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Foreword

Greeting from the Research &
Development Division of UAC]

General Manager, Research and Development Division
Director, Member of the Board
Managing Executive Officer

Kazuhisa Shibue

Upon publication of “UAC] Technical Reports Vol.2 No.1”, I would like to draw your attention to the following.

On October 1st, 2013, Furukawa-Sky Aluminum Corporation and Sumitomo Light Metal Industries Co., Ltd.
have merged and UACJ Corporation was born, and started Med-term management plan “Global Step 1” in April
2015. In the Mid-term plan, three priority policies were formulated and we have been vigorously pushing
forward.

(D Expand the growing products such as transportation sector focused on automotive and energy sector, also

strengthen the business in growing regions with a focus on Asia.
(2 Construct the optimal production system in each business and promote technology mergers.
(3 Strengthen the advanced basic research and the new technology, and develop new products by taking

advantage of the fruitful accumulated technology.

Greeting the third year from the merger, while merging technologies and inheriting the DNA of the
traditional technology development of the former two companies, we have evolved it as a new DNA of UAC].
The development outcomes are put into practical use as, for example, an “aluminum lightweight bumper
assembly” * and further development will be continued.

Here, the Research & Development Division has been worked as a core of R&D promotion of UAC] group.
The Technical Development Laboratory is based in Nagoya region (in Nagoya Works) and separately stationed
in Fukaya region (in Fukaya Works) and Fukui region (in Fukui Works). This is based on the optimal solution of
access to customers, cooperation with manufacturing sites and centrally-centralization of R&D system. Based on
this R&D system, we have been developing new products and new technologies, also promoting the deepening of
fundamental technologies.

Along with the globalization of the market, wide variety of materials, including metallic material such as steel
and aluminum as well as resin materials and composite materials like ceramics and CFRP, are applied to the
products to be introduced in the market. Among them, the aluminum material must continuously show the

presence. We must win not only in fierce competition among traditional competitors but also in the competition

of the materials. Innovation in the manufacturing, such as “Computational Materials Engineering” and
“Industrie 4.0”, has been promoted and these advanced technology will offer a glimpse a part in our
manufacturing site. However, there is no change that the cultivation of the human resource responsible for these
development is the most important to promote these development. We will build a robust structure based on
the traditional and steady material development; also we will continue to cultivate the human resource that acts
quickly and actively to the need of customers and production sites. In this report, along with the proof of the
human resource cultivation, the latest technical information of UAC] group is shown. We wish to receive your

further advice and guidance.

*UACJ Press Release June 24, 2015
= http://www.uacj.co.jp/release/20150624.htm
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Pitting Corrosion of Aluminum Alloy in Chloride Solution Containing

Sulfate Ion and Sulfite Ion

Yoshiyuki Oya™*, Yukio Honkawa**, Yoichi Kojima™*

The effects of the sulfate ion and the sulfite ion on the pitting corrosion for the Al alloy in the chloride
solution were investigated by the potentiodynamic polarization measurements. If the concentrations of
the sulfate ion and the sulfite ion were equal to each other, the oxygen diffusion-limited current density
in the sulfate ion solution was higher than that in the sulfite ion solution and the hydrogen ion diffusion-
limited current density in the sulfite ion solution was higher than that in the sulfate ion solution. The
pitting potential became more noble with an increase in the sulfate ion and the sulfite ion concentration.
The open circuit potential was independent of the sulfate ion concentration and increased with the sulfite
ion concentration. These results indicated that the difference between the pitting and the open circuit
potential became larger with the sulfate ion concentration and smaller with the sulfite ion concentration.
Upon the above results, it was concluded that the sulfate acted as an inhibitor and the sulfite acted as an
accelerator.

Keywords: aluminum alloy, pitting corrosion, sulfate ion, sulfite ion, inhibitor, accelerator
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m#k, 35 mm X TOAMELE, S 520 ML Z IR
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WAER L 720 ALEME O 70 AT E 1F, 04%Si, 04%Fe,
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22 BRRAEHE

REEBHRA & LT, #2540 mm x 40 mm
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W IR SR RBICHE L 720 BRI, SR o R
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N RO 2 B L, FEEE O NaOH 2 v T
pH 3iZ L7z0 #WiHE13100 mL & L7z RimsCHics
W, B DOCURE % Co-, K HEHSO R %
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Table 1 Composition of the test solutions.

(ppm)
cilclgl?trrla(:i?)n Sulfate conlcentration Sulfite C?Plcentration

Cor C*%s () C* ()

10 0, 100, 400, 1000, 3000 0

10 0 0, 100, 400, 1000, 3000
100 0, 1000, 4000, 10000, 30000 0

100 0 0, 1000, 4000, 10000, 30000
1000 0, 10, 100, 1000, 10000 0

1000 0 0, 10, 100, 1000, 10000
10000 |0, 10, 100, 1000, 10000, 100000 0
10000 0 0, 10, 100, 1000, 10000, 40000

RAILEGFERS ZHE L7,
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WA L, 228 & [/ R 2 47 5 7288, s
W L 7ze am B AN % 1.8 ks iRBREIC H AR
R L7k, HIREM (Eoc) £ 033 mV s D#MET
LT L7z ARBRE, 2285 & [ Ui & v,
7/ — Fora i R I N A, Y — R i
R KA & L7z 7272 LEART L, il
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E XV OB & 45 57 PNk o 7o W8 T2 14 298
KThb, #v— N, B4 (Pt) Bz v
725 b RARICIE L 72,

3. ERERBLVEE
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w 21 e 2

< 30 | ==10 ppm Cl- ] 3
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5 s ] o
0 # 0 <

600 —f
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= ==10 ppm Cl
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Sulfate concentration, C'“%;,/ppm

Fig. 1 Influences of the sulfate concentration, C®%s ),
on (a) mass loss, average corrosion depth and (b)
maximum pit depth of 3003 in CI" + the sulfate

solutions at 298 K.
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H ELOA Y — FRIBPILEZREL-Z L, BID
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AF Y ZHRMLTORWER T, Corl2X 597100 um
BETH-72 KHCoa-lZBWT, COU ) 25D B UEFELC
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D C ) BBETH o722 L 2R L Tw5b, JLEDH
B X N7 925 7210000 ppm Co- \2BWTILEZHIHIT 5
7291212100000 ppm LA LD C0¥ () BSLEETH % L i
BEIN5,

10 ~ 10000 ppm Cqr- + 0 ~ 40000 ppm C%s () ZKIAHE
123003 % 1209.6 ksiZiE L 7= 0, B & FHH &
RSBLORKILEGHES % Fig. 2 (@) BLU () 122N
FIURT . HEWEIZCHIZX 57, 1000 ppm C°% )
FTIF10 g m?RBEDO—ET, 1000 ppm C°% ) LT
1310 ppm Cor B E, C%% gy & BITHIRK L7z 10 gm?
D ALD #1356 x 10° mol D & T O tH I HH 4 5
5o ZOWEF %100 mL DRBAROH, HoSOs; B &
OHSOs 12X 2 H @EILHIS DA THET 2 L L2
A, DL ClWg 13249 X 10° ppm YT 5, &
BXIZiE, HSOs b L < IXSOs* B X EAFRE DO EICK
b AlOEIRICE 5728, YT 2 Clotlg ) 12249 ¥
10° ppm K12 7% 5o Fig. 1R L2WiHEA 4+ ¥ A K
B A L FMRIC, WA 4 v EHKBRTD,
29 L72Cr% ) DB S % B2 I A EE AL L 72
WREED D o BANSLERESIE, WRER A 4+ > 2 RN
LTWARWEHERTIE, Co-l2X 53100 umFEETH -
725 100 ppm DL o CI BgBi T, CY% ) 31000 ppm
Mz B EHAKLZ. 10 ppm Cor DA CILE LIRS
A F Y EHKBWRE Rz ) & C%s () THIPHI S N2z

50 — 18 &
45 | 3003 I
40 CIl" + sulfite, pH 3, 298 K ] =z
2 1209.6 ks iy R
35T =
&gl ==10ppm CI 112 g
5 o5 | -2 100 ppm 110 ¢
g | 1000 ppm 1s 2
< 27 610000 ppm 1. ¢
g L 168
4 (5]
= 10 1 ; 2
5 1 15
1] // ] 0 <:E
600 —
£ 3003 (b)
% %00 F I+ sulfite, pH 3, 298 K
& 12096 ks
=400 f _
= ==10 ppm CI
< 300 | === 100 ppm
= -4-1000 ppm
g 200 F -0-10000 ppm
E / -
Il
g 100 Tﬁ —
0 I/I/ . - ——0
0 10" 10° 10° 10* 10°

Sulfate concentration, C*%y)/ppm

Fig. 2 Influences of the sulfite concentration, C**%s ),
on (a) mass loss, average corrosion depth and (b)
maximum pit depth of 3003 in Cl' + the sulfite
solutions at 298 K.
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Fig. 3 Cathodic polarization curves for Pt in (a) 10 ppm

Cer + 0 -3000 ppm C"s ) and (b) 10000 ppm
Cer + 0 -100000 ppm C™®s v solutions at 298 K.
Cecr and C*% ) mean chloride and the sulfate
concentrations, respectively.

