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The Properties of Aluminum Sheet for Press Forming

F0O #©

Osamu Noguchi
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DWTHEEL Y B0

Abstract : Aluminum sheet materials have 1.3 million tons of demands in a year. And it is considered,
approximately 60% of these materials are press worked to be processed into products. Though the
aluminum sheet materials, the strength improved aluminum alloy sheet materials by adding various
elements, and also the intensity adjusted aluminum sheet materials by temper are widely used. Here,
the forming characteristics by alloying and tempering the aluminum sheet materials for fabrication,

especially deep-draw ability are explained.
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Fig. 1 Shipping volume and demands classification of aluminum sheet materials.
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Table 2 The chemical compositional standard of aluminum alloys. (mass%)
b EEe] 125 (%)
is) Si Fe Cu Mn Mg cr Zn Ti Al
A1050 =0.25 =0.40 =0.05 =0.05 =0.05 - =0.05 =0.03 99.50 21k
A1100 =1.0 0.05~0.20 =0.05 — — =0.10 — 99.00 21k
A1200 =1.0 =0.05 =0.05 — — =0.10 =0.05 99.00 1 E
A3003 =0.6 =0.7 0.05~0.20 iHO=51RS - - =0.10 - TRER
A3004 =0.30 =0.7 =0.25 1.0~1.5 0.8 ~1.3 — =0.25 — z
A5052 =0.25 =0.40 =0.10 =0.10 22 ~28 | 0.15~0.35 =0.10 - K
A5454 =0.25 =0.40 =0.10 0.50~1.0 24 ~3.0 | 0.05~0.20 =0.25 =0.20 4
A5182 =0.20 =0.35 =0.15 0.20~0.50 | 4.0 ~5.0 =0.10 =0.25 =0.10 K4
A5083 =0.40 =0.40 =0.10 0.40~1.0 40 ~49 | 0.05~0.25 =0.25 =0.15 K
A6016 10 =18 =0.50 =0.20 =0.20 0.25~0.6 =0.20 =0.20 =0.15 K4
A6061 0.40~0.8 =0.7 0.15~0.40 =0.15 0.8 ~1.2 0.04~0.35 =0.25 =0.15 7
#£3 JISHETHWLhBZERIRKES? 250 55 |
Table 3 Temper symbols used in JIS standard. \ H18#%f
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Fig. 3 The stress strain diagram of A3003 alloy sheet.
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Fig. 2 The flow chart of temper.

Fig. 4 The relation between strength and elongation of
aluminum alloy sheet.
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Table 4 The mechanical property of aluminum alloy sheets.

5 AR E w2l (1o It AE
c&% &% - g5 Gl &
2R & - ;A TS (MPa) vS (MPa) EL (%) nf i Er (mm)
1000 % A1100-O 94 32 43 — — 10.8
3000 % A3004-0 175 62 27 — — 8.7
A5052-0 206 98 23 0.26 0.66 9.6
5000 %
A5182-0 284 137 28 0.30 0.79 9.6
6000 % A6016-T4 235 127 28 0.26 0.70 —
AR SPCC 314 176 42 0.23 1.39 11.9
0.4 0.04
TIVI ZLEEIR
5000% 0.03 &
0.3 h
1
x Y
. 0.02 e . - £ 1R
@ ° )
c 02 & oo1 | 1000%
;‘;.E A _ 2 o)
- 0 7 6000F% —
o]
0.1 u O (=] ful
,
-0.01 b a 50007?:‘
TIVIZ LEER
0 L L L L -0.02 | | | |
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Fig. 5 The relation between true strain € and moment n
values of aluminum alloy sheets and a steel sheet.
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Fig. 6 The relation between noninal strain e and m values of
aluminum alloy sheets and a steel sheet.
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Fig. 7 The stress state of deep drawing.
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High Strain Rate Blow Formability
of Newly Developed Al-Mg-High-Mn Alloy

Tomoyuki Kudo

Akira Goto

Kazuya Saito

Abstract : Blow forming accompanied with superplasticity makes possible the forming of complex

parts, which cannot be formed by cold press forming. The conventional superplastic AA5083 alloy

‘ALNOVI®-1" developed by the Furukawa-Sky Aluminum Corp. shows high superplasticity because

of its fine grain and is widely used for blow forming. However, for mass production of components,

an Al-Mg alloy with finer-sized grains is needed. In this research, the newly developed high Mn

version of the Al-Mg alloy ‘ALNOVI-U’ is used, and this material possesses grains finer than those

of the conventional AA5083 alloy. The effects of finer grain size on the blow formability at high strain

rates over 10%/s and the properties of the resulting moldings were studied.

1. Introduction

The 2000 and 7000 series aluminum alloys, which have fine
grains and show high superplasticity, are used for special
components such as those used in aircraft, and are used as
materials for blow forming. It is relatively difficult to ensure
fine grains in the 5000 series aluminum alloys and the
superplasticity is slightly inferior. However, the 5000 series
aluminum alloys have high corrosion resistance and
weldability; therefore, these alloys are in great demand as
materials for blow forming common components. The
Furukawa-Sky Aluminum Corp. has developed the superplastic
AA5083 alloy “ALNOVI-1’ with a fine grain size of 10 um or
less by a proprietary process and ALNOVI-1 is widely used
globally. ALNOVI-1 shows not only high superplasticity at low
strain rates but also good elongation at high strain rates, as is
required for high productivity. However, there was a need for a
material suitable for higher strain rate blow forming, because
the 5000 series aluminum alloys came to be used for mass
production items. Therefore, the Furukawa-Sky Aluminum
Corp. developed the AI-Mg-Mn alloy ‘ALNOVI-U’ which
allows for grains to be made 2 pm smaller by adjusting the
amount of additive Mn" and attempts were made to enhance

elongation at high strain rates (102-10""/s). In this study, the

potential of ALNOVI-U was evaluated by investigating in
detail the effects of finer grain size on high-temperature tensile
properties, blow formability, and properties of moldings formed

at high strain rates (102-10"/s).

2. Experimental

2.1 Materials

The chemical composition of the tested alloy ALNOVI-U
used in the experiments and AA5083 alloy are shown in
Table 1. The sample alloy was subjected to DC-casting,
homogenization, and hot and cold rolling. The thickness of
cold rolled sheet was 0.5 mm. The precipitates in the tested
alloys and AA5083 are shown in Fig. 1. The precipitates in
ALNOVI-U are more densely distributed because the amount
of additive Mn is higher than that in AA5083. It is thought
that these precipitates contribute to the decrease in grain size
by stabilizing grain boundaries and acting as nucleation sites

for recrystallization. The cold rolled sheet of ALNOVI-U was

Table 1 Chemical composition. (mass%)
Material Si Fe Mn Mg
ALNOVI-U 0.03 0.05 1.42 4.75
AA5083 0.03 0.04 0.73 4.70
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annealed and the grain size of the sheet’s alloy were
manipulated to be 6 um; this is finer than that of AA5083, 9
um which is equivalent to that of AA5083 and 13 um which is
coarser than that of AA5083. These samples are called ‘6 pm’
sample, ‘9 pm’ sample, ‘13 um’ sample respectively in this
paper. The grain structures are shown in Fig. 2.

2.2 High temperature tensile tests

Tensile tests were conducted at 663 K, 703 K and 743 K. The
deformation resistance and elongation at high temperatures
were measured by tensile tests at constant strain rates of 107,
102 and 10°'/s. The deformation mechanisms at high
temperatures were studied by analyzing the results of the

strain rate change tensile tests in the range 10 to 107/s.

g 20 pm
B, a1
> o8
; - 20 um
: ;
§ :
i PE-:l.

P 2 :
Fig. 1 Precipitates in ALNOVI-U and AA5083.
(a) Fine precipitates observed by TEM in ALNOVI-U.
(b) Coarse precipitates observed by SEM in
ALNOVI-U.
(c) Fine precipitates observed by TEM in AA5083.
(d) Coarse precipitates observed by SEM in AA5083.

(@) 6 pm

(b) 9 um (c) 13 um

Fig. 2 Grain structures of ALNOVI-U manipulated by
annealing. They were subjected to the experiments.

2.3 Blow Forming tests

After the sheets were inserted between the mold plates,
heated in the blow forming machine, and kept hot for 10 min,
blow forming by N, gas was conducted. The mold shape was
similar to that of an automobile quarter panel. The blow
forming machine used in the experiments can exert high
pressure in a few seconds and is therefore suitable for high
strain rate blow forming. In this research, high strain rate blow
forming tests that are quicker than conventional tests were
conducted; the forming times were 5, 10, 15, and 20 s. The
gas pressure in these tests was constant at 3 MPa, and the
temperatures were 663 K, 703 K and 743 K.

2.4 Molding Properties

(a) Appearance

The moldings were inspected for breaks. In addition, the
molding accuracy was evaluated by measuring the radius of
curvature at the point that is formed at the end of the forming
as shown in Fig. 3.

(b) Cavitation

For evaluating cavitation volume, sections with different
thickness reductions were selected from the moldings and
polished. The cavitation area ratio was determined using an
area analyzer. In addition, the strain distribution in grains
around the cavitations was observed by electron backscatter
diffraction (EBSD).

(c) Grain structure and strength after forming

The grain structures in the selected sections were observed
by Barker’s method and the initial and final grain sizes were
measured. In addition, the Vickers hardness of these sections

was measured.

|
|

Fig. 3 Molding and measured point of curvature radius.
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3. Results and Discussion

3.1 Deformation resistance and elongation at high

temperature

The stress-strain curves for constant strain rates are shown
in Fig. 4. At any strain rate, the deformation resistance of the
6 um sample was the smallest. Comparing the characteristics
of the S-S curves, in particular, for the 9 um and 13 pm
samples, a large peak was observed in early deformation and
the deformation resistance increased with the strain rates. In
contrast, for the 6 um sample the peak was small, even at
strain rates of 10?/s. In addition, in the 6 pm sample, the
deformation resistance was small and the typical S-S curves in
grain boundary sliding situations, which have a large n value,
were remarkably visible, even at strain rates of 107%/s.

The elongations of each sample are shown in Fig. 5. The
sample with finer grains showed greater elongation, especially
at strain rates lower than 107%/s. The elongation of each sample
converged at lower temperatures or higher strain rates. The
difference between the elongations of the 9 um and 13 pm
samples decreased at strain rates greater than 10°%/s.

