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The 50 Paper Award of Japan Institute of Copper

Influence of P concentration on Ant’s Nest Corrosion
in Copper Tubes™

Kozo Kawano™*, Shinobu Suzuki***, Koji Kanamori®***, Hirokazu Tamagawa ™™ ***,

Yoshihiko Kyo*** and Yoshiyuki Oya™***

Ant’ s nest corrosion has been observed in phosphorus deoxidized copper [C12200 : 0.015 to 0.040%P] tubes
used for heat transfer in air-conditioning units. The corrosion starts on the outer surface of the copper
tubes. Recently it has been reported that oxygen-free copper [C10200] tubes showed superior resistance
against the ant’s nest corrosion comparing to C12200 copper tubes. In order to confirm the recent
observation, influence of the content of phosphorus (in the range of 0.04 - 1%) in the copper tubes on ant’s
nest corrosion was investigated. It was found that resistance against the ant’s nest corrosion increased
with increase of the phosphorus content in copper. When the phosphorus content was increased to 0.2%
or more, the form of the ant’s nest corrosion varied from randomly dispersed directional pits, the typical
feature of the ant’s nest corrosion, to round shaped pits; the growth rate of these pits was decreasing.
This trend was maintained for inner-grooved copper tubes. The copper with high phosphorus content can
be considered as a promising material for the copper tubes resistant to the ant’s nest corrosion, which

starts on the outer surface of the copper tubes due to environmental factors.

Keywords: ants’ nest corrosion, oxygen free copper, phosphorus deoxidized copper, corrosion rate, formic

acid, corrosion resistance

1. Introduction

Heat exchangers for air conditioners are an
example of big market for copper tubes. The variety
of corrosion in copper tubes used to supply
refrigerant in air conditioners, is small comparing to
copper tubes used to supply hot and cold water and
cold air for air conditioning. The ant’s nest corrosion
is a big problem among the few types of corrosion
occurring in air conditioners. From past experience, it
is known that the ant’s nest corrosion is caused by
organic solvents used to remove the process oil. Since
the process oil is used during the hairpin bending of
general copper tubes, an organic solvent (1.1.1
trichloroethane) is used to remove the oil afterwards.
Decomposition of the 1.1.1 trichloroethane produces

acetic acid. The resulting acetic acid acts as a

corrosive medium that causes the ant’s nest corrosion
from the inner surface of copper tubes. This problem
was significantly reduced due to sufficient drying
during the oil removal process and prohibition of the
use of organic solvents by laws and regulations
related to environmental protection.

However, in recent years, the rate of occurrence of
the ant’ s nest corrosion from the outer surface of copper
pipes is rapidly increasing due to environmental
factors active during the usage of air conditioners.
Although the mechanism of the ant’s nest corrosion
formation has been generally clarified, unfortunately,
effective measures have not yet been adopted in
practice. Phosphorus deoxidized copper (C12200 :
0.015 to 0.040%P) has been mainly adopted for copper
tubes used in air conditioner heat exchangers. Recent

research reports have demonstrated the influence of

*  This Paper was Originally Published in Journal of Japan Institute of Copper, 55 (2016) , 140-145.
Abobe mentioned paper received the 50% paper award of Japan Institute of Copper
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phosphorus content on the occurrence of the ant's
nest corrosion ¥ ?, and excellent corrosion resistance
of oxygen-free copper C10200 not containing

94 Since after

phosphorus has been reported
investigation of the influence of phosphorus
concentration in copper on the occurrence of ant’s
nest corrosion, we found out that the corrosion
resistance can be significantly improved by adding a
large amount of phosphorus, we want to report the

new results.

2. Experimental method

Since we had concerns about possible influence of
shape of copper samples on the ant’s nest corrosion,
we carried out the preliminary investigation of tubes,
plates and rods. Blanks with 102 mm diameter and 13
mm wall thickness were manufactured from
phosphorus deoxidized copper by hot extrusion and
made into tubes, plates and bars. Tubes were made
from blanks by drawing them to diameter 9 mm and
wall thickness 0.29 mm after the hot extrusion. Plates
were made by cutting hot extruded tubes and rolling
them to wall thickness 0.6 mm. Round bars were cut
from hot extruded copper tubes and drawn to
diameter 4 mm. In the final step, all samples were
recrystallized in a bright annealing furnace. All
samples were subjected to the ant’s nest corrosion
test. Test results demonstrated that the ant’s nest
corrosion occurs in samples regardless of their shape
and without visible difference in corrosion degree.
Therefore, it was decided, that shape does not affect
the corrosion.

To investigate the influence of phosphorus
concentration, ingots with different phosphorus
concentration from 0.04% to 7% were prepared in a
high frequency induction heating furnace and then
cold rolled into plates. Since alloys containing 3% or
more P developed cracks during rolling, corrosion
resistance was evaluated for materials containing
from 0.04% to 1%P, which could be rolled. Also,
oxygen free copper and phosphorus deoxidized
copper samples were similarly prepared as reference
materials. All samples were softened in a bright
annealing furnace in the final step of preparation.

Test methods V" ? proposed by Miya, which

reproduce the actual corrosion very well, were
selected as test conditions to reproduce the ant’s nest
corrosion. 100 ml of aqueous solution of formic acid
were placed in a 2 L polyethylene container and the
test sample was exposed to the gas portion to
evaluate the corrosion resistance. The concentration
of the aqueous solution of the formic acid was set to
0.01 and 0.1%. Fig. 1 shows conceptual diagram of the
test method. The test period was set to 20, 50 and 80
days. Samples were subjected to daily heat cycles by
keeping them in a thermostat at 40°C for 22 hours
and then leaving them at room temperature 20-25°C
for 2 hours. However, samples were kept at 40°C
during week holidays without cycling.

After the corrosion test surface oxide of the
samples were removed using 5% diluted sulfuric acid.
The diluted sulfuric acid was removed by water
washing, and then samples were dried by air blow.
The corrosion holes caused by the ant’s nest
corrosion have extremely small features, and are
difficult to check visually on the surface. Therefore,
the position of the corrosion holes was determined by
dye penetration test. The dye penetration test
normally uses penetrating liquid (dye penetrant),
cleaning liquid and developing solution. Since the
cleaning liquid may remove the penetrant from fine
corrosion holes, the cleaning liquid was not used in
this experiment. The excess penetrant was removed
with paper wipes. When the developing solution is
sprayed onto a copper tube after the penetrant has
been removed, the penetrant remaining inside
corrosion holes seeps out to the surface, and red spots
appear. Large and clear red spots indicate areas with

deep corrosion holes. The cross-section of these areas

P Silicon stopper

-

50 mm L1 1] 4’_

_ - Copper tube

100 mm ¢ - - Polyethylene vessel

(Capacity 2 L)

[0 [ --- - Silicon stopper

= 4- -} -~ Corrosive agent
HCOOH, 100 mL

Fig. 1 Schematic diagram of the corrosion test cell.

UACJ Technical Reports, Vol.4 (1) (2017) 3



4

Influence of P concentration on Ant’s Nest Corrosion in copper tubes

was examined to investigate shape and depth of the

corrosion.

3. Experiment results

3.1 Ant’s nest corrosion in copper phosphorus
brazing alloy

Fig. 2 shows a cross-sectional photograph of copper
phosphorus brazing alloy (Cu - 7%P alloy) exposed to
0.01% and 0.1% formic acid atmosphere for 80 days.
Results for tubes made from phosphorus deoxidized
copper and oxygen free copper tested in the same
container as reference materials are also shown.

While the ant’s nest corrosion was clearly noticeable

in the reference materials, in the copper phosphorus
brazing alloy with 7% phosphorus content only minor
corrosion of about 10 um was observed, and ant’s
nest-like progression of this corrosion was not
observed. It was confirmed that the presence of a
large amount of phosphorus in the copper improves

the resistance to the ant’s nest corrosion.

3.2 Influence of P concentration on the ant’s nest
corrosion

Fig. 3 shows on a cross-sectional photograph the

progression of corrosion in formic acid atmosphere

when the phosphorus concentration is changed from

0 to 1%. When exposed to 0.01% formic acid

, <0.005%P 0.03%P
7%P (OFC) (DHP)
0.01% I _l
HCOOH | | 2
0.1% I 1
HCOOH =

0.2 mm

Fig. 2 Cross-sectional images of Cu-7mass%P, Oxygen free copper and Phosphorus deoxidized copper tubes
after 80 days exposure to 0.01 or 0.1% formic acid vapor.

0%P 0.04%P 0.1%P 0.5%P 1%P
0.01% i !
HCOOH
PETE lllll!!llrl ll!!!!!?ll! R Illllllll-
0.1% i o,
HCOOH X &

02 mm

Fig. 3 Maximum corrosion depth of the copper alloy tubes after 20 days exposure to 0.1% formic acid vapor

as a function of phosphorus content.
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atmosphere, the ant’s nest corrosion of 200 um and
210 um depth occurred in 0.04%P (phosphorus
deoxidized copper) and 0.1%P samples, respectively.
Only slight corrosion of 50 um or less depth was
observed in the sample with 0%P (oxygen free
copper) and >0.1%P content, and, more interestingly,
this corrosion did not progress to form ant’ s nets-like
structures.

On the other hand, when exposed to 0.1% formic
acid atmosphere, significant ant’s nest corrosion has
occurred in 0.04%P (phosphorus deoxidized copper)
and 0.1%P samples as well as 0%P samples (oxygen
free copper). The corrosion depth was 400 um, 250
um, and 300 um, respectively. Corrosion of about 100
um maximum depth was observed in samples with P
content exceeding 0.1%, but corrosion did not
progress to form ant’s nest-like structure, as in the
case of the test in the 0.01% formic acid atmosphere.
As the amount of phosphorus increases, the corrosion
depth becomes shallow, and its progress slows.

Fig. 4 shows the relationship between phosphorus
content and corrosion depth of test samples exposed
to 0.1% formic acid. The deepest corrosion was
observed in 0.04%P samples (phosphorus deoxidized
copper), followed by 0%P samples (oxygen free
copper). In samples with phosphorus content of 0.1%
or more, the corrosion tended to be shallower, than in
0%P samples (oxygen free copper). Considering that

the minimum bottom wall thickness of inner grooved

Maximum corrosion depth / um

0 I 1 I 1 I 1 I 1 I
0 0.2 0.4 0.6 0.8 1

P content / mass%

Fig. 4 Cross-sectional images of the deepest corrosion pit
occurred on the copper alloy tubes after 20 days
exposure to 0.01 or 0.1% formic acid vapor.

copper pipes currently used in air conditioners is 0.25
mm, increasing P content in the Cu - P alloy can be a
promising countermeasure against the ant’s nest

corrosion.

3.3 Resistance to the ant’s nest corrosion in inner

grooved pipes

To verify the corrosion resistance of inner grooved
copper pipes used as heat transfer tubes in air
conditioners, test inner grooved pipes with outer
diameter of 6.35 mm, wall thickness of 0.24 mm and
phosphorus content from 0 to 0.30% were
manufactured.

Fig. 5 shows the relationship between the corrosion
test period and the maximum corrosion depth when
inner grooved pipes with different P content are
exposed to 0.01% formic acid atmosphere for period
from 20 to 80 days. The deepest corrosion of at least
0.24 mm depth penetrating the walls during 20 days’
period was observed in the 0.027%P sample
(phosphorus deoxidized copper). On the other hand,
the corrosion depth 120 um was observed in the 0%P
sample (oxygen free copper), 110 um in the 0.22%P
sample, 80 um in the 0.24%P sample, and 70 um in
the 0.3%P sample. In all cases, only a slight corrosion
was observed, without significant difference in the
degree.

Fig. 6 shows the relationship between the corrosion

test period and the maximum corrosion depth when

400
——0%P —10.024%P
g [ |-0-022%P  —@—024%P
= 0,
P I 0
=
[~
_g -
° 0 0 0
=}
‘g 200¢
=}
g
8 L
g
g 100F
i
<
s |
0 . . . .
0 20 40 60 8 100

Exposure time / day

Fig. 5 Maximum corrosion depth of various copper tubes
as a function of exposure time to 0.01% formic acid
vapor.
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400
——0%P — 0.024%P
—0—022%P  —@—024%P
0,
w0l [—@=030%P
[, i, |

—t—*

100

Maximum corrosion depth / um
Do
S

0 . . . .
0 20 40 60 80 100
Exposure time / day

Fig. 6 Maximum corrosion depth of various copper tubes
as a function of exposure time to 0.1% formic acid
Vapor.

inner grooved pipes with different P content are
exposed to 0.1% formic acid atmosphere for period
from 20 to 80 days. In the 0%P (oxygen free copper)
and 0.027%P (phosphorus deoxidized copper) samples,
corrosion of 0.24 mm or more depth penetrating the
copper pipe walls has been observed. On the other
hand, in samples with large phosphorus content of
0.22~0.30%P regardless of the test period the
corrosion of 100 to 150 um depth with slow progress
has been observed.

Fig. 7 shows the cross-sectional photograph of the
corroded portion of the sample exposed to 0.01% and
0.1% formic acid atmosphere for 80 days.

In 0%P (oxygen free copper) and 0.027%P

(phosphorus deoxidized copper) samples, the so-called

typical ant’s nest corrosion has occurred inside the
walls in a complex pattern. However, in samples
made from alloys with large phosphorus content of
0.22 to 0.30%, no ant’s nest corrosion was observed,

but all corrosion has occurred in the form of pitting.

4. Considerations

4.1 Production of phosphoric acid in the outer
layer of copper tubes

In alloys with large phosphorus content the
corrosion changes its form, becoming a pitting
corrosion. This is presumed to be due to the fact that
phosphoric acid is formed in the surface layer of the
material with high concentration, and pH level inside
corrosion pits is lowered. The formation of the
phosphoric acid in copper tubes has been noted in
heat pipes in the past”. In heat pipes made from the
phosphorus deoxidized copper, the phosphoric acid is
detected in pure water used inside pipes as working
liquid. It is believed that this happens due to elution
of phosphorus from the material and formation of the
phosphorus acid. Then, 3.4 g portions of chip powder
from samples with different phosphorus
concentrations (0.1 to 0.5%) were prepared, and
immersed in 30 ml of 100 ppm formic acid at room
temperature for 30 days.

Fig. 8 shows the measurement results of the
phosphoric acid concentration in the solution after
test. If the phosphorus content in the copper is below

0.2%, the concentration of the phosphoric acid is

0%P 0.027%P

0.22%P 0.24%P 0.30%P

0.01%
HCOOH

0.1%
HCOOH

Fig. 7 Cross-sectional images of the deepest corrosion pit occurred on various copper tubes after 80 days

exposure to 0.01 or 0.1% formic acid vapor.
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PO *concentration / ppm

0 0.2 04 0.6
P content / mass%

Fig. 8 PO, concentration dissolved from the copper alloy
chips as a function of phosphorus content.

below detection limit. However, when the phosphorus
content is increased to 0.3% the concentration of the
acid becomes 1 ppm, and for the phosphorus content
05% the concentration becomes 16 ppm. As the
phosphorus content in the material grows, the
concentration of the detected phosphorus acid also
increases. Thus, the elution of phosphorus and
formation of the phosphoric acid, when the content of

P in the material is large, was confirmed.

4.2 Influence of the phosphoric acid on the ant’s
nest corrosion

It was presumed that in alloys with large P
content, phosphorus contained in the copper is
dissolved, forming the phosphoric acid, and thus
affecting the corrosion behavior. In this work, we
investigated the influence of the phosphoric acid on
the ant’s nest corrosion by immersion test.
Approximately 70 mm of the 150 mm long copper
tube (three samples with 0%, 0.027% and 0.24%P
content) was immersed in the 1 L glass sealed bottle
filled with 500 ml of the aqueous formic acid solution.
The test was carried out at room temperature for 64
days. The formic acid was prepared in three
concentrations: 0.001% (pH 3.8), 0.01% (pH 3.2) and
0.1% (pH 2.6). In addition, the tests were conducted
for tests solutions prepared from formic acid with
0.001% and 0.01% concentration by adjusting its
concentration to the same pH 2.6 as for the 0.1%

formic acid using added phosphoric acid. A sealed

bottle was prepared for each copper tube. The glass
bottles were closed until the end of the experiment.
After the test, the copper tubes were taken out and
checked for corrosion using dye penetration test.
Cross-section observation was carried out for areas
where signs of corrosion were observed.

Fig. 9 shows the cross-sectional photographs taken
after the test. For samples immersed in the formic
acid with 0.001% concentration, the ant’s nest
corrosion was observed only in samples with 0.027%P
content (phosphorus deoxidized copper). For samples
immersed in the formic acid with 0.01% concentration,
the ant’s nest corrosion was observed only in samples
with 0%P content (oxygen free copper). At this time,
a reddish-brown oxide film was formed on the surface
of both samples, but on other samples this oxide film
was not observed, looking like corrosion of the whole
surface. On the other hand, in the test liquid in which
pH was adjusted to 2.6 by adding phosphoric acid, the
oxide film was not observed in any material regardless
of the formic acid concentration in the liquid,
displaying signs of corrosion of the whole surface,
without ant’s nest corrosion occurrence. Furthermore,
no sample among those immersed in formic acid with
0.1% concentration displayed signs of the ant’s nest
corrosion. However, while the reddish-brown oxide film
was formed in samples with 0%P and 0.027%P content,
in samples with large phosphorus content the formation
of the oxide film was not observed; these samples
exhibited the signs of the whole surface corrosion.

In the immersion test, no oxide film was observed
in any of the alloys with large phosphorus content.
From the experiments conducted so far, it is believed,
that the mechanism inhibiting the corrosion in alloys
with large phosphorus content can be explained as
follows.

It is a well-known fact that in case of the ant’ s nest
corrosion in the phosphorus deoxidized copper, the
formation of cuprous oxide (Cu.0) is observed on the
surface of samples around corroded areas. On the
other hand, in the tests described above, the cuprous
oxide was absent on surfaces of all samples when the
phosphoric acid was present. From this fact, it is
considered, that the following copper corrosion
reaction occurs on the surface of the phosphorus

deoxidized copper and the countermeasure material.

UACJ Technical Reports, Vol.4 (1) (2017)

7



8

Influence of P concentration on Ant’s Nest Corrosion in copper tubes

pH 0%P

0.027%P 0.24%P

0.001%
Hcoon | 38

0.001%
HCOOH

+
H,PO,

2.6

0.01%
HCOOH | 32

0.01%
HCOOH
26

H,PO,

0.1%
HCOOH | 26

100 um

Fig. 9 Cross-sectional images of the deepest corrosion pit occurred on various copper tubes after 80 days

exposure to 0.01 or 0.1% formic acid vapor.

(Anodic reaction)
2Cu — 2Cu” + 2¢
(for neutral: 2Cu* + H,O — Cu0 + 2H")
P (in the copper) + 4H,0O — H,PO,” + 6H" + 5¢”

(Cathodic reaction)
0, + 4H" + 4~ — 2H.0
(for neutral: O, + 2H,0 + 4e- — 40H")

Phosphorus is eluted from copper during the anodic
reaction of copper dissolution, producing the
phosphoric acid. It is presumed that suppression of
pH increase (neutralization) of the surface
accompanying the cathodic reaction caused by
generation of phosphoric acid preservation of the pH
of the copper surface layer at low level prevents

formation and deposition of the cuprous oxide. The

behavior of the alloy observed this time can be
explained by the stronger pH lowering effect caused
by 10 times larger phosphorus content than in the
phosphorus deoxidized copper. As a result, in the
0.027%P sample (phosphorus deoxidized copper)
immersed in the 0.001% formic acid CuyO is formed
causing discoloration. On the other hand, in the 0.2%P
sample the discoloration did not occur even under the
same immersion conditions, exhibiting signs of the
whole surface corrosion.

In the formic acid atmosphere exposure test
described in the section 3.3, the corrosion in alloys
with large phosphorus content looked like pitting,
rather than the ant’s nest. This can be explained by
the fact that the effect of phosphorus manifests in the
same way not only on the surface but also in pits. In

other words, in the ant’s nest corrosion, the cuprous

8
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oxide is present on the inner walls of the pits, and 4 0. S.eri' H. Ichimiya and M. Sakai: Journal of Japan
. . . Institute of Copper, 53 (2014), 128-133.
weak points of the cuprous oxide serve as starting 5) K. Kawano, T. Athumi and T. Chinen; Journal of the Japan
points for subsequent corrosion progression, so the Copper and Brass Research Association, 39 (2000), 268-275.
. . . 6) T. Notoya and K. Kawano: Journal of the Japan Copper
corrosion exhibits the branched form ? © 7. It is
and Brass Research Association, 37 (1998), 27-33.
assumed that a relatively large amount of phosphoric 7) K. Miya, H. Kawarai and H. Matsuoka: ZAIRYO-TO-
acid is produced in pits in alloys with large KANKYO, 42 (1993), 917-922.
phosphorus content, generating many weak points of
the cuprous oxide. Therefore, the direction of the
corrosion progress in the pits is varied, the shape of
. tinglik 1 1 Kozo Kawano
corrosion becomes pitting-like due to lateral spread, Research Department V.
and the spread of corrosion in the direction inside Research & Development Division,
walls becomes slower than the ant’s nest corrosion. UACJ Corporation
5. Conclusion Shinobu Suzuki
Research Department II,
We investigated the influence of the phosphorus Research & Development Division,
content in the material on the ant’s nest corrosion UACJ Corporation
occurring in phosphorus deoxidized copper tubes and
obtained the following results. - )
D Th . . 1 Koji Kanamori
(1) e corrosion test performed on copper plates Research Department V.
with different phosphorus content confirmed Research & Development Division,
the tendency of the corrosion depth to become UACJ Corporation
more shallow when the phosphorus content is
increased. Similar results were obtained for )
. d bi i ible diff Hirokazu Tamagawa
inner grooved pipes, without visible difference. Technology & Quality Assurance Department,
(2) When the phosphorus content in the copper Copper Works,
reaches 0.2% or more, the form of corrosion in UACJ Copper Tube Corporation
the formic acid environment changes from the
ant’ s nest to pitting, and the rate of corrosion o
. Yoshihiko Kyo
becomes slower than that of the ant’s nest
Research Department II,
corrosion. Research & Development Division,
The ant’s nest corrosion occurring on the outer UACJ Corporation
surface of copper pipes due to environmental
factors active when an air conditioner is used, o
has b bl v i but i Yoshiyuki Oya
as become a problem not only in Japan but in Research Department Il
the whole world. It is expected, that the effect Research & Development Division,
discovered in this work, will be an effective UACJ Corporation
solution for the ant’s nest corrosion problem
that occurs in the currently used phosphorus
deoxidized copper.
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The Mechanism of Ant’s Nest Corrosion Resistance of the Copper Alloy
Containing High Amount of Phosphorus™

Yoshihiko Kyo™**, Yoshiyuki Oya™***, Koji Kanamori****, Kozo Kawano **™**

and Masaki Kumagaj *****

Formicary corrosion, also called “ant’ s nest corrosion,” is a form of localized corrosion on copper caused
by organic acids, a typically formic acid and an acetic acid, which are often released from construction
materials. Formicary corrosion is still the most important concern on using copper tubes as heat
exchangers in air conditioning apparatuses. However, Cu alloys with a high amount of phosphorus have
been reported to show high corrosion resistance to formicary corrosion and has been a topic of growing
interests. In this study, the corrosion resistance mechanism of the Cu alloy rich in phosphorus was
extensively investigated. Cu-0.3mass%P alloy tube was exposed to the vapor from 0.lmass% formic acid
solution for 30 days, followed by a cross-sectional analysis of the composition near a corrosion pit using
Electron Probe Micro Analyzer (EPMA). The results clearly revealed phosphorus enrichment in the
hemispherical pit, indicating that phosphoric ions were produced from the alloy matrix. Immersion test
using the solution containing formic acid and phosphoric acid clearly demonstrated that phosphoric ions
effectively inhibited the formation of cuprous oxide film and formicary corrosion, indicating that the
oxide film plays an important role in both generation and growth of formicary corrosion. The corrosion
resistance mechanisms of phosphoric ions were extensively discussed based on the oxide defect model.
Thick and dense cuprous oxide film that covers the surface protects the metallic copper from being
exposed to corrosive agents. The film defect such as discontinuity provides corrosion growth point at
which localized attack occurs on the copper. This most probably relates to the branching mechanism of
the formicary corrosion. Phosphoric ions produced from the alloy matrix presumably forms complexes or
poorly soluble compounds with dissolved copper ions, inhibiting deposition of the cuprous oxide film.
This effect changes the nature of the cuprous oxide film to be highly defective. Much discontinuities in
the film provide numerous corrosion growth points, resulting in a scattered corrosion direction that forms
a shallow hemispherical pit.