Hy0 O Ho O B3 TC SIS & 5 B H 1L CO ()
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Cl%ls ) DEEZZITTIZIE—ETH - 7255, 100000
ppm C%% ) TIEINS LV HA L7z SHIZRIER
WICBWCTHEABRRRENMET 5720 TH5D, H &
TLOMRFEIEEIX, Fig 3 (a) LRBRIZCOS ) & &
HITHIKR L 720 HoO D Ho O HEERIC UG & 5 it
I, Fig 3 (a) &8R4 O ) DREII/NE Do
7zo Fig. 3 (b) T, ~N—AHIZ10000 ppm Cor- A5
MENTBY, Cusoy B L P Csop 12X B2 EEALEED
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ZNEIIRT, Fig. IR LRIRA 4 > & A KGR
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Fig. 4 Cathodic polarization curves for Pt in (a) 10 ppm

Cer + 0 -3000 ppm C"s vy and (b) 10000 ppm

Cer + 0 -10000 ppm C*%s () solutions at 298 K.
Cecr and C*% ) mean chloride and the sulfite
concentrations, respectively.
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Fig. 5 Cathodic polarization curves for 3003 in (a) 10 ppm

Cer + 0 -3000 ppm C"%s ) and (b) 10000 ppm
Cer + 0 -100000 ppm C®®s v solutions at 298 K.
Cer and C*% ) mean chloride and the sulfate
concentrations, respectively.

10000 ppm Cer + 0 ~ 100000 ppm C©°%s v KIEHEIZ B
F % 3003 D5 % Fig. 5 (a) BX U (b) I2ENZF
RS o AMBREIRFFEREEEILCOs () IKAEL T W
otz Eprld, Fig. 5 (a) TEHCs ) & & DITH
L L7272, HSOs b L < 1&SOL NG FLEIHIEH 23
HHZERbLNSL, BV — FERIE, HOHNDEIT
WZBTA5—7 2 VRS, HRICOMRAEREE L,
H:0 O Ho D E IR ICUS I & 2 BIAA SN, HY
BRICOMWABRBEL, Ptodga& LRI, C% )
ELBHITHRLZ, FERATRKEIIBITSLEcTHE N
V— FBIROVE L3 BAZ, CON itk 63—
THo72. Fig 5 (a) & (b) &2 KT 5 &, [6] U C%% v
T, 10000 ppm Co- D Epir DF5H310 ppm Cor £ 0 B
BTdHb, HSO, D L L 1ESOF I & % Epir B LB £
&, 10 ppm Cg- T 5, 10000 ppm Ce- TlE C%s ()
WL S TILAEBMIZIZIZ—ETH o7z SLEDOHIHIR)
B Co-DMEE T =4 VIRE O L O FIY
RV c#&E N, 10000 ppm Co- K E T CTILEAINHIR) R %
FBHEEL720121%, SHOERL D HE Ol ()
BLETH -7z LRSI N5,
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Fig. 6 Cathodic polarization curves for 3003 in (a) 10

ppm Cer + 0 -3000 ppm C%s vy and (b) 10000
ppm Cer + 0 -10000 ppm C*®5 ) solutions at 298
K. Ccr and C*%s ) mean chloride and the sulfite
concentrations, respectively.

10000 ppm Cec- + 0 ~ 10000 ppm C®%s () KIEHEIZ B
F % 3003 D5 % Fig. 6 (a) BX U (b) I2ENZF
TR o NMHBIRFFER BT C%s ) 12X 53 Fig. 5
IR L7t A 4 >~ SR KB E FREOMHTH - 72,
Epr i3 CP9 ) & E BIZHEAL L 72728, HSOs d L <1
SOZNZILEIHHER R H 5 Z L b h b, HV—F
HIITHSOs b L <13 SOs* D#ITHUBITAY 2 &%
ZHN5BE—7 2 VEERB X LB R O BRI B &,
H OHADORICIZB TS5 —7 o VEKRE, H &G
DORAERFEE L, H0DH,ADOEFERICHISIC X 5
BIAA BTz HSOy B L < 1ESO& MLz X %
BABREES L OCH BITORABREEIL, Ptol
BLRABIZCOY gy & E I AL, 7Y — FEH
DL LY B TH B Eocld, C™%sy) & & HITHAL
L7z SHUZEoc TP 3003 D UGB VT, +41f
DOHREEEA + v LA L LCTHE )52 L 2RLT
Wb, Fig. 6 (a) BLU (b) 25, FLC% ) Tid,
Co-t & B2, Epr WAL L 720 TNIHREEA 4 v &4
KEW L AT =4 B fLEDAL ey —¢
LCER L7272 Tdh 5,
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BWTHEpr YR E CEILL a7z, fLEIZHIH S
NpnweZEZ 6N 5, Fig. 7 (b) BLU () IWRL7

1008 & O° 1000 ppm C%l iy I22WTid, Fig. 7 (a) &
(d) L DA ET 2HE A LN S,

Fig. 612" L72d @ L AEDRIE % 100 ppm Co- B &
U°1000 ppm Co- + HifilE £ 4 Y RKIEW THERL,
NHORRE HHETI0 ~ 10000 ppm Co-l2BIF %
Eoc B £ U Epr O C%s oy A7 & LT Fig. 8 (a) ~ (d)
WCFENFIURT . 10 ppm B X 1100 ppm Cer- + AL
A% VRGBT % Fig. 8 (a) BX U (b) 1BV,
EocldC%s y) & & ITHALT 2 HIICH o720 TH
(¥, Fig. 61R L7z mili#i2 5 HSOs & L < 13S0
DIRICFUGN & > T+ O HIEEE A 4 » 25 bH & L
T N72Z 812X B0 EprldC% ) & & HITEoc & D
bRELCEALZ, ThsnZ eéhs, 10 ppmB LY
100 ppm Cor KB TIX, C% ) & & BIZEoc & Eprr
EDEDPILND > THLEIFEA LITL { % 5. 1000 ~
10000 ppm Ce-12B95 4 Fig. 8 (¢) BL O (d) 1BV T,
Eprid, HEWEWCe-12 & - TFig. 8 (a) BX U (b)
WRL=ZNS LD EEL, C%¥ gy & & HITHEILT
52 L%\, WERA & ¥ &ARBEWIZB VT,
+A A DO HRRER A A > DERALHI & L TH) & Eoc DFEREIY
RO Evrr % 2 FLEDSHEITT 50 HIZ 7T v b
ENTzEoc DWMEMEIZ Ecorr & L TEpr D FIZH B
EERLTWS, oz bhs, KCo-BETIE
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Fig. 7 Open circuit potential, Eoc, and the pitting potential, Eprr, as a function of the
sulfate concentration, C**%s 1) for 3003 in (a) 10 ppm Cer, (b) 100 ppm Cecr, (c)
1000 ppm C¢r and (d) 10000 ppm Ccr + the sulfate solutions at 298 K.
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(b) for 3003 in CI” at 298 K.
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Pitting Corrosion and its Prevention of Copper Heat Exchanger Tubes
for Air Conditioning Unit *

Shinobu Suzuki**, Kozo Kawano**, Kiyoshi Hosoya™®**, Koji Takada***, Noboru Hirose**™**

In the heat exchanger copper tubes for the air conditioning unit, in some cases, pitting corrosion occurs

under the influences of using environment and materials. And after replacing the heat exchanger, a leak

may be developed in several months of the use.

We investigated the material side factor for the pitting corrosion in the actual air conditioning system

treated with a corrosion inhibitor. Pitting corrosion is generated by the presence of carbon films, and the

pitting corrosion can be inhibited by reducing the deposit amount to 2 mg/m? or less.

Keywords: pitting corrosion, copper heat exchanger tubes, air handling unit, corrosion inhibitors, carbon

film

1. #&

il

) ABLERSHK H AR (JIS H3300 C1220) 123849 %
JEEIGE, WA A VIS FHARMEY, HE?,
LEICRE SN, LA W T, BAKRIILE,
DAEFLEY 250N~y » FLABILAEY [THEIT 5
CENTEL, INHOIEIMHKOKED L EEE
KRELZFTHRAELETT 200, HABMILAEIZOWT
&, KEDASMC, MR SR L LT, S8R
REOBMLIRIC X0 FRiliA S ER T 5 7 — R ¥ REEY ©
WENHE IR TN,

H AR N CREBR S N5 S8 o % R BLFL AL, B
MR A 2 { Gl T AKRZ /A L2 E10 58k
5L, ZRFHITETAKE EKT B9 EIHEET
2500 H 5, WiBICHL T, EHEREZ 15 mg/L
UESLHTRIZBNT, IENTOKRE I —F =
(=R Rz 28It U2 8E) 55 mg/m* M2 5

BEICHEAETLLEINY, B -—RVE2HMUT
ETAMEMOREY LY, O ARG S
NTWD, ZZHASE OB KRSLEE, FCRE 2
EHHLEEZHI ATFLOITNY RY v 722y k
RT 7 AL NIy D OBIHERME ISR S,
F 72, IR RARER 7 — RS SR OEHEF 12 L
B ilESRBINL 2 3H b, TNHDZEHFHY A
TATIE, BECEBE AT 572012, iR &
FEIEAC X D KILBEA R SND T ENHEH, ThET
CARARBEBREE T COFLEFAEITH T HKEE H—R
BERE DB TR S N, KEERDD 2561255
=K% 2 mg/miUF e 52 & TILEEIW
HENsEDW|MENRLENTWE?, —F, KUHBE
R TICBWTOIER I B OIS TILEIC X 50F
MWARAET LI EDHY, KEAEKNDOATEL, HH
ZRELTOH =RV EROZEPFEHR I NIV S
bOD, FEWHETIE R,

