ISSN 1880-134X

Furulkawa-Sky
Review Y

April 2010

F8 a1 20+



X

1z
@)

www.furukawa-sky.co.jp

[PIVIZ . RETSNBAESD,

BE T A7V NVI= A,

D E I AHNIHA R KOT VIEER—H—L L T TNVI=T2DHD

fiE RO W] BEVEZ KL 2 235 BRI AR IS S S L W BRI AL A ODICEHBRL TV Ed s

F5 a2 D1t

T101-8970 REAR T HXS #A4T BH14F15 FERUDX128 TEL.03-5295-3800 ({£) FAX.03-5295-3760



Furukawa-Sky

Review

RETHT1

LT o3 L, Bl e REE Hig
TR WIS, 20124 & Rk
L L H R S A 58
LZF Lo ZORERTTENIMERIL
INMEIFSE = 2 3 L LRV
LRBENOFE—L]TTH, E512
ZORORROYEE LT, WS -
WHEY - il )y - A HIov§h
ZBWTH[7 YT Nol Db %
VAT P i = 1 F =3 1 1))
BEVYYarel, REAEBIV
FERBO & 572 550k, PERIZH
DHATEDY 5,

FHIE, che St ra— vk
FLEWNE & BRI L
BASHIE A 4 A — D L2 b DT,

F65
2010541
EPN

RIFERATIC & T 5% L LERIAN OBk

TG B mAZER

Lithosheet : View of Market Trends from Bridgnorth Aluminium
Simon MacVicker —— 3

AR

SRE - -MAMTIIZVLEE NN mE — 7
BE D& 8 BfE — 23

BEER

L= M IOTERMEEMIEICRIFTRIIFLOTy Y ARMES LURBEDEE
NE ORE, FBE OER — 29

BN
REEERAYIVF 24 T7TOT 41— X —4 34
BmBN
AT LO— M 36
HRIEMEEE— R T [HIY 78 VL 38
EEEBE T T7IVIZJLEEERI 7 7 X7 L — be] 40
SRE - EREETINIZVLAERERI 7R —ELU—-X] 42
HEBMART L AATIVIZ ) LREEE[ 77 AT T4 h®63) 44
a5h
FIWVIZJLDEEDHIEHEL ZD5
X& RfT, BB #— — 46
rEYIR
ALUMINIUM CHINA 2009 (- 8 51
AAECAS IV 2 —%E%IL 51
F1EEE-_REHRBICHE 52
AR BERRERRAT P EERRAETREAERAT L V2009 EBFV T 71 V-1 XE 52
FEOTIVI =) LEESHAEBERSM 53
BES BN
BAARBERA R4 54
HE A HEMR S 56
AEREH
WYX - FEE B 58




Furukawa-Sky

Review

No.6
April 2010
Contents

Opening Remarks

Our Challenge to New Technologies at the Technical Research Center Kozo Nishitsuiji

View of Market Trend

Lithosheet : View of Market Trends from Bridgnorth Aluminium Simon MacVicker 3
Technical Papers

High-Strength and Heat-Resistant Aluminum Alloys Katsumi Koyama 7
Recent Casting Technologies for Aluminum Yoshinori Nabika: 23
Effects of the Content and Melting Point of Polyethylene Wax in Coating Films

on the Stain Resistance and Formability of Pre-Coated Aluminum Sheets

Takehiro Ozawa and Masatsugu Saito —— 29

Technology

Multi-Channel Profile Meter for Hot Rolling 34
Products

Superhydrophilic Pre-Coated Aluminum Fin Stock 36
New High-Performance Heat Sink, Hi Sink VL 38

Thick Aluminum Alloy Plate for Industrial Machinery, Fus Plate 40

High Strength Aluminum Alloy Sheets with High Thermal Conductivity, FUSTHERMO Series——————— 42

Stainless Steel-Color Tone Aluminum Alloy for Extruded Profiles, Fus Bright 63 44
Technical Column

The Fundamentals of Corrosion of Aluminum V Yoshiyuki Oya and Yoichi Kojma —— 46
Topics

Participating in the ALUMINIUM CHINA 2009 51

Establishment of Coil Center in Thailand 51

Participating in the 1st International Prechargeable Battery Expo BATTERY JAPAN 52

Furukawa-Sky Aluminum (Tianjin) Corporation was Awarded “Excellent Supplier Award for 2009”

by Nanjing Xiezhong Auto-Airconditioner (Group) Co., Ltd. 52

Equity Participation in an Aluminum Rolling Company in China 53
Introduction of factory

Nippon Foil Mfg. Co., Ltd. 54

Furukawa-Sky Shiga Corp. 56

Published Papers

Research Papers, Lectures and Written Materials 58




Furukawa-Sky Review

BHE

AR E (T BE L VL EITA DRk E

Our Challenge to New Technologies at the Techinical Research Center

BERMGE Bt F=

Managing Director  Kozo Nishitsuji

IHETHRIHA, B ADILB X OEGOHEIEF ISR E L T\ 7B ge i o 2
WigeiT & L Cotkrgz 4 X<, 2007 R ERG H X O FAIE 7T IC L2 & 4 & M &2 4%
ALZE L7ze COEMBZEFT X EAEDO T - fENTHE SR 2 i 2., Pulr et Rk RE 2 iRk L,
AT AROEIZ V) 2= a et L TwE T, 22T, BEK 120 %058
B, HABLOHNO ZERIEZTWE T, —F, SOEMICIVEARL LA %,
Wges H 5 ORk 4 38 EED FZEOHEEICHEA L TV E T,

Lo HET 7a— v —7 v P TOFRERE SO 5720121, RIFEISH72DE - T
AR OME 2 RAFLE LTI LWEINICHKK ST 2 2 LA RTH L EEZ T T,
FHES, HEFHFISRKHO T IV = A E5ER % Bl L -md LS oRE s LY, 5
WIFHATIIMAR Ny 72 2 72 BETLFETICHRE LY — KR Fry—Y v HT VI =Y
LPMRE OB % AT CIREE L 725 2o L2 FEERLTB D T35

A UL, HERIRB LR E R IS BREFE ORI, Wgsglir S BmHICAFTE
) BEMIC L BIEGEFM O, T AVF Mo EEFHOMELR L, ik
MEEZZ TWE T, TN OFERIICHFS TR, BHoFEMHEEE DL ZIkI2E -
TWwET, INFETIZY, [F)—rvKkETul s M, [KEHT7VI =7 26853
Ty s MaEoHLwTu Y 2y MISE L, HifE T EDTE T L

LALBHS, BHORTF Ty, BICT VI AEZMBHARBICEEENL DT
EawnEZZTWE T, £ TR, MHZEREB L ORFELoEEZRE L, Fills
BOEREGT, 1/ X=2a VAIMOREY DL 5700, &M E2RENICE»E S X
BB EES VL RIFE Lz SBBERESIC LD FE S -8, #rid
ERER EREREA L TEFE Lz, REE, SHICEDET, A VF 01 |25%D
LEEMEIZ, Bt LToOVY) a—v 2t X, 3o07udy s M- ALK
LE L7,

CO7TaT 2y M= AT, EROETHRIME T HED 5 WIZAEERMICIRDbNIT, 4
O KRBT TOFFMOBHFICHDEI L TV E T, TRHIHEIOTRTIZ, YHdahrse
BT ASHU R & 73 L RIS, St o 1SRG & A 72 55 geir & LT, &t
vV )a—TarxftLTw{EZLTT,

1 Furukawa-Sky Review No.6 2010



2  Furukawa-Sky Review No.6 2010



h 15 Bh = A2 B

Lithosheet : View of Market Trends from Bridgnorth Aluminium

Simon MacVicker

Abstract: The investment by FSA to purchase 25% of the equity of Bridgnorth Aluminium was
completed in late March 2009. This article aims to inform the reader about the trends in litho

sheet.

Bridgnorth Aluminium is strongly focused on lithosheet, with approximately 80% of its sales vol-
umes dedicated to this market. The graphic arts market is changing constantly as innovation in
digital technology allows Bridgnorth Aluminium’s customers to constantly improve their products
and processes, all with the ambition to give all of us as consumers, in what we read, ever higher
quality, lower cost, and a good environmental performance. Bridgnorth Aluminium’s strategy is to
be the world leader for quality, and the company is supporting its customers in the way it man-

ages, develops and invests in its business.

1. BACKGROUND

Offset lithography is the dominant printing technology and
accounts for around 45% of all printing worldwide. The image
is transferred to the press by means of the pre-sensitised
offset plate, or PS plate. PS plates are manufactured by
BAL’s customers, the imaging companies, from litho grade
aluminium.

Bridgnorth Aluminium has been making litho grade
aluminium since the early 1980’s when the first coil lines in
Europe were built by the PS customers. By the late 1980’s it
was clear that the technology demands of this sector would be
critical, and the company’s then owners, Alusuisse, invested
in the “Litho Centre”, which comprised of an Achenbach cold
rolling mill, a BWG tension levelling line with degreasing
section supplied by Eisenmann, together with annealing
furnaces, and an automated WIP storage and coil handling
system supplied by DURR. The design capacity was 25 kt, and
the litho centre was commissioned in 1990.

During the 1990’s litho sheet sales increased rapidly to
around 30 kt per year, but were constrained in terms of
volume, product range, and product quality because of the old
hot rolling assets.

In the meantime, Alusuisse was seeking partners in

I|_|

Bridgnorth Aluminium Ltd.

aluminium, and when Alcan and Alusuisse merged in 2000, the
European Union competition authorities made the divestment
of Bridgnorth’s litho facilities including the hot rolling mill and
casthouse a condition of acceptance of the merger.

This led to Elval purchasing the business from Alusuisse in
July 2001 (Alusuisse by this date was fully merged into Alcan),
and establishing the company as Bridgnorth Aluminium Ltd.

Elval was keen to make an immediate impact to the
business, and within three months agreed a major investment
programme in the hot rolling mill, and casthouse, with

the objectives of enabling world best quality and product
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range capabilities. A new Achenbach hot reversing mill was
purchased along with a new pre-heating pusher furnace. A
scalper was transferred from Greece, fully modified, and the
tandem cold rolling mill was fully modified.

The hot rolling investment project was completed in June
2003, and since then BAL's litho sales have witnessed a new
strong growth curve, achieving sales of just under 55 kt in
2008.

To come fully up to date, the JV was agreed with FSA and
concluded in March 2009.

FSA capital participation to BAL.

From the left, Managing Director Lambros D. Varouchas
of Elval, Former Vice President Isao lwabuchi of
Furukawa-Sky Aluminum and Managing Director Simon
MacVicker of Bridgnorth (2009) .