Keywords: cuprous oxide film, deoxidized phosphorus copper, formicary corrosion,
formicary corrosion resistant copper alloy, copper alloy containing high amount of phosphorus,

oxygen free copper, phosphoric ion
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Fig. 1 Schematic diagram of the corrosion test cell.
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IR Y . &P, Fig 2 (a) 3HEF#EE (COMP) T
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Fig. 2 Cross-sectional images near a formicary corrosion pit

occurring on a phosphorus-deoxidized copper tube
exposed to 0.lmass% formic acid vapor for 30 days,
(a) backscattered electron image and

(b) secondary electron image.
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0

PLevel O Level Cu Level

20 500 1800
17 437 1575
15 375 1350
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10 250 900
7 187 675
5 125 450
2 62 225
0 0 0

Cu

50 um

Fig. 3 Analysis of a composition near the formicary
corrosion pit as shown in Fig. 2.

COMP 20 pum s

Fig. 4 Cross-sectional images near a hemispherical pit
occurring on the Cu-0.3mass%P alloy exposed to
0.1mass% formic acid vapor for 30 days,

(a) backscattered electron image and
(b) secondary electron image.
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Fig. 5 Analysis of a composition near the hemispherical
pit as shown in Fig. 4.
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Cross section
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Fig. 6 Corrosion test results of oxygen-free copper immersed in solutions containing formic acid

and phosphoric acid for 30 d at 25°C.
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Fig. 7 Solution pH before and after the immersion test
as shown in Fig. 6.
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Fig. 8 Weight loss after the immersion test as shown in
Fig. 6.
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Fig. 9 Optical micrograph images of the corrosion pits
occurring on (a) the phosphorus-deoxidized copper
tube and (b) the Cu-0.3mass%P alloy tube 30 days
after exposure to 0.Imass% formic acid vapor.
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Hot Tearing in Direct Chill Casting Ingot of 7000 Series Aluminum Alloys*

Nobuhito Sakaguchi**

The initiation mechanism of hot tearing in direct chill casting ingots of 7000 series aluminum alloys was

investigated. In 7000 series aluminum alloys, the temperature range between solidus (463°C) and 583C

was classified into brittle range on mechanical properties and deformation behaviors in semi solid state.

The brittle range of 7000 series aluminum alloys was larger than that of other general aluminum alloys.

In 7000 series aluminum alloys, the healing of the crack which initiated from shrinkage cavity was

difficult to occur especially in the center of the direct chill casting ingot which was the last solidification

part. Therefore, it was considered that the hot tearing in direct chill casting ingots of 7000 series

aluminum alloys was easy to initiate the crack in the center of the ingot.

Keywords: semi solid state, deformation behavior, in situ observation, 7000 series aluminum alloys

1. #&
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Bdh b, TOHII [EEEN] EIEN, 1950 4480
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NTWBEY, 7=y 258D DCHETIE, B
EnE (BT E) B X OBEENOREIMLER S
WX o TRR L ZEMRBIICHISON TS, Bl2IE,
100027V I =7 AaTiEHENIC L, 7000%8 L0
200027 NI =T AEEREDVDYWLEIAEETIE
Hhedv, T2, BHAEETIEHOLER] LI
[R5 —=2F v 7| EIFENDHHP.LTOENITA
LR3 <, 5000%%3000%87 V=7 AHETIE[#R
mEN] EMFEN 2 HFREMETOFHNI AL T
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By Ialb—2a vicZhs Zlldite 2 L CREREE
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RS & B E R B X OB B O T RE O BIAR % 9
HELEAE RV, FHESIE, IhTCHEBLEETO
5 aRaER T CRiERLy RREE) £ %L, 1000%7

V3= AR Al-45mass%Cu A& O [ i A7 I8 0 HE K
WP S L OERER &AL &7 KIET
(&, 70005R 7V X =7 A G40 EREIAR T OB
PE B L OB ZHAEL, 7T000RT7 VI =744
COFEENED X OHRP R TEREFH NS E TR T
WA= AL HFAELI,

2. EBREE

2.1 e

M E LT7055 7 VI =7 A Fax I MgB X
O ZnZ@i%e L 727000 %64 (LT, #E705564) %
HEIRL 720 Table LIZRFALFIEST O WEH: % DC#E I
X DIEMAE330 mm, & X700 mm ORI % $id L
720 T DOMHIRGFB OGN I L Lz BRw7aE
HEB2*590 mm X 35 mm X 300 mm DA ELIH L,
ME3 mm, EE4 mm, £10 mmDFATHEAET 2
FIRARBA I L7z Fig. LIS I 7 oz

Table 1 Chemical composition. (mass%)

Si | Fe | Cu Mn | Mg Cr Zn | Ti | Zr | Al
0.06 | 0.09 | 234 | <0.01 | .70 | <0.01 | 888 | 0.04 | 0.12 | Bal.

ORROTEBME, BE)E, 65(2015), 492-497 12

The main part of this paper was published in Journal of The Japan Institute of Light Metals, 65 (2015) , 492-497.

o (Bk) UACT #hsR SHBRTY  Balril, Wt (T%)

Technical Department, Foundry & Forging Works, UAC] Foundry & Forging Corporation, Dr. Eng.
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Fig. 1 Microstructure of ingot.
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Fig. 2 Result of differential thermal analysis of ingot.
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Fig. 3 Calculation result of phase changing during
solidification in arranged 7055 aluminum alloy by
JMatPro V8.
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Fig. 4 Schematic drawing of tensile test machine.
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Fig. 5 Schematic drawing of heating profile for tensile test.
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Fig. 6 Change in the mechanical properties and deformation behaviors of arranged 7055 aluminum alloy, Al-4.5mass%Cu

alloy and 1000 series aluminum.
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Fig. 7 Deformation behavior of arranged 7055 aluminum
alloy tested in 455C .
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Fig. 8 Deformation behavior of arranged 7055 aluminum
alloy tested in solidus (463C ).
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Fig. 9 Deformation behavior of arranged 7055 aluminum
alloy tested in 583C .
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Fig. 10 Deformation behavior of arranged 7055 aluminum
alloy tested in 606T .
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Table 2 Classifications of deformation behavior in semi
solid state ®.

Low Stagel Large uniform deformation and high
temperature 2€% ltensile strength are obtained.
Stagell Embrittlement with liquid film is
occurred.
Stage I Healing behavwr of crack by liquid
phase flow is occurred.
High Stage IV St{rly zone. Specimen could not keep
temperature original shape.

Table 3 Classifications of deformation mechanism in
semi solid state of Al-4.5mass%Cu alloy (previous
classification) ™.

Very large uniform deformation is
occurred.

Low

temperature Stagel

The strength of grain boundary
decreases, and the ductility

Stage Il |decreases remarkably.

The ductile fracture in grain
boundary occurs.

The strength decreases remarkably
due to melting a part of grain
boundary.

Spikes which are unmelting part of
grain boundary are observed on
fracture surface.

The strength and ductility decrease
Stage IV |due to melting almost all grain
boundary.

The healing, liquid flow into clacks
or fracture surface, is observed.
The migration of solid involving
liquid flow is also occurred.

Stage I

Stage V

High

temperature Stage VI | The healing occurs.
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Fig. 12 Schematic drawing of solidification of arranged 7055 aluminum alloy.
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Mechanical Properties in High Temperature Included Semi-Solid State
and Hot Tearing of Al-Mg System Alloys™

Nobuhito Sakaguchi **

The hot tearing (crack) often occur on the surface of the Al-Mg system alloys ingot during casting

process. To explain the mechanism of crack generation in the Al-Mg system alloys, the mechanical

properties and deformation behaviors of semi solid state were investigated by the tensile test in the semi

solid state. The tensile strength and the elongation of Al-Mg system alloys decrease with increase the

test temperature in the solid state to the semi solid state. Other series aluminum alloys, for example

Al-Si-Fe system alloys and Al-Zn-Mg-Cu system alloys, have large elongation in the solid state near the

solidus. Because of low ductility in the temperature range near the solidus, the hot tearing often occur on

the surface of the Al-Mg system ingot, in which the casting mold contacts at the solidification.

Keywords: DC casting, semi solid state, deformation behavior, hot tearing, in situ observation
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Top

Casting direction

Bottom

Bottom

\ Top

Casting direction

(a) Hot tearing (b) Surface defect

Fig. 1 Hot tearing and surface defect of Al-Mg system alloys.

L, T3 mm, JE&4 mm, £Z10 mmOFATE8% 4
T 55 BRABAITIN T L 720 Fig. 212880 3 7 il
e md, o 3 7 oflikiZIzIESHmo T K4
MEREZRL, BERNABLOTFTY FIA4 b7 =20

2. KBFHE

2.1 e
Beatb & LTIt EN 2 ALMg RE4ETH 5518264

Z#IRL 720 Table LIZRIALFIET DS © DCHik
& D E&E330 mm, £ 700 mm O ARSI GE
L7z0 ZOMHERGLOFHFNEEDS X RO E RV
SEH A 590 mm X 35 mm X 300 mm @ A % B

Table 1 Chemical composition. (mass%)

Si Fe Cu Mn | Mg Cr Zn Ti Al

009 | 026 | 011 | 044 | 4.87 | <0.01 | <0.01 | 0.03 | Bal

IR ATBIEE S 7z, SERRVE T-UMEE (SEM) B X
DCZNHNIET 5 T 4V F — 558 X #5541 H (EDS)
WCTHRADHEWE 5 L7z 24, Al-Mn-Fe A FI2
Bl &, AlMn-FeRMLEWTH L EEZ LN %
B, RWFFEICTHM L 72SEMI HARTE T bkl &
JSM-5510, EDS3 HAE T+ # EX-54143MSK
ThY, EEFE20 kVICTEEB X OO 2175720

VEBL L 725182 4 4 0 IR AR O I BEREPH % B A3 5

(a) Low magnification

(Anodized and observed with polarized light)

(b) High magnification
(As polished)

Fig. 2 Microstructures of 5182 alloy ingot.
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720, BIERAERF % BRI L 72380 O UL B A S 1% 3 mm,
K205 mmOMBREAZERL, Ar ¥ AFMHA A,
FURAE0.33C/s DG CREBGN 21T 5720 €D
R, FEAHBIE056TC, WAHMRIZE38C TH Y, TEHL
7SO R A9 82°C DR EHPH TH - 72

2.2 FiAp5IRER

Fig. 3IARMFZEIC TR L 725 1R RER B O s X %
RNT o RN R Ar M ATEBL SN 2T v VN—NDHE
HEICHEL, RO~ 712X Y Fig, 41373 54
T L 720 ZDH, 78 ANy FH#E0.05 mm/s (O
T AMPES x 10%s1) THIRRABR Z AT 5 720 ARRE %
OFHIE, B 0% SRS v, §IRRERSE o6k
% SEM B X IFSEM-EDS 12 THIZE L THMTr L7z,

23 ¥ BEp5IIREAEREED I 7 OMABE(L
ACHEM L 72 FEmy RO I 7 ofiifks X
O 7 0RIBRIFIRIE 2R 5 72012, FiEais g

Window I Camera
Cross head jig \

Atmosphere: Ar gas

Loading
direction

T

Specimen

L7 7

STy

1
Support bar

(AR A AR
7

Thermo couple

Infrared lamp

Fig. 3 Schematic drawing of tensile test machine.

Tensile test
Test temperature, 300 s

536C (solidus-20C), 300 s

450C .

Cooling

Temperature

T—V Time

Fig. 4 Schematic drawing of heating profile for tensile test.

FRER G % 545 U 7 INBGABR & 1770 > 720 IMEAGAERIZ,
5B 2 BRI L 7250 E 85 0 58 ) L 72 ¢ 8 mm
x 12 mm O PHRER 2 v, KGR0 & E
SEINBIFIZ X Y ML 72 Fig. 512MEGRER D 2L e
Gtk %Rrd. %72, Fig. 61ZFigsO~G D KB %
110 72 RERF 0 X 7 v ik % /R 3. 5367 (AR
P O AR TREFEL 7250 (Fig. 50~®) ® 3 7 1

566°C, 300 s
05C/s 536

Y| \

50C ol 100s |100s [100s | 5C/s

) wq |wa |wq [wq wQ
5C/s

A v v v v

Time ® ® ® @ ®

<

l—> Temperature

Fig. 5 Schematic drawing of heating profile for heating
test (WQ: water quenching).

(d®

(e ®

Fig. 6 Microstructures of ingots after heating test, ©, @), @), @ and & are shown in Fig. 5.
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MAkiE, wIhbZIFEFEMOT Y FI7 4 bERL, 8
WEF (Ascast) LKL T, KELRZILIIHRSINE
Mo 7zo IR EERE T % BB L C566°C (RS A7)
WZmEk L7254tk (Fig. 53) T, KRR NI FHAM
DIRBPBE I N2 DD, o -AlDOFERRAFRICKE 2
ZALIZBEE SN e o 720 Fig, TICMBREB# B L O
As castiZ BT B R B X Ok N O Mgk % SEM-
EDSIZTHM L7kiRER T, THOSEM-EDSIZ& %
SFTESRINB L ORFRIZO & ZNZN10 8 THEMEL
720 As cast TIIHFE & RN O Mg i 12 344% D 7= 5
HERR S 720 536°C (AL BE O FAHIR) TofREE
RERI SR € % B IO M TRIGE L RN DR EEZE DS/ S <
70, 300 sPRFERE (Fig. 5@) 12120.63% & /R L7zo 5l
AR BRI 1T 2 BidE L C566°C (R ILAFs) 1k - 17
FL724&M (Fig. 5®) TIEMgiEED#H13046% TdH
D, WEALSETLZRETHLDDD, As cast TD
4 Uﬁ*ﬁ?ﬁ‘ﬁ%fﬁ"é«lﬁ(%ﬁf&of:o

AWFZETIE, R A 2 BEH o 10005% 35 £ UF7000 5%
ThVIZTAGELLET 5, Zhbidvnghd Kif
g8 & [ U laRakBrr: (CRusmhy [ eakiRik) (2 CRrili L
7RI T 2 72D, ARRFZET D Py R
LARH U720 ALMg R &8 Tl BEms RaEr &
g | BR T (B R 2 R 2 47 ) 1) T
SN AWM AR 5 2 & DER S OB 5 Y1
I OIEEIN TS, JEflIE, Tho xRSz,
T/, KWIEOMEEZMOKE L KT LB, A
WEFE O fE R AS W il | iR SABRE TRl L 7245 R Th 5
T LB SN,

10

[ Inside of grain
@ Grain boundary ]

Alloy composition

Mg content / mass%

Ascast @ ©) ® @ ®
Fig. 7 Change in Mg contents of inside of grain and grain

boundary by heating tests, D, @, ®, @ and ®
are shown in Fig. 5.

3. & R

3.1 FEmsRERER

Fig. 8125182 54 DimEZLIZfE S pliRmI B L O
MO DEAL%ERT, T/, Fig. 81Cidfkik3 551824
SO - W E B O 53K R B L OB 1000 5% 7
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&) BLUT05HEDRT B ZnB LU Mg 2 LS

72700027 V3 = AE4 (Al-888%Zn-2.34%Cu-
1.70%Mg-0.12%Zr &4, LUF, 7000 %44 OREHRY~

WA PS50 51824405 21, 535C ([EAHR)
TiZ142 MPa%Z /R L7245, R EZ A Z545TH 5
565C D 20C Ol B #iPH TEAWUALT L, 570CIZT
145 MPa% 7R L7z 570C DL L Cid, 7ok S 3=

AT L, 600CI2T008 MPaznR L7z, 610C Tl
RERFEICBRICE 2AMEZ T — FEIVICTHRAITE %
Mo7ze —, MNIE535C 20 & BEAHRR I A0 TEBUC
KT 2 MM %2R L7z BEAHML b oo BRI T
WITNORBIRETHMM™III% LT TH - 72, 600T
DETiE, =) ¥ 7 EMIC K 2 SRoNE) 232
ENTz7z0, MPOS% G R R0 5 72,

32 TOGEBEHR

Fig. 912535C (&%) TOZ DRI RZ RS,
AERFIG 2> 58930 s MBS § 2 b1 28
Bl INTze D%, 36 sTRICHBRF FKIC 3 20k

e, ThyeR L, WNCE 2B I N,
545C B L O°550C T b AR DR DR H 720

556°C (FEAHAR) 225 590C TOZ DHPILETIL, 535
Cob LR, ABIIITLEALEEET, AR
DH A B 12 12 BB 400012 S RS S M 7ze T D,
TNDEDBIHER L, BN E 2 B iBigt S,

Fig. 1012600C TOZ DL R 2R3, 600C T
1, RERRHAG A 5 14 s B T EER I M & RATERR
N7zo O, B EIHAH O ADHERR S 1, ‘(ﬁ)\
L7z & 0 B35 % (G S D) B3 RR
SNz 20720, 600CULEDIRETIEL —1) ¥ 73
HCBZ Dol

Fig. 1112610C T D515k T D BI% 5 R 2R
Fo 610C Tix, HERFAEA SHK208 D, HERF 53
W= BB o S h7ze LaL, 535CTo
AR E IR, SABRR RO 7 A A | iR
AERICBETE R 20, BRBA2HMICE DR T
WpEEZ LN, 2Ok, REE (7 EL) D%
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RIS Tl L 720 610C Tld ke —1) ¥ 7 T AT
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Tensile strength Elongation

- -O-  :5182 alloy
< Classification of deformation behavior> o -O-- 17000 series
-0

aluminum alloy

-O- 1000 series
aluminum alloy

. : Stagel : Stagelll
. : Stagell . : StagelV

Solidus (7000 series Solidus (1000 series )
aluminum alloy) : 463°C Solidus (5182 alloy) : 556°C aluminum alloy) : 644°C

30 Unbroken

)

1000 series 10
aluminum alloy:

Tensile strength / MPa
Elongation / %

Temperature / C

Fig. 8 Change in mechanical properties and deformation behaviors of 5182 alloy, 7000 series aluminum alloy and 1000
series aluminum alloy.

(c) After 30 s (d) After 50 s

(c) After 40 s (d) After 86 s

Fig. 10 Deformation behavior of 5182 alloy tested in

Fig. 9 Deformation behavior of 5182 alloy tested in 535C 600C (semi solid state).

(solid state).

EERAFT LM OBARAPAHBE CH 722 05, |’ 2 BN,
MAICHEAHSEBE L TWBE AT —DIREETH B L%
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Support bar

(c) After 120 s (d) After 180 s

Fig. 11 Deformation behavior of 5182 alloy tested in
610C (semi solid state).

3.3 HEHERER

Fig. 1212545C (FEAHIR) OB %7730 545C DI
RIS T, MO LWEREZR L2, Z oMY
F—2#100 um D71 v 7 THI S LT 7z, Fig. 13
2 Z OB OB ONMBIT E 2 R BRI R
T2 100 wm G SAL AL THRE S N7z M A3RERE S

Fig. 12 SEM micrographs of fracture surfaces in 545C
(solid state).

Fracture surface

—>
UoNIIIP SUIPLOT

Fig. 13 Tensile test specimen after tensile test in 545C
(solid state).

M, B2 O - TR SR Twiz, 207
O, R THERR S N2 MRS R AL o Y T B
b LEZONIz, F72, BfE% (Fig. 12 (b)) TiE, #
VORI ASBE OUF IT A CTRERE S /oo SEM-
EDX I THfl 22 MM & 04T L7268, AlB X O Mg
AOHH SN LR (Fig 12 (h) ©) 1A, FeB X *
Mn A3 25 847 (Fig. 12 (b) @) 2R S iz,
ZDD, T OMMR MM, BB L M,
BN & o ToHlr SNz fmMWk 2 Sl S v Tw
b EHfEgE N, LaL, MEEZHHETKITS L
EWEETH - 720 X 51, B EoRAMB X Y
WRELEBLTHAEZ L5, 545T OB H AV AL
WHHECER SN DD TH L EEZ b,

Fig. 1412556C (AR Omkif 2R3 EHETIE
545C (FAHIR) OB & FARIZMIMO# L WL R
L7zo L2 L, 556ComHE <, $Hik (b L <BCR)
@ Al-Mn-Fe R MY ORF OIRPHETH Y, HHE
TRMEEDIIXKNTEL LD BREIN, 2D
%, 556C (FEHIH) Tld, 545C & HE LT, #E ko
BB XM OETEIN S W EE 2 b,

Fig. 1512570C (B3EAri) ki % /R 3, 570C
OB WTD, 545C (M) B L 08556 (FH
M) OB & FARIS, ARG TSR HAL O MY 2 7R
L7z LAL, INLOBETIE, SHEERICTEHMHEO
BIRORPFBITE A BRI NG o7z, $72, it
Yok 1-73556°C (FEANM) &Ml LT & 0 B IcBig s

- e = \ N ( 3
(a) Low magnification image (b) High magnification image

Fig. 14 SEM micrographs of fracture surfaces in 556C
(solidus).

B | Al-Mn-Fe ystem compound
f [ E.‘ l y J .