KRR EERE, BRI ARET & A4 5534 15 (2014) 1238 #K,
The main part of this paper has been published in Journal of Japan Research Institute for Advanced Copper-base Materials and

Technologies, 53 (2014), 117-122.
*  (BR) UAC]  HeAfipHFsIrgent & Hrsed

No. 5 Research Department, Research & Development Division, UAC] Corporation

= SRR TE (BR) BT ERT

Institute of Technology, Sanken Setsubi Kogyo Co., Ltd.
e (bk) WOERERT AR

Production Department, Toyo Engineering Works, Ltd.
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ZETBN B G IE CT AT 2L L T ORI

Z 2T, ARFZETIE, AKRBAFER STV 5 R
REBRE G K2 2 AT KT BT B 226 B g
SEICH LT, JLEBEICHTE2H— RV EROZE
Z7 A4V EFRBRICI DTS2 E2HME L7

2. 74—V FEHREFROAERRIFHIRRT

74—V FRBREIT L U CRE LMk T, B
BCREBMGIRAKERN S AT 2 2L, =7V F
Vy T2y MCTENERET> T b, KLHIE
BV AT AOEMBRGRFICIE RSN TESH T, EH
B D SRR OR AW 2 FHWICEES NS X
I o7,

ZLT, EHZBGLC22FE/RMARICZ TN R
)y T3y N OBIKHABSSH IR E IR M L
72728, BOSHER R B L0, 2EREOMHIC XY
BASHR RIS A L CIRMAI s s A Lz IR L
7 OWNIICIZE LAy — VAL, RIS
FH RO LY AR SNz WRIEZEOB &
EEM T TOLEICLSLEDTH 72,

3. XBRFE

31 #HEHE

1588 mm, AIE071 mm, £E1000 mmd Y A
IiERSAE (JIS H3300 C1220, LA, $A% L aed) 20w,
ENOFYHRE Hh— R v mE2, 2~58L010 mg/m’
EEZILOERMRE L L

3.2 HERK

Table 11— & L CRERE T RO KB 5B #ER %
RY e Bk E LA L2968 (K) @ pHIZHE
MARERTHETED» o 72, BRIEER, BHE=E,
SRR, WAL A+ B X OWREEA F V3B kD2
~bffLm M E NIz, D ARRA A ¥, GERA A
BIOERY 77 VIIAKRRIIEH S N mIcHsk T
2H0LHERIN, IS HIEHRAKICBVTE Mt
SN7ze MR TIESRA 4 >, WA 4 >, A4
Ze EIIMI T BAERIGETH o 7288, MEBK TIIME S
NTHH, L, #EZ2 5O SHEE OB REFEA
EMTEDDOTH -7 72, SOPEHITH X
YRV T Y= VOME MG HER S W, 74—
WV FERERE AT IC B 2 FBMKE, BAEY OB OB
o, RABRGR, REBEPHICEehEZBANRE 208
HRENTWA,

Table 1 Water quality analysis of the test water.

Circulating Make-up
water water
pH 7.8 7.2
oty 39 85
(I\mﬂg%l;%l&l/t{) 115 %
CI" (mg/L) 21 4
SO (mg/L) 145 39
SiO; (mg/L) 12 7
PO (mg/L) 2 -
NO* (mg/L) 16.1 <13
Mo (mg/L) 164 -
Fe (mg/L) 2.23 <0.05
Zn (mg/L) 4.69 <0.02
Cu (mg/L) 0.19 <0.05

3.3 EKHBRERM

Fig. LIZHBCREBMEGIK S A T A ~OLERE D%
EIRMZRT. MY AT AIIBWT, ZlErsnd
B ) BLAE 1SN A N AR ZRRE L, R —F
WO H MR 2 AN L 7. alKERERIE,
AEWIC01 m/s DI T 24 BF EFEmEAK LT, 36
s ABERL. F72, BMEEME LM - HLE
ML, BHARAEMRE OGN E % 1T - 720 Ak
BRI IS E N RO B2 FEMICBIg L, 27—
R FE A B & BE RIS CRR 2 L 22 B IS 0 & i
AL, BEHD 5 IR 2 BRELEA L CWrimsig
ZATo TIRRIEER S 2 HA L 72,

Air conditioning unit
Air conditioning unit

Chiller-heater
Test copper tubes

Heat storage water tank : 1000 m*

Fig. 1 Heat storage water tank and installing position of
the test copper tubes.
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4. BERBIUVER

Fig. 210K THOZLMREOBNEmB X
OWITHIRIE 2 7R $ o A S — R Y ®A2 mg/m?> DL
HoOENRMIFGO—HEHEZREL, REFHZIT-
THHERREAIBIZE SN, BEOBEIE RS
Nhhole BEA—FRUEHN2~5 mg/m DR
RTINS R OB EAEEWIC L B~y > Bt
RBOLN, TOTHTIRHEKES 022 mm DOILEDFE
HELTwh, 2L T, BEI—REH10 mg/m? F
THEMT 5L, B~y FAREIKREL, 20
TETOILEIFIRAK T3] mm F TIZHETL Tz,
Fig. 31K AT O AR 2R T WA, 5K
BAH—KED2~5mg/m? 10 mg/m? L4 % &
LHIHRL, BB —KRUEDL0 meg/m*DOYEI
1301 mm/yearlZE L7z, 74—V FRERE AT T,
AERBAAAET I IR 2O AIC X D 05 mmAEDAIE
OFENRWLTBY, ThEbmd s &, R
PN L BB A LR 72750, RERBEO BIAE A
EHBHO2IZBWT, FEMKOBANE 2 A%

Residual carbon : 2 mg/m? [Residual carbon : 2 ~5 mg/mleesidual carbon : 10 mg/m?

Fig. 2 Appearance of the inner surface and the cross
section of the test copper tubes.

0.12

0.08

0.04

Corrosion rate/ mm/year

2mg/m*> 2~5mg/m* 10 mg/m?

Residual carbon

Fig. 3 Corrosion rate of the test copper tubes.

SNTHEY, KRFEVEDE D> 72 EBREKDOKE D
KELEbo MR, WENHOKRE 1 — K&
DWRIHEVBEOMEITOHE L 2o THBY, LA
FEME L 72 B SCH G S O SR 1 — AR Y B O
B LD BTS2 WHERE D E 2 bz,

Fig. 412588 5 — R w0510 mg/m? DALRE 12 HE R
SN EAERY O Xk R %, Fig. 51 LA
YO EDX AT #E R 2 7R 9o Xt IS J AU ZWINE 2 [l
sy — V3R TET, WEAKWIFEHETH S
Z L) bz, EDX 61, Cu, O, P, S,
C, Fe M Sz WEABWOGHTICHET S I
O OFTEAE TN, KIS 2 SNARETICTRER S
NI fLEORERF L FAETH - 729,

Fig. 61 &3S o H IR B E M 0 R R AL 2 R
To BEA—KRVED2 mg/m? OEREIZOWVWTIZ,
ABRBIIAD 5 400 H < W E T, BADRAICHET L,
COMTIIEE 7 — RV ED2 ~5mg/m? 10 mg/m’
DORAEOBM L ) BCTHR L. £ LT, 400 HDLF
TR 2 B LA L7z —F, BB H— KR @E)52
~5mg/m? 10 mg/m?*DERE TIX, ZhEN270H
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Intensity/cps
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6C)

Fig. 4 X-ray diffraction analysis of the corrosion product.
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Fig. 5 EDX analysis of the corrosion product.
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Residual carbon
10 mg/m?
0.35 m— 2 ~ 5 mg/m?

0.30 m— 2 mg/m?*
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Fig. 6 Corrosion potential change of the test copper tubes.
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Fig. 3 Changes in formicary corrosion depth of
phosphorus deoxidized copper tube exposed to
formic acid vapour under temperature cycle. 20,
50, 100 mass ppm of formic acid was used for the
test solution 2.
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air after 21 days exposure at 30 °C 9.