So, currently, BAL is a focused supplier of surface critical
soft alloys. Around 80% of sales volumes are dedicated to the
lithosheet customers, with the remainder going to foil rollers
mainly in Europe. The company has an integrated supply
chain all on the same site, run by one management team, and
this allows the company to translate the market needs of the
graphic arts sector back into the company in order to make
the appropriate product and process developments in order to

support the downstream supply chain.

2. THE ROLE OF THE LITHOSHEET SUPPLIERS IS TO
CONTINUALLY SUPPORT THE PRODUCT AND PROCESS
NEEDS OF OUR GRAPHIC ARTS CUSTOMERS

The lithosheet market is a fantastic example of
technological progress in action. In the last decade or so the
industry has witnessed concentration at the customer level,

the full adoption of digital technology, growth in demand for

plates, and constant evolution and some revolution of product
and process improvements at the plate makers which in turn
demands product and process improvements in the aluminium
supply chain. All this can be summed up into 2 main trends:
the digitisation of printing plates and the whole pre-press
workflow, and secondly industry concentration in graphic arts.

The digital revolution has led to important opportunities
for printing and in turn for the lithosheet market. The current
trends in print: more colour, “distribute then print”, higher
quality, shorter run lengths, lower cost, shorter leadtimes,
lower environmental impact have all been enabled by
technology at different stages of the supply chain. Thanks to
this technology, the barriers to entry in publishing have come
down, which in turn has led to new market opportunities for
the whole supply chain.

The reduced cost has allowed more colour to be offered
to publishers, and once this is incorporated into a company’s
brand positioning, it tends to stay. The newspaper industry in
Europe has seen very strong investment in the last few years,
mainly to upgrade the facilities for digital workflow, and full
colour printing. This is a great opportunity for the lithosheet/
PS plate supply chain: monochrome printing only requires
one PS plate, colour requires a minimum of 4, and for higher
quality publications 7 or even more. For every page changed
up to colour, there is a minimum 300% growth opportunity.

Digital technology allows “distribute then print”. Gone are
the days when, during a business trip abroad, we would buy
yesterday’s copy of the newspaper at the airport or hotel.
Now many newspapers are printed in many locations around
the world. The Financial Times is printed in 28 locations
around the world, each print centre giving opportunities
for regional editions and local advertising which appeals to
local readership. The paper is published from London, it is
distributed to the regional print centres electronically, and
then printed and distributed locally. This not only allows a
fresh, targeted edition to be available in time for the reader
around the world, but also cuts down on the distribution costs
of the paper, and very importantly because the final physical
distribution is more local, it cuts the CO5, emissions. So in
just one nice example we see 28 sets of plates required now,
compared to one or two before.

The new quality levels which we all experience and demand
as consumers is transferred back up the printing supply chain
to the aluminium suppliers. As we strive for better quality
screens and image on our television, the human eye also wants
to enjoy increasingly high quality of print. In terms of printing

plates this has led to increased requirements in terms of a
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sharper defect free image. This means that the surface of the
lithosheet must be blemish free: the tolerance for any type
of inverse roll scratch or other physical defect has reduced
significantly, to the extent that even a 2.5 micron scratch may
now become rejectable. In addition other surface effects are
now less tolerated. This surface quality trend places a new
responsibility on the aluminium supplier, and BAL is dealing
with this new requirement by improving its roll grinding
practices in conjunction with FSA, by improving inspection
and sampling regimes, including the purchase in 2010 of a new
surface inspection system supplied by Parsytec.

Another area of requirement for higher quality is to
address both sharpness of image and to avoid any jamming
in the various automatic plate handling devices on the plate
setter and the printing press itself, and this manifests itself as
flatness for the lithosheet producer. As the PS plates are now
imaged by laser on drum scanners, any deviation of flatness
will create a different focal length for the laser, and a sub
optimal development of the coating, leading to loss of focus
or a smudge type effect in the print. Secondly, coming back
to the needs to increase productivity, automation of the pre-
press workflow, and to a certain extent plate loading requires
very fine flatness tolerances for the automatic feeding devices
on the various machines, as often a cassette of plates is loaded,
and the operator leaves the machine to take care of the work,
expecting that the plates will not jam as they are fed through
tight slots to the next part of the process.

One of the key projections for printing is that run lengths
(or number of impressions printed in a single job) will
continue to decrease. As the barriers to the technology
have decreased, print runs are shorter, and this is the point
in the market where offset clashes with both high speed
photocopiers, and industrial inkjet printing. The ongoing
challenge for offset is to be competitive, and with important
innovations made by the major press suppliers such as
Heidelberger Druckmaschinen, it is claimed that offset is now
competitive at 150 copies and above. This in turn requires
more from the plates, faster processing in the pre-press area
and so on. A direct response to this is for lighter coating
weights to be applied to the aluminium substrate which
reduced the imaging time on the platesetter. This also reduces
coatings cost, and environmental impact. This in turn puts
greater quality demands on the aluminium, mainly also for the
cosmetic issues cited in the paragraph above.

The quest for a reduced environmental impact leads the
plate makers to a change in how the plates are used on press,

the so called chemistry free, or low chemistry solution. Not

only do the imaging companies want to achieve a reduced
use of chemicals, but also eliminate the use of solvents.
As this trend becomes more prevalent, there is a move to
aqueous coating technology, which in turn creates a new set
of requirements at the micro scale for the aluminium. For
example, the influence of micro-structural phase particles,
which until now have not adversely affected the material’s
performance, is now becoming much more important. BAL
together with FSA are already active in further understanding
this subject. Of course the environmental profile of aluminium
is excellent, with its ability to be recycled time after time, with
no loss of properties, and saving up to 95% of energy cost of
primary aluminium every time. All aluminium PS plates can
be recycled. Aside from recyclability, BAL has made, and will
continue to make energy savings and invest further in energy
saving projects. The UK Government was fast to implement
the agreements made in the Kyoto Protocol, and was one
of the first jurisdictions in the world to introduce a Climate
Change Levy, which is a tax on CO, emissions, both at BAL
and at the upstream power generator. BAL is a member of
the UK Climate Change Agreement, and the UK Aluminium
industry has succeeded in reducing its CO, emissions by
39% compared to 1990 levels. BAL will not stop there, as the
pressures of the forthcoming European Union Emissions
Trading Scheme require a constantly reducing carbon

footprint.

3. INDUSTRY CONCENTRATION IN
GRAPHIC ARTS

The other key trend of the last decade or so has been the
industry concentration. A little over a decade ago the current
“Big 3” global leaders in Graphic Arts: Agfa-Gevaert, Fujifilm,
Kodak were not nearly so dominant in PS plates. As the digital
revolution has forced the decline of 35 mm colour negative
photo film, PS plates have become a major cash generator for
the graphic arts leaders.

The story of the concentration of our customer base goes
back to 1996 when Agfa acquired the printing plates business
of Hoechst, followed the next year by their acquisition of the
graphic arts facilities of DuPont. So it was that the Belgian
headquartered company created a group of plate products and
facilities that took the heritage from the pioneering Hoechst
Kalle in Wiesbaden, with the rich history of Howson Algraphy
in Leeds, UK, and formed a group with plate plants in
Germany, UK, USA, Brazil, Republic of Korea, and since 2002

in China.
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In 1997, Kodak and Sun Chemical formed their joint venture
Kodak Polychrome Graphics, and subsequently acquired the
plate assets of International Paper. This produced a group with
plants in USA, UK, Germany, Netherlands, Bulgaria, Japan,
and since 2007 in China.

Meanwhile in 2003 Creo acquired the assets of First
Graphics in South Africa and Imation in the USA, and then
were acquired by Kodak Polychrome Graphics in 2005. Kodak
subsequently bought out the interests of Sun Chemical.

Meanwhile the other “Big 3” customer, Fujifilm, preferred
organic growth to acquisition, and made investments in its 4
plants in Japan, Netherlands USA and China.

For the aluminium suppliers, 6 customers became 3, but the
story did not end there. In 2002 Italian family owned company
Lastra acquired Mitsubishi’s Western Lithotec facility to
become #4 in the market, and then in 2004 sold to Agfa.

So in summary, what started as the group of 9 customers in
1996 became 3 customers by 2005.

So now in early 2010, after the concentration has taken
effect, the world market is dominated by the “Big 3”
customers: Agfa, Fujifilm, Kodak. BAL is proud to have very
good and well established relationships with these companies.

Besides the “Big 3” global customers, there are another 7 or
so smaller companies who operate on a mainly regional scale,
most of whom have developed their CTP technology and who
offer products which in their respective region may challenge
the leadership of the “Big 3”. These customers are also very
important for BAL, as we believe they have the capability to
succeed in the future, alongside the “Big 3”.

Together, 8-10 customers satisfy approximately 90% of
World demand for PS Plates, and these will continue to be the

winners in future years.

4. TECHNOLOGY IS THE DRIVER ‘:- FOR
OPPORTUNITIES AND THREATS

The technology in graphic arts in never standing still, and
must not. The sign of a vibrant industry is new technology. As
soon as technology becomes mature, substitute technologies
will be attracted.

At the PS plate level, it is vital that the needs of printers
continue to be addressed: higher quality, lower cost, lower
environmental impact, faster change times. The extent to
which each PS platemaker can offer innovative solutions in
these areas will define their success and the size of their future
role in the industry.

And in a very similar way, the successful strategies of PS
platemakers will in turn demand new innovative solutions
from the lithosheet aluminium suppliers, which only some
companies will be able to offer.

Bridgnorth Aluminium, with its very strong and ongoing
record of dedication to the graphic arts industry, with its track
record of targeted investments to support the sector, and very
importantly with its new shareholding by FSA together with
the technology assistance agreement , is not only very well
placed, but more importantly also fully committed to playing a
key role in the future of the industry.

