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Foreword

Challenge the Transformation

Stage of Times

with Layered Structure l l

Vice Chief Executive,
Research & Development Division,
Ph. D.

Yoichi Kojima

I appreciate your access to “UAC] Technical Reports Vol.8, No.1” . Upon the publication,
I would like to draw your attention to the following.

Recognizing that the impact of human activities on the global environment has exceeded
the self-purification of nature, we have reached a transformation stage of times when the
Paris agreement was adopted at COP21 and SDGs at UN Summit in 2015. And there is a
strong demand for reducing the environmental burden of the entire supply chain in
corporate activities as well. Aluminum generates CO. in the Hole-Elu process of smelting
from its ore (total equation 1/2Al,03 (solid) +3/4C (solid) = Al (liquid) +3/4CO: (gas), 4
G=19.6 J/mol, 1250 KV), due to its chemical properties. The reduction process seems to be
same as iron’s one, which generates CO. in the reduction process of metal oxide.
Furthermore, A4G>0 means that the reaction does not proceed spontaneously and requires
external electric energy to drive the reaction. However, as the specific gravity is small and
the melting point is low , due to the physical properties such as atomic weight (26.98), the
molar volume (10 cm®/mol) and the lattice energy (324 kJ/mol), aluminum is favorable for
reducing the total energy consumption during the product life time and recycling process.
These principles allow us to have the idea that technological developments for promoting
recycle and carbon emission curbing in the smelting process (reactive process with
smaller AG using reductants other than carbon) will create great value and bring an

upheaval to the aluminum industry. We are enthusiastically promoting these technological
developments by participating in the national projects.

Along with environmental issues, digitization lies on the transformation stage. Experts
say that the indispensable thing for the digitization to create values is to have a
philosophy at the top and to re-materialize after abstracting the concrete themes in the
process?. First of all, you consider to develop methods and concepts to solve each issue
concurrently, then build layered structure which piles them between concrete and
abstract. Such layer can make it easier to solve complex problems. Research and
development activities can be considered in the same way. The technologies which are
firmly confirmed based upon fundamental principles allow us to apply them to other
products and fields®. That is to say, clear understanding of the scientific basis on the



technologies developed for a certain purpose allows us to apply them immediately to other
products, purposes and fields with high accuracy and bring innovation. If research can be
expressed as a process which connects generalized trends and laws derived from
individually concrete events to upper concepts and consider penchant and discipline with
more superordinate concepts, development process can be represented a process which
embodies generalized concepts in social values. When researchers can freely go through
the layers up and down where such concrete events, trends laws and superordinate
concept are well-organized, R&D activities will be able to run with dynamism and high
speed. Aiming to realize such process, our R&D Center has begun to beef up our
performance to unprecedented level by digitization.

According to the history, most of new materials commercially implemented in society
was derived from needs, but few from seeds. Since materials have social values only when
they are used in structures with functions, as mentioned above, successful stories have
required to re-embody to materials after abstracting materials’ characteristics from the
concrete needs. Needless to say, material industry must build a close relationship with
customers who look at materials from the viewpoints of social values. On the
transformation stage, we will be more aware of it than ever before. We have promoted, on
the other hand, joint research activities with universities, national research and
development agencies, which enhance “the layer structures as wide-range solutions for
retroacting to principles and abstracting from concrete themes. And some of the results
are published in this volume. We are also continuing “UACJ-AIST Cooperative Research
Laboratory for Aluminum Advanced Technology” in cooperation with the National
Institute of Advanced Industrial Science and Technology (AIST), and “Division of
Upcoming Aluminum Innovation Laboratory” with Hokkaido University respectively.
Thus, we are trying to increase the number of layers of methods and concepts between
principle and social value, namely abstract and concrete, shortening the distance between
them and responding immediately to the transformation stage.

I hope that each article included in this journal will play a key role of the layer between
“the sustainable and prosperous society” and principals to shorten the distance, and that
this journal will fulfill its responsibilities as a media connecting our customers with us,
and will be tools to confront challenging the transformation stage of times, looking forward
to having discussions upon your opinion in the future.

1) Masao Takahashi, Kenichiro Ota: Journal of The Japan Institute of Light Metals, 31 (1981), 805-819.
2) Keita Nishiyama: DX no Shikoho, Bungeishunju, (2021).
3) Hiroshi Sato: 56th Japan Conference on Materials and Environments, Keynote Lecture, Japan Society of Corrosion Engineering, (2009).
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Work Softening Phenomena in Al-Fe Alloys: the Impurity-Scavenging
Effect of the 0-Al;3Fes Phase™

Toshihiro Hara**, Daisuke Egusa***, Mami Mihara-Narita™***, Hiroki Tanaka*****
Ikuo Ohnuma****** and Eiji Abe™******

We have investigated the work softening (WS) phenomena during a cold-roll process of an Al-Fe alloy,
based on hardness measurements, electron microscopy observations, and thermodynamic calculations.
The WS behavior was confirmed in the Al-Fe alloy when the rolling rate was larger than 80% , which
contained fine grains with severe deformation. In contrast, the behavior and microstructural features
were hardly observed in the 1050 alloy. Composition analyses showed that almost all Fe in the present
Al-Fe alloy form the 6-AlisFes phase, in which a trace impurity element, Si, is found to be significantly
segregated. This Si partitioning behavior is confirmed by the thermodynamic calculations and
consequently leads to a higher purification of the relevant Al matrix as being almost close to the 4N
(99.99mol%) level, known as a “scavenging effect” of the impurities. It can be concluded that the highly
purified aluminum matrix provides an intrinsic origin of the WS of the present Al-Fe alloy. Significant
reductions of the impurities may lead to an extended mean-free path of dislocation motions and related
grain boundary effects, which promote the occurrence of dynamic recovery and/or recrystallizations at
severe deformation ranges even during the cold-roll process.

Keywords: aluminum-iron alloy, work softening phenomena, dynamic recovery, trace impurities,
scavenging effect
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Fig. 1 (a) Vickers hardness of cold rolled sheets of 1050
and Al-Fe alloys with reduction rates (R) of 0%,
40%, 60%, 80%, 85%, 90% and 95%, respectively.
The applied load for Vickers tests is 0294 N
(0.030 kgf). (b) Differences of Vickers hardness
between cold rolled sheets of Al-Fe alloy and 1050

alloy.
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(a)-(f) Inversed pole figure maps of 1050 alloy and Al-Fe alloy with R of 0%, 60% and 95%, taken

by SEM-EBSD along the ND direction. Colors in map correspond to crystallographic orientations
along the ND direction. (g), (h) TEM bright field images of 1050 alloy and Al-Fe alloy with R of
95%, respectively. An incident beam is parallel to the [110] direction of the fcc Al
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FORIZETHIOMIEEINLESZ 5. AP D SiE % 0.79 = 0.12mol% & BfEd o720 Z O
Fig. 3 (f) 12, SEM-EDS® EAATIc L 0illg L7z 041 GRS To 0 HIhEESIREICBB L 23T 5,
DFeBLUSIHEERT . KROMBUE, AL um O ~oSiig i, HAADF-STEM 12 & % /i
BEO OHICETFE— 2% B L TR7ZZEDSAXZ EDSHIEIC & 0 MR TE %, Fig 3(g)\RT Al
VBRI LTWwS, Zofllgd, AR L BT M/ 0P MERAIZEDS 74 Y006, Fiiz 5l
E— 2R B R S NEEAN LI ) 23653 5 Si-K¥OEDS A7 » FASEMBIZHIMLTBY, H~D
7z@ (Fig. 3 () oK), Ko oM 3w o SHELREBSE TH B, DT L1k, MR AR
3
©
o
8
3 - 000® 020:
© ‘ :
L‘.'I_’ [100] AlFe,
<
e 1
TE" 091 Al matrix
S 0% leiecton beam T2
QO 07f \ / ; ;
& 06|
% 05| el 0-AlFe,, ©
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E 03 ¢
$ 02 5 ‘
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(@) . . . ) H B
00 s m i 20 R ;e > Distance from boundary, d / um
Concentration of Fe, Cr, / mol% R
Fig. 3 (a)-(d) SEM-BSE images and Fe-EDS maps of 1050 alloy and Al-Fe alloy, respectively, each of which was
independently obtained from representative areas of the samples. (¢) TEM bright field image and selected
area diffraction pattern obtained from the Al-Fe compound in Al-Fe alloy. (f) Fe and Si compositions of
the @ phase in Al-Fe alloy obtained by SEM-EDS point analyses. A black line represents a regression line
of the Si/Fe ratio estimated by the least-squares method. A gray region represents a prediction interval
of the regression line with one sigma. (g) HAADF-STEM image of the # phase in Al-Fe alloy and a line
profile of Si k-edge photon counts of the relevant EDS spectra taken across the Al matrix to the # phase.
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Fig. 4 (a) Calculated equilibrium phase diagram of an
Al-Fe-Si ternary system around Al corner at
330C. A gray triangle corresponds to a three-
phase region with fcc Al, f and 6 phases.
Nominal compositions of 1050 alloy and Al-Fe
alloy are shown by orange and blue dots,
respectively. (b) Enlargement of a dilute Al corner,
corresponding to the blue-rectangle region in
(a). Gray lines indicate tie lines of meta-stable
equilibrium between fcc Al and 6 phase crossing
nominal compositions of 1050 alloy and Al-Fe alloy,
respectively.
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Fig.5 Vickers hardness of cold rolled sheets of Al-Fe
alloy and pure aluminums with a purity of 99.98%,
99.99% and 99.999%, respectively, for which the

latter two is referred from the paper (2).
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Fig. 6 Averaged solute interatomic distances in fcc Al
with respect to a solute concentration of Cs, based
on the equation (1) described in the text. Dots on
the curve correspond to Cs of 5N, 4N, 99.98% (Al-
Fe alloy) and 99.95% (1050 alloy), respectively.
Schematic illustrations for solute-dislocation

interactions are inserted.
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Soft X-ray XAFS Studies on Al-Mg-Si Alloys with
Different Aging Conditions*

Hiroki Adachi**, Hidetaka Nakanishi*** and Mineo Asano ™ ***

In Al-Mg-Si alloys, the negative effect for the artificial age-hardenability occurs by the cluster (1)
formation during natural aging following solution treatment and the positive effect occurs by the cluster
(2) formation. For the purpose of obtaining information on the constituent elements of these clusters, soft
X-ray absorption fine structure (XAFS) measurements of Mg-K edge and Si-K edge were carried out with
the liquid nitrogen cooling. From radial structure function calculated from the extended X-ray absorption
fine structure (EXAFS) spectra, since average nearest neighbor distance from Mg atom or Si atom
decreases by the formation of cluster (1), it is considered that cluster (1) contains both Mg and Si atoms.
The absorption edge energy of Si-K shifted to higher energy by the formation of cluster (1). This
indicates that the Si valence increased and ion binding property is high for the bonding with neighbor
atoms of Si atom in cluster (1). Since the binding force of ionic bond is stronger than that of a metallic
bond, cluster (1) is difficult to be decomposed in the artificial aging and the negative effect is shown.

Keywords: Al-Mg-Si alloy, cluster, XAFS, soft X-ray
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Table 1 Chemical composition of specimens.

Si Fe Cu Mn Mg Cr Zn Ti Al
mass% 0.97 <0.01 <0.01 <0.01 0.54 <0.01 <0.01 <0.01 Bal.
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Fig. 1 Schematic drawing of the XAFS apparatus at
BL27SU in SPring-8.

Cooling time, t/ s

Fig. 2 Change in sample temperature by liquid nitrogen
cooling.
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Fig. 3 Vickers hardness changes by aging at room
temperature, 343 K and 443 K.
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Fig. 4 DSC curves of Al-Mg-Si alloys, as-quenched, aged
at room temperature for 1728 ks, aged at 343 K
for 3.6 ks and aged at 443 K for 1.2 ks.
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Fig. 5 Normalized absorption spectra near (a) Si-K edge
and (b) Mg-K edge of Al-Mg-Si alloys, as-quenched,
aged at room temperature for 1728 ks, aged at 343
K for 3.6 ks and aged at 443 K for 1.2 ks.
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Fig. 6 Radial structure function of (a) Si atom and (b)
Mg atom in Al-Mg-Si alloys, as-quenched, aged at
room temperature for 1728 ks, aged at 343 K for
3.6 ks and aged at 443 K for 1.2 ks.
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Fig. 7 XANES spectra near (a) Si-K edge and (b) Mg-K
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Impact of TiB, Particle Size Distribution
on Grain Refining Effectiveness™

Akihiro Minagawa ™ *

Grain refiners of the Al-Ti-B system, including TiB, particles, are added to molten aluminum to produce
the fine grains. The effect of grain refinement effectiveness varies among grain refiner manufacturers
and the lots despite the same chemical content. It is unclear which parameters vary the grain refinement
effectiveness. Many studies suggest that the fine grains are achieved by grain refiner due to the TiB:
particles act as heterogeneous nuclei. The free growth model is a famous model for the grain refinement.
This model assumes that the TiB; particle size distribution influences the inoculation efficiency.
However, there are few examples that verified the inoculation efficiency using grain refiners with
different TiB, particle size distributions. In this study, the effect of TiB; particle size distribution and
chemical content for grain refinement effectiveness was investigated by using several grain refiners. The
TiB; particle size distribution in the grain refiner was measured by image analysis and applied to the
grain size prediction model which was developed based on the free growth model. The experimental and
calculated results were compared and discussed in order to clarify whether the new model can predict
the grain size of cast sample with each grain refiner.

Keywords: grain refiner, grain refinement, boride, agglomeration

1. Introduction

For the aluminum DC casting, the Al-Ti-B system
grain refiner is generally used to achieve a fine grain
structure. The grain refiner is an important material
because it determines the ingot quality. However, the
mechanism of grain refinement by grain refiner is not
understood completely. Many studies have proposed
that the TiB; particles in the grain refiner act as
heterogeneous nuclei. However, the actual inoculation
efficiency is very low (approximately 1%). Moreover,
the inoculation efficiency significantly varies with the
grain refiner manufacturers and the lots despite the
same chemical content.

Many studies have tried to clarify these
phenomena’~". Greer et al” proposed a free growth
model in which all grains grow through inoculated
TiB; particles. This model explains that nucleation
will preferentially occur from large TiB; particles.
The TiB, particle size distribution is an important

factor in predicting the inoculation efficiency.

However, there are few experimental results using
several grain refiners with different TiB; particle size
distributions. In addition, this model cannot use
multiple values of the liquidus slope m and the
equilibrium partition %. It should be modified to apply
various alloys. Vainik et al? found that the dispersion
state of the TiB; particles in the molten aluminum
also affects the inoculation efficiency. These reports
used only Al-5Ti-1B (mass%, following is same)
refiners, but it is still unclear whether other kind of
grain refiner show the same trend.

In this study, the grain refinement effectiveness of
several grain refiners with different manufacturers
and chemical contents was investigated. The main
part of TiB; particles in the grain refiner are
agglomerates. Therefore, the TiB, particle size
distributions of each grain refiner were measured as
individual particle and agglomerates to verify the
effect of agglomeration. A new grain size prediction
model, which is a modified free growth model, was

developed due to apply various alloy parameters.

* The main part of this paper has been published in Light Metals 2020, ed. by T. Alan, (2020), 988-993.
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Finally, the effect of the TiB; particle size distribution
and agglomeration on the inoculation efficiency was

discussed by experiment and calculation results.

2. Experimental Method

In this study, Al-5Ti-1B and Al-5Ti-0.2B (mass%,
following is same) from manufacturers A and B were
used in the grain refinement test. Table 1 shows the
chemical content of the pure aluminum before adding
each refiner. These data are the results of an emission
spectroscopic analysis. About 5 kg of pure aluminum
was melted in an electric furnace and maintained in
the range of 988-998 K. The grain refiner was added to
the melt at 0.2, 0.1, and 0.05% and melt was stirred for
30 seconds. After stirring, the melt was held for 90
seconds, and then cast. The casting equipment is the
same as used in the TPI test”. The cross section at a
position 38 mm from the lower end of the ingot was
observed using a microscope. The average grain size

was measured by the planimetric method.