Furthermore, the effect of grain size diminished at strain rates

of 10"'/s. However, the 6 um sample showed a larger elongation
than the other samples even at strain rates in the range 10*-
10°"/s, which are higher than those used in conventional blow
forming.

3.2 Discussion of deformation mechanism at high

temperature

The relation between stress and strain rates, as deduced
from measurements made in the course of strain rate change
tensile tests, are shown in Fig. 6. The slope m indicates the
strain rate sensitivity exponent. In each sample, m was
approximately 0.5 at low strain rates and 0.3 at high strain
rates. The relevant equation at high temperature is represented
by Eq. (1)?, where, ¢ is the strain rate, 4 is a constant, & is the
Boltzmann constant, 7T is the temperature, G is the shear
modulus, b is the Burgers vector, d is the grain size, o is the
flow stress, p is the grain size exponent, D, is the diffusion
constant, Q is the activation energy, and R is the gas constant.
The m and p values of each deformation mechanism are
summarized in Table 2 2. From the values listed in Table 2,
we deduced that grain boundary sliding occurs at low strain
rates in the area of m = 0.5, and solute drag creep occurs at

high strain rates in the area of m = 0.3. It is assumed that in
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Fig. 4 S-S Curves measured by constant strain rate tensile tests (703 K).

(@) 10%/s, (b) 10%/s, (c) 107'/s.
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Fig. 5 Elongation as measured in constant strain rate tensile tests.
(@) 663 K, (b) 703 K, (c) 743 K.
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Fig. 6 Strain rate sensitivity exponents measured by strain rate change tensile tests.

(a) 663 K, (b) 703 K, (c) 743 K.

Table 2 m and p value of deformation mechanism at high
temperature.?®

m p

Diffusional creep Nabarro-Herring creep 1 2
Coble creep 1 3

Grain-boundary Lattice diffusion 0.5 2
sliding Grain-boundary diffusion 0.5 3
Dislocation creep Harper-Dorn creep 1 0
Solute drag creep 0.33 0

Climb-controlled creep 0.2 0

this alloy, deformation proceeds with interaction between the
dislocation and the solute Mg. in the area of m = 0.3. It is
found that grain boundary sliding occurs even at higher strain
rates at higher temperature or finer grain size (see Fig. 5). The
shift in the value of strain rate at which grain boundary sliding
occurs when the grain size becomes finer from 9 pm to 6 um
is simply estimated by Eq. (1). It is found that it is shifted to
an approximately 2.3-3.4 times higher strain rate because p is
2-3 (see Table. 2).

The 6 pm sample shows the smallest deformation resistance
and the largest elongation even at high strain rates in the range
102-10""/s because grain boundary sliding contributes at
higher strain rates in this sample. However, the contribution of
grain boundary sliding is small and that of solute drag creep is
large at strain rates over 10%/s in coarse grained samples. It is
thought that the large peak shown in the S-S curves are
generated by interactions between dislocations and solute Mg,
causing an increase in deformation resistance at high
temperature. From Eq. (1) and Table. 2, grain boundary

sliding is affected by grain size d and solute drag creep is not,

because p is 0. It is thought that the reason why elongation of
each sample converged at a strain rate 107'/s is that the
deformation mechanism of whole materials become one of
solute drag creep.

From the results of the test pieces described above, the
contribution of grain boundary sliding is made larger and
therefore large elongation and low deformation resistance is
shown, even at low temperature and high strain rates, by using
ALNOVI-U. It is expected that AINOVI-U will enables the
blow forming temperature and time to be reduced. The
formabilities and properties of moldings obtained in high
strain rate blow forming tests are shown below.

3.3 Appearance

The radius of curvature at the point formed in the end of the
forming process as a function of the forming time is shown in
Fig. 7. The symbol x signifies that breaking occurred in the
moldings. A small radius of curvature means that sharp edges
can form faster and that there is good molding accuracy as
shown in Fig. 8. Breaking was shown by the 13 um sample as
forming proceeded, but not in the 9 pm and 6 um samples.
From this result, it is confirmed that the samples of finer grain
size have larger ductility, even at the high strain rates as those
used in the forming tests. That corresponds to relation
between grain size and elongation shown in Fig. 5. And it is
found that the finer grains enable to form sharp edges faster or
at lower temperature as shown in Fig. 7. This can be
accounted for by the deformation resistance being smaller in
the case of finer grains, even at high strain rates as shown in
Fig. 4.

3.4 Cavitation

Cavitation area ratio as a function of thickness reduction of
each part in the molding is shown in Fig. 9. Cavitation

increased with thickness reduction, but the 6 pm sample
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Fig. 7 Radius of curvature against forming time.
(a) 663 K, (b) 703 K, (c) 743 K.
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Fig. 8 Radius of curvature and appearance of molding.

showed the lowest values. Fig. 10 (a) shows the section at point
D in Fig. 9 observed by a optical microscope. It is found that
fewer cavitations were generated at finer grain sizes. Fig. 10 (b)
shows an Image Quality map of the 6 um and 13 pm samples
observed by EBSD and it represents the average strain in the
grains by means of a gray scale. It is confirmed that initial
cavitations were generated on the triple junctions of grain
boundaries by grain boundary sliding. In the 13 pm sample,
the largely stretched grains accepting intragranular
deformation are shown and it is assumed that the initial
cavitations were combined and became larger along the grain
boundaries. It is said that initial cavitations are generated by
stress concentration on the triple junctions of grain boundaries
or the interfaces of coarse precipitates®.

However, it is thought that the distribution of precipitates
are not largely difference because the chemical compositions
of these samples are the same. Therefore, considering only the
effect of grain size, it is assumed that initial cavitations tend to
be generated because stress concentration occurs on the triple

junctions of grain boundaries in the 13 pm sample and, in

1.6 [
S / 13 pm
o 14 /
© !
@ 12 [ / H
o i
© i
s O / ;
kS I _ AN
£ 0.8 3 Measured ig
8 point ! Hm

80

Thickness reduction(%)

Fig. 9 Cavitation area ratio against thickness reduction.
(Forming time is 10 s and forming temperature is 703 K.)

Fig. 10 Cavitation of each sample.
(a) Image observed by optical microscope.
(b) Image quality map observed by EBSD.

addition, initial cavitations tend to be larger because of
intragranular deformation. It is thought that initial cavitations do
not tend to be larger because the contribution of intragranular
deformation is relatively small, and therefore the cavitation
area ratio in the 6 pm sample is the lowest.

3.5 Grain structure and strength after forming

The relation between thickness reduction and grain size
after forming is shown in Fig. 11. Point A represents the grain
size not deformed, points B, C and D represent grain sizes at

about the same points of B, C and D in Fig. 9 respectively.
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Fig. 11 Grain size after forming.
(Forming time is 10 sec and formin temperature is
703 K.

The grain sizes after forming were remarkably made finer as
the initial grain size became coarser. The plots as the grain
size becomes slightly larger are shown and the tendency for
refinement of the grain size is less in the 6 pum and 9 um
samples. It is considered that this effect is due to the grain size
being made finer by dynamic recrystallization because the
contribution of intragranular deformation is larger as the grain
size increases. The reason why the grain size becomes slightly
larger in fine grain samples is thought to arise from the
transfer of grain boundary, occurring by an accommodation
process. However, the grain size after forming was finer as the
initial grain size was finer (see Fig. 11). Fig. 12 shows the
Vickers hardness of point B. The 6 um sample has the largest
hardness because it has the finest grain (Hall-Petch relationship).

4. Summary

ALNOVI-U containing high Mn, which has a grain size of
6 um was used, and its high-temperature tensile properties,
high strain rate blow formability, and properties of
components in the samples with grain sizes of 6 pm, 9 um,
and 13 pm were studied. The temperatures in the tests
conducted for this study were 663 K, 703 K and 743 K; the
strain rates were greater than 10%/s, and the following results
were obtained.

* In the high temperature tensile tests, the sample which
involves the finest grain size of 6 um showed the highest
elongation and the smallest deformation resistance
because grain boundary sliding worked effectively even
at strain rates in the range 102-10"/s.

» Even in the high strain rate blow forming tests, involving

a forming time of 10 s using the mold having the shape

86
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82 [
80
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76

74 o] D e

72

Vickers hardness /HV

70

68

66

6 um 9um 13 um

Fig. 12 Vickers hardness and microstructures of moldings
against initial grain size.

of an automobile quarter panel model, breaking was not
generated and the mold was able to form faster and at
lower temperatures for the 6 pm sample.

* The molding made by the 6 pm sample showed the least

cavitation and the largest hardness.

From the above, it is thought that ALNOVI-U facilitates
blow forming at lower temperatures and shorter forming
times, thereby rationalizing production and is, in addition,
able to achieve the fabrication of components that are lighter
but which have high strength. Effectiveness of ALNOVI-U to
the automobile panel production was evaluated by Honda
R&D Co., Ltd. and Honda Engineering Co., Ltd.

This article was published in Materials Science Forum, 735
(2013), 271. (www.scientifc.net)
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Effect of Cold Rolling Reduction on Development of Recrystallization Textures in an Al-Mg-Si Alloy
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Abstract : The effect of cold rolling reduction on development of recrystallization textures in an
Al-Mg-Si alloy was investigated. The orientation density of Cube ({001}<100>) texture after the
annealing at 833 K decreased dramatically at over 67% cold rolling reduction. However, Cubenp
({001}<520>), R ({123}<634>), and P ({011}<111>) textures increased with decreasing orientation
density of Cube. The decrease in orientation density of Cube and the increase in orientation density
of Cubenp, R, and P were assumed to be mainly caused by particle stimulated nucleation (PSN). In
addition, this study suggested that development of recrystallized textures was affected by

orientation rotation relationships between recrystallized grains and surrounding deformed matrix.
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2. KRBk
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NTTAG S ELER T 212 C, SR EM O 2WE D 1/436
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Fig. 1 Heating curves of cold-rolled specimens during the
annealing.
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W5EE, ATl L7z TG S VLI & s rh TR L 72406 %
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WEZIT o720 T TIEREMHEHIRLEB) TH
5705, BISEET W HELEROEWNED 1/458, A7 v
THA X E02 pm, HIEFEIHE 38 pum X60 pum & L T,
BRI X THEFRE L7e 72, BTG S ik
DEBSDMlE T — % & 0 f s oA BB = FHE S B B
(AL, EREFEAMBEAE H Y, ZoRMKEE M6, F
% [5°] & L7co B, MMAEOENIC X 2 HE
TN DEREZ IS 572012, KskIZ 12D J
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3. RERHER

3.1 ESHEBTRICRIEFTSEEEEROHZE

AR e Ty ML IR O HM OB Sk E R 212
RS EIEE G MR O EFR TH 5 SH A (1123
(634)), Culifr ({1121<111)), Brass ifi ({011} €211)) %%
BRI ICIGEL TV B 2 eV b BHETEERON
KIAED SHALO T HE DN Cu L Z it
NT/PhEV, F72, Cu B E I HIEESRED67% &
W25 WMy 2 EAS RSN D, Cu, SHALEILELL
TBrass FL O HEEIZ L, GHELEOWKIZHE
WK A A E R L7z, —TF, TS0 £
f2CTdH % Cube ST, I FEEA L H 12 3B\ T XA
WA L B WETIIRIL SN Do 72,
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Cold rolling reduction (%)
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2  SEEEICEZEEESHEBOE(L
MIEHE(e)IBROKXICEDEES |
e=(2/V3)In(t/1), to: ABEEFDIRE, t: AEEEEORE
Fig. 2 Orientation densities of cold-rolled specimens.
Equivalent strain ( ¢ ) was calculated by the following formula ;
g =(2/v/3)In (to/ 1) , to : thickness before cold rolling, t : thickness after cold rolling.

