fairly good agreement with the experimentals.

Solidification and cooling patterns are much influenced by casting conditions, especially
by the slab thickness, the casting speed and the heat transfer coefficient in the water

cooling zone.

The numerical method is Vefy useful in predicting the influence of variations of casting
conditions on solidification and cooling patterns of slabs.
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Comparative Corrosion Test on the Protection of
Aluminium Brass Condenser Tubes by Continuous

and Intermittent Injection of Ferrous Ion

by Tadashi Nosetani, Shiro Sato,
Katsuhiro Onda, Yoshimi Yamaguchi and Shuichi Ando

Effect of continuous and intermittent injection of ferrous ion into cooling sea water on
the performance of aluminium brass tubes was investigated from the point of erosion-
corrosion, its protection and fouling for heat transfer. The experiment was conducted with
Model Condenser installed in Taketoyo Power Station, Chubu Electric Co., for about one year.

1) In comparison with the effect of continuous injection to that of intermittent one
of the same gross amount of ferrous ion into sea water, the former was superior to the
latter for the protection. '

2) A recommended injection was following from the points of the protection and the
heat transfer performance.

* During three months after the starting of condenser: continuous injection of 0.03ppm

or intermittent injection of 0.5ppm for two hours per day. ‘

* After three months: continuous injection of 0.01ppm or 0.25ppm for one hour per

day.

3) With the increase in the dose of ferrous ion, inside deposit and fouling factor in-
creased. From the view point of the protection, more injection of ferrous ion than the
above-mentioned is preferable, but it may not be optimum for increased fouling factor.

4) The maximum of fouling factor and inside deposit were 0.7-1.1x10-4m2h°C/kcal and
Smg/cm? respectively for the tube under the condition that ferrous ion injection was 0.5ppm
for two hours per day for nine months. The fouling factor was easily recovered by passing
three sponge balls. \

5) Contrary to the previous %m%%% that the aluminium brass condenser tubes of
No.l unit in Taketoyo Power Station had been severely eroded by the clean sea water
during the yvears 1965-1967, #mt in this Model Condenser test no erosion:was observed on
the tubes without ferrous ion injection. The manganese content of inside deposit of the
tubes was only 0.5%, which was far less than that of eroded tubes of 17.6%.

6) In a additional test for .the manganese content in inside deposit, thin black film
containing a great deal of manganese was successfully formed on the aluminium brass
condenser tube from chlorinated sea water containing manganous ion. Erosion-corrosion
was observed to start on the scratched part of the black film.
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L RORBENOBRINTWS, Fig 4 30550
1BFC>WTRU b 0T, BERFAEREEE 1 X,
A F R AKEKRKE 1 RB X 084 & U EANEKE
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WKL R KR 5 T O % — Vv EHEDKE (Fig. 5)1Ic
AD, TTTKREFACHEZ2ELTADREEERER

Model Condenser

Mikawa
Bay  chita 02
Peninsula
k4 Atsumi
4 Peninsula

Fig. 1 Location of Model Condenser

Fig. 2 Model Condenser

Table 1 Water analysis

Composition Average Range
Temperature, ‘C 15.1 8.1~26.3
pH, 8.0 7.8~8.15

Conductivity, pv/cm 45,800 39,300~48,100
Cl-, ppm 17,760 16,850~18,550
50427, ppm 2,480 2,360~2,600
Fe, ppm 0.10 0.02~0.37
Mn, ppm 0.01 1 ~0.01
NH4*, ppm None .

S2-, ppm None .
11 o] -
Steam
@—" ===t A series § Water Separator
Pump.i: B series  Condenser

o = C series
= = series
S D SeNeSyThermocouple

E series™ Valve Dam
J— 15,000 4
Mixing tarlllgm
I =
[ i
3 = Steam
oy = -1, Condenser 3,
L _=o—=rutr
k 8,450 J

Fig. 3 Schematic diagram of Model Condenser
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MEREAA=ATIRE-, THEa NS,

WKL A — N T —E XK=&y TREEL DD
AL RMEKETC D b THIC—FEKMNZHEDL L
770 BHBREIX 2m/s KA L HFEL 72,
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ﬂV—T\eter C-C Thermocouple

Inlet tube
Short tubes for
measurement of
corrosion loss
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Fig. 4 Tube arrangement of A series
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Fig. 5 Water chamber
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A F o OEANE—ERBOMERE 1 S %2 B KigH
EHTIRBERLDITE 57z, B4 F VRBERTEAR
FlicowCik 4 v L BEHRAID 1 DARESOml 3
2, A R%NIx 2h/d, B, C RFhik 1h/d AL, D, E
DOHEBFEEARINCOWTIEa v ZiIc &k b 85 2ml AL
foo FEABBITHREES 18k F.S0, - TH:O GAFE 150D
AL LT A B RNk 2,400ppm, C %3
1,200ppm, D %% 1,800ppm, E &% 600ppm Zih %
NEBTH 0T, BAEHKOLEN Lo~ 1 BESDE
ABCHRLUCEHEE (1:4) 250ml F2BMU 2,

EENCHE L 72 JIS H3632BsTF2-0, A% 25.4
mm RE 1.2d6mm TH 5,

BB % Table2 /R 7z,

Table 2 Ferrous ion injection

Series | Mark Ferrous ion (Fe2t)
A—1 Standard tube for K value
A—2 None
A
A—3
0.5ppmXx2h/d
A—4
B—1 Standard tube for K value
B—2 None
B
B—3
0.5ppm x 1h/d
B—4
Cc—1 Standard tube for K value
c—2 None
C
C—3
0.25ppm X 1h/d
C—4
D—1 Standard tube for K value
D—2 None
D
D—3
0.03ppm (Continuous)
D--4
E—1 Standard tube for K value
E—2 None
E
E—3
0.01ppm (Contnuous)
E—4

1) Residual chlorine was not detected.
ve 0011;)/
2) Water

ity £ 2m/s
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Fig. 7 Variation of inside deposit
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Table 3 Chemical composition of inside deposit (%)

Fe2t injection ‘ Cu ‘ Fe Mn |Total S
None 11.4 ‘ 47 o5 | 0.5
0.5ppm x 2h/d 6.1 i 95.5 | 0.8 \ 0.4
0.5ppm x 1h/d 6.0 | 19.6 | 0.8 1 0.4
0.25ppm X Th/d 56 | 13.6 l 0.7 l 0.4
0.03ppm(C) 73 | 214 | 0.9 | 0.3
0.01ppm (C) 7.4 BJ. a4105
30
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" Fig. 12 Effect of ferrous ion injection on chemical

composition of inside deposit
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Table 4 Chemical compositions of inside deposits on -aliminium brass condenser tubes of
Taketoyo P/S and others.
. No. Tubes l Inspection Starting \ Ferrous ion \ Cu I Fe ' Mn Total S
1 | lostalled at the construction \ July 1967 Dec. 1965 ' None 15.7 \ 2.1 ' 17.6 0.6
Installed at the construation Injected from
2 of P/S. Sep. 1968 Dec.. 1965 l Tuly 1987 9.6 1 14.0 10.7 0.6
Installed at the beginning of .
3 ferrous jon treatment Sep. 1968 July 1967 ' Injected 8.4 24.7 1.6 0.5 -
4 Tested in Model Condenser July 1971 Dec. 1970 None 11.4 4.7 0.5 0.5
5 ' Tested in Model Condenser July 1971 . Dec. 1970 0.5ppm x2h/d 6.1 25.5 , 0.8 0.4
Manganous ion injected and
’ 6 chlorinated sea water was passed. Apr. 1971 \ None 7.9 ' 0.4 . 18.5

Table 5 Formation of thin black manganese oxide film on aluminium brass condenser tube by chlorination.