50 um g BT —--.*

(a) Low magnification image (b) High magnification image

Fig. 15 SEM micrographs of fracture surfaces in 570C
(semi solid state).
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15 I T O AR 1 P & 1

7z

Fig. 1612580C (M ILAA8) Ol 2 <3, 580C
DR T H ARG TIER AR O MY 23 BIg S /e
OO, 5T0CLLN ORI & KL T, ZDIIRIZHA
EailNTWiz, 72, 580C oM Tid, BEHOKE ST
50 um FEEEDIEF ITHIR 2 EHIR (b L <EIAHIR) @bt
YhsBigE S 7z 580°C DRI Tl W ASREAR & REAR
WHCZG % O T 2 Ak T AN R S 7z,

(a) Low magmﬁcatlon image (b) High magmﬁcat1on image

Fig. 16 SEM micrographs of fracture surfaces in 580C
(semi solid state).
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OBMMEEEZFM L CE 27 VI =y 2648 (Bl
(&, Fig. 8127”3 1000/ G448 L 07000/ 4G4) T,
W BIIRR X B X O OSSR 3, ﬁﬁ@&)émfi
EBEICRMICEKT S 2MmAE R LAY YW, Lal,
51824 é‘z\“( X, FIRE S B X O DAL HSE AR
OB EAFIC 2T TR S, ThE TlAE LT
TERTNVIZTLAEELIRLIEHERL
5182 & & DR EB X O oRm (Fig. 128 L O
Fig. 14) 235 &, RBRRENH VI E, BHOZE
DR EE 2 5N BHMM 7R MAA%RL, MR TO
BHOBEENBRDP L TWEEEZ N, TD12D
518244 Tld, AL B o WA T, WERIREE D
FACHECR A OEEDR T T2 L0309 o72, F
7z, BEREIAA oL (Fig. 1568 X ' Fig. 16) T, #*
HOBEORPIZIT L A CHERSINT, SYoOIIR
DRI BIEE S N7z Fig. 17TICH AR Y 7 +
7T+ 7—4%~X—ZJMatPro (Sente Software Ltd.
) TR L 725182 5 & O IR X (£ iREE I B1)
L EEMDEAL) 277, JMatPro TOFAFIREM G
1%, CALPHAD (calculation of phase diagram) #:(2 X

O-0O
9
[=2)
—
=
=) [fe)
£
= =}
o =
= =
£ 05 %
—'g —— : Liquid
= —O0— :g-Al
—&— : Al-Mn-Fe
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|1

l.:
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Temperature / C

Fig. 17 Result of the phase diagram calculation by JMatPro.
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& HATHIM IS EAHFRAME L 20, BB T T
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WL PRIR O IR TIiE, RSO Al-Mn-Fe /& MY
BELTHLETHEEZON D, FFIZ, 580TC OBk
(Fig. 16) Tlxdh A3 BA/ A 4G 2 TR %
BT DHERE S Nz F D720, ENEILAFET D WA
2 SRR RARIR O IR B TR, R SIS AE U7 AR IS
L0 B/ BEAHIE o GREE) 3kbhb boo,
W% A U720 7 S / B O 84512 X - TED 72
FIRME B L MO ONLEZ 517z, 610CT
(&, KR OWBAHEAHINS 5 2 L12Z, Al-Mn-Fes%
w AN L, BRSO / B o RS 2SR b I B
72, BRI ICHIRMESRIB IS N koo E R
bz,

42 BERHFBTOLERES
Table 212 BEHY 1V IC THIR L 72 B L A2 0 &
CBEETESEY O S R RS, T O I N
AﬁW®£R W28 By % 4O OFIRIT - F L, WA
W b BRI AE IR O DR & [ ] « K& LT
WG ONLFIF] ITHFL TS, TN T TR
OB VEE % 37 L € & 72 &4 T EAHRIE T
D BEAHBI TIFFITRE ZEEI S SN, 100% DL
DEMZELGZ THRBF 2 WS¢ 2 &3 TE b
572970, Lal, ko Xk9iz, 5182464 TldEAM
SLLT O A SEEORTAELTE Y, FlaRE
BN T S5 2 B TER W [RKREREME] 1315
LBNTWARWV, TD70, 51828808 % 5
FT5720121%, [REBERE] DL EWlE kD L 0LE
b Hﬂ@mﬁﬁﬁ%émiUf&ﬁHﬂ®ﬁﬁ
AN RS T RO N i b o N [ S = 3
ﬁl?ﬁﬁ&ﬁ%émi()#&#%’%ﬁz?é%[ﬁk LTk
SR (SERI~ OB 25 1) %2 &2 X 24040)) B
X OBFEIAE DS 2T DD, HMYEERNI 858 T E R
EERMIGENT 2720 LEWEL LTREAEYTH
bo TD72, FEENURR (BRI A2 % i
EL, LEWEELTHWwWAZ EE L7, BI2E&41C
BT % EEHE A % IMatProll TR L 72 & 2 A,
T72% TH o720 T D72, 518246 4D & K 1213 Ik

Table 2 Classifications of deformation behavior in semi
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Effect of Quenching Rate on Age Hardening in an Al-Zn-Mg Alloy Sheet*™

X
Al-Zn-Mg £ & ORI K T3 BEANEIE D HE

I S ST ' | SN NI L B

Hideo Yoshida™**, Takero Watanabe *** and Hidenori Hatta****

The effect of the quenching rate on the artificial age hardening in an Al-6.0mass%Zn-0.75mass%Mg alloy
sheet was investigated. The quenching rates and aging conditions were as follows: water quenching
(WQ), air cooling (AC) or furnace cooling (FC) were followed by pre-aging at 20°C and then artificial
aging was performed at 120, 160 or 200°C. For the long pre-aging at 20°C followed by 120 or 160°C aging,
the quenching rate gave little influence on the peak strength. However, the peak strength at 200°C aging
of a sheet quenched by the WQ or the AC was 60 to 70% of that quenched by the FC regardless of the
pre-aging time at 20°C. During the long pre-aging at 20°C, many GP(I) zones were formed even though the
cooling rate was very slow like the FC. These GP(I) zones were transform into the GP(II) ones at 70°C or
higher. The GP(II) zones were further transformed into #’ phase during heating or aging at 120 or 160°C.
Therefore the strength of a sheet quenched by the FC followed by 120°C or 160°C aging with the long
pre-aging at 20°C was as high as those quenched by the WQ or the AC. However these GP(I) and GP(II)
zones were dissolved by reversion during heating to 200°C. Therefore the strength of the sheet quenched
by the WQ or the AC followed by 200°C aging were significantly decreased. On the other hand, it is
considered that an unknown cluster or GP zone with a good thermal stability formed during the FC was
not dissolved to near 200°C and was transformed into #  phase. Therefore, higher strength was obtained
in the FC at 200°C compared to the WQ or the AC.

Keywords: Al-Zn-Mg alloy, quenching sensitivity, furnace cooling, pre-aging at room temperature, GP zone
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Fig. 1 Influence of the additional elements on the quench
sensitivity of Al- 6mass% (2.5at%) Zn -1.8mass%
(2at%) alloys. Specimens were aged at 120°C to the
maximum hardness after water quenching (WQ) or
the furnace cooling (FC, 15°C/min) *.
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Table 1 Chemical compositions. (mass%)

Element| Si | Fe | Cu | Mn | Mg | Cr | Zn | Ti | Zr
mass% |<0.01/<0.01|<0.01{<0.01| 0.76 |<0.01| 5.99 [<0.01|<0.01

Hot rolling Solution heat
400°C,10pass flre%tme“t. Artificial aging
t25 mm—t2 mm 490C-60 min in an oil bath
N 120C

VS 160°C

M \ N o
OBaaNg N\ N FC (033C/min)  200C

VAC s
ﬁNQ\GSOC/nﬁn)
< A ¢

> -
Cold rolling Pre-aging (PA)
12pass 20C-120,10080 min
t2 mm—tl mm

Fig. 2 Conditions of rolling and heat treatment for the
rolled sheets of an Al-Zn-Mg alloy.
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Fig. 3 Effects of quenching rate and artificial aging
conditions on the Vickers hardness of the sheet
pre-aged at 20°C for 10080 min.
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Fig. 4 Effects of quenching rate and pre-aging conditions
on the Vickers hardness of the sheet aged at 160°C
for 500 min.
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Fig. 5 Effects of quenching rate and pre-aging at 20°C
for 120 min on the change of tensile and yield
strength in Al-Zn-Mg alloy sheets aged at 160°C.
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Fig. 6 Effects of quenching rate and pre-aging at 20°C
for 10080 min on the change of tensile and yield
strength in Al-Zn-Mg alloy sheets aged at 160°C.
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Effects of Intermediate Annealing and Cold Rolling Reduction on
Texture Evolution in an Al-Mg-Si Alloy*

Akifumi Hasegawa **, Hidetaka Nakanishi*** and Mineo Asano™***

The effects of precipitation and cold-rolling reduction on recrystallization textures of an Al-Mg-Si alloy
were investigated. The sample sheets were prepared by solution heat treatment followed by intermediate
annealing (IA) at 623 K for 1 h (IA-1 h) or 110 h (IA-110 h). Other sheets were prepared without TA
(non-IA). These samples were rolled at ambient temperature up to 97.5% reduction followed by a final
annealing step at 623 K. The recrystallization textures were changed depending on the IA conditions. In
the IA-1 h sample, the cube texture ({001}<100>) was increased with increasing reduction. In contrast, in
the non-TA sample and IA-110 h sample, the cube textures were decreased at high rolling reduction. The
shear bands were formed in the cold-rolled non-IA sample. Shear bands could be the nucleation sites of
randomly oriented grains in the recrystallization process. Meanwhile, in the IA-110 h sample, the particle
stimulated nucleations (PSN) of recrystallized grains by coarse precipitates were observed. Grains
generated by PSN are expected to be randomly oriented. Therefore, the nucleation at shear bands and
PSN cause a decrease in the cube texture. In addition, decreasing of the cube texture at high reduction is
assumed to be caused by increasing of shear bands and deformation zones around the coarse precipitates.

Keywords: AI-Mg-Si, texture, recrystallization, solid solution, precipitation
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Fig. 1 SEM images after IA and the solution heat treatment (before cold rolling).
(a) non-IA sample (after the solution heat treatment), (b) IA-1 h sample and (c) IA-110 h sample.
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Fig. 2 Distribution of Si obtained by EPMA after IA and the solution heat treatment (before cold rolling).
(a) non-IA sample (after the solution heat treatment), (b) IA-1 h sample and (c) IA-110 h sample.
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Fig. 3 Optical micrographs after the cold-rolling.
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Fig. 4 Orientation density of S texture after the cold-rolling.
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Fig. 5 Optical micrographs after the final annealing at 623 K for 600 s.
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Fig. 6 ODFs after the final annealing at 623 K for 600 s (Contour levels : 3, 6, 9..21).
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Fig. 8 Image quality and Cube orientation maps after the final annealing at 623 K for 5 s (87.5% reduction),
(a) non-IA sample, (b) IA-1 h sample and (c) IA-110 h sample.
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Fig. 9 Recrystallized grains adjacent to thr second phase particles in IA-110 h sample after the final annealing

at 623 K for 5 s (87.5% reduction).
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Mechanism of Oxide Film Destruction in Flux-Free Brazing of
Aluminum under an Inert Atmosphere*™

Tomoki Yamayoshi **, Yasunaga Itoh *** and Atsushi Fukumoto
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The addition of magnesium or lithium to aluminum brazing sheets was investigated with the aim of the

clarifying the mechanism of oxide film destruction during flux-free brazing. The surface of the filler alloy

after brazing was observed by scanning and transmission electron microscopy. The presence of complex

oxide particles of magnesium or lithium with aluminum were confirmed on the surface of the filler alloy

after brazing. The results indicate that the oxide film was broken into oxide particles by magnesium or

lithium during brazing, and a new surface of molten filler alloy was exposed between the oxide particles,

allowing flux-free brazing.

Keywords: fluxless brazing, flux-free, oxide film, morphology of the surface after brazing

1. Introduction

Aluminum automotive heat exchangers are
generally manufactured by brazing. In order to braze
aluminum, it is necessary to destroy a strong and
stable oxide film present on the material surface. For
this reason, methods using a flux or heating in
vacuum without using flux have been developed.
Currently Controlled Atmosphere Brazing (CAB),
destroying the oxide film by using a non-corrosive
flux, is a mainstream method. However, it requires
flux-free brazing in an inert atmosphere since flux
residue in the heat exchanger can become a
cleanliness problem.

Materials with added magnesium are known to be
brazable without flux in an inert atmosphere. Also, it
is reported that flux-free brazeability is improved by
adding a wetting element such as bismuth »2. A
brazing sheet with lithium has also been developed ?.
Magnesium and lithium added in the flux-free
material have lower oxide formation free energy than
aluminum. Therefore, it is assumed that these
elements destroy the oxide film (Al;O3) by a reduction
reaction. However, research on the nature of the

oxide film after brazing does not seem to have been

investigated.

In this study, the oxide film after brazing of the
material containing added magnesium or lithium was
observed by Scanning Electron Microscopy (SEM)
and Transmission Electron Microscopy (TEM) to

clarify the mechanism of oxide film destruction.

2. Experimental procedure

2.1 Materials

Table 1 shows the chemical composition of the
brazing sheet provided in this study. As the base
composition, the filler alloy contained 10mass% of
silicon, and the core alloy contained 1.2mass% of
manganese. For No.l material 0.6mass% of
magnesium was added to the filler alloy and for No.2

material 0.6mass% of magnesium was added to the

Table 1 Chemical composition of the brazing sheets.

(mass%)
Filler alloy Core alloy
No. — - - Remarks
Si | Fe |[Mg| Li | Bi | Cu |Mn|Mg
1 |10 017{061| - |0.02(0.16| 1.2
2 (10 (017 - | - ]0.02/0.16| 1.2 |0.62
3 101|017 - [0.02]0.02|0.16| 1.2 | -
410017 - | - | - |o16] 12| - | Flux application
3 g/m

Mechanical Engineers, 2017

The definitive version of this article is published in the VTMSI13: Vehicle Thermal Management Systems, Institution of
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core alloy. The No.3 material contained 0.02mass% of
lithium in the filler alloy. In order to improve
brazeability, for No.l to No.3 materials 0.02mass% of
bismuths was added in the filler alloys. The No4
material was a comparative material having no added
magnesium and lithium, and had a flux of 3 g/m?
applied before brazing.

For producing these brazing sheets, the filler alloy
was cladded on one side of the core alloy by hot
rolling, being rolled down to a thickness of 0.4 mm.
The temper is O (annealed), and the cladding ratio of
the filler alloy was 10%. The brazing sheets were
then degreased with acetone. Finally, the oxide film
formed during manufacturing the material was
removed by dipping in 2% nitric acid-1% hydrofluoric

acid at room temperature for 90 seconds.

2.2 Brazing conditions

Fig. 1 shows the clearance filling specimen used for
evaluating the brazeability. For the clearance filling
specimen, a vertical plate of 3003 alloy was positioned
on a flat brazing sheet, while one end of the plate was
raised on a stainless steel rod to provide clearance
between the plate and the sheet. Fig. 2 shows the
heating profile. Brazing was performed in a nitrogen

gas atmosphere having an oxygen content of 5 ppm

Brazing sheet
60 X 25 mm

3003
55 X 25 mm

ZStainless steel rod
S $1.6 mm
)

Contact point

Fig. 1 Schematic of clearance filling specimen.

700 35
Temperature

600 430 g
© 2
500 | {25 =
5] -
5 =
3400 120 §
g i
g 300 | 115 €
g 5
ﬁ 200 110 =0
>
o Oxygen content %
100 r 7 L B an muid 15 ©

O 1 1 1 1 1 O

0 5 10 15 20 25 30

Time / minutes

Fig. 2 Heating profile.

or less and a dew point of -70°C or less, and the
specimen temperature was held at 597 to 600°C for 5
minutes. After brazing, the specimen was rapidly
cooled to 300°C in a nitrogen gas atmosphere having
an oxygen content of 5 ppm or less to prevent

oxidation during cooling.

2.3 SEM observation and TEM Analysis

To provide specimens of the filled clearance after
brazing, the brazing sheets were cut out and the
surfaces of the filler alloy were observed by SEM. In
addition, the oxide film on the filler alloy after brazing
was analyzed by TEM-energy dispersive X-ray
spectrometry (EDX). Since lithium is a light element,
it can not be detected with EDX. Therefore, lithium
was analyzed by TEM-electron energy loss
spectroscopy (EELS). A sample for TEM analysis was
prepared by dipping the brazing sheet in a
saturated iodine methanol solution, leaving only the

oxide film.

3. Results and discussion

3.1 Brazing test results

Fig. 3 shows the results of the clearance filling test.
No.l to 3 materials formed a fillet even without flux.
The filling length of the brazing sheet containing
magnesium in the core alloy (No.2), at 31 mm, was
longer than that in the filler alloy (No.l), at 21 mm.
However, it was not as large as the filling length using
the CAB method (No.4, 38 mm). On the other hand,
the material containing lithium in filler alloy (No.3)

had a filling length of 36 mm which is comparable to

(N=3)
10 =
~ 30 [ =
=)
2 20 | [
2
o0
S 10T
=
0 ‘ ‘
No.l | No.2 | No.3 No4
Flux
Flux-free application
3 g/m?

Fig. 3 Results of the clearance filling test.

54 UACJ Technical Reports, Vol.4 (1) (2017)



Mechanism of Oxide Film Destruction in Flux-Free Brazing of Aluminum under an Inert Atmosphere

that of the CAB method. Furthermore, as shown in
Fig. 4, the No.3 material formed a uniform fillet,
which was equivalent to the CAB method. Cross-
sections at a position 5 mm from the contact point are
shown in Fig. 5. All the specimens had a fillet shape
essentially identical to that of the CAB method. These
results indicate that lithium is an effective element for

improving the flux-free brazeability.

3.2 SEM observations

Fig. 6 shows the secondary electron images of the
filler alloy surface after brazing for materials No.l to
No.3 and the surface of a representative sample
before brazing for material No.l. Fine particles with
white or grey contrast were observed on all brazed
filler alloy surfaces, and the size of the particles was
about 50 to 200 nm. It appears that the oxide film was

broken into fine particles during brazing. In addition,

a black region with smooth low contrast was

Fig. 4 Appearances of the clearance filling specimens.
(a) No.1, (b) No.2, (c) No.3 and (d) No.4 (with flux).

observed between the fine particles. The area ratio of
this black region was obtained by image analysis for
the low magnification image shown in Fig. 7. Brazing
sheet containing magnesium in the filler alloy (No.l)
had a black area ratio of only 13%. However, brazing
sheet containing magnesium in the core alloy (No.2)
had a ratio of 48%. The highest black area ratio was
brazing sheet containing lithium in the filler alloy
(No.3), which was 67%. The material with good
brazeabilty had a high black area ratio. From this
result, it was presumed that the black region is the
part where the new surface of molten filler alloy is
exposed. Based on these SEM observation results, we
surmise that the oxide film was broken into fine

particles, and then the new surface of the molten

filler alloy was exposed between the particles.

Fig. 6 Secondary electron images of the filler alloy surface
(a) No.1, (b) No.2, (c) No.3 after brazing and (d) the
surface of a representative sample of material No.l
before brazing (high magnification).

Fig. 5 Cross-sections of the clearance filling specimens at
5 mm from the contact point,
(a) No.1, (b) No.2, (c) No.3 and (d) No.4 (with flux).

Fig. 7 Secondary electron images of the filler alloy surface
after brazing (low magnification) and black area
ratio, (a) No.1, (b) No.2 and (c) No.3.
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3.3 TEM analysis

TEM analysis was carried out to identify particles
observed in the SEM for No.2 and No.3 materials with
good brazeability.

Fig. 8 shows the TEM-EDX analyses of particles on
the surface of No.2 material after brazing. The
particles were observed with black contrast in the
TEM image. Aluminium, magnesium, oxygen were
detected from all particles. From the diffraction
pattern shown in Fig. 9, these particles were
identified as MgAlLO4 Note that MgO was not found
in this analysis.

Fig. 10 shows the TEM-EELS analysis of particles
on the surface of No.3 material after brazing. The
particle was observed with white contrast in the
STEM image. A strong lithium signal was detected
from the particle. Aluminum was detected from
around the particle and was also detected in it. In the
aluminum region of the spectrum, two peaks were
clearly observed. These peaks do not appear if
aluminum is a metal, but are characteristic of an
oxide. We concluded that lithium-aluminum based
oxide particles are formed on the filler alloy surface of
No.3 material after brazing.

We thermodynamically verified the validity of
observations of a complex oxide with aluminum after
brazing. The reaction formula of magnesium or
lithium and Al:Os; are shown in Table 2. Although all

50 nm

Fig. 8 TEM-EDX analysesis of the particles on the surface
of No.2 material after brazing.

diffraction pattern

Ring pattern of MgALOQO,

200 nm
Fig. 9 TEM image and the diffraction pattern of the

particles on the surface of No.2 material after brazing.

STEM image Element maps

) 0 60 80 00 120 140
eV

Fig. 10 TEM-EELS analysis of oxide film on the filler alloy
after brazing No.3 material.

Table 2 Free energies of formation for reactions of Mg
or Li with ALOs.

No. Reactions aAt%é(l){Jé Remarks
1 Mg + 1/3A1,0;—MgO+ 2/3Al -45.1
. ‘ ~ complex
2 |Mg + 4/3A1,05—~MgAlLO,+ 2/3A1 |-739 oxide
3 [2Li+1/3A1,0;—Li,O + 2/3Al -17.7
. T -69.9 complex
4 |Li+ 2/3A10;—LiAlO.+ 1/3Al @t 500°C) |oxide

the free energies of formation are negative, the free
energy of formation of either complex oxide with
aluminum is more negative than formation of a single
oxide such as MgO or Li;O. Therefore a reaction to
form a complex oxide occurs thermodynamically.
This corresponds with the result that the particles
observed in this study were a complex oxide with

aluminum.

3.4 Mechanism of oxide film destruction

From the results of this study, the mechanism of
oxide film destruction in flux-free brazing is thought
to proceed as follows. Although the oxide film exists
over the entire surface of the filler alloy before
brazing, it reacts with magnesium or lithium during
brazing and is broken into complex oxide particles by
that reaction. Then, the molten filler alloy is exposed
between the oxide particles. As a consequence,

brazing is possible.
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Mg or Li and Al || New surface
complex oxide Tomoki Yamayoshi
Oxide N Research Department V,
film - : Research & Development Division,
Filling -brazmg Mo UACJ Corporation
alloy
Fig. 11 Postulated mechanism of the oxide film destruction
in flux-free brazing. Yasunaga Itoh
Research Department VII,
Research & Development Division,
UACJ Corporation
4. Conclusion
Flux-free brazing of aluminum is possible by the Atsushi Fukumoto
use of magnesium or lithium. It is effective to add Research Department IV,
. to th I th to the fill 1 Research and Development Division,
magnesium to the core alloy than to the filler alloy. UACJ Corporation
Lithium is a preferred element for improving the flux-
free brazeability over magnesium. A brazing sheet
containing 0.02% lithium in the filler alloy had a
brazeability approaching that in the CAB method.
The mechanism of oxide film destruction is thought
to be as follows. The additive element (magnesium,
lithium) that diffused to the surface during brazing
reacts with the oxide film (Al:O3) to form complex
oxide particles with aluminum. As a result, the oxide
film is broken into fine particles of 200 nm or less in
size, and a new surface of filler alloy is exposed
between the particles. Finally, a fillet is formed.
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Fig. 1 Process control function for a hot strip mill ?.
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d. AUTOMATIC ENGINE CONTROL. - Should
engine control cables be shot away, four of the
controls will automatically assume predetermined
positions: throttles, wilde open; superchargers, 65
percent power; intercoolers, cold; and propellers,
1850 rpm. Functioning of the automatic control at
one unit will notaffect placement of controls at
other units, or ofsimilar controls on other engines.

Fig. 1 Description relevant to the intercoolers in the Pilot’s.
Manual for Boeing B-17 flying fortress.”

Fig. 2 Air-cooled engine oil cooler for T-34.9
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Table 1 Changes of the aluminum brazing process and the main products.
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HIRT MR 5 )M OBSFICIE C TG SR
%, Table 212/R9T 7T v 7 ZOMHIZ LD, 2000%
4, MgE&HRDZ V5000288 L CudfiEnS
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. . . ‘ >
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‘ >
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\ \ >
Table 2 Components of the flux for the aluminum brazing.
Composition of flux (%)
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Al-25Mg-
- 13013 |18 - - - 199 - - 101} - - - - 8 - - - - - 588 0.25Cr
1595 24 | 52 | - - - - | - [005] - - | - - - - | 8| - - - - - 593 Al-Mn
Al-25Mg-
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Fig. 9 Dissolution groove occurred in a brazed joint.
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Fig. 18 Component materials for the brazed honeycomb panel.

Table 3 Development history of the alminum brazed
honeycomb panel for the railroad vehicles.

Year Application User company
SCM support flame for

1987 Mag-Lev train Railway Technical
MLUO002,miyazaki Research Institute
experiment line
Body structure of next- .

1992 generation shinkansen ]éast Japan Railway
STAR21(953-1) ompany
Body structure of next- .

1995 generation shinkansen g(e)nmtrzlnjap an Railway
300X(955-5,6) bany

1997~ Body structure of series | West Japan Railway
500 shinkansen Company
Body structure of Mag-

2003 Lev train Central Japan Railway
MLXO01-1,yamanashi Company
experiment line

2007~ Pantograph covers on Central Japan Railway
N700 shinkansen Company

Fig. 19 SCM support frame (hatching area).®
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Fig. 22 Body structure of series 500 Shinkansen.