3. Grain Size Prediction Model

The modified grain size prediction model is based
on the free growth model”. The free growth model
assumes that free growth of a grain begins on a TiB.
particle with undercooling inversely proportional to
the diameter of the TiB. particle. The nucleation
undercooling is not considered because they are very
small with TiBy particle!®. The minimum undercooling
ATmin required to start the free growth is given by

20

ATmin = (1
AS,r* )

where ASy is the entropy of fusion per unit, o is the
solid-liquid interfacial energy, and »* is the critical

embryo radius. According to the invariant-size

approximation model'”, which was proposed for the
diffusion controlled growth of a spherical precipitate
of radius in a solid matrix, the radius of a spherical

particle 7 is given by
r=A(D-1)"2 @

and differentiating equation (2) with respect to time

gives the growth rate of the spherical crystals as

zﬁzfﬂ) ?3)
d 2r

where V is the growth rate, D is the solute diffusion
coefficient in the liquid and ¢ is the time. A1 is an
interfacial parameter and obtained from the interface

content profiles'?

—S SZ 1/2

in which

_ 2(ClL _Co)
B (CIS _CIL)

where Cy. and Cis are the solute content in the liquid

S ©)

and the solid, respectively, at the solid-liquid interface.
Cy is the solute content in the melt alloy. S can vary
between -2 and 0. The solute undercooling AT is

given by
AT, zm(Co—C“_) (6)

where m is the liquidus slope. Substituting Eq. (6) and
the equilibrium partition coefficient 2 = Cis / Cr, Eq. (5)

becomes

=72 ho1)(C, — AT Im) g

when using Eq. (7), only one solute parameter can be

Table 1 Chemical content of each condition before adding the grain refiner.

Grain refiner

Chemical composition / %

Manufacturer Composition Ti / B Fe Si A% Ti
A 5/1 0.07 0.03 0.02 0.0049
5/0.2 0.08 0.03 0.01 0.0045
5/1 0.09 0.03 0.01 0.0045
B 5/0.2 0.08 0.03 0.01 0.0045

UACJ Technical Reports, Vol.8 (1) (2021)
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used. Thus, the approximation proposed by Qian et al?
was applied. When spherical crystal is small, in addition
to AT, it is necessary to consider the curvature
undercooling A7.. Qian et al assumed that AT will be
large enough to ignore A7T. when the nucleation

occurs. Therefore, when AT = AT, Eq. (7) gives

AT

3= D) (C, AT m)

©)

AT is the overall melt undercooling. In most cases,
AT is very small with TiB; particle and A7/m can
be ignored. Consequently, Eq. (8) becomes

AT
S~-2— 9)
Q
in which
Q=m(k-1)C, (10)

where Q is termed the growth-restriction parameter.
By using parameter Q, it is possible to consider m
and £ of all solute content. Furthermore, where AT is
very small (< 1 K) and Q values are an order of
magnitude larger than A7. That means |S| << 1 and
Eq. (4) simplified to

1/2
A~ (-s) :(ZATJ (1
Q
Therefore, the growth rate of the spherical crystals
becomes

ATD
V=-r— 12)

rQ

The calculation process is the same as Greer's free
growth model. The temperature decreases at each
time step according to the set cooling rate. Each
particle will grow with the rate calculated by Eq. (12)
if the melt temperature reaches or exceeds the
minimum undercooling. Latent heat will be calculated
depending on the increase of solid volume. The rising
temperature on each time step is the latent heat
divided by the specific heat. Table 2 and Table 3
show the physical property values and the solute
element parameters used in calculations respectively.
The cooling rate is 64 K/s, which is the average
value obtained from four experiments. The TiB;
particle size distributions were measured from SEM
image of each grain refiner by image analysis. In
order to investigate the relationship between the
inoculation efficiency and the aggregation state of the
TiB, particles in the grain refiner, TiB; particle size
distributions were measured by two methods. Prior
to the particle analysis, one TiB; particles were not
treated and the other was manually divided into
individual TiB. particles. Four SEM images of each
refiner were used for the image analysis. In order to
avoid confusion with polished scratches, particles
smaller than 0.3 um were excluded from the
measurement. Fig. 1 shows SEM images and result of
particle measurement analysis. Fig. 2 shows particle
size distributions of each grain refiner. From these
results, it was confirmed that the particle size

distributions in each grain refiner was different.

Table 2 The material parameters used in the calculation®.

Physical property value Symbol Units Value
Solid-liquid interfacial energy o mJ/m? 158
Entropy of fusion per unit volume ASy J/K m? 1.112x10°
Enthalpy of fusion per unit volume AHy J/m? 95x10%
Heat capacity of melt per unit volume Cpy J/K m? 2.58%10°
Diffusivity in melt (Ti in Al) Ds m?%/s 252x107

Table 3 The solute element parameters used in the calculation”.

Solute element m/K-s?! k/-
Fe -2.93 0.03
Si -6.62 0.12
A% 9.71 3.33
Ti 25.63 7.00

18 UACJ Technical Reports, Vol.8 (1) (2021)
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Grain refiner . Particle analysis
— - SEM image — —
Manufacturer | Composition Ti/B Divided Not divided
A 5/1
A 5/0.2
B 5/1
B 5/0.2
Fig. 1 SEM images and results of particle analysis.
0.3 0.3
L (a) L (b)
>, 025 >, 025
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g 0.15 1 = manufacturer A 5/0.2 g 0.15 1 = manufacturer A 5/0.2
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E 0.05 E 0.05
) [}
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D7 07 7,07 AT N NT AT N ) 97 A7 D707 7,07 AT AT NT AT AT a7 97 97 97,97 o
R AR A AR I AN LR R AR A A IR AN L RE L S

TiB, particle size / um

TiB, particle size / um

Fig. 2 TiB; particle size distribution (a: divided particle, b: not divided particle).

4. Results

Fig. 3 shows the results of the grain refinement
tests. The horizontal axis is the target content of the
titanium and the vertical axis is the grain size. When
Al-5Ti-0.2B was added, there was no difference in the
grain size between manufacturers. On the other hand,
manufacturer B's Al-5Ti-1B refiner showed poor grain

refinement efficiency compared with manufacturer

A’s refiner. The grain sizes of cast sample with
Al-5Ti-0.2B were larger than it with Al-5Ti-1B. Fig. 4
shows the relationship between the grain size and
titanium content. The titanium content is the
increments before and after adding the grain refiner
obtained by spark optical emission spectroscopic
analysis. When manufacturer A’s refiner was added,
there was a difference in the relationship between the

titanium content and grain size due to the difference

UACJ Technical Reports, Vol.8 (1) (2021) 19
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in the chemical content. On the other hand, when
manufacturer B's refiner was added, the grain size
decreased with the increasing titanium amount
regardless of the chemical content. Fig. 5 shows the

relationship between the grain size and boron

300
emanufacturer A 5/1
250 omanufacturer A 5/0.2 |
& mmanufacturer B 5/1
3 200 | omanufacturer B 5/0.2 |
@ . - &
N 150 *
o )
C
§ 100
S 50
0 - - - -
0 25 50 75 100 125

Target Ti content / ppm

Fig. 3 Grain refinement test results.

300
# manufacturer A

250 B O manufacturer B ||
E 200 e
~ a
@ 150 ¢ *a
N *
@ &
< 100
<
S 50

0 . . -
0 50 100 150 200

Ti content / ppm

Fig. 4 Relationship between grain size and
titanium content.
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< 20019 _ B'sAISTI-1B
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B content / ppm

Fig. 5 Relationship between grain size and
boron content.
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Experimental value of grain size / um

content. The boron content is the increments before
and after adding the grain refiner. Regardless of the
chemical content and manufacturer, the grain size
was refined with the increasing boron content, except
for manufacturer B's AI-5Ti-1B.

Fig. 6 compares the grain size between the grain
refinement test and calculations. The horizontal axis
is the grain size obtained by the experiment and the
vertical axis is the grain size obtained by the
calculations. Regardless of the particle size
distribution measurement method, the results of the
experiments using manufacturer B's Al-5Ti-1B
deviated from the calculation results. When Al-5Ti-
0.2B was added, the experimental results well agreed
with the calculation results using the undivided TiB,
particle size distribution. When manufacturer A’s
Al-5Ti-1B was added, the experimental results well
agreed with the results calculated using the divided

TiB; particle size distribution.

5. Discussion

The grain size of the samples with Al-5Ti-0.2B was
larger than that of the sample with Al-5Ti-1B. In
addition, the grain size will be fined with the
increasing boron except for manufacturer B's Al-5Ti-
1B. Therefore, even if the chemical content of grain
refiner is different, the amount of TiB; is considered
to be main factor affecting on grain refinement
effectiveness.

Even when the agglomerated TiB. particle size
distribution was used in the prediction model, the
experimental and calculated results almost agreed.
Especially, it showed good agreement when Al-5Ti-

0.2B was used. Therefore, the TiB, agglomerates in

£ 300 -
g (b) 7
~ 250
X -
w rd
2 200 o m
£ o0 ; b
b0 150 8-
[«] P s
S 00 -7 | emanufacturer A 5/1
[ I omanufacturer A 5/0.2
B 50 - Emanufacturer B 5/1 ||
rd
3 e Omanufacturer B 5/0.2
o 0 - i i i i i
0 50 100 150 200 250 300

Experimental value of grain size / um

Fig. 6 Comparison of grain size between experiment and calculations (a: divided particle, b: not divided particle).
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the grain refiner were estimated that it will not be
broke-up in the molten aluminum. Furthermore, it
was suggested that the break up behavior is different
depending on the chemical content of grain refiner.
For that reason, it was estimated that the accuracy of
the prediction model will improve if the break up
behavior is clarified.

The reason why manufacturer B’s refiner showed
poor grain refinement effectiveness was not explained
by the TiB, particle size distribution. Therefore, it is
suggested that the affecting factor of the grain
refinement effectiveness is not only the TiB; particle
size distribution. When the addition rate of
manufacturer B’s refiner was low, predicted value
was smaller than experimental value. It indicates that
the TiB; particle sizes, which act as heterogeneous
nuclei in the calculation, were smaller than in the
experiment. In this model, the growth restriction
effect by solute content was overestimated by
applying various approximations. Furthermore, the
undercooling'? depending on the curvature of
nucleated grain on TiB; particle was ignored.
Therefore, the predicted value tends to show lower
value. In the future, the effect of curvature should be

added to this model to improve accuracy.

6. Conclusion

1.Regardless of the grain refiner component, the
grain size was changed based on the amount of
TiBs..

2. The difference in the TiB; particle size distribution
couldn’t explain the significant difference in the
grain refinement effect.

3. The calculated and experimental results were in
good agreement except for the condition using the
grain refiner with low refinement efficiency.

4. When the agglomerated TiB; particle distribution
was used in the prediction model, the experimental
results with Al-5Ti-0.2B grain refiner and the
calculated results showed good agreement.
Therefore, it was suggested that the TiB;
agglomerates in the grain refiner will not be broke

up in the molten aluminum.
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Influence of Fe and Ni Addition on Corrosion Resistance of
Aluminum Alloy-Clad Sheet for Automotive Radiators
in Weakly Alkaline LLC Solution®

Hirokazu Tanaka™* and Hiroshi Ikeda™**

The corrosion behavior of various clad sheets of aluminum alloys for the automotive radiator in a weakly
acidic solution called OY water and a long-life coolant solution at pH10.0 was studied. The materials were
Al-1.0Zn, Al-1.0Zn-1.0Fe, Al-1.0Zn-1.0Ni and Al-1.0Zn-1.0Fe-0.5Ni alloys cladded on 3003 core alloy. These
materials were subjected to elevating-temperature immersion tests and polarization measurements in test
solutions. These clad sheets showed good corrosion resistance in OY water because of the cathodic
protection of cladding alloys. In the long-life coolant solution at pH10.0, a severe pitting corrosion
occurred with the formation of a black-colored oxide film on Al-1.0%Zn clad sheet. On the other hand, the
pitting corrosion on Al-10%Zn-1.0%Fe clad sheet was significantly reduced compared to that on
Al-1.0%Zn clad sheet. There was no difference in polarization behavior between Al-1.0%Zn and Al-1.0%Zn-
1.0%Fe clad sheets. The good corrosion resistance of Al-1.0%Zn-1.0%Fe clad sheet in the long-life coolant
solution at pH10.0 was discussed in terms of the dispersion of intermetallic compounds such as Al;Fe and
Al3Ni, and oxide film formation.

Keywords: automotive radiator, corrosion, long life coolant, alkaline solution, clad sheet

1. &

[l

HEHH 7 Vo — 2 oiHKICIE, =FLy 7y a
— el Etu sy 75472 —5 2 M (LLFLLC
EFLH) % 30 ~ 50vol% (AR L 72K AMERH S T
Wb, LLCOpHIZ, HHROWME, $Hgki, 73
Zy AEEREOMMO EEERL, PHEILHT
WA YHICTHEIN TS, —J, KRR Tl
MEOTMREMED iz, WHIKE LTHiKZF 2 M
THHENDHY, TV OEHRMEL RS
2253 N5,

FTIVI—=FDF2—TI2, TVI=ZTLEE&HS
Ty FMPELMEHENT WS, 7T v FHfid3EHE
B ->TBY, LHMICIEMHEERH E L To3003

(Al-0.15mass%Cu-1.2mass%Mn), Z25MIEICIE7 1 >~
RN T TV L DBEEDLODLIEETH S
4045 (Al-10mass%Si), ¥WHIKM G IZIZwEIAKISH LT
OMEET L2200 EBLHEG S TH L7072
(Al-1.0mass%Zn) 2S— M 2 hTw b (LI
mass% & % L&) .

FEEMED OY KV B & LT, Sk g R4k
P& 4 Cd % 707212 X 2 BHBi oG &bk 25 5 < H
LENTWBEYY, —J, YT —% O
D—DTH B ASTM AWK R £ + B EK
BT, 707212 X Z BB EAMER L v & i &
NTWBY 2, 2512, 7 VAVHEOLLC 2R L
oM, TOT2EKMmASRELT 5 & & HIZ, BEbR
PERMLZWE FICRMoEEILEZEL S L oM

) AL D EEERE, BAEE, 70(2020), 451-458 1235k,

The main part of this paper has been published in Journal of The Japan Institute of Light Metals, 70 (2020) , 451-458.

* (B UAC] R&DEt>¥%— H—RH%kH

Develop Department I, Research & Development Division, UAC] Corporation

= It (bk) UAC]
Formerly, UAC] Corporation

22 UACJ Technical Reports, Vol.8 (1) (2021)



BT Y= 7 VI = 25807 v FHOFT VA Y LLCKERH O Y12 J 127 Fe & NIl o EH#

23

bH oY, EEIIE BREROFEISTHT LAY ED
LLCAKEH T TIE, U —< A bRERBRARIC X O iE
BOREALT A L L, 7072 & 3003 DB 5 &

WRFEAVER LI & &R LW, T/, ARSI
pHI05 2% L 7= LLCH T, WwHIKMG é?“(ﬁ
IR DTS B LM BEINE DA A Y — PR,

ﬁ@ﬁﬁ#h?»ﬁuwaﬁﬁ#mﬁﬁékﬁNf
WBHB, ZOXHITHERSET VA Y KBS
WL, 7072 DBEMGF LT LS AR TR VIGEDS
HY, HEEOM EIRD SN T 5,

Z T T, AWFETIZ, %@ﬁ#%%?wﬁUﬁif
DIFIEVERFIZBIT 5 7V 3 BE&ER7 Ty FH
Dl EHom 2 HE LT, %ﬁé@’bi@??

T v FMOEHKME S DOILF R 5 DB 7072 & It
WA 50 $712, T OBOKEREE T o Ak F i
RO L Kb Fe & NIRMOBE IO W THRET
Do
2. EEFH*

2.1 A

7oy FME2RERT 284 L LT, LMIZ123003,
GHKMENBIZ1E7072, X 512, 707212 Fe® NiZ& i

L 72 Al-1.0%Zn-1.0%Fe, Al-1.0%Zn-1.0%Ni & Al-1.0%Zn-
1.0%Fe-05%Ni z2 i\ 720 72db, 225 MIEIZIE—iKkm %

D7 7 v FRIZE S L) MAGOETHRM LY
FEIEL 720 S 5102, WHELE, BESL & & MO TAR
RTIEZ02 mmD 7 7y FHMEERL, &b,
3003 H.JE M DOAH b WA DO S TR L 720 AW
&5 ) Z VT, Z1Ls O % 868K T 180s
I LA & L 7zo Table 1TIZHE M DAL R 5
77y FEREWEZRT,

2.2 HER&

AERHEICIZ, OY K, & 5UNZ, LLC Z#i/K T 30vol%
AR L & H5ICNaOHERMT 5 2 & TpHETS L
100IZFREE L 72 KiB 2 vz, OY KR, 9V —%
Fa—TH27 7 v M OEHKMORE R IL < Hwv
LNLREBEWTH D, Table 21C0Y KOMEZE 7R,
LLCIZIE, =F L 7)) a— VigEH90vol% Ll kT,
BighAl o 23 ¥ BB TH AL O Autoin80 %
JHW 72,

23 REEHER

M 2 IH50 mm, BE80 mm TUI Y IL, wHIK

MR 40 mm, KX 70 mm OB Z5%E L, B
Il & 225 Mg T & Ak T — 7 L ) a— UEHET
AF T L0 RBRE L, OY K, %HTN
30vol%LLC % pH7.5 & pHI0.0 (\ZF#E L 72 KIS BRER
FEZEiEE &L, 361 KT288 x10% s, ZHiLT5H76 x

4045 % Flv7co B EOFHHE R LA L 721, O 102 sTREFFTHH 4 7 VEHEK112H# ) & L7z, Fig. 1
MO EHKRME 4%, Mo Fmice25iaasz BRI AR L ORI 2 R T, AMBUBIE A
Table 1 Compositions of the specimens.