Tube Manganous lon ?ﬁég{éﬁz%i)on Duraﬁion Velpcity Obsevations
No. Added by ppm (ppm) (week) (m/s)
Thin black film was intermittently formed.
1 Nozne i Nore 1 \ 4 ‘ 2.2 l Inside were slightly eroded.
wos
2 ls\/{leigﬁgggusn \ 1 \ None ‘ 2 1.0 ' Inside was unchanged.
3 2{%’;&:&’“8 ‘ 1 ] 0.5 ‘ 2 1.0 l Inside was unchanged.
Manganous Black film was formed from the second day.
4 1 1.0 2 2.2
sulphate . : Inside were eroded.
Was
5 Manganese?) 0.12 None l 2 1.0 k Inside was unchanged.
Soft black film® was continuously formed
8 Manganese 2 0.5 l 2 1.0 l from the seventh day. Inside was uneroded.
' Thin black film was formed from the second
7 Manganese 0.38 0.5 \ 2 2.2 . day. Inside W,,f’,feq eroded.
LY

Note 1) Conc. solution was droped into the mixing tank of Model Condenser.
2) Manganese metal (platelet-50kg) was immersed in the mixing tank of Model Condenser.
3) Chemical compositions of the black film are shown No.6 in Table 4.

Fig. 13 Erosion-corrosion caused by chlorination of
manganganous ijon containing sea water.
Scar-like erosion was observed along the

the black thin film was

scratched by glass tube.(X7.5)
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On the P-S-N Diagrams of Aluminum. Alloys.

by Katsumi Muramatsu, Masao Ito, Eiji Tanaka and Katsuzi Takeuchi

As a part of study on data scattering of fatigue strength of aluminum alloys, the P-S-
N diagrams of the notched and unnotched specimens of Al-Cu-Mg, Al-Mg, Al-Mg-Si and

Al-Zn-Mg alloys were drawn up.

(1) The P-N lines of the unnotched specimens show linear relation on the log N versus
normal probability representation. However, in both cases of the notched specimens and,
unnotched specimens tested in higher endurance range, the P-N curves are composed of

two straight lines except for few stress levels.

(2) On the unnotched specimen, the extrapolated lines of 50% survwal in P-S-N curves
are reasonably fitted to the fatique strength obtaining staircase method, at 107 cycles.
However, that of 10% survival lies in the dangerous area.

(8) The P-S-N curves of notched specimens of heat-treatable alloys shaped up the

hump type in the medium stress levels.

1. B
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31 —RIEHER

Fig B L R M OREEERE 2 Table 2~3 T,

SERRER L ZE

BoOREHE Fig, 1~4 2R FRFET,

P-N

(1) & D P-N #uk Fig. 1 R U7 5083-0 #4
DL SEHIETB L FHBEDL N TRE—DOERL 55
5 EARMEL, o, BREGSBRKELUEEI 2 A

B &5 REMRCSZHECETIEEZ b >, Fig 2

DO061-T 6 L7 t—o D5 TH b, EROBWHAT

Table 1 Chemical compositions and Mechanical properties of specimens.

. eie Yield |Tensil Brinell
Matorial Size Chemical composition (%) e st‘;g;lggh E;%rcl)rgl h;gg osS
. . strength |(kg number
(mm) Cu Fe Si ‘ Mg ‘ Mn ‘ Zn Cr l Ti i Zr (kg/mms2)| mm2) (%) (10/500/30)
2024-T4 20 4.27 0.220 0.11 1.44 0.56 <0.01 <<0.01] 0.01 — 40.8 59.6 18 124
5052-0 16.7/<€0.01 0.13 0.068] 2.52] <<0.01] <<0.01 0.26<0.01| — 8.4 19.4 34 45
5083-0 (" 16.7| 0.01 0.17] 0.09] 4.30 0.74 <<0.01] 0.19<0.01| — 13.5 31.5 30 70
5083-0 16.7 0.01 0.15 0.07] 4.11 0.66 <0.01 0.20<<0.01] — 18.3 33.2 28 73
6061-T6 20 0.24 0.18 0.54; 0.89 0.03 0.02 0.25 0.04 — 32.8 35.3 16 101
ZK41-F 20 0.04 0.17| 0.06] 1.94 0.29 3.90] <0.01] 0.01 0.16 35.9 48.6 10 97
ZK41-T6 20 0.04 0.17| 0.06] 1.94 0.29 3.90| <0.01) 0.01] 0.16 47.1 50.4 13 125
(1) Specimen A (2) Specimen B (8) 0.2% offset"
Table 2 Results of unnotched specimens,
Stress, Average Standard Fatigue life* (cycles)
Material oa b;g{;?ger?f fatigue life, deviation,
(kg/mm2) log N s P=90% P=50% P=10%
32.0 9 5.070 0.122 7.34%x104 1.18x108 1.88x108
2024-T4 "> 28.0 9 5.672 0.123 2.85x108 4.69x108 7.72x108
26.0 9 5.943 0.123 5.38x%10% 8.77x105 1.43x108
24.0 9 6.523 0.232 1.37x108 3.33%x 106 8.13x108
18.0 9 4.543 0.034 3.05x104 3.49x104 4.00% 104
15.0 9 5.817 0.058 1.66x105 2.08x108 2.59x105
5052~-0%> 13.0 9 5.733 0.138 3.16x 105 5.40%x 105 9.21x10s
12.0 19 6.071 0.150 7.Q%}<105 1.19x 108 1.97x108
11.5 19 — — 1.05x108 3.50x108 >5.0x107
24.0 19 4.613 0.058 3.33x104 4.10x104 5.06x104
. 5083-0* 20.0 19 5.102 0.061 1.02x105 1.27x108 1.56x 108
(Specimen A) 18.0 19 5.433 0.122 1.77x105 2.71x108 4.15% 105
16.5 19 6.302 — 6.4x108 1.19x108 1.35x107
" 22.0 9 4.813 0.097 4.47x104 6.49%x104 9.44 X104
(SE]);)%SCS;;nOen B) 17.0 9 _ 5.720 0.168 2.69x 105 5.25% 105 1.00x 108
16.0 19 — — 4.4x108 3.3x108 >5.0x107
24.0 9 4.968 0.117 5.91x104 9.28x104 1.46x105
6061-T6" 19.0 9 5.654 0.162 2.41x108 4.51x108 8.43x% 105
16.0 9 6.554 0.167 1.86x108 3.58x 108 6.89x108
15.0 19 6.733 0.204 2.67x108 5.41x108 1.10x107
27.0 9 4.457 0.083 2.06x104 2.87x10% 3.99%x104
ZK41-FD 24.0 9 5.005 0.166 5.80x 104 1.01x105 1.93x105
21.0 9 5.521 0.231 1.83x105 3.31x108 8.27x 105
19.0 19 6.153 — 3.7x108 1.15x 108 7.3x108
30.0 19 4.552 0.125 2.31x104 3.56x104 5.49x 104
ZKA1-T6? 26.0 19 5.034 0.192 4.7x104 1.22x 208 1.78x105
. 22.0 19 5.797 0.187 3.27x108 6.27x105 1.20x108
20.0 19 6.527 — 1.05x108 2.6x108 1.63x107
D 1,750 rpm. 2) 3,420 rpm. *P : Percentage of survival (Table .3, ditto)

— 2
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Table 3 Results of notched specimens.

