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Foreword

Research and Development thinking
for 2030 and 2050

Chief Executive, Research & Development Division
Executive Officer, Member of the Board

Seiichi Hirano

Upon publication of “UAC] Technical Reports Vol.7 No.1”, I would like to draw your attention to the following.

I returned to R&D as a chief executive after eight years my leaving R&D. Before then, I was a manager of
process technology and product design in Nagoya Works, quality assurance in Fukui Works, and quality
management in head office. I have learned UAC] group business including overseas. One of my careers is to have

good relations with a lot of customers for a long time.

In the last one year I have insisted on approaching the activities with considering five years later, 2025, ten
years later, 2030, and thirty years later, 2050. Thirty years ago, 1990, we were in the bubble economy, and iPad
was released ten years ago, 2010, since then the aggressive innovation in IT field has continued. Sustainable and
satisfying society may be desired in 2050, without high concentration in Tokyo area but with local areas
coexistence which leads to environmentally friendly and disaster resistant era. I believe sophisticated
infrastructure in urban and local is essential for mature society, which accelerates automatic driving and so on. In
the international situation among China with the larger power, USA with good relation, and India, IT big country,

it will be more important for Japan to contact these three countries as an Asian country.

COVID-19 spread all over the world and carbon neutral focused from environmental issue in 2020. The year
might be remembered as the starting year to change the world. Aluminum has enough amounts of earth resource
and recyclable light material. Using a lot of recycled aluminum leads to environmentally friendly and human
development. The R&D Division developed health care products such as face shield of aluminum frame with
copper plastic film for hospitals and “open detect foil package for medicine tablet” development promotion. We
pursue the appropriate quality consulting with our customers and apply active approach for horizontal recycling
like CAN TO CAN continuously.

The R&D focuses 1) Basic technology, 2) Process technology, and 3) Products development, approaching
present fields deeply and new fields exploring the use of Digital Transformation. UACJ R&D is located in Japan
mainly, and also in Thailand and USA, where UACJ has main facilities that support it. We continue to implement
structural reforms until 2022, and UAC]J plays a role for establishing the sustainable and satisfied society for 2050

and has to start the actual concrete action for 2030 now.

UAC] internal research reports have been accumulated for more than 100 years. We continue to publish for
releasing our research activities and technical information and conveying them for the next generation. We

greatly appreciate if you give us your advice and support. Thank you.

(March 2021, currently Managing Executive Officer, Member of the Board)
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Visualization of Metal Flow and Adhering of Aluminum Alloy
in Three-Layer Clad Rolling*

Gaku Torikai **, Yoshinori Yoshida®**, Mineo Asano**** and Akio Niikura*****

In cold and hot pressure welding, the mechanism based on oxide film breakage by surface expansion and
diffusion through newly formed surface is suggested. It is explained that the mechanisms of the
dissimilar metals joining in pressure welding and clad rolling are same, although the deformation in
pressure welding and clad rolling is different. In this paper, the mechanism of the dissimilar metals
joining in clad rolling was investigated with visualization of metal flow and adhering of aluminum alloy
in three-layer clad rolling.

The clad metal consisting of the upper liner material of 4000 series aluminum alloy, the core material of
3000 series aluminum alloy and the lower liner material of 7000 series aluminum alloy was hot-rolled at
813K. The upper-and-lower surfaces of the core and liner materials were trimmed after casting in order
to remove the inhomogeneous layers. The cutter marks of the core material remained in the upper-and-
lower surface. The upper-and-lower surfaces of the liner materials were flat, because they were hot-rolled.
Firstly, the metal flow in clad rolling was visualized. It was clear that the interface condition between
core and liner materials changed from slip to stick. Secondly, the interfaces between core and liner
materials were observed. It was recognized that the newly formed surfaces after the breaking of the
oxide films were contacted like pressure welding. Finally, the fracture surfaces of core and liner
materials were studied. Both surface profiles of core and liner materials were deformed and many
dimples were formed in the newly formed surfaces. The manganese elements which only existed in core
material were detected in many dimples of the upper liner material. Those parts were considered to
adhering of core and upper liner material.

From the above results, it was suggested that the liner materials were joined to the core material,
because the oxide films of the real contact surfaces were broken in the roll gap with high pressure at
first pass in rolling. After second pass in rolling, the adhesion parts were increasing by setting rolling
reduction as the strength of the adhesion parts formed at before pass in rolling was not exceeded.

Keywords: rolling, aluminum, clad metal, solid phase bonding, tribology
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The main part of this paper has been published in Procedia Manufacturing, 15 (2018), 144-151.
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Manufacturing and Production Engineering Department, Automotive Parts Business Division, UAC] Corporation
= R LR BRORAE A

Department of Mechanical Engineering, Gifu University, Tokai National Higher Education and Research System
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Product Design & Technology Department, Fukui Works, UACJ Corporation
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Mobility Technology Center, Automotive Parts Business Division, UACJ Corporation
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Table 1 Chemical compositions of sample materials (mass %).

Part Alloy Si Fe Cu Mn Mg Zn

Upper liner material Al-Si based alloy 77 0.1 - - - -
Core material Al-Mn based alloy 0.6 0.1 0.7 1.2 - -
Lower liner material Al-Zn-Mg based alloy - - - - 22 15

UACJ Technical Reports, Vol.7 (1) (2020)
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Center of length and width & 50
L =
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1]
4 7]
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a
\ 82|
// | 40 mm 40 mm & Temperature=813 K
/ 10 . e
Lower material Strain rate=4.5 s
0 1 1 1 1 1
Fig. 1 Laminated slab for hot-rolling, (a) photograph of laminated slab; 0 0.1 02 03 04 05 06

(b) coordinate of holes for metal flow visualization.

True strain

Fig. 2 Flow curves of sample materials.

18
E 16l
AR ,
2 10l Table 2 Rolling pass schedule.
=
S 10t Pass number Reduction ratio / % Rolling direction
= 3| 1 0.1 One-way
g .
= 6f 2 0.1 One-way
o g4l 3 0.2 Reverse
°
Kool 4 0.2 Reverse
o
0 ) 5 0.4 Reverse
Upper liner Core Lower liner 6 04 Reverse
material material material 7 05 Reverse
Fig. 3 Oxide film thicknesses on sample 3 05 Reverse
materials.
Table 3 Influence of rolling pass schedule on bonding between core and liner materials.
Pass number 1 2 3 4 5 6 7 8
Total reduction ratio / % 0.1 0.2 04 0.5 0.9 12 1.7 2.3
Upper liner material bonded bonded bonded bonded bonded bonded bonded bonded
Lower liner material separated | separated | separated bonded (bonded) bonded bonded bonded
(bonded) : separated partially
4 UACJ Technical Reports, Vol.7 (1) (2020)
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L
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material Upper liner Core Lower liner
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Fig. 4 Metal flow inside laminated slab after first, second Fig. 5 Surface expansion ratio after hot-rolling.
and 8th pass, (a) first pass; (b) second pass; (c) 8th pass.
-~ -~
Rolling direction Rolling direction
- -
Rolling direction Concave | | Convex | | Convex | | Concave
5 mm 30 um
(a) Upper liner material (b) Core material (a) Upper liner material (b) Core material
Fig. 6 Bonding surfaces after second pass, Fig. 7 SEM image of bonding surfaces after second pass,
(a) upper liner material; (b) core material. (a) upper liner material; (b) core material.
UACJ Technical Reports, Vol.7 (1) (2020) 5
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(a) Upper liner material (b) Core material
Fig. 8 Surface profiles on core material and upper liner material before and after rolling,
(a) upper liner material; (b) core material.
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(a) After second pass (b) After 8th pass 1 mm
Fig. 9 EPMA elemental maps showing concentration of Mn remained on bonding
surfaces of upper liner material, (a) after second pass; (b) after 8th pass.
6 UACJ Technical Reports, Vol.7 (1) (2020)
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(a) Lower liner material

Before rolling
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Fig. 11 SEM image of bonding surfaces after 8th pass,
(a) lower liner material; (b) core material.

0.01 mm

0.008

0.004

(b) Core material

Fig. 12 Surface profiles on core material and lower liner material before and after rolling,

(a) lower liner material; (b) core material.
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Fig. 13 EPMA elemental maps showing concentration of Mn remained on bonding
surfaces of lower liner material, (a) after second pass; (b) after 8th pass.

-
Rolling direction

Upper liner material

Oxide film

Core material

(a) Upper liner material vs core material

-
Rolling direction

Core material

Oxide film

50 um

(b) Lower liner material vs core material

Fig. 14 EPMA elemental maps showing concentration of Mn obtained from the interface after 8th pass,
(a) between core and upper liner material; (b) between core and lower liner material.
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Fig. 15 STEM and TEM image of the newly formed interface after 8th pass,
(a) between core and upper liner material; (b) between core and lower liner material.
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Fig. 16 Schematic diagram of roll bonding mechanism of
aluminum clad.
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Fig. 17 Schematic diagram of surface deformation.
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Effects of Impurities and Processing Conditions in Al-1%Mn Alloy
on the Formation of Thermally Stabilized Substructures™

Wataru Narita** and Hiroki Tanaka™**

In this study, the effects of impurities and the processing conditions on the thermal stability of
substructures formed by hot deformation were investigated using a plane strain compression (PSC) test.
Two types of Al-1%Mn alloy were prepared. One of the alloys had a low content of impurity due to the
use of a pure aluminum metal (4N-1Mn alloy). The other was cast by using 1050 alloy (1050-1Mn alloy).
The PSC tests were performed between 300 and 500C followed by annealing at 500C for 120 s in a salt
bath. After the salt bath treatment, the 4N-1Mn alloy showed a recrystallized structure, whereas the 1050-
1Mn alloy retained their fibrous structure. Although the 4N-1Mn alloy showed a small increase in
electrical conductivity after the PSC test, the electrical conductivity of the 1050-1Mn alloy showed an
apparent increase. The synchrotron radiation analysis confirmed AI-Mn-Si precipitates in the compressed
1050-IMn alloy. These precipitates are considered to be the reason for the change in electrical
conductivity in the compressed 1050-1Mn alloy. Small precipitates formed during the hot deformation
seemed to affect the formation of the thermal stabilized substructures. In addition, the study results
showed that the impurities, such as silicon, contribute to the precipitation during the hot deformation.

Keywords: aluminum manganese alloys, plain strain compression, substructure, thermal stability,

synchrotron radiation analysis
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ARIFFETIE, Al-lmass%Mn &40 T ERHKIE K 1
IZDWTC, B O3 AR (PSC) skBrY1C X ) #is
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BASKT 3 A, B X BN L& S
MITHIETHD, TTAMPOLELZYLNITT S
72012, 2HHF O Al-lmass%Mn &2 HE L7 T4
bbb, #k (Fe) #7413 (S) OFHROEVEHMED T
V3= AHEE V72 Al-lmass%Mn A4 (4N-1Mn)
L, 1050 &4 % vz Al-lmass%Mn (1050-1Mn) T&
bo TNHLOEEDFKMETIZOWT, PSCH T
WAZBILH 2479 2 & THA L 72,

2. XBGE

AHEICHNZ2T VI =y L5480 % Table 1
127" T AN-IMn & 1050-1Mn 22T, — i 70 28
BHFEICX D175 mmAD AT T EH L 72,

Table 1 Chemical composition of the samples.