Water side alloy Core alloy Air side alloy
Chemical Chemical Chemical
Specimen composition Clz{d composition composition Cla.d Thickness
(mass%) ratio (mass%) (mass%) ratio (mm)
- - (%) . - (%)
Si Fe Ni Zn Si Fe Cu Mn Si Fe
7072/3003 015 | 035 - 1.0 16 0.2 0.5 0.15 12 102 | 035 10 0.25
Al-1.0%Zn-1.0%Fe/3003 0.15 1.0 - 1.0 16 0.2 05 0.15 1.2 102 | 035 10 0.25
Al-1.0%Zn-1.0%Ni/3003 015 | 015 1.0 1.0 16 0.2 0.5 0.15 12 102 | 035 10 0.25
Al-1.0%Zn-1.0%Fe-0.5%Ni/3003 | 0.15 1.0 05 1.0 16 0.2 05 0.15 1.2 102 | 035 10 0.25
3003 - - - - - 0.2 05 0.15 1.2 - - - 0.30
Table 2 Composition of OY water (ppm). (a). . . (b)
Silicone resin I I
CI SO& Cu* Fe?t pH
195 60 1 30 3.0

70 mm

Thermocouple

40 mm

Fig. 1 Schematics of (a) sample and (b) temperature
cycle immersion testing cell.
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Fig. 2 Maximum corrosion depths of samples after the
temperature cycle immersion tests in OY water.

()|

Fig. 3 Optical micrographs of cross-section of the samples after conducting temperature cycle immersion test in OY water

for 112 cycles.

(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003

(a) (b)

(d)

20 mm

Fig. 4 Appearances of the samples after conducting temperature cycle immersion test in 30 vol% LLC solution of pH 10.0

for 56 cycles.

(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Fig. 5 SEM images of the sample surface after conducting temperature cycle immersion test in 30 vol% LLC solution of pH

10.0 for 56 cycles.

(@) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Fig. 6 Maximum corrosion depths of the samples after
the temperature cycle immersion tests in 30 vol%
LLC solution of pH 10.0.

Fig. 7 Optical micrographs of cross-section of the samples after conducting temperature cycle immersion test in 30 vol%
LLC solution of pH 10.0 for 112 cycles.
(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Fig. 8 EPMA analyses of the sample surface after conducting temperature cycle immersion test in 30 vol% LLC solution of

pH 10.0 for 56 cycles.

(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) Al-1.0%Zn-1.0%Ni/3003 (d) Al-1.0%Zn-1.0%Fe-0.5%Ni/3003
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Fig. 9 Polarization curves of the samples in 30 vol% LLC
solutions at various pH and temperatures.
(a) 7072/3003 (b) Al-1.0%Zn-1.0%Fe/3003 (c) 3003
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Fig. 10 Schematic of the polarization curves in a weakly
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Fig. 11 Potential-pH diagrams at (a) 373 K and (b) 573 K.
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Fig. 12 Schematics of the corrosion processes of the clad sheets in a weakly alkaline solution.
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Influence of the Mg and Bi Content on Brazeability of
MONOBRAZE™ Material under Flux-Free Brazing Conditions™

* % kK % %k ok ok ok

Dai Yamamoto **, Kanokploy Phumprasop ***, Noriyuki Yamada and Hirokazu Tanaka

In the conventional brazing, the clad materials with the filler layer and the flux coating have been used
to get good brazeability. However, an innovative Al-Si based single-layer brazing material (MONOBRAZE
material) has been developed recently which does not need filler layer by supplying molten filler from
the inside of the material during brazing. In addition, a new flux-free brazing technique has also been
developed. In the flux-free brazing, Mg and Bi are added to break the oxide film and to improve the
wettability of molten filler, respectively. However, it is not clarified how these elements work on the
brazeability of MONOBRAZE material in flux-free brazing. Therefore, in this study the effect of Mg and
Bi content on the brazeability of MONOBRAZE material was investigated. From the result, it was found
that MONOBRAZE material was applicable for flux-free brazing by adding Mg. Mg was considered to
break the oxide film into fine particles and Bi was considered to assist the destruction of oxide film.
From this cause, a new aluminum substrate surface was exposed which allow molten filler to move on
the surface and contribute to the formation of the fillet.

Keywords: flux-free brazing, MONOBRAZE, in-situ observation, oxide film

1. Introduction

1.1 Conventional brazing technology

Aluminum brazing has been applied to connect a
lot of components of automobile heat exchanger
efficiently. Basically, filler alloy (Al-Si alloy;
9-13mass%Si) is cladded on core alloy (Al-Mn alloy)
and it works as molten filler at temperature over 577C
to connect with other components, while core alloy
does not melt?. In order to achieve the good bonding,
flux is sprayed on the filler alloy surface to remove
the oxide film during brazing.

There are several methods of aluminum brazing
such as vacuum brazing, inert gas brazing, VAW
brazing and CAB brazing. Currently, NOCOLOK®
brazing is a mainstream of aluminum brazing? which

use non-corrosive flux to remove the oxide film.

1.2 MONOBRAZE material

In recent years, an innovative Al-Si based single

layer brazing material (MONOBRAZE material) has
been developed which does not need a filler layer by
supplying a molten filler that consists of Si around
25mass% from the inside of the material during
brazing®. From the thermodynamics calculation by
JMatPro® as shown in Fig. 1, it was clear that the
fraction of liquid phase of 2.5mass% Si is 17mass% at
the temperature 600C, while that of 10mass% Si

& Al-xSi

%100 — =ik

£ e P =

E 80 = g

S 60 /t‘r A —%—12Si
s w0 4‘? W —¢108i
3 B L —A—T78i
= 20 mm= - —B-5Si
g 0 —r ——2.5S
£ 570 580 590 600 610 620 630

E Temperature / °C

Fig. 1 The fraction of the liquid phase at different Si
contents calculated by JMatPro.
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(4045 aluminum alloy) is 100%. Due to the less amount
of liquid phase, the alloy with 2.5mass% Si maintains
its structural strength, while the liquid phase,
generated at mainly grain boundary and Si particles,

works as a connecting molten filler sufficiently.

1.3 Flux-free brazing technology

To minimize the manufacturing cost, a new brazing
technique without using flux has been developed.
Under a vacuum or inert gas atmosphere, it is known
that Mg works to destroy the aluminum oxide film
during brazing when using a Mg-containing aluminum
alloy®?. Also, adding Bi is known to improve the
brazeability by increasing the wettability of the
molten filler?. There are reports about brazeability of
clad materials using flux-free brazing®®, but it has
not ever surveyed whether flux-free brazing can be
applicable to MONOBRAZE material. Therefore, in
this study, the effect of the Mg and Bi contents on
the brazeability of the MONOBRAZE material during

flux-free brazing was investigated.

2. Experiment procedures

2.1 Material

2.1.1 Chemical composition

The chemical composition of the MONOBRAZE
material is shown in Table 1. In this paper, the
concentration of elements means mass concentration
(denoted “%” as abbreviation). As the base composition,
the MONOBRAZE material contained 2.5% Si.

For No.2, 0.05% Mg was added with no added Bi.
For No.3 and No4, 0.025% and 0.05% Mg was added
with 0.02% Bi, respectively.

2.1.2 Manufacturing condition

The manufacturing condition of the MONOBRAZE

materials was shown in Table 2. Each sample was cast

Table 1 The chemical composition of MONOBRAZE

material.
No. Chemical composition (mass %)
Si Fe Mn Zn Mg Bi
No.l 25 0.2 1.1 15 0 0
No.2 25 0.2 1.1 15 0.05 0
No.3 25 0.2 1.1 15 0.025 0.02
No4 25 0.2 1.1 15 0.05 0.02

by a continuous casting process into a plate with the
thickness of 6 mm. The plate was annealed at 420C
for 2 hours, rolled down to the thickness of 0.2 mm,
and finally annealed again at 370C for 2 hours. Grain
recrystallization of the entire plate was confirmed.
Moreover, in order to remove the oxide film that
formed during the manufacturing processes, the
material was dipped in 2% nitric acid / 1%

hydrofluoric acid at room temperature for 90 sec.

2.2 Brazing process

In this study, the sample temperature was raised to
the target temperature of 600 C for 5 min., then
cooled to room temperature as shown in Fig. 2.
Brazing was performed under a nitrogen gas

atmosphere.

2.3 Evaluation of brazeability
2.3.1

In order to investigate how the fillet would be

In situ observation of surface during brazing

formed during brazing, the T-joint sample was brazed
up to 600C in a chamber, then cooled to room
temperature while continuously taking a video of the
surface of horizontal plate (No.l and No.2) from the

top side over the vertical plate (3003, t1.0 mm) as

Table 2 The manufacturing condition of MONOBRAZE
material under flux-free brazing condition.

Process Condition

Continuous casting (CC)
420°C for 2h
0.20 mm
370C for 2h
2% nitric acid and 1%

Casting

Intermediate annealing

Cold rolling

Final annealing

Etching hydrofluoric acid at room
temperature for 90 sec
700
600 \
O 500 g
~ /
2 400
2 /
S 300 /
Q /
J
5 200
[ i
J
100
/
0
0 200 400 600 800 1000 1200

Heating time / s

Fig. 2 Brazing heat profile.
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shown in Fig. 3. Since sample No.l was used as a
reference of conventional brazing, NOCOLOK flux
was sprayed on the surface of No.l before assembling
the T-joint specimen. After brazing, the cross section
of the bonding part between vertical and horizontal

plates was observed using a microscope.

2.3.2 Evaluation of bonding ratio of miniature-core
sample

To evaluate the brazeability of the MONOBRAZE
material under flux-free brazing condition, the
bonding ratio between the fin and plate of a
miniature-core sample was measured. Fig. 4 shows a
schematic diagram of the miniature-core sample.
Samples No.l to No.4 were used as plates to sandwich
the corrugated fin stock (t0.08 mm, H14 temper). The
chemical composition of the fin stock was shown in
Table 3. The fin pitch was adjusted to 3 mm, and the
number of connecting points between fin and plate
was 12 per a miniature-core.

After brazing the miniature-core sample, the fin

was peeled off and the lengths of the remaining fillets

Video
camera

Vertical plate
3003, t1.0 mm

Horizontal plate Sample
No.1 and 2, t0.20 mm

Fig. 3 T-joint sample set up for observation of molten
filler alloy.

Plate : MONOBRAZE flux free material,
thickness 0.2 mm \

10 mrrzi

Fin : 3003 + 1.5 Zn alloy
Thickness 0.08 mm, Fin pitch 3 mm,
The connecting points between fin and plate = 12

Fig. 4 The schematic diagram of the miniature-core
sample.

Table 3 The chemical composition of alloy 3003+1.5Zn.

Chemical composition (mass %)
Si Fe Mn Zn Cu
3003 + 1.5 Zn 0.25 0.3 1.25 15 0.1

Alloy name

were measured as shown in Fig. 5. The bonding ratio

was then calculated by equation (1).

Bonding ratio = Zﬁl% %100 1)

3. Results

3.1 T-joint sample

Fig. 6 shows images of the surface of T-joint
samples that were taken by a video camera. At a
temperature <570C, molten flux was observed on
sample No.l (0Mg-0Bi). Stripe patterns formed by
rolling can be seen on the surface of No.2 (0.05Mg-0Bi).
At a temperature over 600C, web-like patterns and
small dots, which did not appear at the temperature
<5707, could be seen on the surface of No.2. These
patterns were also seen on the surface of No.l
although less visible probably due to coverage of the
molten flux. Web-like patterns and small dots were
considered to correspond to melt sites of the grain

boundary and precipitated Si particles.

DRBR®®EB®EDE©0P2

I . Iy
(the normal (The actual length
fillet length) that can join
- *- with the plate)

Fig. 5 The schematic of the miniature-core sample.

Temperature <570 °C, flux free
(No.2, 0.05Mg-0Bi)

Temperature <570 °C, use flux
(No.1, OMg-0Bi)

dlrectlon

Rol Ilng
Stripe
patterns
formed
by rolling

Temperature 600 C, use flux
(No.1, OMg-0Bi)

Temperature 600 °C, flux free
(No.2, 0.05Mg-0Bi)

|Sma|l dot | | Web-like patterns |

Fig. 6 Surface of T-joint sample during brazing at
temperature <570C and 600C.
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Fig. 7 shows the cross section of a T-joint specimen.
It is clear that the vertical plate and horizontal plate
were bonded with filler. From the result, there was
no difference in the size of the fillet between the
conventional brazing and MONOBRAZE flux free
brazing. Moreover, no void was seen for the specimen
using MONOBRAZE flux free brazing, while some
voids were found in the specimen with conventional

brazing using flux.

3.2 Bonding ratio of miniature-core sample

Fig. 8 shows the result of the bonding ratio for
different Mg and Bi contents. When Mg was not
added, there was no bonding without flux (No.l).
However, when 0.05% Mg was added (No.2), the
bonding ratio increased from 0% to 86%. From
comparing No.2 and No4, the addition of 0.02% Bi was
considered to increase bonding ratio. When
comparing No.3 and Nod, it is clear that the increase
of Mg content has positive effect on the increase of

bonding ratio.

No.1, 0Mg-0Bi (use flux) \ No.2, 0.05 Mg-0Bi (flux free)

W

Void

Fig. 7 Cross section photomicrograph at bonding part
after brazing.

0,
100 100% 94%—
86% 85%

X 804+—

~

2 604+—

S

o0

S 401 —

B

c

[«]

o 20—

0 0%
Sample No.1 No.1 No.2 No.3 No.4
Mg (mass %) 0O 0 0.05 0.025 0.05
Bi(mass %) 0 0 0 0.02 0.02
Flux use Flux free

Fig. 8 The result of bonding ratio.

4. Discussion

4.1 The effect of Mg and Bi on the destruction of

oxide film of plates (MONOBRAZE material itself)

Since the breazeability of a material during flux-
free brazing is considered to be closely related to the
condition of the oxide film during brazing, the
thickness of the oxide film during brazing was
investigated by an XPS analysis. To estimate the
thickness of the oxide film, the width at half
maximum (WHM) of oxygen from the depth profile
was measured. Fig. 9 shows the WHM of oxygen
obtained from samples with different Bi contents
which were heated to the target temperature. Based
on the result of the XPS analysis, there was a
tendency that the thickness of the oxide film
gradually increased as the brazing temperature
increased, and there was no significant difference in
the thickness of the oxide film between 0% Bi and
0.02% Bi at the melting temperature 530C.

In addition, the transformation of the oxide film on
the surface of MONOBRAZE material during brazing
was also observed by SEM. Fig. 10 shows the
secondary electron images of surface of samples No.l
(OMg-0Bi), No.2 (0.00Mg-0Bi) and No.4 (0.05Mg-0.02Bi)
which were suddenly cooled at each temperature (550
and 580TC) during heating to 600C. When focusing on
the surface of No.2 at 580C, fine white particles can
be seen on the entire surface, whereas no particles
seen on No.l. This tendency became more
remarkable with the addition of 0.02%Bi, clearly
showing separated areas of fine white particles and

black region.

c
S Al-2.5Si-0.2Fe-1.1Mn-1.5Zn-0.05Mg-XBi
W 40
85 35
ow 3 A
o I
§x 25 / )
g > / Bi content
=2 20 i
c o ‘ -0
E B 15 :4.,7' - 0.02
T 4 10 ‘Fﬁﬁ
® -‘g. 5 r ‘
£3
S No 500 520 540 550 560 580
= heat

Brazing temperature / °C

Fig. 9 The relation between the thickness of the oxide
film and Bi content during brazing.
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Sample 550°C 580°C

No.1 |¢
(0Mg-0Bi)| [

No.2
(0.05Mg-
0Bi)

No.4
(0.05Mg-
0.02Bi)

N

v
Fine white || Bjack region
particles

Fig. 10 The secondary election images of MONOBRAZE
material under flux-free brazing condition surface
during brazing process.