Matorial Stziss, Nug}ber Fatigue life (cycles)
8] oy PP en P=90% | P=50% | P=10%
27.0 9 |2.35%104 4.2x10¢ | 1.6x 108
2.0 9 | 8.4x104] 2.4x105 | 3.9% 108
2024-T4 | 21.0 9 | 3.6x105| 6.3x105 | 8.5x 108
16.0 9 | 5.8x105] 9.2x105 [1.45% 106
14.0 9 | 7.1x105| 9.9x105 | 3.7x 108
12.0 19 |3.2x104 3.8x10¢ | 4.5x10¢
s083-0(a)»| 10-0 19 | 8.7x1041.05% 105 [1.25x 105
8.0 19 | 2.9%105 3.8x105 | 4.9% 108
7.0 19 | 7.6x1051.45x10° | 9.9 100
17.0 9 | 9.5x108 1.3x104 | 1.8x10¢
14.0 19 [ 2.7x104 6.1x104 | 2.6x 103
ZR4LFo | 12:0 19 |5.9%1041.01x 106 | 1.6x 108
10.0 9 | 2.1x1051.47% 108 | 2.6 108
8.0 9 | 1.1x108] 2.7x106 | 4.1x 108
7.0 9 | 3.8%106| 5.3x106 | 7.7x108
22.0 9 |3.2x104 5.5%x10¢ [1.75% 105
20.0 9 | 5.1x1042.02x105 | 8.2x 108
7R4LTen | 18:5 19 45x1%}&5xm5 8.4% 105
16.0 19 | 6.9x1051.06x10° | 1.6x10°
13.5 19 | 7.3x1051.08x10° |1.22X10°
12.0 19 [6.3x1051.00%10° | 1.8x10°

1) 1,750rpm, ax=38.2 2) 8,420rpm, ax=3.0
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Fig. 1 Probability curves of unnotched 5083-O alloy.
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Fig. 3 Schematic P—N curves for notched heat-
treatable alloy.
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HHETIRT,

3.3 P-S-NizK

—EHNRBTE P=90%, P=50% iz 5 tic P=10
B DOFENFR2 b L, BEFME~OANES & TERL
7z P-S-N # % Fig. 6~16 57T, &HFAK AFITHR
Uik R 575 — AL b EHUZEE L 107 i@
BUIBETHY, P-S-N G2NETIBEOBELLT
AUT, .
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AMFEBIIBEUEBE 0T CBWTRAF 7 — A L B
EMEBEDL I RFHENDLEALLTIWE I THD,
UL, P=10%D P-S-NONEIRI A 7 7 & — AL OE
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Table 4 Statistical paramaters in fatigue strengths at 107 cycles.

Shape of Matesial Number of fatigllirsr%ee:ngth, dsezgg?);d Fatif“e strength (kf [mm?)
specimen specimen S S P=90%, P=10%,
(kg /mm2) (kg/mm2) S—1.282s S+1.282s
2024-T4 29 22.44 0.34 22.00 22.87
5052-0 40 10.99 0.48 10.37 11.61
5083-0(A) 30 15.22 0.39 14.73 15.71
Unnotched 5083-0(B) 30 15.32 0.66 14.48 16.16
6061-T6 38 14.31 0.52 13.65 14.97
ZK41-F 22 16.50 0.55 15.79 17.21
ZK41-T6 30 18.28 0.41 17.75 18.81
2024-T4 30 12.40 1.15 10.93 13.87
Notched 5083-0(A) 30 6.28 0.40 5.77 6.79
ZK41-F 30 6.82 0.42 6.28 7.36
ZK41-T6 30 11.38 0.28 11.02 11.74
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Fig. 6 P-S-N curves of unnotched 2)24-T4 alloy.
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Fig. 8 P-S-N curves of unnotched 5083-O alloy.
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Fig. 9 P-S-N curves of unnotched 5083-O(B) alloy.
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Fig. 10 P-S-N curves of unnotched 6061-T6 alloy.
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Fig. 11 P-S-N curves of unnotched ZK41-F alloy.
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EDECA Process*, Electrodeposition Coating of Aluminum

by Shiro Terai**, Akinari Ichiryu***, Toshio

1. Introduction

Recently, one of the most exciting topics in the
aluminum fabricating industry of Japan is the
start up of color-electrocoated finishes, because
the users of industrial finishes have been too
familiar with finishes of anodizing and electrolytic
pigmentation coloring. Although clear electroco-
ating after anodizing has been already popular, one
coat color electrocoating for aluminum products
has been well developed in the last two years in
our country.

The development of the EDECA process which
is the registered name for electrocoating of al-
uminum and its alloys has been carried out jointly
by Sumitomo-Light Metal Industries, Ltd., Toagosei
Chemical Industry Co.. Ltd. and Dainichiseika.Color &
Chemical MEG Co., Ltd. Nowadays, several EDECA
coating lines have been put into practical use
and widely applied on the surface finishes of
many kinds of aluminurn.' producfgs_,.,‘.\This process
has been aimed. at obtaining a satisfactory tran-
sparent color coating by a single coat finish with
easy operation.

2., Basic process

The method of surface conditioning of the
EDECA process is the same as those used for
conventional painting. But the articles to be coated
must be uniformly clean in order to get trans-
parént uniform colors. Chemical conversion treat-
ment serves- the improvement of paint adhesion
and corrosion resistance of coating film.

As above described, the EDECA process is basi-

cally one of the electrocoating processes. The

*The EDECA process is patented in US.A, .England,
and other numerous countries.

**Research Dept., Dr. of Eng.

*kResearch Dept.

— 1

Suzuki*** and Yoshifumi Hasegawa**

article to be coated is dippedin the paint bath as
the anode and current is passed between the
article and the cathode which is also settled in
the paint bath causing a uniform deposition of
the paint on the article. After rinsing and drying,
the deposited film is cured.

The important points in these steps will be
shown in the following sections. ’

3. Surface preparation

Before degreasing, any mechanical surface finish
‘such-as polishig, buffing, blasting etc. is usable,
-As the.transparence of the EDECA film-is fairly
-good, it .could be possible to give various ap-
pearances to the articles by surface:conditioning.