Fig. 23 Pantograph covers on N700 Shinkansen
(Arrow parts: usage of brazed honeycomb panels).
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Fig. 24 Ultrasound inspection result of the brazed

honeycomb panel for series 500 Shinkansen.
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Fillerless Brazing Technology “MONOBRAZE®”
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Fig. 1 Differences between the clad fin and the MONOBRAZE fin.
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Table 1 Properties of the MONOBRAZE fin and others.

Tensile strength

. . Corrugation Sagging resistance| Fin bonding ratio Fillet width
Evaluation category afte(erIallafz)Zlng formability (mm) (%) (mm)
MON(BBRAZE fin 130~ 145 Good 925~ 35 100 05~ 0.6
t=70 um
Clad fin A 130~ 145 Good 25~35 100 05~06
t=70 um
Bare m_aterlal (3003) 105~120 Good 15~25 - -
t=70 um

*k Representative values are used for the properties indicated above.

MONOBRAZE fin

Fig. 2 Heat exchanger example using the MONOBRAZE fin.
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Newly Developed 7000 Series Aluminum Alloy “ZK75" Extrusion with
High Appearance Quality after Anodizing

Taichi Suzuki®*, Hidenori Hatta**, Atsushi Ichihara®**, Yasuhiro Nakai**** and Kenji Matsui*****
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Fig. 2 Mechanical properties of ZK75 and 6063.
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Fig. 3 Grain structures of the conventional 7000 series
alloy and ZK75.

Fig. 4 Appearance of the anodized ZK75.
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Development of Motorcycle Weight Reduction Technologies
as World No.1*

Takaharu Suzuki**, Tsuyoshi Kubota**, Toru Kitsunai ***,
Mineo Asano™**** and Kazuhiro Takahashi*****
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Fig. 1 Weight component ratio of materials for motorcycles.
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Fig. 2 Three technologies developed for motorcycle
weight reduction.

200567) (REkRIL18 K1) 1), HEMjHE# 199 kg (7ER
10 kg &EAL) ZHEBIL, 2015426 HE ST
5o TNHLOEMMZHEWS HZLTHNT—v 2 L
VEAELIINDANESLST A EDUREE Y, AN

WRECHML TV S, ATIZZI NS DFA DB
FEMER I MLAIHH 2/ d %o

2. PIVIZLREBHE L T DR

TR O TV I = ZBBEL Y V20, AT
PO L =23 b TE 7228, BRIEAHE L WiEkALiX
G LT LT 72 7200 TAEAHIME C R B 2R JE 23
L<, B Th —HOBEEANDERHAICE T o TWw
oo G, BEY Y2 ERTVIZTAMETRICHIZY,
BWTHA R E AEEE AW S5 HIY TR O R
BELAEITV, 7Y% = SFNVIEERDSR VAL O%
BaBilklL, 1¥—RIEBLTHEAD Y —26BEDL
57— 7 BHICETRLTWw5b, Fig. 3ICHIEM & itk
MDEWEIRT, BIZHTzo>TIE, FL XL TR
Ty PRHEV S TZRREmD T RTT VI =T A
b3 5L CTERE3S kgDERMIILRTL? kgDiF
BALZEIL, ERMASOREY AT 2RER+—
VT IBRELY v 7 % FEBLL TV D,

Conventional product Developed product

5000 series aluminum
alloy sheet : GC150

Outer : 1 piece
Inner : 2 pieces (upper and lower)

CMT welding

Upper Q Lower
inner

Material Deep drawing steel sheet

Outer : 2 piece (left and right)

Component Inner : 1 piece

Bonding Seam welding

Right
Fuel Outer
filler

Left
Outer

Outer

Figure

inner

Inner

Fig. 3 Comparison between the conventional and
the developed products for fuel tank.
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Table 1 Mechanical properties and drawabilities of the
aluminum alloy sheets and the mild steel sheet.

Tensile | Yield . Limit
Alloys |strength|strength Elo?éa)tlon n value | r value |drawing
(MPa) | (MPa) o ratio*

6016-T4| 230 120 27 0.27 0.60 1.9
5182-0 | 270 120 28 0.31 0.60 2.0
GC150-0| 285 130 34 0.33 0.75 21
SPCC 310 170 45 0.24 2.00 2.2

* Punch diameter : ¢ 50 mm, Die diameter : ¢53 mm, Punch speed :
120 mm/min
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x X : Cracked
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z | O x
~
Lé 800 - O O
= | O O
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Lubricant A Lubricant B
u:010-012  w:012-015
Fig. 4 Effect of the lubricants on crackling and
wrinkling.
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Fig. 5 Range of the gap length where welding can
be performed.
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7 A DA O AL VT, BRI T, SEmELE f T 24
N—EHLEZHECTHIE L, @M% eiE % FEi
L THESRE R MO & 2diifn B L OB 0% et
2o TWdo & IERMDENZ Fig. 6 1217,

Conventional product Developed product

Material AC4ACH-T6 AMG60B-F
Five inflated spokes formed by Ten H-shaped spokes formed by
Component gravity die-casting die-casting
Surface Chemical conversion and Chemical conversion and
treatment 2-layer coating

3-layer coating

Figure

Fig. 6 Comparison between the conventional and
the developed products for wheel.
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Fig. 7 Change in the mechanical property of
AMG60B casted by the vacuum die-casting
method at different vacuum levels.
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Fig. 8 Difference in stress amplitude-to-weight ratio
between AM60B and A365-T5.
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DAT-DEWNTH B S — b % el Ze 8 IS HCE L, #
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WERG A NS CREEF L THE 2G| A A o MET B
L THZE EZRHOEM DT> TWnb, SROHE
% Fig. 1012R",

[ W

Rib projection
(Disperse the heat-shrinking stress) \

Emboss projection
(Increase the solidification rate)

.

Dimple projection
(Surpress the flow mark defect)

_—

Fig. 9 Unique characters of the surface shape in the
newly developed wheel.
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Fig. 10 Structure of the three blades type die cast mold
for the high vacuum die-casting method.
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Fig. 11 Fastening structures with the electrolytic
corrosion prevention function.
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Fig. 12 Comparison between the conventional connecting
rod and the developed products.
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Fig. 13 Stress amplitude-to-weight ratio of Ti-5Al-1Fe
(annealing at 1013K), Ti-6Al-4V (annealing at
1013K) and SCM420 (carburizing treatment).
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Fig. 14 Characteristic of FS (Fracture Split) method.
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Fig. 15 Effect of temperature and strain rate on fracture
morphology.
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Fig. 16 Coefficient of friction in the engine oil.
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A Strange Phenomenon of an Intergranular Corrosion*
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Fig. 1 Progression of the intergranular corrosion by the corrosion test.
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Fig. 2 Behavior of the intergranular corrosion of
a specimen which was ground to half of
the thickness.

£ 0.2 um.

(b) Center thickness
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Fig. 3 TEM structures of the specimen.
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TN I =7 AFH) R ferro-aluminium & L CHLEEH] %
kO LEMLH 2 EAOBANREICBRSE N TV S,
WIZT NI =T ANOFIED W TORBIED %\,
FAMOT I REE~OZEIZH LT, Al6%Cuf it
HERF TR S 250 MPa, UN35%, BESLM 255 |akiR
2180 MPa, ffitN155% DGR SN T Wb, £
DT, BEBRBEVAHTD 205, EEZ 0~ 8% RN
L7260 ] mmBDGIRE S 2 HE I N TVRE DA
Thbo
19054FE® A. Minet @ “Production of Aluminum and
Tts Industrial Use-Primary Source Edition” (American
Edition) IZBWVWTHIFIZFATH L, ZOARDPart I
T Aluminum and Its Alloys2i® b, &40 E L
TREUTOEHIZRoTWwD Y,
(a) Pure Aluminum
(b) Heavy Alloys: Aluminum Bronze, Aluminum Brass
(c) Alloys of Medium Density: Au-Al, Pt-Al, Pd-Al
Co-Al, Ni-Al, Ferro-Silicon-Aluminum
(d) Alloy of Various Densities: AI-W, Al-Mo, Al-Mg,
Al-Sb
(e) Light Alloys GA&xMIE 6% LA T) : Al-3%Cu, Al-6%Cu,
Al-Ni, Al-Ni-Cu, Al-Sn-Ni, Al-Ni-Fe, Al-Co,
Al-Mn, Al-Mn-Cu-Zn, Al-Ti, AI-W, Al-Zn, Al-Cd,
Al-Bi, Al-Sb, Al-Si, Al-Ag, Al-Sn, Al-Cr, Al-Hg
19141, TV I =Y A DMl EH O T,
BB\ T % AR U T O % 1360

* AFITEAE, 65(2015), 508516 ICHBHk S 2N ITNEE, WIEL/ZbDTH %,

This paper is the revision of the paper published in Journal of The Japan Institute of Light Metals, 65 (2015), 508-516.
= A Y27V UIZEAT i (04%), (0o (Bk) UACT B HZEREZErT  BR)

ESD Laboratory, Dr. (Eng.), (Former, Research & Development Center, UAC] Corporation, Adviser)
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REPOBMITHE L LTORE Lo/ kH Il
N5, Table LiZ19M#A D7V I = LA DA ER %R
T2, 18894E1X 7V I = A OBMEEIAME E - 724F
TEDHREHEITHERE L T, 18554, Deville DA%t
2 & o THAEAT1000 fr/kg A5 375 fr/kgll7Zz - 72,
Z0%, 30 fr/kg T T o72285, BFEHECT—2IC
3 fr/kg F THiEAME T L7z S Ofik&IC 2> TT IV 3
AR LERGELTHHENRS L) ITh o7
1BIOFMRIC > T 5, AFTHMmE LTHH I N ZD
BTIVIZT AORPOKRELZHAETH o727 Fig. 1
(& 186047 5 1900 4F £ T Atk DR 2 K L T
BV, 7272 Uik SE EfE TOEIRTH b. Budgen
(Z18604F 20 519004 D M 2 7 v I = 7 A D
development era & M:UF, Z N LL# i the industrial
period & IF-UXBI LT3 Y,

SABRF DHEVGA 5 M4 B 2% (% 1) 13RI % - T
R BRI N T WD, &Ik 2 & iRk
AT TOMRDOT VI = A RBISERAFIE D RE L
BHEPNTWT, BEOWIEDRNLD D) RESE
2% b, HRO[HSE BESEL (2o 1) 1Y@, [k
R GEOM7EE E FREBHOME,N S E > T
L RRB. TOILASRERIIOWTEERED
Roberts-Austen, Heycock & Neville %4 % B Hi$ 28,
Heycock & Neville |2 & - THE S L7z ZIoIREX % 3
RHE, TVIZTLAEEIZFIRDED R BOVH 5,

AlSn J. Chem. Soc. 57 (1890) , 385.

Al-Zn 1, 71 (1897), 389.

Al-Cu Philos. Trans. Roy. Soc. 189 (1897) , 67.

Al-Au [W_F, 194 (1900) , 201.

Table 1 Aluminum production from1885 to 1900, ton /
2)

year

Year USA |Switzerland| France | England |Germany
1885 1 - 2 1 10
1886 2 - 3 1 10
1887 8 - 2 1 15
1888 8 - 4 11 15
1889 22 - 15 34 15
1890 28 41 37 70

1891 76 169 36 52

1892 134 237 75 41

1893 141 437 137

1894 370 600 270

1895 417 650 360

1896 590 700 500

1897 1184 800 500 300

1898 1300 960 600 360

1899 1500 1120 700 420 300
1900 1650 1232 800 500 500
Total 173 6946| 4041 1791 850

production

6000

5000 \
\

N
4000
h\

3000

2000

1000

Price of ingot metal, pounds sterling per ton

“\-

1860 1870 1880 1890 1900
Year

Fig. 1 Changes in average price of aluminum ingots
from 1860 to 1900. ¥ Production mainly by the
Deville Chemical Process method up to 1889,
thereafter by the inexpensive Hall-Héroult
Electrolytic Process.

77V ATHME TN TWBEA, FhiZiE
Gautier, Le Chatelierz KO HSNE, 26D
N4 HYAL-Sn, Al-Zn, Al-Sb 7 EOEEIZOWTIZESE

JHIE: % 1

PUR T L 1892 4E RUERTICAE T B0 19184 7 H HUHBAF IR
FIROR AR AR, SRR IC B, 2 o TR
VR, GlRG, Bh#IR % R T 1930 4F SRR A K 2 #d 2 A,
T gepT R, L9 iEZ2ITT 50 19554EBH L, HARKF
DEBRE B ZOM, SRMEEEB XUERNT40#RS
L O 215 % BER D MEIENSHEFEM IR E LT
AFDOBEBNR D E N7z 19624 H AR SR F X E, 19634 4%
AEEZH, 19704F HARS e HIC# I, 1968 4E 8 — 55l
HENGENRS 3N, 197841286 THid: X N7z K _EF KB
IR X B L [ d X 8h, FHEEITLHILTY - Vg%
WONLHERNAHR D 2V, 2FOHBHICE PERAZL EIF
o TRBEXII LD, BEIEICLAIEDBHETHLD
T, BESSIEIMEEERE ONTHENT, LENLBEED
THWE N, —AIZARRO Vb lb I LD L EESICHE
N0 eTHAHY, WMTETICE SN -HP#ERKIC &
B & [ — I —HBEEZHMLET &, HEFR
BTHY, REOFEOREDLITIEHY THATLE] DL
WhNLE K HWIEHREFICD EEORNALA T H o7z [H
SR OMBEERICLHSD Ay v FEERL Tz B
EIIIH AR OEE 28, NEEICH SR 7z TERE] %5
RTRES R B, Hilik EOaEE Lz, SHBEIC L
(AR ISR LR % TS Baeh] 2R B3
fTARE LTHIRES NS PER - 7278 [BERIA ] OB X
STHERAL L D072 DI ETRELRILTHD, TIVIZT A
DR LT BB X SR T 050 & TR LiGo
EHOERNS THOEETSEI IR D, I FEPHPLICR -
THEALTH LWL DTH 5,
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FL,ZN 55D 5N T Contribution a l'etude des
Alliages & L TI9014EIZHATEN TV D, | EFEMNT
W5,

THEMRFHIZOWTIE, [19094 @ “Alloys and
their Industrial Application” ®H1 T Al-15%Zn &4 %
Carl Zeiss Tl L C Ziskon & frlL 722k, 752
TIZAL6%CUR B EBMHEOKEMICH NSNS
&, Cud3~5%&ELaErHBTICHFIH SNz
CEDBBROENT VDY, TIVIZTAANDY T R Y
7 AOHEMB T TITI00ELRTICITbITWT, <7
AT AEIS% T THRML TV LGIRE S 3R 12
ERAL T ZEDGH o Tz, 18994EL. Mach#®
<7 AT A% 3~ 30%E A4 % Magnalium O£ Bk
THELZY Chidobox 72y A%5~12%
& Hydronalium % 56S 72 ED A ENZEMN > Tw b,
< UH VIRMIOWTH 1906 4E121E~ » 4 233N &
72 3S (3003) 2SKRETHFE S N7,

—HT, WPBEANET D LML 2 ABGIEL 2
SHBNT W2y, [BEANIZ X 2 8 o AL P 5 id
1900 4E 2 HIFFEAIRD S, ZDH—d & LTFe-C
% L OIRAEX 25 Roberts-Austen, Osmond 7 & D FEER
HYBF5E & Rooseboom D F A Sl 5N TE
720 F72Guilletid Cu-Sn 4 % ZLE L CTHAIMEE
AN, ZPMLT2680H2 L ERD. T
I LAEEDVFEROBILIIC L > THEZHEET 5
CENTELRLIFLEZ DD, SOBEANELA
RKEGRETH oYL LT, TTEZLINEH
HTholz] EWHEIZIZFE > T2 Y, 29 LR
WROPTOUTFNRY 25V I VY OM BRI S h
LOEFVIRTH o2z X9,

3. BEEEDOFER

F 4 v @ Alfred WilmZ19014E, Berlini 28 &
Neubabelsberg 12 & % Bl T 9L fiff 52HT (Zentralstelle
fiir wissenschaftliche-technische Untersuchungen) {2
AIG S, BAE B A SLdR i B At S B o
ERETIVIZT A6 TREBT L7005 EELE
ZUMEE G L7z, HIZAl4%CutE&a e F L X
HITBEANL T, TIoRkME S 152 ~ 225 MPa, fivrs ~
7% &AR722%, EEROMBNIIRIE R Ao 720 190342
O EMIRDCREFF & WEE L7z (DRP170085) . Z D HF
Jexhely, 1906 FRFNMALBIR 25/ L7ze TDFR
KCEObEROIEY - FIEHEHETH L),

19064F9H D dH 5 T1IEH, Al-4%Cu-05%Mn f 412
05%Mg Z R L 723 mm/EADOHM 2158 L, 520C

OEBEFCTMESAETEAN L 720 A, WilmIZFE O 11
H, BHEEOB T Jablonski lZMEEDHIE # &7 U T
o7z 2s, ZOEIEDLTNTH o7 TOHEE
ERAAOHBAIAT 72 2AF LML TWS
LBV MEHREF oy 7 LEREHYRL
ZORER, WS BBEANZ 2 F TI1XITE A LEAL
FFICENLE4A HEIC bz THINL, Zok—%
Wbl b2l L7z ZOBMBIZKY, GlEMRS
390 MPa, TF20 ~ 25% 23 5 1172

S5, AlBCUBEETN—A MBS 7 AT T A
WO EELZTX, 2% T~ 7 A7 A L5%0
TofzELT VI =Y AE64T, FIZCu 4%I1C Mg
025 ~05% &L 7 IV I = AEEIRIRN] & LT,
1907 4F1 7 11 HAFRF 2 55 L7z (D.R.P.204543, 1908 4F
HHRE), 7 AT 2E2%UTELEZ EIZON
TIE, BTV I =Y AOMEZHD 51213 2% LD
<TAT T AIRINBLER Z LiE, Magnalium &4:12
RFEIND L) KBTS TBYEF I Ty
72720 Th b, TR, MMM EERZITV, [T %
VUL EZLTNIZ Y AGEORMAGY] L LT
D.R.P.244554 (19094E3 H 20 H H1 34, 19124E3H9H &
W) O R IG L7z RERFaTREMIE [ LR OREIC
420C LA Ricim# L, 2 LIEMLT 25465 5 % 25,
WIICHET 2L 2RBETHIITA VT 2280
TIVIZT AGEORMETE] EEIPN TS, A
Wilm (356D 21 % & T A D FeiF & KE THUR L 72
12)

ZOMEOBIEIZOWTIX, 19084E F A v Lgiifis
3% & f o il #k & ¥t TDirenlZ & % Diirener
Metallwerke A.G. TDY 25 )V 3 YO THFIEDAT
bi7zs, W ORMICHEOE R 2o 7,
C AR AEEF & A L 72 19094F, Mk & 1R% L 7= %%
IR L72720T, A Wilm OWfgeiddhik e %20,
A Wilmiz¥ 29V Y2 AGOFTLHELTH72012
W e gDt Va5V volEEkosgs L
W 2 & 720 32 b Diirener Metallwerke A.G. 2%
A Wilm OFFFOEAMEZ 13T, FHEAM K H DR Beck
WL ob & TLHEMTEI L2101,

19094F A. Wilm & Diirener Metallwerke A.G. DT
C OB T A mBOMHEIDH Y, A, Wilm
B FAVETH N L W) EIROHartz 21U 72
Hartaluminium # &% L7225, EEWEEEZ, 77
Y AFETHIV & v ) Dur % v T Duralumin {2 L 72
Duralumin (3#1% @ Diiren & %\ 34 %58 L 72454k
% ® Diirener Metallwerke AG 06 &7t FbhT
W55, BAED ¥4 Y AD% £ iZ Diralumin (Diirener-
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Alumin) & ¥ Dur-Alumin & LCTHEL TWwb Dz &
TH2 (%2) W, DurdBHVHNZDIZZOEEDY
®»TT% <, Direner Metallwerke A.G. DB L72%
LDOEED ML — KFv—2 & LT “DuranaMetalle” #%
FTTICEBMIZHBAEINH SN Tw-2 & b R
LCwiz,

4. A WilmD&EE"

A. Wilm 13186946 A 25 H Low Silesia ® Haynau {Z
it Niederschellendorf TA F M7z IS HH % B
L, BIIKELZEAEDOWRTH -7z, 18864F Breslau
(HEDOKR—F ¥ FOWroclaw) O L 37 B F
(Konigliche Gewerbeschule) 1252 A 724, BerlinlZd
% Charlottenburg LRI KFOILFOREGEE L 2D, 4§
12 Julius Weeren# %@ F CTHFH TH 2 FEMN 2 i#
FH& 2720 M1% ¥ 72 Konigliche EisengieBerei (FF7
Figk ;) THIO TIREFEER L7, & 5IZKassel
OHIFT3 r HOEFIZBIML TN 74, A0
SFULABLIOANT T AOGHERITE AL 72, 1893
4£11 H1H Goéttingen RFOB T & %2 o 72 fE5EL 72
FE5E 13 F.W. Wohler (1800-1882) AS504E [, #F5E & #
BefTo TV CZomNET &k CTHIZE L 72,
18974£3 H % 5 Essen ® Th. Goldschmidt *:Cf) %,
Hans Goldschmidt & —#IC&E 7V I =7 A TEIRHE
% &EIeT 5703 v MRS (Aluminothermy % &
bIFEN D, F72, ZOJEIEHans Goldschmidt 12 &
) 8B X 172D T Goldschmidt i & IFFIEN 5) % FIHH
L CHALY 2 & Cr, Mn, Co, Ni, Ta %z & D)% % 57#fE 3
BFFEIHER L 720

1901 4E4£121E, Essen Dxth % #9 T, Neubabelsgerg
\2& % Stribeck BIZ AT K % # D % UL LAl 78 i
WZB o720 190246025, A. Wilm & Stribeck #IZ D&

I %k 2

Duralumin ®FEJRICOWTIE, /NaBETRRELZHEZD [4
ROMEZHS ] TlE, SEAZTRT [Hard (Hart) IR 7225H
ARANZIZL AL [Direnik] TH2 LD LT, ZORKMITEE
MTERSE [ (NHZHEE, 1927) OFLRIZH 5 & HIZIE
WBRTWDEY, ZRTIEEW) 2 & THEOLIME MR TAD
L, KRE®R]. Anderson DH % ¥ FEE, " The Metallurgy of
Aluminium and Aluminium Alloys” (1925) ®261X — ¥ 12
“Duralumin takes its name from the Diirener Metalwerke
Aktien Gesellschaft, where heat-treatable light aluminium alloys
were first produced.” ® & & % DT, —HHIZEEEIZIZEITLY D
HELZ v, B, FMOSHOAFNITER L7z & v ) itk
1, 19304E5847 D Alcoa DHFFEREAHIEE L 72 “The Aluminum
Industry, vol2, Aluminum Products and Their Fabrication” * ®
p.232% 19334EFIM3E4T O N.F. Budgen “Aluminium and Its
Alloys” Y@ pl18icdd 5,

WEEZZITTT VI =7 A8 80 RMN R 5% B
I L 720 19064E, Al-Cu-Mn A& Mgz L
THEANT LML b2 23R L, HirzBUisL
720 1909 4E Stribeck #3573 Essen @ Krupp (2 5 72912
T RIFFE T 2§ 5 T CH e BLEL % 158
L 720 Stribeck #3Z D BT OFT R K DOHR TRyt
TN I = AEEIIRE L2 h o720 T, 1909
SEHBAEORFFICOWTIE, AR L7z X 9 ICA. Wilm AR A
HUFRFHES & 72 ) WEJET 2 & L 720