According to Yamayoshi et al.?, this is the result of
the oxide film broken into complex oxide particles by

the following reduction reaction;
Mg + 4/3A1203 - MgA1204 +2/3A1

When this reaction happens, the molten filler was
considered to move on the surface of the
MONOBRAZE material toward bonding part.

4.2 The effect of Mg condensed in the fillet on the
destruction of oxide film of fin stocks

To acheive a good bonding between a plate and a
fin stock, the oxide film of fin stock is necessary to be
destructed as well. Therefore, in order to clarify the
effect of Mg content on the destruction of the oxide
film of fin stock, the concentration of Mg inside the
molten filler during brazing was calculated by
JMatPro as shown in Fig. 11. At the temperature of
590C, the material was considered to be partially
melted and the molten filler was supposed to have a
contact with the fin stock. From Fig. 11, the Mg
concentration in the molten filler was estimated to be
about 0.20%. This is 4 times higher than added Mg
content. This highly concentrated Mg was considered
to attack the oxide film of fin stock, resulting in

formation of the fillet. This theory was in good

Al-2.5Si-0.2Fe-1.1Mn-1.5Zn-0.05Mg

0.35
0.30 _{
0.25
0.20 i
0.15
0.10
0.05

0.00
570 580 590 600 610 620

Temperature / °C

/ mass %

Conc. of Mg in molten filler

Fig. 11 Concentration of Mg in molten filler of Al-2.5Si-
0.2Fe-1.1Mn-1.5Zn-0.05Mg calculated by JMatPro.

accordance with our experiment result that the
addition of 0.05% Mg increased the bonding ratio.
However, the result in this study was considered
not sufficient to explain the characteristics of the
oxide film changes with the Bi content. Therefore, the
relation of the oxide film and the characteristics of Bi
in terms of the chemical composition and crystal

structure will be investigated in a future study.

5. Conclusions

In this research, the influence of the Mg and Bi
contents on the brazeability of the MONOBRAZE
material under flux-free brazing conditions was
investigated. Followings are conclusions in this study.

1. The MONOBRAZE material is applicable for

flux-free brazing by adding Mg.

2. Mg is considered to break the oxide film into fine

particles.

3. Bi is considered to assist the destruction of oxide

film.

Based on the above result, a new aluminium
substrate surface was exposed which allows molten
filler to move on the surface and contribute to the

formation of the fillet.

REFERENCES

1) RS. TIMSIT and B.J. JANEWAY: The Welding Journal, 73
(1994), 119-121.

2) A.Witterbrood, A. Burgur, S. Kirkham: VTMS, 10 (2011), 35.

3) T. Kurosaki, T. Murase, K. Terayama, M. Seki, Y. Betsuki,
J. Ninomiya and A. Niikura: The Journal of Japan Institute
of Light Metals, 68 (2018), 125-132.

4) T. Yamayoshi, Y. Itoh and A. Fukumoto: UAC] Technical
Reports, 4 (2017), 55-57.

5 DR. W. SCHULTZE and H. SCHOER: The Welding Journal
of International Brazing Conference, 4 (1973), 645.

UACJ Technical Reports, Vol.8 (1) (2021) 35



36

Influence of the Mg and Bi Content on Brazeability of MONOBRAZE Material under Flux-Free Brazing Conditions

Dai Yamamoto

Development Department I,
Research & Development Division,
UACJ Corporation, Ph. D. (Eng.)

Kanokploy Phumprasop

Business Development,

Impact Electrons Siam Co., Ltd.
Formerly, Development Department IV,
Research & Development Division,
UACJ Corporation

Noriyuki Yamada

Quality Assurance Department,
UACJ (Thailand) Co.,LTD.

Hirokazu Tanaka

Development Department I,
Research & Development Division,
UACJ Corporation

36

UACJ Technical Reports, Vol.8 (1) (2021)



UAC] Technical Reports, Vol.8 (2021), pp. 37-41 37

| BB - HiiEs

T I = A BN GEAROEEE P TV
A BREETT, RN T EW MRt
#J: ﬂﬁ*****’ i}E 'l‘::******, i}‘ii‘% %ﬁi*******
Development of Strength Prediction Model

for Welded Aluminum Structures™

Toshio Araki**, Shingo Iwamura™**, Shohei Yomogida™*™**
Junya Inoue™ **** Satoshi Minamoto™***** and Makoto Watanabe* * *****

1. BREAW

B O kLT 27201218, HE&KS LM
FHHLER BT, AR &) oY) 2 HHs L TH
b0 —7, WX, BMOMBERLHRE, IR BN
MOME, BHREMEGE £ ORERFIEET S
72, EBRIRFEOARCTRBESEAE BT, K
E) V=R (T B 253 %, 3 LT, E4E Ha
BB CIBHAHEA TW S F— 7 BH21E, 2B T
A =5 P53 2 EMRBIR O KB - R IZHNN T
%o FEBRT— MR TICEERNT L O MRE €T
MALT UL, Bk A B S TR I P 2 e 5
5ZLNTE, FIATNT VKT T —ORAT R
WA C&E D, 72720, F=FRRICLLET NN
HWHTE201L, ¥B7— 7 OHfMWNICHEE SN 5,
WAFOFERT — ¥ OfiA £ TERAEN T 5121, WE
FHNCES S FMETUDHWL T 525, WHET IV
EHBEIAPEFFEIAIDPREVEVIREL D S
(M) o Lo X 91z, 928, 77— B4 gl
EWVIHI T T —F D LN, Wb ERT & ETE G
o T 5,

ARIFZETIE, X DT R P TIEWGAHIPECoO%EE
Sl b 2 HIOIZ, 7V 3 =9 2 ORHR SR % 6

2, B TR BEEIo3o0 7 Tu—F
ZOEH L7253 E 7V OB S8 2 il 7o

2. BREHRERRT —IN—2EfE

TN =T AOEFEMEAE LTRAY v —7%50005%
TIVI=Z AEEOMIGHEEZ FHOMGE L7,
5000 5% 7 Vv 3 = A AE 03B mA LB X EA TR
ThHoHOT, FHELHMOEFEIZHRTA A= XL
VYT NTH D, BH & 5083 & 50520 2HHE, #HINAF
%5183 & Al-5.8% Mg-08% Mn-0.1% Zr D 2FEJH & L,
WEZ iR & L72IRFF 22 H LT, 2450 TH
SRR R L2 8512, HEEEAB X UKL
fr (BERF, BGEEER, EHEH) oMiks X ORI 2R
BNCRE L, F— 7 N—2 & L7z, M EOFERSEAED
% Fig. 112587,

JHIE

WAE T VL, BHEO X = A 0% ERIT 2L RO
BN T0r53 v - EipT—5 L ORI X B OWRGEE
TEMBSND. FHERER I, BIRT28oBme B L -
HIOr s3I0 7 - X5 A= BB 71 v 74 v 78
FA=FHER) BLETHY, ERINDFEZILETHIEI AT
WREL 2D, FRAMEREICIERIESI A ATy THHEL, R
7 TIEE AN T RGN LT 205 a2 MK &S b,

Y AROIEERGE, BeEEE, 57 (2019), 437440 128K,

Main part of this paper has been published in the Journal of Light Metal Welding, 57 (2019), 437-440.

* (B UAC] R&DEt>¥%— Hffsei Hit (L)

Research Department II, Research & Development Division, UAC] Corporation, Ph. D. (Eng.)

o (BR) UACT EE R il (12)

Corporate Strategy Department, UAC] Corporation, Ph. D. (Eng.)

(B UAC] R&DE¥ ¥ — ERFER

Research Department II, Research & Development Division, UAC]J Corporation

e RORUREE RREBAREZET WA (T%)

Institute of Industrial Science, The University of Tokyo, Ph. D.

e WS BHSEREZEEN WE - MORMITZERRRE B (BeR)
National Institute for Materials Science, Dr. Sc.
e ENBRTERTZEEEN R - MORMIESERERE L (D50)

National Institute for Materials Science, Ph. D.

UACJ Technical Reports, Vol.8 (1) (2021) 37



38 TV = NEHEMIE RO RIE T E TOVHESR

3. EFIVOIEEERE

M WAL SRR PS5 & v B
L, Fig. 207 V2% E L1z, &ffe LTk
FME BB Ty MERE TS, BEEEA
DEREEFMT 2N TH S, i E#HRE L
T, AL (BEAF, VEEERS, BGEEHE) o 3 7 aiiliks
LI umENREEREL, INHETILN3IDD
HTEFNTORHEEE Lz,

OFEALD X 7 T BT 7 E TV

@K HALD I 7 v EERETIY 7' TV

OEHRRERO < 7 OB THIY 7 E TV

il 2 O FWEHE O FHEE LT, m, BB,
B, WY IalL—Yarkl, BALTERD
L0, FEOMENGIDVPEETHL, BERET IV
B4 YRR ELTEXLH, %< ORSERHN L
FHERFM2SLEIC R 5 LW T A v b dH b, §FIC
BEO TG 2 8 ¢ 286121, iﬁ&%Tw
OMEEDH R #EE ) R T, #ETH 5,
AWFFRICBWTIE, I 7 ol EcmEXzE, 32
O SR EERE VRIS ISR RN 2, <~ o TR AR
FEM % i\ 72,

Z 2,

4. ETIVFEEE

4.1

EEMOI 7 OBBETFAS TET IV

I 7 UMBETFHEIEICB W TR, FHEKRE LT

M &I & 415
B4 (BE, &,

. R (W, BAEiRED,
W) 2 H W, S50

RDSZ T B BRI OTEHR & LT, Rosenthal D HE) 2k
BoRXITX Y, EEFEREZEE L, SZRITm
Z720 FHITHHMERE LT, MEHE%E~0RE
AR E W Mg i &A% e L7z

BHTEE T X =7 3%, MR ZAL 2 PR

WO IEREICTFMT 5 2 DML Wiz
2—F W4y bT—2I2X B EENEHV,

TITi=
Wi 122 5

EHMEBOBREZ ETVLL 720 Fig. 41287 &9

2, SO TEFTVIZLD,

GBI Mg & G S

BEeTWTE D, 72720, FMEETVTHS = 2—

INhAy bI—=2ZFRHALEC

LT, FosR—2ZD

MR 2 PRI T L Twa R 6N,

) BIEHER SRS

HEEPLETH D,

42 HHEOIVOBMEFETRATTETIL
BRI BT BRI, BRI S T WD

COT7V—AT—2IZHTOE, BUERN T bR PG -FEOIRE &2 2EARIC, Mgt &R RO R
EROBEEIZH 5 X TORGEN T, MEHIRRE 7 OFE ek L7228 (D 2 THB L7
MBS A BH L7 (Fig. 3). AT, Lt k,
TRED, WSRICHOPEE TS Mgl & R a—(hﬁm+vﬁ>“ﬁ“%ﬂ (1)
WCHEHLTET VAL,
Base metal Joint preparation Filler metal Welding process Evaluation
alloy thickness groove i’gglvee frgg(te alloy dimension test area items
5083 igﬁ %ouue\q X E;g} X 25 mm 5183 548 mm large current weldment mic:tret:tselzlr?s;[leesiest
2083 30 mm| | X 0° 20 mm || X 24 mm | X MiG X base metal X fatigue test
5052 | X |20 mm 5 mm AL-5.8%Mg- 21.6 o utidayer heat-affected-zone _ EBSP
15 mm Esquare] XEO"} X |1 mm 0.8%Mn-0.1%Zr MIG weld metal M:f{;ﬁz‘gﬁxgn

Strength prediction model for weldment

Fig. 1 Experimental conditions. Each item underlined was the control condition.

\

microstructure

macro property

materials and o

.| micro property

in each area

welding conditions

prediction sub-model
for microstructure

\_

prediction sub-model
for micro mechanical property

in each area

of the weldment

prediction sub-model
for macro mechanical property

Fig. 2 Framework of property prediction model for aluminum weldment.
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Table 1 Ultrasonic application conditions.

Alloy Al-25mass%Cu (71.=655C)
Start temperature 800C
Ultrasonic horn

Slicon nitride - ¢ 20 mm

Ultrasonic frequency 19 kHz

Application timing

T.=655C
Application timing

Temperature

Time
0s, 1s, 3s, 10s

Application time

Preheating method of

. Preheat in a 900C heater
ultrasonic horn

S N7z > T OVIESRE T [ o HUL T 2 ST, BF
BRI —T v F  Z M E TV, mELBIEIC X
DAY TIVNORE SR A B A L7z, S 51T, H
TV DB GRAT % fERR S 5 72012, Fig. 20 ETF 0%k
WAL ELBED S v 7V 2 RIL, FERKET
7 A= (ICP) 353 AT X D IEEITHE TH % Culk
OUREERWE L7z

3. BREEE

3.1 HIBRNBSDEREE

EREGERS, FEPEVERHIC X D HUS Lo E R A
Fig. 313”3, ¥, Tibe 12653 CHEE ToME
HHAT EFIFF T 1 3 ¥ 7B B HEBO BRI TR
SNz F7o, BEE WEGHIETT I
£ T Tldd 2 AU T 5 O EE ASHE_EF I T
w@ﬁﬁ%b%nto$£%@ﬁﬁ&%%%Té&4
IV TNE IR EER A B AN E B b D 654 °C 12 L 72 IR
HThy, BEHMIRETHI0BMTH S, Fig. 3
0, BERZEETL54 I 7128V T T HEGE
AL BB EGEE AL & FARICHB R TH Y, Fo
MBEEIZICRMTH S I EPHEREINT. Thbb,
REBIZBWCOBERBIF O Y £ 3 2 7 CTIIHHN R
EHM T B 2B OREEIZFEFITNSIVES
Zbo L7205 T, HHHHN O — LB T O Ak Sk

660

— Upper
Lower

650

Scale up bellow

Temperature / °C
£

[=2]

W

o
T

620 1 1 !
400 800 1200 1600
Time /s
660
— Upper

o ) pp
~ ower
<
=} . .
655 e
qu) At
Q
g o
[ Application timing

650 '] [l [
420 440 460 480 500
Time /s

Fig. 3 Cooling curve obtained from upper and lower
thermocouple.

UACJ Technical Reports, Vol.8 (1) (2021) 43



44 BEWFE BT L HEEABB OK

ML T 2L LT, ARG S o212 3 P 0 MG ] O 52 B 2 FERNC Rl 5 720, <
LB TRV EHITE %, 7 TR DR OB AL SIS~ T v etk
2D a2 I U7 BN O MEGTIRE R & &5 ok

3.2 BEREHRER MBI & OB % Fig. 51273, Zh i), 1HH

FW R PTER I D72 ) B U TR b N8 DR PHGINT X o THESRL O BIOHH BRI H 7 13 25% F2
D=7 iz Fig. 412877, Th TN OEHEO L BEF TRBUCHIMT 225, £ D% 108 H 8 & B IHG
FHBHAPEE O HLETH ), SRE T 1 O oL T (2B TROHM BHIRE 513 10% A2 5L L 28 m237, 8
D12HMERLTWA, BERZEF L Twiwi W HAEF IS K 2 i ok O BRI AL 20D 2R 1 JEL IR ] D JEE S5 B
VTN EEDZETOY T VIZBWT, H R X TRMT LI EDPMONERoTz BLEXD, Kbk
D b H T IR ORI TdH - 720 TIULBE P OB LB D 5 A7 =30 § 2 B8 5 9 O R IR ] D 52
WHOHIIZHEHD ST, MROLEIRIRE 57272 BIMETE L, MOENIHHALZEMLZIR T
DTHoHEEZOND, 72, BMEKRZIDHLER 5 LRI NI,

W9 5 2 & THHR T IS BT 26 SR A AL 3 e A & HHEEZRE LTt 7 v &S EZ 108
Mo Z EDHERIN, THIIIERITZE & FkORR T B LY7o 7 aBlfofiRz Fig. 6128
bolze =, BEROBMPFMZESLLLATY §o B AR GRS SR BRI, S B A A

LT RE RN e K IE PN R (AR AT (B e N o MBS ZBIE LR TH L, TRED, BEREZR
8 F TRE AL ORI R R A TE B % B8 5 i 0 g 5% YL 729 > 7OV OB F TR SR ARLIR T —T
PRI ARFEERFEH N TIIAFAE L 2o 720 Y, BERIZE MM RIFEI IR THE I L

Application time: 0 s | | Application time: 1 s Appl|cat|on time: 3 s Appllcatlon time: 10 S

Fig. 4 Macrostructure of solidification samples on each application time.

o\° 40
~
< 35
o
© 30 H
[
)
2 2 /
B3 15
e | /"
s 10
5 .1/
o 5/
(5]
o 0Lt T T . . Fine grain area
0 2 4 6 8 10
Application time / s b mm

Fig. 5 Relationship between ultrasonic application time and percentage of fine grain area.