833 KO BALIL T & 172 TS &MLk 0 1Q (Image
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IHNE NI UEEEZRL, 67% %82 R CTI13w
JEMEER DR RN HENZ D F A EHZBUI A L,
JEIESR92% Tl B & Z30MREREE L 2o T b, LI,
KRESCH TS B IEZE AT 67% LU T O I % 1 Cube HH
B, 67% % 8 2 % $HIS % Cube Jf /D ik & I A CTIX B3
%o CuJi i3 HE R O B KA HE TG (L5 B Y i
FTHEMARSNDH, ZOZELRIIMO FOZ I
HRThEW, —HT, R(1123K634)), P (fo11K111)),
B X U Cube HHZAIND# F D ) 12 [H]H5 L 72 Cubeny 7
(1001K520)) DI 1F Cube IR A I B\ T IE
ML DRIV INAY /R & L7z, Brass, Goss 57 i
({011} (100)) dMHUT EN225, FN S DT IFE
HEFE L MR TH - 72,

3.2 o EEREOESHERE
5B LUOR6E, ZNFI, HCubefEITH D 67%

K3 833 K T#MLE L ~ERSEEEMDIQ~ Y T

N “ﬁ EE T VO B
FRITEALR = Cube JLRIIC & 830 F M IEAL A 1= 15 (a) 0% ATIEEE, (b) 67% SR, (c) 83% STE
I % SEL AL AR IR S B O AL AR O 1Q i, (d) 92% AREELE
< TETT, D 3 S L Fig. 3 Image quality maps of recrystallized specimens

7 7EAT o T /(a), ®) N . TRENSBK after annealing at 833 K. (a) 0% reduction, (b) 67%
563 K TOMBUZ L D155 725050 FF4S ALk o 347 reduction, (c) 83% reduction, (d) 92% reduction.
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Cold rolling reduction (%)
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Fig. 4 Orlentatlon densities of recrystallized specimens after annealing at 833 K.
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== : Coarse second

I ND -phase particle

M : Cube {001}<100>
Tolerance angle: 15°
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Fig. 5 Image quality maps of partially and completely recrystallized specimens after cold rolling to 67% reduction
and then annealing. (a) at 533 K, (b) at 563 K, (c) at 833 K.
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== : Coarse second
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Fig. 6 Image quality maps of partially and completely recrystallized specimens after cold rolling to 83% reduction
and then annealing. (a) at 533 K, (b) at 563 K, (c) at 833 K.
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Harmonic: L=16, HW=5.0
Sample Symmetry: Orthotropic
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Fig.7 ODF of recrystallized grains adjacent to coarse second-phase particles for partially-recrystallized
specimens after cold rolling to 83% reduction and then annealing at 533 K and 563 K.
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Intergranular Corrosion Susceptibility for AI-Mn-Cu Alloys
Subjected to Heat Treatment at 180°C after Brazing Process

X&E RIT He & -7 EF T2 HE R85 #F—

Yoshiyuki Oya Satoshi Tanaka Junji Ninomiya Takeyoshi Doko Yoichi Kojima

BIE H—I72 0HTHBOAENF 7OLRLPSCONETNEDZEEDN TV, CO%
WO Y AL JIVICE TR EEIIRAISBOCISHET DI ESNTEHEY, AINCDES GE#EZIT-15
B, NRABERORENBIEI NS, BiR (A&, 2 (2006), 35.) ICHWVT, 55 F#£(2180°C DM
BEHBLZZA-Mn-CuUREEDHRBREBEZTMHICRIZT Cu, MNFNMEOFES LUNRBRRER
BICOWTHE L AT, ChICERERSOBBE(EDT -2 BN ULBEETS L EHI,
A-Mn-CuREEDHNFRBREBESMEICRIT TIHELMBZGOHZEICOVWTHRET 3,

Abstract : The alternation of an air-coditioner refrigerant from a freon-based refrigerant to CO. is
proposed. A maximum temperature in the CO, heat-exchange cycle approaches to 180°C after
brazing, which might affect susceptibility to intergranular corrosion. In this work, the intergranular
corrosion susceptibility of Al-Mn-Cu alloys heat treated at 180°C after brazing was investigated. In
both of the heat treated and non-treated Al-Mn-Cu alloys, Al-Cu intermetallic compounds were
observed at grain boundaries, while in the non-treated AI-Mn-Cu alloys, Al-Mn intermetallic
compounds also existed at the grain boundaries, being in contact with the Al-Cu compounds. The
observation indicates that the Al-Mn compounds promote precipitation of the Al-Cu compounds at
the grain boundaries. It also means development of Cu depleted zone along the grain boundaries.
However, the intergranular corrosion susceptibility was decreased when the heat-treatment time
become longer because Cu solid solubility in the grains decreased down to the same level of the Cu
depleted zone. With the Mn concentration, the decreasing rate is accelerated and the time needed
to show no suscepitibility is shortened.
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Who BIE, H—T7 a2 OBSTHZHE A ) AE TR
S, WHEEIZIZCFC-134a (CH.FCFs) 2 E 070~
PHEHIN TS, ToWEE, R, MEKREIL
PRELD &0 /NS WAL TR (COo) 1280 0 B % ] RelE
Bd bV, COGME VI8, BRMMEBEOENSB &
CIREAE DI 70 Y RFEOEE LD D& R b, &
FEALIZIE, il QBRI ST 24 (Cu),

A CISOC R ET 2V RS ICE S NS
&, BT ORENETCRERIRFUELET L ) 5720, K
FUBE RO BB fEH S5,

— 12 Al-Mn R G @ O K TR B 1R 1 R
B, BIEBGEMEB L OEENGICEoTIFmEL 2 &8
WEINTVWEYY, IRHLOMEICLDE, AlMn D
L <X Alg (MnFe) 25K S BSEMTIL§ 5 & 9 Bl 4
L, AR B ICEE~ > Y (Mn) RZHEDS
HELb, CORZEVERERL TRFIEEIPERT
bo SHIZHBEALMnREEIIOWT, A&KTD
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Mn, Cud & OAKIMEL (Fe) ORI G A %
MAIEYY ST 22 &£ LTwh, B X
% RS RO BRI oW TIE, Al-CuREE
IZBWTEICHRE S T3 Y, ZoOHETIE, ALCu
AIRLFUZ AT § B B X o T, FMFEEHICCu
BEORVCuRZEER SN L, 2L, Cudikil
HEEARFUICB W TRANL D b, AP CuDi@h
BEHRoTEDORBEOCur BN LEITFLIEI2L b, —
iz, EECulE, AIGE0lEEM Ty HIb3E5, L
7230 T, BULBIZ X o TR EN/T-CuRZEEZD
RIAIEERR & A 7 fLEEM2EIC L), ILAEMO X
DHZCuRZBPBRERT HE L TWwbH, 72721,
S THWTWAILEENMN &1k, BEMEEILTEEL S
B FRFEME ) —RERLIET—HLTELT, &
MO - DRI ER L D 2 FIRAEM 2 Ek T
LHFEELTHWONRTWS, 2D L9 7%, Al-Cuis
ST AL, Bl AMn R EEICET AL
BT 2EER N5,

DEDZ Enb, COMBEEAZLHIRIZ AI-MnRAEE %
BET DA, FAUE LR EOME P LHEE b, £
CCAWZETIX, B & LCCu, MnilgfEDs, F-BUL
B E LCTA ) RHMBit o 180T VLB, X 5 |28k
% OB AL ASRL T SR S T B & A
L, TO&9) %RICBT DRGSO 5B %
HEZE L 72

2. KBk

21 #HEM

B O~DDLFM B L O ELLE S0 % &1
12, CuBEXUMnIZHT 2 AR SRS, O, @,
@I Al-1.1 mass%Mn (LT mass % 4 1E) A4 IEEDZ
NZEN0.01,0.16, 043% & 7 5 L) I ZCu I L 7264,
@, ®, @ILAI04%Cuf 422 121005,
0.64, 1.07% & %2 A £ ) IZMn B RINL 7264, BX UG,
@, @IFWV§Fhd Al-1.11%Mn-0.16%Cu 4T, HE1L
WBRZAAS, ZhEi, %=L, 470C x3h, 600C X3 h
Thbo TNOILEMR, &RSE RhoOLE(LLEE,
MiEl, 520CHN#,, 3.5 mm ¥ CEAMEL, S 5ICEHE
IEZNERATC ] mm O E L, IRVT400C, 2 h DBEST,
59 FMBUATRS % 600C, 3 min DERFFE L U850T /
min COFIEE L TER L7z, 2oz, L7z
CO D fe i M HIRE Td 5 180T TD 0 ~ 720 h 7
DOENIR AN L THh S E08 - SHIICft L7z, 72720,
CZTOONRFREIA I MMEADE FTH 5o

2.2 TEMEZE

180°C ZUALER | 72 E3b 12D\ T, SRR B & Ok

RO O IREE %2 TEM (H A E 7%, JEM-
3100FEF, N300 kV) 12 & ) FAE L 72,

2.3 NRE R

1807C BVLER L 7= 34 2> 5 15 X 50 mm DR 2 81 )
ML, 3Bl ecm® 2 LT~ AF v 7 Lz, HiLE &
LT, 60T D 5%NaOH KIFHHIZ 30 siit, A A »5cif
KB, 25T D 30%HNO; KA 1260 siZiE, 14~
LR PGB A i L 720 S ORA AR CpH % 31
EE L 72 5%NaClKBE B CT7 / — FEREE10 A/m?
126 hfRFEL 720 BERE CpH % 312 L 72 5%NaCI/K %
I B U 2 ILABEME T O ERFERERE L, K
WLIZBITLEETIEHLIAMTHY, 10 A/M DT
J — REROHIM & > THAIZLEBM L) bEHVWE
RSN D, 512, TIVI Y A8 FEA
BT, 10 A/MBEDOT / — FERTEHINT 5 2 &
WKLo THETE L LHEEINTVEY, ZOBRICHER
SRR OB 2 LM E L, B AEEROFE

=1 HEM OIEFMER 6 & OB IR
Table 1 Chemical compositions and homogeneous
treatment conditions of specimens.