A Wilm OMEEIZOWTIR Ff YO T VI =T Ak v
% — (Aluminium Zentrale) ® M.H. Haas 1#-1:4%1935 ~
JOFEEICFHELL FLOTV A YW, Haastihizkh
X, A Wilm 3 55— R IR R 19194, FEL6AD
TR HE LB ICHEETHILICHETH72024E
F NI D SilesiaD AT IZG R L7z, BHTH TV 3
Y LAEETH - TEHETHRINE, Tl
FER—VEYRLTHAFE R, £DO%I19374E8H 6
H, 68 CLL oD THD, 19394, Hit
KM 2EHAT T FE I B 4% A DU ERSE A A B A4 v (2 ek
L7zBf i Haasti A 57z A Wilmo LY —7
A, BEOEEICIVBEERBIICHFE SN, BT,
REBFXBHERICH SN TS (Fig. 2). 19394F0
OV EZOIC L TIE, AHEEE, [EeRE] I
HEIILTWD Y,

Fig. 2 A. Wilm's relief given by Dr. Haas, which relief is
decorated at the secretariat of The Japan Institute
of Light Metals. (Dr. Haas gave the relief to Prof.
Shiro Ishida. The relief was denoted by Prof. Ishida
to The Japan Aluminum Association at the time)
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5. Zeppelin R{TH#3 ®

Vag NI VRIETRITMICH SN AR
Zeppelin &4T#11E Ferdinand Adolf Heinrich August
Graf von Zeppelin 18 (Fig. 3) 12X > TIHHI N,
PIFEANE LTT A D OMILES 2 BT 572012
TXYAIEE, Iy E—]llomkETHEH O
RAERKIIHE S L EBELE 2D, RATRO BT 2 1A
D720 WDTEIH VLRI 20 AD TN LE R D
DTH ol WOWBZEIT S 7-012, 18904 F A
v B Wilhelm TICRATHME E 2 S L7205 BE S
3, 1890 EREFHEA T BEL, I EMEZHL T
1898 4F- H & RATAREE G 24 2 537 L 720

Zeppelin DRATHROREIEIHER D H A FENKFE % 7
DBHJARITMTIEZ L, FETEHAZIED, S5
(BAR D ARMIAT) THo TEOHIZKEHT A ZFEDH
2A3E (%3) ZHMIENRD & v o 2HRRITMTD -
72 EOMHIE (1) vk z2 &R OFRATHELE, K
BRI > TdD, FHEPHNRAENLITATD
BRLENZE, BIU(©2) REFRAZEBAEO T 2%
WAL TEED L, ZOND I DIZRD BV TAH A
PHHBLTHLRETH DI L TH o7 MEKDOTHA
WBECTIEL DR D 2720, B b T ehazsh
TV ADHW SNz, Zeppelin B 4 AR v
FHELEEDLNTVIHET VI =T LAEEZHRL
7zo WEERT VI = AHAE L) OIEHIER20% FEE A
AREEDZETH D, (%4) 1719,

19004E6 H, 45K 128 m, E#£11.65 m® Zeppelin £

Fig. 3 Count Ferdinand Adolf Heinrich August Graf von
Zeppelin.
(https://commons.wikimedia.org/wiki/File:
Ferdinand_von_Zeppelinjpg)

— S RATHLZL (% 5) 29580 L7z Zeppelin {1
ZT 2TV VIZEZDLI9MEE TR OMEZ W
Belb7zo MDYV 2TV I VIRFELESOT LI =Y
2THART25 ~ 5EDBE R Fio T 7225, 191044
K, RATAROHTIZLE R WK Z Bik$ 5 2 L H3H
T, MU¥), ZeppelinlZZ 07O RHEEES L7,

Fig. 413 Zeppelin RATARLZ1 D EBHERE & R — 5 i)
L ORI D S MRS 5 LZ4TH Do LZ1IFIE24 4T
DFRTT VI =T 2 OFHAD LITHAZRY, N
TRICKEFT A %R FED721TMO N AT % N T 55T
otz LB, 404EM Zeppelin DRATHNE = ORETER:
AAEBE L7219, A Tld Friedrichshafen (235w R
— 7 Vi ESENSEMEL T bz, S hiZid i
WA T H2BEEOMEDL B o725, M L TIRARMNE %
ML S 2 2 EATTEMILPCIMAD & IR Z 21T
WK FTHIENTEEA) Yy b HoTze THOLZI
WEAEIZH 400 m EH L, 1553013 ER—F7 Vi Lx R

JEIE * 3

MW DOFRATHRO 77 ZAFE L, RMAONHICT L2 HEY, 20
FIEOEBZYVBHVTIMLL2T— )V FE—F —Z - ZAF
Rk = 7 C—EEIETEICH D, S50 IcERE
BoTHADRREDLRLLZLDTH D, 1EOEPHELN
BEBOKE 212700 x 150 mm ~ 1000 x 250 mm T % 7> 5
KIFEAR—4E, B 21X 16H D A% 5o 72 R101 ([ O
KA L E R FEOFRIR 15 HEHSE DI L TH B 917,

JHITE * 4

2 IV =7 vEVMEFEEEYEO 7 = 2 —dP.W. Brooks®
Zeppelin: Rigid Airships 1893-1940, (Smithsonian Institution
Press, 1992) O ARDF#%IZ, Notes (p.187) £ LT, KD X9 &id
WA3d % 18) o

[Schwarzid 7V 3 =7 2 HLESREA O Carl Berg 7 & s Sz
#i7 v 3 = 4 (un-alloyed aluminum) T8 DORITAR % HE L
EBLONRTWZ, ZNITHL, Zeppelinid%4r, Berg®7
FNA ZAZZITT, MnGELrSbhTnailligi7T v =
7 244 (Zinc-Aluminium alloy) Z#8H L7z, ZeppeliniZy =
FTIVI VICEZHI04ETTEZOMBEE W2 Y25
VI VW) ORI O 7V I =7 A TI9084E KA Y ®
Alfred Wilm 2 X - THH SN, 19094F D AT TEMITHE
JAfbE N7z BHEDO TV 25 VI VIZELEEDOT VI =T AL
WRT2. 5 ~5fD5E % > Tz 1910441, RATHO
KA E R IRZ 83 5 2 L 2T, 44, Zeppelin
X DD EHEE L7722, VickersiZ & o THRITA Mayfly
KRB ENT. OM4ETTIIY 29V 3 VEDSTHRTRER L
NVIZRY, RBRELLTEZLON TV A YT A5G4 L
DERLTWZ EDEE SN ] B, Zeppelin RITHEDO—75
BLZIICEM T VI =y 22wkt LTw a1 bbb 5
(http://en.wikipedia.org/wiki/Carl_Berg_%28airship_
builder%?’

JHI7E: % 5

L: Luftshiff, Z: Zepplin, LZ 1 Zeppelin #t OFAK#E 7. 2D
FB & IIBNC, kM FORE AL, BREIILZ (7272 LA
EMET 57201230 B A BT R ), WHEIELTHEIL
720 ZHUIXF L, Schiitte-Lanz #EDRATHR SL TRkH & L7z,
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LZ4

Fig. 4 Structure with gas bags of Zeppelin Airship, LZ1
(top), and LZ4 just before takeoff from the hangar
on Bodensee near Freidrichshafen (bottom) . (LZ :
works number of Zeppelin, L: Navy's Designation)

Pl 5728 2AHT, REIEL, A drivhias B
L7z ToORMT, [FEANAR] & ETROZ 2725
N7=2%, TNICDITFH T LR, 19054ELZ2 % EaE L
2o TOZAHEFGITHEOWGEDS A 1) AMHEISEN
EoTnAH I LIZBaEE, ERAKME WV
% Zeppelin RATANC I 2 20 CREE 2% L2 %
Jed, 19064121073, 19084FICLZAMEE I Nz Z
NS DOMRATHOKI & & 12 ZeppelinfA i —HE [H
RMWIEHE] & % o720 190849 H, MATMEE K4
[Zeppelin RATHA R &4t ] % Friedrichshafen (Z5%37
L, B19094F IR D% 2 HM &5 5 iEM2ER
[N A Y R E R 24t (DELAG) | % Frankfurt
WZREAL L7219,

Y [E @ Vickers Company (& ® % The Vickers Sons
& Maxim Ltd.) & 19094F, Ik &\ 38 if S RAT i
“‘Mayfly” @ # i = B 4 L 720 19104F, Diirener
Metallwerke#thiZ ¥ 25V 3 #1275 b Y AEREL 72
», FEDHH10 b % Vickersthicfitii L7z LA L,
C O I91LE9H, HERFRAT D 72 ORI 2> S R B)
THELEXE, BEIATHEI IR TLE S &
NIZOEED FA VIS L0 vE b
Z &, Vickersthid, 19114F, A. Wilm 7% 5 #EDFF
HEMTHL ZOREDOAEZ I L 2, Vickers
&, EE, 77 VA, AXSL Y, RWVIEFTN, 45
TS HIKRETRET 2R Z A L7z

—HDORFA V&, 194X TIZY 270 3 2 Tl
DWEGETRZ LAVIZRY), RBRELTELOLNT
W T AT AEELVERTWIZZ LGSR
720728, ZOE4IT19144E, ETE Zeppelin RATAR
FCHBES SN, 1914EDLZ26 05T 270V 3 V28

b, 19164 F TI2720 b Y AEE S 7Y, Fig. 5
X Friedrichshafen 2 % Zeppelin W fE IR S
TVBRITROBKEZFOu— VEETEZRLTW
50, Mayfly5oZld V253 youa— Vs
WiZHo72X 9 THDH, Mayfly 7 O HEEIC K725 T
&, FA Y TEARBRIS T S bR & 28BN A
L7zAs, ZNBDT75%IEHEDTEIRIZ T — )V ETE AT
ETCVRVEDIIHWEZENTE o7zt b
TW37, T27 I VARSI S 21210
=T & — 3 Y T ONLEA b ST LB > 7z,
AT My > N A 7 % Fig. 612783, 2 @ XIXL30
(LZ62) DIRDOWERTH 22, HEBBDNIZHET,
HABYPEEINLHORETHD, V2T VI vE

Fig. 5 Part of the Zeppelin airship frame (left) and
roll forming process of the frame (right)
(Photographed by the author at Zeppelin museum
in Friedrichshafen)

Fig. 6 Inside the hull of the L30 (LZ62), looking forward,
after application of the outer cover, but before the
gas cells were in place 2.
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Fig. 7 The skeleton of L33 (LZ76) by New Hall Cottages,
little Wighorough, Essex. There was so little
hydrogen left in the gas cells that the attempt to
destroy the ship by fire left the framework almost
intact, providing a useful source for the British
authorities .

Fig. 8 All metal aircraft using corrugated duralumin
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Fig. 9 Hindenburg bearing the Olympic rings to mark
the 1936 Berlin Games 7.
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Fig. 10 Age hardening at room temperature in Al-35%Cu-
0.5%Mg alloy published by A. Wilm (Vertical axis:
hardness, Horizontal axis: aging times (hours)) %.
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History of the Aluminum Technology from Duralumin to Extra Super Duralumin (Part 2)

Super Duralumin and DC-3 Airplane *

Hideo Yoshida™*

1. 1UBHIC

Tag VI oL EHICERELZHIELA
WY 27V ORISR S ETHED 5,
BIFIE, 2T VI VOBELNVEBZLH8IE
EREMbTENDBI 29V I v EENz, G4
B DFEBE L 70 2 IRTEBIN b #fl S h, FHOEEH
VORI ZTHEEIND X H 127 o720 1930418
HEHE TOEEMIEDOIRI & ik DC-3~DO@EH 2D
WTE b,

2. DaZNICHpEBYATILIOAN

2.1 ZE[E National Physical Laboratory (NPL) "

Alfred Wilm & [ilEkIZ AL-Cu-Mn & &% M5E L Tz
Walter Rosenhain (1875 ~ 1934, Fig. 1Y) 1%, 18754F
ANV Y THEER, 5FOLEICAH—AMT ) TICE
HL720 AWKV Y RFERER, 7))y TKRY
DJ. A. Ewing# 3% ® T THF %8 L 720 19064 %%
Teddington {Z& - 7= National Physical Laboratory
(NPL) @ Metallurgy and Metallurgical Chemistry ®
MARDERIZZY, 19814FELTTIDORZ MIWT, 7
VIZT AEEOFFEICKE CHI L 720 KIS G
ETHLYGEORMEL LTHONT WS, 19344
58 TIEL oo 72 MRIE 191445124 44 7 Wy I 4 2
OHFRE (Fig. 1) #FLTW5EY, ZORTIZT FMig
Physical Metallurgy &\9 HEEZH W50 008 w9
2O E > Tnde HRFIZIRER & MG TEE, 4

METALLURGY

AN INTROUUCTION T0 THE STUDY OF
PHYSICAL METALLURGY

"
WALTER HOSENHAIN, B.i, Dfe, PRE.

@

mew yoRe
0. VAN KDETRARD 00
TWRETY.FIVE PARK Frass

Fig. 1 W. Rosenhain " (left) and the title page (right)
of the book, “AN INTRODUCTION TO THE
STUDY OF PHYSICAL METALLURGY" written
by him (Photograph of Rosenhain reprinted from
HP of NPL by courtesy of NPL).

EALRL, TN OMRPF IS hTwas 2 L
VB PWDFNTZEMIX, 1910 ~ 19304F K & 221k
Rre L, TOBOTVI=ZTLAEEONFITKE R
EEES 270 22 TIX19214E8 A HEEW A Z O
Eleventh Report to the Alloys Research Committee
on Some Alloys of Aluminium (Light Alloys) (Fig. 2)
THES N, TOBROMBICKE ZpBEE5 27232
DEFIIOVTHERD Y, T OWMGEEILE—RIEFK
P S BRI IT TONPLOWMIZER 2 T L D7D
DTH5bo

211 Ef%&
W. Rosenhain DR OFEH (55 1K) Tk, 7vI=

*OARTRIZESE, 65(2015), 590-598 (I S NANFITINEE, #HIEL2bDOTH S,

This paper is the revision of the paper published in Journal of The Japan Institute of Light Metals, 65 (2015), 590-598.
= A Y27V I UREZEAT, i (4%), (OC (Bk) UAC]T BifiBHZEmEZerT  BiR)

ESD Laboratory, Dr. (Eng.), (Former, Research & Development Center, UAC] Corporation, Adviser)
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THE INSTITUTION

MECHANICAL ENGINEERS.

ELEVENTH REPORT TO THE
ALLOYS RESEARCH COMMITTEE :

o

SOME ALLOYS OF ALUMINIUM

(LIGHT ALLOYS)

"
WALTER ROSENHAIN, B.A., D.8¢, F.RS5.,
SYDNEY L. ARCHBUTT, F.I.C,, axp
D. HANSON, D.Sc

AUGUST. 1921,

BY AUTHORITY OF THE COUNCIL

The wight of Publication and of Translation is reserved.

[Price: £2 22

Fig. 2 Title page of the book, “ELEVENTH REPORT TO
THE ALLOYS RESEARCH COMMITTEE: SOME
ALLOYS OF ALUMINIUM" *.

T AL TIRALCUG &L Al Zn &I LT
RERDYD 5 5 VWTHLRVA, AlZnREGEOIRE
BUZDOWTEA % ) FEICE R TS, Z2Hid 19114
W. Rosenhain & S. L. Archbutt & #3]. Inst. Metals {25
KLZObDOFFHLTWD I EICL 299, 2ok,
5 — KRR 2 S22 ANT T, Mg® Mn & ik
ML72AlLCu-Zn A& EREZ R TTHIE 2T, £h
% 1L o 3 E AR & 5 T JE R H S~ D Eleventh
Report THE L TW3Y, o HEE TALI20%Zn-
25%Cu-05%Mg-05%Mn DF K % A3 5 EA 4 (Zine
Duralumin) IZEWVIREZ/RTI L # LM L7z, K
LOMEEDT =5 % H L ICHEERG L WG LR

EOEREVER L7235 D% Table 112773 Y, Fig. 31
RO B EIE (2 72 MR O FLIYE IERE G & 11
HER)TH 2V, COBEER CHRHEE L -EG4%
400C THREANZZIRIZ TS HIRRI S &5 & 630 MPa
DFREE 2 RT o COMIZZ OHGETREDMRET
HbLEIPNTND, RS Archer i [ 2OAE4D 1 mm
(18 Gauge) x5 15RIR X 600 MPa, fHUN10% 125 5E
THLWREEZRO TW2ds, ZORODEEIFIEKRLY
HaeAL T, FTHEISREVI L, BEkHTH
Rl BERLLTWVWIE, FIRME XD 2R/
RIS DN S ke < ERRENIEZE, TabbIb
NFEEIEREL 2B B b, LrL, Z0f
SORTFEF NI MBI TRE LgEE s niz] Lk
XT3,

212 Y&&

ZOAEEIZOWT B U L Eleventh Report THiis &
N7zo TOMEHEOPTIRESEOERBEICOVTE &
D2bORBHY, TIWXYAREFRLRINTNEYY,
YE®EEW) OB FEF I L2T V7 7 Xy b
ZZOEFFHNZHDOT, FITERI 2V, 2O
DRFNE Al4%Cu-15%Mg-2%Ni TH 5, ZOEEITIE
a9 % 24S EHERICY 7 A T 7 ADSL5% EIME LT
Wb 2 EDBEIREE G, SR HIA A ZZH R % 480TC A
SEEAIN L T4 H SRR R) S & 72 008 o SR 56 1%
374 MPa, HTNE24% Td - 7275%, ELEH Tid 433 MP,
OA515 ~ 18% 5N 5 Z LG o 727, AlcoaT
bIO/RERBRLIE A, HBiE5 % 520C T24 KR
s — AR ERD L 72 & X 0F 3R X 13427 MPa, 0"
1323%, 1507C T 16 REHEIRERT % & 5afkhi & 13448 MPa,
MO 18% 2 /R L7, ZO&E41E260TC ~ 370C TD

113

Table 1 Tensile strength properties of Al-Zn alloys (From the 11th Report to the Alloy Research Committee) .

Extruded . YS | TS E
Alloy No. | Zn Cu Mg Mn rod Process Aging (MPa)|(MPa)| (%)

Al-Zn-Cu alloy WI88 | 25 3 1.25" As extruded 352 448| 16.0
W236 | 12 4 15" Hot Rolled —0.875" * 108| 292 220

W235| 15 4 15" ibid. 257 374| 170

W240 | 20 4 15" ibid. 318| 426| 14.0

Al-Zn-Cu-Mg allloy w191 15 3 0.25 1.25" As extruded 329 432| 170
W193| 13 25 05 1.25" ibid. 263 395 19.0

w191 | 15 3 025 1.25" ibid. quenched 450C and aged 335 482| 220

W193| 13 25 05 1.25" ibid. quenched 450C and aged 286 442| 220

Al-Zn-Mg alloy W194| 15 0.5 15" Hot Rolled —0.875" * 287\ 377| 250
W194| 15 05 15" ibid. quenched 500C and aged 215 377| 280

Al-Zn-Cu-Mn alloy W241| 20 25 05[1.5" Hot Rolled —0.875" * 329 419| 16.0
W241| 20 25 0.5]1.5" ibid. quenched 350C and aged 210| 426| 21.0

Al-Zn-Cu-Mn-Mg alloy | W242 20 25 05 0515 Hot Rolled —0.875" * 366| 459| 15.0
(E alloy) W242| 20 25 05 05|15 ibid. quenched 350C and aged 1.5h 259 459| 20.0

w2421 20 25 05 05|15" ibid. quenched 350C and aged 5d 508 584| 12.0

W242| 20 25 05 05|15 ibid. quenched 400C and aged 5d 334 629 9.0

* Grooved rolling mill shown in Fig. 3 was used for hot rolling of extruded rod
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Fig. 3 Grooved rolling mill at National Physical Laboratory (left), and gas-burners for pre-heating grooved roll ¥ .

EIREEAS Y 25 V3 R I4SHMY 25V 3 v (1Bik)

EDVENRTVEZDIZEETIIER P HE&E LT

FH S N7z WHIERTIES Lueds, #BERs s .
WZAEEERECOPHETH - 727,

213 Al-Mg-Si%&£

NPL ®» D. Hansen & Marie L. V. Gayler ®Tfj K%,
Al-MgSiDH#EZITERDOIREX Z/ED, MgSild7 v
S AICEBET AR, b S S KRIC R 512D
NTHFLLBEHEENEADT S L% EiLDEleventh
Report THRE L 724910, 19224F, Marie L. V. Gayler
i3 Al-CuAl-Mg:Si D= J0R GG D IREEX & B 5 2212
L, V27V YomftiZiZCuAl & MgSiD o
B D% 5§ 5 L 272 & 512192341213
Al-Cu-Mg R =L EE&REK ZWZEL, TNV I =7 A
WK L9 5 DX CuAl, AlMgiCu, AlsMg, TdHh 5
CEERE LAY, AlMgCull DWW TIF19194E K A
Y DZ. Vogel 3T TR L TWza®, Iz Wik
ALt ETHrW,

7B, Al-MgSiiE T RIRER OIF5E & Mg.Si % &
L7V I=Y AEEORMIIOVTIE, HEETHES
NEEINLD, ThxFEHEEL LTHHALES L
7201, A4 A Giulini#1 T, 3 TIZ 19164 Aludur & \»
BT, BEANBER LICX DATHBRIES 284 L
THERF (Swiss Patents No.85606) % Hifs LT\ % 19

Aludur 533 : Al-1.3%Si-0.7%Mg-0.4%Fe, I

BALPRES ¢ 5]k S 250~ 350 MPa,

N8 ~18% ¥
%@f&x A ZADAIAGIZX 5T Aldrey LA E Y IN))
EVHEEROFH VT VI FaL LT, FFFD

EJZJLf:o Z® Aldrey i’k?ﬁ)\hbffr%r@%l E%LT
BER L3 % LHREA S 520 ELERFED VO TH%
BAIZH VSN,

Aldrey : Al-0.55%Si-0.43%Mg

BULPLE @ 53R S 300 ~ 340 MPa,
i 77 260 ~ 300 MPa,
N7 ~ 9%

2.2 XKEZ#F (U.S. Bureau of Standards)

221 P.D. Merica

KEBUG S GO Z & T 572912, 1913
AE, KEME#E)GIXP. D. Merica (Fig. 4 7)) 2E&¥5
ISR AR ZEIE % MRk LIS E MR 2 A L7z i
NV VRFTHEMEFL72E0 ) TH - 729,
1919@*.%&2”4 B& 4 (AIME) OEATY 29

B9 B8 21T, 19214 AIME O &REIC D %

FENLOD, ZORENEEWHEZO [HEEEA
& (H=) I 258l L TRAT %%, P.D. Merica &
&, Cu 004 ~ 3.74%, Mg 0~ 35% % & 16 FE O3k
B, FARELE, WREIEE, BESEIZ XD 08 mm DK
2ED, COWEBUE L CHRRER & A e L
720 478 ~525C 2 HLBEAN L T20TC B X UF100TC Tl

Y27 ) - ARRME LTREL O RNTE
DLIFARS LMY LTH LR D R

ZUNE oo EHEE ]

Fig. 4 Portraits of Merica and Jeffries drawn by Professor
Nishimura ',
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U720 B DHMEATE VX Cu 318%, Mg 0.46%,
Fe 0.34%, Si 024% T& » 7z. 5l & 23340 ~ 350
MPa (35 ~ 36 kg/mm?) TY 2 I3 ¥ X ) iREDIK
WA, ZHIECusD %, Mnd3EENnizotE
Zbhiz, ZOM, Cu 374%, Mg 1.08%, Fe 0.52%,
Si03% &) A&EE5ITHhHBEANL TI2T T4
H RIEERD$ % & 535 % 440 MPa (45 kg/mm?), {HI®
1% %2/ TW5, ZORITFEOBRMIEINITEY 2
TGN EL, BICY 29NV Y EBZLMEIR
B NTWab,