44 UACJ Technical Reports, Vol.8 (1) (2021)



BEBRHEE BT 2HEEABHOFE 45

VR I NTze —HT, BEEZEFY LWV
280N El‘(&’i' WL 728 v 7 Vol EEcid s
YRIA MRFELEERNTH o2 L7255 T,

T2 10 HIBRSS L€ S HI L8R LT bz o
LRI FEBL S g, BB IR R SR AR 12
WEEBEZ TWHWH DL HIWTE b,

HTEERG LTt v 7 v &Sk E 1081
WG L7247zt L, P RS & HE T3 < Cuile
JEDPE % AT 724G F % Fig, TI2RT . BWEERBEO
AR D S FHER BTl Cul AR <, HI 5
T CulB MR, ~ 7 a2 R34 LT b
evbhroi. o, BERORIC X o THH L
ICBT 5 CulbORENKE K R 2D Y, &%
KT34mass% FE F TRILT 5 2 & MER S 7z, 3

Application time : 0 s

Application time : 10 s

Upper

Lower

Fig. 6 Microstructure of solidification samples on both

area.
X 4
235
£ 3
~o5 Average
c 7] concentration
o 24
151
205
205+
g o
5 Upper Lower Upper Lower
o Appllcanon time : 0 s | Application time : 10 s

Fig. 7 Result of Cu concentration measurement.

Primary
crystal

Cu concentration

W TR, BE RIS OA B D ST DTERE L
TWAIENEZOLNDL O, NMOELRS L%
ETH2H0HOMETHELEZ DML, TIITHL,
I LB E R ORENI X > TEEOMEMNTEL,
MITHEWIE BT R0 RAB ISR S 5 720
(égmiﬁ?O)Cu?ﬁﬂﬁ‘Eﬁ%T%otr‘:?ﬁ 2XxNb,

D EO#RED S, BEREOIEN X > T TEHT
D BAG AL DAL L 72 IS DO W TERE 179,
PN o Dk B % 1 9 BB AE O BN % Fig. 812
Yo Fig. 8 AlZBWT, FrEDEmimE I LT
HWHES 2179 2 & T, Fig. 8 BO@) HHTICLE
DUEDPERT BT L b, 22T, Al-25mass%Cu
SR EE, 2oMEHKTH L7720, BE R
SRR o THRT 2 9IS IR AR a- AT H
Bo B L7-MEED £ D QBEIR S V- OHH
THIZHEET 52 & T, HE B AR B
EREVIBGEIEET A2 %5 (Fig. 8 C)s 2D
RS, SR T EClIBERRE TR L RO
RBEL TWAH720, ki OMMLsET 5 b o0 Lk
#3nb (Fig. 8 D)o L L%ADH, AELETIIEY
WD WUFIRER % 5 < LT & HIM L38O ik 23 i AL
L2WBRZIHITE v, T2T, WHILEDOYY
1 2 AT LA D AR EE D Z L D ZE L TS B 1
ERET) o

AR & RIE Y O CulikFE (25mass%) 2B 5
WARRRIREE, CullbEh (34mass%) (23 1) 2 AHKRIER
JEDORIR % Fig. 912773, Fig. 8 A DR TRBLH
AR ELL T O WIREICE L7254 3 v 7 Tl
Wa MG L7720, MHERIRATR E v, ZhIZx L
ZEOWMHPER L, BB TICCudiiib L 7zB

(Fig. 8 C) 12 i‘fﬁiﬁﬁ‘iﬁﬁ“ﬁﬁTT B72%0, I
ZAL L 2 WA ISR SR OB LRI R AN S K 2 B

ENEZ Bhéo Cu iR AL R o AR MR 13 % 652°C
FTRTTHEMESNDA, LMBENTHE L2
HHHIC BV T52C F THRBIREIME T § 5 01k

BE WG SR T0BBETH o7 ThbD, KE
TIOB B OMFEIRF 217> T, CudiBfbicthvik

Coarse

|

Fine

Grain size

Fig. 8 Schematic diagram of solidification process under ultrasonic application.

UACJ Technical Reports, Vol.8 (1) (2021) 45



46 WE WL BT A HHBE OME

) o SEXH
Ultrasonic application
g 1) K. Matsuda, T. Takehara, M. Yang, H. Uno, T. Kubo, G.
g T, of Al-2.5mass%Cu Miyano and M. Yoshida: Metallurgical and Materials
Q[ "\ (655°C) Transactions A, 47A (2016), 2509-2516.
(IEJ ———————————————————————————— Application R 2) KIPEESE : Fral SImstm s, AN |, (1977), 43-65.
fhue About 700 temperature (654°C)
,,,,,,,L,,,,,,,Eu, ,,,,, ? ,,,,,,, _ T, of Al-3.4mass%Cu
1 (652°C)
Time

Fig. 9 Relationship between liquidus temperature and .

ultrasonic application temperature on the cooling M #F (Shohei Yomogida)

curve. (#%) UACJ R&Dt>%— ZHEZHRI

AU O WA EE 2K T 3 % 7280, WM EE DL 1
TEBERZRE L5282, #Sk oMMt
RPN E L ol b WS NG, DX, FEs
SR CHRE B IRSNIC X BRI L 2 BT 5 720
2, BREILEO~ 7 vl AR R S WA AR
EOZEALE ZE L CBEHEORGFRM PR s 4 3~
RETHIUENRHDEFTZ 5

EZ2H %  (Gaku Miyano)
(%) UACJU %8R $5iR T35 RARFMEE

Z24% &%) (Takashi Kubo)
(¥F) UACJ R&Dt>%— EHEMES

4. % 8t (T%)

8

BRI B B~ 7 18 B RAT I BE ) AT
1 BE DZAL AV T IS X B G AL ORI LR R IR X

LB RET LY LI L7z, BMERBHICX
B f SR ORI R A, O RGR R TGS %
ZETHROREL Do iz’ﬁiﬁi IBVTHEG RO
HICRIRPEAZALT B 5B (A% O WO L 22
5570, %ﬁ%ifi%ﬁﬁ%ﬁ?éhﬁﬂ%’ﬁﬁ%ﬂ‘?éyf 3
Y7 RMEE, BT 5 NEDDH L.

46 UACJ Technical Reports, Vol.8 (1) (2021)



UAC] Technical Reports, Vol.8 (2021), pp. 47-52

47

| BB - HiiEs

7797 ACEBAISIHRAIMBEITS ) NHTFHO
% ) AFRFIZ B0 2 RAL BB O REEEZE B 2 D 158l 58 *

G S NS T 16 B D1 S

In-Situ Observation of Removal Behavior of Surface Oxide Film from
Al-Si Filler and Brazed Material by Brazing Flux*

Taichi Suzuki**, Tomoki Yamayoshi** and Yutaka Yanagawa™**

1. ##

il

TIVIZy AGERABFRLHREG T ]ET L,
EROMT2 —ICHEETL2LENH L7720, ks
IFEFLEHENT WD, TV =y AREIZIE, it
BHON EIZHS T 5B LB FAEL TV 5
B, TO—HTREGRAINEZTL2DIE, 59
MR R 5 ) AT L oM oA R FAET 5
LRI 2 SO0 3 - B L, HrAEmz &L 2540
B3 Bo MBALBIEDWIE - B2, —HKmIZ7 7
v 7 AEMHT S, HEVET Ty 7 AEMHETIC
HERTHINT LI EVERTH L, BAETIEAE
HEEB L2 ) OB » S, EFRTAEORNENE
HAGZHAPCTIHBENET7 Iy 7 Z2[MHLTA 5t
%479 CAB (Controlled Atmosphere Brazing) %=+
MEeoTWwh,
CABETIRIBER L7279 v 7 AD3A 9 M EMOMEL
BRI ZBIE L Tz @S EsL b1, A9H
RKxEWO L THIMOTHBALZIHIL, @b
O xE FO, HnEEzmM EsE3E 3N Twb, 7
T v 7 A& DBALEIROWE - Lo L LT,
DF2 S Cng V9,
O B AR ER L 727 T v 7 A0SR I
WZHEEEL AL MIER L, BRALE AN 7 7
v 7 AR %o

@ BEALFLRIGH 7 T v 7 AHEME L LTEH
L, BRALRZIEME T o R & B IE O TRk E

AR L CRBEE T oM ERT 52 8T,
BT 7 v 7 AL AT HIBERR £ S b
@ MBS 7 9 v 7 Ao Xiiey & B4 7 v
IZULANKIBLTAICELZERL, Zhhsi#
L CHRALEZ B % FIBERR £ 9 %, 7272 L 2 uddiqb

WRT T w7 ADEEIZRS,

7597 AR ERDO) BT NLD XS XL TH
L2 - BRELTWLEEIRELDOD, ZOkK
MR RENC DO W TR — 1 R v, T 72,
BN OREBEEE LT, A9 AR o8 7
A I FBICOCTOMERY VIR SN L5, 5
A ORI Z D b D DZEE) R A 9 B AL O
LR DML - BREREICOVTIE, 2L TD%
T 2MESIETEALRONT, RWHL NSV
FETHDH, AETIE, 7927 AL H5 )M
BLOS ) HHFM ORI BEOBIE - B0 #its
JOBEZHONIITAZLZHMNE LT, TOWHE
I B )DL S MERALE I OHE - B 25 0)
A L7

2. RBGE

BEEAM DAL 2 Table 112739 AWFETIZ,
HAMIZALIR2%SIGEEHT 52— MR T L -V v 7
V= bR E L, OME3003, 72, HAOME
4047 & L, DM ORTHIZA ) M 2l G b TR T
MEL, Gl&fs, WHEEEBMHEZET, 59827 7

W), 70 (2020), 435-439 & 1 B,

This paper is reprinted from Journal of The Japan institute of Light Metals, 70 (2020) , 435-439.

(#8) UAC] R&Dt > ¥ — %N

Development Department II, Research & Development Division, UAC] Corporation

(#) UAC]  ZIR I pE LR
Intellectual Property Department, UAC] Corporation

UACJ Technical Reports, Vol.8 (1) (2021) 47



48

7797 AL B ALSIRLIMB LS ) NMEMO 5 ) MBI 2 BALKEIROWIREET) < 0 Bi5k

Table 1 Chemical composition of specimens (mass%).

Layer Alloy Si Fe Cu Mn Mg Cr Zn Ti Al

Core 3003 0.30 0.64 0.16 1.26 <0.01 <0.01 <0.01 0.01 Bal.

Filler 4047 124 0.12 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 Bal.
Brazing sheet Gk

30 mmX20 mm

\/

Contact point

¢1.6
SUS-rod

Fig. 1 Schematic image of gap filling test specimen.
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Fig. 2 In-situ observation result of 4047 filler surface during brazing, from horizontal perspective.
(a) Just below melting point of flux. Other pictures show (b) 10s, (c) 20s, (d) 30s, (e) 40s, (f) 50s, (g) 60s after (a).
Estimated temperature was also shown in each picture.
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(a) Just below melting point of flux. Other pictures show (b) 10s, (c) 20s, (d) 30s, (e) 40s, (f) 50s, (g) 60s after (a).

Estimated temperature was also shown in each picture.
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Fig. 4 Schematic image of removal behavior of surface oxide film.
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Fig. 4 Definition of various geometric parameters on
louvered fin.
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Table 1 Specifications of tested louvered fins.

Louver | Louver Fin Fin Louver Fin
pitch angle pitch height | length | depth
P 0 P H, L D;
(mm) | (deg) | (mm) (mm) | (mm) (mm)
1 27
L 0.7 30 1.0, 1.3 7.6 6.0 139
3 33
4 27
5] 09 30 10, 1.3 7.6 6.0 139
6 33
7 27
z 11 30 1.0, 1.3 7.6 6.0 139
9 33
10 | 7.6 5.6
11 09 30 1.0, 1.3 111 9.0 139
12 17.0 14.6
13 82
E 0.95 285 1.0, 1.3 7.6 6.0 10.1
15 139

Table 2 Experimental condition.

Water side Inlet temperature T 50

Dry bulb temperature T 25

Air side Wet bulb temperature T 16
Frontal air velocity m/s 1.0, 2.0, 4.0
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Fig. 9 Cross section view of multi port flat tubes with
trapezoid channels.

Table 3 Specification of tested multi port flat tubes.

Channel shape - Rec Ribl Rib2

Channel width mm 0.54 0.54 0.54

Channel height mm 0.84 0.84 0.84
Cross sectional area mm? 7.8 7.3 7.2

Wetted perimeter mm 482 55.9 65.7
Hydraulic diameter mm 0.64 0.52 043
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(b) Rib1
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Fig. 10 Cross section view of multi port flat tubes.

Corrugated fin

Fig. 11 Schematic diagram of heat exchanger.

Table 4 Experimental condition.

Type of experiment Condensation | Evaporation
Dry bulb 9
temp. C 35 27
. Wet bulb o
Air side temp. C 24 19
Frontal air |, /o1 15 20,25 | 1820 25
velocity
Saturation | ¢
temp. C 45 155
Refrigerant| Iplet quality | — - 0.2
side
Superheat K 20
Subcool K 5 -
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Fig. 12 Heat transfer rate with frontal air velocity during
condensation.
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Fig. 13 Refrigerant side pressure drop with mass flow
rate during condensation.
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Fig. 14 Heat transfer rate with frontal air velocity during
evaporation.
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Fig. 15 Refrigerant side pressure drop with mass flow
rate during evaporation.
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Fig. 18 Schematic of calculated parallel flow heat
exchangers.
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Table 5 Specification of calculated parallel flow heat

exchangers.
A B C

Pass pattern - 22-15-10-5 | 32-10-6-4 40-5-4-3
Number of tube - 52
Number of pass - 4

Core width mm 680

Core height mm 466

Core depth mm 14

Table 6 Air side condition.

Dry bulb temperature T 35
Wet bulb temperature T 24
Frontal air velocity m/s 08,1.0,1.2

Table 7 Refrigerant side condition.

Refrigerant - R32
Pressure MPa 3.14
Saturation Temperature T 50
Inlet Superheat K 25
Outlet Subcool K 50, 85, 12
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pattern A on frontal air velocity of 1.2 m/s.
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Fig. 21 Calculation result for effect of pass pattern on
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Unique Anodized Film
for Bonding Aluminum and Resin*

Akihiro Fukatsu™*, Yoshiyuki Oya*** and Yoichi Kojima****

1. Introduction

The importance of joining technology for different
materials is continually increasing. Mechanical
fastening or adhesion bonding is often performed
when joining aluminum sheets with resin. Adhesion
can join any shape, including large-area bonding, thin-
plate bonding, laminates, and honeycomb structures.
Moreover, adhesion reduces the stress concentration
and improves fatigue characteristics because it
involves surface bonding. In contrast, disadvantages
of adhesion include insufficient bonding strength and
its deterioration after long periods of use. Therefore,
aluminum sheets are often subjected to surface
treatments to increase the adhesive strength and/or
improve durability. Conventionally, various chemical
conversion treatments have been used for bonding
substrates such as phosphoric acid and chromate, as
well as anodizing as a bonding-base-treatment.
Recently, significantly demand for the development of
such surface treatment technology to deal with a
diverse combination of materials to further improve
the reliability of composite materials has been
generate. In addition, a major goal is to reduce the
environmental impact of the treatment process. To
meet these technical and social demands, a novel
surface treatment for bonding substrates was
developed involving alternating current (AC)
anodizing in an alkaline solution without heavy metals
such as Cr. “KO Processing Sheet”” has been
developed to meet these demands which has an oxide
film with a unique shape and high resin adhesion. In
this paper, we describe the oxide film structure and

adhesive properties.

2. Method

Herein, 5052-H34 aluminum sheets were used as
specimens. AC electrolytic treatment was performed
in an alkaline solution and subsequent washing with
water and drying yielded an aluminum sheet with an
AC anodized film. Fig. 1 shows a schematic of the

treatment process.

3. Results

3.1 Film structure

A top-view FE-SEM image of the AC anodized film
and cross-sectional TEM image were provided in Fig. 2
(a) and (b) respectively. The oxide film exhibited a
complex porous-and-dendritic structure with a pore
diameter of 10 to 30 nm and thickness 100 to 300 nm.