Simon MacVicker

Managing Director,
Bridgnorth Aluminium Ltd.
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Abstract: Soon after aluminum came into existence as a lightweight material, high-strength
aluminum alloys were developed in concert with the rapid evolution of aircraft in which supe-
rior specific strength is always demanded. In this paper, the history of high-strength and heat-
resistant aluminum alloys and their applications to aircraft will be presented. Metallographic com-
ments on the general as well as specific aging phenomena of high-strength aluminum alloys will
also be included, since age hardening is essential for strength enhancement in aluminum alloys.
Moreover, efforts to prevent delayed fracture and rapid crack propagation, which constitute a

problem especially in high-strength aluminum alloy materials, will be presented.
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Fig.1 The relief of Alfred Wilm (1869 to 1937) .
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. 3.5 1.0 - - 1.8 —
Duralumin W ~45 ~18 ~20

Ta T3y EER (J-4) 251917412, k%
¥ (F13) 2819194F 12 K 4 7 @ H. Junkers |2 & o TEAE
ENFze F7z, 19204E121F, RATHEOEAILIZE L Hw
KRB OEER T VI = 2 E5E% w7270 xT )55
HEINZ, TOLXHIZ, BHEET VI =y A58 R
KTHV 27NV ViE, HEIEE o - RATHROREEH
MEE L TETETEEYR SN, ZOFEIMWRI T
720

72E 72 F, 1917 4R (23 E R A b o0 LA H RS- IR g 4 TF
PR EOANTEEE Sz = v X)) YRI5
BrATL, REE Z0V25V yOls%EDR
FEATO NI L REHFKICFL SN TN 560, HRIZEBITS
T aT NIy ORMOBEER, 1919F ICEK SRR
IR 70 =k, Mt (URFIHTER L) X, 19264712
Tag VI yOREREMA LR, MR L LD
(2, 1928 4R (MM D i & BRAR L 727

212 813>

BEBEARATHROMEREA BBF S EL 2, Y2 T3
CEBADBEDENT IV Y AGEDREDIEE o
7oo MR, R2VIRT LI LTV 2T VI v 2BECENR
THEAAETLISEEOAEE, wIhdBY 2TV 3
> (super duralumin) &FMENTW 72, 3, 19254F12
K E D Archer & Jeffriesld> = 5V 3 v OSIENE %
WML7-AETIE, SEREFDICEDBVRES SO Z
EERFRML, WhWwaETFARBY 2TV I VEREHL
728, —HT, 1930FEIZT NI TIESIZHRMLR LT
b MgilvinE % 15% (28§ 2 L1 & ) EEFHOATY
BNRENEONLZEERBL, A4%%24SE L
720 DMALIZBWTYH, MgiflE zH# L72DM31 % B
HLTWEY, 75 AFBY 27V O L) IZSHREM

BEOHWLEETH- 724,

19424F, HA 513, FFL24S & DM31 D 2O Y 2
SN oOWEERELTYS, MERIZIZFFAS%ETH
0, 24S AN LRI AR A E TENS LR T
WA, KR RERVWEOFEIZ LTwb 9, &
TR, EIRIC BT D 24S IS A I EN
Fi# % 27 5 v R L7E (Alclad) 25 b £ i s v €
By, SHTY, BYaoVvIres213, RFEHED
Al-4%Cu-15%MgBEEDT IV I T D2USETRT, —F
T ORI SHEAE2SEAL L 728, Fe, Si, Zn7z EOAA
PR A & % 24S DT KT REI NI ESREE 20,
DM31 % %32 L ChI3s & 71172 ND (Nippon Duralumin)
EBEPIMAFITH Y 29V otz L LCEEH
FAIZHERH S, 24S & & b I THEE L T /29,

=2 BI1IIWIREEND-E
Table 2 Super-duralumin and similar aluminum alloys.

(mass%)

B0 Cu | Mg | Si | Mn | Ni | Fe | Ti
248 36 125 — | 03 | — - -
(K. 7)aT74)| ~47 |~1.75) — | ~09
DM31 35 | 09 | 02 |09 | — Fe+Tl
(3%, DM#1) ~45|~15|~09|~15 ~05
RR56 15 | 04 - | 05 08
(& 0-VAOMZ#)| ~25 | ~1.0| ~1.0 ~15|~13|~0.12

213 B4 173>

MY 2TV DMELSHITERL, WhY b4
VaglIviE, F9ALZn-Mg=Ita &R THRE &
N7zo RR=ZJCIKEX X Eger 2 & - TI3FI2/ES
710, 72, BT 27V 3 v OFEHT O 1920 4F 12,
Freankel 51X Al-Zn-Mg A& 4 O Zim b LA 14 %
MEE L CWwWA 1, Z LT, Rosenhainix, ZN5DWb
W% zinc duralumin DR AL, 1921 4EIZHRE D
WEA % (A1-20%7Zn-05%Mg-25%Cu-05%Mn) % 58
L7249, F72, 19234EW, Sander & Meissner 1, iR
EExh & & 12, NTEERhIC & - TRk £ 5500 MPa
EBZAEETERM L, S 5121927412 Sander 1
Eix b El2vwbw b Sander 54 (A1-8%Zn-1.5%Mg)
%3 L7z, Sander & 4 & ®H TH Constructal-8
(A1-8%Zn-2%Mg-05~1.0%Mn £42) & R 72 A4
By 29IV a2z 55 (60 kgf/mm? (588 MPa)
W) ERGDLIENTELD, LL, TS EHENE
5 M7z zine duralumin [ ZE S 5 7207 TEINAZET
WhWw L ENIET PREE o THEBIZE> TV
W, AT 2TV Iy ORSENE, “FReIEIIL (season
cracking), ®AWVIIHY TIEE X EHN 2L LTI
T 7z2s, BRIZISTIIE &34 (SCC i stress corrosion
cracking) & L CEH I N TW k) Thb, HARMEHE
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SRE-MAM7ILIZYLEE

DFRNEFE 2 CTHEEEBOR RS 1, MEOEW
24S, SanderB4&BLUVEAEDIEE&EILICHFET
B, 1936 IZCra g 2 2 L2 & o TS HIEEHIN
OREIENEETE S 2 L2 R L, 573 (H 4135036 %)

T L 722, 2 2 CHIE S NRERE O & SHLSE X

IR, RERERT R IE AL-8%7Zn-15%Mg-2%Cu-0.5%Mn -
02%Cr&aeTh Y, HEFESLEMD450C OB AT,
KBANBLP120COBEREL(ZZ
ART)EMT I LI2LD, BIERM S 1260 kef/mm2 (588
MPa) T\ MEASH 720 B801E, ERE3 DDA &K DL

FrEoltk)THhaED,

duralumin) = Fam%s & L CERILL 722,

MR, FEER TV = A

= Tl i R R LB

T2 “ESD” (extra super-

GRFAEDENITHED 5

NTWhb, BIVIGHY 2 VI VOBEEZZ LTIV
WhWAHBA Y 2TV

IZULAEEL L TCHESN,
EWE R, BH GEFETL) b
19384E 121, ZrBLUSIZRmIMT 5 2 L2k o Tl
BN (RIS EHIN) & [ L 724

)M L Twb, Bilk$ 55

I VBRI TV A

s3]

G OFFFF (H A 147525

LV 7 L 3

Y LAEETE, CrhbL LABANERZEZMZ 51

BZr RIS nG L 912

AT & o 7272070,
F/2, MY 2TV REBOND A4S L FRRICER T O
CuiiimL e CdMA T 2
TN VY OMREDTERTE L E5EKD SNTH
413, %b\?ﬂiﬁd'lé

JEURL 1 A3 AL L7288,

&1 72HD (Honda's duralumin) &
wIRTEERICEN G412 T, fﬂﬁ@ 7NO1 12
LOVHDLH, b, B

%o 12,

E] b A ik
FRAIZIZES Bh o7z,

SGIDP)
eIV v EFENT

W5 7075 G e BiigIL, 19434RIC X ) R <L, KRB

FBICET LT VI TOBSE

ENh LI

ﬁJBD®%%K@ﬁéhé%®f%éo

Lo TWwWh

22 MEAMTILIZ)LESE
BERDOMBEMET VI = A E5EDOMEFR4D (12
ﬁowmﬁﬁgwmiubtb,m%ﬁszva
BT EIH BT BB~ O®H % 852 L T3k
E@Rosenhain 12X > TRIEMICEHEED STz, Z

S 5N72Y A4 (Al-4%Cu-15%Mg-2%Ni) 1%, BEA
M&ODAIHHJJ CXDEBENML, 250C<HWETIE
MR TSR ONLWIHEET VI =T A58 Th S,
Tag)b 3 /@;é)ﬂﬂ:f.» T, TlEdho722%, dEd
EALCuRHEWA & ITx L Clit vk % Fi 7o % 72012
NiDSms -4 /f“C =2 CTHNIAAL-Cu-NiRiLE
WMEYMEERE ZAHDE ORIV,

Y &EDOEERE, JEDRolls-Roycett & High Duty
Alloystt & O ILFFFEIC & - CTBET VI =Y 24
EORRAGEVETIN., HBWH, ¥4 A MD
Y i%’iﬁ}ﬂkﬁﬁiﬁ ’lo“(Cuz‘ﬁJﬁZﬁSii 134057
/A ¥ N: S CTiBLUFeZmNdT b2 &1
;of%mﬁﬁmmi%lotﬁﬁﬁ7w\:ﬁA%
ETHDo THRINZ & 2 MEDOBHIAL & Fe ORGIHAT H
Pl ’otéfnﬁa )= 7HoOmERRELEZ LN TNS B,

AIf%2122618-T6 & LT, JEALADBAZE L7z~ v N2
uLﬁ%ﬁaLkﬂ/ZWF@§ﬁm%fﬂﬁcQWK
HHME LTHWONAEZ &2 513,

zx4 ST ILI =Y LEED—F8
Table 4 List of heat-resistant aluminum alloys.
(mass%)

&Z¥ | Cu|Mg | Si | Ni | Fe | Ti finE
4 |15 | — 2 — | — |% Rosenhain

RR50 [1.30/0.10|2.20(1.30/1.00|0.18 |{#&, 41 HX bH
RR53 |2.25/1.60|1.25/1.30|1.40|0.10 | ¥4 A#Z PA(EZX +>)
RR56 |2.00/0.80|0.70|1.30|1.40|0.10 $&:&H

RR59 | 2.25/1.60/0.50|1.30[1.40|0.10 |$&&F (EX k)

=3 Bel1500I%840—8
Table 3 Extra-super-duralumin and the other high-strength aluminum alloys.
(mass%)
E4 Zn Mg Cu Cr Zr Mn Ti Si Fe Sn -E3 FEEAE
3.0 1 1 0.1 — 0.1 - - - — -
ESD FET
N ~20 | ~10 ~3 ~2 - ~2 — - - - = 1936
Ed 135036
4222 80) | 15 | 20 | 02 | — | (05 | — — - — -
SSD 6.0 1.0 1.5 - — 0.5 — - - 0.1 S5 1938
(MZeRRZEF) ~10.0| ~3.0 | ~45 - - ~15 - ~08 | ~0.8 | ~1.0 1371175
4 0.5 0.5 - 0.05 0.1 — 0.4 - - -
SSD 455
. ~10.0| ~3.0 ~4 - ~1 ~1.5 ~1.0| ~0.7 - 1938
AEL 1475253
EABD | 60| 20 | 48 | - |02 0| - | - | — | = =
755 5.1 2.1 1.2 0.15 - - - - - -
~6.1 | ~29 | ~2.0 | ~0.40 — ~03 | ~02 | ~05 | ~0.7 - - 1943
(7a7)
(5.6) | (25) | (1.6) | (0.3) - - - - - -
HD 55 | 15 - 0.1 - 0.3 - - - - e N
(#4iFE®Bs | ~58 | ~20 | ~08 | ~04 | — |~08| — |~05|~06| — mm%;g;ggn -
E184AIEER) | (5.4) | (2.0) - (0.25) — (0.6) - - - -
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S - e T7IVLI =9 LEE