UACJ Technical Reports, Vol.2 (2015) 17



T, oY ¥ e LCHEME L TEINO pH
RET S, T VSRR ERT S & T
DR BE 5.2 5909 L E2 ERTnWb,
Aksuld ) Y EBRAKBEBHIC BT 28O EN - pHIKY %
WHELTwb, Cuf A YBEZ10" mol dm™, V) Vg
%107 mol dm® & L7236 % Fig. 61258 TRL
720 CuOB L PCwOHI D —EIZ, VU Y REEARDH
WSHND Z bbb,

— RIS, I HIRIE AR & AR IS AT S
BHEIND, REBRY D IZBILILIZ X o THGR 2 M
KbE 7)) VBHERHE 2 v OB ERBRE 1T, K
BHAAIWAERBIEELG 2T, TR AOBE
BELAELZRVWE L TWD, RADEEZIRRL 72
HHDH BN, WK TR DA S B ik
MThbo T, BMOERRBEIF2Tu=v 7
(90/10 Cu-Nif4) Ho B is AR 125848 L 72340
BHY, SORTIER MEE—BITET 2R
A EhTw5 7,

4. BREAHDZZX A

4.1 BRILZHRE

ORI EIINE CRMHBRZERBRZ £ L LT
SNTE, ZOLDESALANTLEOBRABNI, »>
TIXEILAEZ B L7272 VIS X BMRETSY ~ %) 2
E, b3kt EEFoTwi, L L, Bl
DEFABN L > THROBIRBEDNIEET 5 2 & AV
HL7zZenn, BXALENIEIZ X B X = X L0
HOERS RSN, ®EIZ% > TW LD OGS
HAFEFED .00 60 X T LTV b, EBMIMIC
X B BARE EOIMAEFFH b A SN TV 5%, 100

CuO

——— — — ?_
CuH;(PO),~ v

Cul,(PO, -

CulL,PO,*

=

NS
T

Cu

|
=4
[\
T

W PO,

|
=4
e~
T

T1,p0,

Electrode potential, E/V vs. SHE
f=)
[\

9 10 11 12

(=1
—
o
w
IS
521
(=21
< -
oo

pH

Fig. 6 Potential-pH diagram of copper in aqueous
phosphoric acid at total dissolved Cu = 10~ mol
dm™ and P = 10! mol dm™ at 25 °C *%.

mass ppm F KB IICHBVWTLS VT24 h, BIU
04 VT72 h (& bIZ8R - MRALSREmILHE) fREE L 7235
AT, ORI ETIE R RERROILEDSEL B
LRI TV %),

42 HWEAHZXL

O BRI A A D MA WK E & 2 0Hh
IZoWTid, 2ESERAEIITLRTVEHDD,
WEZHRBO—HEAR TR, DFICHmE LT -

AR S X BMEB L OREZERML, WELEM
A UKL 2RERDEDONT v ARROEEE
%gbf:66)~67)0

BRI, S HIVAYEEE Cu (1) B XU Cu (1)
AR AE TR T 5 2 & THRAILEITTILD IV — T AT S
N, FELNOBLIICNT 5y 7 DSER L,
AREORMERLZETVERELLZD 9, F72
Corbett bFPD XA H = XL ZHWELTWEY, fHEH
VR VL OFERIBICOWTIE, Baba 58 FEEE 72
IFERE & DR 2 G LM OEN - pHRZEHHE L Tw
%, Cu (D) $EfkoAZZEL, S1F ViREEZ10°
mol dm™=®, FEEEE% 10" mol dm™ & L7-¥H 05
MR %Z Fig. 7IR L7z, Cu* & CuO O M2 SR D
BT B L b,

B O AL O Wi i R A 513 FERML G
HOoPoT, BILHOADPHFEL T E@mEL, &
S EILOERIEEERW L AT LT L1
FBENETNVCTIFHHTEZWE LA LT, FILE
WaE AR ETEETVERELAD O,

HF) S IIHERIBEENT VD A = XA RBNFW
WCHERE 72 TN B LR L, BARALFEREE % v
LRIV, FRREFVAT VT FOWAMRERKS

Electrode potential, E/V vs. SHE
f=)
[\
T

_______ . |
o2 b Atk
04 F I
06 0
~08 ] ] L1
0 1 2 3 4 5 6 7 8 9 10 1 12

pH

. 7 Potential-pH diagram of copper in aqueous formic
acid at total dissolved Cu = 107 mol dm™ and
formic acid = 10 mol dm™ at 25 °C V.

=
=

18 UACJ Technical Reports, Vol.2 (2015)



SoOBROBIZRL

AG-T 2 AR 2 IR L T 5 59 59 60
FEAMZ BT, AIVR YV BREFASTICBIT BH%
T O B AR OB A E IS S hTw
%3 =301 =75 Rig. 812 A H O F 1000 mass
ppm, EE100%, MWEH A 7L (40C x 16 h — 25T
x8 h) 5 FIZBWT, V) Y BESHOKmIITEK S
P AR OB ZAL 2 R TV BV TIEF
RS2 KA AT LA LDOEEE HOTVED, fha
WZATKFI & ML ELT 5L LTWw5b, Gilb i
GILDESEF N~ ® Ay Ialb—2a VEiRE
FBAE R A IS, WM FERFHAT BT 2k
F O HE RS B A SR ARG LT B T 8,

1.0
I —e— Cu (HCOO), -2H,0
L -B- Cu (HCOO), -411,0
03 —&- Cu,0
Q [ — Others
C:' L
L 06
-+ -
Q
]
= [
w 04
w0 L
<
= [
02
r——
0 ._—-T.’— " ’f L L
0 1 2 3 4 5 6 7 8 9
Exposure time, t/week
Fig. 8 Changes in mass fraction of copper corrosion

products formed in 1000 mass ppm of formic acid
air at 100% RH with temperature cycling ™.

5. 8HUIC

AL OB EOBIE R LI LELT, ThFTil
WMLCEALTTNVIZT2DOBEOBIEZL] YY) =X
OHik#E L L THE LR TV, £ DR
BWIROHL S O—212, BENIORS % H~<IZL
W EDBRITONL, TVIZTARERAT VLA
WFETHILELID S, BHNCAVHAZERE D
DIROBERIFETIX, ZNDHFITEV > TWDEEF R
bo [BEOWBLZXY MO RdborbhTEE 2
LDHATHL, Afans [ 2Tz 5-Whersrz L
ZVvoD, Ko THRE, JHHEZTHFhEEWT
Hbo

4)
6)
7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)

18)
19)

20)
21)

22)
23)
24)
25)
26)
27)
28)
29)
30)
31)
32)
33)

34)

35)
36)

37)

38)
39)

SE 3

ZEH - ] MMIJ., 124 (2008) , 554-561.

J. O. Edwards, R. I. Hamilton and J. B. Gilmour: MP, 16
(1977) , 18-20.

e A, EICkER, WEHE = : Boshoku Gijutsu, 37
(1988), 110-111.

FEBAIA © S OO BIRE &, EAsCEE, (1994)

HEB I © Zairyo-to-Kankyo, 46 (1997) , 281.

P. Elliott and R. A. Corbett: Corros. Rev., 19 (2001) , 1-14.

P SRR AR A i, 52 (2001) , 24-25.

D. M. Bastidas, I. Cayuela and J. M. Bastidas: Rev. Metal.,
42 (2006) , 367-381.

R. A. Corbett and P. Elliott: Corros. Rev., 20 (2002) , 51-67.
T. Notoya: MP, 32 (1993) , 53-57.

BEE AU © Boshoku Gijutsu, 39 (1990) , 315-320.

INNERE, ARHEAT, EHERER, T =8 o (BT
ZFedxik, 22 (1983) , 132-140.

FEB A EAd, JEICRER, BRI = R R AR B, 30 (1989) ,
123-128.

PorkE S, AR - MEBATT7E R EE, 30 (1991), 92-98.
ARHEAZ, = KRR, 35 (1994) , 28-35.
G, VRN, g, /NIBARG R AR & 91, (1991),
161-164.

H B ERES, s, KRk :
L B4R, (2002), 336.
A EB, BRI SRR AT 7E R, 38 (1999) , 220-225
G, EIAUFIE, ATREE, JNIGAKE, JELMEN - M
Mimrgesiak, 31 (1992) , 143-150.

FARYTER, EfAEB - 80 & S04, 43 (2004) , 222-226
FWE#], BB % 0 HARIS 458 54 I Gl K &3 il M 42
(2014) , 45-46.

R, BB 2 MR L BREE2015 5 4R, (2015), 171-172
BB, RPN, WAME3E, RERK, FRMd, ~E
Dz, JEFIE g4 AR L BB R A AR, (2007)
437-440.

RER AR, WERE =, R - RN SE 2 RE, 38
(1999) , 30-37.

Ffez, WIRGAR, BAAGIE, P05 A 0 Mgt
£k, 34 (1995) , 47-52.

Efez, WRS AR, HAWIE, L8N @ BEE£'943%
4R, (1994), 251-254.

T. Notoya: J. Mat. Sci. Let., 16 (1997) , 1406-1409.

HEB AR - ARG 90 4, (1990), 259-262.

R. A. Corbett: Corrosion 2004, NACE International, (2004) ,
No. 04321.

BE g DB RHS, #H % : Zairyo-to-Kankyo, 61 (2012) ,
389-391.

Haruo Baba and Toshiaki Kodama: Zairyo-to-Kankyo, 44
(1995) , 233-239.

A. Lopez-Delgado, E. Cano, J. M. Bastidas and F. A. Lopez:
J. Mat. Sci., 36 (2001) , 5203-5211.

A. Lopez-Delgado, E. Cano, J. M. Bastidas and F. A. Lopez:
J. Electrochem. Soc., 145 (1998) ,4140-4147.

J. M. Bastidas, A. Lopez-Delgado, E. Cano, ]J. L. Polo and F.
A. Lopez: J. Electrochem. Soc., 147 (2000) , 999-1005.
ARHEAZ - ARSI sEEE, 31 (1992), 135-142.

BiE g, @MFBEE, (LB KER: Zairyo-to-Kankyo, 62 (2013) ,
103-106.

C. Leygraf: Ch. 15 Atmospheric Corrosion, Corrosion

WAL £ 569 1k

Mechanisms in Theory and Practice 3rd ed., Ed. P. Marcus,
CRC Press, Boca Raton, Florida, (2011) , 670-672.