There are often soils, water stains or light cor-
rosions on the surface of aluminum as a result
of storage and handling, which must be removed
before the application of the etching in order to
have a uniform surface. Degreasing in solvents
and/or cleaning reagents with one of the pro-
prietary cleaners can produce reliable results.

Etching in caustic soda solution and then neu-
tralizing in nitric acid solution is commonly ap-
plied. As the deep etching leads to loss of gloss
of the applied film, the slight one is suitable for
this process. ‘

Before electrocoafing, a_.chemical conversion
coating of the chromous phosphateor chromate
type is required to assure maximum,. coating adhe-
sion and added resistance to corrosion’» If the
chemical conversion coating is completely uniform,
it will afford good protection against corrosion
and good adhesion. o . o

Some kinds of chemical conversion coatings such
as Boehmite, chromous phosphate and chromate
were investigated. Table 1 shows the experimental
results of those chemical conversion coatings on
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adhesion and mortar resistance of electrocoated
films.

It can be seen that in case of etching only the
applied film shows good adhesion but is insuf-
ficient to mortar resistance, and excellent quality
can be obtained by some chemical conversion
coatings. Chromate conversion can not be used
for EDECA process because of its vellow color.

Boehmite film obtained by de-ionized boiling
water had good properties as the pretreatment
but another type of Boehmite coating obtained by
1.5% triethanolamine boiling solution showed poor
adhesion on the cross hatch test and peeling on
the impact test.

The chromous phosphate type offered a rapid
‘conversion rate and provided an uniform surface
which served as an excellent base for EDECA
coating. The typical appearance of the chromous
phosphate coating looks actually transparent when
the coating film is thin. Thus EDECA color coat-
ings could not be affected by chemical conversion
coating of the chromous phosphate type.

The relations between the coating weight of
conversion film and the property of electrocoat
‘were investigated.- In this experiment, coating
‘weight could not be directly measured, because
the conversion film was very thin. Therefore, the
chromium content of the film was measured by
the fluorescent X-ray method and then coating
weight was estimated. As the results of this
_experiment, the coating weight could be applicable
in the range of 10~60mg/m2. From these works we
“applied Alodine 401 and 45 as a standard chemical
conversion for EDECA process. These operating con-
ditions are to dip at 30°C for 60~90 sec. Under

Table 1 Effect of pretreatments on adhesion and

mortar resistance of electrocoated film

Pretreatment’ ' Condition } Adhesion* ‘reslﬁg;;iz**
Etching only ' gé%gyﬂl: 13:/; l 100/100 | Poor
Chromate Adg 1200 : 0.75%
conversion ‘ 30°C, 90 sec. ’ ] 100/100 l Excellent
Dedonized water | 100/100 |  Good
Boehmite TEA 1 57*;*
boil, 60 min. | 10100 | Fair
Chromous Ad#401 : 2%
phosphate Ad$4590.29% 100/100 Excellent
conversion 30°C,90 sec.

*Cross hatch adhesion test
**Aluminum Association Mortar Test for Clear Lacquers on
Anodized Aluminum

*#*triethanolamine

these conditions, the coating weight was always
15~25mg/m2,

4. Properties of the paint

The principles of formulating an electropaint
used for EDECA process are similar to any other
industrial product, but differ in both the resin
and the pigments?®

The resin of EDECA process is a water borne
type of thermosetting acrylic resin of which par-
ticles are negatively charged in an aqueous solution.
The resin and pigments are easily mixed to be a
homogeneous solution.¥ Two types of pigments
are used in EDECA paint ;
polymers and water borne pigments. These are
extremely fine particles which are negatively
charged by anion surfactants.

(1) Storage stability of the paint

It is neccessary for the paint to be stable during
the storage for an indefinite period of time, be-
cause some color paint baths might be held in
abeyance when a line has two or three different
color baths.” Thickness and gloss of the coating
obtained by the paint stored for 8 months are
shown in Table 2. It can be seen that clear coating
does not show any trouble but color coating leads
to loss of gloss and thinner film thickness. But
these deteriorations of quality could be repaired

chromogen bonded

by passing the paint solution through ion exchange
columns. The bronze colored paint stored for 1.5
years had been successfully used under the normal
operating conditions after the same repairing
technique.
(2) Accelerated deterioration test

The paint volume of electrocoating is usually
very large in comparison with that of spray or
roll coating. One of the largest baths reaches to

Table 2 Effect of addition of pigmentation and

storage* on specular gloss and film

thickness
P | Film thickness, pm (Gloss)
igmentation
Stored for 8 Stored and
lNewly made up months |repaired by IE**

(None) 26 (90) 24 (90) 25 (90>
Yellow 26 (77 23 (35) 24 (75)
Pjnk 27 (72) 19 (20) 27 (81)
Blue 26 (77) 19 (33 25 (82)
Black 27 (84) I 20 (68) 24 (85)

* Stored in closed polyethylene vessel.

** Ton exchange
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about 100m3.
operation and can not be repaired by any means,
the paint loss will be too large. Therefore, great
care should be paid on choosing the paint. For
this purpose, the accelerated deterioration of the
paint should be examined in such a way that after
holding the paint bath at 50°C for 24hrs a test
panel is electrocoated and checked for the quality.
There was no trouble on EDECA paint with this
accelerated deterioration test, but some trouble

If the paint decomposes during

occurred to some other comparative water borne
paints. Thus, the accelerated deterioration test is
very useful for the selection of the paint.
(3) Application of ultra filtration system

The paint should be applicable to an ultra-
filtration system.® ” Present days, pollution pro-
blems are getting more

Japan. Application

severe, especially in
of UF (Ultra Filtration)
system to electrocoating process is effective for
improving paint efficiency® as well as reducing
the pollution problem. Electrocoating is considered
to have a high efficiency of the paint substantially,
but even under the most efficient working paint
loss due to the drag out reaches about 30% of the
total
electrocoating paint to be applicable to ultra-
filtration system.

paint. Therefore, it is indispensable for

The solid content passed through a certain UF
membrane is shown in Table 3, EDECA paint was
compared with another electrocoating paint which
was a similar water borne acrylic resin but dif-
ferent brand. The results of this filtration test
indicated that even between the similar acrylic
resins there were different behaviours in the
In the case of EDECA paint, the solid
content passed through the membrane was only

filtration.

0.5%. Concerning with the other paint, a large
amount of the resin could be passed through the
membrane. Therefore, the EDECA paint could be

Table 3 Application of ultrafiltration system to
electrocoating paint
Specific
Paint Solution Solid content %| pH resistance,
Qcm
Original 10.0 7.7 1,200
EDECA Flux 0.50 7.5 4,900
Concentrated 10.5 7.8 1,130
Original 12.0 8.1 1,100
AEP* Flux 3.9 8.0 1,600
Concentrated 12.5 8.3 1,050

* Another electrocoating paint

Remarks Cellose acetate membrance

easily applicapable to the UF system.
(4) Color uniformity

It is necessary for color coating to have the
same tone of color continuously. All the com-
ponents of the paint must be trasported and
deposited in the ratio in which they appear in the
formula. Since electrocoating baths are usually
operated at fairly low solids, the viscosities are
low and the pigment settlement can be severe.
But EDECA pigments are thoroughly soluble in
the resinous solution and they do not agglomerate
in the paint bath.
coating, a paint contains a combination of three

In the case of bronze color

kinds of pigments; pink, yellow and black. Color
tone does not change during operation. Therefore,
resin and pigments seem to be electrodeposited
at the same ratio as the formula.