WIN B LICREETDH D 720 a0 72 7
ZIEN Tz, 19394 ICAR R G 4 OB R AL X
BT 27 )V EAMAITHEERICE 0D THLZ &
AP L7219, NiBX O FeificL 2By 25
VI Y OBIFRIIHIEIRIIFEDO SN L2 s, BE
% Nif%d 5V IENi, FeRLEWDFHUC L - T, il
SRR EINLZDDOLEZ LN TS5, K36 |2
Al-Cu-Mg & & ORERNZE I 129 Ni, FelEA @7
SN SIRNINO R A R T o SHRMNE S EEOBLT 21
ThL, BrAFBY 29V 3 v ERBRICENIC N TR
ORLMEZ EWF 555, Ni, FeAMmINEd T 8 L%
W EDPTNE. 72, A, INLEERICBIT AN
B LU Fe OERA MR S, ALNGRILEWIZR LT
Al-(Ni, Fe) RLAWEICux ) AAREENZ &5, Y
EHELDDONILFeZHARMSNDRR, 2618540
CuiinEz Mz b2 &N TEL EHEINTVEHID,

160

Al-2.5%Cu-1.3%Mg

140 1

+1%Ni, 1%Fe, 0.25%Si

120 1

100 1

& (VHN)

80

60

an ELE
40 ‘
asQ 001 01 10 10 100

rERbRERE (R)

160

Al-2.5%Cu-1.3%Mg | +1%nNi, 1%Fe, 0.25%Si

140

120

100 [

& (VHN)

asQ 001 0.1 10 10 100
rEsiRsfE (R)

40 :

3 Al-Cu-Mg &£ DEFNREILICRIZT Sis LU (NI, Fe)
AINDFE

Fig.3 Effect of Si and (Ni, Fe) addition on the age
hardening behavior of Al-Cu-Mg alloys.

23 EE{bHE

CZET, B4IRT &) AL B L
720 BERMBAIT B EMBHEEITETTHLDOTH %
Molze FFICHEEDOE VT IV = LEEOYE, iR
BLNVOLERErS, THELNVOKREML, KE4d

FEANDBATICBWT, & OMEDEEL L 72, Bl 213,
R, i, SR S oM LEOE DS,
BEANUZ X BFREIS ) R 438 9 2 BE A U1 1R L
T EMERED /N T Y 12 X B BEE F VKT A, T3
LICBE LAEREREIR I A MICRE BB L 2.7 D720
TZEALIC BN THEEAT < BOKR A & OBl R0 5 i A DS
WD SNz WADEEHE R >TnAEY 2TV I VIZB
Wb, ToRERERLMELTZENIIHEL I ENTER
Motz b, EEOHDLDMIZT 27V 3 O
WAL, 1922 1A IEZDNHEEVHHETLY LB
LT, ENNOHEMEAZK 726 L 3D, LidEE
2R TR DA F 5 1941 4512 B A 7 N3 %4 O HBIGHAlT
HRIRE L, REEESMOEAICED/218, b,
BT VI =T AEEMEOREDOH L S &2RL, &
SRS L & B ICEGEHMEOEINCL T, £ T
ALK SN2 ENEDLNL,

Al-8~12%Cu 41
Al-4%Cu BEAR
Al-4%Cu-1.5%Mg-2.0%Ni
[A|-4%Cu-o.5%Mg‘ Al-4.4%Cu-0.5%Mg-0.8%Si Y&4(2218)
: |

Duralumin 14S(2014.
175(2017)
~~.| Al-4%Cu-1.5%Mg-0.6%Si | | Al-2.3%Cu-1.6%Mg-1.3%Ni-1.4%Fe

l DM31 RR594 £ (2618)

Al-4%Cu-1.5%Mg)
Super-Duralumin
245(2024)

Al-8.5%2Zn-2%Mg-1%Cu-0.5%Si
‘ SSD (&)

+Cr

4 SEEBESIUMHAMETIVI =T LELEROESER
8

Fig.4 Historic changes in the chemical composition of
high-strength and heat-resistant aluminum alloys.

3. HEOHNKES

BRI RIS, TV D AEEB L OAEERRE
DHOE, WD HKRENZFE D, HADT IV I =7 L
FE, Mol &) 1950 4 P E TIRARIRAE L 72 ), 2
#®ix, KEOPELZMLZITHI IR D, BAE, JEL
HOWSNTWE T IVI o ASE0OmaHEE, KiE
DT NATHIEL T3, 4K E ORFIT RO S 7 447
D AAFE 5 (Aluminum Association Number) 28Hv &
NTW2, REICHED AAF T ICBFE S NS
L OB 200027V I =7 A%, HHNICEGICHE
BRIETO00RT IV I =7 AE &% R T, BICIRRTE
L9, Vagniy, BYaAIVIVvBLIOEAY 2
T3V, BRI L L OMEOEEORTR
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S -7 LI LEE

TlEdH 575, FERAYIZIE Duralumin (DM), 24S (7 )V 2
T)BLUVESD (Ek) 2 ehThoffFEE&ELEZoN
TWbo 19544FED AAIZ L BHEDFE—I2BVWT, Y
TNV, BYaTINIVBIOBAY 2T VI VIET
NVIATHDLTS, 24SB L V7S I2H Tk S, HED
AA B XU JISHIEIZBIT 52017, 20248 L 707544
AT 2 F72, T, REMRWEET VI =T A
BEETHAYEEBLIUORRESEIZAA B L UJISH A
D 2218 L 2618 G EIIH| EHDI NI D D EFZ TR,
PAERIZ XD, MmO RLIZER S REEA Y
TN BR, EHMET VI Y ASEB LU E T
V= AEEISHT AMZERAME S L ToIfEX
Tbhbeholz, LT, ZOMRINZS L) ICH4E
DOBIFEIEHEE, £5, K6BLURSIIRYT L) 2Hircn
AATZNESRENDL Z Ll b BY 2T VI Ve
LT 52000726481, B Y2503 v (EDS) DI
BHIZL Y, BRREOEMNOMEAEDL Z LIk o7. L
ML, 200025 @B LEENRIF 2RI L L LB,
SRR E P T BN S 2 LD, T000 R B4 L
TR DD DLZ EFHEELT, Z0BLB%
HHED BTV D, WA 5 HF122024-T3 1%, # 1K
L5 [BRATE 0 222 % F BT H QAR Z DRt & %

WIRARETAMR & LTS sz, —T, 7075-T6 %
RFEE S 57000 R G081, BHREFRHNZ L6, il
22tk EIZER ER O £ OFiisRbr, FEEBEK
FREOHM S L OIREOHEE & LT SR
%0

| P

Fe, Siif
+Ti, Zr
744954 (199414

=
Al-8.1 %Zn-2.3%Mg-1.8%Cu U sy

Al-6.2%Zn-2.1%Mg-1.9%Cu

70564 % (200414)

Al-9.1%2Zn-1.9%Mg-1.6%Cu

5 E®E7000%R7IVIZJLEEDHEKODREL
Fig.5 Reexamination of the chemical composition of high-
strength 7000-series aluminum alloys.

*5 MEE s L UEEE2000 R 7V Z T LAEDELRE
Table 5 List of standard chemical compositions of heat-resistant and high-strength 2000-series aluminum alloys.

(mass%)

AEZ] Cu | Mg | si CuMg | AAERE
35 | 12 | -
2218 | 45| ~18 | ~09 2.67
19 | 13 | 040
618 | 57| ~18 | ~025 1.48
58 | — -
2219 | 68 | ~0.02 | ~0.20 -
39 | 020 | 050
20141 50 | ~08 | ~12 8.90
35 | 040 | 0.20
2017 1 45 | ~08 | ~08 6.67
38 | 12 | -
2024 1 _49 | ~18 | ~050| ~09 | — | ~050 — | ~010| ~0.25 | ~0.15 | 2.90
oioa | 38 | 12 | — | 030 | - — - - - -
~49 | ~18 | ~020| ~09 | — | ~030 — | ~010| ~0.25 | ~0.15 | 2.90
38 | 12 | — | 030 | - - - - - -
2224 | 44| ~18 | ~012| ~09 | — |~0.15 — | ~010| ~0.25 | ~0.15 | 2.73
38 | 12 | — | 030 | - = - - - -
2324 | 44| ~18 | ~010| ~09 | — |~0.12 — | ~010| ~025 | ~0.15 | 273
38 | 12 | — | 030 | - - - - - -
2424 | 44| ~16 | ~010| ~06 | — | ~0.12 - — | ~020| ~010| 293
2524 | 40 | 12 | — | 045 | — - - - - -
(C188) | ~45 | ~16 | ~006| ~07 | — | ~0.12 — | ~005| ~0.15 | ~0.10 | 3.04
37 | 12 | — | 015 | - - - - - -
2024A 1 _45 | ~15 | ~045| ~08 | — | ~020 — | ~010| ~025  ~015| 304 | 1998UN
39 | 10 | — | os0 | - - - - -
2027 1 49 | ~15 | ~012| ~12 | — | ~o015 -~o.05 ~020 | ~008 | 352 | 2001UN
o1a | 15 | 08 | 06 - - — | o004 | - -
~20 | ~12 | ~10 | ~025| — | ~04 — | ~035| ~025 | ~015| 175
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%6 EMET7000RTII 2 LASDALER
Table 6 List of standard chemical compositions of high-strength 7000-series aluminum alloys.
(mass%)
AAEE | Zn Mg Cu Cr Zr Mn Ti Si Fe | Zn/Mg | Cu/Mg |Cu+Mg| AAZESRE
— 5.1 2.1 1.2 0.18 - - - - -
~61 | ~29 | ~2.0 | ~0.28 - ~0.30 | ~0.20 | ~0.40 | ~0.50 | 224 | 064 | 4.10
2178 6.3 2.4 1.6 - - - - -
~73 | ~31 | ~2.4 | ~0.04 ~0.30 | ~0.20 | ~0.40 | ~0.50 | 247 | 073 | 4.75
7049 7.2 2.0 1.2 0.10 - - - - -
~82 | ~29 | ~1.9 | ~0.22 - ~0.20 | ~0.10 | ~0.25 | ~0.35 | 3.14 | 0.63 | 4.00
- 5.2 1.9 1.2 0.18 - - - - -
~62 | ~26 | ~1.9 | ~0.25 - ~0.06 | ~0.06 | ~0.10 | ~0.12 | 276 | 0.69 | 3.80
050 5.7 1.9 2.0 - - - - -
~67 | ~26 | ~2.6 | ~0.04 ~0.10 | ~0.06 | ~0.12 | ~0.15 | 276 | 1.02 | 455
7150 5.9 2.0 1.9 - - - - -
~B9 | ~27 | ~25 | ~0.04 ~0.10 | ~0.06 | ~012 | ~0.15 | 272 | 094 | 455
— 7.6 1.8 2 - - - - -
~84 | ~23 | ~26 | ~0.04 ~0.05 | ~0.06 | ~0.10 | ~0.15 | 3.90 112 | 435
75 1.8 1.4 - - Ti+2Zr - -
7449 | g7 | ~27 | ~21 | - ~020 | ~025 | ~012 | ~0.15 | 360 | 078 | 400 | 19940UA)
7040 | 57 1.7 1.5 - - - - . 1996 (14)
~B7 | ~24 | ~23 | ~0.04 ~0.04 | ~0.06 | ~0.10 | ~0.13 | 3.02 | 093 | 3.95
— 7.0 1.2 1.3 - - - - -
~80 | ~1.8 | ~2.0 | ~0.04 ~0.04 | ~0.06 | ~0.06 | ~0.08 | 5.00 110 | 3.15
8.5 1.5 1.2 - - N - -
7056 | 97 | ~23 | ~19 | - ~020| ~006 | 010 | ~012| 479 | 082 | 345 | 20040A)
005 8.6 1.4 2.0 - - - — -
~98 | ~20 | ~238 - ~0.05 | ~0.06 | ~0.10 | ~0.12 | 5.41 1.41 410
16 19 |2 i 2otk D B S8 4E & R & M7 F 2 snh g 7 v A —— ]
- — 5 N — HBUEEIC10000n Rz
RV LEEBIUTEE R T, 19504 FTIL, Bl &ﬁﬂl\ N - HREEIC 1000tk
fe S LR o I EIR 2 #E 7B A&, IR 30 - \
EOBWERTIXTIISEENR—4 » 7B707 7% EICE % NS :’2‘618—T61
. N < Y
ffbainsz, 7, BANESENHEE L4414 0 F ® \\
R . = 20
READEMA L LTI079848°7001 44807 Va7 R \ N~
. . E ) ~
THIZE & N7z, ST HIMOM SCCHA LA 6 S T ~_ " T6\ \\‘ 2219-T6
BY, BEOAABRITIER S5 22, 2000 284 L 10} 1100-H18 — AN
LClE, Cuilthlzm D\ 221984031954 4F 1285 S x N
N
TVh, COEEE, BEETETLISHESETH s
73, 7202773 X 9 12250~ 300C D E iRz BT 4 bf 0 100 200 300