T. E. Graedel: J. Electrochem. Sci., 139 (1992) , 1963-1970
FEB R IRAL © BiSEEHL, 44 (2000) , 198-200.

UACJ Technical Reports, Vol.2 (2015) 19



40)
41)
42)
43)
44)

45)
46)

47)
48)
49)
50)
51)
52)
53)

54)
55)

56)
57)
58)
59)
60)
61)
62)
63)
64)
65)
66)
67)
68)
69)
70)
71)
72)

73)

74)

75)

76)
77)

78)

T. Notoya: Zairyo-to-Kankyo, 51 (2002) , 123-125.

FEB A aAd © AR & BREE o7 Al 4, (1997) , 25-26.

BEEBIE - T CRE, 89 (1991), 96-103.

B S8 bR & BB AR AR 4R, (2011), 117-120.
BB, BTEA, WFAME3E, RERK, FRmd, ~E
Dz, JEREZ @ L Ma4, 46 (2007), 221-225.

BB AR IR R & BREERT R AR AR, (2001), 157-160.
E. Cano and ]J. M. Bastidas: Can. Metall. Quart., 41 (2002) ,
327-336.

E. Cano, J. M. Bastidas, J. L. Polo and N. Mora: J.
Electrochem. Soc., 148 (2001) , B431-B437.

E. Cano, J. Simancas, J. L. Polo, C. L. Torres, J. M. Bastidas
and J. Alcolea: Mat. Corros., 50 (1999) , 103-110.

w—3 . Zairyo-to-Kankyo, 61 (2012) , 438-442.

BiE %, HIEETF] - AR & BRI 2015 # 4, (2015) , 173-176.
REE AR« BT ZE 4358, 30 (1991), 37-42.

WRESE, —eEm, 5557 L Ma4, 53 (2014) , 128
133.

WRME3E, —EEm, REBE, BE% SLHaae, 52
(2013), 172-176.

S. Aksu: J. Electrochem. Soc., 156 (2009) , C387-C394.

e B A iR, A IEME ¢ 67 H AR AL & 43 5 TR 4R,
(1994) , 616.

RPEEA L, ANREE = ARL & BRBE 97 R AR, (1997), 27-30.
A. Olszewski and R. Corbett: MP, 46 (2007) , 52-54.

BEZ2, K © Zairyo-to-Kankyo, 63 (2014) , 333-336.
RME2E, BEEE, KAatE—, IHHE : HREESREE,
75 (2011) , 75-81.

WAMESE, — o m, 558 % bR & BB 2015 35 4, (2015),
61-64.

RE =, BRIERA, HrEsAL,
A4, (1998), 11-12.
gz, NELA, IMRE = RmEM 5 101 ]G
KEZRHE, (2000), 100-101.

hpERAL, TREERKA, NREE =, WEKE— 0 RIS
5597 InlEEE KRS R4, (1998) |, 73-74.

AMESE, —ErPR)al: H ARG 243 55 54 Il Gl R S sl M 4R
(2014) , 41-42.

557z, S, MRS ML A4, 51 (2012) , 196-
200.

MRS, KL, AR,
(1987), 696-701.

A2 E MR, 45 (1996) , 1172-1175.

R AR, IR PSR IESE Rk, 37 (1998) , 27-33.
w3, AR, RS MR, 42 (1993), 917-922.
T, LI, RS AR 02 R, (1992)
315-318.

D. M. Bastidas, V. M. La Iglesia, E. Cano, S. Fajardo and J.
M. Bastidas: J. Electrochem. Soc., 155 (2008) , C578-C582.

D. M. Bastidas, E. Cano, V. M. La Iglesia and ]. M. Bastidas:
ECS Trans, 15 (2008) , 193-201.

E. Cano, E. M. Mora, H. Azcaray and J. M. Bastidas: J.
Electrochem. Soc., 151 (2004) , B207-B213.

A. Echavarria, A. Rueda, E. Cano, F. Echeverria, C.
Arroyave and J. M. Bastidas: J. Electrochem. Soc., 150
(2003) , B140-B145.

E. Cano, C. L. Torres and J. M. Bastidas: Mat. Corros., 52
(2001) , 667-676.

T. E. Graedel: Corros. Sci., 38 (1996) , 2153-2180

L. A Farrow, T. E Graedel and C Leygraf: Corros. Sci., 38
(1996) , 2181-2199.

J. Tidblad and T. E. Graedel: Corros. Sci., 38 (1996) , 2201-
2224.

THAKIE— © MHEL & B35 " 98

BIZE : Boshoku Gijutsu, 36

79)

80)

81)

82)

Harveth Gil and Christofer Leygraf and Johan Tidblad: J.
Electrochem. Soc., 158 (2011) , C429-C438.

Harveth Gil and Christofer Leygraf: J. Electrochem. Soc.,
154 (2007), C611-C617.

Harveth Gil and Christofer Leygraf: J. Electrochem. Soc.,
154 (2007), C272-C278.

HARfb S & AL LS SCEs M, A3, (2004),
11-177- 11-184.

= RBEZ (Yoshihiko Kyo)
(%) UACJ HMRARM%A SMRD

K& Bfr  (Yoshiyuki Oya)
(#%) UACJ  $ifTBASsHZer BB A5 ER

/N EaL  (Takahiro Koyama)
(¥%) UACJ #iiiRIZM%ER SM%S

& #— (Yoichi Kojima)
(%) UACJ #iiTBaSeZer BB AR S

20

UACJ Technical Reports, Vol.2 (2015)



UAC] Technical Reports, Vol.2 (2015), pp. 21-27

| BB - HiiEs

BRI F VYTV I = AEOETL S N

¥y M 5 R
PR P

Analysis on Surface Structure and Pit Occurrence of Aluminum Foil for

Electrolytic Capacitors*®

Nobuo Osawa™*

Keywords: aluminum foil, electrolytic capacitor, etching, pit

1. 1UBHIC

TVIZYLABMEI YT UY O % Fig. 1IOR
Fo MEEIIIG U2EAR DGR ERIL R I (L) <
Bbh b & BmEL L OB CHBK S, &%
B OWHERREILC= ¢ S/d (C:HERR, ¢ FHEF,
S KM, 4 FEERILEKOIER) TRI N5,
R A T 1 5 B AR B2 I % T IR 3 % 72 80 O By bk R AL 78 1T 12
X OEER (200 VL) EER (150 VEUF) 125048
b, BIEHEEVEBBRILEL TR L ZEWEE
BRERTHE Y b2 ES VX H IS, KA E
GEO N ANVE Y FERL Yy F 2 72X DR
SN Do R 2 AR E v b AR 5B R
Iy F 72X ) REHEOWLEKBK SN L, B
SR D B\ I RATRALEC X B HEE99.98% DL
DT IVIZTAP—NTHY, BTy F v 7 Tid
FrANVE Y PERBREICH LEEFMICEESES
HiTEw (100) HHEREZEEZ AT 2KEHEIHVO L
bo KLy F ¥ 7 TIIHEADOKENL WD, )k
B MEREAAL DI I NS, B HEICIE99.8%
Y Eofi7 v = A% F 7213448 (Cu0l ~03%7FH
B VO, MKy F 7, BEICL
FIyF VTR EI NG,

RITE, BRI 7T HHAT VI =T A HEOET
bW E Yy MBI 20T T3k & BIgEpIco v
Tk %,

Tunnel pits
(DC etching) %

H Paper

separators

Cubic pits
(AC etching)

Fig. 1 Structure of the aluminum capacitor.
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Fig. 2 Films stripped from the aluminum foil in the
I>-methanol solution.
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Fig. 3 Technique of the jet electropolishing from one side.
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Fig. 4 Replica techniques used for the etched foils.
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Fig. 5 Technique of the extractive carbon replica.
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Fig. 6 TEM micrographs of the film removed from the
aluminum foil after 50 ms of DC etching.
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Fig. 7 TEM micrographs of the FIB cross section of the
aluminum foil after 50 ms of DC etching.
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Fig. 8 TEM micrograph of the pit structure after 50 ms
of DC etching.
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Fig. 9 TEM micrographs of pits produced by AC

etching.
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Fig. 10 Schematic diagrams explaining the pit
propagation during the AC etching.

LY |

(a) In-lens SE (10 kV)

‘(d) EDS (Element: O) 02 um

(c) EsB

Fig. 11 Cross-sectional SEM micrographs of pits
accompanied by the facet dissolutions produced
by the AC etching.
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Fig. 12 TEM micrographs obtained by the jet
electropolishing from one side; Comparison of the
cellular structure and subgrains.
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Fig. 13 Crystalline oxide particles and the pit around
the crystal after 50 ms of DC etching. (a) ~(c) :
MgALO,, (d) © y — ALOs.
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Fig. 15 TEM micrographs of pits formed at subgrain
boundaries.
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Fig. 16 TEM micrographs of Al-1% In alloy obtained by
the jet electropolishing from one side.
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Fig. 17 TEM micrographs and EDX spectra of Al-98 ppm
In alloy annealed at 560°C for 5 h obtained by the
jet electropolishing from one side.
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Fig. 18 Morphologies of the surfaces of Al-98 ppm In alloy
annealed at 560C for 5 h after being immersed in
the hydrochloric acid.

(a), (b): SEM micrographs of anodic oxide replicas
formed at 40V.
(c): TEM micrograph of the surface oxide film.
(d): TEM micrograph of the specimen obtained by
the jet electropolished from one side.
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Fig. 19 TEM micrographs of pits after 20 ms of DC
etching in various H2SO4 concentrations.
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Fig. 20 TEM micrographs of extractive carbon replicas of crystalline anodic films formed in boric acid solutions up to 40 V,

60 V, 100 V and 150 V.
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Fig. 12 Suggestion on Practical utilizing method of CAE.