4N-1Mn & 1050-1Mn O 5L T35 Sk £ % G
X DRE L2 TOfE, £h2EN250 um & 94 um
Tholzo ZOHMASIEE10 mm (ST J51), 1FH20 mm
(LT J1A)), £&50 mm (LJ51H) ORERF % FH8 L 72,
B, BB THhOBEBEICEOREE WS 2ITT L7
B, INHDOR T TITIEALMBIZAT D % b o 7o
PSC13300C %> 5 500C O THERE L 720 REH %
INTHREE £ T60 s THImZ ATV, ZD#%60 s DIREFD
%, W35 mmE CHEMEAT o720 OTAHEIZZEN
Zh01 s, 1s 10 sTO=4MECERM L7z EMiR
BEBICKEL, £ 512500C, 530C O£ %I T
120 sEILIR A 4T o 72 R IS THE KRG B 4T o 720 EME AR
Fr T TR % (R DGSE R TR L7z, 72, IEME O
HUOES, B XM ORBIIN L, LERWE %
Fehiti L 720

3. KEER

31 I/0OMEBOEE

O AMEL s THHM L2303 7 oillikz
Fig. 11”96 AN-IMn D¥;45, 300C TPSCilERZ AT
o 72T IS MHE DL 2 7R L 722%, 400C LU E o B2
TPSCHER % AT o 72 3R P 12 BR 20 A L2 F 5 oL 332

(mass%)
Si Fe Cu Mn Mg Cr Zn Ti Al
4AN-1Mn 0.01 0.02 <0.01 0.99 <0.01 <0.01 <0.01 0.01 Bal
1050-1Mn 0.16 0.34 <0.01 0.99 <0.01 <0.01 <0.01 0.01 Bal
4N-1Mn alloy 1050-1Mn alloy
As PSC 500C-120 s As PSC 5001C-120 s 530C-120 s
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Fig. 1 Optical micrographs of the constriction parts of the compression test pieces after PSC test —_—

and heat treatment at 500C or 530C on the 4N-1Mn alloy and the 1050-1Mn alloy.
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Al-1%Mn &4 OB E 2 TR B 2 MW & L4008 13
Oz, EHIC, JEMEEE 500C TR 1T 5 72 & T A TP BN 28 7 T SRR AT S LT
A, TRTOMILEMIT B TR R Z R L L7201 EZ 5,
720 —771050-1Mn D354, PSCiREET% 125007 T 2k
WLPE A AT o T H MR 2 MR L T 5 2 & 25HERR 32 EEFOZEIE
aN7z, Table 23 X U Table 3124N-1Mn & 1050-1Mn 4N-1Mn & 1050-IMn @O $5 3 0 EE R Z 2 h Eh
D3I 7 UHEEEALE ENEIRT . AN-IMn I Z AR TS 294%IACS, B X U305%IACST H » 72, Fig. 212
T CTPSCHBEZ 1T &, TXTOPSCHEEMHIZHB W PSCiEfA D BER % /R T o 4N-1Mn 2 B\ TIEEHME
T500C TORMILFL I RS A EZ R L72e —F e FEEMIR CTEBRICDOT MRS Nz, —
T 1050-1Mn 13 400C DL Lo E T PSCHRER % 17 - 7235 77, 1050-1Mn (2 B\ T FEHE B O BB SR A IEH ki
&, 530C TOHMI % 1T - T HMHEIRARR %2 HEFF 5 5 WARTHEAL R W MERE SNz, 3512, 400C LR
CEDERTE D, F72, 350C LLF o TPSC iR THMRB 24T o 729 v I VIZB VT, EMEET
AT 72HETE, AL IS TS AL A R 2 LAY 3702, FEEMEOEER L B o7
o be LEOFE I, 1050-1Mn £ 4N-1Mn & X
TPSCRERTZICIT & A RS9, 212 1050-1Mn
Table 2 Microstructural change in the 4N-1Mn alloy.
4N-1Mn After PSC 500°C-120s
N Strainratel oy |1 | 10/ | 01/s | 1/s | 10/
emp.
500C F+R F+R F+R R R R
450C F F+R F+R R R R
400C F F+R F+R R R R
350C F F F+R R R R
300C F F F+R R R R
Symbol / R: Recrystallization, F: Fibrous structure
Table 3 Microstructural change in the 1050-1Mn alloy.
1050-1Mn After PSC 5007C-120s 530°C-120s
. Strainratel o9 0|1y | 10/s | 01/s | 1/s | 10/s | 0l/s | 1/s | 10/s
emp.
500C F F F F F F F F F
450C F F F F F F F F F
400C F F F F F F F F F
350C F F F F F F F F F+R
300C F F F F F F+R F+R R R
Symbol / R: Recrystallization, F: Fibrous structure
(a) 4N-1Mn alloy (b) 1050-1Mn alloy
n 32 A 2 —
2 | oConstriction OInvariant = | @Constriction OInvariant _
< < As cast — _ miN N
N 31 77777777777777777777777777777777777777777777 N 31 ’;777;777;777;77’ i = I~ T 1 [
Q Q ) O e e T S 0 A R O
= As cast =
B8O 230t 1 11 | 11 11 [
2 2
S = B
< 29 < 20 : 1 T
= <
S S
= =
2 28 2 28
57 o1 1 10|1|0.1 1 10|1|0.1 1 10 5701 1 01|01 1 10[1]{01 1 10
[} [}
/ 300C 350C 400C 450C 500C M 300C  350C  400C 450C 500C
Test condition on PSC Test condition on PSC
Fig. 2 Change in the electrical conductivity after PSC tests on (a) the 4N-1Mn alloy and (b) the 1050-1Mn alloy.
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EC=K x log(t) + ECo (1)

ZITEC: BEXEK [%IACS], K: E#, t: EHn
TR [s] 2739,
B EFRBE DO ERETA720, Db

Constriction Invariant
M 300C @400C A 500C [0300C O400C A 500C
32.0

318 L V< 0.1332In(x) + 31.589

31.6
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Fig. 3 Relationship between the forming time and the
electrical conductivity.

y7u b IZTXRDMEZ M L72. Table 4122
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FEAE R % Fig, 412789, AN-IMn TiZ, JEMHIZHB VT
FEHWICNS B - BPlEINT, 2O -7
AlosFeooMnog & € 7z LRI BV Tld s

Table 4 Analysis method in Aichi synchrotron.

Beam line BL8S1
XRD (260 method)
PILATUS-100K

Analysis method
2D detector

Diffraction angle 7~49.99 deg
Scan speed 2 deg/min
Step width 0.03 deg

Exposure area 0.5%0.5 mm
Wave Length 08692 A

@ AlsFe,oMng
A AlMn

(a) 4N-1Mn alloy V Al,Mn

Intensity / x1000 a.u.
w

Al |Constriction

| ) ) Invariant
10 15 20 25 30
20 / deg
® ALLMn,Si, V¥ Al;sFe,
B ALFeSi  # Al;Fe,,Mny,

O Al;Fe,Sip; 4 A
(b) 1050-1Mn alloy O AlgFe

sMn
<& Al Fey,Mn,Si,

5

Intensity / x1000 a.u.
w

1 . : Jnvariant
10 15 20 25 30
20 /deg

Fig. 4 X-ray diffractograms taken on the PSC specimens
compressed at 400C at a rate of 1 s™ from
(a) the 4N-1Mn alloy and (b) the 1050-1Mn alloy.
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Fig. 5 Hypothesis on the formation of the stabilized substructures. @: lattice constant.
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Deformation-Texture Evolution
in Deep Drawing of Cold-Rolled 3104 Aluminum Alloy Sheet*

% 3k ok Lk

Tomoyuki Kudo **, Ryohei Kobayashi and Hiroki Tanaka

It is known in cold rolled 3104 aluminum alloy sheets that ears on a cup are formed in 0° and 180° against
the rolling direction by a deep drawing. The previous reports discussed the relationship between the
crystallographic texture on original sheet and the ears, however, significant correlation wasn't necessarily
observed between anisotropy of the mechanical property and the ears. In order to know the mechanism of
the ear forming by the deep drawing, the texture development by the deep drawing should be considered.
In the present work, the development of the deformation texture in cold rolled 3104 aluminum alloy sheets
by the deep drawing was measured by using X-ray diffraction method and then analyzed. Major
orientations found in the deformation texture by the deep drawing were similar to the rolling texture,
however, intensities of the Goss and Cu components were especially increased. Lattice rotation by the deep
drawing was estimated by analyzing the orientation distribution function (ODF) and the crystallographic
mechanism of the texture development was discussed.

Keywords: texture, cold rolled aluminum alloy sheet, sheet metal formability,
orientation distribution function, beverage can stock material
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cube Ji .25 RD #ili iz L 72 {hkO} <001> J{L9 9 %3% 2.
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R W & 2 ETEGHRE BLUOZOREXD
SANEWLPIITAZEREAMEL, WA E LT
VBN 53104 7V I =7 2 A4 I E HEAR % L3
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2. KBRFE

Table LIZRIALFHE D304 TV I =7 2G4 %
DC#i L, Bk THRAbELR, BMITEE, T
HE& NEKAT 9 Z & THIE 028 mm O 6 [ HE HEAR % 1E R
L7z COWMEEMNS S Table 2127R 35T ¢ 87
mm®?DA Y TEFREYVEEL, FL200 Y Th6 ¢
66 mm O v 7 &Y W L7z

EAMMEIIRT L7720, ~AFH U THFRE#O
% M FEREAR O FE T > & X MMl 218 RINT2500 (Fkalsx
v H 78 o CuKa#itZ T Schultz O KEHEIC &
D af=15"~ 90° D #iFA T {100}, {110}, {111} A5 4 hiik B
M Z@E L, f#drY 7 b [Standard ODF'"W% JwvC

Table 1 Chemical composition of 3104 aluminum alloy

(mass%).
Si Fe Cu Mn Mg Al
0.33 042 0.22 1.0 1.0 Bal.

Table 2 Forming practice condition of the deep drawing.

Practice Drawing Re-drawing
Thickness (mm) 0.28 -
Blank -
Diameter (mm) 140 -
Diameter (mm) 87.0 66.0
Punch -
Radius (mm) 35 -
Di Diameter (mm) 876 66.6
ie
Radius (mm) 3.0 28
Blank holder force (MPa) 05 0.3
Punch speed (mm/s) 500 1000

JE B R B 22 Yk O M BUR BRI S X G G 5 0 40 A B B
(ODF, Orientation Distribution Function) % 3K®, %%
KD IR (7 ¥ 7 L) 21372,

F 72D BB O AR OMER BB T 5 720,
ANFH Y CHBERGBRO D v T OEL T o § R
(¢87T mmdDA vy FIEN 520+ 10 mmiE, BLY
P66 mmDOH Y TED 540 = 10 mmiLE) 22537
NVERIL, Thoo@El L7z IV eidkrny
W7 — 7T AR 2 Ko BE L, sk
17> 5 [ £kIZ ODF % Jl5E - BT L72o 2 DMIE - fE#AT
WZhizo T, vy 7O Z EET5 I, B % T
EHERZL, »y 7H B I OWNHEZ E L7z, i
MK OMEX, £HMBEOFREZT TR, BEAR
TOYVTI7VUA VERICE > THWIMT 5 2 & s
ENTWEY, 22T, WD BIBKE O T 5L
DR L, BFEMEN X D BIL L2, Arhow e
WA, 71y TREEDHEHL 2 Y 7 & fE
We, EHTETF M JEM-2100 (H AEFHRalatt
B) AMEA L, METEE200 kV TSR, RHLES
TEIg L7,

3. EEBRHER

¢ 87 mm DA v THEDE S 54 & Fig. 112777, £
EHEHDS0°B X180 EICH N5 0°/180°H &, &
HETFIA) 0 5 450 GaF Rl & 0 45°, 135°, 225°, 315°
PLED A2 2B 5 45°H ORAE L 726 IR S I
720

BHREERB L ¢ 87 mmd A v 7O ODFIZDOW
T, FHEGZEMRGIMZHERTE 59,=0°, 45° Wiz
Fig. 212, FAFBEHMVOHMVEEX Fig. 312z
TWRT o BHEERIZOWTIE, cube i 5 Goss Ji
AL AT THABER 2 04§ B B EHLRK (cube /724 RD

36.2

36.0 1

35.8 1

35.6

Cup height, 2/mm

354 A

35.2 T T T T T T T
0 45 90 135 180 225 270 315 360

Angle to rolling direction, 6/ °

Fig. 1 Distribution of the cup height.
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Fig. 2 ODFs of the cold rolled sheet and the cup wall.
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0 EMEETHMECTBELA-GHEERE L O
Cold rolled ‘ Outside Inside ¢ 87 mm® A v FTHEEOHBE %% Fig. 41283, &
sheet Cup wall BEER & A v ZHREO VTS, $T 7L A 9

Fig. 3 Orientation densities in the major orientations of

the cold rolled sheet and the cup wall.

(a) Cold rolled sheet =
Subgraln boundary e

Fig. 4 TEM bright-field images of (a) the cold rolled

sheet and (b) the cup wall.
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Fig. 5 TEM bright-field and dark-field images of the cold
rolled sheet and the cup wall.
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h = nsin ® sin ¢, 2)
k = nsin® cos ¢, (3)
l=ncos® (4)
u = n'(cos ¢, cos @, — sin @, sin @, cos O) (5)
v = n'(— cos ¢, sin ¢, — sin ¢, cos @, cos ®) (6)
w = n'sin ® sin ¢, (7)

7272ln, '\ IMEEORKTH B, TN - &
EHMOEEMEIZONTIE, FREDF RO %
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FUOREFEORBERIZIZIZF—HLTBY, $24
%ﬁﬁ%m%@%%%&%otolofwﬁnﬁﬁ‘
&, WIS & il e U TR 40° DR R AVE U %
LB Z Do WY BILOWHAER DKL, Fig. 7
OBEARKDEBY 75 v VETEL L, 75 ¥ VIS
&, LOREZMMZA7200 [ LHOIE 2] EamE
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S

[] cube {100}<001>
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0-90°

Q2= 450

Fig. 6 Change in ODF by the deep drawing. Arrows
indicate the directions of the lattice rotation by
the deep drawing.