FEEICHENAMBET VI = A648ThH b,

700 7055-T7751 —
757-767 2| 777
600 TI78TESL 707 7150-T651 =y v, W7
P L 0 do, c17
_ s00f 7075-T651 ON'.‘i-.Jé:‘ \'7(51'6'
& S==B29--"7 TN MD-11 7150{T7751
S 400 | 202473 L1077 7075-T7651
= i 1) *I
2017-714%, 9 _..
g 300 ¢ o DC-3
200 JunkersF.m/
100 FI1BE

o ‘ ‘ ‘ ‘ ‘ ‘ ‘
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000
BN DIRAE

M6 BARERINEMEERICEBIN-SRETILI=TLEE
Fig.6 High-strength aluminum alloys adopted in the
developed airplanes.

BE (C)

7 BRETIIZULEEOEEEE
Fig.7 High-temperature strength of various aluminum alloys.

—J5, 19544 IR DY = v MigEHEOa Ay M5
(L) D REE 72 B 2R RIS S A L 72 TS, i 4
FEANOD TR HE0 K$ 2 &2 & B IRREE O 9% 57 HiaE A3
WThole COFEMEIR, T VE—TDEZ
HHEFI, oM R 2 GRS % 720 O 55 3Bk
ORBE L2k ah7ze £ L T19604F 113 Lo DRk AR
FERRERAE G SN D T 2 B2, F 72, 1969412
WO T ZE 2B L 72BN BB F - 111 O 2% TR
AN EE PN, BEE T RS 572, T,
BEEFRALIZ TV I =7 2B TR <, BRI S
72DOACSIOBIE R L2 s T v 7 OMEIZL D0
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Tzt & L CRe RS 5 MG % (damage
tolerance design) 2RO LA X H IR, ENL-BME
T ROMBPLEIIR 5722, Z LT HEomEET
728, EISEAHE LTT7 Va7 IEAMBES O Fe,
SIOEH = E MR 72TITS G 4R 74756 4 % 1969 4F 12,
2124 58 % 1970 12R% L7z —H, LA VXTI,
CulthnEx TIF7-2048 &% 1972 12 L 7zs T 72,
BE AR DS HIE L 2 ZIEAH & LT, Crifhnsz
Z 72704944, Crifvnzg: o Zr dyNZ 7 2 72 7050 A4 4%
FIFE SN TV D, BWEERILELIC L 258 % O T % 7049
HAE&TIE Zn/Mght %, 727050454 TlECu/Mgltx I
T4 2 & THio T b, 197341272384 2 3B IR AL
D RRA (retrogression and reaging) 237SM. B. Cina 2
LoTREINTZZ NS, SHITEZn/ Mgt &4
DFREE LM SCCHEZ E\RKIETHERTEZ 5 912741,
7055-T77 25 R—A ¥ I BITTONMEA ~ ) BB LOE
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Fig.9 Schematic atom placement of a G.P. zone in
Al-Cu alloy.
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Fig.10 Aluminum corner of the aluminum-copper diagram.
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Fig.11 An atom arrangement of metastability phase 6’ in
aluminum-copper series alloy.
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Fig.12 Age hardening behavior of Al-4%Cu alloy.
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Fig.13 Aluminum corner of the aluminum-copper-
magnesium diagram at various temperatures.
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Fig.14 Precipitates of Al-Cu-Mg alloy artificially aged at
200°C for each of the time.
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Fig.17 Phase diagram at 460°C of 90% Al-Zn-Mg-Cu
series alloy.
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Table 7 List of standard chemical compositions of high-strength Al-Li series alloys.

(mass%)
AAE&| Cu Mg Li Ag Zr Si Mn Cr Zn Ti V AAESRE
2000 | 20 | 0os| <56 | = | ~015| ~010| ~042 | ~005 | ~008 | ~0.10 | ~045 | — | 1984(K)
soo0 | 2P | 2% | 22| I | 06| ~020| ~080 | ~010 | ~010 | ~025 | ~ot0 | — | 1984()
2001 | 175 | Jig | X% | 20% | ~o46 | ~020 | ~080 | ~010 | ~010 | ~0.25 | ~045 | — | 198544
soot | 125 | 2% | s | I | 06| ~030| ~050 | ~010 | ~010 | ~025 | ~ot0| — | 198569
2106 | 205 | 28% | 25 | 265 | Sods | ~042 | ~045 | ~085| — |~08s|~040| — | 2000GK)
200 | 22 | 28% | Ofa | 8% | ot | ~012| ~015 | ~085| — |~o0@s|~010| — | 200068
2050 | 32 | 255 | s | 8% | 2034 | ~008 | ~0.10 | ~580 | ~005 | ~025 | ~0.10 | ~005 | 2004 6K
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Fig.18 Fracture surface of stress corrosion cracking in
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Fig.19 Effect of over-aging time at 160°C on the yield
strength and smooth-specimen SCC threshold of
7075-T651 and 7178-T651.
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Fig.20 Precipitates around the grain boundary of T7
treated Al-Zn-Mg-Cu alloy.
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Fig.21 Relationship between the size of precipitates in
grain boundary and the SCC life of Al-4.3%Zn-
1.7%Mg alloy.
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Fig.22 Factors for improvement of the SCC of high-
strength aluminum alloys.
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Recent Casting Technologies for Aluminum

i F R {E

Yoshinori Nabika
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ERIEREMOBETIEDEMDUEM T TH - HRICH LT, SWRFLEREPKDODOSNTET
B, REEFEOHEBAEZMCIMA T, ABRERZORMEAREI KD 5 TVD, EHKTERR
FEAICDOVWTH, TORBEFEELDLD(IC, RINABOBANF EEIh TS,

Abstract : Casting is one of the manufacturing processes for aluminum materials. The author intro-
duces the recent casting technologies concerned with aluminum sheets, plates, pipes and bars.
To solve the problems of casting ingots, for example, breaking of shell and cracking of ingot, vari-
ous ways and equipment have been suggested, and the efforts for analyzing accurately the mech-
anism of casting troubles have been proposed in recent several years. On the other hand, ingots
were no more than the material for rolling in the past, but today, they are required of better quality.
So, it is necessary to develop the technologies for improving the quality of not only surface grains
but also inner grains. Efforts are also continuing to improve the technologies of horizontal continu-

ous casting of sheets.
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Effects of the Content and Melting Point of Polyethylene Wax in Coating Films
on the Stain Resistance and Formability of Pre-Coated Aluminum Sheets

NEORE

Takehiro Ozawa
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Abstract : Effects of the content and melting point of polyethylene wax in coating films on the
stain resistance and formability of pre-coated aluminum sheets were investigated. In order to esti-
mate stain resistance, stain resistance test using red ink was performed. To estimate formability,
drawing test was performed and the limiting drawing ratio (LDR) was measured. Stain resistance
was good when the content of polyethylene wax in coating films was 3% or less, but it was
slightly poor when the wax content was 5%. It was confirmed that red ink stains were osmosed in
the polyethylene wax particles observed in the surface of the coating film. It was considered that
stain resistance was influenced by the condition of the wax particles. Stain resistance was good
when the melting point of polyethylene wax was 343K, 373K, 393K and 403K. Formability
improved, as the content of polyethylene wax increased. But it deteriorated, as the melting point
of polyethylene wax was higher than 393K.
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Table 1 Chemical composition. (mass%)

Si | Fe |Cu|Mn | Mg | Cr|2Zn | Ti | Al

A5052 |0.09|0.27|0.02|0.03|2.43|0.22|0.00|0.02| bal.

&2 HEMAEVAEME

Table 2 Mechanical properties.