Ui 2%l MILFEEC X 2 MR O EEIE 2 {88 2 0
W2, BUREMAT 2 B0 L TN T 2 BRE RV, b
LEaA, RIEHEICBWTYH, MI&EGLZIEL CRE
THZLIZEETH S (STEP3 ~STEPSIZHY), F
7z, STEP1 ~STEP7 ¥ T# STEPZ &2 KF =2 X~ b
t3252&LT, LOIHGTHEND - 700 %S
T&2%, LTI, WEEDD LM ORAREIZO W
T, Fig. 1212V THRED A I = X L2 ERLI2H
BUZDOWTIRFT %o

3.1 BRICHT 3R

Fig. 13I8 T XI5, 2R = b A— Vo5 £ 2
BT, BMICKHIEEDSH S L, BRPIEL, ER
ML %% L) IRAD»IEET o

RWASEAT 5D, Fig., 4ITRTLH12, BHO
AL EAMOER I (=K — bR — VIR /A
B D357 B 728, MBI AT 2 I8 AR AE
L, Y FULLADTbiizoThbeE 25 (KH)-

Aimed shape Extruded shape

Fig. 13 Thickness deviation of the asymmetric extruded
shape.

Porthole area: A0

Area of upper part: Al
i \ P

e

A

"o o

{ \

A0/A1 < A0/A2

Area of lower part: A2

Porthole area: A0
\ /

Fig. 14 Schematics of the porthole and the extrusion
profile.

32 UACJ Technical Reports, Vol.2 (2015)



I % CAE O3 M J5

HHAFICBIT S 54 ZOEE 2 BT 50X I
Lw72®, CAEI X ) FRloREi# MGt s 5.

3.2 FBRETIVOMEBE

SFTC#:# DEFORM-3D # VT, 4 5—EI2T,
WEPEIRAT 24T 5 720 & 2T, BUZEMNTIZEWE L 72,
Fig. 1518 3T A MR & L, 1/2BIRIC TR L 72,
FMEIE 1050, BEHEEEIZ 773 K, #0313 500 mm/s
EL7ze EHREFMEAARIRERE L, ME - THEIE
AL L

FHFRHTIC X MRHNEBIC R AT 280 & R 7214
K= bR =—NFAL RN E2EETHILET, ¥4 AD
BN % FEhiti L 720 SFTCHEDEFORM-3D % v
T, 777 TaEIT, WM 17572, Fig. 16
R A MBI E L, 1/2BRICTEE L 72 MR
SKD61, #AHREEEIZ673 K& L7ze FEHRIZMEARLK
BHEREL, MR -TAMEZZ —o VEERR3E L
oo T2, AWML X ZTOME B X O X AR O T H
IR L7z,

3.3 BITETIVOMKREE

Fig. 1712”3 X 912, 5MIFEHE L 72 POREHRICR L
<, M EEIBBEA—EThoTe 22T, M
FEATIC B AR O EHZ R LR EHR L L, Wk -

Male mold

Female mold

Thy, ner Mandrel

]Yﬁcker

Fig. 15 FE model for the extrusion.

Male mold

Female mold

Fig. 16 FE model for the extrusion die.

8000

6000 [

4000

Extrusion load/kN

2000

Calculation number of times

Fig. 17 Relationship between the extrusion load and the
calculation number of times.

THMIZEESMEE L2225, EEOMBMWEX
D & ASFENTE TN OIULATEITE < 2D E 25,
72, MBEORARMEIIE L TH o720 O
Mo, KEFEFVIE, ¥ FLLVOERHIN% B
TERWITE, RANBBNTRLETIERVWEE R S,

3.4 RAREAHZXLOWREE

Fig. BIZ¥ A AOLMIHREZRT, 22T, &
TEIRRE X 20512 RFR L T b, Fig. 18 & WS 2
&N, FAADOT Y FLvi, HAMDSEAN
T W5S, ZORKIE, Fig. 1912R3 X512, #
HIEIZBWT, BRHMOFEIE O BIERM LD b
FWeDTh b, LEOFHRNS, 2/K— bh— o
My A4 2B T, BHICHEESD S L, EHO#
A EERM DR — bR — VIS 5L RL S
728, MERHNERICHEAE T B PSS ERP AL, <
YRV SERM S ERANICHE S 2 & T, RRRTE
A5 ) IRFEE CAEIZ X ) BGET & 72

35 EENDEZZDCAEDFRAFEDZ D
U ED X912, BT DRI RONFE T, R
METFTNVEMEL, BIEU»EORIEZERTEX D

(mm)
0.50
O37I
0.25
0.12
0.00
-0.12
-0.25
-0.38
-0.50

Fig. 18 Displacement of the male mold of the extrusion
die.

UACJ Technical Reports, Vol.2 (2015) 33



(MPa)

-200
-270
-340
-410
-470

-540

Fig. 19 Mean stress during the extrusion.

FMEME L TWE0E) &R L BT, RIS
R S5 5N 2 YRR TG 2 BEES U, #idn
BB AAEBRO L) &, FEHRETHELIZS W
ZUZOWTHIET 2 2 LD T& %, S, FEZFHFE
TOSTEPZFEM L 727, #EEED L) HEICIE,
ISR &b % FF 2 2 ¥ MEL, YALRBETE
O CIENT S 2 e 2, Tz, EDXHICLT
TRNT S E R I & WGE L 722 2 AR 3 U, RSN %
BIRLLEC, RMICHELZRRTELEHE R %,

4. 8HUIC

i WL T SE AR A I ZE AT O CAE O &3 1916 AT L2 BY
T 5095 L O'CAE OfF M OMGE 1 :Th 5 ASME
V&VIZOWTHITL, RZICEZFDE R L CAEDIK
BN THBI % FIHTL L 720

CAEZATHI Wity, WM&tz EL RET AT LT
WOTHEETH ), WRAEEADHNIEME FFax v
MEL, Ry b= E%A4LT, BEBRETRET
EIUL, T DR D E L RRR o 7T RS R & BRI
THVAZ7 MM TE, CAEZMFRLILLHTE %,

E 7z, ANTT DENCBIRORF 2 LT, HATE TV
AL, TSRS EORFE FEBLT & 5 &1F %0
RLTwahL) »aiER Lz BT, R, o5
SN2 YRR T 2 MEEST 5 &\ ) FIHTCAE 217
AN, BHTREEZENT2HFY, HFLobno<D
DB D &) BFRICE D IT v, R ZRDIE,
e V) FEEHCT, BOoRmWwboo< ) %2179
ZEThbH,

8)

9)
10)

11)

12)

13)
14)

SEXW

EABE—RE : 79 AF v 7 A, 54 (2003), 28-32.
PR THEE B, CFUERBE AR SZEEMR ERR, 107
(2010), 21-25

PELORSE, FARFIAS, RS B 1l 7 Bl 20 (2002),
32-40.

e, KHHEN, TR,
VL AR—=1b, 10 (2001), 13-25.
A4 R E L E2—, 61 (2006), 70-71.

Aol I, ZH R B IR LSRR R AT SE T LRk o
s, 37 (2008), 104-106.

ASME. Guide for Verification and Validation in
Computational Solid Mechanics, ASME V&V 10-2006.
NAFEMS, 2006.

NBE T, E A 52 HQC /4 FH4 ASME V&V B
R (2009).

Bl %, FAEEW  BAE, 63 (2013), 461-465.
ML RE -5 A ) — N9 2 JEREFAT - H AT L5 45,
o1k, (1993), 231.

R 5L IEIEEER AR BER & JEAE G, #EAL, (2000),
241-242.

ORI O B & B H ARSI LM sa e e i B
2, HARSS 2, (1984) ,18-19.

KA - I T4, FRPY&EL, (2000), 43.

NG V=, KE-FAR a5k 88H
LN OBALRENT, (1985), 59.