(mass %)

No. | Si | Fe | cu | mn | Al | Homogeneous
treatments
® 0.18 | 0.38 | 0.01 | 1.13 | Bal. 600°CX3 h
@ | 019 | 0.42 | 0.16 | 1.11 | Bal. 600°CX3 h
® [ 019 | 0.38 | 0.43 | 1.07 | Bal. 600°CX3 h
@ | 020 | 043 | 0.46 | 0.05 | Bal. 600°CX3 h
® 0.19 | 0.42 | 0.43 | 0.64 | Bal. 600°CX3 h
® | o019 | 042 | 0.16 | 1.11 | Bal. No
@) 0.19 | 0.42 | 0.16 | 1.11 | Bal. 470°CX3 h
1.2
LXO) °
@D °
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1 #HEMOCudH LU Mn DA E
Fig. 1 Composition map in terms of Cu and Mn
concentration of specimens.
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BIOBRARSOAEEZER L 720 TIOERERS L1
EEO—WIEHIZBIT 5300 10 mm OBIERHFIZ BT 518
BORFFAD HE T AN KAEITIEETH 5o

3. ERERBLUEE

3.1 Cumg®E

3.1.1 NABERESM

FK1HO, @B LU@DCuiEDZ I Z110.01%,
0.16% 3 & 170.43% D 4% Al-1.1%Mn-Cu 345120 h, 24 h %
7212720 h» 180C AL % it L 723 i2 DWW, 7/
— NIEAORE LB EE A R212R8 T, A )
MO F F O EREIL Cul I AKAE L, @ (0.01%Cu)

TIELETH S D jﬁ L, @B XU® (0.16% 2L I-Cu)
TIRRFIBEE R, BEOENE (0.43%Cu) D HHQ)
(0.16%Cu) £ AR SAEV, 24 WBULIE L 72356
DIFEIEEL, AHOMMBAO T F LA TH 7205 B
BRSIIAHIFMBDE F L) BV, 720 hZALEL L
A OBEREL O @ (0.16%LFCu) TIHILA
THY, @(0.43%Cu) TIIRHFBEE 2> T b,

O] @ ®
Al-1.13%Mn Al-1.11%Mn Al-1.07%Mn
-0.01%Cu -0.16%Cu -0.43%Cu

As brazed

180°Cx 24 h

180 CX 720 h

100 pm

2 A-1.1%Mn-CuB£ND7 / — KiBEEORIE Y F I8
MIEEE

Fig. 2 Optical micrographs of the cross section after anodic
dissolution for Al-1.1%Mn-Cu alloys.

Al-1.1%Mn-Cu &40, @B L UICHET 2 LADH
Bt e 7e &% 180C BULHELRFH L B RRE S L OBfRE L
T, IR OBEREZRSISRT., ~EOERE
(10 A/m> X 6 h = 36 X 10° C/m?) & it L727 / — NiEEIZ
BT, BRMEEN—ET, —EREOAIDERL
T2EGET B &, AR SIS B EOMEIN O KN E R
T b, BEAREB L OESESFE L ThIUL, B
R SDRCIT ERANB AL LIZC L, KRR
RS ARG ES 2 5. @ (0.01%Cu) T,
RS FBLHEEROEEYH T ) 2T TICVwT RO
BmWE, BAVEBIILETHL, —H, @BLUO®
(0.16% VL F.Cu) TlZ, AR & AT S LB
MOEELYZ T 5 2 (0.16%Cu) TlE24 h T TILR A
FCHMLBEIRER & & I AR SRS 25, 288 h T
R FE BASR S N2 3 B S 8B IA LTwn
o 20hTIRILEL ZDAES 1288 h I DA Lik
Vo 3 (0.43%Cu) TIX720 h T THARBEDHERED A 5

Bo BEFESIZ24 h SR BHFEL, 96 h L ETIZ24 hiZ
Hx100 ymBEEER L o T b, AL, @B LU0
(0.16% LA L Cu) OFLFURE LEZPE, 1807 ZAMLER IS [H]
LeBi—HEKL, 24h T2 AN ZTzH LD
28R U7z,

HAMMEE £ B L O180T, 720 hBLH L 720
(0.43%Cu) DAL O SEM %% R4 1275RT . A 94T
B F F Tl FEBT O <, BT REHR
DRLFDTFRD S D DIZx L, 720 h TIEA FHAMR S OME
W<, RFIZHE > TCEFEL TWb, M3I2BWT720 h

/
500
7/ PC  1GC

450 1 —O— —— (1 0.01%Cu
400 | —/\— —— @ 0.16%Cu
—O— —®— @ 0.43%Cu

W
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o

[ox]
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M3 A-1.1%Mn-CuddD7 / — KBBEOERRED
180 CHALIERFREZ L, PC: LR, IGC: HABER

Fig. 3 180°C holding time variation of corrosion depth after
anodic dissolution for Al-1.1%Mn-Cu alloys. Pitting
corrosion and intergranular corrosion is denoted as
PC and IGC, respectively.
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® Al-1.07%Mn - 0.43%Cu
As brazed 180°CX 720 h

5pum

4  Al-1.07%Mn-0.43%Cu&£ N7 / — RiAREOWE
SEM &

Fig. 4 SEM images of the cross section after anodic
dissolution for Al-1.07%Mn-0.43%Cu alloy.

TEEESHIERL R DHDIE, 7/ — FIsE R R olE);
MICHEIT L2720 #2515,

3.1.2 TEMEZE

BB O F F, BLU720 hod 180T BLEE I 7>
@ (0.43%Cu) OFLFAT ) O FIHE TEM % % B 512 7%
Fo Al-Mn% b L <13 Al-Mn-Fe RLEWIIKETH D,
Al-CuRfLEMIZINS L) LRVWEATH L, 51T
ME o F F ik, BIEH N TIE, Al-CuRIL& WX
Al-MnALEWICHERZE LTI L TB Y, Al-CuRiLs
Yy o BT 1L 7% 72 o 720 Al-Mn R LA Al-Cu R 1L
GOt RAEST S EHESINDL, —T7, 720 hEL
HIZX > TALMnRILEWITIZEAEHEL TR W
2, AL-CuRILAEMIEHE L TWwb, 72, Al-MnR1L
B GEIFIZ BT H AL-Cu R LA ASHARNT H L
T, 180T HULHZ X » CTAL-Cu R LAWHHIH L,
WELZEDVghb,

720 hBVLEL L 723 (0.43%Cu) D4 FAF I % STEM-
EDSHHTL, #HOMNASTEMGEB LU Cubk AlDT 1~
GATHEREZRG (a) BL (b) ICFNEIURT STEMTS
HOREGRDT A Y HRLETH Y, X6 (b) OFEIIZIX 6
(a) ERIE LTV 5D, R FUTH IO HE 1 SO D
WCHEBNCD B0 KD S T ICHEN AL % RN & &
2, TONBEDCuTHEDTFIEMHEEZ043% & L TRIEL
7ME% X6 (b) OMEENITIR L 720 Cull B ITAr Fn 5 o
50 nm fEFERE CIER 0.2 ~ 03% 1A L THB Y, CuRZ
JEHREMTE. T2, AIOBEIZIZIF—ETHDZ
EDG, G TVOIRSIE—ET, KR TOCui
FEOWANIH » TVEZ DWW LD DTIE v, fir
NECuRZREEDCuEEZIZ01 ~02%Th b, F
72, 3(0.43%Cu) D5 ) FINED F F T H R FE LA
BL72A, CuRZBIIHERR TE o7z D5 #
BEL D LR EA nm DUF O Cu K ZFE T bR FUE &
BB ) 2 E 26N 5,

® Al-1.07%Mn - 0.43%Cu

Al -Mn -Fe Al-Mn-Fe  Al-Cu

\}

As brazed

180°CX720 h

5  Al-1.07%Mn-0.43%Cu & & DR T HH D TEM 1%

Fig. 5 TEM images of precipitates on grain boundaries for
Al-1.07%Mn-0.43%Cu alloy.

Al Intensity/a.v.

Cuconcentration(mass %)

0 500 1000
Distance/nm

6 A 5fI%(2180°C, 720 hZh4LIE L 7= Al-1.07%Mn-
0.43%CuB2NHFANDCuRZED (a) STEMIE, (b)
EDS T 1 > HiiER

Fig.6 STEM image (a), and EDS line analysis (b)
for Cu-depleted zones on grain boundary for
Al-1.07%Mn-0.43%Cu alloy heat treated at 180°C for
720 h after brazing.