Tensile strength| Yield strength Elongation
(MPa) (MPa) (%)

A5052-H34 253 238 4

%3 FHMEAEEMOT 7V ILRBIEISHML 2K T F
LrDy 7V ZAAMEERMEADHEAEHEDEM

Table 3 Combination of the content and melting point of
polyethylene waxes added to the acrylic series
resin, prepared for application to specimens.
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Fig.1 Appearance and estimation point of stain resistance.
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Fig.2 Effect of content of polyethylene wax on stain
resistance and gel fraction.
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Fig.3 Surface photographs of pre-coated film containing
polyethylene wax in various concentrations, after
stain resistance test.
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Fig.4 SEM Images of the surface of the coating film
containing 5% polyethylene wax, before extraction
and after extraction.
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Fig.5 Infrared spectra of polyehylene wax and the white
product.
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Fig.6 SEM images of the surface of the coating film
(containing polyethylene wax in 0%, 1%, 3% and 5%) .
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Fig.7 Optical microscopic images of the cross-section
of the coating film containig 5% polyethylene wax,
after stain resistance test.
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Fig.8 Effect of melting point of polyethylene wax on stain
resistance and gel fraction.
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Fig.9 SEM images of the surface of the coating film
(the melting point of polyethylene wax was 343K,
373K, 393K and 403K) .
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Fig.10 Effect of the content of polyethylene wax on
formability (LDR) and friction coefficient.
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Fig.11 Effect of the melting point of polyethylene wax on
formability (LDR) and friction coefficient.
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Multi - Channel Profile Meter for Hot Rolling
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Fig.4 Appearance of profile meter. (before installation)
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Superhydrophilic Pre-Coated Aluminum Fin Stock
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Fig.1 Structure of superhydrophilic pre-coated aluminum
fin stock.
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Fig.2 Results of hydrophilic test after wet-dry cycle.
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New High-Performance Heat Sink, Hi Sink VL

1. IU®IC

TVIZwABOe — Y Y rid, BFEERROEA
FTRIGBT 2 EOBHM &L LT, 4L OB TR,
RSN TWET, T/, NA 7)) v FEIZIE, E—
FHIEHE A > N—F OmHIH & L THEREnTWE T,

INSOBEFHECHBHEH e — > v 7121, ik
PEREIN b &/ NEIE AL SR (RO b T E T,

FITBHNE, BT 4 VIRIREERL, TR
ERBOEMFMIC LY, RO LM - ok
Db KIEICERE CEEMREOEN B Bk e — b
7, [Hivy 7 -VLIZBELE L7,

2. BELHR

[Hiv > 7 - VLo E 2 B2, R0k E
RITRLE 9

21 VRBRIZ 7 ¢ > %FCE

RO LEle — by v 70k, W7o WEHEHEDNE L S
A EATIEEFEEZRSTEETH, BT 12T
%6 b7z 225 25 LA J] T/l T, FEFIREEATE <
ToTLEIWEd,

LA»L, [Hiv v 7 - VLITIEHE 7 1+ ¥ BVFEIRIC
MEINTWED, B TEON—N—12bimE AL
TV VEHRZHET 22 EATE, BiEivEsE
BhrIEeNTEET,

X1 [Hi¥> 7 - VL] OBREE
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Fig.2 Results of heat distribution simulation of comb
shaped heat sink and “Hi Sink VL”.
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Thick Aluminum Alloy Plate for Industrial Machinery, Fus Plate
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Table 1 Specification of thickness tolerance.

(B4 mm)
f&IRE
) 4 6 8 12 18 25 30
Eifigs
FP52 +0.04/+0.04/£0.05{£0.05/=0.09/+£0.12|£0.15

Fus Plate |£0.10/£0.12|/£0.17|£0.20|%0.30|+0.40|+0.50

JIS A5052 |+ 0.35|+0.45/+0.50/£0.70|£0.80| = 0.90| £1.0
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High Strength Aluminum Alloy Sheets with High Thermal Conductivity, FUSTHERMO Series

1 &I

BT L E S VD ETHEETIE, HED» 55
KA ERDPTIEHPEELEFIREL Lo T E
o TIVI 7 MIEEE 2 721 T  BEEMEIC L R
B72%, TOX) REOBIIRICAEM L FEMEFT AT
Fo ALIQ0IZRRE SN DA T IV I =7 L IBYREE D E
W oo, WEEMEC-OFHFEMSRONE T, BT
BEROERR Y ¥ — T 2 X12IE, X D REDOE W A5052
GEOBHANEZ ONETD, TOBYREEITHT L I
Sy AE DL ARV TN T,

Y, FTFIEMERELT 2B TR S OBE
(MFAVASTARECore &R S ATV BYA L e U
MYV I =y AEEWRT 7 7 A% —E (FUSTHERMO)
) =X BB b L F L7z,

2. 4

77 A —EFT ) =X, 6000% (Al-Mg-Si%) &4
A=A L, AR E RS T 0 A DR#E IS &
D, RO L) ENFBEFEIL TS,

@ M7V I =7 AR A D BRI

@ A5052 & AR IV GREE

@ BIFZR B, 7L AR, #in Tz &

77 AN —EY) - AOEBE - BEYRET VI =T A
BEROFFELARIIRLET, 72, B1IE5IRKRS &
B % AL1I00B L VAB0S2 &4 L L 72H DT,

T 7 A —FET Y = ZDOWTNOEE D BIRENEE &
OEBEEICENR T T EMOLIE, BMREEE & REN Lo
7o O DBILIE (FARAL - BERNILEL) 2 N2 72 b DT, K1l
EELEETLHEIELTOET, EM021E, HSitos
SRR & 167 LR 7 BV 2 1T e b e WL 2 7

240
A EMO3
220 + A
y [ ]
1100-0 1100-H18 .\ EMO1-T6
—~ 200 |
o EM02-H24
S 180
s |
I
ﬁ 160 |-
L}g
& 140 'S S
2- 2-H32
120 | 5052-0 5052-H3
100

50 100 150 200 250 300
B[5RE&E (N/mm?)

K1 T7RY—F2U-XEMDTINIZ) LEERDEARES
EHIREE

Fig.1 Tensile strength and thermal conductivity of
FUSTHERMO series alloy and other aluminum alloy
sheets.

=1 SHRE - SREETINIZTLEERT 7 AV —FD ) X EEBMOEFE
Table 1 Typical properties of FUSTHERMO series alloy sheets and other materials.

XAk Vil EE 5155 & (N/mm2) | 7 (N/mm2) MU (%) |BzEE(W/m-C)| BEZR (IACS%)
EM01-T6 2.7 220 195 15 217 57
ZZfz_{ EM02-H24 27 200 180 13 210 56
#MEEMO3 27 200 180 9 219~222 57.5~59
A1100-0 27 90 35 35 222 59
fEsk A1100-H18 27 165 150 5 218 57
TV =) Lt A5052-0 2.7 195 90 25 137 35
A5052-H32 2.7 230 195 12 137 35
#30S15C 7.9 420 255 30 52 12
. SUS304 (8kE) 7.9 960 760 25 16 2
~7xvL @) | 1.8 265 95 10 70 12
$R (BAEEAEM) 8.9 233 69 45 390 100

*RPOHEL, KRNEETHY, RAEETIRHY) €A
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Ot A CENCEELERLTBY, A2 &4 AR &0
VM5 A L= XYY B2 5 2 EATRER MR TT,
ZOMIzd, EMO2 & FARICUAN 7 0 & 2% i)t
5, BUEEEZ &5\ 20 SRR EMO3 % #7212 5
FELTWET, TNOOHH O EREH AL, HE05
~25 mm, ME1400 mmPLFC, Wi FE/ziga (1 vTo
WGBS RET Yo EDMDNED THED S 85513 TH
LB,

4,  EREKECMSFES]

K 212EM02, EMO3 & A1100 3 X O A5052 & & 4K @
HHIZe —% &OUF, INEH O RMEIREE 56 % — €
V=7 CllELERERLET, AB0S2 44 Tl
B REDREBIICE b e — P ARy FHTEIK
ENTVEET, TN L7 7 AT —FEL ) —XDH
£TIEL—FARy PAITEIZLL, T VI=T L5
D ALI0M & IR TH#FM L VBILHEEFTH I L
Y F 9,

5. A%

75y MRV TF 4 AT LA (S B X OPDP)
U —3, BIHRGEMRE X OEGEH, BB
BB R 72 B~ OB DT BE TS,

INELAERE O min

RBEL GRTOvIE—%)
20 mmX20 mm
10W A2

I A5052
A1100
HY—EEL—-7
BIE

EMO02
2R H—2IT— b
(1 mmt)
TIVI = LR
1.4 mmX 100 mmx 200 mm EMO3

6. BHUIC

MHOERE - SPEET VI 2T AEEWR 7 7 A
Y=Y =X L, HrOWBORENFIER 2 HR
T3, FICHHIEOEMO3 X, ZOMOR TR
VLAV OBREEZ EH LT E . #lICoWnT
i, FOBEWAEDE SV,

[ 77 A% —% 1B L OTFUSTHERMOJIZ DWW TIZH
TERREEH R P T

sEVEhtELE

FAT
T101-8970 HEHBTAAHXA/MMEAT H 14% 15
BEER UDX12 %
TEL : (03) 5295-3785 FAX: (03) 5295-3761

4 min 8 min 16 min 32 min

550
506
463
419
375
331
2838
244
200

2 hnEsOEMO02. EMO3. A1100 5 L WAS052 &€ RDEREEE S
Fig.2 Temperature distribution on the surface of EM02, EMO03, A1100 and A5052 alloy sheets during heating.
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Stainless Steel-Color Tone Aluminum Alloy for Extruded Profiles, Fus Bright 63

1. IU®IC

EVHEIZIZ T A » b, A7 L AMPMEbNS
ZEMEND, AT VL AIKRAHOEMANEL N
MG T 5 L, b 5 WEE E O 9 HIZFEEL,
EBAERDL ZEPMEE SN TVET, ZOMEL#
RN AT VLV AREME LT, AT YL AITEWG
WL, AERE LTHERASHHEN TS T VI =
7 LA AG063 DERFE & el 2 7oA 7 7 AT
< 4 » 63 (Fus Bright 63) |5 L ¥ L7z,

2. FARRE

K1IRTEIRAT Y LATDL 5WEOREIZIE
WHIZEEZ LITAZERLETHY, mEELRED
BITCOA Y TF Y AR BAZEL, 854
LB EEN T ET, 512, A7 ¥ LA
LA L MR TIROBGEES TE 2 \WOT, FhE
H—=T YT+ = VIZEARAMELEEbNTVET,

ATV VAR, T =y AL ER, T
V<A MRIEZALT) ZLIZXDEEVDRED B0,
AT Y VATV I =7 ANHEEEORFEPELINT
WE L7z fER, BB CibEA SR L LT
AB063 F & N — A & L7-[F6310%d V) Fifxk 7 LI fEH
ENTWE Lz, COAEITEMBIERIICL Y 27~
LA LRSONHEEEZ A L 345, A6063 A 412~ ¥
WIS AMR N 72 DIV LB T 2 2 e TE F 8
ATL7Z,

K1 H5\WEDESF
Fig.1 Example of contagious rusting.