Table 3 Orientations in the rotation paths by the deep drawing.

@2=0° Cross section

@>=45° Cross section

Orientation o ; ; ; ; ; e ; ; ; ; -
Initial orientation (Brass) | Final orientation (Goss) Initial orientation (K) Final orientation (Cu)
@1 = 35° p1=0° @1 = 55° =90°
Euler angle d =45° ¢ = 45° d = 25° o = 35°
@2 =0° @2=0° @2 = 45° @2 = 45°
Miller index 011}<211> 1011}<100> {113}<031> 112}<111>

Rotation angle

35° around <011> axis

43° around approximately <112> axis
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Fig. 7 Schematic illustration of the plastic deformation
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Fig. 8 Relationship between the stability parameter P
and Euler angle ¢, in (a) ® = 45° and ¢3 = 0° cross
section, (b) @ = 35° and ¢; = 45° cross section
respectively.
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Effect of TiB, Particle Size on the Refinement of
the Aluminum Cast Structure by Adding Al-Ti-B Grain Refiner™

Akihiro Minagawa * *

The casting defects such as shrinkage porosities and hot tears are reduced by grain refinement in cast

products. The Al-Ti-B grain refiner is added to the molten aluminum during a casting process to achieve

the fine grain structure. The Al-Ti-B grain refiner shows a good grain refinement effectiveness, however

the risk of increaseing the inclusions is involved. Therefore, it is required to reduce the usage of the

grain refiner. The optimization of the usage of the grain refiner is difficult, because the inoculation

efficiency varies depending on the manufacturer, content and lots. Free growth model proposed by Greer

suggests that the TiB, particle size distribution is one of the factors that change the inoculation

efficiency. On the other hand, the effect of the particle size distribution have not been verified by

experiment and/or calculation using multiple grain refiners. In this study, a grain size prediction model

was developed in order to clarify the cause of the variation of the inoculation efficiency. The calculation

results were compared with the experimental data which was obtained by TPI test.

Keywords: DC casting, grain refinement, grain refiner, TiB», grain size predict model
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Table 1 List of grain refiners used in the experiments.

Manufacturer Content (mass%)
Grain refiner A X Al-5Ti-1B
Grain refiner B Y Al-5Ti-1B
Grain refiner C X Al-5Ti-0.2B
Grain refiner D Y Al-5Ti-0.2B
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Table 2 The material parameters used in the calculation®.

Symbol | Units | Value
Solid-liquid interfacial energy osL m]/m? 158

Physical property value

Entropy of fusion per unit volume | ASy []J/K m?|1.11x10°
J/m® | 950%10°

Heat capacity of melt per unit Co |J/K m?| 258x10°
volume

Diffusion coefficient (Ti in Al) Ds m%/s |252x107

Enthalpy of fusion per unit volume | AHy

Table 3 The solute element parameters used in the

calculation®.
Solute element | 7/(K/mass%) k/- Cy/mass%
Fe -2.925 0.03 0.10
Si -6.62 0.12 0.03
\% 9.71 3.33 0.0150
Ti 25.63 7.00 0.0044

) Al5Ti-1B (b) AL5Ti-02B

Fig. 1 Microstructures of the grain refiner.

(a) SEM image (b) Measured particles

Fig. 2 Result of the image analysis.
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Fig. 3 TiB; particle size distributions and log-normal
distribution (x, = 0.67, In o = 0.52).

Fig. 4 Experimental results of TP1 test.
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Fig. 5 Comparison of the grain size between the
experiment and the calculations.
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Influences of the Manganese Contents and the Brazing Conditions
on the Brazeability and the Shape Retainability of
the Al-Si Based Alloy Sheets for Brazing™

Tomohito Kurosaki**, Takashi Murase ***, Kazuko Terayama****
Yoichiro Bekki***** Junji Ninomiya****** and Akio Niikura*******

In Al-Si based alloy sheets for brazing, the balance between brazeability and shape retainability is
important. This study shows the influence of Mn contents and brazing conditions on the brazeability and
the shape retainability during brazing. The brazeability was evaluated using a test piece called “reverse
T shape” and the shape retainability was evaluated by a sagging test. The results showed that the
brazeability was influenced by the equilibrium liquid phase fraction during the brazing. Then, Mn
contents and brazing conditions had little influence on the brazeability because these factors did not
change the liquid phase fraction significantly. The results also showed that the shape retainability during
the brazing was much influenced by the addition of Mn. Due to the addition of Mn, many particles
consisting of Al, Si, Mn and Fe were formed during a sheet-manufacturing process and made grains
coarser when recrystallization occurs during the brazing. Therefore, the addition of Mn was effective for
improving the balance between the brazeability and the shape retainability.

Keywords: Al-Si alloy, Al-Si-Mn alloy, brazing, sag
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Table 1 Chemical composition of the Al-Si based alloys.

Compositon (mass%)
Alloy - -

Si Fe Cu Mn Mg Cr Zn Ti Al

Al-2.5mass%Si 252 | 009 | <001 | <0.03 | <0.01 | <0.01 | 0.01 0.01 Bal.
Al-25mass%Si-0.5mass%Mn 250 | 010 | <0.01 | 049 | <0.01 | <0.01 | 0.01 0.01 Bal.
Al-25mass%Si-1.0mass%Mn 250 | 011 | <001 | 099 | <0.01 | <0.01 | 001 0.01 Bal.
Al-2.5mass%Si-1.5mass%Mn 254 014 | <001 | 149 | <0.01 | <0.01 | 0.01 0.01 Bal.
Al-1.5mass%Si 148 | 008 | <0.01 | <0.03 | <0.01 | <0.01 | <0.01 | 0.01 Bal.
Al-3.5mass%Si 349 | 010 | <0.01 | <0.03 | <0.01 | <0.01 | <0.01 | 0.01 Bal.

A3003

aluminum sheet _~

25 mm
60 mm

AI-Si based alloy sheet
for brazing

—>
25 mm

Fig. 1 Schematic of “reverse T shape” test piece.

' Bonding length L (excluding non-brazed area)

Fig. 2 Measurement example of the bonding length.
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Fig. 3 Influence of Mn contents on the bonding length
of Al-Si based alloy at 600°C-180 s brazing.
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Fig. 4 Influence of Mn contents on Sag length of Al-Si
based alloy at 600°C-180 s brazing.
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Fig. 5 Influence of the brazing temperature on the
bonding length of Al-2.5mass%Si-1.0mass%Mn
alloy at 180 s brazing.
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Fig. 6 Influence of the brazing temperature on Sag length
of Al-25mass%Si-1.0mass%Mn alloy at 180 s brazing.
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Fig. 8 Influence of the brazing time on Sag length of
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4. £ =

41 BEMICHEBERIEITETF

BAMEC KRB LY RIZTHNT 2585 %, Wi
WwTlE, rAFERCLDEAMOEILIE, A IR
MAEICRAETAHHBEOLEICIAbDEHEEL
720 FZT, REBTHHE L2805 ) b o P
WA VL & L OBfR% Fig. 912 % L7z, VLOFE
W21&, B H%EEHE Y 7 b (Thermo-Cale, &—% N— 2
(3 ALUMINUM ALLOY DATABASE ver6) % w72,
Table LRI EMEOAEMEE, T2 6 FlEtHE %
T-720 Fig. 9ITRENLT—F O T, Fig 5l2Bw
TLAHEEIE A5 72590C, 180s &, Fig 712BWT
LS ZHE A - 72600C, 0 sl2onTid, 5914
PRI E 72 R TH o 72720, I W IREE
FTHEMEA TGP oD EEZLNRL, 0D
20, INSD258MIIoVnTIE, VL L OMRE#ER
THERETERL, REBRHPLIIBIATRE LHBL
720 I, HMIFR25MUMNOF— 2 IERT A L, VL
WA U CHEBRIC L ST 2@ EZRLTWw5, &
DFERIE, AV RRAIMNGEUEE LA
BWTH, HAWICH LTI VLA KRNI EET S
T ERIRT, BB, L2 Ty MR LT,
U EARE W CHBR B E kK722 25, +091T
Holzs

42 MERMICHEZRIFTRHRTF

2T SRR IS 2 3T RN 2 5T %o
REBTIE, WA RITT S ) Sth0g B3/
S o lehy, VI VTS X o TH L SWERED
L7 Fig. 9IREhbMlbh, A r&ICL5

2.0
0 Al-25SixMn  DALL5Si  AAL35Si

g * A1-25Si-1.0Mn (590, 610°C)
S 18 [| ¢ AL25Si-10Mn (0, 1800 5)
= o
=) 600°C-1800 s ?
£ 10 (E
E,J 610°C-180 s
= | .
S 05 ‘ % Y= 600°C-180 s
A ! i 600°C0 s

0 ¢ 1 590°C-180 s

"0 0.1 0.2 03

Calculated equilibliumliquid
phase fraction, VL

Fig. 9 Relation between the calculated equilibrium liquid
phase fraction and the bonding length of Al-Si
based alloy at various conditions.

UACJ Technical Reports, Vol.7 (1) (2020) 33



34

5 9 N ALSTRE SR OEEYES X W EBE R T 7 BB X055 5o

VLOEALE, FAFEICIEELLDH/hEn, I
&, WEBESVLUAOHEFIZL > TEILLAZZ L
ZRLTW5D, BIERTIE, 7 A EREPHINSE-BE
7 9 A RSB RE R o #E SORL RS S A 3 % WO i AsHE n
L, WFRSTRO)DPESIC% ) REREST L7z L3
E L7z Fig. 61835, REBRIZBVWTS, T
DI SHERLITWINL T3 720, k=
DEBEENRRDOLNS, LML, BWHEOREZTTIE
E i@ Y Fig. 41" END < ¥ A YIRS & % 8103
LRBEEHRHTE LRV, 22T, ) —20WTTH

Vg Ty e Y = R Bl

Fig. 1012 Al-25mass%SiMic~ >~ &L 7z
B2, 5 9 Al it LR B GG R 2R 970 Al kAL
fh@lgicix, %7 ﬁi%ﬁf’é@ﬁﬂ@ L-LT Wi % $ AT
L, N—h—KiExE BB L ) iloR
T V26 & 7 BLAARAE L 72 AR B 2 R D BRAL K IS % T2 ik
S, RICHEMEE A M L CBIgE Lz, f bRk Bl
2T, 1HBEL ) ICHENLERROEN L RTES
720, KR EOMEIITE Lol L2LEDDS,
BB IZH & 2SR kL A RIS EAL 2s3RO H Tz,
XU YHEME N T % v AL25mass%Si AR #
(Fig. 10. a) o&sidbkiix, 05~ 1.0 mmBEEOERE* A
T52L00LBEINLOICHLT, v r%
0.5mass% (Fig. 10. b) % 0*1.0mass% (Fig. 10. ¢) @b L
M B oML, 10 mmEaRESBRZAIEEHTA
bOMBILEI NIz, #E HH*L#*Hj("C‘?)Z) L, A
WAE SR A 2SS AR L 72 RIS B W T, A bk AR

(nof;%nﬂa*ﬂﬁ]i@?—ﬂﬁ"%ﬁib v, 20729
HEBECH LTIE, VLD VRIS & 54
m R RAL DS I L 72 b D e E X bN D, &
B, V% Lbmass% il L7zAE i, HUIKZHS
mohz & O 20 K SRL DS IAE - 2 IRAAIR CTh o 720 €
D7D, Ml 2 KSR AT & T B ERAL AT
WAL, <A rimmaEssfKas X0 i 2
PEPo7zEEZ HN5,

YA VEIN X BRI O Z LI owT S

WCEET 5, BATMEICLS L, ALMnRA 4
BWTE, YA VP ALMnZROE MR T % K
TAHIET, AHIMFTOHFMMBEIBELIH L, F
MR 2SR b T s e ZEZz b TCnwa Y, 22T, <
H U ETRML v Al-25mass% Sitih (Fig. 11) &,
Al-2.5mass%Si-1.0mass%Mn it (Fig. 12) O 5 9 {4
D HRL 0 A & IR U 720 85 AR T V‘ﬁ%ﬁ%‘“(
&, A ) HTOME 2 ERATE I L, TEM#I%H
TNV EAER L7, BlIEIZIEZTEM (H $€E?%§]EM-
2100F) # vy, STEME— FTHIZ L7, 72, EDS