5. Operational conditions of electrocoating

Since the depth of color is an indication of the
thickness of the coating, it is reasonable to sup-
pose that
matching the following points are of great im-

in order to achieve correct color

portance; applied voltage, solid content, tempera-
ture, PH of the paint bath and coating time®
Fig. 1 shows that the higher the applied voltage
increases, the thicker the coated film becomes.
Under the industrial operation, the applied voltage
is usually 60~80V for about 2min. to get 20um
thickness. At the beginning of electrocoating
under a constant applied voltage, the current

50

40 —

—

(zem)

§30 » /
SR~
E
10
0

50 70 : 90
Applied voltage (V)
Solid content
A: 8% C:15%
B:12% Db :20%

Fig. 1 Effect of solid content and applied voltage

on the film thickness.
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density sharply increases up to the maximum
value of 1A/dm? and then in a few seconds the
current density decreases down to 0.1~0.2A/dm?2.
By means of voltage ascending at a constant rate
automatically, the maximum current density can
be reduced to less than 0.3A/dm2. This fact, being
combined with the relatively low voltage and
current density employed, is one of the repre-
sentatives of a proportionately lower cost of
production.

Fig.1 also shows that as the solid content of
the resin in the bath increases, the film thickness
increases under a fixed condition. Even at a low
concentration such as three per cent of resin,
satisfactory film could be still obtained, but con-
sidering the replenishment of resin, the optimum
concentration of resin in the bath should be about
10%.

As the temperature of the paint bath increases,
the mobilities of the dispersed particles increase.
This is beneficial in ‘that the improved migration
aids in composition uniformity and heavier de-
posits. An optimumk temperature range should
result in good deposits without evaporation of the
solvent. The rangeis normally 27 £1°C.

PH and specific resistance of the paint bath are
indicators of contamination ‘and compositional
change during operation. PH of the paint bath
has atendency to rise during continuous operation,
because the organic base added for neutralizing

acidic resin remains in the bath after electrocoating.

PH of the paint bath should be regulated in the
range from 7.6 to 8.0. Ionic contamination from any
source will affect the specific resistance and elec-
trophoretic properties. The addition of anions to
the bath vielded interesting results as shown in

Table 4. SO, and NOs~ had no effect on the

Table 4 Effect of anions and pretreatments on

the specular gloss of electrocoated film

Anion Closs, %
Type of . » %
anion concegglaltmn, Pretreated Pretreated by
by Ad¢# £01/45 lanodizing, 2pm
10 63 88
Cl- '
20 45 88
10 74 91
804__
20 76 90
10 80 87
NOg-
20 80 89
— 0 80 88

appearance of film, but Cl- led to loss of gloss.
Therefore, the lustre of coating films could be
freely controlled by this chloride effect. However,
the chloride effect largely depended on the pre-
treatment process, and when electrocoated on an
anodized surface, chloride ion had no effects on
the lustre of coating films. To obtain a uniform
appearance of the coéting, sufficient rinsing is
necessary before electrocoating to avoid any con-
tamination of the paint bath. Under practical
operation, the specific resistance of the paint bath
is adjusted more than 600Qcm by ion exchange.

The film thickness also depends on codting time,
and it is possible to get any desired thickness by
changing the coating time. Under practical oper-
ation, the coating time is usually 1~3min.

When the solid content, PH and the specific re-
sistance of the paint bath are regulated within
the proper range, it is easy to obtain successively
uniform thicknesses by means of an integrating
ampere meter, because the coulomb efficiency is
practically constant.

6. Bakiﬁg conditions

Table5 shows the effect of the baking tem-
perature on the quality of film. It can been seen that
the range of the temperature variations required
for obtaining an optimum quality with this paint are
narrow, if all the other effects e.g. film thickness,
pretreatment are neglected.

The effect of the .baking temperature on film
quality shows that over the optimum range of
baking temperature an impact test produces
some failure, and under the optimum temperature

Table 5 Effect of baking condition on hardness

and impact resistance of film

Baking o Pencil Impact
Temp., °C Time, min. hardness resistance*
170 20 H 5
170 30 ‘H 5
180 20 2H 5
180 30 9 H 5
200 20 9 H 4
200 30 2H 4
220 20 9H 4
220 30 2H 3

* Du Pont impact test
Assessment: 5; no cracking and no peeling
4; slight cracking and no peeling
3; cracking and slight peeling
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film hardness is low. Baking for 30 min. at 180°C’
are the optimum conditions.

7. A typical production line

The process of a typical production line is shown
in Table 6.

The first tank of EDECA process is 0.8m wide,
3m long and 1.4m deep, with a capacity of solution
of 3m3. This tank is capable to paint lengths of
up to 2.4m and is automatically operated at a
rate of 10m2/6min. .

8. Principal properties of the coatings

Table 7 summaries the principal properties of
the coatings and the methods used in their as-
sessment,

The content of pigments in the film is so low
that the characteristic durability of acrylic resin
is not lost. The film thickness decreased 0.5~
lpm and the gloss reduced a little after out-door
exposure for one year. There are no troubles in
appearance of the exposed: .test .panels for 2.5
years in some places in Japan. The coatings of
EDECA process can bear comparison with that
of electrolytic pigmentation which is considered

to have an excellent weathering resistance.

9. Applications

Applications of EDECA process have been now
-under development for several articles. Some ap-
plications are as follows.

(1) Frames of signboards (Bronze)

The EDECA process was applied to the frames

Table 6 Typical EDECA process

Degreasing Weak alkaline solution 62:;9;&.
‘Rinsing Tap water

_E0°
Etching NaOH 5~10% 4(1J~g(13n<i3n.
Rinsing Tap water

Room Temperature

Neutralizing HNO, 15~20%

0.5~1 min.

Rinsing Tap water
Chemical conv. | Adf 401/45 Room Temperature
Rinsing Tap water
Rinsing De-ionized water

: 60~80V 26~28°C
EDECA coating | goid content : 10% 1.5~2.0min.
Rinsing Tap water
Rinsing De-ionized water
Drying Air blowing
Curing 180°C, 30min.

of signboards which were set up at various stations
of a private train line in Japan. In comparison
with former painted steel frames, the new elec-
trocoated frames exhibit metallic lustres.

As the EDECA coatings have an excellent re-
sistance to corrosion these signboards are superior
to steel frames, especially in corrosive environ-
ments.

(2) Heat sinks (Black)

Aluminum heat sinks used as electric parts were
previously produced by black dyeing after ano-
dizing. For reducing the cost of production, this
method was replaced by EDECA process. Though
the heat sinks are intricately shaped because of
many fins, the excellent throwing power of EDECA
process enables the whole area of it to have a
uniform coating.