3. 77ATS51 M63DBIE L4

WICHZE L7277 A7 54 b 63 GEHNIFFRFB63) D4F
HERLET,

31 KREHIURSHE

FHT VI =7 AWM CERE 21T, 20
%25 um DIIZEDOREE 7 V< A FLHE (1> LN —
EHAT v O208) % jii L7, SGHEEEEEL F L7z,
RUIFREZRLE T, BAFEMEBO3IZAT » L A
HEONHEVEE BT HHERMF63 & A% Z R LT
WET, R2ICFB63DAMBI 2R L £ 9. A6063 12~
FHELEDS N S & D) 3,

e SETES
Table 1 Reflectivity.
60° SEEREHE (%)
N DA HXF> B i
AB063 16 14 X
F63 38 24 O
FB63 36 22 O

e PO 78 773 © JISZ8741-1997 |2 #EfL

X2 [A6063]&[FB63]E DHVERLLEL
Fig.2 Appearance comparison between “A6063" and
“FB63".

32 HEHME

R2IIHMAIEE 278 L 90 BIZEan FB63 DRI
PEE 13 A6063-T5 @ JIS UM% 2 i & L, A60634F & [F]45: 72
BMEEZAELTVWE Y,
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HHEMBAIX T LART7INIZ I LR EBEEEL 77X T 51 +63

w2 A E
Table 2 Mechanical properties.
5|5k & it 71 [l o AT
N (N/mm2) | (N/mm?2) (%) HV) |"
JIS#RH&

(A6o6a.T5)| 190KLE | 110LLE | 8OELE | 58LLE

A6063 219~232| 195~211| 10.2~10.8| 70~80| O

F63 153~174| 121~146| 11.0~11.2| 57~69| X

FB63 229~242| 206~220| 10.2~10.4| 69~81| O

4. BHYIC
A £ TFB63 I, WINTCERL MY TR OFIEHIZ &L
D, A7 YLV AT EZ A L, A6063 5 E&EDIEE

iz L TWwET,

F =T 4 AR, OAENL EORBEHGB P,
WEEn—T v =), FRYREOAT VL AR
SEERM 7 b, RHEME X BRIE S X OMHEMEATER S5
mmNO#EH Y HIEL, HBEOMKE#EDTWET,

BEVEhtEL:

EESE MG
T101-8970 UHT-AHXAHEHA4T H 143 15
FAZE 5 UDX12 [
TEL: (03) 5295-3475 FAX: (03) 5295-3764

At EEMG
T 4610005 FHIEAHETRXEN 1T H 1475255
FLET LS
TEL : (052) 955-6647 FAX: (052) 955-6683

RISt R ERG
T 5230021 @B R/ \IE T RARSEHT 172 % H
TEL: (0748) 38-1378 FAX: (0748) 38-1340
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The Fundamentals of Corrosion of Aluminum V

X&E RIT

Yoshiyuki Oya

R85 #F—

Yoichi Kojima

1. FLC&IC

BlI% L2040 TR EHUE (A HER) (2l
Vb B Yo7, BERBIZOWT, WXk E
WZIFHL) BTSN AL s, EREAMOM
LDENC ENE R 72, ERBHKICIE, HARIZE
% (Japanese Industrial Standards : JIS), EIEZ#EAL
¥#E (International Organization for Standardization :
ISO), KEFEFRER % (American Society for Testing
and Materials : ASTM) % & O#EFHIEB L N Z Do
FHRIZED2bD, SHITEFRMORE - AR X
DMBEBED D Do HEREN - T RICIE U T, 2R,
RHZERER, EhE R, A 7 VR EoE
B, AR, mBEEH RIS ESIETH S,
FROBCELOERIIHD, INLBAERBOES -
VEHIZOWTIIARTECOMY R L 2#ITH L LT, #
Tl L O 1 7 VERBRIC B 2 8 BRI
DWTERTLIET, Bl LZO5%HHITFEETW
72724

2. (BEERFRIRE

IRV & FHAHREE (relative humidity : RH) 3 X ON&E
B —EOFRIRIET 5 &, FAREIET L2 F T
K (Hp0) OWIL S L IXZEFEDHE 252 T F1if i
FE AP L 72 RH 2 PHA & K & O HoO O 755
LWEBRETH D, I 5I1FZ OFHEE B0
T=5 % HWTEHE L7z, Hfk)r Y 74 (NaCD) B &
O b~ 7 4 > & (MgCly) (2RI % RH L3R/ 1 4
> (Cl7) IREE & O P IMRY), S 51225 ICM- THE
BT VI =7 4 (AICI) (IS B 9 4 [ B4R % X 1
IR To FECl-EEDOINSHEBOEITREL BV
A, HEICEENLMgCL® T VI =7 A (AD AED
FALNIZIRAME S 5 AICI IZE AR E <, NaCl& b b
ERHFE THESEE L W ED95 05, 7272 L AICI3 KA

BT 2 MR OBNZN T — & DS 47255, K
REEOZNGY. DOy EEE V72728, RHI0% L
T IR TR L7z FEBRIZ MgCly B £ O AICI KA1
DK% RH35% IR L2 & 25, MgClo it LT

b AICI3 (L #If#E9°, 40% T AICI3 b i#ifiE L 720 AICI3D
T RIAR IR OB L D b MgClalZitwvZ & 127% b,

FERIZ X o TRO72NaClKERIZE 3% RH & NaCl
WL DB0TCIZ BT 2 PR %2, K1IRLZEE
12X B 25CICBITARHBEMRY & EBICR2ITTRT, I
SERORERGHIIREC 2L, o2 LIidiERIcEs
WTHEREINTWEY, MIBIUR2IIR L%
2o, MEREESHE L&, ToNEERELE
RHFFHS T CHEAWAK L TTELZKEDE S & DR
LETHTE %, NaClIcF$ A RFHEMA R ZR3ITRT,
M DRI DN TILERT 5,

JIS H 8502 12 HIMEAL ST A I AaBr 2 &1 1R
Fo RIFC) D) Ol PHIEKEZE Y 1 7 VB ik
T, (7] 35T - 5%NaClKEHERE - 2 h— [# 1]
60C - RH 20~ 30% %% - 4 h — [#%i4] 50°C - RH 95% LA
FEBFE-2h, #RVET. CORBEEORESL LD
RHICEHT2b0%E4 (a) BLO(b) IZENEIUR T,
COLZORAMNBEBROCI-EEB L UOKFE S %K1
~3IR L7 R A W CR®, K4 (o) BLD
(DIZFNZBIRT 7272 L2 2T, R BITE
I AR IET D, BRI AR A 1 A
MWTE D, BLOWEBEDOKEE S OEHEIX100 um?
(100 g/m2) & L7z, 5%NaClME#H 1 100 g¢/m2iZ, NaCl
5 #ES5 g/m2 IS4 T %, 3P OHH;IEZ D NaClft
FEICHTAERHICBIT L KBEES 2R, K4(d)i2
BZINSDMEE GV, ZOREBRIZBIT 2R EEOA
ERDIREL EIZROEBY Th b,
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Cl- #FE (mol/kg—H-z0)

NaC liZ2E (%)

X2

Fig.2

20
- 250
15
- MgCl»
"o DN
10 AICE*ay
...
- )
NaCl
5
| | | | |
% 20 40 60 80 100

HREE (%)

NaCl3), MgCl.3 & L UAICIsDEKBRICET S
25CICH I 2EIMEEE CIEEEDRAFZHNT — &
(CED CEHEIC &L % FERaEk

Equilibrium relationships calculated based upon

the thermodynamic data between relative humidity
and molality of chloride ion for aqueous solutions of
NaCl3), MgCl»3) and AICI3 at 25C.

30
o q
25C
25— f .'0 calculation
0.‘
20 g 5
50C o
15 experimental
10
5
N aC I agueous solution
| |

%% 75 80 8 9 9 100
HAHRE (%)

NaCl KA ICR ¢ 21832 E & NaCligE & OF#RER
MD50CICH T 2FEES, BLU25CICH T BETEED
Equilibrium relationships between relative humidity
and NaCl concentration experimentally determined
at 50°C® and calculated for 25°C3).

E°E

= - 25

& - "ﬁ%\

XU 2 = Q_ ..........
ﬁ - B 95%— A

® T RH
g TE —o95
S F — 90
o —85
mlill °F SIEER —— 80
k% = 76
1{11?:1171 T T Y T1 R W1
T2 -1 0 1 2

X3

Fig.3

f1%&NaCI£ log (g/m?2)

NaCl KB RICE T % 25C, 76~95%RHICH TS
NaClfH&EE & KEE & & DRk

Relationships between surface NaCl amount and
water film thickness under the atmosphere of
76-95%RH at 25°C.

[7%] 5%NaClEF A7 L, KBIL100 pm O EH
ik 7 %o — [H45] NaCliE AN M L, RH76% LLF T
NaClig @AW L T3 %, — [{E#] RH76% L E
TNaCl2WEKk L, RH EF & & 12 NaClIEEEAME T L,
RH95% T V- i i 8.8% (1.64 mol/kg-Ho0), KIEEE &
57 um &7 5

1%Mn, 1%Mn-1%Cu % 7213 1%Mn-2%Zn % /&0 L 72 %
AlEEZ$ 2 ILEER (Eprr) O NaClIREE IR 2 RI5
RS Cut 23 Zn DR, Eprr 2 22N AL E
7 EAL S B, HEBYHESCHE 0 & CHH S D B
iETlE, CoL)bGe&MOEnr OEXFIHT S8,
Thbb, BUEEEOEME/ITEHEICErDED
H2BHAEE2ETLZET, HHEAEICBITLIL

BB -~ )% L IEE
60 -
" L
5 4of 7
g~ r m
20 —|
0 i (a)
il _
M| _
oD
7S
1o -
0 ‘ (b)
Q
=y
o
o
E

KIRE &
(um)

H E
H E
IIIIIIIII.IIIIIIIIIIE! (d)7
-500 =
w
oI
& @ -600 |- een L BMRIT%CY, , .
& ¢ B | e aaTalalal
= > sasssEEAEEEEsmEmEEEEE
c-700 Al-1%Mn-2%Zn
= : (e)
0 2 4 6 8

B R ()

E4 JIS H 8502 [HigKERY 1 7 IIVHEBRAEIDRE
(a) - B3R (o) (CRAT 2 HEREM, Chd &FH
¥ 3 NaCliaRD CIEE (c) - KEEEE (d), &
ZhSBEDNaCIERTNDEAIEENILEEN (e)

Fig.4 Standardized conditions in terms of temperature (a)
and relative humidity (b) for JIS H 8502 neutral
salt spray cyclic corrosion test, equilibrium Cl-
concentration (c) and water film thickness (d) for
NaCl solution, and pitting potentials for Al alloys in
the NaCl solutions with the concentrations (e) .
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*1 JIS H 8502 TR LT h TV 3 (B EERHER
Table 1 Accelerated corrosion tests standardized in
JIS H 8502.