3.1.3 MABERZMHIA - HREKE

Al-MnREEIZB VT, 5 ) FIIEE O & HEEE D
40C /min YL ETHIUTAIMn b L < iZAly (MnFe) OFL
FATHNCER N 2R FUE BIIFEE L v & v ) S 8
HY, KHETIXS0C /mink I kEw, 72, @O
(0.01%Cu) TIFBLIR|Z & & FHRFE EITFE L T
Vo L7edSo T, ARIRCHEM L7225 ) B L OEh
(2% < 180T ZVILER Tld Mn 122 A L 72 0L B £33k
HF, @B LUG (0.16% LL ECu) 12584 L 74 FUi &
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ZCullBHT % LIRS D,

LA &9 7 Cull iR T R RS A O ST
L, 1ETHRANZALCUREED TN LAk EE 2
bivbe My 2L, MFUH-72CuRZIGERNE
DEE Cull A IIG CofLAEMAEIC L 5 CuRZED
Eﬁ'ﬁ%ﬁﬁ’if%éo SIS LZ2H210E, CulRhigiE s &

WCILEBMNENRELS DI L TBEFERSIZEL LD
ﬁf, COMEMIIHN2BLUOR3IPLEATEND, M6
(b) THBHANT2720 hELH | 72 (0.43%Cu) D CuKZ
J& LR E D01~ 02%D EECuRIEREE, 2TCAE
TORBECuEE L LEEREME OB 206, fLAEM
4 ~8mVITHET 5, ZOREDOEMAEDHG (b) 12
RL7ZIES0 nmDJE T, EiilL7-7 /— FEMHTIE
X4 (Z75% L 7= VATRIE | pm AL Ok RS AT L 726

ISR L7z & 912, AR S 12180 o BB K¢ ]
EEHIC—HMR LRI Lize 20X BEERE
K DSEALER S FRAEE %2 & ORI IR D & ) ICHEETX
%o BI6, Bs5A26, 180CHMLIRIL Al-CuRLEW 247
S5, EREMOBLIETIE, A RICELIIC Al-Cu
FACEWHHT L, AT - Tlde L7z Cu R Z@ DS
RSN D720, RAOELEMOMEMHR 20, T
HIRESHIERT 5, SOHICEBEMOBILECIZ, KRNI
BT ALCURILEY O HSHELT L, KNO Cuilg
BEACuRZfg L AfEEE TR T3 52 & T, RNIZD
EEHETT 2 72OIFEERS VWA TLH L) DT
Hho 29 LI L2 > TH2B X UH3IZRT
L9512, @ (043%Cu) TiE CulBED N2 01Z, 720 h
THRHNE CuRZRB L D CulltfE# I I/ s i b
FHRFUG G4 L 72, & O ICEIRER I o BULE |2
FYVRABEEZEPHET 2L TFHTE L, @
(0.16%Cu) TiE, 720 h® 180T BUILHL TR FLRE A2
HIHI L 720

3.2 MnDOg

3.21 HMHABERESZM

Z1H®, OB LU@DMnEEAZINZ110.05, 0.64
B L U1.07% D4 Al-Mn-0.4%Cu 4120 h, 24 h F 7213
720 h @ 180C BULH % jifi L 723 1I2DWC, 7/ — FiE
fEBZOBEDEFEMBEEE L BT7IIR T 59 o
FEOHA, @B L0G (0.64% LN Mn) O LRI
LETHY, @ (1.07%Mn) TIIRANOHEITIZA %
BIRE 2 R I A H SNz TAUSKH L, 24 hB LD
720 h D 180C HULHL TIL, MniFEIC X & FRNE &
DHEATIXII L A LR, HE LR ED3A 5 M Mn i
JEDHBILASNE o572 MniEEDKVWDE L UG
(0.64% LT Mn) Tid, 180C DEMLERZ X - THIME 72 ki
RIBENASNTe —T, Mn DG (1.07%Mn) T,
180C DBILHL DL BT A SN D> 72,

O] ® ®
Al-0.05%Mn Al-0.64%Mn Al-1.07%Mn
-0.46%Cu -0.43%Cu -0.43%Cu

As brazed

180°Cx 24 h

180°Cx 720 h

7 A-Mn-04%Cu&eD7T / — REEE%ORE Y FIE
MBEEE

Fig. 7 Optical micrographs of the cross section after anodic
dissolution for Al-Mn-0.4%Cu alloys.

Al-Mn-0.4%Cu&E@, OB LUGICHET S, Liho
B R 2 180 CHLHERF L W EES & @B@ﬁk L
T, ¥R OBAERELRBIIRT, BEEIE
@B L UG (0.64% L TFMn) O ) o  F @&Eﬁ
BRILET, oD TRABE AN, IE
HR STV T OGN TH 180T HULHERH & & 12
—HBELRY, Z2O0BELS RS, OHEL R HEMIZO
(0.05%Mn) (%168 h, ® (0.64%Mn) £48 h, (3 (1.07%Mn)
1324 hC, MnigfE & & B ITHREMMICY 7 P LTw5,
IS MO R 5 MHEMH THET 2 &, R
S, MnigEPERWE RS o TV DAY, TAUEAS
B DS M E DR IT ERE W72 T, KR OB
JEAEORE & AIFHE L Ty,

322 TEM#EZE

HIMFMBOF E, BELOA ) RHINEAIZ 180T B
L 72@ (0.05%Mn) ORLFAT P OIS TEM 15 % X9
IR o A ) fHNEFE F Tl R Lol i & iR T &
B 720 24 h TIRALFUZ Al-CuR LAY ASHAAT H L
TWwh, X512720 h TR AI-CuRLEM D HE L TWw
%o 5 THL N AL-MnREEW D £ 9 7% Al-CuRfl
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2 5% I 180°CEMIE L /- AI-Mn-Cu RS2 DR RERRZ 4

GO M Z S ZRFAHTIDFTE L 2 Wih, %
i L 725 9 AN A Tl Al-Cu 2 DL EWAHHTH L %2
W EDT D,

3.23 MABEBZMHRIA - HREE

Fefti L 72 A ) AMERO @ EI#EEE 50C /min TiE, Mn i
FRER 9 2 RS IR HEORBL 2wl 0dh 5 2 & i
FlZiB 720 AT LD (1.13%Mn-0.01%Cu) 121%, X2
BLOR3TRL M BILHIC X & 3R FUE
EHEBLZV, L2dIl, 10550 F FI128
W, MnigfEe & ISR R ERZEPER L7z, 2
OBEZ RO L HIZHEE L 720 AH)MMEETD L1
B OHHIO 70 v A THERKT 5 Al-Mn R ILE&W
13, MnigEE & &ML 720 322 THSIZOWT
WA EBY, 29 L7z AL-Mn R LAY AT AL-CuRILE
Yotz L7z, s, Mnids ) fm#oF ¢
bCuDEEFEAEIC L DA AR LT &R 37

1000 4//
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800 —O— —€— @ 0.05%Mn
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B8 Al-Mn-04%Cu&£nN7 /— NBBEDERRID
180°CEALIERFREZ ML, PC: LB, IGC: HABR

Fig. 8 180°C holding time variation of corrosion depth after
anodic dissolution for Al-Mn-0.4%Cu alloys.Pitting
corrosion and intergranular corrosion is denoted as
PC and IGC, respectively.

@ Al-0.05%Mn - 0.46%Cu

As brazed 180°CX24 h

180°Cx 720 h

B9  Al-0.05%Mn-0.46%Cu &£ DR HA D TEM &
Fig. 9 TEM images of precipitates on grain boundaries for
Al-0.05%Mn-0.46%Cu alloy.

DOMEH L BERE R EE XD, —T, HTD180
THILHEA TlX, MnifEIZ & S FTRABAEKZEE D
Do INBHSTHLNAL, 180T ZMLE TIX Al-Cu
RACEWHBHEMTOHM - WEL) 205 TH S,

M7BLUOHSIZAS LA, Al-1.1%Mn-Cu & 4@,
OB L URDE AR S BB HKAEE b2,
72, B8 TIIE AR S 2% bR < 7 5 180°C B LI IRE i
25, Mnight e & I ZHIERMIC S 7 b L7z, 180T AL
LR KA O B 12 3.1 3 H Tk <720, @B L UG
WKHT2b0LRABTH L, EEMU~DY 7 M,
MnigfE e & B2 ALMn RILEW I L, Al-CuRfLE
WONTHDMEE S N7 L HEE SN S,

3.3 HEREORE

3.31 NFRBEBRZM

FI1HE®, OBLUT@D% L, 4710C x3hB L O
600C x 3 h DI EALALIR % 22 L 72 Al-1.11%Mn-
0.16%Cu&4:120 h, 24 h F 7213720 h ® 180T BALI! % fiti
L7723 ICDWTC, 7/ — FERE ORI SRS
HzR1012R 7. A)fMEAD T £, 24 h TIEHEAL
IPRGAFIC & B TR EDEAE L T b, 720 h T,

Homogeneous treatments

@ @
470°Cx3h 600°Cx 3 h

180°Cx 24 h As brazed

180 CX 720 h

100 pm

10 Al-1.11%Mn-0.16%Cu &£ D7 / — NBEEHOKE
NKFEHESE

Fig.10 Optical micrographs of the cross section after anodic
dissolution for Al-1.11%Mn-0.16%Cu alloy.
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15 D Al-1.11%Mn-0.16%Cu & 4 12 B % sl £
Fx 180 CHLHRH L BERERS LOMBRELT, F/2
FRAA OB ERELRIIIR T, BEES PR IES
% % 180C BALILIRE R 1L, ¥ ELIEEMIZ L 5324 h
Thotzo 24 WDIEDOFARFE S L, HEICLBESEMIC &
HENKELRY, @ (600C X3 h) OEESDHRD
%<, 20hTEOBFERREBIIILEL 2oz,

3.3.2 TEMEHZE

35O EACLEE % fiti L 72 Al-1.11%Mn-0.16%Cu &
©6, OBLVQDS ) IO E BT HHANOH
B TEM % 2 R121277 30 Al-MnRALEY O 557 12,
® (L) ORESTROBMTH Y, @ (470C X3 h)
TIEKEZEIMMTH 225, wmdEDL <, @ (600C

500 [/
450 [ Homogeneous
treatment

400 [ PC IGC
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B11  A-1.11%Mn-0.16%Cu&£ND7 / — NBAREDER
RS D180 CEALIERFEZEML, PC: LB, IGC : KFR
B

Fig.11 180°C holding time variation of corrosion depth
after anodic dissolution for Al-1.11%Mn-0.16%Cu
alloy. Pitting corrosion and intergranular corrosion is
denoted as PC and IGC, respectively.