222 P.D. Merica D¥#E

PRSI I [ HEoir ] ® 08— [ k)
WALIFSE DA A ] DT, P. D. Merica DL F D5
N7 EBRD L HIZHRNR72, E—I1ZALCu s Al-Mg—
TCROIREER & PJesg L, WAL I3 G 4 o [ BRI
JEAR IS TR T 2 LA EHE TR 5 2 &
ZlEoEDEROLILTH D, HEITH00CTH S D
BEANIZ L o TCuALDHT T Z B, =Hiid 5\
13100C DRI T CuAL2sa e f FIRIZHH L& b
THEA VR & LTH 5 2 &1k o TR AL
LEERIZZETHE, THDLBEANLTHMNT S
EWALEELT S &) THTIEALEL] 2B L TWwb 2
L Thb,

VIR #dZ S [ 2 oM A LA D & 12 % - TRRDAEAL
DBEHBIE SN TELH, S, RIS %8
DOF—H % T I L2 EKRT, P. D. Merica @3
EREALDTHL] EFHEL T2, Lo LA
5, Tk #%EE, TEE, CuALOAZELT VI =
LEGED, MgSIOAZELT VI =T LG8,
ENDBEANL THIRTIEEENZHRD Lk, MgSi
AEUAEERERELRERVDOTH L, TN
DILEW R EATEE I, ©) LTHIRTHILAZE L
WOPAREERTR O olz), F[THVIZTA,
RTAT T A, WOZTEEIIRDE, EHL TV
TNV YD EHITHIRER D EL DD, T ORERIZIS
25 &) BRI o7zl LIBRTWE T,

2D X HIZP. D. Merica DA AL T B ELFERD
WIEERNTH o 72285, FIRFRIRE LI DWW T 43
HE5-22% 2 ENTERDPo72 19204E, W. Fraenkel
EEAIEPIAHRIERN E L I LA T L 2H L0
[ZL7210 02 Z of R, RGO W AT
HIZE2b0% 51, BAHOREIMLT LB
BATRETH LD, EBEEATL720, FHihk
WEEIREENIEE) A D Z XL TELTWS Z L2
kS, WO ONTETESATE 2 i, L

LAY 55 &) EIEIC O W TOFIEAT
GTHholz. TOWH, HIKER), ANLRR), RIERRER),
ES R &) ATEE DS E L S T & 72

P. D. Merica ®3§3IZB L T Alcoa DWFFERIM & 72 -
72 Zay Jeffries (% 1) (Fig. 4%) 1319214¢, P. D. Merica
DOREALHL % Wi 5 35T, WP IO MR T H
3R NI OTHE S BlEr S, HBEHAOK
ESONFARDWALIZHEG T L E V) [TD) Tl
(slip interference theory) | Z#EMW L 7%, £2 L L
T4 H ORI X 2T LB & B Tn 5 19,
INOHOBITH L, HILKFORL KA A 458
B Se i VAL 25 8 S A AR e S AT IVIRRE SRS 5
HFHEOREBCTHELL LE X, ZHIEMIY -2 T F
A P>V T A b= 4 MZELT 2O
RNVT YA MIBWTHILT 5 2 & L UL %
ATV, ZOHEORED NSRS %5
IR TH o 720 2 HBIZ I THT AT B AN [
L7222 L L) E LTREIL, ZNEIH
AN TR E V) REREEZ O ZFT T L,
EH)LTELWELZ L5 TOPOFHMIAL LT
Wi ElRRT WS, 19304E 8, NS E K ERTE L
&, EWIRFERDEALIZSE T 57 LV IETF LD /A En
729, SETOBENCE > THETICOFARZELTH
bB X OESIIO LA H 5 & L [OF AL &
W2 72, P. D. Merica b [FARICTEAL AT HHZJE T -
THELLIENGHoTL DL, Mt TMNIZCuAl
ELTHIT % E CIAFEDLFTICHE T 2484 L T

I ok 1

Zay Jeffries (1888 ~ 1965) ® : 18884+~ 2 ¥ a4 THh T h,
19094E 47 A 7 2 & RIIBA K OB T4 % 2236, 7 ) —
79 v FOr — A InHEHERY: (BUE Case Western Reserve K
) OBREFA VAN 27— LTRSS N, Z0HB7 ) —
75 FCTOHBMICHT a4y v Mk, GEDY »
TAT VT Y TOREHRLTIVI = A85EO ACCTHEW 72,
19184E /N — N — N KZEH S22 2 325 8 7ze 19204E Alcoa d
IYHNE MY, FEEC—FEICHIET 57290 ACCH
Lynite Laboratories?*5 R. S. Archer 28 2 A, 19204t
Alcoa DFFERIIETOT IV I =7 AEEWIEE IR S8/, B
DOMBFIWT L HIkE L TEEE O NREOWERE (V27
Y—=XFEE LTHONTVS) EMREILEE & ORIH, KT
M EAEW OB, RO IR & o 72 T30 T
Vb, TO%, BIFOL L ORHETIHHL, 194541213 GE
OEIftEE o720 HRTRHASRYEZOY =27 ) —AET
FOHRNT L LHMONT WD, HRI264E, HAGRZES L
O¥REE HARBRROR ) 2 57l L T2 RICHEE L7z, 20
PHT100 KV oA 2 7258 TE, CoFNEEEEL LT
P BiOMIEH, BiH 3T E TR E 32 BEM L 5%
LT, BA29ENS Y 27 ) —AERBENDL LI IThoT
BAETREMSI R o2 T LTwEY, B, Y7
V= ZAKRADBBEFEE L TONRERZ 19634E i D The
Sorby Centennial Symposium (2 Tt L Tw 5 7,
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{ %, P.D. Merical TN % knot EFrL, SHET-23%
F o O TAER, TN ) 2 WIF 5 72000
{EDBEDHE LB EE 272, knotld4H I HWHR
579 A5—ICHNT Y,  BREAIELEGICO W
T, G. Glirtler 251956 4EHF L TH K4 V2B BT
FeDkhE F LDTWT, 2O HRER RS EE
RS 7P,

2.3 Alcoa

2.3.1 Alcoa DWFFCFIEZIL

KET I — K IR RO RHE & & b ITHX
IRATAR DO BAFEIC RH R BIR 2R L, Alcoallttklo A4
FEZAME L 720 KERHT O Alcoa 1 H4: 42 PE TR DA FEBH
FBICE N ZENTWA0T, BN 20N T8 055
R, TNEEEATLIEINZ R Twiadr ol £z,
Alcoa DAUGH D — N Td % Hall H3H LB F8Fr O 8l %
EVoEZ T EEG L TW20T, FEEEMmE 2w
WEHELVW DD > THOHIBEW RO THY, FEBABTE
HAY v 7 HVHRVIRIE 5729, 19144 Hall A5 €
Y, L w7 VI=2omEMET A2 &% Hif
L TR 2 BT SR 5T 0 2 HED 2 LB S8R 2 33 5
Z L &7, 19194 Technical Department 2%5% 3. & 1,
% @ F IZTechnical Direction Bureau & Research
Committee(Z ®H11Z Research Bureau) 2%k S 724
Z O 19194 24 I o BF 78 Bl JE #L#% % Table 212779,
Technical Direction Bureau ®4¢1® HMYIX “better
aluminum cheaper” T& - 72, Research Bureau i
Hall3 7% A5 HA MO Tay =7 2T 3¢
% Z & L JIEIC Sales Department 2> 513 d o & EIED
MEICHRT 2 L) BEREShTwiz?, Z0o—JT,
Alcoald ACC (Aluminum Casting Company) ® Lynite
Laboratories # T7-12 ANL7z. Lynite Laboratories 324
R, KRETI &R OIS OB L 22 THY,

Table 2 Alcoa's research organization (1919) 7.

Technical Direction

Incoming Materials Inspection

Technical Analytical Laboratory

Direction Bureau
General Physical Laboratory

Process& Product Supervision

Engineering
Technical Librar
Department Y
Carbon
Resear.ch Physical Chemistry
Committee

Research Bureau Electrometallurgy

Experimental Laboratory

Physical Metallurgy

Development

KT O Tdh o 72 Z. Jeffries 1%, Wiz H5 601
TR S oy BARRALLCELT A2 L, ZLT
BEFMNE T 2% EMEICHSFET 2 & THRE A
FNERNITHHTELZEDPRETH L EEZD,

1920 4 Lynite Laboratories 1 Alcoa ® Research Bureau
& BB S N7z, 19304E121, Technical Direction Bureau
& Research Bureau it New Kensington ([Zi%3 S 7z
ARL (Aluminum Research Laboratories, 19504F4€,
Alcoa Research Laboratories lZ8FR) 12HEA S 7227,

ARL OSLBEMIE D R I HEF, Blm L, A% L0
e pERETE LS NIz, IREFEIZZD XD )
WaMT I LML BV EEHAHL I LATERY,

2.3.2 The Aluminum Industry O HkR

W o—212]. D. Edward, F. C. Frary, Z. Jeffries
DI L7280 5 % 519304E%847@ The Aluminum
Industry %% % (Fig. 5) o $EH 1L X T Alcoa DL
#HTdH %, Voll — Aluminum and Its Production,
Vol.2 — Aluminum Products and Their Fabrication® ¢
ZHETHL, EBEITNVIZTLADOERET VIS B
LTI =T L OBEH, BEHREITNVI=ZTLET
VI AGEBLTTOREEZ I LD TD, H
% 08 =% Constitution and Structure of Aluminum
Alloy System X Z. Jeffries & —#%1Z Lynite #* & Alcoa
ICBELTE/R. S, ArcherD#I&EE L7z, A8&RE L
TUTOEEIIOVWTRELINLILEW L & HITIRGE

CHEMICAL ENGINEERING SERTES

THE ALUMINUM INDUSTRY
IN TWO VOLUMES

ALUMINUM PRODUCTS
AND THEIR FABRICATION

BY
JUNIUS DAVID EDWARDS
Ausistant Director of Researsh, Aluminnm Company

WITH THE COLLABORATION OF A GROUP OF EXPERTS FROM
THE STAFF OF ALUMINUM COMPANY OF AMERICA

Fig. 5 Title Page of text book, “THE ALUMINUM
INDUSTRY IN TWO VOLUMES, ALUMINUM
PRODUCTS AND THEIR FABRICATIONS”
written by Alcoa researchers”.
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PIAVREINT W5, EHWREGEROREMIZONT
FZCOEHFITIZFLAETETVZDDEEZLR
%o MWINTWEEHEERILTOMEY TH S,

Al-Cu, Al-Si, Al-Fe, Al-Mn, Al-Zn, Al-Mg, Al-Mg.Si,

Al-Mg-Si, Al-Fe-Si, Al-Cu-Si, Al-Cu-Fe, Al-Cu-Mg,

REX IR STV nwdY Al-Cu-Ni, Al-Cu-Zn

#7i3 Commercial Alloys of Aluminum 3 [ U <
R. S. Archer AL T2 4, EHEEL LTBIR
ENTVBEDIE, SWEEUAMCEMHE4L LT,
RO THBETH 5o

Al-1.25%Mn (3S), Duralumin, 25S Alloy,

Al-Mg-Si Alloys (51S), Super-Duralumin,

Y Alloy (Wrought), “Alclad” Products

25S Alloy it Al-4.4%Cu-0.8%Si-0.75%Mn & 4x T, Alcoa
2o C& 727 Jeffries & R. S. Archer {2 & - CT1919 ~
19204FURHSE SN /ze B THEARVOTT O R F
HREDEBEHAESE L THW S, 51S H Al-1.0%Si-
0.6%Mg &4, FIFMIZZ. Jeffries £ R. S. Archer (2
KXo THFE SN, ik, MBI OB THEE S
Nze WIhogGad BRI LTS,
Super-Duralumin & LTI C17S (Al-4.0%Cu-05%Mg-
1.25%Si-05%Mn) & No.427 (Al-4.4%Cu-0.35%M g-0.8%Si-
0.75%Mn) 28 L L SN 7ze CI17SIRI7SIST W% &R
MU772E4T, Nod271325S I Mghsisim& 44
T, #%ib3514SOZ & TH 5, “Alclad” Productsi
DWTHHBT %,

ZORDOWIIE, F D 19494F Physical Metallurgy of
Aluminum Alloys®, 19674 Aluminum, Voll ~ 3%,
1984 4E Aluminum : Properties and Physical Metallurgy*”
WCER S TWwd, 2o MBPICIE Alcoa Dif7ER
HMiBLOENOLOT = PERKINLTNT, Zh
MOTNI=ZT LAEMELZVFAHALZY T 5550
AL LTHARPTHWO R TV S,

233 17S

1916 4F, AlcoaldRiBEMNS FA UMBHHL T3
FEEFAEFEIPLVBVEEOGEIRD LN, [HUH,
79 Y ATEELLEY = v X)) YRATHROH OB
ME2 S AlcoallEONTE . TNHOHE D L
12, Alcoald 5| X 425 MPa (43 kg/mm?), Tif)1275
MPa (28 kg/mm?), MU2% % E9 5V 2TV vk
F#7Z A 4:17S (Cu 4.0%, Mg 05%, Mn 05%) % € D4
WZRAE L 7228303 0 Alcoa ld 55 0 s 3 % RATHR
Shenandoah 5 M7z ® 17S & &L EM % HH4G 3 5 ]l
o 7ze 19224 KICIE, BREA S, 41 25000
MY DEENTRERERY, 1TSHERL 572,

19234 K12 Alcoa D P 4T5+ & L T Shenandoah 5 1%
New Kensington Lo F22 %2 RiT L7227, LaL,
19254, ZOMRATARIZIH O TE=DIZE N TEE L,
UBHRET D L) EBRIDAE L7227, ZoFgo
Wz 3z T, Alcoald RATH O F iU 4R 235 K T2
L7 &) RS S 720123 SIS EY I m )
WV, R ER L THIERNS T R TRHE Tl AR 2w
L RMEIDI. THITH L, BHERR MIT &2 5
BT EOPREEA T /=728, Alcoa DiBRES I
Al SEMlAE 1 Je A U 7z mitk g o 3B 1 % B JE L 2 OBk
AL T L Lo 2®0, S5 atkm Loz
®, 19284F, Alcoa ® Aluminum Research Laboratories
O Edgar H. Dix, Jr.i2 X ) 17SHFICEHET Vv I =
T A ERED 22 ~10%KEHE Y 15727 7 v FFA
BZE XN, Alclad EIFFAZZT3, Fig. 613 E. H. Dix, Jr. &
DOBFE L7z Alclad M OBITRIEE TH 57 KM OMT
WIZ A EEMOBICIHEPEE I TnE T L
Worrbe MEESHITHLVERETTHEIT 5720
WIE, SOIHEYRBELEL 72,

234 Alcoa, #Y 173> 14SHEA

AlcoalZ17SI122WTC, FA Y H#kau4 Y1) 743
PN DOERR WA R EEE O & v, G4
DR EMREICER LD, HREDHTL Y 2T
VI VORER S LI EEE2n L v ZERIE Sk
& TL o TR, 19254ED Alcoa D R. S. Archer
L 7. Jeffries®f3ETH %%, P8 51%, Siz05%LLE
WY 2 BRI TY 2903 YV X ) BWRENES

—"r:\-ﬂfffasim Zone---

/78T
\LH@& Purity Aluminum
Q0035 aoo35-
| 0064
Frao. 84.—Fourteen-gage Alelad 178T sheet. A new eorrosion-resistant
product which consists of a heat-treated aluminum alloy base with a smooth,
dense, non-porous surface of pure aluminum of uniform thickness alloyed and
integral with the core. FEtched with 1 per cent hydrofluoric acid. X 50. The
miecrograph shows the full cross-section of a l4-gage (0.064-inch) sheet. The
alloy base is deeply etched and the intermediate diffusion zone well revealed,
whereas the pure metal surface has not been appreciably attacked by the etching
reagent. The intermediate zone between the pure metal and the alloy base
results from diffusion of the soluble constituent, CuAls, magnesium, and silicon
from the alloy into the pure metal during fabrication and heat treatment, and is
elear evidence of the integral eharacter of the product. (Diz and Wilcoz.)

Fig. 6 Diffusion Zone of Alclad 17S and its description ”.
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NEZZEEHPEL TV L, ANERZICLIETEY 25
VIV (A=28—= D2 T3 V) &) BFRIE 19274,

KE DO (ASME) D2 ) — 75 v FO#HAT,

7. Jeffries 25 [iE5H & 370 ~ 430 MPa (38 ~ 44 kg/mm?)
DN HETNVIZTLAEENTE, TheyaIn
IVEVWIIEBRTRELZODPRNE SO TSP,

Alcoa 19284, 14S (Cu 4.4%, Mg 04%, Si 0.9%,
Mn 0.8%) % BI%E L7z0 BEANBER L (T6FRE) THIk
i X 485 MPa (49 kg/mm?), fit J1415 MPa (42 kg/
mm?) P SN2, MOA13% &RV T, B &
LCTEDHBERTE SN0 0D 0 Yg 4
AFZEEALEBY 2 VI VEETAFERBY 2
INIvERLTWRY,

235 Alcoa, 8 17JL 3 24S HBH

14S12 &} L, 24S (Cu 45%, Mg 15%, Mn 0.6%) #°
Alcoall X - TI931 4SSN, Y2 T3 YD Mg
HE15% FTHMSELbDT, GrAEBY 2TV
IUVHPANLTRRNZLEL T 50128 L, 24SI13 = R
MPEZFTY 2TV 2B MEIET LMD
o TNEAUSHBY 25 VI Y ERRLAEY, BT
BT 23 v En) L 2USEIRTIENL WV,

17S R 14S DAEFED & 24S~DEFEL, < 7 A V7 L%
1%IEME 7272037225, WER L Y HEEICR D, 20
HBerRET 5123, B, HEDB X OTEER O
BT o72 8 ] A Nock, JrddiB_Twz %),
E. H. Dix, Jr. & F 72806 O BE IR K EETH > 7227,
BRI ARAKEPICHECTHEETE L L) o2k
BTV, FHE D ERITE» 57285, WL
ZR MR O A RE R 2 10RFIC L T L 72, 2
WO DEAMOMEAIATIMA T, FEIZURFEEEY 2
99.5% DM AR L Alcoa AS LIS @ F v 99.8%
W& ZMiCBETEL LI 722 L OBKRLT
WELOTIERWhEEZ TS,

24S-T313, LM THIRME S 485 MPa (49 kg/mm?),
it 77 345 MPa (35 kg/mm?), 0N 18% T, 17S-T4135 [k
5 S 430 MPa (44 kg/mm?), it 280 MPa (28 kg/mm?),
HON22% T, 17SICIE~IE I 5323% w230 T3F Y
TIEEIER R 2 BEANRTPID 2 VWIFESE S
WHBIED 5 WIZERBIS ) 2 i /MRICT 57291215 ~
%DEMM LA T2 THEDMETS, OGS
WEEREATE W 7203 CIT17S-T4 2o T o 7297
ZLTEDZ T v FifAlclad 24S-T3 I3 RE B D itk D
MEE L TwELRBEDLDNLTWD A, ZORYDORLT
#2sDC-3 (Fig. 7) TH 5V,

DC3IEDC2ICH L CERZSHIE LA, £

Fig. 7 DC-3 using Alcoa’s Alclad 24S-T3 for the skin of
the fuselage (http://www.boeing.com/history/
products/dc-3.page) .

JEMAELIE D 3% 1T L DMICH X o 720 NI
DT A A ERE DM 2R %L, A EEIAT
TRV ER I A MRS, EFBUMF o B 5
W& 252 ETMENRRD o Tz, &I AN
DC-31d. ZOPENICL->T, HLDEFINAZTT
IAMEW) N TE, BERHHEITHLLED
W [T 2 RATHE ] OMBLL, HLZ2H%E 0%
BIZBOWTHMMNZZETHolze TRIFVE RIS
USHEEWBICL 2 L 2AHPKRE WV, A BERRINKFE
SETHY, OBLIIT AV AERERKEHEE 2o 72
D. D. Eisenhower &, &5 iR KE 0 8 A RN
FZLLAHFG L0535 (DC3DFEMEmEM N — Y
V) ETV—TENZ—HTUTH D | BTV,

24 K1Y

2.4.1 Ddarener Metallwerke A.G.

F 4 v ® Diirener Metallwerke A. G. @ FALHAM &
THh-72K. L. Meissner b 19304F, HEEDOERFART
ISR L, X% “The Effect of Artificial Ageing
upon the Resistance of Super-Duralumin to Corrosion
by Sea-Water”,
and Super-Duralmin” & L CHEEIEAETEICIHR L
T3 339 0 2550 Super-Duralumin 23T < 5 Dl
INAEANTH 50, K. L. Meissner DY 2 5V
I V1XCu 4%, Mg 05%, Si 0.8%, Mn 05%, Al¥ksr&
WIHBET, V2T NI VERBLTT A ENE 0,

DEEDOHRM OBEANBER L% 050k S 13490
MPaii< 7% %, K. L. Meissner X NPL ® Marie L. V.
Gayler b D8 % 513 TCuAl, & Mg.Si DT H 2 il A
HhE b ERILT 5 EERTIORTERATZEE

“The Artificial Ageing of Duralumin
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AbNb, TH LRGN EEL D &IZ, Direner
Metallwerke A. G. & B ¥ 2 7 )V I Y631ZB
(Al-4.29%Cu-0.9%Mg-0.6%Mn-05%Si) & ZDiREx 10%
] I &7 DM31 (Al-4.2%Cu-1.2%Mg-1.2%Mn-0.5%Si)
ERMTAMY 2T VI VEEERRAR LYY, Wk
Bix, bLEERIEZTL2EE2HEICILAES, 3o
LR ST HIICHEAZZ LS LI Ll RT w59,

242 Sander&%

FA v DTyt IiZH % Th Goldschmidt A. G. D4
JEWEZEIT O W. Sander 13 19234F, 1924 4F K. L. Meissner
&M TAL-Mg-Si-Zn R A4 OIRER & BRI %
HERLTWEW D, ALZn-Mg R OIRMBERIZIEIZ 1913
fEG. EgerlZ X o THREINTWAH97 W. Sander
& K. L. Meissnerld, ZO=50RIREN 2 FHE L,
AlMgZn, D 70822 <K 0, Lo b IBFEEANREE &
EHITWA L, 475C TOIRKREE 28 % 2> H i D
4 ~5%FTEALT A ENDolze £ TMgZn,
EA~10%ELT VI =T A E88% DL o THIRFER)
HxEHFRIze ZNEDOEEDOH D AL-8%Zn-15%Mg-
0.2%Si &0 F iR % Table 31RT 9%, &
DEFETEDOHE, MaARIMENATRNCL>TEH
WL OESNL Z LA D, Constructal 8
(Al-7%7Zn-25%Mg-1%Mn-0.2%Si) 2P S, Z
OB EME X, F19ER X590 MPa (60 kg/mm?), fHor
9~10%Tdh % ® 19,

VIS EZ D 72, [HAI24AE (1927 4F) 12, VHEIEHRIK
DEFEMLDOEHRL LT, MgZn®7 VI =7 A
AR RS L LI, L2 MR TE -
7o, BEALZZREHC 7 ) A VIR CEAT &S L
2L e ZIFHEIS, BWIZRHYRTH S, ZoE0
WCEINEAELC T, i E OB R 280, 2o
SR LRV &) filiEwil % > 72 Constructal 8
YAMOBRD 72072 57:0TH 2 ), il Shin
THboJERLTWwE Y,

Table 3 Effect of quenching temperature on the tensile
strength at room temperature in Al-8%Zn-
1.5%Mg-0.2%Si alloy 9,

Chemical

composition % | Quenching As quenched | Aging for 5 days

tempsrature Tensile Elongation Tensile Elongation
Al | Zn |[Mg| Si C strength é strength é
MPa ? MPa ?