Fig. 10 Optical micrographs of the grain after 600°C-180 s
brazing: (a) Al-2.5mass%Si, (b) Al-2.5mass%Si-
0.5mass%Mn, (c) Al-2.5mass%Si-1.0Mn and (d)

Al-2.5mass%Si-1.5mass%Mn.
“
(d) Mn (e) Fe
400 nm
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Fig. 12 STEM image and element maps obtained by
STEM-EDS results of Al-2.5mass%Si-1.0mass%Mn
before brazing: (a) STEM image, (b) Al (c) Si, (d)
Mn and (e) Fe
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Cooling Waterside Corrosion Behavior of Aluminum Alloy Clad Sheets
for Automotive Radiator*

Hirokazu Tanaka™* and Hiroshi Ikeda™**

The corrosion behavior of clad sheets made of aluminum alloys in automotive radiator coolants was
studied for 99.7%Al, Al-1.0%Zn and Al-2.0%Zn alloys clad on the 3003 core alloy. The materials were
subjected to elevating-temperature aqueous solution immersion tests and to electrochemical measurements
in coolants with pH varying in the range of 7.5-10.0. Significant pitting corrosion with a black colored
oxide film formation occurred on these clad sheets in the coolants at pH 9.5 and 10.0. For every clad
sheet, the depth of the pitting corrosion exceeded the thickness of the sacrificial anode clad alloy and
progressed to half of the tube thickness in 60 days. In the anodic polarization of the 3003, the steady-state
current density was high and the pitting potential reached to more than 2000 mV vs SCE at pH 10.0, even
though the open-circuit potential was between -1600 and -500 mV vs SCE. The polarization behavior of
Al-1.0Zn was similar to that of the 3003. These results indicate the ineffectiveness of cathodic protection
by cladding Al-1.0Zn as a sacrificial anode. Based on the experimental results, a corrosion mechanism for
the clad sheet in a weakly alkaline solution was proposed related to the oxide film formation and the
localized corrosion without the cathodic protection effect.

Keywords: automotive radiator, corrosion, alkaline solution, clad sheet, sacrificial anode
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557 V7)) LLCH O B IZBI L Tid, pH105D
KB P ORAEERIME SN T L5, BE(LB
ZIZiFfnohTB 5T, WEMIIE XIZTTKERD
pH RIS & DL AT DE IOV TIN5 »
ZE3NTWZRW,

Z T TARIFZE T, HEPSEFT VA ) EHIKERSE
TICBIFE27 7y FHOBREALZME) WAEZEE L X
(T3 pH, MEL 2 T v FMOILFR G OREEZ AL
726

2. RBTGE

21 fEM

79y FMEMET 264 LT, LMICI1E3003,
HHUKMIEIZ1299.7%Al, Al-1.0%Zn & Al-20%Zn, %
ARG ITI12 4045 % v 720 A4 0% B E AL
L72%, M OREISEHARME G4, —HotR
MIZOoWTIIMD I ZEZZME G EEZFED 7 T v
FEIZ B L) MAEDETHAMEDEEEL 72, 3
LT, WML, BEHEWHIEED TREZETES
025 mm®»D 7z F v KM & L &B, 997%Al & 3003
HIE OB b RO GMETHER L7z 2o oWb %,
ANESZPHA S 9 AT H & T 868 KT180 shn#h L
fezkA & L7zo Table 1IZHEEM DL 45,
FEREBREERT,

A

22 HER&E

ABRICIE, LLC &2 MK T30 vol% AL, &5
WZNaOHZRIMT 5 Z & TpHE 75, 80, 90, 95¢&
10023 % L 72Kl A vz, LLCIZIE, =F L~
7)) 3= VIEEEAT0 vol% Lh LT, BigiAl o E R 5 A
Y VYR T AT Autoin80 & FV 72,

23 REEHR
P 2040 mm, £33 80 mmTHYIH ML, WwHIK
PR HENHE 30 mm, £33 70 mmOFEHHZFEL T, 4

W I & 22 S R T & Aidg T — 7 L v ) a— ViR T
RAF Y7Lz OxR B & Lic, ENENROKE
WCRBR T A 4 & L, 363 K, 377 K& 388 K4
T 3600 sHIPRFEL72RICI Y L, HKEoOZEERE
BEERBIE L, 72, TRZROKERICRBN %4
B &L, 361 KT288 x10% s, =i T5H76 x 10? stf
FET B4 7 VR ERK60 II#ED & L7z 4 7 Vil
B REE R & W%, TH10 mm & S 20 mm O T
B L, 180 EEH A MITH, MR &2 SEM BigE
L72e 512, REBFZ) Y By o b THBL T
W A BRE L7tk FERBERICL D BARRS 2
E L7 MABEIICOWTIE, BIREOHEL, b
FRAMMEEIC X 0 Wi X 7 vk BlgE L 7o,

24 BRALZHVEIE

M 2 IE 15 mm, BX80 mmTY YL, @wHIK
AETEICIE L0 mm, EX10 mmoOWMEmZFEL T
I—UBIRCTYAF 7Lz b 0% B & Lz, H
REMEMIZOWTIE, FilT432x10%s, 373 KT
432 x 102 sBRFET A9 4 7 v % 3 I\ D &3, 3600 s
T LA L7z s ARIC oW TIE, Eilk & 361 K
DKBWHIZBNT, TVIT Y HATHRL %255 #
513850 mV/min OE)EM DS L 0 e Lz sl
SEDRMLILE LT, 60T ?D10%NaOH KT T30 s
MR X HmATEL, HivTRIED30%HNO; KIEH T
60 sHRE S HALEEI L 720 PEIH 725 B
BEAIA T A NVERTH D,

3. #& R

3.1 BEKBRPORE EHR

Fig. 112 Al-1.0%Zn/3003 7 5 v K4 & 3003 Hi & 44
%, pHA75, 80, 9.0 & 10.0 D &K T3600 siz
HELABORMOEMIREELZ R, Al-1.0%Zn/3003
75y M oYE, pHISTIXHHKME TH 5
ALLOZn D EHIZRMEIC LS FEBERRZEL TV

Table 1 Composition of the specimens.

Water side alloy Core alloy Air side alloy
Chemical Chemical Chemical .
Specimen composition Cla.d composition composition Cla.d Th(l;l;rll)e S§
(mass%) ratio (mass%) (mass%) ratio
. (%) . . (%)
Si Fe Zn Si Fe Cu Mn Si Fe
99.7%A1/3003 0.05 0.15 - 20 0.2 0.5 0.15 12 - - - 0.25
Al-1.0%Zn/3003 0.15 0.35 1.0 20 0.2 0.5 0.15 12 - - - 0.25
Al-2.0%7Zn/3003 0.15 0.23 2.0 20 0.2 0.5 0.15 12 10.0 0.3 10 0.25
99.7%A1 - - - - 0.05 0.15 - - - - - 040
3003 - - - - 0.2 0.5 0.15 1.2 - - - 0.30
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720 7z, pH80 XL 90TIX, KMNIIKEH) S FLDE
mEE L THED, FFIZpHIO T3 K THRE[LAHHE
TH o720 pHINO T, KRIMIEICL ST Ty F 7
ENTHEL Tz, 72, 3003HiEDW4, pHTS
TIZ AL-1.0%Zn/3003 & [FBRIZ, KIMFMEIZ X 5§46
FEtIR%Z £ L Twiz, pH80 ~ 100 T, FKilild)k
POREOLEOEELTEY, pHEMED EAIZHENY
BEALDBHF 2 BN H 5 720

32 BEKBRPOREY A VILREEHR
=&ML S, Al10%Zn/300327 7 v N
CBWCTRELZ AL MERE 2§ 572005

7V — 5 OWHUKMERE L L Tikd — kW% 361 KT

288 X 10% s, =R TH76 X 10% sPrR¥FT 2 FelhA MY L
TEY, CoFEEHWEZ LI L, F72, 363 KT

3600 s D & EkERH%, pHI0 L 100T, Al1.0%Zn/3003
77y FMICE T CIIEMEBAESEL T2 Eh
5, pHI.0 ~ 10.0 DK D J A4 H) % FEMN AR ET
T 5720, ABWopHIZ75% iKkE LT, 75 90,
95 & 100D 45MFE L7z,

Fig. 212, 99.7%A1/3003, Al-1.0%Zn/3003 &
Al-20%Zn/3003 7 7 v FH & &K KEHE T TS 4 27
WA ERB 3094 7 V) L-#osBleRd, Rk
B OIEEMIII~ AF Y ZORBTH Y, FEM

L, WEIAY363 KA, pHA80 ~100&#% 2 5 HICAHE L TCws Atk E Ty ) a—-UBRTH 5.
N5, ABRIEA 363 KEEOREERB EE LT, WINOMEHIBWT D, pH75 THRIMISELIR%
(a) pH (b) pH
75 8.0 9.0 10.0 75 8.0 9.0 10.0
Temperature Temperature
Metallic luster Light gray Dark gray Black Alkaline etching

Fig. 1 Surface discoloration of the water side alloys of (a) Al-1.0%Zn/3003 and (b) 3003 sheets after the immersion tests

in 30 vol% LLC solutions for 3600 s.

99.7%Al/
3003

Al-1.0%Zn/
3003

Al-2.0%Zn/
3003

Fig. 2 Appearance of the samples after the temperature cycling immersion tests in 30 vol% LLC solutions for 30 cycles.
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ELTHEY, WERIBSEIN G572 XRDHIZ

X0, REIEXR=—<4 PPERLTWDE I L ZHERR
L 726 99.7%A1/30037 T v F# ¥4, pHIOTIE,
WEIKARE 0 99.7% Al R TNIZ R EL L T, T 72,
pHO5 & 100 Tl, FKiZz vy F 7 E3NTENENIK
e HEIcAB L TBY), WERPZHBSE S,

AlL.0%Zn/3003 7 7 v R DYa, pHA%9.0 T, Fig. 1
DA & RGN LR L D BHFE IR > T
720 F7:pHI0O0TIX, Fig. 1 TR Xtk I8 M2
Iy F el Tnwinlzx L, Fig 27T, 30%
47 vik (B IR & L T8640 x 10% sIZHIY) 2B
ZALLCTH Y, pHIO & 100 & bz, FH SR ORI

PR IO R EARD i, pHIS TORED
pH.0X 100 L MAETH Y, BAIRIZpHIS & pHI0.0
THFETH o720 Al20%Zn/300327 T v R OYE
Al-1.0%Zn/3003 7 F v F#F & FERIZ, pHIO ~ 100T
BB 2 AL A UCB Y, pHIS & 10.0 TH IR AH
FEThoT.

BELBRRIFEECH > 2 &Mh0—2L LT,
pHI100 DB £ 7 V& &l 3091 7 V) %o
Al-20%Zn/3003 7 7 v F# % vy, 180 BER AT L
72t o3 % SEMBIE L 72, Fig. 3OSEM&IZHB W
T, WHARM T O KB 2135 um PLEIGEL TB Y,

— ) e ARFRALE R S D1 um BE K& B2 T
Wiz, ZOREE XRD M L7228, KEBIIIERE TH
5720 iR THA U 2 I O FIEERPMAR—< 1
FEINTEYO, F/ EEOREMIIOVTIE,
P R M T AL & O FeX SiZk & DAY L HE

Fig. 3 SEM images of the surface of a bent
Al-2.0%Zn/3003 sheet after the immersion test in
30 vol% LLC solution at pH10.0 for 30 cycles.
(a) At low magnification and (b) at high
magnification.

DRI AT N THEL S EOHERH LY, &
Bl OB &R CELZRENMD, AEOBREE X
bNb,

Fig. 4|\2&KBEWP TOMWMEY 1 7 Vi & BR60
P A 7 NVEORKIBEERERS %, Fig. 51CRKEETO
Wi X 7 A RS, W oMEYS, pH75 TOMR
IR TD - 720 99.7%A1/3003, Al-1.0%Zn/3003 &
Al20%Zn/3003 7 7 v FMOYfr, EhEn oK
ARSI FpHO LAV RLTHE Y, FFICpHISLL
L TCEDMEINABAE TH o 720 pHISLLETIE, AL
FLERIGERLTBY, WARS IBEREHE LTo
WHAMBESEE S 2B, OHIESO1/28EICE
LTWwWize —7F, DTBAIHEM OYE 27 5 v Fi &
RS, WAEBEBIIILETHY), BARERSIEpHO LA
u%w%ﬁtfwtoﬁ7ybﬁt%N%M$EH®
REIZBWT, 79y FHOBAERIIHEM L[5 0
INEL TV, E512, 79y FHOBEESZ
HIM OB RIS L THEPKRE L Ro T,

33 HREKBRPOBREEENL

HAREAMREN % Fil & 373 KOMEY 4 7 VT Cill
EL720 SAUTIEEY A 7 ViR & BR S E oo i HE
PCThobEN~ 361 KEEh, X0 &EIRMOZESED
HbETWETESL LHIZ, HERMWAE 30 vol%LLC

0.300

@ 99.7%A1/3003
4 Al-1.0%Zn/3003
9 Al-2.0%Zn/3003
0200 — O 99.7%Al

0.100

Maximum corrosion depth / mm

0.000 1 1 1 1 1
7.0 8.0 9.0 10.0

pH

Fig. 4 Maximum corrosion depth of the samples after
the temperature cycling immersion tests in
30 vol% LLC solutions for 60 cycles.