AC anodizing Washing Drying

Aluminum

sheet —> —

L3

Electrode Alkaline
solution

Fig. 1 The AC anodizing process.

100 nm

Fig. 2 (a) A top-view FE-SEM image and (b) cross-
sectional TEM image of the AC anodized film.

(INALCO 2019) (2019), 44-45.

The main part of this paper has been published in Proceedings of 14th International Aluminum Conference

Research Department II, Research & Development Division, UAC] Corporation
Research Planning Department, Research & Development Division, UAC] Corporation, Ph. D. (Eng.)
Research & Development Division, UAC] Corporation, Ph. D.
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The pores were much thinner than those produced in
conventional anodized films formed by direct current
(DC) electrolysis in sulfuric acid solution (thickness of
2000 to 10000 nm). In addition, the prepared oxide
film contained a smaller amount of impurities than
the DC film.

3.2 Primary adhesion: the tape peeling test

The 90° peeling strength of the samples was
measured using polyester tape. For comparison, the
peeling strengths of DC anodized, phosphate
chromatized and bare aluminum were also measured.
High tape peel strength was obtained for both AC
and DC anodized materials (Fig. 3). A glue mark was

observed only on the AC anodized surface (Fig. 4).

3.3 Durability of the primary adhesion: exposure to
atmospheric conditions

Fig. 5 shows the time-dependent changes of tape

peel strength when the AC anodized aluminum sheet

was exposed to air for 6 months. Ordinarily, adhesion

strength decreases remarkably due to moisture

absorption and surface contamination if it is exposed

to air without adhesion or painting. However, this

12
(&)
=10
~
< 8
26
o
=4
. B B
3 o w
2 AC DC Chromate Bare
b (Suluric acid) conversion
coating

Fig. 3 The 90° peeling strength of various surface
treatments for acrylic adhesives.

Scotch

_Adnesivel

remaine

Fig. 4 Picture of the AC anodized film before/after the
peeling test.

surface treated specimen exhibited almost no

decrease in strength.

3.4 Secondary adhesion: the pressure cooker test

The aluminum sheet and polypropylene resin were
directly bonded via thermocompression. The sample
was then exposed to 121°C and 100% RH conditions
for 32 h. The time-dependent change of the T-peel
strength was shown in Fig. 6. The strength of the DC
anodized specimen prepared in sulfuric acid solution
decreased significantly. In contrast, the AC anodized
specimen in the alkaline solution showed negligible

decreases in strength.

4. Discussion

The interface of the aluminum and resin was
observed by TEM-EDS. At the aluminum/resin
interface, Al and O atoms derived from the oxide film
and C atom derived from the resin were detected
(Fig. 7). The high adhesive strength was likely
obtained by the resin penetrating into the complex
porous-and-dendritic oxide film and exhibiting a

strong anchor effect.

£ 12 ——

o - -
< 8 2 ¢

D 6

[

7 4

3 2

Q

o 0 ‘ ‘ ‘ ‘

3 0 15 30 90 180
'_

Elapsed time at room temperature / day

()]

Fig. Change in the 90° peeling strength of the AC
anodized film as a function of exposure time to

the atmosphere.

m As bonded = After 16 h m After 32 h

T-ppel strength / N cm™

AC DC
( Sulfuric acid )

Fig. 6 T-peel strength of the AC and DC anodized films
for epoxy bonding.
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5. Conclusions
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Fig. 1 IPC structure for alloys based on aluminum.
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Fig. 2 1IPC classification for alloys based on aluminum.
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Fig. 3 Range retrieval for the alloy contents by the retrieval system “ICIREPAT”.
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Electrochemical Study of Galvanic Corrosion Mechanism between
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Fig. 1 Al sample image after JASO M610.
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76 UACJ Technical Reports, Vol.8 (1) (2021)



TIVI=ZT AL EHFHE DMBBICBIT TNV A=y 7R H = X2 OBFALFEWHRE 77

33 BRAEFAEHSUOCRABEER

6000 R A4 MO TNy 7 BRI ER R E
Fig. 412777, 60002 &&DREMARZ 284, IED
BTN S 6000244 LM% 30 mm B L 7285
G, ANy 7 BEFRIZIERLGED & Zn 0O B
il s ilr 7z, BEOKREE2%Z]1 mm& L2A,
T2 B AA TG 3 SR AT R 9~ 2 B AT 2 S iz B
EIZIRE) L 722 255 6000 5% & & 253 5 Bt~ & 21k
L, #15 HEGEAEIIZHESRDERT 2B E o 72
ZO®RIZFH 60002 E SRR T 2B E S h
720 BREIOKREE %20l mm&$5E, 6000%540NE
B3 A EIAHER L T E SNz, BEOKE SITX
D, BIHREHSZALLTWDE I EDRD SN,

BRI PR O BB 2 LR 5 720, WAL ER T
A TN R H5] R, MRS pH BUERAK
% FE T A5 S 8720 pHRBRARDOZEAS T VA )
BRTHDLZEEOLNT, BIZHMO0L mm& L7z
BB wT, BEALFIERO AIRAZBIST5 L,
I AR ERIRO BRI AT AE L Tz, RERIR
DRI, — IR RILAETIE R L, BTV h ) B
THERIINZ2YWEOFREHTH Y Y, Zhidh
HREANEAST VA ) BEEIC R 5> Tz & 2R,

4. PIVIZ) LETROEMERED

A DX LHE

41 BEREOZ(LICET2EE
BRI O BEERBE DAL 2 E 53 5729012, 6000
REELHMHEHICONT, FRNENHET5%NaClK
B 2 W CEBMWZ ATV, 0G0 pH &
W Lz WEMR % Fig. 5127773, 6000264 T,
EBEMEMTORLSE, MHERPICHERLLZT VI
= AmEPREL LD EHRpHA ESAL, ATI ~
10REE o7z FMEIICBWTHMEMNIIFEETDH -

3
e 2
[&]
<:(1 Al
1 dissolution
Z o0
2
3 » Zn
= dissolution
o .
3 -2} e ==0.1 mm
1day 2days ==1.0mm
3 30 mm

0 720 1440 2160 2880 3600
Time, t / min

Fig. 4 Galvanic current in the gap sample.
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Fig. 5 Solution pH after electrolysis.
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Fig. 6 Corrosion mechanism in the gap between Al and Zn.
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Evaluation Method for Corrosion Resistance of Aluminum
and Its Standardization
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Fig. 1 Effect of amount of acetic acid on corrosion potential.
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In Search of the Adhesion Mechanism of Highly-Adhesive Aluminum*
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Fig. 1 Cross-sectional TEM image (a) and surface FE-SEM image (b) of electrolytic oxide film in KO-processing sheet.
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Reprinted with permission from Journal of The Japan Institute of Light Metals, 66 (2016), 113.

*  (Fk) UAC] R&Dt¥%— H—BIJEHs

Development Department I, Research & Development Division, UAC] Corporation

UACJ Technical Reports, Vol.8 (1) (2021) 81



82 HEmAMTVI=ZT IMOEHEAN = AL ERDT

BTV H—RRICEBIDEELZLNTWVSEY, 5%,
29 L7:FE-SEMBiIg7— % # EMT 52 LT, Wit
B BT D BHIRERE & 7 > H — R0 BRI &
Y, EANZALIHT LBl E 5 T L2
F3Nd, &612, KMHREFGLZHET LI ETH
MG 2 il b L, LD EEEE D [WRAIKOL
HIMF ] DBFEIZ ORI EE 2 TV b,

£&/Il E— (Shinichi Hasegawa)
(¥) UACJ R&Dt>%— E—BRS

SEW

D “BEAEMETIVI = 2K KON ], Furukawa-Sky
Review No.l (2005) , 44.

2) BHNS : "KOMBEmMEMIFL OBEH{ A I = AL,
Furukawa-Sky Review No.9 (2013), 64-67.

82 UACJ Technical Reports, Vol.8 (1) (2021)






UAC] Technical Reports, Vol.8 (2021), pp. 84-88

5 TN Ll ‘
o NRERI—E )

2021 4E 1 H A5 2021 4E 12 £ TICA K LBk

Papers, Reviews and Proceedings Published from Jan. 2021 to Dec. 2021

& H

FHIRES

ALTiBRBRMEAIRINC & 2 7V 3 =77 A sk

B4, 71(2021),

U ez 5 TiB K £ 4 A0l BRI 1621
Measurement of Dislocation Density Change during (Univ. of Hyogo) Hiroki Adachi, Hiroshi Mizowaki, Materials
2 | Tensile Deformation in Coarse-Grained Aluminum by | Masahiro Hirata, Daisuke Okai Transactions, 62
In-situ XRD Technique with Tester Oscillation (UAC]) Hidetaka Nakanishi (2021) , 62-68
3 Mechanism of High Grain Refimenet Effectiveness on | (UACJ) Akihiro Minagawa Light Metals, (2021),
New Grain Refiner “TiBAl Advance” (AMG Aluminum) Mattew Piper 844-849
(UAC)) RABAT, SdEdE—
. . - N = L 3) HRAET
PRI BT 37 V3 =9 M/ Mo | 2TV S) HIEHT BEGI, 71(2021),
1 (FHEG) SR, 1 S, /N1, ol
(RFRIVE L) GHIPRE, (Rhdd) KH R
(RTK) % H¥EH
Numerical Analysis of Fillet Shape and Molten Filler Materials
5 | Flow during Brazing in the Al-Si Alloy of Hirokazu Tanaka Transactions, 62
Automotive Radiator (2021) , 498-504
Influence of Operating Conditions on Deposition Rate (Iwat(.i Univ.) Koichi Ui SatOShl Kobayashi, Kuniaki
6 | and Smoothness of Electrolytic Aluminum Foil Using Sasaki, Tatsuya Takeguchi J. Electrochem. Soc,
. AR (UACJ) Jyunji Nunomura, Yukio Honkawa, Yoichi 168 (2021), 051560
Chloroaluminate Ionic Liquids ..
Kojima
Local Electrochemical Measurements by 3D Printed (HOk.k 2ido [.Imv.) Kei Sakata,.Masatoshl Salkairi J. Electrochem. Soc.,
7 | SEMDC Equipped with Optical Microscope (Lehigh Univ.) Muhammad Bilal 168 (2021) , 061505
quipp P P (UACJ) Takuya Murata ’
Improving the Pitting Corrosion Resistance of (Tohoku Univ.) Hiroshi Kakinuma, Izumi Muto, Yu Materials
8 | AA1050 Aluminum by Removing Intermetallic Sugawara, Nobuyoshi Hara Transactions, 62
Particles during Conversion Treatments (UACJ) Yoshiyuki Oya, Takahiro Momii (2021) , 1160-1167
o . < - = (NJT $AE) pip it = &A%, 60(2021),
L — e B SO
9 | FRARNOEL N — 27 T v KPS KO R (UACT) 3¢ B, afiie 113118
10 INA=TRBHER Y 7RO BKERFHRICE | (TELR) FHAZ, MNEEE, SRR, FH—2 | HARESERFAE, 85
JATNVIZIAEEDT T 7 A7) —AH 94 (UAC]) I mis, gk (2021), 352-358
. B IS
AVTEBRGIHEANC BU 5 TiB S 4 £ Ly, | (UACH #IBLE, )V AR, 71(2021),
11 DI (TCRERSIE) o H IS5 409-414
i (ERSHE) BAIEA, A FHE—RR
(Univ. of Tsukuba) Biao Shen
Persistent Reduction of Boiling Incipience of Ethanol (Kyl.JShu Un%v.) Takes.l.n Hamazak.l, Kohei K%lmlya, Interna‘.uonal Journal
12 on Biphilic Porous Textured Surfaces Sumitomo Hidaka, Koji Takahashi, Yasuyuki Takata | of Multiphase Flow,
P (UACJ) Junji Nunomura, Akihiro Fukatsu, Yoichiro | 142 (2021), 103739
Betsuki
(Univ. of Rostock) Christian Rowolt, Benjamin
Milkereit, Armin Springer, Kevin Oldenburg, Olaf
13 On the Extraordinary Low Quench Sensitivity of an Kessler J. Mater Sci.,, 56
AlZnMg Alloy (Nagoya Inst. of Tech.) Mami Mihara-Narita (2021), 20181-20196
(ESD Lab.) Hideo Yoshida
(UACJ) Kenya Yamashita
19 T S A 3 Pae . ) o 4
14 A} 19%Mn & & OB T CIK T 28 Y & Z D56k IR, 2 AResE, il B4, 71(2021),
N 549-554
(Tohoku Univ.) Takuya Yamamoto, Sergey V. Metallurgical and
15 Numerical Prediction of Channel-Type Segregation Komarov Materials
Formation in DC Casting of Al-Mg Billet (UACJ) Keisuke Kamiya, Keita Fukawa, Shohei Transaction B, 52
Yomogida, Takashi Kubo, Masanori Tsunekawa (2021), 4046-4060
Expe.r 1meqts and Crystal Plasticity Simulations on (Shizuoka Univ.) Kengo Yoshida, Yasuhito Yamazaki | Metals, 11 (2021),
16 | Plastic Anisotropy of Naturally Aged and Annealed (UACJ) Hidetaka Nakanishi 1979
Al-Mg-Si Alloy Sheets
84 UACJ Technical Reports, Vol.8 (1) (2021)




ARYOR—E 85

B BESH (OFLESD)

No.

& H

e

IS

LCO VA Z VTV IM ORISR

(h 3 AB)H) YUY, BIMSB,
PNFIIES
(UACT) A &, IR, AKIHER

TOYOTA Technical Review, 66
(2021), 92-95

5 | ICAA MESZRH A (2020) B (1) MEJETTk, (UAC)) el | 408, 71 (2021), 131
BRI S T AL F— 50 KA
PRSI 0 A 0 A )3
B AN F— BB 570 2 Ao K | EPMREIS BRI () AR | o s o e sy
S T L B, EMEOOH, HEMEH23% No.79 (2021.331)
G (UACD) M, SaEsie—, fompe | o 3
B, TR
4 | pos =7 A DURRORBRAHMBOWEEBMIND | pyomts. mopvieny 65 £, 1440 (2021), 222226
5 FRET VI = A EEE W HE A O B3 W E TV I =4, 28111 (2021), 24-28
o - AW, JEHE, A B ER I,
6 | BB~ OB AR bR 58] s st AR, 71(2021) , 258263
7 | PRIME 2020 Zhn#ti SR A B4, 71(2021), 271
A 5140 AT KA B e
8 | a0 BHF02) B LT EFHRO OO GREE] | ZABH HSR, 71(2021), 306
9 | DKL a—F 1 TR HATEWRYIRE 7 1 VA N TR FEBER #), 41-7 (2021), 48-53
(N3 % ) PR, BT,
10 | ECO U H A4 Z VT N I ORTE KATFI92 TN3I=w A, 28112 (2021), 79
(UAC]) i %, ISR, Akt
(UACJ, FERRHT) B /0, et
11| v 7%y W e DR (REART) T35 1F 7 FET,518(2021), 1114
(% TK) IR
(UAC, FEASTI) # A, H2t e
12 | R/ A LA EOHIE - BRI WT | GERHF T9HE o B A 202
(BT oK) R
BEGR 205 70 A R ] .
13| g LIy T B4R, 71(2021), 484
B A5 70 A L A
| ety D AR, 71(2021) , 488
BEGRE 205 70 A R A .
15 = O 10EDWIEIR A DM 5 FREE—RB 4w, 71 (2021) , 495
BEGR 2 70 A R I
16 | e s IR AR, 71(2021) , 506
BEAR 2 05 70 A R B .
17 | Rl e U A B4R, 71(2021), 523
18 | M)A 7 N DI ORI Z BB E U o Bl | M, U WAIRTHE, 59 (2021) , 475480
19 | 7V 3 = 2 )ik KA RAT AR, 59 (2021) , 481485
e - | (UACD % Aol gEH O, MR,
g | LTS SOFIEI OB AN TV | o "~ o, molizhy 7 RET, 5112(2021), 59