FILERFE : MAET 7 =%

Ef & (Gaku Torikai)
(%) UACJ #iiTFASeZer SB=H%RS

34 UACJ Technical Reports, Vol.2 (2015)



UAC] Technical Reports, Vol2 (2015), pp. 35-37

* Pr;oAducts
L}

2R A — VTV I By

E%L

-

)

All Aluminum Heat Exchanger for Air Conditioner

Junji Ninomiya*

1. 1UBHIC

WERRBEAL, 4V A OB REA OO O &
FHEEDBIL, VA TarRRy =TT a s
RFESIND PR DOE T ANV F — LB LA LD
FRFEE > T0b, S5, SEME O Z
RIS, RS ERICHEASh Tz, 7
VIZTANBITTAEENRHE > TETW 5,

YHE, RHET YT, 4 Y FEOBBICB W TER
PP TVEEEERNTT 2 IZERL, 205/
MBLZHEE LT — VTV I B2 L, £
OREERIBE L. T Hix, HEBLT 7L -1
T4 vRBHLZERO 7 0RAT 4 5 4 T CFE3L”
TlE%Ll, MEEREBLITavr—1r 74 v &M

PF heat exchanger

S heat exchanger

Development to a room
air-conditioner of the
processing technique

cultivated with evaporator ¢

for refrigertor

Aluminum fin

L7z L zua—% 47 PEEA" b NICHEL
STV —= 74 VML =RV F L 54T
SEHA" ThH B (Fig. 1o TOWGERLE LT, ¥ 112
Wise Al 2 @ L, BOEHl oLz Mo Twb Yo

2. ¥ &

PFERE L USHRZNETNOFE % Table 11I7R
Fo PREKOREIE, SEMILICI Y CFHAZLD D
BERfbB LT %7 MEDSHTRET, A%EH 4 2 TH
ML 15 AR O BAERED I LA RIAD 5 13h, Bk
BALDWHETH B0 SER ORI, O7 14 YRED
REALIC X BRI E a2 N ¥y v O, @
MBS X A EEEN L, ORmvilatkE AT 5%

Corrugated fin

Application
Outdoor unit heat
exchanger (cooling only),
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Fig.1 UAC]J all aluminum heat exchanger series.
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Table 1 Characteristic of UAC]J all aluminum heat

exchanger.
CF heat PF heat S heat
exchanger exchanger exchanger
Tube type Cu inner Al micro Al inner
yp grooved tube | channel tube | grooved tube
Fin materials Al Al Al
Thermal
performance 100% 150% 100%
ratio
Joining . . .
method Tube expansion Brazing Tube expansion
High thermal | Reduction of
) T —— connecting points,
Merits - P . ! Free shape,
Refrigerant Surface
SEN treatment fin
Outdoor unit heat | Outdoor unit heat
. exchanger exchanger
Application (cooling only), (cooling only),
Middle-large size Small size
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Fig. 2 Comparison of the heat transfer performances.
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Fig. 3 Comparison of the anti-corrosion of PF.
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Frost-Formation-Suppressed Coating Fin

Mikine Sasazaki®
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Fig. 1 Appearance of frost on the air conditioner outdoor
unit.
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Fig. 2 Heating operation and defrosting cycle.
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Hydrophilic
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F
Hi

[Merit] ) [Merit] [Merit]

* Low ventilation resistance . Hard to frost * Hard to frost

+ High heat transfer rate T q i
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- Easy to frost - High Heat transfer rate * Low heat transfer rate
(Water film on fin surface)

[Demerit]

Fig. 3 Characteristic of Hydrophilic & Water sliding fin.
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Fig. 4 Difference in frost time by the surface treatment.
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Fig. 5 Difference in heat exchange by the surface treatment.

(a) Hydrophilic fin (b) Hydrophilic & Water

sliding fin

(c) Hydrophobic fin

Fig. 6 Enlarged image of the fin edge when the
ventilation resistance reached to 500 Pa.
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Fig. 7 Appearance after defrost (Hydrophobic fin).
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Inheriting the Spirit Cultivated in the Development of Extra Super Duralumin:
My Study about Microstructural Control in a Superplastic ESD
Aluminum Alloy *
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Fig. 1 Part of frame of Zeppelin Airship shot down near
London, brought into Japan by Japanese Navy
and stored in UAC]J Corporation ".
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Fig. 2 Dr. Isamu Igarashi (1892-1986) .

Lzt bEbhTns !,

23 BaYaIII>

FERELTRBY 25V VHETT VAT 24SD
HRUIENE o722k, S SICEMEME ORI
FEpoROLNTWZ &, FoREZEMEDS SRR
FEREMEOREN D -2 LD, EIRES 4
WCHIHEDS o 72V, ZORED 720 A+ R B
(Fig. 2) CHBDEN . 5 720 24SOBEN U T - 72
19354Em 8 H 10 HICHFERMG DO E S 257 S /z. Fig. 3
FEOWEE TRITBAEEOEERK No. 1] 0EKTDH
bo TOWMEFOMEIIL [k, HAREIT75 kg/mm?
(740 MPa) BAEEDOFENE V. £z LT, EhhMmiy
THDHPIEIAREREICII Do THRL, 25, FHPHOR
BIEZORMBEH S LV MEZTT, TTITHDE
BEDWREIRD Do F\e bk, FICILEAIE O

 33a#

JEPFRAE AR

| R ke etk & 3 s
i 4. '

R o B ARG 2k A

ERC AV U R4

Avi oye 80 T H Fem b oa 7#.‘3%
FiEn A - 7607 Hi

~
7

 FABrs 2= b h2E /B

b AN S ALY IR — = -
Fee . BR. B8R
_FE e, Ao %< VB IHETIR A
sy M utEirg-heéazre |
| T Rpn 554 1T i3 20-17) Barkp
tat vy =38 b B H ARz, T
B BN, A TV

[&E

sl

T

TROS X IO I

Fig. 3 First report on the research of Extra Super Duralumin

(cover and abstract) 2.

UACJ Technical Reports, Vol.2 (2015) 43



Kz o BIXEITMEHEBANMZETICH Y T, AT
LSBT T VI Y ORRH Y (L) 7154 ~ 58
kg/mm?® (530 ~ 570 MPa), fH1N20 ~12%). Fi T HEHH
(A A F) e, i, Py 29 v v o
WAL, ZOBRDIETHL DD, HRAET L
FBAEOWHMBELOF G Th %o I Ja il i3 HE
WRFEF S B> CTEEROAFIERE T ET
SRR % ERE 4T, FORAE, 1936466 H 9 H
WIXFFRFIIE L T b ($:135036 %, Fig. 4). HEER
FRR & 60 kg/mm? (590 MPa) TN T, AR R
WZ L BB RENIE LI WS E R ETH -T2,

BAZEIZ M 720, Al-4%Cu-15%Mg-05%Mn 2 DHE Y 2. 5
V3ry (D), FAYTHIEINALS%Zn-15%Mg-
0.5%Mn & ® Sander &4z (S), J[E National Physical
Laboratory THi 3¢ & 1172 Zinc Duralumin (E& 4 :
Al-20%7Zn-25%Cu-05%Mg-05%Mn) % X— Z|ZZFNZE
NOBMERREZERT, RELNMTHEONT Y ZADR
WEEEREL, ZOAEICHIS T ZE OB S A
LIRITHRRMOEE 2R 7 0 AR Rd L nwa
ERMRL THEWT 2RO, Fasr OREMIL
Al-8%Zn-1.5%Mg-2%Cu-05%Mn-0.25%Cr TH 5, ZD
HREGERI=Z2088%DHXF % M\ TESD
(Extra Super Duralumin), #4 Y25V 3 v &40

- , 7 o

n5;== M ﬁ
LA P

W=l km ThE @ il
S EM g o
vy 2 - 1 Xk ok =
# @ e H o H B BB =
~ MR ey AN A =
X2 L FRPAE I P
Datal BAZOE N AmE b B
XYL FR I B il o
LS X3+ sk 5 R T
EogL i L v
ik W G ea=aeae TED o on
EERiR b Tk kAT MR
¥ 2 s £ o mplle
[E 2 34 ] & iSRRG~ T — o
Bt i AR . A
TSy ) &  ArxIEZET &
HARY 29 B WO By, @ g
PEET I LT BB o
» . &
BEIN E B aaa =
AAF = = # R 1
LIRS 37 7o« » ®
P ®
[ EL. B Ia

s m - £

u

=

#

7

i

*

n

.

Ed

*

’

F

40

i

a

SEPFerE PN CER e CRECRT R BEE NN R RDASRE vRIBEE v o Bl 1 B
BBty ¢ Y AERYEEARD S ERN rm e, R W rBONERr R ASEERE N BT v it e

BES sy cdwrE DM I EECBERER L wew 4 20 ISR SEy BEN-ZoER- 88

Y M BT B SDUR R ERIRRIE v eV R0 BRI Y S EIE SN ST va BRI

P x ;7
ST ER ST T e
s ] v TE SRR
LlcTnyoh-mm momr -2 HEQTS
Wy ~EWMBMER AR b v 250 H
LAY * 7 V&EHVM“‘-,‘tﬁﬁ‘ﬁ
RS W I ETE FRE Y L
TemlYy L ENETE NERE Sy T
T GrH R E2 ) SR SE S
P R R E R R PORE NS SaAACE BN &
SrHE 7 oA ﬁﬁf‘")!&l’/iﬁ‘»’u—
v »rTEY=
LI RREI R ARG s 220 R
vl Wz ;—__lryrs,;u}‘yﬁ#
XA v o/ E—am WP m Y
2K o Bl= v b :’Z‘;—,b-
P LR LT T R
Hage E fcgsmﬂ‘&;%n;fﬁ
o M e (- EE s B -]
sty = = FHE L xS, W L
Bogg o 7 2 rREAEBR B g F Y T8 5 %
ik ko L3 ‘/I—-u&a, ~Fwe- 7 8
7 YL Iy LI E P A R
H -H ’ ® ~ umﬁl‘ﬂf’!ﬂﬁln
LR s 3 s MAEHEA LYK = B
Vb £~ -—nnaxnlu,aﬁ-’e
24 v F 2 N BATFH= =@~ 2
LA ] 1 HB =+ st 2r- B>z

4
1

Fig. 4 Patent of Extra Super Duralumin, No. 135036 ?