(d)

Fig. 5 Cross section of the samples after the temperature cycling immersion test in 30 vol% LLC at pH10.0 for 60 cycles.
(@) 99.7%A1/3003, (b) Al-1.0%Zn/3003, (c) Al-2.0%Zn/3003 and (d) 99.7%Al
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O HETDIBKIZLAEDDTH %, Fig. 612,
99.7%A1/3003, Al-1.0%Zn/3003 & Al-2.0%Zn/3003 7 5
v M, TN 3003 B A 2 pH7.5 & pH10.0 KA H
THE L7 HRBEBEMEZRT, 77y FHIZOWT
i, WIENLHEERMA S TUE LR TH 5.
pH75 OKERH OB, R TOHKRBEMEA LY
4 7 )VHDS-400%* 5 -1000 mV F T o #i P ¢ HLHH 12 9%
A 294 7 VHED-800 mV HifRTLEE, 34 7 IVH
A3-400 ~-900 mV DM TRE LA L7z, 373 KTD
HAABEBBEMNIE, 194 27 )V HH-1200 mVEifk, 24
A 7 IVHAS-900 mV, 344 7V HA-800 mV Hij#% T,
AT NUPEZBIEVEIL L7, 34 7 VHIZ
=700 ~-1000 mV O TR E S EH L7z, M T
L7246, AlL20%Zn 2% H 8T, Al-1.0%Zn & 3003
ARG B > 720

pH10.0 DKEE P OYty, HiTO HIREMENLIL,
1494 7V H2A3-1000 ~-1200 mV THER L7248, 2%
4 27 VHPEEIZ-500 mV & HIC2 b L7z. 373 KTO

()
0
& RT. 373K RT. _ 313K  RT _ 373K
wn
©
E -500
~
=
=
& -1000
(=}
[«
B
=
bt
‘5 1500
g -@ 99.7%A1/3003 B AL-10%Zn/3003
) @ AL20%Zn/3003  -O- 3003
-2000 1 1 1 1 1
0 432 864 1296 1728 2160 2592
Time / 10%
(b)
0
& RT. 313K RT _ 33K_ RT _ 373K
wn
2
E -500
~
=
=
[=}
S -1000
(=}
[«
B
o
—
S 1500 |
i) @ 99.7%A1/3003 B AL-1.0%Zn/3003
S @ AL20%Zn/3003  -O- 3003
-2000 1 1 1 1 1
0 432 864 1296 1728 2160 2592

Time / 10%

Fig. 6 Open-circuit potential of the samples during the
temperature cycling immersion tests in 30 vol% LLC
solutions at pH (a) 7.5 and (b) 10.0 for three cycles.

FARBREMIE, WTNOHFA ZILIZBWT3H -1200
~-1600 mV O THR L7z, G&BTlRIEELZGA,
300325 b BT, 99.7%Al 2% b HLRMEINIZH - 72,

3.4 FBEKBRHPOI BT

Fig. 712, Al-1.0%Zn/3003 7 7 v N#f & 3003 Hikghr
% T, pH75& pHI00Z N ENDKEFEW T T, =
& 361K Z M Z AU PRIE L 72 5o TR L 72 53 i
Y. 79y FHIZoWTIE, HEIKMEE 4 Tl
ELIAERTH S Al-1.0%Zn/3003 7 T v FHF & 3003
HEEME DIZ, WTROKBEBRTIZBWTHLAEN
132000 mV U L&D TETH -7 HARBEMND? HF
PO > TEBFE WML 2%, B0
WZxf LB BB A —E & 7 5 8% BRI
Al-1.0%Zn/3003 7 Z v F#F & 3003 gt & 12, pH75
DM E 361 KABAENZNE A -ecm? & F1 uA-cm?,
pHIOO D & 361 KAZFNFNE T uA-ecm2 & EH
uA cm?TH Y, WEEpHD LHICHEVWE KL Tw
720 361 KTpHIOOD KEH P CHE SN 228G
A cm P OEREERFEL, FUOBIL A A+ ¥ KER
BB CHlE SN DB ABERBEEOI LA - cm 2123 LY,

(a)
3000
M 2000 .
O =
2 =)
>> 1000 2 = = v
§ 2 G1i® B
~ | E g E CS
5 7 SfTE %S
+ =) jas]
§ =)
S -1000
o
-2000 . * *
10 10° 10! 102 10° 10!
Current density / uA-cm™
(b)
3000 1
= 2000 |
Q .
D & 3
2 S I~ &
1000 | - = ) v
£ o |1 1= 2
I s “ < e}
= % = SEN B=R -
E o o, 3 9
5 3%
- -
2 1000 - F
-2000 ]
10! 10° 10! 107 103 10*

Current density / uA-cm™

Fig. 7 Polarization curves of (a) Al-1.0Zn/3003 and (b)
3003 sheets in 30 vol% LLC solutions at various
pH values and temperatures.
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4. & ¥

4.1 BEKBRPDEEEE)

Fig. 4128 W TCpH75Tld, HHKMEA &0
EOTHEIIILEALEL T RN o7, ZhiE, &
BRAICAER L7203 ) 7B AR =< 4 MEFRICED
sz Thb. LLCOPSEAIO LS TH 5
D VDS, N—< A MEBEOEREZRELZZ LD
EELTwLLEEZLNS, £/, Fig. 7@ @
Al1.0%Zn/3003 7 5 v F¥ o5 mlli#RIc BT, pH75
DRBEBRF DY 6, B TOEREREEI B WA -cm™
ENE ozl Hd, BEREI/NZIVERETH
Szl E 25, 361 KTORERBEMEEIZE T 1A -cm™
ENE RV, N—=< A MEEIEET 5 & B
BOMTHY, N—~< 4 MEBREI TR L72#I,
JBEREIRTT2EE26N5,

=7, BT NVAY)EEOpHIOL. I, FHIZpHIS DL
T, 99.7%A1/3003, Al-1.0%Zn/3003 & Al-2.0%Zn/3003
77y FMOBERIFILERICEL WKL,
pH10.0 T361 K»KEH X, Fig. 7 (a) \ZRTEBD
SREEE L CEEHBELZELLIERETHY, —F
T, Fig. 21IR T EB D HEPAN—< 4 FAEK T 5 5RE
ThbH b, Thbb, WAL ERBRILEBEAER
EREIN, REAPEMMYIER LoD, FKIZHEP~x—
<A MEBEOBEGEITT 5. L7225 > TR ETREN
LERIC R > 7201F, FBUR—< 1 MEBEOKEL &
DA ATNE IR S N 2259 W HIKME A 420
AR B &R L Ea L TP —< A bR
BAHESN, BEPMNIBICRIEIL L 72720 8%
ZAbb,

72, 77y FHMoOGHKMEE S D97%AIR
ALZn RESOBEMLIBEPEL VT FIC, BE
TOMESDOI2REICETELTV, S5, 7
7y FH O EENHIEM L HE»/NS {ho Tz
Z&, 7Ty FHMOBERSIHIEM OB &R S I
LTSN KREL BoTWRZEDRDS, 75y FHOD
JE X J5 R DS EASHIE M0 LT & - TR 3R
DHNRV L72A > T, pHIS L. EOKEHRHFIZB W

EHLZWwWEZZObN 5,

4.2 7 IVHVIREROBHEEERNR

WHIRM D 99.7% A1 R Al-Zn R A 4 O RER i R) 23
ER L o722 EICH L, WERHARZHFTE
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¥ %, Fig. 8I2HAb A 4+ > % &L KERH O
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300307/ — Forha AR & FHARBARTEN. Eicigicn DM,
DI EEREE tgeiaie [T L, AlL0%Zn% 27 5> KL
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lacidiea IR EN S, DX HIZ, LMHEED
300312xF L HAR BB H 22 99.7% AL, Al-1.0%Zn,
Al20%Zn7e EOEEEHHKMBIZZ Ty F5562
STk D, HKEMAI3003 0 HABMEN &L ) HIZk
D, 3003 DI ABEEDKIEIAK S N Do FRFIS,
HKMIE G EELRNIRET 5720, HARBEIZL
BIZARLT, RHEBEL %2,

—77, pHI00 D557 v 7 Y) B D52 H) I, Fig. 7
(@ R LIzEBY, B A + > % &L 55K
HoEE)E K& (R %, Fig 81CFig. 7 (a) %3
A L7zt OB M % & b TR, 300307
J — Formshifi & HARERRENL E ypatines DML DG K,
T E Lahatines &, AlLO%Zn% 7 7 v FL7HEOR
W FEAL. E atratine2 W2 BT % 3003 DR B FEIEE B Laikatine D
ISV, L7225 T, (M EED30031299.7%Al,
Al-1.0%Zn, Al-20%Zn7 &EO &% GHKMEI 7 F
vy FL72E LT, 30030 EEEIMEILT 5 Z &1
K, WEZWHAKMWE, OMEICERE CETT S
tEzbhb,

%BFig. 6 (b) IZBWVT, &HEOAREBENY]IE
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Fig. 8 Schematic diagram of the polarization curves in
a weakly acidic solution containing chloride ions
at 298 K and in a weakly alkaline LLC solution at
361 K.
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REARL L2720 2 BN,

(3) AR RAIMNEH L2 2o 72D, LM TH
5300312 Al-10%Zn &% 7 7 v FL, HEKE
i, % 3003 O H AR AR BN L 0 AR IS HIAE L 72
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(a)

(©)

Fig. 9 Schematic illustrations of the corrosion processes of the clad sheet in a weakly alkaline solution.
(a) Initial state prior to the corrosion, (b) initiation of the localized corrosion and (c) growth of the localized corrosion.
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Application of Numerical Simulation to Aluminum Casting Process™

Masanori Tsunekawa ™ *

1. FUBHIC

TNIZYAMEOREX—-HIZE ST, BET IV
IS ARER S, FTLAEICMHRTE 2 EmE %8k
WETr8E7Tae 2 IREFNTH L, ZOFET
Ot 21d, TEMCHZCEHINTHETVIZY
LB OMFERTH ), S E A BT O B R
PEICKRERBEZRIZTES->TOMHS TRV, 2
NET, $FETOLADORFEITIE, HAATHBRICL 55
B FEAFICHSNTE LS, EFEOIT ¥
— S HEREOFE LA ERY 7 by 2 7T ORBIZLY,
By 32— ary (BT, ¥yIab—vav) 2%
BRI, 5 W0IdTENE LTHEHASNS L) ko7
DC (Direct chill Casting) $§i& 70t 212 B 55 1%
ZIEZ 720, BRIFIC BT 2 e R BRI
L2 WEHIHIPICHHE Y, REFTOBRHGRHIZL ST
W) EBROALF N RERE, A VT4 VIR AREIZ
B DLKETNAORER, HBEEIZBITL2MTEDD
WELIR 2 B, F L C, iR, S C ol o Bk (FH
ZA KWL AT THEENG, 2D
DHFEHEZEFMELTYI2ab—YaryE@EAL,
7ot 2o, BERGOREL, SFHMED
M ERZE AR INTW S,

Z 2T, DC#i7E= CC (Continuous Casting) #i&
WCEH SNy Ialb—va YOFFAERY B
5, EPRAMCBIT L7 VI = 4 okidkE T ar 2
NDYIaL—Y a3 YOFRIZOWTHHL, 5%D
BEIIOWT RRD, &b, TVI=ZT2ghov
Ia2ab—Ya YIZHLTEHETLEN, wiohrDL
Ca—V20H50T, ZHL5HE2BEICE3NT0,

2. DCHESOELADYIaL—Y 3>

DCHETE L ADY I 2L —3 3 viE, 19804
MOHEAL Y, BT AL F—AEAN D B
TRHT (BERERAT) OMRTH - 72d D25, EETIE, EE
WY, WESADY, FURIA MGAED, BUS))
REVOREDCHEICHEL 2L OB 2T
25 E T ol WHIRBIRBEIRE, 6] % @k
fifHT < & 5 PROCAST ® ABAQUAS, MAGMASOFT
mE, Fl, HAWRKORRBESUL & 2 5 FLUENT %
EOV TPy zT RSN TS, FITKRATIE,
7 ) —OFARFENTV 7 T A OpenFOAM # w72
FRATBIIV B2 TET WD, TRHEDY T T 2T T
(&, FEBIRICE D BN e A BERILL <, B
BREEFER GBI I DV E, o N7k ke
DERA MLIIZ X ) B K FRTELHMEDD %o

F70, BEEMRE, BEMGEROYI2Lb—var
R EHERT 5 720121%, FEIREN 2 &2 %
F=F NR—=APWIHTH 20, L DBNH¥T—s X
— A %1 2 72 Thermo-Calc 7 & DA RIS 515
7 b2 T REEMEOYMEAE % 1 T & % JmatPro
EDVT7 M7 IR ENTWS, E51Z, DCH
FEICBI B —KEHRL U 2 55 R 502 %
BRI AR D B0 72 T iIs L B V) 2 45D W o sg
#BLHEATVEZ LN, YIalb—varlpw
BENEVNOOHLEFL D, YIab—Ta v Tk
o THEBICHE L 2 < & b AN SHEak s ) oIk
B, ZROMRELZEZMNLIENTE, HHELCR
TR ORI, FBASIIBT B HESENORE
bR &icyIalb—ya VSR SR TV,

Ao EEHME, BAE, 70(2020), 285-291 1235k,

The main part of this paper has been published in Journal of The Japan Institutes of Light Metals, 70 (2020), 285-291.