150 234 42 234 42
300 237 152 419 12.3
450 216 18.1 413 134
520 241 20.5 424 15.1

90.3| 8| 15/ 0.2

3. GPV—-D%ER

19304E 1S 72 % & XRImIHT & 7k geAsHE e L C
72, 19354E G. Wassermann & J. Weerts {2 & 1 200C
T30 ME L 72 Al-Cu & & T O CuAly, & & 5 BF
MERB LY s S e LTid
Cull, TH 578, & 512300C O EIRIZINERT 5 & At
WZZALT 2O T, FHEAHNT I 3 o v i 1 72 #6288 Al
ThdbLEzT. TOFE, W. L Fink & D. W. Smith
3 Debye-Scherrer 5B 12 5\ C A o T H#i % 32
B, FHAHCuAL® MK L, oMz 0" L4
17725V, 19384FE, NPL®G. D. Preston i3 200C THn
L HHEAHOM SRS 2R L, BEAHO 001} i TR G
WEAHT 5720, ZOREAAIZEAHO {001} #1247 7%
SPHAROIIEZ E B2 ZP LI L,

19384, 7% U o & & fifi #i % £ (Ecole Normale
Supérieure) D A. J. Guinier (2) & ZE[EDNPL®G. D.
Preston (*3) 3 Z 2 NBIMEN, KRIMH O Al-Cufy
GCHAMCHEOAXHRERETs 2T, BHETFOH

JHI7E: % 2

A. J. Guinier (1911 ~ 2000) 1Z 191147 5 ¥ A, Nancy TA F 7z,
MDA, P. Guinierb 79 Y ATIErana Y —DEERE L LTH
5N TW5, A. J. Guinier 13 19344E, Ecole Normale Supérieure
(ENS, EAhidEaate) #2372, 19354E ENS O W BF 5t
WD, fEESE O C. Mauguin % DOFRE % 520 T 2 BUs
L, Conservatoire national des arts et métiers (CNAM, 7 J ~
AL L 2ERE) 2k & 15 720 19444E 1213 CNAM IZ Research
Laboratory # .5 I, 19494121378 R¥EOHIZE %D, K
TR B, CNAMTIRXHE &R OB
fTo72o 2D, Orsay !l University Scientific Centre % 3.5 I
¥, &3 Centre National de la Recherche Scientifique (CNRS)
L 7% o720 P%1E Paris-Sud University D% T, 75 ¥ AF4ET
HTFI-—KBTHYEFELLRRFHEL L THMONT VD, HIEX
MUNAEELE 2 W CHEE OISR 27722 & Th b, £
DR DERENGCP V' — Y DFRTH B %,

JEI7E: % 3

G. D. Preston (1896 ~ 1972) 12 1896 4E I F7zh%, 3 DK
12 » 2 Thomas Preston (1860 ~ 1900) 315K e o720 Kb F
72354 7 W B2 C the Royal Society of London® 7 = @ — 7%
L T2, G. D. Prestonids > 7Y v Y RFETHKRE F&FA
72t%, 19214, NPL®W. Rosenhain® & & TH9E%E 1T - 720
G. D. Preston iZ W. Rosenhain ®$&§7R® b & T X#MT % &8 D
ARG AT\ S35 2 & IR 72, ZD—Ji T, G. D. Preston
1¥Marie L. V. Gayler & 7V 3 =7 A & & ORI H OWFTE % Ih
D7ze ZTOFENGP V' =V OFITLIZED 5 720 HITZ DO,
1940 4E NPL AW O & BT FE T PSR 2 8 A U720 1943 4E121%
A3y bF ¥ FIiZdH % Dundee KIS D, WELFAIRISHT L,
1944 4F, the Royal Society of Edinburgh @7 = 0 —127% - 72,
19724E12 15K o 720 #8AZ O. H. Duparc i+ “The Preston
of the Guinier-Preston Zone. Guinier” # &R X 72\,
Duparc it:1% A. J. Guinier (26X TG. D. Preston 3% DK 7%
EFICL b 5T, BEINTAATLL ZICZ O,
ENTVRWVI EEZERAICEY, MMTNO#REL Lo/ b %
FHTWVB T,
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Fig. 8 Professor Guinier’s lecture (left) and Professor
Preston before retirement (right) (reprinted by
courtesy of Dr. O. Hardouin Duparc)*”.

Fig. 9 Laue spots and line patterns showing the presence
of GP zone by X-ray diffraction of Al - 4% Cu alloy
(Preston, 1938) %,

HEhRE R L7 (Fig. 8) ¥, 4H AOAH DL
F% & 5 TGP V'— ~ (Guinier-Preston Zone) & X
TWwb, Fig. 9108 T L) ICXHBH TF 7 2B SIS
BLH IR RSB LY, C o BURELRR IZ BEH o
{001} 10 A2 PR IS Culit F DO RAT A E L7 2 &2 &
5720 W UREICE Lz ST TEKRTH - 72K
AW O MEFFEBERTE LB\ L E 2o
720 ZD% A. ]. Guinier 551%, AI-Cuf4:CT25~300C *
TORERYLEL 2 47, XD ZAL & 1 S O BIER 2§,
WM OWRZEALIZGP Y — Y ORIK L, Himo§ il
A O L BB B 2 L 2 SIS LY,
TGPV — YDA X% KD, 20THETIZES0 A
PAF, 100CHATIZ150 ~ 200 A, JEA1220 ~ 100C
T4ALLTWEY,

4. EXHER

WIRMERY U723k &2 iR R 3 5 LA LikfbE L T
LWL 28543, WHWEETMarie L. V. Gayler

MHALCuBFETHRALERLLD, ToksEnoNnT
Wiz, MR OFFUIIHIE T L h o 7275, Z D1,
BEANIRREIIR S L Z 2 5172, G. D. Preston 3##4k
BiRE23200C 107 DB THELET 52 &b, Culi
T OHEEE (GP V' — V) PBIILCTHERS 5 &Kt
FTWB 9P B %%, MiETIERickbildung, 3%
i Tl Reversion, HAFETIIEILLREN TS Y,

PEAS 242 1%, Alcoad 24SHIFEIL E N TL % &,
[P2F9V3 i3I LD AL-CuAL-MgSIDHE=IER &
LT ebizhs, FEHIEIN%E Al-Cu-MgRe LT
W ZENEHBTH D EE 2T, Al Al-Cu-Mg
REEOIRBRAEIIE L7z ZOREALL P RE
ZTbEWICS ER AR L2, E OB D 24S O
MOBERE T LERRB L] LTV BY, &
OSHOMBLILIE, Culld Mg Al %S Eofbs
Wy (7CuAl, 2MgiAlz)2 % B 3 VALK & % 2 AlisCurMgs
L L7909, Zofk, HEORaynor HIX P HEED
R—ELSALEW % Cull, & Mg %5 S Eob &YW
127 % & LTALCUMgE L7z, Z oMoMEIE, #
BOSHEL 12T T %5, SHEE X Al-Cu-MgRE
SOWRIITHBR Z R L7222 L 3R #ERORE %
%%ﬁ—ﬁ&é 15),64)0

5. 8HVUIC

FAYTY2IVIVHREIN, TREFRLDID
FFETHETLLEIAHADOEMEMOWIENIEE
7zo MIK, EL L DLEMEMORBEIERI N, FH
DOWFFEHE R HAMH I FFE IS AT, T TIFIRE
DER D SIEE ), FEBEEOBWESL RO THEEHE
o rbhiz, —FT, WMELZ IO TV HLEWIZM
2, ALCu, MgSi, SHZD», HbwizEhsorm
B2 ? BETHL 2503580 ? 549, Y250V
IV RAHEBE LT, YTV I V@AY
DI A ENLZ DT, AlLCul Mg.Si k& 272, TDkE
EMgSi 2P XL b THAH) LEZ, TDIL
EETUSHHIEINT, fRmard Lzwas, W
WHZOF S L9 R OD 5 H RN 53 5 SH
ZHWRT I EREZTVNIE, 24SOT D T
72EH B bS,

AlcoaZ KA Y DT 2TV 3 v EFE%ED17S D T¥AL
(1916) 225 24SHY 25V 2 YO8 (1931) FTHI15
EDPDoTWDe 720 MgmAS 1% L 727507
ThDH, FBEHEEZ T OHSHERLED D DOHAM I
BN=FUBHoDTELRVNEEZ TS, 1D
HIZWH B8RS ERL T L)Yy YRl
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BIZIEM@SiFEE L Twb e ER, 74 HE2MPT
CETHEMIENENS ZEDPEEINLZETH S,
2OHIRER T A ENEL T ED L5 R B
W/ oN o7zl ehn, LLAMEDHKS T 1
FOAK) 2 K S & B HAh MR S, 99.8% D4
DBEDCHHTEDL LI o270 TRV h L
EEND, ZOMICHWLTREZRMO[ARICIBITL Y
2NV IVEBIUOBY 2TV VO E X OEER
WOFRE] TH 72O THRR5S, 3D0HIEHE - LS
WT, 42H1XY 25V 3 V7% d 7 h Zeppelin RAT
HCERH T & d o 72 HHTH % 1 — )V IEHA T
BhEEZTVD, MgDP 1 %2 %7200 T, §hil
HEELL %528, LML TEMM LT — Vg
PEZ TR BDIENDH57-DOTIE RV LT
o WIZINZWIRLTEBY 250V 3 YO LELE K
D& e7: AlcoaDEFEFMO L XV DOESI12H 5729
TEL, BTLT, A BRENOBIZEE IR A E
BAHOFDOPTHERELE X TLE )BT D 5,
CNEAHLZVE)FHZRBREIRVEN) LT
H59o

SEW

1) http://www.npl.co.uk/people/walter-rosenhain

2) https://en.wikipedia.org/wiki/Walter_Rosenhain,
http://www.encyclopedia.com/doc/1G2-2830903737.html

3) W. Rosenhain: Metallurgy, An Introduction to the Study of
Physical Metallurgy, D.VAN NOSTRAND, (1914) .
Forgotten Books & V) JEA (55—h, 1914) 285G L 72 AR D5 MW
FEEINTW5D, FARIZFE=M (1935) FTHRE L TW5,

4) W. Rosenhain, S. L. Archbutt and D. Hanson: Eleventh
Report to the Alloys Research Committee on Some Alloys
of Aluminium (Light Alloys), Inst. of Mech. Engrs. August,
(1921).

5) W. Rosenhain and S. L. Archbutt: Journ. Inst. Metals, No.2,
11 (1911), 236-258.

6) VEATHE RIS - A AR (=), BRI, No.174(1949),
2-4.

7) R. S. Arther: The Aluminum Industry Vol2, Aluminum
Products and Their Fabrication, by J. D. Edwards, F. C.
Frary and Z. Jeffries, McGraw-Hill Book Company, (1930),
60-272.

8) W. Rosenhain, S. L. Archbutt and S. A. E. Wells: Journ.
Inst. Metals, 29 (1923), 191-209.

9) D. Hansen and Marie L.V. Gayler: Journ. Inst. Metals, 26
(1921), 321-359.

10) VOAS A BEEE - A a5 (b)), BAaE R, No.178 (1949),
27-30.

11) Marie L. V. Gayler: Journ. Inst. Metals, 28 (1922), 213-252.

12) Marie L. V. Gayler: Journ. Inst. Metals, 29 (1923), 507-528.

13) Z. Vogel: Z. Anorg. Allgem. Chem., 107 (1919), 265.

14) VEAFHHE - BEEE - BG4 (E1D), BE&EEEN, No.182
(1949), 14-15.

15) SEHHSCHE  RERh LA ZE D A A, 40T, 52 HIKEEEAS,
(1972), A%, 1-53

16) A. Zeerleder: The Technology of Aluminium and its Light
Alloys, Nordemann Publishing Company, (1936), 19-40., The
Technology of Light Metals, Elsevier Publishing Company,
(1949), 15-43.

17) VA F5 M ¢ BESE - BEA AT (55231m), BAERFEA, No.194
(1950), 17-19.

18) O.H. Duparc: Z. Metallkde, 96 (2005), 398-404.

19) P. D. Merica, R. G. Watenberg and J. R. Freeman: Trans. of
AIME, 64 (1921), 3-25.

20) P. D. Merica, R. G. Watenberg and H. Scott: Trans. of
AIME, 64 (1921), 41-79.

21) VEA S HE B - A A (=), BRI, No.174(1949),
24,

22) W. Fraenkel and R. Seng: Z. Metallkde, 12 (1920), 225.

23) VHRTFHE - BESE - EAEE GB2oM), ESEEFA, No.200
(1951), 10-12.

24) VAT ME AR - A AR (), BRI, No.176 (1949),
2-4.

25) G. Gurtler: 50 Jahre Aushirtung, Aluminium, 32 (1956),
575-580., WERALIR OWFZE (R BILWFFE R U233, o)
RLERY), BamEHR, No.29l (1957), 5-11.

26) WK TV I =T AHE (RE), BPFLTVIZT L,
Jra Z R, (2002) .

27) M. B. W. Graham and B. H. Pruitt: R&D for Industry, A
Century of Technical Innovation at Alcoa, Cambridge,
(1990).

28) W. L. Fink, F. Keller, W. E. Sicha, J. A. Nock, Jr. and E. D.
Dix, Jr. : Physical Metallurgy of Aluminum Alloys, ASM,
(1949), 1-92.

29) Aluminum, Vol. 1, Properties, Physical Metallurgy and
Phase Diagrams, Vol. 2 Design and Application, Vol. 3
Fabrication and Finishing, edited by K. R. Van Horn, ASM,
(1967).

30) Aluminum: Properties and Physical Metallurgy, edited by
J. E. Hatch, ASM International, (1984).

31) J. T. Staley: History of Wrought-Aluminum Alloy
Development, Aluminum Alloys-Contemporary Research
and Applications, edited by A. K. Vasudevan and R. D.
Doherty, Academic Press, Inc. 1989, 3-31.

32) R.S. Archer and Z. Jeffries : AIME, 71 (1925), 828-863.

33) PURAHE - BESE - EA R GB20 M), EEEKEA, No.l9l
(1950), 2-4.

34) W. A. Anderson: Precipitation From Solid Solution, ASM,
(1959), 150-207.

35) J. A. Nock, Jr. : Physical Metallurgy of Aluminum Alloys,
ASM, (1949), 167-199.

36) E. H. Dix, Jr.: Metal Progress, (1950), 484-489.

37) T.W. Bossert: Metal Progress, Jan. (1937), 42-45.

38) K. L. Meissner: J. Inst. Metals. 35 (1931), 187-208.

39) K. L. Meissner: J. Inst. Metals. 35 (1931), 207-240.

40) VMR 7TV s = A RIE 4, gk, (1941), 231-
246.

41) MR : #BEF 2oV Y oBN, EkeR T -
WrgEsRes, 52445105 (1937), 1021-1040.

42) H#BRRES : B o TERKA4ImT (1), HARERES
&5k, 1(1937), 107-128.

43) VYRTFHE - BESE - AR GB20m), B, No.191
(1950), 2-4.

44) W. Sander und K. L. Meissner: Z. Metallkunde, 15 (1923),
180-183.

45) W. Sander und K. L. Meissner: Z. Metallkunde, 16 (1924),
12-17.

46) G. Eger: Inten. Z. Metallog., 4 (1913), 29-128.

47) VAT HE O BESE - AL (14, BRI, No.l8s

UACJ Technical Reports, Vol.4 (1) (2017) 121



122 7UIZAEME - Va2V IUvpblBA YA I NI VET- (ER)BY 25V vEDC-3

(1949), 9-11.

48) VHASFHHE C BEEE - AR (H15), [k, No.186 (1950),
2-4,

49) W. Sander: Z. Metallkunde, 19 (1927), 21., J. Inst. Metals, 37
(1927), 445.

50) G. Wassermann und J. Weert: Metallwirt. 14 (1935), 605-609.

51) W. L. Fink and D. W. Smith: AIME, Met. Div., 122 (1936),
284-300.

52) G. D. Preston: Phil. Mag. 26 (1938), 855-871.

53) A. Guinier: Comptes Rendus, 206 (1938), 1641-1643.

54) G. D. Preston: Proc. Roy. Soc., A 167 (1938), 526-538.

55) A. Guinier: Nature, 142 (1938), 569-540.

56) G.D. Preston: Nature, 142 (1938), 570.

57) O. H. Duparc: Metall. Mater. Trans. 41 A, (2010), 1873-1882.

58) J. Calvet, P. Jacquet et A. Guinier: J. Inst. Metals, 6 (1939),
177-193.

59) M. L. V. Gaylor: J. Inst. Metals, 28 (1922), 213-252.

60) PEATFHE - B - AR (GB330), BEAEIFR, No.204
(1951), 2-4.

61) VYRS - fe - EAa, GBAN), BeBEEMR, No.227
(1953), 22-24.

62) VUkFHEHE @ AlZ FH5 &2 5 AlCu-Mg R Aa O IRAERIZ 5L
T, HAREREYREE 1(1937), 818,

63) POk FHHE - Al % FW5 &85 Al-Cu-Mg R & & DO RIALIC
MT, HARERESS, 1(1937), 5971

64) FHLEBKRIE: 7TVI =y ABEEORMITHICE oD LER
LA, HIMBEEELIF— [TV I =T 2580
A - LB SN T - |, BERYES, (2008).

65) http://www.asmcleveland.com/zay-jeffries
http://www.encyclopedia.com/doc/1G2-2830902180.html

66) AffW:Y 7)) —ALoErERTV, HASEPARE,
25(1986), 782.

67) Z. Jeffries: The Sorby Centennial Symposium on the
History of Metallurgy, ed. by C. S. Smith, Gordon and
Breach Science Publishers, 1963, 109-119.

68) M. Lambert: Acta Cryst. (2001). A57, 1-3.
http://www.rigaku.com/downloads/journal/Vol16.1.1999/
guinier.pdf.
http://www.iucr.org/_data/assets/pdf_file/0004/769/
guinier.pdf.

EHH E# (Hideo Yoshida)
BeTa1FII MR L (I%)
(5t (#%) UACJ HifiBaZerftserr BRI

122 UACJ Technical Reports, Vol.4 (1) (2017)



UAC] Technical Reports, Vol4 (2017), pp. 123-127

123
o NREFI—E >)
>~ - ¥ L ':
20174E1 HA 5 2017412 H EF TITRE L I-EH
Papers and Proceedings Published from Jan. 2017 to Dec. 2017
W /X
No & H * # HBiRaE
(Tokyo University of Agriculture
and Technology)
Toshihiko Kuwabara, Takahiro
Material Modeling of 6016-O and 6016-T4 Aluminium Mori, Tomoyuk Hakoyama, International Journal of Plasticity, 93
1 | Alloy Sheets and Application to Hole Expansion Chiharu Sekiguch, Akinori (20e17)a l(f)i 43186011 al ot Hasucity,
Forming Simulation Yamanaka e
(Pohang University of science
and Technology) Frederic Barlat
(UAC]J) Mineo Asano
ZwD) ¥ RN 7280 &G OO HLARIE L] 2 4 nORE, KRB RAT, 1R 5L AR A
2 - G, WIEHE S, TEZ A & 44, 56(2017), 166-172.
3 Alj}\/lg A SO MW IAIR 2 & T BT ORI BIUEA B4R, 67(2017). 101108,
LEEREIN
4 | TIVI = AJEREIC BT A BN WP fd —, JEYEEE FIARI AT, 62(2017), 485-489.
W &S (A5 L%FETD)
No. & H * # B GEE
1 | KRB E»AET 2P FEH IE B4e)E, 67(2017), 204.
2 gﬁ;ﬁ’a"”%m#ﬁﬁmﬁmﬁm THIZTRE | st BEIR, 67(2017), 342-343,
JEE 0D il S A i) 9 WPE LT, 58(2017), 352-356.
TN I =7 L5 ) WHO% B PR WBEIREEE, 55(2017), 168-179.
< Srd G A A 4 ) R <
3% 3= 3y 3 S :
5 | itk 7 v I = AR (UACT) A Wil TNITay Y, 163(2017), 11-16.
6 | TN =7 AETEH OB LB FEH IR FIEHF, 58(2017), Nod, 24-29.
i s 2 7647 b T ek
7 | HEHEBEAL~NDO TV I =7 LG58 OHAHM M [H#T 27 /ay—], 4(2017), Nob,
36-41.
8 | TNI=Y AHEOERNE (70005%) i HgE AR, 55(2017), 479-492.
N HEfE T34
9 | THhI=va TELOBEREIFER A ?;@gﬁb (ZEO??I;WZ%L%K AR
UACJ Technical Reports, Vol.4 (1) (2017) 123



124

ARYOR ¥

B % - BEOFEEASTOOR - KA %K

No. & H BERH AR 2 - HIRE R E
1 Destruction mechanism of the oxide film in brazing T. Yamayoshi, Y. Itoh, VEHICLE THERMAL MANAGEMENT
sheet for fluxless A. Fukumoto SYSTEMS (VTMSI3), (2017), 79.
FREEET V3 =7 A OWRALREPEIC BT 3R iR e 3% e e W 8132 MR &AL,
? o PRI, W (2017), 2122,
T N—=1) ¥ T BT 5 BREm S FI2 X B0 . P — BERFE 8132 RN R S AR,
3 75y VbR - EEFEE—, I 8, R (2017), 57-58.
TNVIZTADH )W T E b TV —Y . . BERES 8132 IR & 2,
Yy romTopm R B, KR (2017), 103-104.
, - R - 'y AR 9 132 MR IR &2
Yt 3 PE R S S =3 ’
5 | HEghz w7z A ) ik RIS, A (2017). 107-108.
7000 5154 O B IELE O F EBALRRIE A BT 3 iR EE & e ™ . BRSPS 132 MR MR SR,
6 | vramopm e, MERSSE, WHEE 0017 " 163164
7 TV I GRS R T B B IR TR MAT T H 4 BTN BERES 5132 AR & 2,
o " (2017), 197-198.
TLI— T NI =T AMOMTEREMEICRIZT T S .. AR 9132 MR &2
NEE G | 15 ’
8 | wymop ANBRE, HIEAS (2017), 215216
9 ATBEM ORHE RIS KT T 7 XAy MEIRO | Z4AEE, MR, BHESE, | BEES2S  85 132 RN SN,
W RARAT, /MUgsh, GlEE— (2017), 217-218.
10 KEZ IR D R UBREIC BT 5 Al OS2I K I1Td BT BERES 125K & REREE,
REEEB O (2017), 227-228.
S — e A Yoy gy | (BIEREAR) PN e 2
1 500027 VI = AGEICBITBL v FYTF—Yay T RS NV RERSFS 5132 AR &R,
eSOy T T o ’ H ML -332.
DM IMFEBICRITT Y 72 7T AR OFE (UACJ) i FHIEESE: (2017), 331-332
3= o~ S . 2 A AL (TETKR) PN : YN
TVIZILEEDT T v 7 A7) =5 IR RIFT s HARSGE 4 2017 SR kE &,
12 Me IO ez, MNBEY, HEh—Z (2017). 7373
ST (UACY) fHlgeAk, 17k it P
s o = BEiR: 2y . § . s
15 | A7 EREILEY 27 21255 AlMg frfodlee | (LY THTA. SRR WERBIRES  HRE BUSE2017 HUE,
. . A S e -k s B, BRI ) .94,
A2 O in situ BIEE L FRRETYICY 2 % pH DR (UAC)) KABAT. 30 % (2017), 93-94
v s il 2V R s
L | DTV A b st BEEIER & < 4 2 iy | (RN HTRLA. SRR WEEBi RS A& BUE2017 A,
7 AIZ Mg %4 : AT , -246.
AT BT B ALMg R G S OFLE TR T O AT (UAC)) KA RFE, 51 A% (2017), 245-246
15 gifsici;g"fP(;’gz‘;sReflners on Aluminum Twin Roll Yu Matsui, Koich Takahashi Light Metals 2017, TMS, (2017),, 803-810.
Full Size Measurement and Simple Prediction on Tatsuya Yamada, Nobuhito
16 | Macro Segregation of Aluminum Alloys Elements in | Ishikawa, Takashi Kubo, Koichi Light Metals 2017, TMS, (2017), 981-988.
Industrial Direct Chill Casting Slab Takahashi
17| WRTE A= FERLARRHOBR (B3H) | (V7 - o5 by Wi g, | ) F e BRI R
Rk, THRT = TRR Q00), 228
(Yokohama University of
. . . Phamacy) Mikio Murata, Masaho | 77th FIP World Congress of Pharmacy
18 Sg;iz (;f (11131’111‘(;)\3222:?7i(i?lt;lcloiel:nw;ti}rle%reZstizlrllzzugh Hayashi, Kiyoshi Kubota, Kiyomi | and Pharmaceutical Sciences 2017, seoul,
P g ¥ i N Sadamoto Republic of Korea, (2017).
(UAC]J) Hiroshi Nishio
: (UAC) HAMAENI T2 4568 ML T30
19 | EEICBIZ2 5y FHMEEGAI=Z A B 5, U, Hrams it 2 b I (2017)
(I B 22) o5 P A AR 2 O 3R, 68 (2017),  55-56.
(Honda R&D Co., Ltd.) Hirotoshi .
Development of Low Cost Alminium Tapered Inui, Toru Sakurai, Eiichi Sato FISITA The 23rd Small Engine
20 - Technology, (2017) JSAE 20179056 /
Handlebar for Motorcycles (UAC]J) Tadashi Minoda SAE 2017-32-0056
(UACJ EXT) Yasuhiro Nakai Rkt
(Fx /2 vITVVa—=varX) L a S g e 1] e AR A
21 | 703 = ARUAE RS 5 % B RS YIMFE—, ARG o zms TR
(UAC)) M= =
(The University of Tokyo)
929 Influence of weld parameters and filler-wire on Vidit Gaur, Manabu Enoki The 17th International Conference on
behavior of MIG-welded Al-5083 alloy (UACJ) Toshiya Okada, Shyhei Trends in Fatigue and Fracture, (2017) .
Yanagida
ks i) § . SEHFNT, HACEW, BEIRS 55 133 MR IR 2 il i 2
BV i N N HZE £ , ’ , ,
23 | BEWESEICB ) A EEABHORE IR kG — (2017). 3132,
20 A ) P
24 | H#EA LY MT (CREO) % AU LA SR FIOMTE | HIFES, SR L TR g PSR,
124 UACJ Technical Reports, Vol.4 (1) (2017)