(3) Window irames (Bronze)

The window frames of a building were painted
bronze by the EDECA process. Especially in the
case of using colored window glass, the color of‘
the window frames better matched to that of the
glass.

(4) Buddhist altars (Black)

Buddhist altars were previously made of wood
and painted by natural Japanese lacquer which
constituted of urusiol as its main component, and

Table 7 Principal properties of EDECA coatings

Méthod of

Coating property

assessment

Result

Coating thickness
Hardness
Adhesion

Impact resistance

Corrosion
resistance

Chemical
resistance

Humidity
resistance

Warm water
resistance

Mortar resistance

Accelerated
weathering

Out door exposure

Permascope
Pencil hardness
Cross hatch adhesion

Du Pont type impact
tester

Salt-spray-test
59%NaCl, pH6.8,
35°C 1,000hrs.

Immersion,
59%H,S04, 20°C
24hrs.

Immersion,
29%NaOH, 20°C
24hrs.

959 relative
humidity, 45°C,
1,000hrs.

Immersion, Tap
water, 60°C, 20days

A mortar test for
clear lacquers on
anodized aluminum

Method 6,151 of
Federal Test Method
141a, 1,000hrs.

After 2 years
exposure in a severe
industrial
atomosphere

20pm as a standard
2H
100/100

Withstanding direct
and reverse impact
of 50cm height with
300g impactor

Not any changes in
appearance

Vi

No formation of
blisters

No formation of
blisters

Adequate protection
and no damage on
film

No chalking, but
slight loss of gloss

No cracking or
adhesion loss but
only slight fading
of film
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its surface was highly glossy and smooth. On the
other hand, the new altars were successfully made
of aluminum in place of wood and coated by
EDECA process. The appearance of these altars
looks like that of the Japanese lacquering finish.

Any color tones can be made up by mixing the
pigments suitably, but in practical operation, it is
desirable to restrict the kinds of color tones within
several numbers.

Other applications are decofative thermometers
(bronze), door frames (bronze), frames of display
shelves (gold), decorative shelves (scarlet) etc.
Fig 2 shows some applications of EDECA coating.

10. Summary

By fully using the merits of electrocoating, the
new electrocoating process of -aluminum and its
alloys has been developed. In present paper the
following points are described: surface preparation,
stability of the paint, application of the ultra-
filtration system, operational conditions of electro-
coating, a typical line, some principal properties
of the coatings and some applications.

The characteristics of this process are as fol-
lows:

* (1) Uniform -transparent color coating is easily
obtained, because the ‘fine particles of pigments
are thoroughly soluble or dispersible in the resinous
solution and do not agglomerate in the paint bath.
(2) Continuous uniformity of the film thickness

is fairly good, because the film thickness could
be easily controlled by the coulombmetric tech-
nique.

(3) Appreciable cost reductions in the total fin-
ishing operation are possible, because the electro-
lytic conditions of the EDECA process are re-
latively low voltage and low current densjty, and
coatings are automatically operated under given
conditions. '
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Some investigations on tension roller levelling

of aluminum thin strip

by Takeaki Baba, Minoru Tazima, Hideki Tanaka

Studies were carried out on the tension roller levelling of aluminum thin strip. A
relationship between the bending moment and the bending radius of the strip being leveled
was obtained by formula led from bending stress with tensile stress to estimate the
deformation process of the strip in the levelling process. Authors had found a significant change
of strip flatness after levelling process, and studied this phenomenon more in detail from the
stand point of rewinding tension effect on the strip flatness change after the levelling process.
The residual stress distribution along the thickness of the strip after the tension-roller
levelling process was examined by the schematic analysis and the etching method.

The results obtained are summarized as follows:

1) The formula led from the bending stress with tensile stress is available for estimating
whether the strip is flattened under some leveling conditions with tension-roller leveler or not.
2) When the rewind tension is high, there is some possibility that the flatness of strip
after levelling changes wrong in case of the strip with large sheet camber.

3) Additional levelling under lower tension after the levelling under higher tension is quite
effective to reduce the residual stress of tension-rolle-leveled strip and to make it uniform.
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X K OB M (min) | %/e0,1,10,60,1440
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=4 E B M M
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BaRS b, SWETOURBEDKANT A& DHAR
WBHOBEGRZRETS L, HISKRIT LS LTS, XIS,



Vol. 15 No. 1 T arbRI—KIB

7% =0 LBURDRBIE (87)

180 .
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FTERBRBELXTI IV, Wo i) PV =7 ARIEMA
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UL L20114 40 Cu #5.5%  ate 17 0 A AR
HTHEL, FHEEELZWTRLTEERER LT
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LD REE WETS DI FAFINOMN 6262 5412
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BECHND LT JEL BRBEOEE TIZIZ W,
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RThHDH, INbIRE I FHIHEL2 ABRTHTHEELT
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ATERMUTWBOREHTH B, KRETIX19544Ec Al-
Cu FRHl 7V =0 8 &4 2 LT 2011 48, 1960 4EimiX
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PIXO RV TEE2REDEEROTTIEN S DNHEH &
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48%In
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=% :Bi—Cd—Pb 52:8:40 91°C
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% B, pQ-cm 4.4 3.8

LR W, XY, Z &5 EBRL DR EORE
HEREl 7 V2 54T, GT09 iEMT58DTH5B, T
nNo—FHOEEIX, WEENFEECTSNTE D, FElE
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100 N & & FIREI, T & DYERE 2 LB E LR ©H 205 A
90 P, R DWW TIE056 & B IFRA U & 5 i EEEsE
I‘/"I ! lr 1| BNTH b, WHIMECDOWTIES0568E L DIXBMT TS
|¢| 60 141 NEEMIEEIZ2011 L /AL TH B, TTRRULALRILIRX
s ! 50 Al S THELAEE S, BETVE =Y ABe00%E L
ILIS<. | -yl B IHeE & U CHHA S R T\ BB, & < \CIUFTHBE
!/,m ,>~| f’, J BELUTOBGLEZEATHDBERD D, A, BT
=~ 17 = CARTE 5 mTRO S DD THE, BALHIDIZT
|21 17 L ERA TR RHERONNFCT ST, WBOBILIE
g :;I Hél EUTAY T v TRIEDHBIET ThHB, ThTIHENL HHH
|;'L______l¢l Bt 2 2 s o T b EPRRASETE < 1 BIY Th B, T
LA_“’.'_,";":fO_’V_/ﬁéJ DA, BENTIE X - TERMHCETEWER E TR
BERPBLLWZEORIMHIMI 2L, cOLdizrR
LA 5, Lok, GT &&E O WTIk BE
' B (gr) MITHEONT B, RIBLRT LS LER2E T
% 11| (102x82¢) 181 %, FTrbb, O MEEHEBEE TH L DEK
o | (BHER) 8 RO THBERIE LN, BRACEVWVERZESL
LIRTEBLYEIMTIC L » TRRBCTHE SAET
ki | (RRE) 60 BUBHERIZIERIC D < 8B b UISHRIGILERET
=7 B R Tl 5 BEITER 2 BROEEE 2R TIE

— 11

ENAHERTHELE SHED TN D,



(60)