(Bk) UAC] R&Dt > % — E=Wigedh

Research Department IlI, Research & Development Division, UACJ Corporation

UACJ Technical Reports, Vol.7 (1) (2020) 45



TINIZTADMEBET I ANOREY I 2L —Ya vl

BIR» L& TCODCHE Tt 2128 %568
FIZOWTYIalb =Yg P frbh/zfl%Fig. 112
TLH, TR TRLD)BLO—EEMMANT S,

2.1 TBRRIF

TN = AOFEETARTIE, FITHEMBRRL R
FEREIEFEEEE (LUF, EMS : Electro Magnetic Stirrer)
DBAZINTWEZ EDRZE WV, TOEMSOEMIZ, —
TN BT 5 2 PSS E S8, B%mICAL S
LB & AR L OMEAERIC X o THEFICER
NS €250 TH 5, FEMTHEELBRIETE
5729, WREEON L, s o¥—1t, 4 Fa A
DK EOFERDH D, 22 TlE, EMS#EHIZL S
b 4 D VIR R A (S R B FB 2 R

YIalb—arTl, BRFEOFIKICEMS % i
L, Tt KYkE % & 72PN O BRERITE T L &,
BN X 2B E) & WSO B % ERE L 72 2t H)
fENTET IV EZMEEL, WHEEZHONT2T s 7 ah

HoubNTwb, BRESHNT TIE, EMSIZ X 5 Kk
B~y 7 2w 2 VORI 5E XD IR
REDEHRL, X512, 7L 3 Y ZHNC X Y ERIEN
DN T 2EMEDEHH LT b, Binsici
ARG, BOERE IS RN, B
HEBARNFHEER LT - 2 =2 ZHRKA,
Mo 4 DR E S AGEIC TEE L2 2 R OV F — 1A
Wz HWTW 5, SIS T, MIREE LT,
EAROT VI = aid (1 ») & 20fEEE L
W50 b Y e R Sl E s REEREL T

o ZZIZEMS B X¢, MEDOBEMETHE L I 2
L—YarLTwh,
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-Ingot melting and content uniformization by EMS
- Temperature and gas content distribution
in furnace by combustion burner

Content uniformization by stirring
- Dealkalization behavior by RGI
-Inclusions removal by gas bubbles

-Calculation of melting efficiency

Melting furnace /

Holding furnace

Degasser

- Filtration behavior by CFF
-Electromagnetic filter

Filter /

Caster

-Bubbles division by rotor
-Metal flow in degasser vessel
*Hydrogen gas removal behavior

+Design of launder path and mold
+Optimization of pouring system and bag
+Behavior of curl on slab bottom
+Internal stress of slab (cracking)
+Solidification structure

-Clad casting and Hot Top Casting
+Deformed slab

(DAS, porosity, macro-segregation, floating crystals)

Fig. 1 Case of numerical simulations on DC casting process.
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Fig. 2 Calculated aluminum melt flow and non-melted aluminum ingot in the furnace.”
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Fig. 3 CH, distribution in the furnace.”
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Fig. 4 Calculated aluminum melt flow in the furnace!®
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Fig. 5 Calculated sodium concentration distribution
in the furnace.®
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Fig. 6 Bubbles division behavior by experiment and
simulation.?”

(b) Simulation example

Fig. 7 Filtration behavior in CFF.??

¢ 2
- 9
- -3

(a) Without baffle plate

Baffle plate V(m/s)
0 0.3 0.6
T 0

(b) With baffle plate

Fig. 8 Velocity contour at the top of the launders.?
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Fig. 9 Calculated temperature and stress distributions at
saturated stage of butt curl®
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P: primary cooling with mold S: secodary cooling with chilling water T: ternaly cooling with air

Fig. 10 Relations of wiper position and internal stress in the rectangular ingot.2?

UACJ Technical Reports, Vol.7 (1) (2020) 49



50

TINIZTADMEBET I ANOREY I 2L —Ya vl

243 SHROREHES

DC#iE 71 v A DFHFHOFEMMRII BT, HHN
& Y3 — OB 2 BERE AR T D B0 I — T 7 Gk
BB CTHNIE, TLETOMTRLBLIICB W TH
HARDECEL, REEBOMEFEEDZET 5.
EHIC, WEFHFOHBEDH T LML, ThET
Wi EREEORBLHFTE 2, 20hb
RELITEDL 72D, FEFRGORELLSL T DT
Ot AR, HEMHES SN TBY, ZOMELE
¥ 3Ial—varydEHERTwb,

TN =7 AOFEMBROWIE R TH B BAEIZS
WTh, ALTIHFR TiBRFEREBE LAY I 2
L= a yHFRENTHwET 3, Fig. 11P121%, 7V
I =Y AEG TS OB & 5T B ) SRS X
DENEL 2B % RS 1388 nm¥ A XD Tifki 7% 7
VI =y AEETH T8I0 K, 830 K THFE L 24 o f
Thbo 810 KTIETiMA T2 OBER LTIV =
TANKELRET L2013 LT, 830 KTII/h& %
HWHEEIZL ) EEFETTIEE > TV BT HERT
Ebo B, 7x—AXT7A4—=NVFEICLETVYFIA
FPREDEAICYIZL—Ya vy ERTEHPO, L
Ca—3AREFSICHEBWENTWLDTSHEIIS
72\,

WIZ, RO @A AT Y 7 M X 2 BRI O
YIialb—va yHEAERTT, S OB 3
alb—varTid, ¥, BBV THET - X
b= 2K8EK, HERAU, =2 F—fRA4ERL JE
EHOBLBE R EME, M2 T, FVvy—Hl, &
BORAFRN, L & B O AR, B R, )
KA MBI 5 2 LT, HEMTEKDDAS (Dendrite
Arm Spacing) D&% 53~ 7 AEHRPRT ¥ 7 1 O

Ereeigrowth

810/ K
Stagnation ooy |l .FCC (A)
(1010) 3
TR HCP (Ti)

Fig. 11 Cross section of refiner particle-containing cell
after 600ps.2®

WEYI2L—YarTEb,

3004 7V 3 =7 A58 (055 m, E X017 m)
IZBIFACPROY 7 b = 72X B BRI I 21—
v a v OFBIERT . Fig. 12712138E X )5 DAS
GOV I 2L —3a YEERERTH, HREBIHO
FVIERMK VxBTS 5 DAS 5 Ai 034 H T H
D, EHFBLEFEBEREINASR SN, 72, Fig. 137
VR L7 o350 (= 7 af@#t) Tid, Jhiioc
FAEBERTEIRELT 2 WRAT O BLG b W IR
T&b, YIal—¥ a3 IiZX)AEMesmstt
ZRONE, HEBREOBREMEY I 2L -3 rid
WHETHDEZZ Do

CIRETE, Y7 uEifiClETsyIal—vs
YHRENINATONTEB YD F/, iy FTO
PSR, Bk T v FHIP PO DCEHEICET
5yIal—varhrbnihTni,

40 Chill layer
- Calculated Sub-surface band
30
g 1
3
~N
o 20F Measured
<
)
10
" Center Surface
0 N 1 M 1 L 1 L 1
0 20 40 60 80

Distance from ingot center / mm

Fig. 12 Comparison between calculated and measured
DASD?

115 .
Inverse segregation

AN

Q
. j \ Measured

Calculated

Mg concentration / mass%
[—
[y
(=}

- Center Surface

105 1 1 1 1 L 1 1 1
0 20 40 60 80

Distance from ingot center / mm

Fig. 13 Comparison between calculated and measured
Mg concentration.”
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Fig. 15 Clad materials temperature distribution in belt caster.’®
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Fig. 1 Effect of the contents of solute atoms in aluminum

alloys on the stress increase rate'”.
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Table 1 Stress increase coefficient of the main additional elements'’.
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Fig. 2 Effect of cold rolling reduction and duration at
room temperature after cold rolling on Vickers
hardness of 4N-based Al-0.5% Fe alloy'®.
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Fig. 3 Effect of cold rolling reduction and Si content on

Vickers hardness of 4N-based Al-2.0% Fe'®.
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Fig. 8 TEM structures of an as-rolled sheet and annealed sheets at 150°C for one hour
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Fig.9 TEM structures and SADP of Si-ring?" %,
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Fig. 10 Microstructures before and after intermediate annealing®.
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Fig. 11 Nominal stress and nominal strain curves of 1200 sheets isothermal annealed at 250°C

for several minutes?.
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Fig. 14 Micro- and TEM structures of the cross-section of 1200 sheets as-rolled and annealed at 250°C for several minutes®.
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Fig. 16 Effect of soaking conditions on the change of Vickers
hardness of an 1050 sheet hot-rolled at 500°C and
isothermal-annealed at 350°C in a salt bath®".
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Fig. 17 Superimposition of the curves calculated by
Yamamoto's equation on the experimental data of
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(b) 600°C/8h FC and (c) 600°C/8h WQ?.
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Table 2 Values of parameters obtained by curve-fitting of Vickers hardness’s experimental data (normalized) using

Yamamoto's equation and JMA one?.

. Annealing
eq}iz?ieon nggli{tl;i S temperature A m 7 7 72 B n3 73 0y 74
290 0.15 0.5 30 - - 0.85 2 5500 - -
X 320 0.25 1.3 40 - - 0.75 3 700 - -
No soaking
350 0.30 0.5 10 - - 0.70 35 105 - -
380 0.20 2 5 - - 0.30 2.5 48 - -
290 0.25 05 50 - - 0.75 2.7 1500 - -
320 0.17 1 10 - - 0.33 25 190 - -
JMA 600°C/8h FC
350 0.40 0.5 10 - - 0.60 3 34 - -
380 0.25 0.5 1 - - 0.68 5 10 - -
290 0.22 0.4 10 - - 0.78 2 1800 - -
320 0.31 1.3 45 - - 0.69 35 260 - -
600°C/8h WQ
350 0.40 05 10 - - 0.60 25 35 - -
380 0.25 05 1 - - 0.75 3 13 - -
290 0.17 0.5 80 5 60 033 1 6000 8 1300
. 320 0.27 0.5 30 6 10 0.73 1 340 10 250
No soaking
350 0.30 05 10 2 1 0.70 1 15 45 100
380 0.25 0.5 1 15 8 0.70 1 9 3 55
290 0.30 0.5 100 10 40 0.70 1 1200 35 280
320 0.27 05 10 5 15 0.73 1 150 20 45
Yamamoto 600°C/8h FC
350 0.40 0.5 10 1 2 0.60 1 22 10 10
330 0.12 05 1 1 0.32 1 4 5 5
290 0.30 05 100 5 20 0.70 1 1500 2.8 900
600°C/8h WQ 320 0.30 0.5 16 5 15 0.70 1 38 2.8 360
350 042 05 10 1 2 0.58 1 14 3 25
380 0.13 0.5 1 1 0.87 1 8 2.6 6
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Fig. 18 Effect of soaking conditions on the change in the
Vickers hardness in 1050 aluminum hot-rolled
sheets annealed at 350°C®.
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Fig. 20 Superimposition of the curves calculated by
Yamamoto's equation on the experimental data
(normalized) of the Vickers hardness, (a) no
soaking, (b) 600°C-8 h WQ, (c) 450°C-8 h FC*.
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Table 3 Values of parameters obtained by curve-fitting of the isothermal annealing data (normalized) of the Vickers

hardness and the electrical conductivity using Yamamoto's rate equation®

'30)

Soaking A m 71 n2 72 B ns3 73 n4 74

No soaking 0.40 0.5 10 0.5 0.5 0.55 1 25 5 60

Vickers hardness 600°C/8h WQ 0.44 05 12 0.5 05 0.56 1 28 3 40

450°C/8h FC 0.66 0.5 1 0.5 0.5 0.32 1 0.2 3 40

) No soaking 0.63 0.5 4 0.5 0.5 0.34 1 5 5 5

Electrical 600C/8h WQ | 068 05 5 05 05 | 032 1 48 2 15
conductivity

450°C/8h FC 0.38 0.5 1 0.5 0.5 0.50 1 0.15 3 40
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Fig. 21 Effect of soaking conditions (no soaking, 450°C-8 h FC) on TEM structures of ingots and hot-

rolled sheets™.