Homogeneous treatments

@600°C%x3h

® No @ 470°CX 3 h

12 Al-1.11%Mn-0.16%Cu &£ DR HH D TEM K

Fig.12 TEM images of precipitates within a grain for as
brazed Al-1.11%Mn-0.16%Cu alloy.
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I E D 1.1%Mn TiE, CuilfF0.16% Ll LT
RS BT LTz

(2) KRB EDER & 7% 2RO Al-Cu LAY O
R, A MmEE co 7ot ATk Al-Mn %
LEWICHREL TR %,

(3) A ) fFMEED 180CHMIIZ L Y, FFOEE
JEEAEI T — BT 0%, e ERI DL Lo Bk
AL L) AT 5,

(4) 180C#MH TIL, KT D Al-CuRILEW D HE
L, BHCTHHHL, CuRZREOHRFIZH-> T
B EIND . BEFHELHE CIZRAIZ D Al-CuRib
G L, FANOREECuEEDS T35, Z
s (3) OB KA EO B TH %

(5) Al-Mn R LA AL-Cu R LEW O H % {5 3
%o MR EEZEE B LT (T
BN & 2 5,

(6) Al-MnAfLEWIE, KEWVWHHAL-CuRILEW O
W RS 5 S TOEELLEIE, Al-Mn
FLEME RESESESLZ LT, WARERK
SHERFHLR TS5,

(7) MniinB & O s iR B AL ALER SR S A sz 1
EHRILLT T2, R 180T B ALEE |2 X
BIESZHEHERLER YR T LT 5,

B, Rmxid (—fh) BEBFEASETORERE, 62
012) IZEFEN- b0 EEHR L TV E T,
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Effects of Acetic Acid on Pitting Corrosion Acceleration
in Corrosion Tests of Aluminum Alloys

X&E RIT R85 #F—

Yoshiyuki Oya Yoichi Kojima

BE RERREARCHEIZTINIZILOBREHICRITEHROZEBZER(EFNAES LU
BRFZEARBRICLVARL 2z, LRBUDLBHE L AI-1 masshMnEE£DIRIE, BFHREDE
ERISEELEHY — RRISE L TERTL, ZTORRERERERAMEBICEKEFLEV. —7A, ILRE
DBELEA-ZNEEDHIRIE, KRAF > DETRICEELAY - KRICE L TETL, ZOERRE
ERERAMEE EBHICERT S, BRPTIVIZVLEEDARE(EET 23 EMIE, pHOET L
N HEREBETERONS VBB KREAF DX v UV ELTECZ EICL B,

Abstract : Effects of CH;COOH on the corrosion behavior for aluminum alloys during accelerated
corrosion tests were investigated. Based upon polarization curves, the dominant cathodic reaction
for pitting corrosion of Al-Zn alloys was reduction of hydrogen ion because their pitting potentials
were less noble, while that of Al-1 mass%Mn alloy, whose pitting potentials were relatively noble,
was reduction of dissolved O,. While the corrosion rate for the Al-Zn alloys were also increased with
the concentration of CH3;COOH, that for Al-1 mass%Mn alloy were independent of the concentration
of CH3COOH. It is indicated that corrosion rate for Al-Zn alloys is related to the concentration of
CHs;COOH added in the solutions. The relation between the corrosion rate and concentration of
CH;COOH were confirmed from immersion tests. The reason for increase in the corrosion rate for
the Al-Zn alloys is due to that CH;COOH acts as a hydrogen ion carrier rather than agent of lowering
pH. The concentration of CH3;COOH is should be standardized but not the pH to increase the
reproducibility of the corrosion tests.

1. EUBHIC

ThI=T 4 (A) AEBLOZOEGOFEMHREE
(2B BT Ay 3HE 4 OIRAEIS AERER D OFEE A S
WEINLLEDN SV TIVI =T AEEOMm AT,
FMENZAERT 5 TR REE T B OBRLR I (RN ERE 2 E)
WKLo TRANTBY, ZLOFEMHARBECHBEL 25
B REILREY \X, ANERERZIEAELM A + >~ (C) 12X -
TREBIICHHE SN TRET HILELR EORTBELTDH
Lo EBEABOIZEALE, ZTHLflET ST
FRHETRE EEDLHDTH D, G ERERD
REE D% I, PR LR E D, T AUSHENE & 5%

L 72 BRMERAL KR TH D, BRIEEEER I BV THL
I LD IRES NS, BRI ERBR O RN 2 Btk
& L Tix, SWAAT (Sea Water Acidified Test, ASTM G85-
A3), CASS (Copper Accelerated Acetic Acid Salt Spray,
JIS H 8681), # X UNAASST (Acetic Acid Salt Spray Test,
ASTM G85-A1) 73 5o SWAAT Tid, ANT#K (ASTM
D1141) \ZKEEREZ 10 mL - LRI L, pH=28~3.0&
L7k & vy, % (322K, 1.8ks) B £ UNEH (322
K, 98%RHLL I, 54ks) A7) LT#EDET,
CASS T &, 5%NaCl-100 ppmCu® 7K ¥& i 12 K WE B %
I mL - LYRIL, pH=3 & L 72K % 323 K Tl
#3bo T/, AASSTTIE, 5%NaClKE I KEERE %
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WL, pH=3.1 ~ 3.3 & L 7-/KA# % 308 K T iM%
T 5

— IS, MRMEIREL T AAMEE S N LB & LTI,
EAREN -pH P (FEL-pHX) Y 12BWT, TILI=
T AA A Y (AP) OREFEBREBILT VI =7 A
(ALO; * 3H,0, hydrargillite) D Z 41 & OEF O pH 3
3.90% (an® =10, 298 K) TH 5720, NEREREAA
TR D ZENBITOND T ENE Ve L LaH
5, ZO X9 LREBIIFITE TR S OB & BRI
ARABICB 2MEERICFOF FHAT L2 L1, R
BREAL K L CTOCI BB RDIE - Rk & v ) I
WHROFGZ ZH 2O & LR EHBROH
MOEREFIET 5o CLOEEXZBOMNZE LT
WEM-pHHOE® T 2 b 0ld, 29 L7ziMHEEIC
BUAY—IBEOWEEEICE &b, £ TARIFET
X, T =T A GO ARERZ B 5 FEk
WNExY —EICT 52 LORLEZHBFICEAL L,

2. RBIE

2.1 BEXREFRBE

PR IIE, LR A RIS T TV I =7 0648
AWz TNSHIIEE, SRS 873K, 10.8 ksdD
WAL, THHEI, 793 KNk, 3.5 mm T CEAM T LE,
EHICEMELEE NERIT 0.5 mm OB & L, RABESL &
LT673 K, 72 ks ®ATWMER L 72, BAALFAGHENE
FeLT, o100 x 10mm® o200 iL, #
DR — P ZEEEEZERCTEEL, d)RH%E
HEmE e L CHEHNSED L) ICHIRES L7, HEm
1%, SICART # 1500 F TN L, miiLil & L C333K -
5%NaOH H1 30 s{ZiE, WA 4+ v kkd, =il - 30%HNO;
W60 siRiE, WA A+ 2 KBS Z RAT - 72, ELHI2
W L 7ze s lifE, A % 1.8 ks BRI P IC H
PRZE L7212, HIREN (Bcor) £ 1 0.33 mV/s DHEFET
WHILCRE L7ze RERE, 7/ — Rl s ey
ENLA, 71V — Fopts il e ke RS Th %,
7272 LEANART [, R~ ORMER Z ARIZITH T
BHEEIELTHB Y, WEXVOSHE % & FEH IR
o720 WENLE1$298, 308, 323B L U353 KTH Ao

£ B OEFHER

Table 1 Chemical compositions of specimens.

(mass %)

Si Fe Cu Mn Zn
Al-1Mn 0.2 0.6 0.1 1.1 0.0
Al-0Zn 0.2 0.6 0.1 0.0 0.0
Al-1Zn 0.2 0.6 0.1 0.0 1.0
Al-2Zn 0.2 0.6 0.1 0.0 2.0

71V — NopmlaiE, Ha (P BEE V756 b Rk
Wl L7z

2.2 BRARBETE
BRI & LT, 218 & F RS2 5 10 x
10 mm? OFRF A YY) L7z, ImTdE, SiCHTH# 1500
TR L, AL IHI5E & W Ui 4 17 > 72 1%,
BRI B L7z BBRIE, 5% T b 4 (NaCl) 7k
B, 5%NaCIRIEWICHERR £ 7213358k (HC) 2L
TpH=3.0IZFF I L 72V, 5%NaClKE W IZ0.1 ~ 10
mL - L' WEBR 2 S I0 L 729 i, 5%NaCluK ¥ i 12 100
mL - L' FERR 2 R0 LFERE - &) 7 A CpH=3.0 234 L
72U, 5%NaCl K2 300 mL - L FEEE 2 730 L KiEg
fbF MY 7 A TpH=3.0IZF% L 72l & vy, KA fl
I, #IE & L 7c. BRIRAEILX, 298, 308, 3238 L ¥
353K CTH D, HIMIL1209.6ks & L7z ikBaRAOREHL,
i - 30%HNO; H17.2 ksiR{E, KEAKEE, HBIE - 7%
) V2% 7 B LB 0.6 ks{RIE, KB AKTEG % H
KATVIB RS & e L7zt HEXZWEL, Kk
Thrd Z & TRIEZROHEMHE S 72 ) OB mE % H il
L7726

3. RRERBLVEE

3.1 EFERRMENZE

5%NaCl KA, 5%NaClKE T IZEERE F 7213 HCl % 7%
L CpH=3.0ZFRE L /- KW O Pt 4 v — Rt
MAERE (a) 12, FAFICHERTR L2 diBank L
T (b) (2R ¥ o WERRIRINE W H Tld Ecorn 2 5 150
mV F TOELHES (dissolved oxygen, DO) &I 2
BT 55 —7 2 )VIEMAER, 150 mVA 5 -350 mV £ T
DO DOYLELEAL, -350 mV A5 -550 mV £ TOKFEA +
> (H) ©KFE (Hy) ~OBRITTGICIBITS 5 —7 = )Vl
HRABAER, -550 mV A5 -850 mV F TO H+ILELEAL, -850
mV T TOK (H,0) DH,NORTILIGENEE T 5 &
EZONDBISASLND Y, HCHRMER T b FEED
KIS & WNEE T 5B AHNEDS, H L E T
EEZONDEMIINLA - m2 T, FEREINEROR 6
A-m?EDFEL DS, BRERMERTIE I ICH
L9 B EITIFBLE S Nz,

Bl &R CEBERFPICBIT 2 A-IMnEEDS Y — F
SR A B 218" T, BELEORENIILD, H #EITK
IBENEE T HEMITIPLE D D A-IMnAEED S EE
I CTA SN L, Pt RIS, BEERRIIAET T OH &
TCERMEEN RO K E V. HCURIMO A EIZ X % Bt
ORI, PtL D HALIMnEEIIBVWTRE Y, I
X, MBI BITAT VIS ASERTDOH V- F
BB, Ptogkiidf I &EMET 2 <, DODEILHIG
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Fig.1 Cathodic polarization curves for Pt obtained in (a)
5%NaCl, 5%NaCl -0.1 mL - L™" HCI and 5%NaCl
-1 mL - L' CH;COOH solutions at 298 K. (b) The
magnified figure for the dotted frame of (a).
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Fig.2 Cathodic polarization curves for Al-1Mn alloy obtained
in 5%NaCl, 5%NaCl - 0.1 mL - L' HCl and 5%NaC""
mL - L' CHsCOOH solutions at 298 K.