= & 8 £ B & ®

January 1974

= 18 GT09 & & o & ¥ m I #
& o T @ o B 597./>X‘5>‘Qt7’a v 7 %10t TEEEMI Lz X 50 .
IR
WLz 7L
350°C X 1hrA-C oL
WM
JRiSERAL (410°C 20 55 250°C £ T20°C/hr TR oL
& &
520°C X 1hr W -Q E# 0.5mme
X1hr W-Q E1% RN
ok g 1.0mme»
. A g -
520°C X 1hr W-Q B 1% 4 O % X ol
420°C Nk oL
. 1.0mma
450°C Jin#h :
*om " wEoln
& &
500°C Jm#k 7.0mma»
wE oW
g 5 b D IC 6) FEFE@L, FHiudlE, TLHEA : BEE, 18 (1968), 2.
' - 7y FEE), PR TLEE  BeE, 18(1968), 13.
Pk, BEl7 Vv =y A4S0 REMES 2D Q) mssAE, NHHE : HASE¥SEE 82(1968), 1109.
THES U, Y7V 2 =9 A S RINU TRYIKE %14 9) B.Couchman : Intern Conf Mfg Technol (1967), 665.
LS EBLELONTWAERMASBOERIC O WTikg 10 ASM: Metals handbook, 3(1967), 440.
Tiz;% @}f_\:l\ %) % < '_AI.T&& %) ﬁ%%ﬁ%ﬁ@i%gﬂflﬂéo j:ﬁ‘;jl 1]) ASM : Metals :h,’lndNbOOk, 3(;907), 441,
CERELASEELAD S ERHEERS CERL 5T, ﬁ; ;}21/?17 E'fff' ;"(:4;519 s Aluminiom, 451565
Loiler, Enzier, J.C.Fornerod uminium, N
BN AR 7V =9 2 &I ND T LR 10 _ '
g3ns. 14) EHARIER, BATOE, dEik BRFE - BeREAE4E
x [ B ASEESE, 115.
‘ 15) BEE:RAXK
D BSBEETRS: 7V IHDAA, No. 137~14. 16) ASM : Metals handbook, 3(1967), 442.
2) FHKkE—:BEERE, 16(1966), 254. 17) 7 2 : 43, 9(1973), 82.
8 REHEX:E2E, 20 1970), 520. 18) IPIBsY, FRARHE @ AEE, 8 (1967), 115.
4 REBER: RELINHIERRS, 4, 1 (1965), 4. 19) BERE, BERE: B&E, 21 1971, 579.
5) ASM: Aluminium, 3 (1967), 251. 20) ESEi, BT RkAR



R177
Reprinted from SUMITOMO LIGHT METAL TECHNICAL REPORTS Vol. 15 No. 1 January 1974

BTV =Y AE5EDOMEMFT—~2 v~ })
®OE  E
E K % /ﬁ

FRESRELILXKRXS &



RT3

1T & U & I

A7 — &2k, Uc#E WHRUTWBEE VI =Y
AEEMBPOMAE2HECHBE U AR 2 LD, B
BOETMREER—T B0, BHETNTHIEEH /R
U7z,

2 g8 X #

=1 R L 7z 28 TIRIREBR T (2t X 50w X781 O B
R OIEAE, A0, 3S, 528 @ 3L oW Tk MBVALE
LR TS 4 23 MBME A, &5k, 635 Town
T 7V = 4 b 104 -BRkEFALEM 2 § AL 72,

3 = BR

1) HEAEERE (JIS-Z2371#eg -0 5 %NaCl,
35°C), 100, 300, 500 % X ¢¢ 1000hr

=v A FEOWMER (-4 - v—1)

®R B ME K KR

(¢) WAKEE (40°CKHARED, 1, 8 LU 62
4 W & A B

BRI OV TS BRAKEWEL, B

AEEEBAC D\ CHAME, TS & CRATLRE S

ZREL T

5 & R
HKEERBA OMNE 2R ~Tic, ERAROELE

B8 ~13CR LTz, 11S & 7S CDAELWAAREL

B, oI NTHIREEERAEZE L,

Bk ONE 2 E14~19, RELUZIAEOE 2K
20~251, OB RES % B26~31ER L7z, ZK60 ¥ X
CFZK6l &4t 7 7V REL, AREOHEETE L -
tre Tz, MBV EMEIZFLEITEL 2o T,

® 1 gt ® & & M H
#4 F B | JIS ® B TEAMTEEOD | #wmm | TIS ® % ZERMEE R )
AB0-0 A1080-O Al 99.8 BLE 1835-0 AB083-0 Mg 4.5, Mn 0.65
AT70-0 A1070-O v 99.7 72 256S-0 A5056-0 Mg 5, Cr 0.1
A50-0 A1050-O 2 995 ~ 63S-T5 A6063-T5 Mg 0.7, Si 0.4
A30-0 A1100-0 7 99.0 ~» 61S5-T6 AB6061-T6 -Mg 1.0, 8i 0,6 Cu 0.3
AQ-O A1200-O v 99.0 7~ TD0S-T6 - Mg 0.75, Si 0.7, Cd, Sn
G0-0 A5N01-O Mg 0.3, Cu 0.1 115-T6 A2011-T6 Cu 5.5
F 508-0 — Fe 0.85, Si 0.55 175-T4 A2017-T4 Cu 4.2, Mg 0.6
GF08-O0 — Fe 0.55, Mg 0.8, Mn 0.45 245 C-T6 A20244-T6 B4 Cu 4.7, Mg 1.6, bt Al 99.0
35-0 A3003-O Mn 1.2 758-T6 A7075-T6 Zn 5.7, Mg 2.6, Cu 1.7 .
3SC-0 A300342-0 E#1-3003, Fe#t 7072 758 C-T6 AT0754¢-T6 B-7075, B#i-7072
45-0 A3004-0 Mn 1.2, Mg 1.0 ZK41-T7 ATN01-T7 Zh 4.1, Mg 2
2045-0 — Mn 1.1, Mg 1.1 ZK47-T7 ATN0I-T7 Zn 4.7, Mg 1.2
2575-0 ABN01-O Mg 0.5, Cu 0.1 ZK60-T7 — Zn 6, Mg 0.75
525-0 A5052-0 Mg 2.5, Cr 0.25 ZXK61-T1 — Zn 6.1, Mg 0.35

100hr 3 B #
[

1000hr

El

HKBERRY M7V =9 2RE548) OIHE




(62) Ex 82 & B B #

January

1974

1000hr 3 B %
2 EKRBRRM (A-MnReaed) onig

100hr & B #& 1000br & B8 #

100hr 24 Bt £ 1000hr 3 B #
R4 HAEERBM (Al-CuRad) OiE

— 2 —



Vol. 15 No. 1 BET NI =T AEEDWAEE (F—%-v—1) (63)

100hr # B % 1000hr 2 B %
E5 HAKBEREM (Al-Zn-Mg RE4) ONE

A4
100hr 3 B & 1000hr X B £
K6 HAEBERARN (EFLEMA OMNE (L F57 74 b #7238 uBy  F: MBV L3

100hr 8% Bt #8 1000hr BX BR #
K7 HEAEBREM (63S-T5) ofE (& : MLEM T :HREBR7 V<A H10sAE)