Fig. 22 Dislocation structures (low and high magnification) within the grain after annealing at 350°C
for 300 min in the hot-rolled sheet of no soaking®’.
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Fig. 23 Schematic diagrams of recovery and recrystallization processes in pure aluminum®".
(a) Recovery process: disappearance process of dislocations and dislocation cells through the processes of segregation,
precipitation, and coagulation of Si atoms. Formation of subgrains was estimated to occur during hot rolling.
(b) Recrystallization process: disappearance process of subgrains and formation of recrystallized grains. Subgrains
were disappeared through the processes of segregation, precipitation, and coagulation of Fe and Si atoms on
the subgrain boundaries. Recrystallized grain boundaries were also segregated by impurities, which segregation

inhibit grain growth.
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Material Quality Specification for PTP Aluminum Foil*
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Formation sheet
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Coloring ink layer

Print ink layer

Aluminum foil

White coloring layar

Print ink layer
Overprinting layer (OP)

Fig. 1 General configuration of the PTP aluminum foil.
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Hot rolling mill Cold rolling mill
) Y B ' <
rolling Melti
Aluminum ingot ful(?néllrcleg Water-cooled
casting machine
Rough rolling mill Finish rolling mill
f(;)lilling N » < » Separator » Slitter
7 /
Fig. 3 Aluminum foil manufacturing method and pinhole generation processes.
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Bright surface defects

Matte surface swell

Fig. 4 Schematic diagram of the pinholes caused by the
swelling of the matte surface.
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Fig. 5 Relationship between the aluminum foil thickness
and the pinhole occurrence rate.
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Fig. 6 Schematic diagram of the conversion process.
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Table 1 General characteristics of PTP aluminum foil.

Item Unit Standard
Aluminum foil thickness um Specified thickness*10%
Total thickness um 30+25%
. PVC specification g/m? 3505
Heat seal layer coating amount R 5
CPP specification g/m 3505
Overprint layer coating amount g/m? 1505
. . Heat resistant specifications T 230 DL I
Heat resistance of overprint A S
Capsule specifications C 200 L. |
Product width mm Specified dimensions=0.5
Product length m 1000+5, -0
. . Overprint surface mm Specified dimensions 1.0
Print position - . .
Heat seal surface mm Specified dimensions=0.5
Register mark interval mm Specified dimensions* 1.0 (10intervals)
Misalignment of front and MD (Machine direction) mm *1.0
back printing TD (Transverse direction) mm 05
Barcode validation value - 1.5 (rank C) or higher
Infrared inspection compatible ink performance - Brightness d1ff§rence ZQ ' areas with and
without printing
Inner diameter of winding core mm 75+0.8, -0
Number of joints Quantity 5 times or less
Color _ Within the limits of PTP aluminum foil
standard book
Heat seal strength N / 15mm width 5.9 or above
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Fig. 7 Product rate distribution of PTP widths in UAC]J
Foil Corporation. (As of end of Sep, 2018)
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Transparent Film with the Antibacterial Effect of Copper
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Fig. 1 Appearance of the copper film. (a) touch panel
monitor type, (b) keyboard type.
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Fig. 2 Number of bacterial colonies on the copper film
over time?.
(a) Escherichia coli, (b) Staphy lococcus aureus.
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Fig. 3 Appearance of the face shield.
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Introduction of UAC]J Mobility Technology Center (MTC)

Yasuhiro Hosomi *
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Fig. 3 Product development fully utilizing the aluminum’s characteristics
and the advanced production technologies of UAC].
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Senior General Manager, Mobility Technology Center (MTC), UAC] Corporation
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Fig. 4 UAC]'s global structure for the automotive parts
development.
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Fig. 5 Various resources to support MTC’s functions.
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Introduction of “U-Al Lab.”
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Fig. 2 Exhibition tables in the Innovation room.
(a) Introduction, (b) Metallurgy, (c) Surface Technology,
(d) Process Technology (Casting & Rolling),
(e) Process Technology (Extrusion & Joining),
(f) Combination Technology, (g) Automotive Technology.
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Fig. 3 Exhibition showing relationships between the
aluminum alloy composition, the heat treatment,
the metal structure and the strength.
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Fig. 4 Exhibition showing the high thermal radiation
precoating.
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Fig. 5 Exhibition showing the effect of KO
treatment® (High adhesive treatment).

Fig. 6 Exhibition showing the bumper system.
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Fig. 7 UAC] Technology Museum to understand
the histories of the developments (a) and for
envisioning the future with us (b).
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Fig. 8 Monthly variation for the number of visitors to
U-Al Lab. (2019/3-2020/2).

Fig. 9 Workshop for the new employees by using
U-Al Lab.
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History of the Aluminum Technology from Duralumin to Extra Super Duralumin (Part 6)

Development of Aluminum Industry
from World War I to World War II'*

Hideo Yoshida **
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Table 1 Production amount of the aluminum ingot in the world (1918-1943)".
Number of ** Number of ** Amount of production (x 1,000 t)

Country companies factories 1918 1925 1935 1943
France 2 5 12.0 20.0 218 46.5
Germany 2 5 14.1 272 70.7 203.1
UK 2 4 8.3 9.7 15.1 56.6
Switzerland 2 6 19.9 21.0 11.7 185
Norway 5 6 6.9 21.3 16.0 235
Sweden 1 1 - - 1.7 3.6
Spain 1 1 - - 1.2 0.8
Hungary 1 1 - - 0.3 9.5
Yugoslavia 1 1 - - - 2.0
Austria 2 3 - - 24 44.2
Ttaly 3 5 1.7 1.9 14.0 46.2
Europe total 22 38 62.9 104.1 154.9 454.5
USSR government 6 - - 245 62.3
USA 3 16 56.6 63.5 54.1 834.8
Canada 1 4 15.0 15.0 20.6 449.7
India 1 1 - - - 1.3
Japan 6 8 - - 27 114.1
Others* 5 6 - - - 35.6
World total 38 79 134.5 182.6 256.8 1952.3

* Others include Taiwan, Choson and Manchuria
** The numbers of companies and factories were shown as of 1943.
From “20 years history of Nippon Light Metal”
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Fig. 1 Changes in the production and consumption of the
global aluminum ingot?.
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Table 2 Japanese smelting companies in the beginning of the aluminum smelting industry? ©.

Company Sumitomo Aluminum | Nippon Denko :ﬁ::::j; Nippon Aluminum Nippon Soda Chosen Chisso Manf/?;;ight TOA}}ZI:;::[:{O
Capital (M ¥) 10 50 10 10 16 8 2 10
Foundation Date 19346 1938 1933.11 1935621 - - 1936.11.10 1937.12.23
EZ‘;‘i‘:?:;“‘Zton) 3,000 7,000 5000 6,000 3000 4000 4000 4000

initial (ton) 1,500 5,000 3,000 6,000 2,000 4,000 4,000
future (ton) 3,000 10,000 - 14,000 6,000 - 10,000
Year of Operation | 1936 1934.1 1936.1 1936.11.29 19375.1 - 1938.6

Alumma' Sulmltomo‘Cher'mcaL Yokohama Works | Iwase Works Takao Works Takaoka Works Kounan Works Fushun Works -

Production Factory | Shicama Chemical

Kind of Ore Alunite Alunite Alum Shale Bauxite Bauxite Alunite Alum Shale -
Manchuria (PRC, Manchuria (PRC,

Mine of Ore Korea, Okumesan Korea, Seizan Northeast China), | Dutch East Indies | Dutch East Indies | Korea, Kasari Northeast China) , -
Yantai Yantai, Benxi

. Sumitomo Process, Okazawa/Tanaka | Suzuku/Tanaka Dry Process Ammonium
Production . . . Sulfate Process
. Asada/Taniguchi Process Process Bayer Process Own Technology | (Soda Lime ~ -
Process of Alumina . . (Dry and Wet
Process (Koshi Process) (Riken Process) Proces)

Combined Process)

IELeCCtZOJYSlS Niihama Works Oomachi Works Iwase Works Takao Works Takaoka Works Kounan Works Fushun Works -
Electrode
. self-supply self-supply self-supply self-supply self-supply self-supply self-supply -
Production
. purchase/self-
Cryolite purchase purchase purchase self-supply self-supply self-supply -

supply

Electric Power

Shikoku Chuou
Power

private power,
Toshin Electric

Nihonkai Power,
Prefecture Power

Taiwan Power

Nippon Power

private power

Tankou Power

Added to Table 2.2 in “Aluminum Industries” by Takayuki Nakajima and Sumio Muratsu
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Table 3 Trend of the aluminum production up to 19459.
(1) Japan
Company 1933 1934 1935 1936 1937 1938 1939 1940 1941 1942 1943 1944 | 1945*
Nippon Light Metal - - - - - - —| 2024| 10219 16524 | 34604 | 24793 1,709
(Kanbara)
Nippon Light Metal - - - - - - ~|  217| 6880 14739| 19284 12833 200
(Niigata)
Nippon Soda - - - - 953 | 2753| 4413| 5090| 5418| 9119 10390 | 8723 349
Showa Denko (Kitagata) - - - - 166 | 5,061 765
Showa Denko (Oomachi) 19 1,002 2997| 3533| 6,168 8995| 9464 | 10,233 | 16,276 | 19,685 | 21,655 | 13,740 439
Showa Denko (Toyama)** - - 214 1187 3471 3517 3289| 3713| 3829| 5531| 5834 | 5304 987
Sumitomo Aluminum - - - 872 1066| 2494| 3113| 6971 | 11453 | 16443 | 18,668 | 15421 955
Tohoku Sinko Aluminum - - - - - - 1,379 2372| 2008| 3170| 3456| 2368 0
Total 19 1002 3211| 5592| 11,658 | 17,759 | 21,658 | 30,620 | 56,083 | 85,211 {114,057 | 88,254 | 5,404
* From April 1 to June 30.
** The production data of Nichiman Aluminum from 1935 to 1942, this company was merged with Showa Denko in 1943.
(2) Korea and Taiwan
Company 1936 1937 1938 1939 1940 1941 1942 1943 1944 1945*
Chosen Light Metal** - - - - - 582 2266 3579 2838 382
Mitsui Light Metal *** - - - - - - - 5690 6009 328
Nipon Chisso - - - 240 1481 2538 2100 3260 4096 533
Total - - - 240 1481 3120 4366 12529 12943 1243
Nippon Aluminum - - - - - 39| 1415 3813 1638 0
(Karenkou)
Nippon Aluminum 210| 2776 4608 7661 g762| 12218 12083  10685| 7563 0
(Takao)
Total 210 2776 4608 7661 8762 12547 13498 14498 9201 0

* From April 1 to June 30.

** The production data of Chosen Riken from 1941 to 1943, this company was renamed to Chosen Light Metal in 1944.
***Toyo Light Metal became Mitsui Light Metal in 1943.