=7 A SRR O BT R -

(UACT $ii) RAPREIE

UACJ Technical Reports, Vol.8 (1) (2021) 85



86

ARYOR ¥

B % - BEOFEEASTOOR - KA %K

No. & H TEH AR - IR R
Texture Evolutions in Aluminum and (Utsunomiya Univ.) Yoshimasa Takayama, | The 19th International Conference on
L | AL3%Me Allow Sublocted to Shons Yihe Xu, Tsuyoshi Yoshida Textures of Materials (ICOTOMI19
Df%%niut e i (UAC]) Hiroki Tanaka 2021), Mater. Sci. Eng. 1121 (2021),
clormation and subseque cang (Ibaraki Univ.) Yusuke Onuki, Shigeo Sato | 012017
9 B{SALIRZ GG U727 v I B REC BT 2 A PRI T4y TEIE 2450 R4y 551351
U—Va—F4 Y ZREOF Ve Vi o WFges [ ERE R O HEAL | ONLINE
< . . HARGR o W14 168 Il 5 K&
I = DS IR
3| THI=TLEEORAER SLEHE BEZE4E (2021), S5.13 M3 ONLINE
4 TEMMT VI = 2 OBERIERE L ARREE | GRALKR) Midd 2, Rl 5, 80 B, 5S8R | HARSEZSAME 168 ik K s
5% O ] IRF A B (UAC)) WIFEReZ:, RAFRAT ME%E4E (2021), S5.7 ONLINE
1st Digital International Congress on
In-situ Brazing Observation of Removal C . . . . Aluminium Brazing and Aluminium
5 | Behaviour of Oxide Film from Al-Si Filler ¥alch1 Suzuki, Tomoki Yamayoshi, Yutaka Heat Exchanger Technologies for
Surface by Brazing Flux anagawa HVAC&R, DVS, Proceedings (2021),
100-105
6 ALCuURT IV I = AGEOR TS RN | GRALK) FHAOM, R %, &5 8 BB RSy MORL & BREE 2021 BEZAE,
DR (UAC)) %M IE, ¥4 %, KA RAT (2021), A-215 ONLINE
7 6000 BTNV I =y A5 UM oK | (REREFR) 7<= F 74 F, M, A | BEREES 5 140 IR UK S il i 22
T & ML S A3 VDA B F PRI iz 3738 M5z, (UAC)) =4 %, %W IE (2021) , No.3, 5-6 ONLINE
3 AIMg R EGEICBIT D F x ¥ RAVEUEHIEK D | (UAC]) fi IR BAIE 4 85 140 MR R 23 3 b 22
& (HAER) ARl (2021) , No.61, 121-122 ONLINE
9 Al-1%Mn AEO BB THRIIER S T 5 TE A WRATIR A2y 55 140 Il WK 23 G 22
HRR D BN e BV BT T Fe, Si D% = g (2021) , No.65, 129-130, ONLINE
TN =T AD 5 )R HRO DY Bi5E 4 A o s BRSP4 85 140 MR R 23 3 b 22
1013 xn=xa AR SRR, Rl B (2021), No.90, 179-180 ONLINE
700027V I =7 A5 EORMINIFEICB X e A e WRATIR A2y 55 140 Il WK 23 G 22
W izgse, zrimmops WE R, —HEE, KW E (2021), No.129, 257-258 ONLINE
TN 2T ADIEET B ACBT BRI R rremr spmpese | AN DHIRESEE 2021 4R EEAEIR S (4535
12 | REEROMN -1 57 2y hy—zix | (GACH RIS, JUARE. W | ) Samge 201). 2m3.Gs3001
AR ERENDE T AL - - ONLINE
13 7V X I EREA RN AFAE T B UMY R RO ey JERERAT A 2021 45 B IR AR
Wit ik s &3 K Y% A ONLINE
14 ALSEWA OIEALWIERIE~ND T ) — FIERIC (deR) R, BERE LHEBEA BARALF S 2021 BARALFA KT RS
B 5K (UAC)) fiMNER], KA BAT, 5Sg ¥— (2021), 1M01, ONLINE
5 | AME AT 3 xhogy > | (RS IWEEI Romarv Saey ok g e po 16 ik 2
TUARHT T B R D f I P s R ’ BEZEE (2021), 221 ONLINE
PRETHE], HIHED)
T N T -
16 | 7R ane Tus =y nnemitto | B LR TREET, SIRE, IR g g pom 16 m ik 2
L PSS D2 Ty . : ,
FPEHS B BESI SR D (EGHF) 2R, THFHF WEE4E (2021) , P152 ONLINE
(Nagoya Inst. of Tech.) Mami Mihara-Narita, . .
Interfacial Microstructure and Mechanical Konosuke Asai, Hisashi Sato, Yoshimi gi?i;ie?g%ﬁf;rggg I(l%ﬁt)erlals
17 | Property of Explosively Welded Mg/Al Alloy | Watanabe, (UACJ, AIST) Hisashi Mori Contri " ) ’
. ontribution ID: 1777
Plates (AIST) Naobumi Saito, Isao Nakatsugawa,
. ONLINE
Yasumasa Chino
g | BREAEC £ B AZROY /R Y0 htr e/ gggﬁ%%ﬁiﬁgiﬁgﬁwfﬁﬁL e 2 202 SRR ALK 2 O
I= pas o L ’ ’ o = N
A6005C 7V I = A B EORMEIRES (ESRF) 2T, THHIF 7 (2021), B-5-1 94-95, ONDEMAND
Effect of pH Change on the Electrochemical (Tohoku Univ.) Hiroshi Kakinuma, Izumi The Electrochemical Society, 240th
19 | Behavior of Intermetallic Particles in AA1050 | Muto, Nobuyoshi Hara ECS Meeting (2021), C02-0572,
Aluminum (UACJ) Yoshiyuki Oya, Takahiro Momii DIGITAL Meeting
Effect of Me on Intereranular Corrosion of (Tohoku Univ.) Hiroki Yoshida, Yu The Electrochemical Society, 240th
20 | e Al & & Sugawara, (UACJ) Mai Takaya, Yoshihiko | ECS Meeting (2021) , Z01-1704,
“Lu Aty Kyo, Tadashi Minoda DIGITAL Meeting
21 CuNi-PEEEF DM BT RIT TS0 | (NJTHE) 56k %, /AR, & 2 H RS 2725 55 61 I R 23 s 22 (2021) ,
i (UAC]) Pk, B BER No.56 111-112 ONLINE
929 KREZGIEOHRENC L 2T VI =y A Fu R0 | GRILK) BBEYT, FAEA, ZAKREMN, | BEEDERBRSS F32NEREE
Ft A i FIfi, (UACT) #N%IEA AERY (2021), A5-1-0, 57-58
23 YT NI A LNZOYBIENC X5 ALCuREaEn | RALK) HHIO, R &, w5 # JiE R4y 55 68 i Bl & BREER I
SRR L B D IFRHT (UAC)) &4 %, »t B, N E 2021 (2021), B-112 ONLINE
86 UACJ Technical Reports, Vol.8 (1) (2021)




AFRYR—5 87

No.

& H

HRH

AR - IR IR

24

Bebk B 2 L7227 — 5 ¥ MERE OB
#t

WCHIERSY, B BRE, INHFECR, A,
BAR) =S

A KT Y= b T4 KD — &k
2021 B4 (2021), A26 ONLINE

A& T 05178 Al Aok 2

95 | HBEHEA 2 5B T 72 A T SEIBT, AL 2051 Ne16 ONLINE

25 | BO00B X TTO0RT v =0 A G LAL | (IR 7077 47, AWRZ | G20 L1 e Bk 2 B
A D VDA v £ B o kAR A (UAC)) &g %, &M IE (2021), No.1, 1-2 ONLINE
FOFHRENG LI6000R T V3 =9 & frd o o BEAR 200 141 B K 2 R

27| i A S R AL 0 LAY, FE A, R WIIER | 001) Nog, 34 ONLINE

pg | 003 EEA D MO BRMBIIC T | WHLA, STl BB, WA K, | BRRP AN LKA S
Mg iR DR THE R (2021), No.4, 7-8 ONLINE

go | 7V =7 BAPRINRE SRT 570U 0 | (IOK) ABIERIS, (B, TUREGZ, | BEG 200 14 B A R
F RIS RS Y 27 AoM%E | Bl (UAC) AWM, FUat—f8 | (2021), Nod7, 33-34 ONLINE

. S e B 20 141 [ POV A 2 e

30 | Al-Mg & &b O Se, ZriRING & 5 SMBE(L | BAUS, JEm 1T e e
AlMgSe-Zr & MBI BU BHH 2 5 25 | AK) TR Ak FEAIR 7 200 141 I KA 2 i B

U opisn (UAC]) S/RHEM, S IE (2021), No.35, 6970, ONLINE

(HTK - Wb A BT 37 » No.35, 6370,

4 | BEAMRIEE B{CS 07 ALGGZ00TSNMg & | (UACH) I FEER, (#r1K) BRIFREA BB 200 1AL BT 2 AR
S ORRIFENC BT 5 AEE DR (ESD Lab.) 7 HIJ&HE (2021) , No.50, 99-100 ONLINE
BESRA P £ L 72 AS082/GFRP oy tpoy | (UACH EREED) £ AL, LR AR 20 141 B A & e

B Jempbits (ERE) EHER, KUK, FK T (2021), Nos1, 121-122 ONLINE

(UAC]) %W IE, KEMZ, g e

o | ALME E G DCHREIIC T 55 ¥ A VM | GRICK) IR, 3307407 4 WA 24 1AL BN 2 R
RAT D 3RICEN 7 4 0 V=X B EAEAAT | (UAC)) P sitl, ARET, WA (2021) , No.110, 219-220, ONLINE

g | TV IS BRI A 5 TSI BT R f&‘ggj) R, AR, AREGL | oo a1 a1 k000 k 2 B
IWIRUEHT DFFAT (Bedbdo) AR, T 7274 (2021), No.113, 225-226 ONLINE

. A (UAC]) WIS, Pt BERFAM 1 MRS &R

% | BCOVTA7 LTV IHOWR (b3 5 FB) A W, i W) i (2021), ONLINE

4 | BB ABAIHE B 5 ALMg ERORIE | GLILR) BRI T, TATA, AR, | BahEa00 14 HHA 2R
2:) Ry, (UAC)) ¥NIRIE (2021), No.P07, 281-282 ONLINE
R, P 3 27 NRET RS 0672

3g | JOUBRC SNSHBIKD/ ST A=F ]| o e, w W 55 64151 F1 BB 5 s 2 (2021)
T DI A

s | FMALSI G COBMBRMIRIE BT 57 | (LK) KEHI, BEvktE, EIRA (Gohh) B L2 4553 L
) — W OURT (UACD) K, kAR, 5k ¥— | s TRk (2021), 1B07 ONLINE

1o | HEERBHP AR AV X DA LT LS 20 A E‘g@%ﬁﬁgﬁf é?fm‘?”‘%f HABERRZE 2 45 20 [ BEBRAT R - BEEHI
e N N S ~J° M , B e A
&4 /GFRP #:64 DR 32 5) (UAC]) KIE%, Ik i, e 1 THbram4 (2021), No.130 ONLINE
PLSA LA 7>y M MGAALIHP® | (UACT) BN, KRTZCT, ki | N LAIIEES GRS 2021

W5 w257 =512 X DA HOWBEEROWNT | (ERT) AR — K2 V2 7 RS SIGKBS

- Sl © ”3 124-02, 124151 (2021), 6-10. ONLINE

13 | AAT201E G UAHIC 51 5 VDA TR | (IR T ) 774, AWEZ | BRI 360 Foed
BAH=Z A (UAC]) W IE, &1 3% A 7E#e 4y (2021), ONLINE

13 | AL6Zn0T5%M r EORAIN B BB | (UACH I FER, (1K) IR AR SR 456 S TR
AR PE & S B 5 28 (ESD Lab.) 7 HI 3%k I8 %4 (2021), ONLINE
AZBOR 7 % v M /AGOOSC TV S = & | (B Tk) R, BEIFHEZAr, ol i, | Beberas JAAA2021 ¥ o U A [Heile

M| B RBRIE MO A R ORI | WML GERER, UAC)H % A E) B H A= 3519 5 32 Bl 2021
T BT RS O (RERSH) 7R S, TUFIRIE DJ-5 ONLINE

45 | BHERILSHT 570 S =9 2 6k FRP E}L@%Eﬁg)fﬁ %ﬁ'ﬁg%ﬁ HARER 2 452810 SEEHAME A S~
Lo NVF= 7)) TIVOBAEEE (I?ADCJ) ;ﬁﬁz 71][]%] (:ﬁ‘ S iE KT A (2021), SS1-2-1 ONLINE
R . (B TK) B2, R, (0l 4, | IR 2021 (LI Rk 2

16 | s s VS =AW i, Gemar, UACD # A BT 2 AU S (2020)

v > i (FEBIF) ZEENG S, TR IE No.8 ONLINE
e | (k) N, EIF B, Al FIEAR G2 SROT 7 — FRALZE
a7 | SMHIEOR AN LT 7 KRR (UaCy ks, BRI, KGRAT | ORGELHZ (ARS) 2021 e desx
g CESNEEY = (2021), 0-8, ONLINE
. R (Nihon Parkerizing) Takumi Kozaki, . .
Research for Proposing Guidelines for . . .. | The Material Research Society
48 | Galvanic Corrosion Evaluation of Multi- Masahiro Umeda, (UAC]) Takahiro Momii, Material Research Meeting (MRM)

Material Automotive Bodies

Yoshiyuki Oya, Yoshihiko Kyo
(ISMA) Sakae Fujita

2021 (2021), C2-07-01 ORAL

UACJ Technical Reports, Vol.8 (1) (2021) 87



88

ARYOR ¥

W20 (2RI IL - HRS -

HBERTOREE, BFELL)

No. | R EAE T 2 - Al
1 | 7TVI= 2034 7 VE)h JTREE—ER HE B & MEHTME R & ARZEA % (2021.35)
2 | TR/ BEMEAOBRE BTV T T ] ié“‘rﬁi’z;%%ﬁiﬂrs 598 I HERIJE 2 (2021518),
- e B AR A 2 SRR S 5 700 K
3 | THIZTLNFAIVOBRERE Fo—R B 2 I 5 ARIZE) 55 5 BH 2 (202164)
UAC] OFReME7 L 3 = 2 L JE BRI S D52 . b 3 g
1 | PR ORI LI S5 S I ES B R SR 3 5 — (2021620)
_ " . ' . (BR) BT A 5 3 — 55 12 MG OE VB b 2 60k
5 | FBRERUROWRL Pt HEHRR SHU05 - B & (LA (20216:29) , ONLINE
o N W BB o2 4585 et & X — il
6 | BRALFHEOLR B (2021.79), ONLINE
561 pecqe g1~ g g | (TS5 FETHD) Hr A HByEHMA N BFEDF27 /0y —jg2021 > 5
7| FEMIRALOWREAFHERBUD TR | 6 craug, A VIR (2021719-25), ONLINE
3 WUZ2REINN T R - ST VI = 258480 S i Jeunir B AR i 2 (SAMPE) 4
Bz ‘ (2021.7.30), ONLINE
- <o oy RGN NEDO £ 1 [l ¥ 9 i fn SR A H AT B TS () 727 — 2
9 | BRIBAEME L TCOT VI = AOWEEY: | FIRE—ER Y97 (2021820). ONLINE
e o HAT I =9 Ala TEAMGRT T V=7 b #h
10 | 7V = 20w - 8 TR (2) P Ne) (2021.830) . ONLINE
e o N HAG U2 202 Il U AR K 2
11 | BSHBAFEM E L TOT VI =T 254 FRE—HR (2021.9.9) B222 ONLINE
12 TV = ADOREL FIREAL - miRE b~ SeH IR FEHE B RE pEli fEdEte2 o & —
IR FH A - WARZ == v Y= 7 H R I — A 3% (2021.9.11)
- ) AAREImPES RIS 169 mIFEH KA+ v 94 v 448
13 | UAC] & it LK ¥4 7HHE= b 3IF— (2021917), ONLINE
. B s I B KRR AR T =7 Y 397
14 | 7V /SEMESOBIRE IOV T T il ) (2021.9.23) . ONLINE
15 | TVISTAAA—BRRLIT VI =T A | gy HAELY 7+ — LN & (JERCO)
BRI D R A 5578 I Welcome JERCO Salon (2021.9.24), ONLINE
16 | 7V 3 = A EEOBETA / AL ILIWRF # E EIRAE T2 AR (2021.10.14)
79 v 7 A& DD )N RSB |, . BHASRMEAMRERRS - B omb RS
7| 2 oums SiAK T BN, WA | 2 2 (2021.1022), ONLINE
HAREIVE N T2% 4 565 172 [l 8Pk i 158
18 | 7V = A B &R OGN & Z OIS AL STH 5 [AA T 0 ST & o Y - JEA8 - 1(2021.11.5) ,
ONLINE
. , » . WA BAIR ISP [TV I = 208k
19 | BMHT7IVI =y AE548 L ZOBNAE T st 5t (202111.25)
<o S, o BERYE BERIEBHANGEE [7 VI = 2085
20 | THI=TAOERE Hi PR Bl ) (2021.11.25)
< - y ) o WEIR s BEIRILMEPA R [ 7V I = 208k
21 | TR =Y ROWEBR HABIR HEfiF ] (2021.11.25)
WA IR bR E A 3 SRR & - PR3
22 | UAC] -G o & 5% 2RI Xt I — BEIRESTO LS A
(2021.11.26)
(UAC]) &% A, KW,
23 PR AR K VA LT v I = A | I iR, FHIE, IR, | PSRRI RANRLA (ISMA)
445 /GFRP B &b DM B4 H) v A <7 ATy AHNER & (ML) (2021.11.26)
(PERSTE) S5l 1E, RAER
e R 2 4 2B L DS -9 4 775 ¥ -
24| ROFRBT =7 T4 73T YA KNz ¥vUT75E%2%5- (20211218), ONLINE
88 UACJ Technical Reports, Vol.8 (1) (2021)




L7 HiTE

‘BT, fnT. BUT”
nwrere

A/ R=23avb—LA
An innovation room where
guests can see, touch, and

as\gﬁ t :/l:t l: ** E%'IJ % feel our core technologies,

'U-Al Lab.|

UAC) DEfil & BSE7Z T IEE . HISHTIBA /R—Y 3V ZRIHIZTIU 7,
[U-Al Lab.®” (=71 5) Jo

ZILEZY LOBHOOEEMZRARICEN U, MIlfifEZEHD“VU1—320"ELT
RIETBILET. BEREEBICKRREZRETT,

The U-Al Lab. in our R&D Division as an area for guests to gain an understanding of UACJ’s BIRDEE %
technologies and history and join us in co-creating new innovation. We will use the potential B,
of aluminum to the maximum and provide solutions with added value to co-create the H(CHRFEEBOEL
future with our customers. FESE - SR3REE

UACJ Technology Museum
to understand the history of
development and join us in
envisioning the future.