— 3 —



(64) T A B & B B ® January 1974

40 40

A80—0 -0- 2575—0

_ -0~ 5250
%8_8 / -@- 1835—0
A30—0 @ 2565—-0

30+ _
P00 Dt
G0—0 ; @ 615—

30 |

Pboeo0

\

0 0
100 400 700 1000 100 400 700 1000
g B () oS w o ()
8 HKEBABCEZERBR W7V =y AREwR) F10 HAMBRRC X 2 EEBE (Al-Mg REE5E)
50 1000
-O- TD09—T6
-0~ FS08—0
-0- GFO8—0 - /55-T6
-& 35—0 -@- 11576
@~ 45-0 -0 175—T4
OF e 2045-0 - 800  _@- 245C—T6

-8- 35C—-0

s /

10 ’ éOO J ‘ 7

R & (mg/dm’)

5
\
\ N
\

=R
H

e =

O1oo 400 700 1000 100 400 700 1000
oo [ (hr) i o O B (hr)
K9 HEAEZEABE 2EEESL (Al-Mn 25425 E11 HEKEERBIC X %EEE% (Al-Cu ZAE&%)



Vol. 15 No. 1

W7 V=Y LAGOMALE (F—4 - v~ )

(65)

% (mg/dm?)

*
e

40

30

20

10

0
100

—O~ 758C—T6
-0~ ZK41-T7
-0 ZK47—-T7
- ZK60—T7
8- 7K61—T7

7

N

NN

B % (mg/dm’)

2

%ﬂ/

400

OB om M (hr

B & B

700

)

B12 HAMBRERC L 2 ERIEKL (A-Zn-MgRE®)

%
K14 40°C KRB M7V e =v 2R&S) OHE

1000

=N

25
- 10-0 K734 b 723
-0~ 350 " p
=$- 525-0 " u
| - A0-0  MBY
20ro-35-0 ,
-~ 525—-0
-8 635—T5 10T =4 |
-8 63S—T5 IEALE
15 /
) / /
' —
0
100 400 700 1000
WO BB (hr)
E13 HUKEESET X 5 ERIEK (BHWEH)

6

>

A & B &



(66 ) B X 88 &4 B B & January 1974

B
°C

&
B15 40°C \EARMY (Al-Mn REE%) OIHE

1 » A & R & 6 » A & B &
R17 40°C \AREHM (Al-Cu Réd) OMNE

— 6 —



Vol. 15 No. 1 SEHWFLI =T ARSOWNEY: (F—% > —1) (67)

1 » A & & # 6 » A A B &

o

1 » 3 & B & 6 » A & B &
19 40°C E/AREM (ERLEM) OMNME (L K27 54 72308 F : MBVLERD




C68) E kK B & B K 8 January 1974
40 40
~O= A80—0 —O=2575—0
== A70—0 ~D~525-0
w0 =B A50—0 - 18350 /
~ ~®-A30-0 - 9r ~®- 25650
el —@-A0—0 el =& 63575
5 -©-C0-0 s @~ 615-T6
& 20 & 20 A
o ®
= .=
10 /’____G,_A 10o—-<a ;%
i S matmat g E—
~ - G E—"
m /’CD———
0 0 n/
2 4 6 0 2 4 6
®OW M (R BE WS M
B20 40°C BKSBIC X ATLAK (703 =9 ARAE) B2 40°C BKBBIC & 3 LA (ALMg Rad®)
700
~O~ TD09—T6
60 ~@= 115-T6
O FS08—0 600 -2 175-T4 =
~D~ GF08—0 =&~ 245C-T6
| -e-3s-0 '
0F _g-45-0
-9~ 2045—0 500
- 33C—0
40 —
- 400
£ g /
S A S
~ 30 P
® W 300
N L.
20
77/K%;”/////// 200 @
10 C/ //
7& /CD 100
/@/ o >
—Q
#oE oM E D 0 "2 4 6

K21 40°C EAHEBIC X 2 A8 (Al-Mn %

GEC=Y)

B &M M A

23 40°C FAKBBUC X 5FAM (Al-Cu %&$)



Vol. 15 No. 1

BET V=Y ABEOMAYE F—% - v~ 1)

80
=O= 755-T6
70 |- —®- 755C—T6
- K41 -T7 /
8- 7K47-T7
60 ’
/
50 // / i
1
£ 40 /
N
S
B
& 30
. (/
20
10
0
0 2 4 6
BoEomom o3
M24 40°C EKRBIC X 2ILAK (Al-Zn-Mg RE4)
0.5
—(O= FS08—0
04} ~D~ GF08—O0
E —B= 35-0
U @ 45-0 //C
g 031 —&— 2045—0
« -®- 35¢-0
=2
=S -
0.1
O i
0 2 4 6

& R’ 8 HA)

E27 40°C /KRBT X 2 RAILAES (Al-Mn R
AEHE)

6

(69)

3

- O~ A0-0

el ~®~ 35-0

t 2 @ s25-0

~

S

® 1 O O

GTP.( A

=
0 /
0 2 4

EoE oMM ()

E25 40°C E/KERBRIC X BILAR (K774 b 97230BEM)

0.7
-~ A80—0
" —D- A70-0
’ —@~ A50-0
=@ A30—0
T 05} ~@~ A—O
£ -®- G0-0
XU /
% 0.4 v/
;2 0.3 /!
® (”%% /
0.2 J / /
0.1 / /7/
W
0
0 2 4
-2 S B A OED)
E26 40°C \mAKRBIC X 3R RFLARES M7 v
=2 L RED)
0.5
—O- 2575—0 }
04t == 525-0
g ' -®~ 1835—0
~ B~ 2565—0
;Z 03 == 635—T5
;K =&~ 615—T6 J\;
= 0.2
% = //
s V /
V//(D/’
0 )t
0 2 4 5
2o oo (8)
E28 40°C T/kalBric X 3 BAALAES (Al-Mg %

a&%5)



— 10 —

70 ) E 28 € B & & January 1974
1.0
0.5 —
0.0} —O” 0096 A —O- 755—T6 /
@~ 115-T6 sl ~@~ 755¢—T6
- 175—T4 F = = ZK41—T7
o8} —&- 245c—T6 = @~ 7K47 —T7
/ w03 /
/ . /c/ /
~ 07 &
E ’ = 0.2 e Wi
B / / 0.1
& .
., 05 A
= / o
¥ / / 0 2 4 ' 6
w04 ‘ B o owom o1
C/ / 30 40°C \ARBIT X 2 EAFAERES (Al-Zn-Mg
0.3 . REE)
0.5
0.2 ~O= A0—0
= o4k =0~ 38~0 -
0.1 < -@- 525-0
XU /O
¥ 3 o=
. o
0 &
0 2 4 6 2
B om WA < 02
29 40°C HARBRI L 3 FAAAES (Al-Cu % k=
) -
: o
0
0 2 4 6

= I IO D)

H31 40°C BKBRBRIC & 3 ATl AR s

(B F T4 #7230