DOERFEEIIDOILLIHDOF02 A - m? L ) /NSl
2 EE606ThH5H,

[ CpH, BIHI[E U H = ORRERS L OHCIAE R
TS D856, MEEER (Ka) O X DN VERTH
HEERROTMEZ, ZTTNTHHET 2 HCIOZN LY
M) %\, 298K, A A VIBEE 1 OBEWIZE VT, pH3.0
& 7% B HCl (pKa = -6°) B X UHERE (pKa = 4.76% ) #E1E1%,
ZNEN, 000l MB L0059 MEFTEINL, 1Y
— FEETHE SN H IE, HCURIER TIZMas 5
OH OHLHIC K YR s b, —T7, BERRRINGEW T
(&, WEEEOILEL - fREEIC X A EERDTE ST BT,
DFD, H L) bIEEERE 298K, 14 VIRE1D
B TIEs8KE) THAET AHERRAH OF v )Y & LT
BNCTHB Y, A BERRINE T B IR HC R E i 2
KEVHHTH S,

Al-1Mn & 4D 5%NaCl 7K FERR 2 380 L 727K i
W7 — R e R3IRT . %7/ — Rl
BT, JLAEDFE - BEICHYST 2 2R EiRD L
AVBE N, ZOBEBMEILEEN Enr) & L7z HEE
WINEIZL 5, Eerldf-660 mV T—ETH > 72, [k
B A+ IZILED A v ey — L LTI L OHEY b
5N, SRIOFEEEA 4 > OUIEERH T3 % O RE T/
B, F7o, BEERRINC X 2 pHELOEEL S wE
Ex50

HALZn B EO S BHR A R4I12R T 7/ — Kot
ALY, EprldZniBE s & DIZHILL T D, 2hH
BBEDEcorp \FHEpr TBEIZH Y, Ecorg \XBITH 7V —
FRIGE 71— RO & 0 Gia s 5 2 & THRBIE
BT LBEZHEITL IV — NS EHESETE 5,

AL-0Zn B & D Ecore=-715 mVIZ BT 5 71 vV — F S
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x

©

3 i
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3 AFIMn
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A-IMN&€D 7 / — K HBEE

Fig.3 Anodic polarization curves for Al-1Mn alloy obtained
in 5%NaCl - CH;COOH solutions at 298 K.
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Fig.4 Polarization curves for Al-Zn alloys obtained in
5%NaCl - 1 mL + L' CH;COOH solutions at 298 K.

X, DORICIILTH V), Z O HEEIL DO LB AL B it
WS LT b, —RICAIAEE T, FHEEEICBY
LHDORICENE LT HH Y — FIRAERIZ, DOLEL
FTRERLY SR DNSCHZENDY, TIVA) B

ECIE, CORAERITDOILILEERTICIT D&,
BRI CH SN LR THDL EEZDND,

Al-1Zn & 4 D Ecore=-780 mV, Al-2Zn4& 4 D Ecorr=
860 mVIZBIT 2 EL N Y — FRIBIZWT NS H EICK
IS THY, ZOREIIDORITET L H IR ITEROAE
Elebo INVERE L & L IZEcore WHALT 5 2 L 121
T, BEBEICKIZTH RBICGOFESIE L) KEL
%5

% Al-Zn 54 O BARIZERAER 1209.6 ks 1B % B =i,
BEINEERGEELE LT, BIORLF— % 2 FE#R
MEKEE S LTRS5 () BLO (b) ICZNEIURT,
B WERR A INA R T Zn i B IR U C R E M E TR L
72 (a)e T, MATHLNZZLHIZ, ZnifEL & D
ZEor B & CEcore LT 5 Z L 128k > TH EITRUG
WAL 2V — FERAEARL, &1V — FEEAFEM
ENT7OTH Do ZniEIMRCE A, HElw I XFE
MRREORE X §—ET, IngEPE 25 L,
B R AR S & B IC AL (b)o BB, Zn
MDA DS, BRI AR RO H 8 & BB IR IG L
720 COMMBEANHFHAE DT ENTE D, Al-0Zn
EETE, Emd'Em <, DOWERBETSH ), DOHETT
PO BE 2SHERR RN & D 5578 % 2T e T2 0 B R 1
MR INE O E LT —E L b, —H, Znikhl
BETIE, M, HHBEBBEETHY), H ETK
SR AWERR AN & & b IZBERT B 7200 B B i
BRRinE e &b Ick Lz E2 N5, 72720, T
IZULARGEDN Y — FABHERTRlE S NS DIZHE
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Fig.5 (a) Mass loss dependence on Zn concentration and
(b) CH;COOH concentration after immersion test at
298 K for 1209.6 ks for Al-Zn alloys.

K bonry—FRIBTHY, JLEOH#RELE &b IZEL
WETHRI Y ) DHIEEVIZOWTIE, ARTIIERE
LTWwivy,

3.2 HEROFZEDREKEFM

B EEZ BT 2 BERR AN W A1-0Zn & 42 0 535
MER6IRT . 7/ — Nl L 0, \E R & &
HIZ, REEARERTEEIIMAL, EaldbThIcR
fLLTwa, BV — Nl L ), HE R L &b
Ecorg 75 -1100 mV 1L F TOH O H, D #EICIZH 24
T5EEZLNLKIEE L TU-1250 mV LT TOH0D
HAOBEHERITCICHYT 5 L E 2 515 SO BEE
N b/AE <2, 21100 mV A5 -1250 mV{§31£ T
BIZSNDIH QWL OBERBEED KE L &b Hil
ML7-EBY, ALOZnBEE&DOEHGIIBIT S PV — FRIS
X3 IZDOLHL BN L T3 25, Eik T,
RO Epr BAL L WEEHRA EIZL D, DOEITEIIC
H BICERAMD Y, WE LA &L IZZ0F 513K
EL %o
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Fig.6 Polarization curves for Al-0Zn alloy obtained in
5%NaCl - 1 mL + L'' CH;COOH solutions
at 298-353 K.

FAR S BT B BEERAN AR E AR ERBRIC BT 5
Al0Zn B0 EEHE 2 R7I27R7, 298 KTl, H=
R IFERR RN % D 72w, BEAEWIE Y
ORI RELS R D, ZOEBIE, MeTREIN
EBY, EmrHET, 298 KTIEDOHERFTAETH %
Al0Zn 5@ ThH, HEEBEHICB W TIIHHENR &
2% ), HRITEROKE S IIFERRNINE % )9 %
PO THb, BFFRIZL DTV = A5E&0fLEMRE
IZ, BIRTIIKENS Z EDK6IZB W TH EILKIG
DHEGENRKEL DL, BLUOKTIZB W THERR
MERGEESIKEL RD I ERLEMNTENL,

3.3 REBRHABRROERAIMNE

pHSW I E 3ICFEE S, FERRRINE DR 5 K15
WHICBIF APt H Y — P2 R8I /Rd . pH
BE T T 5720, HEILIEAH-300 mV £ 1572 & HE
P CRR Z %78, LR O R E S HER NN & &
BITHAL TS, TUHBERFICBIFAZETVI=ZY
LAEEOEEWE YRR, HEmiE, FERAm
wmEEDICHBICHERL, ZOKRGFEIIESD ZnigE
EEBHIIREL R SoTVD, BEHRICE AT VI =T LA
SOFLEMRMEE, pHOK T ERTIEZR W & AHERR
ANz BEMEINATRICZ BT 2 EMEIR, pHE D b
FERRININE IZ K& CHRFE L T B,

CASS RERH O FH#:)713:12ov T, JIS H 8502 7.3.2 3
BREOTEENAT ¢) 19RO L) IS T b, [HEE
(&, JIS K 8355 1ZHLE T 2 FEf I RSE DL B o> b o % Hif
HOBEAIL A2 1 mLiimL, < »<dA LT
SpHZMET %o 25C TpHAH 3.1 UL ETH IIZHICHE
Beaz, £ LIFALT2OpHEBEMNET %,
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Fig.7 Mass loss dependence on CH;COOH concentration
after immersion test at 298-353 K for 1209.6 ks for

Al-0Zn alloy.
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Fig.8 Cathordic polarization curves for Pt obtained in

5%NaCl solutions whose pH value was adjusted to 3
at 298 K.
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Fig.9 Mass loss dependence on CH;COOH concentration
in immersion test in 5%NacCl solutions whose pH
value was adjusted to 3 at 298 K for 1209.6 ks for
Al-Zn alloys.
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9 &, CASSHERBOWERRANINE X, WAREEIIRL S
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Effects of Magnesium Addition on Threshold Stress of Al-Mn Alloys

Makoto Ando

wA &M R B

Yoshikazu Suzuki Goroh Itoh

BE A-MnREEDLEVEHICRKIZTMgRMDTZE € 1857 L /-0 AB003HBHEER E, NI
0.2mass% DMg 2 AxMUL7=E& & %, 160C, 200CH LU 240CIC TEBEIRABRS LV -7
AERICHTEEICEY, LEVWICHDOKREZ S ZFHA L /2o 160°C £200CICHB VT, MgRNE
2RERINMDELLNVKZLELEVWICAERLEY, 240CICHEVWTREAEL TIEIEIREETH -
Feo Fz, MEREDBICIDLIWVWICHDER, SPEHNFOREISKDAFOTLALN HK
EPole INEDFERIE, BEEMNALEVILAZEBEBRSIETVWEIZEETKRTIONDTHS, &
7o, BBEMQIRZDE D LEBMNDMREERSIEZIHDTHBZ EHESI NS Y, SUERICHW
TRZDOBRIEDNBZEEZS5N DB,

Abstract : The effects of Mg addition on the threshold stress of Al-Mn alloys were investigated.
A3003 aluminum alloy and 0.2 mass% of Mg-added alloy were subjected to high-temperature tensile
testing and creep testing at temperatures of 160, 200 and 240°C , and the threshold stress at each of
these temperatures was evaluated. The Mg-added alloy showed higher threshold stress than the
A3003 aluminum alloy at 160 and 200°C . This effect of Mg addition diminishes with temperature,
however, and the threshold stress was approximately the same in both alloys at 240°C . Further, the
threshold stress, which was normalized by elastic modulus at each temperature was higher than the
Orowan stress that was calculated from the dispersion density. These results indicate that the solid
solution of Mn enhances the threshold stress of the A3003 aluminum alloy, because the diffusion
velocity of Mn is sufficiently small to limit the mobility of the dislocations. The solid solution of Mg
may enhance such an effect of Mn; however, at higher temperatures, Mg does not have any effect.
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Table 1 Chemical composition in mass% of the alloy
specimens used in this study.