3. KEETER

FIRES JIS H 8502

BRI - X OMEMHBRS &

a) EBHBRBHRAE

1) BEERBEABRAE

2) EAVEBERERAE

b) SiEBHRERSE

1)  PEKERHERS

2) EFFRERIMEIEKERARSE

3) v ARBAHE

c) YA UIREBREE

HSEDIEE —
AREORR T R AAB Y 1 2 I RBAE
2) ANTIERMMY A 7 IVERBRAE
d) d0—Kad— FRBAHE
e) HABERBRAZE
1) —EMbmES AABRAE
2) WALKEH XRERAE
3) BHRAIRBRLE
4) REHZARBRAE
-100
. 200
u Al1%Mn Al-1%Mn-1%Cu
@ 300
¢
£ -400(-
o
i& -500[~  Al-1%Mn-2%2n
~ .,
-600 25°C .
-700 T 1 Y I 1 Y WA
0.001 0.01 0.1 1 10

NaCl (%)

5 Al-1%Mn-1%Cu. Al-1%Mn & & UFAl-1%Mn-
2%Zn &2 DFEEARLD NaCliBRERTFM:

Fig.5 NaCl concentration dependence of pitting potential
for Al-1%Mn-1%Cu, Al-1%Mn and
Al-1%Mn-2%Zn alloys.

BOFE - BEZIHIT 5. X4 () DCl-EEZEALIC
MG L72I N EGEDOEpr Zb x4 (e) 12T, &H
W& DEBEHRSR D E T, WRER ORAAE T 100
mV BESLL, BETIEEE LD 30 mV BERLE
DA NVEBLTEEBMOFEFIFANED ST
EZOBALKREL v, 727210, ILEDZSE - liEI2IE,
FEOMEIR AT ORI —9. 10, JLEOKEICLZH
BABEYOWREB X ORIIEIREL L 282 5 2 575,
ZITIREESN TRV, FEICE DD, RERBEOR
FrASRHA0% LL Lo KA ICHRFE S o6, B R
MEEITHE L T T, EFLN TR L 72 AICI3 12
£ s Clg A RS AR S (M1, M4 (c)), HE
AR I ALED R L D 5 2 &1l b HEBIZ, Kl
VI L 73RO 75 L 72 ilBta il o L2 e BAM SR
THZEL-LZAH, EIUEHITY TV LB Xl
72Ev ) Bif12 & fdo 7z, K (Hy) WADFAETH o

6 £ O KRS SAKLE 4 D Tomashov € 7))V 13 %
X6 (a) l27R$ o MM ITERIREE D S KRR X & &
LIZHWIMLTI um THWAMEZ & >7-0b, B (0
DIKME % JEEL L COMR 2 E 8 & 7 o T A IZHE L,
1l mm PLETREREBICHS L~ EHE 255D TH
%o $ (Fe) 713k HEM, BLUOAIGEDOIEERED
FARFERME A AR SARAF S LCE LD TEHRLAD
D%, HEAF O T DORAEREEOFMKAEMEL & b1
B6 (b) 1R T FHIEEROILHUEIE 225500 um Th %
ZEnD, KEE X500 um P2 oW TIIREIRED
FAlEER L7z X6 (a) &6 (b) & RN AT — V&4
b727280, M6 (a) OREENLE X 13 & £ 57 5T b,

10A 1 um 1 mm
I
Tomashov’s model '3, (@)
N I-.........-
g I
& v
s
4E |
3E E
8 ER
= Z2E i <
EF Ja ¢
O 3
< 1E Fe E
3 = 7
2 F / 43 £
o OE 3 E‘)D
i = / 42
{5:‘3_1, i E i
5= E "o 3 b
(I 2 o 1y &
_oL fa g 3 R
E g E S
= i 1 40 <
—4 C RT IRETT RN AT E -1

-4 -3 -2 -1 0 1 2 3 4
&K E log (g/m2), KIEE X log (um)

BEBFETOLBRAERBE (71 v 7 OFE—FA)Y
KR T EBHBIRE T DATFRFETO _LRRIE

— 5.5 4 KRR DB
O 1509227 MEKEBRER] OWREATARKBEH
N> R, QCMICHTE U LS OBRRE DKIEE & izt 20

= NI L 1A DBE AR DS & A2
O  xmBEan v1 LHBROBREE
P 11000 KRB R O T A9 fE79 -2

6 KETEEZEREDTomashov EF I (a) 19, ATFER
RETORFREREE14). 15, RFBWME /2 I13KDE
BIRE16)~20) FLUTIIZILEEDERRE
23)~28) DK EE & &k 1E1E (b)

Fig.6 Tomashov' s model'® for corrosion rate under
water film (a), film thickness dependence of
limiting current density for dissolved oxygen
reduction’4). 15) and corrosion rates for carbon
steel, iron16—20) and aluminum alloys 23)—28) (b) .
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B O LR BB, 74 v 7 OF—FHNIC
EOWLFIHEMEWER L, 2L ZOIHBIE S,
HKIEE &500 um PLEIZDOWTIE500 pm, Sk b
WIGHIIKIEIE S & L7ze 20728, 500 um LR Tl
IKIEE S DM FUZ B L CERHESHEAL TWb, K
IR X O W HHE I DWW T, Nishikata & 15 13 BB
DI L A B A / KR G T O O DR IZ D
D, EEOMIEEICIE L1 mA/cm2RifRO—EHIZ 7%
b EHEL TV,

SR O K E TR AR EE 13 ] mm/y AR RE 16T,
BHEO MR ABRBEEICHY T L mbhn
TWwbo ISO 9227 [k HER ] 1D Tlx, PR KmE
Tl B L <, BRI A OMERE - FHEE 2 S
BERARBAPED SN, ZOBERENTOL20 g/
m2/48 hE HEEINTwADH, TNEKEE Z100 um?
R LTTay b L7 CORAEREIERT Y Fa
E T A MIEDWTHE SNZEERE 18 TH 5, M
HDVEAE O 0100 wm 7KL H 11 i B 5 36 3t 25 B LA 24
LT b REMAEA O ILD N Y — FHED b &
YV—BETAHIEERXBLTEY, 1~2 mL/h/80 cm?2
EHEIN TV B KEERZ S OIHNT 562 L1308
HOMBIZENLLZVEWV)FHELLELST L, K
519, 20DHlE L7z jkFEH & 5 13 QCM 122575 L7z Fe
DS AP IIARIEE £ 56 um CTHEKE & 7 > T b,
Nishikata 515, 145 205 X O’ Nagano & 22 O 4%
THMAMEOM SN A KEE £1310~100 um TH D,
TomashovETFND 1 um & Y 27 ) Ewv,

1100 (2 B3 % 25 3 T D R IR UMK Fhise i sl Bt 1 23) ~20)
I2EDWT, AIBGEICHET 2REREOHAEEL ~
10 g/m2/y & L TR L7z, $72, HAKEGRHEL L O
A 7 VR BR O M 2D % 28 Tk R KRR S 57~
100 pm (2R LCTTBy b L7zs KA S 81T QCMIZ
BAELIZANIOWT, MO AR LKRIE S &0
MREFHNZ, s 28T, Methothor—5 &4&
HETHELT 2 &, AU 218 EaBROBREE 03 i
2T o WARHZEREB L OBERBETIIVWIND
J1V — FREGETILENSHET L2 8B 5N 525, SRl
BRERZY AR ZEAF O 2 7T O R B 12
BB e, PHREOAIGERE T Y — F
FOBDAREFE % T L2k B0 R1Hb) 3) O F v A3BR
HElcik, BRSNS 4 v (Cu2) 2T 52 8T
AlGEERMICEEN (Cw) 2 BRI S LS, 29 L7z
AT Cu A7 Oy DETCH M 2 45 H L T A ZRETE
B0k, balkod &9 g A & BRFLER A E & O R/
MRS L05THb, 2Db) 3)BLUDb) 2)[FEEERE
PRI K T BRI, BRI R LA & 7 B kR
4% v (H*) Ot fE & L CEERE (CH3COOH) 2 i

HZETHA Y — FRISZEGEFRICL TBRZHEL TV
% Z EAIREH Y. 29). 30) TRz,

4. BHYIC

WG AR, A VB S B BB AR S
g, KETEEL V) S TRABEICENT 5. KX
BEDEERBELF LESIF G TH Y, @EDOA A+
AMETHLT = PRI L, B 0255 WIEH O&IC
AELTLH Y- FRIBEZNEL T 5, HRKAEM
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ALUMINIUM CHINA 2009 ICHE

Participating in the ALUMINIUM CHINA 2009
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S AS3 A H O L 7 5244, TEARRE R A A
DIRERLE L7,

%8, 201046 HOH A5 6 H 11 H F CTHIE RilgTh©

ALUMINIUM CHINA 2009 &AIX #1 1 #EBR T — X

fron bkl ALUMINIUM CHINA 20101CHiRET % Exhibition booth of Furukawa-Sky Aluminum at the
ALUMINIUM CHINA 20089.

FETT

FAEICAAIV 2 F—%EHIL

Establishment of Coil Center in Thailand
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Participating in the 1st International Rechargeable Battery Expo BATTERY JAPAN
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Exhibition booth of Furukawa-Sky Aluminum at the 1st
International Rechargeable Battery Expo BATTERY
JAPAN.
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Furukawa-Sky Aluminum (Tianjin) Corporation was Awarded "Excellent Supplier
Award for 2009" by Nanjing Xiezhong Auto-Airconditioner (Group) Co.Ltd.
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Excellent Supplier Award for 2009.
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Equity Participation in an Aluminum Rolling Company in China
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Zhongneng Zhang, Chairman of the Board of Shenzhen
Industrial Development Co., Ltd. (the fourth from the left);
Jingping Guo, Chairman of the Board of Guangdon
Dongyangguang Aluminum Co., Ltd. (the second from the left);
and Masateru Yoshihara, President of Furukawa-Sky
Aluminum Corp. (the fourth from the right) .
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Furukawa-Sky Shiga Corp.
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