From “Aluminum Industries” by Takayuki Nakajima and Sumio Muratsu.
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Na[Al(OH)4]
Prempltatlon ‘ Evaporation

Seed
Seed separatlon %
‘ Washing and Filtration }%Water

AI(OH)S
N

Calcination

Alumina

Fig. 2 Diagram of Bayer process.
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(c) Sumitomo process
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Fig. 4 Processes to extract alumina from alum shale?9.
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WCHEE L, BEEH 2 Y, 1942455 19504 F TR EK
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19434F, B5EETHIHAHH a9 v V] [Fig 64%) %
IR 19524F 2 & 1954 4F F CHIRUR S A BE HA I FE T O PrRAT 3%
fifi & UCHFZERT O3 IS RTT L 720 1958 4F Hidb Kk 2 4 44 kLt
2R, AASRFEZROERIHT. 19674 X ) 2 4EH
BREBFRENEREL LTHFEDOTBIIRII Lz, BIFICELT,
FRMERRAC, SBFRE (RaTik), &0 (k%) TlErk D E- T,
WNERACIE 7 VI HFoO< VT U4 FERESR X Tt £
DBV A Wassermann & HEFEIFZE, WM ToO7 v
SSUATEHEELBIITNIZT LRI TR T AICHT
A7 B L7z SWIFROEIIZ T VI = 49T 25V
I VTR AARMI DR, AL-Sn OIREEX],  Al-Mn 5% o 5R il [E
WAROWITE, Y273 Ol e fis YarIr
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W%, ¥RIRIZF & v DR IT -5 72 Ll R T 5,

5 H%, 1936 4E O IR 48 DR AL B 1945 4E. 0 ) JH#(2
X B ORI % TOR 1041 O 2 iiHENZ R
F % A T RO (THARIHR) 1R L7
By 4 b V) %% LT IR &3 MEFIC L
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Fig. 5 Prof. Morinaga® and Prof. Obinata*
from * Japan Institute of Light Metals, 13 (1963),
379. ™ ibid., 19 (1969), No.6, 12.
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Fig. 6 Textbook and the primer on duralumin by Prof.
Morinaga and Prof. Obinata'® 2,
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ﬁ@%ﬁfiKﬁtétbL,@%ﬁwﬁﬁmm
(Reconstruction Finance Corporation) ®F-&fk& LT
FE B 135 45%E DPC (Defense Plant Corporation) #% i
HEAD K bifze TORIPEC X D EAH S Tk
B L ENEMERILICEE I LH1IRD,
T EIE IO L 7. ST 0B, Mo A4
BV L7201 FERBERBEDHETH 72 K
WAL 194246 7 %, 19434F 121321277 5,000 1% o A i
HEEZ 4815720 M0, HEJHE A — 7 — D& pEARH] 2 F)
M mific KRE oM B EETRETH D &
AbNTWDS, Mt AEETIEHMBD KEL
ED T EATMAMER T TREIEER DD,

MHIE T I ROBEHEA - —D Y AT L%
ZOITIFRLALILIWNETH L Z D0 o7,

-
—

Z Dt NAESEDNE S 7o A R O B A, HL. DK
%ﬁ@?mf,wﬁﬁﬂﬁ MEBR D 53k 7 LI X 2 4
FERETI O KRIGHIM S %2 S, SO X 9 A&
HBHEEE R 2 MEBOEREIEALLY ELE
Fordfh & OREICA S E AP L ol FE
B, JREEBEB-24 O PETIE, MOATZERE A — 5 — 51
H1BOApEREIICR L, Fordthid 24 ReRARHIC X -
TIRMIETBUZAELZESbTWDY, F/2
HEjH XA —h — i3 F & L TMEHROTMPZ Y D
BB IZH 725 Twize Table 4135 kKRR IS
Bk XN S GEE O MR A ER OB &R T2,
19444 CTRIET 2 LT A W IZHAOKAETH 5,
HXMoOREZEHNEO A 73 —Z L 20T 720
Table 5TH 2%, HIEO/NEFETIZT A ) #ITHA
DORIGEDEFET ZFEH, WEpEL KA (U5) BB
Wiz Tk, HARZEBRMICA P o728 0w ) o
WUZEBR L PE B S AT KRS Th - 70

3.1.2 Aluminum Research Laboratories (ARL) 0
&gIJS)’ZG)

Alcoalx 1927 4R &, HLZet& 2 — 5 — @ Curtiss L,
Boeing#t, Douglasthze & L3, S4Eitetks 7
YA VOB OIFALTIT) R EIFLALMENE
TV = AMEMERE & 7o Tz, Alcoald 7 v
I LAOREEMOEFTE CHETELHEME i A
TWwC, Aluminum Research Laboratories (ARL) 3%
DIzDDRKEX B ZH - Tz, 19404F1213220%
DFEREOIIEH 2Tz, 17 DILFWZER, 11 OWHR
By —t1o0F—5 -l &b, 55440 A
5 THMERISICHEHE L TnY, 75 v A TER%

Table 4 Aircraft production in World War II participating countries?.

Year Japan Germany ITtaly UK* USA USSR
1939 4,467 8,295 1,750 7,940 2,141 10,400
1940 4,768 10,826 2,723 15,049 6,019 10,600
1941 5,088 11,776 3,487 20,094 19,433 11,500
1942 8,861 15,556 2,818 23,672 47,836 25,400
1943 16,693 25,527 2,741 26,263 85,898 34,900
1944 28,180 39,807 1,043 26,461 96,318 40,200
1945 11,066 7,540 12,070 47,714 20,900
Total 79,123 119,327 14,562 131,549 305,359 153,900

* The number in 1945 is the value until September

from Central Statistical Office, “History of the Second World War United Kingdom Civil Series- Statistical Digest of the War” (London: His

Majesty’s Stationary Office, 1951), 152; Irving Briton Holly, Jr.

“United States Army in World War II Special Studies - Buying Aircrafts: Material

Procurement for the Army Air Forces” (Washington D.C.: United States Government Printing Office, 1964), 548-555; Grigori F. Krivosheev ed.,
“Soviet Casualties and Combat Losses in the Twentieth Century”, Christine Barnard tr., (London: GreenhillBooks, 1993), 244; Hans Werner
Neulen, “In the Skies of Europe - Air Forces Allied to the Luftwaffe” 1939-1945, Alex Vanags-Baginskies tr., (Wiltshire, U.K.: Crowood Press,
2000), 329-331; United States Strategic Bombing Survey, “The Japanese Aircraft Industry” (n.p.: United State Government Printing Office, 1947),

155; “Aircraft Production during World War II” MSN Encarta

<http://encarta.msn.com/media_701500594_761563737_1_1/Aircraft_Production_During_World_War_ILhtml>, accessed on Aug. 30, 2005, now closed.
ref. <https://en.m.wikipedia.org/wiki/World_War_II_aircraft_production>
http://www.nids.mod.go.jp/event/proceedings/forum/pdf/2005/forum_j2005_06.pdf
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Table 5 Comparison of the number of the military aircraft production by category between Japan and USA during World War II.

Type of Aircraft Japan ;\x{gibceerd USA é\r]gé?lbciz

Navy Type Zero Carrier Fighter 10,425 Navy F4F Wildcat 8,061

Army Type 1 Fighter Hayabusa 5,751 Navy F4U Corsair 12,571

Navy F6F Hellcat 5,200

Army P-38 Lightning 9,924

Fighter Army P-39 Airacobra 9,558

(Number produced: 5000 or more) Army P-40 Warhawk 16,802

Army P-47 Thunderbolt 15,634

Army P-51 Mustang 15,586

Others 15,091 Others 4,045

Total 31,267 Total 97,381

Navy Carrier Bomber Suisei 2,157 Navy SBC Helldiver 7,140

Attack. Bomber (Single ciei Navy SBD Dauntless 5,936

(tIEI;ll.lcrni)e;) rgroegu(celg:g 2%56%)111} E(}))Ver) Navy TBF Avenger 9.837

Others 7,669 Others 2,181

Total 9,826 Total 25,094

Army Type 97 Heavy-Bomber 2,064 Army A-20 Havov 7,385

Navy Type 1 Attack-Bomber 2416 Army B-25 Mitchell 10,000

Attack, Bomber (Twin eigines) Army B-26 Marauder 5,157

(Number produced: 2000 or over) Army A-28 Invader 2466

Others 7,235 Others 1,865

Total 11,715 Total 26,873

Army B-17 Flying Fortress 12,731

B - ) Army B-24 Liberator 19,203

?I\Iﬁl]irellrae(:r (;lil(;gl?égég? 3)000 or over) Army B-29 Superfortress 3970
Others 384 Others

Total 384 Total 35,904

Army C-45 Expeditor 4,500

c Army C-46 Commando 3,140

(aIfIi?ntbreali1 Tﬁ‘?)lguced: 2000 or over) Army C-47 Skytrain 10,048

Others 1,466 Others 1,789

Total 1,466 Total 19,477

Total 54,658 204,729

The names and producted numbers of the typical military aircraft with a certain production volume or more are shown. Any other aircrafts with low
production is included in the others. Production of the military aircraft such as reconnaissance aircraft, seaplanes, and training aircraft were omitted.

L7zy = v XY YIRATHR OHF D8 % Alcoallik - T
F 78 % 4HE L 72 J. Hunsaker #8713 [ 5 5 AS 00019
& EME R MR L CREOMTR®E2ES S & L
W2, Alcoans& )| & T k0% % W UER
DT T TN LITRELRERTH -2 Lo
TWho TV =y MHEEMIZEE S 2 ERERFJE13 1930
AL D FLZERR R BB O 7 )V I =7 LI
o720 HEEM B OHAME T, D BIZ Alcoa DFAMTHY
B B27% % E. Hartmann it 7 )V I =7 2 HEE O J5E]
THA L EGHDOOICHBH A — 7 — O Pullmanft:
128 # HH M L7z Alcoatd Hamilton Standard#k,
Douglastl, Boeing#l:7: & Dfiizekk x — 5 — L 8912
W3 %2 & T2MHES OHIEGEZHIEL 720

3.1.3 EiESHERITOEL -2

FAYRT AV ATRETIVI =T 28NS BT
B72OIZ, JREE, §aE, MHEA Ty o REMEA
BOREND L) T o Tz RSN SALFHET
ETRAMEY, W, FyET4, Y2 rAh—Y - &
YT 4, HIRE, 5T HAE OSSR OJE 3R
Ll olale®d, Bl EORIFEPLII R 572,
FEIZHS SRR & WRAT 2 AR S & 5 72D 1213w )
HEE LB 2 LWL ETHD, TD729, Fig. 7(a)
RS X ) IZEAL/8 inch (3 mm) DD FHFENZFA
F, —EMIE TKE T 5 Bucket Casting A PHF S N7z
A, BERCEEAL L7227V 3 = v 2 AN UG L C BRI
AV TEREDPC T 3 2 Bz H - 727, 2 it
L, ZiblinidFig. 7 (b) \TRT & 9 %8sk 50 L
7o SFEMAEIO KA A BV C, BE)XO T L CHE
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(b) Ziiblin Casting
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(c) Zunkel Casting

Fig. 7 Development of casting processes?”.
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Skesch of the apparatus used for casing DC lngots around 1934, (From
Report ) “Progres Report
Directly Chilled 1T X 1T Ingot.” by Enncr, King. and

Nov. 3, 1942, W. T. ENNOR 2,301,027

By omes Pilons  crttyy.

Fig. 8 Invention of the continuous casting process by Ennor in Alcoa. Schematic
diagram of the concept (1934)% (left) and the diagram of the patented
equipment (right) (1938)%”, the concept diagram is reprinted from reference
No.25 with the permission from Alcoa Technical Center.
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Fig. 9 Comparison of productivity between 2-high, 3-high and 4-high hot rolling mills®”.

QL0
5680

Rolling speeds

(ft./min) 364 458 574 610 900
Stock thickness 360 996 236 188 152 .120
(inch)

Reduction (%) 22 20 20 19 2

Fig. 10 Five stand tandem mills for the hot rolling in Trentwood and their rolling speed®” *?, left figure was reprinted with

the permission from Alcoa Technical Center.
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Fig. 11 Continuous casting mold for a slab and its nozzle3" .
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Fig. 12 Ziiblin casting process for a billet bar 3" ®.
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Fig. 13 Front cover of the book “Letters from Berlin”*.
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Fig. 14 Sayings by Dr. Igarashi®.

1) At first, it is necessary to master the Company’s history, persons, technology
and so on entirely. It takes 4-5 years to master them. It is insufficient to learn

only from lectures in schools.

2) Industries develop only by the progress of theories and experimental
technologies in everyday. It is not correct to consider that an immature theory

as absolute.

3) Fact is important! Don’t make various quibbles. Progression and development
are generated when a new fact inconsistent with expected results is found.

4) When questions arise, it is necessary to consider in details and repeatedly why
they occur and investigate them thoroughly.

5) The theme is important. But the problem is who decides the theme.
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