AFRER—E 125
No. W e WK - WIS
ys | RGO ) o MR AT 73 =0 2GRl | f 6k, LWICE, WG | BEGRES o133 ANk Sabihes
O Kt (2017), 105-106.
2o | 2000 GO BRI KT Cu Mg MR L | gy BeREA 133 AN A ME
AAHLE D3 . (2017), 163-164.
- B e BT, R, WAL | BREA 4133 BN k2 B,
97 | KEERIN IUEF 7L 3 — b AL O ETRROE P il
98 | 51824 41T B4 B 2 YR B O B S 7 K I WAK S, ERBPIE BEERER 133 MBI SRR,
(2017), 255-256.
ALSI A4 /ALMD A RIEIEY 5 v FHoma R | (PR TR LIEH, BAREA 133 Bk 2
B s Fkop {%%C'?)' ot BLLISE ] 017), 265266,
30 | MBTE A T— FEHL 2 (ALPAC T) OIS | W %, JKIA TG %ﬁﬁig 133 B K it
B i e R a JH FImEA L
S1 | ALSIR A G HIH 2 I 8 5 5 M7 ik e RS
s | TO0RACOMMERREO TIAREII LETIRE | 0 o o oo | BOREE G S HRIA L

LU ARBEEDEY

K2R & —ilkifis, (2017).

BERes MRS P29 A

33 | 5182 B 4T BT B 2R A IR OB G R 1A A TGRS
o | BV EENL R GomoRE s | DAV B KB e meimin e s
o Bt £k ey e AL, 64(2017), 189-190.
(UAC] $i%) ENIE—
(UAC] §5) £)Nh— N e
. . S, 2 L & BRBER A
35 | A DI EHIAE IS PRI O (UAC)) & ffHE=, IUFIS =, ﬁgiﬁmﬁ G 2 RS
O RE, KB RAT ' ’ )
LHROY N LI MESOROENE R s | (CaCD R BB KEBAL e g7 o s,
1 2t SRHE, TSRS SRRER | 5 0017) 12
(UAC] $i%) ENIE— ’ )
(W TR
y TgEWEAE, 22 AT HARG =4y 25 57 Il Gl R X il B 245,
37 | C12600 DRAILE (UAC] $0%5) EJIIH— 57 (2017), 115-116.
(UAC)) ¥ =
s | AME A ROILIRARS O in sivw B ppgapic | IS RO TR kg 07 epomimion,
B> 2 S By N e
5.2 % pH AR EH O3B (UAC)) KA AT, 30 1% (2017), 97.
(R T3ER?)
39 R E OB AET BT VI =T AT —F v b VY HIBA, S 1 R HARIZE 2% 4 61 Il iRkl
VADYOR RS A i il (Wit K) 1N 2 WAL, (2017).
(UAC]) H:H
(Gt TR
10 R EAE ZERE O T VI = W) 5 OB 4 X B PHHIBA, 5 1R HARBEM 2 M&M2017 MK )55 ~
XUz L—%4%4 2 (Wit K 42) IS 2 77 L YA, (2017).
(UAC]) H:Ht
(Meisei University)
Michihisa Umemoto
Determination of ¢ tals in alumi d (NLM) Yoji Ota
etermination of trace MEtas i auminum an (Kobelko Research Institute) APWC2017 (7thAsis-Pacific Winter
aluminum alloys by ICP-AES;evaluation of . .
41 ncertainty and limit of ntitation from interatr Masanori Makino Conference on Plasma
ltl cte amnty 4 Ol quantrtation 1ro eratry (Showa Denko) Hiromi Sakaguchi | Spectrochemistry), (2017), 79-80.
esting (UAC]) Yukari Shimizu
(Mitsubishi Aluminum)
Kazuhiro Katsumata
> oL K S 4R —
42 | TV I = AR BV B 8RN PR, A A, PEBEE 5?%@?&;%?4{2?1;)7 m
(NSSC) Y. Sakaizawa,
Micro-electrochemical in situ observation of pit (Tohoku University) . .
43 | initiation at precipitates in AA5182 Al-Mg alloy I. Muto, Y. Sugawara ;\I‘/I}]l;EE%lIe;ItGroE;gf;;ca;éomety 232nd ECS
in 0.1 M NaCl (UAC]) Y. Oya, Y. Kyo ’ .
(Tohoku University) N. Hara
(Tohoku University)
In situ microscope observation of pitting corrosion on | M. Kadowaki, I. Muto,
44 Al-Mg alloy using micro electrochemical Y. Sugawara The Electrochemical Society 232nd ECS

measurement and effect of pH on dissolution
behavior

(NSSC) T. Doi, K. Kawano
(Tohoku University) N. Hara
(UAC]) Y. Oya, Y. Kyo

MEETING, (2017), 2185.

UACJ Technical Reports, Vol.4(1) (2017)

125



126

ARYOR ¥

W20 (2RI IL - HRS -

HBERTOREE, BFELL)

No. M H AR - A 4% - A
N I < Bl <7647 AR T TR b
| | ETFBESNT I RF DY F b4 L BEER e A, 7T B 7V F— B E, L, (2017).

BELTohEk

383-395.

< FRVE—ER, R4, IWAR#A, | TV RET, Aa A, 48 (2017), 209-
2 | HBYERT VS B Fr I 220
3 | 73 = BB ORI & 2 D SHE %ﬁﬁi% BI2EY ¥ KT A,
1| 73 20 ARH OB B E L OB PR pria A
5 REHEZEDO IRy MERICKIFT TV I = 266K | & sk, BB, FEEG, B&mSs ABEEE SFER 29 4E EERKIY
RO KA Z Y - RS R I —, (2017).
6 | BRHGEICEH S NS TV I L oA i HBOZ BE&EEs B RIIRSA, (2017).
7 TVIZTAEEORGE (KT VI AEGELZD Bk RERES Wl i I —,
FE1%0) (2017) .
8 | BHT LI =0 A e k2 ON M (AL ) A %ﬁﬁiﬁ RiGH A S,
, <o } S 2 BERYS BEREEGEHAMGERE 7V 3
9 | BT VI A4 L FoEMI R = KD |, (2017).
. I A BRBYE BRI RS 7L
10 | 703 =% A0 WA BT 5 R OB (017).
<o . NS, BE&ERYS BEREIEBEHAMERE 7V 3
11 | 7VI= AT HHITHR =& A DB |, (2017).
BERBERS BRLICERT 2TV
12 | 7V =7 205 ) L W I = AL SRR ORI A 2 v
RYT A, (2017).
F =P E=FT 4 TT=IVEF EIRZ V<
13 | 7V = A2k A HEHRE{LDEH AR O LPAN R R T -5
2, (2017).
—_— e o <o . R HASE 7 VA T¥EmE SR7 VAN
14 | BogtEm L& B LzHEHH 7V I =7 2RSS R TR 2017, (2017).
< - " = 4 v V—FZF7IETVary Ix8r FE4N
15 | Sk 7V 3 =7 2R R O BSS Rk & S pi Bl FRE—IR BV B AR 3 F—, (2017).
. . . 2017 China Aluminum Fabrication
16 5"135 of Aluminum Alloys in Automobile Akira Hibino Forum Proceeding, ##%FHL, (2017)
ightweight 106-117.
17 %;%;;*’%mHTWEﬁﬁwmﬁﬁk%ﬁm% PRI LTSS  SURTECH2017, (2017).
e o W . R s T4 £ X F— YOk,
18 | FVIZTABLIOT VI =Y AE5EDIN &M Gl VR 74(2017). 1122,
BRI PEMESCE 23 Mkt
19 | IEEDEOIEE —7VI=wa, HEZTROH68- K RAT Fh& BB E A IR GIR O EILE B X
OB o £ - Bifx], (2017)
s v g HAM #4724 EN R MZH % 645318
20 | Al Cuoliist KARAT 2 [ & 22 S0 B £, (2017)
SEA . SRR P HAM B2 BRI EIMEH S 4319
21 | BEfii: - BRI KA RAT AT S =% 5O £Bi ), (2017)
22 | MURHEESEIT S B 7 3 E OB WS HAZHER S FHRITEEHE 340
WFges, (2017).
TCPC2017 (2nd International Thailand
23 | Corrosion behavior for aluminum alloys Yoichi Kojima Corrosion and Prevention Control
Conference) .
eIV I Y ERALMBERWET V= A | S i d o _
g | Yo7 S T ERAE Kt T JAXA U2k 7 + — 9 A, (2017).
. . . AARMPEIN T 224 45150 MV 1275
B | THI =Y AEROKR ANEL M DR 100 R & I 1, (2017)
<= Y A AR T ERRIERT P e BT
2| TVIZTh, TVI=TAGE B LS V5T 4R BHRHER |, (2017).
126 UACJ Technical Reports, Vol.4 (1) (2017)




ARBR—E 127
No. W H W B Wiz -
TR =y AR EE A 19mT
o7 | mar (i) fhEil W3 = L B P
LDz DEHE %, (2017).
28 | 73 AE GO L Z ORIE I SRUFIE A ;ﬁ%ﬁ?I%% 0 151 I I
20 | WERADIT b 3 =0 AHROMRRMERATIN | Pt Ao e G
30 | EIBVIONT b 3 =9 2H RO X RIEO T A asien
; e ‘ SRR TR T 29 60
SU | WAL 7L =y AR A COMENE | BARY o I TR
82 | 732 ARROTRE AR AR (e s MAST2L AR22M7 =7 5,
(UAC)) AT
SO T35 X O £ LB L - 2 BT T 6 4 (UEXTH) el HAT VI =9AHa 7 3= Ak
33 . (UEX) 1l #3755 53 2
AA2013 D% Ol T 2) ZTHZ, (2017).
SUPRINE, LR, LT
Y KW ) 3 LB 55 2 Al ORI IS e o | HATAI=UAME 294 PR
M RO ARG, RERAT, B R, (2017).
‘ } o WERT, SHEE, VD] A ‘
AR ORI RGN RATT 7 027 5 Metkoy | DI IBEE SR AL e s o e oo e i o
5| PR, JARRAL UL gyt geseicss, (017).
.- . e HR7Z VI =T A& [ThI=v A -
36 | 73 = ADREE L B A HOREZ 52k | (7 - B0, (2017).
A ‘ HAT V=9 Al @lkE 459
37 |, #iZeR, M5 HHL. LA, PSI BRI B v
g e HAT7 IV I = Al &ILRS: 55
38 | SR AKFN B o
I ‘ HAT V=9 Alha @LkE 459
39 | EIBHIT V3 = A BB ORI - F L WA B v,
40 | B HA /B AT E%%%sagﬁm% RIKS: 5
HAT VI =Y Ale 7V I =y A8
41 | 7N = A OUIHRE TR G — 70t AEMARIK - FEAMER 70 Y
7+, (2017).
e I HAT V=% Alh @k 45
42 | TV =T AOFME - UL - S G MR, (2017) .
3 | 72y n b a0 e I 777
1| 7020 2RO ) & 2 DI e R oy IR AL
) e e« A (UAC]) P50 LT FHEE A (ISMA) h— X
45 (RESE] G - FHRE TV S =7 A& ORI A28 (UMK FH#Z ISMA Report No5

ORERALIZH T

(HIEKRF) AKH—

http://isma.jp/pdf/isma_report_05.pdf

UACJ Technical Reports, Vol.4(1) (2017)

127



[BAFEOIO—NIVZIVZEZOLATv—TIb—T| £ELT,
HAMIE CHRERZRIELTCEVIET,

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 EEHIRE
OBEHERANT « ¥ — b1 ONGT VI

OfZE - FEEM @ ITBSiEr
OIFIVAT«AUH @R - FEHEEXERER
OENRIR A QEERIR

finze - FEHM NG5 > T#%

7z U— RIS NZEN LT
TBLEWVFED = — (xR

8BS, REHEH TSLESEBORENILBVT, 9
BORMED, SEFRRICEMT SNIRMAZEN L.
BREGHRHEMEPHRENIRRZERE. 5 LIKEh
ZENLT, BEE. EEHEE. MEH. OARRL L,
BLEVWABO-—XCBHEALET. &UBEFREER

[CRETNL, ERAOEEILRICBVNT. Kifie RED
ERERIIRIEH - BEH —®ETL—LH S SBBELLICEDTNET,

OB EEAIREM - BEM @T"WEIL— LM
OESHARKNL NS LM @AM ER A

UF D LA A VBB EBUIHEG LS
K= — XTI R 2 HmERICEND
BHRPCEERGEDTENN S, REMKAILEEDE
AR, BRIV T VY PEHAOBENRG EOEERE
FT. SHFTFRYBFLBREART LI =Y ABCEEE
ERHEUTOET, B - TRLF—MEEERIC. 18
BEOEB G SBHIENTO- XN BN, UF
DA F Y BHADEBBER U, 5= —XIHAD
ERBEME - BIELTLFT.,

UF D LA 7 VEHEERAE E#m - (tFRAE

OUF U LA 7 VEMEEFRE
Q1T UYHE OEER - (LFmAH
O=Rm - BXRAHE OBERRAE

OEM S



I—IRF+—IvH 15,000 t RBUEIE L AH
VT yBRa—IL

| sAEsz

EEREMNEEREFHZFNLT
BVRRHZER > ICREZERR

BN TIE. BEHERMZEN VR 27 1D
I—RFv—IvEHIVFIUYYRA—=ILZEITO—-NIVIC
g, BMENHTIF. BRRABRDEE S L 2 = 55 E
LT, ABBERND——XRICIHGZTVET .

05— RFv—IvARRBEIY Ty IikA —ILEHY
Oz - FEHEMAEER @ HEEMAISR

O REBLLERERIER

|_;(;I\.1
Il
Ll.jNl\,u_ﬂln_i‘\-"“m‘ﬂ,w
HELTELELL
I73VEANEECEE EKBHREEE
QvFoYFa1-I)

plNEEE=S

fHDEN=RMEFEZEEN LT
BLLW=—XICIHA B REZRMH

T EIChe2EiMiE / ONDDEREEFNLT. B
BIREE - iEE2E - FIVESIUNRAERE., TFLY
FREICLTHBEIFLTWVWET, CEEPLMEME. 1T
%, FIEEEVSTEREMFRZEEN LT, I7IVREDS
EEREaTZE U, 8K - 55008, BEEPERRE
BOEE. ISICIIBEBFHESBSHTAOE— NI TET,
ZHRBEESFOZ—X(CHADHEREHRIELTVETD,

O I 7 1VANEEMNIEE OitimFARNE

OEFE - HIXFKE OSEHIREE
OEKEAMEEEE QYT VYFa1—D)
OEKERAFIVE

NZALINZIV NSRS

TR FER TP

BRI EREFEiiZEEN LT
HS5WBNIT=—RITHR

BENIHSESINTI. KAWUE BRFT. H50310
T-—RCHBTERRMBEFEMEBLTVE T, BB
AR IR BEEER SN IRZEEL. BLVESE
PED=—X[CHATVET,

O1EEHm @ BEINTRE
O - ARG OHEEM R

PIWEZULOEELBGHRZRMS L.
iz /R—Y 3V DRIHZBELET

PILEZO LAOTRESRZEER U, FlREEZRIL Y B, UACIE. TIL—T DR
FFRHLRTH S [UACIHIFREFAERTRT] Z8#(C. SBHRE LB (RO R G LEHl

DRFEZHELTNET,




Ty\yd)tj’b\j:p\/n\t LJ-Z-\ |_.||:||:|¢”~ iy
—NNILICHBEIFLTWVWET,

With a focus on Asia, we deliver high-quality, reliable products to

N
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RUYUAN DONGYANGGUANG UACJ FINE ALUMINUM FOIL CO., LTD.

BEERARZREME E YT YED
DEICHIFZIENEEL TG o o

.\

Main production base in China for automotivelheat; exchanger materlals
and electrolytic capacitor foils. =

UACJDHEDENEEMSRE UT, BIRERAMRZE B
F/30,000 hEEEL. %ﬁ”jy?‘yﬂ[C33b\—C(3i1ﬁ =
RhvFyz7EEVFT. UACJDEEREMEE
BREREENL. PERICERELGERZI O— /\)l/(L
EHULTVET,

As UACJ's major production base in China, this group
company produces 30,000 tons of heat exchanger
materials per year, enjoying the world's largest market
share, globally, in electrolytic capacitors. Drawing on
UACJ's advanced technologies and extensive experience,
the company delivers quality products worldwide.

B3 HmN (i) BImANREN (LiB)
R BERE] I ERRAT

UACJ (Shanghai) Aluminum Corporation SHANGHAI UACJ DONGYANGGUANG
ALUMINUM SALES CORPORATION

hEDHERRDIF(C BENEE AR D
ZIW==Z9 LANmDIRGT PE(CH 1T B EHERTTHLS

Aluminum product sales to customers in China Main sales base in China for automotive heat exchanger materials
BAVHE. 7 I7HHTRIE LTz UACI ZIV—T DOREZHED HREH UACI ELRREARHRIER B D BRAT D HE TRIL
BEROIFICARTELTVE T, UIcEBERMHEORFERE TY .. EICEHEBERAIREM.
FRPZIWIZDLAHBE UTEM. BARZERE>TVET, BRIAVFVURAZIVEZOLBERIE>TVETD,

This dealership is a joint establishment
between UACJ Corporation and Guang ¢
dong Dongyangguang Aluminum Co.,

Ltd. that sells automotive heat exchanger
materials. This affiliate primarily handles |
automotive heat exchanger materials and

aluminum foils for electrolytic capacitors. ;’ Iﬁ

This affiliate sells UACJ Group products
made in Japan, China, and other Asian
regions to customers in China.

Can stocks and plates are provided as
the chief aluminum products.
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Thick Plates Automotive heat exchanger materials
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clients around the globe. ;ﬁwﬁﬂ%iéﬁﬁtﬁ?&ﬁ%ﬁﬂﬂﬁﬁ].
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UACJ Extrusion (Tianjin) Corporation

HENTREDOPEICH 3D ESEERLST

Main production base in China for extruded products

UACIHEENTRROPEICHFDEIMRELT, 7L
ZOLBEMERE. RELTVLET, THRRBEERE
PI7 IV ORIREICERTNEZNETT,
ENELSICEH, BRBEOEM. BRE/NAT. IIIa%Z
BUR-STHY ., BEHROBRLRCBLEICRBRFRERE
REITDIENTEFY,

As the prime UACJ extruded product manufacturing base in
China, this affiliate manufactures and sells extruded
aluminum products. The core products are perforated pipes
used in the heat exchangers of automobiles and air
conditioners.

Aside from perforated pipes, the company's product lineup
includes quality shaped materials, precision pipes, and other
machined products, all of which can be proposed as optimal
solutions that meet the varied requirements of customers.
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UACJ (Wuxi) Aluminum Products Corporation
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Main production base in China for machined products

UACJEZRBINIOHPERRE LT, RENDBBLGSES
ERIEESER > N— I RUBKEEDE T HAIRAT L=
TOLNIRG. BEEQIFARESRREDOREZT>T
WEY, BRETEEEDRVIITREZRHULTVET,

As the UACJ Metal Components Corporation base in China,
this affiliate manufactures inverters for large, precision
heavy electric control machinery, machined aluminum
products for railway vehicle heat exchangers, and thermal
products for automobiles. This affiliate provides high-
quality, reliable machined products.
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Tri-Arrows Aluminum Holding Inc. (KE)
Tri-Arrows Aluminum Inc. (KE)

Logan Aluminum Inc. (GKE)
Constellium-UACJ ABS LLC CKE)
Bridgnorth Aluminium Ltd. (&)
RSB FNEEERAT (RE)
UPIA Co., Ltd. (33E)

Higeiz (RiE) BBIRERIRAT (hE)
PT. UACJ-Indal Aluminum (f > K& > 7)
UACJ Extrusion (Thailand) Co., Ltd. (% 1)
UACJ Extrusion Czech s. 1. 0. (¥ 3)

UACJ Foil Malaysia Sdn. Bhd. (v L —<7)

UACJ Foundry & Forging (Vietnam) Co., Ltd.
(N RF L)

UACJ Copper Tube (Malaysia) Sdn. Bhd.
(rL—27)

z O i

UACJ Metal Components Mexico, S.A. de C.V. (¥ ¥ 1)
UACJ Metal Components Central Mexico, S.A. de C.V. (X %3 1)
UACJ Metal Components (Thailand) Co., Ltd. (% 1)
P. T. Yan Jin Indonesia (1 > K% 2 7)
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UACJ Automotive Whitehall Industries, Inc. CKE)
UACJ North America, Inc. CKE)
BEHNRGN (LB IEMIEERRAT (RE)
UACJ MH (Thailand) Co., Ltd. (% 1)
BREN(LE)SEMERRAT] (RE)

AFSEL S. A. (¥ +)

UACJ ELVAL HEAT EXCHANGER MATERIALS GmbH (K1 V)
UACJ Trading (Thailand) Co., Ltd. (% 1)
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B EAE (BL) £BHSERAT] (FE)

B EHEAE (F5) ESERAT (FE)

BREAE (KEFREX) S ERAT (FE)
UACJ Trading Czech s.r. 0. (F 1 3)

UACJ Trading (America) Co., Ltd. GKE)

UACJ Marketing & Processing America, Inc. CKE)
UACJ Marketing & Processing Mexico, S.A. de C.V. (# %3 1)
UACJ Australia Pty. Ltd. (ZMW)

Boyne Smelters Ltd. (M)
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