BEXRESUDAT S
L < BEIREY7S
IS5V

A large, spacious
entrance greets
customers.

b |

BERROH AT &
HiroEiiZERE L. HElTS
FaoRAAvyavib—LA

A discussion room for
integrating the technologies of
our customers and our own
technologies for co-creation.



[BAFEOIO—NIVZIVZEZOLATv—TIb—T| £ELT,
HAMBE CEERZREBLTEVUETD,

HFRERARDEERNZEN LT

=B RNmZ G
UACIDIRBE (R, ttFRREAEDREH KM L LR
400 m. 184.3 MCHB LR EFRARDAREERE L,
RTE by FISADEREENEEVEFT. TNSEER
SRS ERECDLVIES TERBBED ) I\ ERGE
L. B2ORERIHFHODE. BLOVEESFICHEITT,
TFEXFLME - S RICRBGRBEHHELTVFT.

OEH - JO0—Iv—f Q@B BN EEHIRE
OBEHERANT « ¥ — b1 ONGT VT

OfiZE - FEH @ ITBSiEr
OIFIVAT«AUH @R - FEHEEXERER
OENRIR A QEERIR

finze - FEHM I7AVET UM

EEEE RS

TIW—TATEHEL

J0-NIVICEE =@z G
EBERREETE. BLBREBERICHAZ7IVEZUA
BWREFBLTVFT. BAMY TDOP IS =L X—
N—EULTES> TERAREEERMZFN LT, $BH
D=—RICREICBIHEATBEEDIC. ZOBEREBHE
ZIO—NIVICEELTVE T,

NV IN— NyFU—N\DIVT @Y VIL—THAR NV /S—
@ISy YakvIR ONYFU—NDIVT

iU — RT ISR NZEN LT
TBLEWVSED = —XI(CHIH

BE, REHEH SOLESEORBMTILCSVT. &9
BoRMED, SEFRRICEMTSNIRMAEEN L.
BRECHRHNRPHRHNIRRZERE. 5 LREh
ZENULT, BEE. EEKE NEH. OARBE L,
BLEVABO=—XCBHALET. &UBETBEER

: [ERIGT R, BAADEERRICH VT, KilfemED
BEEHIIREN - BREM THmEBEIJOYNIA—T ETORBELEICEBHTVET,

OB BEAIIREGM - BN @ EWETL—LH
QESHARE RS L @ HEER matd



| sEE

UFOLA4 VEMREENDEFZE O
Fim—— RICHZ 2 HmEFEICEN
BHBRPERRGEOEEMN S, RERKRAILELNE
AR, ERI1YF VY rEHAOEEMRIE S OEERE
FT. SFIFBABICBREGT VI ZY ABPRBE
ERHELTVET. B - TRLF—EEERIC. BE
B EE G CBUFESFDN-—ANEFBBH, UF
O LAV EBHAOEBGFEF U, KKK D
BRI - fHELTLET,

UF D LA 7 VEHEEKRE EEE - (LFRAE

OUFU LA VEMESBHFRE

@1 VFTUYH OEER - (LFmAH
ORm - XA OHAGMAE

OEM S

BRI & EEERIZTED LT
BLRPHER S IEREZRIR

HWNB TS, FWEFERIMZEN LR 7 1110
I—RFv—IvAIVFLyYikA— LI O—NIbIC
8. WENBH T, BARKRROBE S A 7Z5R(E
LT, ABBERD=—RICHATVET,

, . Mt @9 —RFv—IYvASREIY T vHikad—)LiEY
I—RFv—IvHA 15,000 t KEUEE S L A% Oz - FEAMBEER QL EEHREBER
AYTVyYRA—I SRR EREES

| #EnNTEE

SRR ZEENI LT
H5BINT=—XITxTG

BRENIH N SESIT. XEBAE. BERET. H503100
IT-—RACHIETEDREEHEMZEBLTVE T, SHKF
AR IR BEEEF ST IRZEEL. BLVESE
PEDZ—XICHATVET,

4 : OB OEENTRS
N=ALITFI B Oz - RHRER OIS

R&DEVY—

ZIWEZULOEEBHRZRMS L.

Hirciea( /R—2a VDRIHZBIELET

FIVEZO LOTEEMEER L. HIRHHEZRIHNT 372, UAC)IE. 7IL— O
BISEBLA TS 3 [UAC) RRDEY 9 —] Z8IC. $BfRE &BITRERDRDLEIMO
BISZHEL TOET,




Hm—8

EN t

LEREBER
18 B 5 P
R G R
R&DEVT—

HEHTRKEXAFEH1TE7E2S
HERYTMEL

FHEEHEMAXTEITRE1EFI2S
RHERHT=EEEE 21-1 F1
BERRET LI E 1351 FH

FHEEHEMAXTEITHE1EFI2S

BRI IL—TaH

8 X 4t

i -

M IS

FHEZHETHXLILU1THI13E135
271X
KEFARTIEXF2E3TH3EIS
e E=HELT 1T
EREREATEZX SR 2%15

12 % #KE M-SQUARE

R F XK

#hEX

s OFE X

#XEHH UACIER Y —EX
HASHUACIZEET ISy 7
BRAEH=R
MRASHEAUACIXE) —F 4 X7
& UACIREIIT
XS UACIREINT /U

¥ SHUACIRENTIZEE
H#XSHUACIRHEINTES
XS UACI BRI TS
B2 ERHARSASH

BAY -5 —#RXE4t

#HRX St UACJ BY5A
HASHES

et UACUBUSERE %
#XEHUACIESEY —EX

BAT I —Ttt

#wlE X

EREMIER

z O

fth

A= UAC $58%
REASEEKRASH

HRXESHUACIEEINT
X Ett IV BRI

HASHHUACI bL—F 1 > 7
RAZIHAEH

HEEENRASH

#%3X &4t UACJ Marketing & Processing
MASHUACITILI € 52—

H#RX =1t UACI 7R

HASHUACI T ) —> %y b

R F X

EEEEILEES

i i S

#wlEX
EEMIER

2022 F1 ARTE

UACJ (Thailand) Co., Ltd. (% 1)

Tri-Arrows Aluminum Holding Inc. CKE)
Tri-Arrows Aluminum Inc. GKE)

Logan Aluminum Inc. CKE)

Bridgnorth Aluminium Ltd. (3£E)
BERGAEXHNEEFRAT] (FRE)

UPIA Co., Ltd. (8E)

UACJ Automotive Whitehall Industries, Inc. (GKE)
HEEIHFNDIRREZEEGERAT (PE)
UACJ Extrusion (Thailand) Co., Ltd. (% 1)
UACJ Extrusion Czech s.r. 0. (¥ 1 3)
BEEXAHNDIR (RE) BRIRERRAT] (FE)
UACJ Foil Malaysia Sdn. Bhd. (¥ L —3 7)
UACJ Foundry & Forging (Vietnam) Co., Ltd. (X hF L

)
UACJ Metal Components North America, Inc. CKE)
UACJ Metal Components Mexico, S.A. de C.V. (* %3 1)
UACJ Metal Components Central Mexico, S.A. de C.V. (% %3 3)
UACJ Metal Components (Thailand) Co., Ltd. (% 1)
P. T. Yan Jin Indonesia (1 > K% > 7)

HiEL#R (5&85) SAM I THRAT (FE)

z O

fth

UACJ North America, Inc. CKE)
BRXAENRGS (LB BMIEERRAT (hE)
BIHANRGIE (BB SBM S ERRAT] (FE)
BRAHEN (L&) SBMERRAT (RE)

UACJ ELVAL HEAT EXCHANGER MATERIALS GmbH (K1)
UACJ Trading (Thailand) Co., Ltd. (%)

B HAE (LB BSHRAT (FE)

B EAE (BL) £BHSERAT] (FE)
BREAE (FH) ESERAT] (FE)
BREHEAE (KEFREX) 5 ERAT (FE)
UACJ Trading Czech s.r. 0. (Fz 3)

UACJ Trading & Processing America, Inc. CKE)
Siam UACJ Trading Co., Ltd. (% 1)

UACJ Marketing & Processing Mexico, S.A. de C.V. (# 3 1)
UACJ Australia Pty. Ltd. (Z/H)

Boyne Smelters Ltd. (M)



fmEt&a

Technical Reports Vol.8 # ZBEW=/EH WP ED TSVET, A ERIEICHAAFE IOF T 1 LR
SENE, BEORBEMEKICMA, T7I7F ERICL)—BRERRICALPINICEBAZ LAY, BEHNOSVWER
HORBICLY, BATOREIEELEGCKE LY, IOFBIEISERENZAE L, HeDBEEHADHBKEL
Ebhl), TLT—UPWebaiE Fo - -BESOA T CHE M S-VRIELEDED, J3225—Ya>
FERELTORABIERIN, METOSFENIEETCHI L 4BRHMILOhET, 77F > DIEBEREY,
FARINDDOHIBOAFLICL) MO EBREEELDZIDTLLIY, SHIBNTEHTIZENAEENET,

—FH, DITATBHEIFRLE L ABREICL>TEIREHSEHRI 5B EHIPWD TR, FM
ANDEEHBO ST - TVET, HiffIRBEREZERL, ABEENICTIEHIFERAINIRNEHNDTT,
NG EHEIREICRAEL, FMPBRYREIND 2> TIEAEE A,

STHEKMTIE, 2021 5F, FER - BEILRZ2REI21-KRL - NXAOA-HE2EDELA, [7ILXT
2D, BPHrHEHE/Aluminum lightens the world] T o ZDA 5 X b ERMKICIIA 7245 (Vol.8) Tid,
AWEE, WYL MH4E HSEBA2HE PEYv IR B2 FL3RE, ZHICH-2ABRTERS
hWTWET, /Y, BHTE, ChETELEHLLTHENSVWIORMEKRKEFELE L, NEY 7 XTI, MEEIEKE
CEHIANTEBELE L A EBRBICHBEAL TV ELTAEEWNIELET,

% $, [UACJ Technical Reports] IFZhE THFTORTEERE L TEW F LAY, FHRIEMOEL,
RIEBEGEOESLS, KELVMFTORT - EMFEEY) 1D, #itR—L~x—T (https://www.uacj.co.jp/
review/index.htm) TOF I ZNEFTERAE I TVWALEET, COEEICMA, RBEICDOVWTDOIER,
ZER, TEELENTEIVELES, TEELELHEVAEDET E W (tech-repo@ml.uacj.co.jp) o

mEZE Bx TR

UACJ Technical Reports, Vol.8, No.1 (2021)
(2022 %3 B %17T)

TEREn
£ 1T B #%X&=tUACJ Publisher Office  UACJ Corporation
P NI Headquarters
T100-0004 FEHTARARAFE1 TE7E2S Tokyo Sankei Bldg., 1-7-2, Otemachi Chiyoda-ku,
HRYLTIEL Tokyo 100-0004, Japan
TEL : (03) 6202-2600 (£35) FAX : (03) 6202-2021 TEL: +81-3-6202-2600 FAX: +81-3-6202-2021

Research & Development Division

R&D5— ‘ Chitose 3-1-12, Minato-ku, Nagoya-shi, Aichi
T 455-8670 EHMEZHEMAXTEITE1E125 455-8670, Japan
TEL : 052-651-2100 (&) FAX :052-651-8117 TEL: +81-52-651-2100 FAX: +81-52-651-8117
E-mail : tech-repo@ml.uacj.co.jp E-mail: tech-repo@ml.uacj.co.jp
® 1T AN FHFHEF— Publisher Seiichi Hirano
iw £ HMEX4S4MUAC) R&DtE> 42— Editorial Board Research & Development Division, UACJ Corporation
REZLE Z8E: TH E— Editor. in Chlief: Sei.ich.i Hir.‘.ano o
RE - RN AU G ER T e i Tk
W 5 ﬁ:‘a%*i ﬁf% LHE B R Hidetoshi Uchida, Norihisa Isomura,
B BER LI B Kaoru Ueda, Masatoshi Tamura,
BUIEEEfE MASHUACS I—FKL—b2I2=245—23 88 Tetsuro Atsumi, Hiroki Esaki
% F£= IR ZEL Production Supervisor - Corporate Communication Department, UACJ Corporation
£ B WAFY Y — FHEEAt Kozo Yamazaki, Tatsuhiro Ehara
B Rl AR Aot BBSsENRIFR Pergctlon Furuk.awa Rgsgarch, Inc. .
Printing Shoeisha Printing Corporation

“UAC)", UACJ (3 BACKE FES LURINEEHEIR (EUTM) 5 LB 1T 2HH At UAC) DB REIZTT.

“UACJ”and UACJ are registered trademarks of UACJ Corporation in the U.S.A.,China, Japan,
and other countries, and are also registered as EUTM (European Union Trade Marks).



izt UAC)

UACJ Corporation

Fit

T 100-0004

RRBTRBAXAFIITE7/EHE2S ®RRY 7 1EIL
TEL: (03) 6202-2600 (%) FAX: (03) 6202-2021

Headquarters

Tokyo Sankei Bldg.,1-7-2 Otemachi
Chiyoda-ku, Tokyo 100-0004, Japan

TEL. +81-3-6202-2600 FAX. +81-3-6202-2021

https://www.uacj.co.jp/

A-292 2203 TR10



	UACJ-TR_08-1-00表1_低解像度
	UACJ-TR_08-1-00表2-目次_低解像度
	UACJ-TR_08-1-00巻頭言_低解像度
	UACJ-TR_08-1-01論文_低解像度
	UACJ-TR_08-1-02論文_低解像度
	UACJ-TR_08-1-03論文_低解像度
	UACJ-TR_08-1-04論文_低解像度
	UACJ-TR_08-1-05論文_低解像度
	UACJ-TR_08-1-06解説_低解像度
	UACJ-TR_08-1-07解説_低解像度
	UACJ-TR_08-1-08解説_低解像度
	UACJ-TR_08-1-09解説_低解像度
	UACJ-TR_08-1-10製品_低解像度
	UACJ-TR_08-1-12製品_低解像度
	UACJ-TR_08-1-14トピックス_低解像度
	UACJ-TR_08-1-15コラム_低解像度
	UACJ-TR_08-1-16コラム_低解像度
	UACJ-TR_08-1-17コラム_低解像度
	UACJ-TR_08-1-18_公表資料_低解像度
	UACJ-TR_08-1-19_Lab・事業紹介・拠点_低解像度
	UACJ-TR_08-1-20_表3 奥付_低解像度
	UACJ-TR_08-1-00表4_低解像度
	空白ページ