Si Fe Mn Mg Cu Al
3003 0.25 | 0.60 1.1 Tr. 0.15 | Bal.
3003+Mg 0.25 | 0.60 1.1 0.19 | 0.14 | Bal.
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Fig. 1 Stress—strain curves of 3003 and 3003+Mg alloys,
tested at 200°C at an initial strain rate of 3.3 X 10%/s
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Fig. 2 Creep curves of the 3003 and 3003+Mg alloys,
tested at 200°C under a stress of 55 MPa.
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Fig. 3 Creep curves -(a) and the change in strain rate with
time-(b) of the 3003 and 3003+Mg alloys, tested at
200°C under a stress of 55 MPa, corresponding to
Fig. 2.
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Fig. 4 Zener-Hollomon parameter, Z, obtained through
tensile and creep testing at 160°C , 200°C and 240°C ,
as a function of applied stress 0 normalized by
elastic modulus £ at each temperature.
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Fig. 5 Minimum creep rate vs. log( o /E) plots obtained through creep testing at 160°C , 200°C and 240°C.
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Fig. 6 Transmission electron micrographs of the 3003 alloy -(a), (b), and 3003+Mg alloy -(c), (d). (a) and (b)
show specimens crept at 45 MPa at 200°C for 2 h and 70 h, respectively; (c) and (d) show specimens
crept at 55 MPa at 200°C for 2 h and 70 h, respectively.
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Fig. 7 Bright field image, BF, and STEM-EDS mappings for
five elements (Si, Fe, Cu, Mn and Mg) of 3003 alloy-
(@) and 3003+Mg alloy-(b) before creep testing.
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Fig. 9 Threshold stress, o, normalized by the elastic
modulus £ at each temperature, as a function of
temperature.
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Fig.10 Transmission electron micrographs of the 3003 alloy -(a) and 3003+Mg alloy -(b) before creep testing.

The thickness of the observed specimen is 0.13 um.
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Fig. 11 Amount of solid solution elements, c, in 3003 and
3003+ Mg alloys before creep testing, assayed by
the phenol dissolution method.
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Table 3 Diffusion coefficient in cm?/s of the three elements
contained in the alloys at the testing temperatures.

27°C 160 C 200 °C 240 °C

Mg 5.8%x10% | 3.28X10" | 1.23x10™ | 5.33x10™

Cu 1.19X10% | 1.17X10% | 7.39X107 | 2.12x10™

Mn | 2.02X10% | 9.57x10% | 541X10% | 9.10X10%°
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The Aluminum Noise Absorption Panel for Shinkansen
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Fig. 1 Noise absorption panels applied to E5-series.
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Aluminum Alloy For Molds “ALQUEEN 300”
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Table 2 Characteristics of typical aluminum alloys.
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Table 3 Characteristics of “ALQUEEN 300" and steel.
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Fig. 1 Effects on mechanical strength by heating temperature.
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Table 5 Relation between welding current and gas flow.
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Fig. 1 Schematic illustration of capillary cells. (a) meniscus
type, (b) gasket type.
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Fig. 2 Polarization curve of AA7010-T76 containing
n-MgZn, phase in 0.1 M NaCl solution using a gasket
type capillary cell (diameter = 40 pm). (b) Partial
enlargement of Fig. 2(a).
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Fig. 3 Corrosion potential profile at cross-section of
AA4045/AA3003/AA7072 clad aluminum alloy after
brazing heating in 0.526 M NaCl solution (pH3) using
a meniscus type capillary cell (diameter : 200 um)
with the flowing electrolyte.
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Fig. 4 Corrosion potential distribution of friction welded
6000 series aluminum alloy/unalloyed steel in acetate
buffer solution (pH5.9) using a gasket type capillary
cell (diameter : 100 um).
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Polarization curves of chemical compounds (MgZn,, Mg.Si, AlsFe, Al,Cu, AlLCuMg,

and AA7075 matrix) represented by AA7075 and AA7075 matrix in 0.1 M NaCl solution
using a gasket type capillary cell (diameter = 20-60 um).

60 Furukawa-Sky Review No.9 2013



TIIZVLDERDBWEHEL ZTD8

LRERT S,

N. Birbilis 512 &> CF DL NF Y ET ) L%
W CHllE L 72 51L& 1 o B AL F#1E 2 R6 1R
T, BYBRELICHE LA, BREMORBLIUOELE V)
BHOAENPLTE, 7/ - FBLOH Vv — FEREED
KA HWTEY, BXULFWERLE LTATFICBD
LI EWSMD, EHI, TNHDOHEIZH S EEMIZBIT
LELSACEREEZ L TWADATH D, AlCu,Mg D
LD & & B ICESALFR DAL T 5 2 L I3 EE
ENTVARWZ LICERESIN v, HM6IIR L2EBRAL
FRMWIE, TV =T ARETICHEET 2 EROLEY
D—THY, FrEFTYELOEFIZIA»S EED
Nbo

4. SECM

41 SECMDEIE

SECM O ¥ ERHK 2R 7 IR T o /70— 78
AR, Pl L IR AEBOIEMAH A KT
Yazxyy MIERENTWS, M/h7o— 7 EmIZE
10 umBEED Pt 72 EONEWEME T T AZHAL
kA B ST 4 A2 EMTH S, N7 T —
7 AR & BURH AR O AR E AL E I AT A T
&, HEEBSHRKZEIREC LA OBMICEF SN
WA THLBIRTE L, ERMERSNMNTa—T
AR BB BRI & O MEEEZ Bt pm R EE O — 8 |2 PR
Lo EAIN, HEEROESCTEUSIZHE ) Ak
We7 7o 7—@&ie LTHRIET 5, 29 L CHEER
KO PUSTHEME A 2 WETE %o

TV =Y AG4AFREOSECM B I 2 By 12
K8IZ/RT o ZHOKTIE, AL-SiE &AL EMDT10 mM
K4 [Fe (CN)g] Z RN L 72 0.5%NaClKE T FI2 BV TH
PRIZEIRECTHEAEL T\wb, B, BMHEE CAl—
APH3e D7 / — FRUE, Sil TO+2H,0+4e —40H B
L UFSHe—=Fe* DNV — BRI o Tn5b, 0.8V
WCRRFES N7 o — T EmAEE S N, HREmRE
MO Fe*+e—=>Fe? DAY — FRILBHHEZ > TWAESiNH
BB E LA L, WM/ANTO— TEMET
Fe¥ »Fe’+e D7/ — FRILENE LT L7 7 77—
WA SN D, TOE XK, [Fe(CN)6] 1%, BUBFEM &
Wh7a—7EMEOBREMFLLLTEY, ZH L7
BE 2 ) BRREAOTMANL A T4 = — % LTI
o RABIIZHILEATA =% %libT, Sito
2HR2e—=H,D /1 YV — FRISOH % H#H M E L Tw»
%3, TN o SECM ORI MR 10 & B 272
&7z,

4.2 BIZER]

HEGE LT, N7 0—7% 1RITIIER L TR
ez 7e - 7EGYEICR T MM
Al-Ilmass%Mn&42Cu% 0, 0.5, F 7213 1.0mass% il
L 72 &M O R TEIZ Al-7.5mass%Si & &% 7 7 v F L7z
TL—=V 7y — 2RV, 2O — DA HIEE
I LEEREDLETHIMFTIMEA L2 DTHL, &b
|5 ) AT % Hel & L 72T % 4.1 78 & 6 U EfF
WIS L, U7 a—7% 2 9 fF B E 4 I E
FL7e Culilim e & d o7 —7ERITBAT 508
ZOREEEIT M LD &2 )HBICBWTHEIZ > Tw
%o ALMNDCuiRINAS, 5 ) O EEE DK %

0.50 10*
O BEEN
7 /- FEhBE
V) RERRTR
w 0.00 =jj ji\ﬁlﬁ&fg ....................................................................................... ..103
& =
(/). o
: <
2 050 —f 1| —10% ~
a il
i@ -1.00 H 10" &
180 a'u‘:e;;gagegaa.égmggpaegga_mo
o & N 2 @2 o O @ 2 = 223X 2SS s 30
$2z2glgrgd8ssa g "535%<¢8
= S 5=< 2z = T < ©
= < < <
é ~
M6 HXTy Xy ESY L (EFE20~ 60 um) (C& W BIE L7 0.1 M NaClkisH#
FICH T2 ERIEEMOETIEF S (RRENM S L U AAT075-T61 DEREMICH
IS BREE)
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Fig. 1 Schematic illustration for the stages of the KO
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Fig. 2 FE-SEM image for the KO treated aluminum alloy
surface.
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Fig. 4 Peel strength for various surface pre-treated
aluminum alloy.
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Table 1 Chemical composition of surface films for KO
treatment and sulfuric acid anodizing.
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Fig. 6 Relation between the holding period in the air and
the tape peel strength.
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Fig. 4 Heat exchanger for room air conditioners and
constructed foil.
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Fig. 1 Lattice-type heat sink for general purpose inverters.

Furukawa-Sky Review No.9 2013 71



s (E$5) 1M THRAT

M2 &EEREREKSE—-r2T
Fig. 2 Water-cooled heat sink for power unit.
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Aluminum Noise Absorption Panel for Shinkansen Received
The Development Award of Japan Aluminium Association Prize
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Fig. 1 Application of the noise absorption panel.
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Fig. 2 Appearance of the noise absorption panel.
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Fig. 3 Application of the noise absorption panel and a
schematic of noise absorption effect. (East Japan
Railway Company is patent pending.)
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Launched Renewed Thick Aluminum Alloy Plate, "FusPlate®"
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Development of Lithium-ion Secondary Battery Current Collector, "FUSPOROUS"
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