SNzzo BM 05 EERERTIET R S 58 ~ 60 kg/mm?
(570 ~ 590 MPa), TMi¥7748 ~ 52 kg/mm? (470 ~ 510
MPa), fHN10 ~16% 25N Twb, fMHHiEs 5
CEWVRRENRE LN, SO0 ER V=%
LT AR TG O gk AR I R, KBk = o
T2 AL, ATEELSIZERY, MEHIZOWTEE
MEMEHB Lz, COGE&EHRE o+ M ke
B (%A BB O BERE) o BRI & L7z
530 kg3 22 LRAA L, 3 IS I FFT
R, BEML CoEEERM L TWTT IS
L7z BB E L I X ) KIGICHET v
7 LN O R AEEIX533 km/h & o7z, Th
Y 29V e v zo us ik LB Ao
432km/h1Z X 100km/h b #HET v 7 L7722 Lil%
D, BIEOHIER RO R EEELY S ER L, #e
Tagn I viFFAREROBE/LICKE CHBL,
KA N L0 L 7278, 19424 KENE T ) =
= x VHETEGOZ®RE FICANS &, ZOFK
ARURIICHIIL, MR CIIBL Y2903 v e
FOTNVI =T AEEEME L. ThAS 19434127
Va7 ko TR S W 7270754 4 (Al5.7%Zn-
25%Mg-16%Cu-0.25%Cr) T, FEWRGOFRMEIZSET
Rl B0, WS EH R Lo/ 7 1 a556 T
CTHEMENT WA,

24 B4 a1INWIVHEHETHETEZLEER

HANWIZERT R CTh - 723 LA 1L, e P21
IVDFTIER R TELZERNERO LY ICF LDHTY
59, I RN ==X, SEHEES S OBRDS
Wi CThH D Z Lo BATIENAR 25 M, ISIEEH N
B EZOTI N EHEEICTUIRIETE % &%
ZT2Z bo BEATIOME R TR G, IR B4 & iR
MICHEOEE, B, Rl %I ISJIEEHh
b3 B EHli i L, R & BRESHIA & SRR 7 ik BR %
FhiL 722 & BRICAIEIHT 28 &, AHaidtix
(R CTHRZ D DA, THTHERZWEDN V. &
THOIZT L L) WETHICSUE, B, Th
THD, INTHILEFORLITTINDE DM, ZOH
RO 2HHE2R-RE RS2V L LED
N7z, BEAIENTM I H. ESDIE oA
WEOWNZR LTI, THREMELTHELL» 72T
HsH)LBRTV2,

[ UL, oA TENIIZEIT R Th o 7oAk LA
&, AHEEL2S, RAMRICYLL2HITHLT, O
FTREZLELTHEREBURMICBIZT 5 2 L 0EEN
A, [0z X RE, #E G 3mrso0

44

UACJ Technical Reports, Vol.2 (2015)



eIV YHEDERZZ TR T — BB OMEMIE? DHALI E —

726 5w S LEEIPS DI T NE R LENTI VY, &
WL, bR IR IESEbhtnZLTHo Y,
Fig. 512W7ep% € v ¥ — R TH o 7ok HA 48
fo 7T RGERE R T Y, FOEVIIEEICIEZ OFE
PR SN WE RSB A Z T LW E ) . K
BEROBROMENED, AHEEtoSHEL2 451z
ATWL0E, AtEEtobonEz FIcHEL, o
N b OENITEE ORI O TH A ) LD/
WHBHDENRHTHA D)o TN LIIEEIHD 5 HITITK
BBEILDLLDEEZ D,

3. BEOBLT 1TV OMERER

31 AlZn-MgR=TAELDHEE

1%, GHQIZ X D #iiz2 stk i s s, Mk
DOWFFERSE, B dEE s h/z720, EOMEITZE b
Ldrolze TIVI =7 AOTED EATIIH 2K
Tho7zns, WBIRKEHEY, HHMG» Sy ¥k

A i+ 55 )

1. BHOESE, A, EiiEFEO—YZAST S
Ctbﬁ‘%_o
4~5FFHH D, ERDFBELITTIFERE,

2. BRHEBROHEICHICEATIZIEDH
BY 2. RABERZER[EEEZEZATH
52 ClEHS,

3. EBEHNKYRBARE | HNCNEBREESDORR
WCT &, BoeEREFBEURERITE
NicEEQHESHHY, FKEHD DD

4, FR=ZEEUREE, ES50LTE, £53ULT
COIRRBDNIRERRL, RIKRICRD
AR TRRRL TIFEABTE,

(I 5. T—YHKERED, DT —IERDZDH,

y.

J

(1) At first, it is necessary to master company’ s history,
persons, technology and so on entirely. It takes 4-5
years to master them. Learning lectures in a school
only is insufficient.

(2) Industries develop by the daily progress of theory and
experiment. It is troublesome to regard the immature
theory as absolute.

(3) Fact is important! Don’ t talk various quibbles. Progres-
sion and development are generated only when a new
fact inconsistent with expected results is found.

(4) When questions arise, it is necessary to consider
repeatedly why they occur and investigate them thor-
oughly.

(5) Theme is important. But it is problem who decides the
theme.

Fig. 5 Sayings of Dr. Igarashi collected by Dr. Nagata '°.

Fig. 6 Dr. Yoshio Baba (1935-2012)
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(b) 7475 (Cr)

Fig. 7 Precipitation around Zr (7150) or Cr (7475)
compounds in these alloys air-cooled (1 K/s) from
solution heat treatment and aged at 163C 44 h 3.
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Fig. 8 B767 s fuselage constructed with frames, skins and taper-rolled stringers (left). Manufacturing process of a taper-

rolled stringer for airplanes (right) ' .
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Conventional structure SPF structure

(45 Parts, 400 Rivets) ’ (3 Parts, 80 Rivets)
& Cost saving 30%
Weight reduction 15%

~—e
~~

Conventional
design

Fig. 9 Door panel model formed superplastically using
a 7475 alloy sheet with fine grains compared
with a conventional structure. SPF structure
consists of 3 SPF parts and 80 rivets, while
conventional one consists of 45 pressed parts and
400 rivets. Cost saving of 30% and weight saving
of 15% were achieved by SPF # . This panel was
superplastically formed by Mitsubishi Heavy
Industries.
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Fig. 10 Grain refinement process developed by Rockwell

International for superplastic 7075 alloy sheets
(Reprinted with permission of TMS) 33D,
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=] |
= |
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Fig. 11 Grain refinement process for investigating the

effect of conditions of precipitation treatment and
cooling rate on recrystallized grain size (WQ :
Water Quenching, FC: Furnace Cooling (25C /h) *2.
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BE480C -2 hik, K EIFE &AT o 724 RO ENZD
WCHRIEIERT O 3 27 v MKk & BT B ST &
Fig. 12 & Fig. 131" $ %, WM 5 480C -2 hk
WHLAMZ05 ~ 2 um DMK 2 55 AR F-AYBIEE &
Nb, FLTRTOFEMT, BWEILLHECTHHL0]
~ 02 um O 7% 7 1 2 %K (E-phase, AlisMsCry)
PBESNL, WTNOKGHM D I 7 TR DA —
ERORER, BRI S BRSNS AY, B
TlEINR~ A 7unNy Fe LTBgsns, MKk
55 MR T- D 2 480°C 2 B DKM IZE R J5 1) &
BEAZRFIIYA 78Ny FPREEL TV L0085
SN, MREEMNFPFETLEZDOTA
TNy KOG MHE AR T O ) THHMEICZELL T
Wb BIMRTIIEEOE LT &b B infi Rk o
GAE—LICHFE G L TWb EEZbNL, TOMHEL
THIE - PG A M2 —I1CAE 3 %, $7:Fig. 14
MHbNE LI KGN TREMNSS Y7V LTVDS
A, FEMTIE<A 2 any Ry v 7L L
B NS, G HEEERCEY I EAEST Lisi v
LM RR DT STV B, Fig. 155 5 138 7 2
T 2 RK T ORBICBWTD Y Y SRICy VLT
A AR & 2 OPENCEEN O R WIS R SR
%o 70 ARNFIIELELIWASPICLAZLHICE
DORETHRER TV H LR T L, Z0720Z0RM
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K& s v 7V Uik o B R AL 0 A 7 38
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Table 1 Effect of precipitation treatment on the grain size in L-LT plane of recrystallized sheet *2.

Grain size in L-LT plane/um
. Precipitation Holding time/h
Solution heat treatment Water quenching Furnace cooling
treatment
Temperature /C 1 2 4 8 16 1 2 4 8 16
360 — — 11 95 95 — — 19 19 16
380 — — 8 8 3 — — 16 16 13
400 — 8 8 6.5 6.5 — 13 11 11 11
480C-5 min WQ 420 — 9.5 9.5 8 6.5 — 11 11 11 11
440 — 9.5 9.5 95 11 — 11 11 11 11
460 — 11 11 — — — 11 11 — —
480 15 15 — — — 11 11 — — —
290 — — — 8 — — — — 11 —
No SHT 380 - 15 - - —1-=-"m = = =

Process: Solution heat treatment (480°C-5 min WQ)— Precipitation treatment (360-480C/1-16 h WQ, FC) — Cold rolling (90%)— Solution

heat treatment (480°C-5 min) WQ
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400C-8 h WQ

480C-2h WQ 400C-8 h FC

480C-2 h FC

= B
Before cold rolling After cold rolling

Fig. 12 Effect of precipitation treatment on the
microstructures of the cross section before and

after cold rolling ( all pictures are in the same
magnification).

400C-8 h WQ

S S

400C-8 h FC  400C-8 h WQ

480C-2h WQ

480C-2 h FC

Before cold rolling After cold rolling

Fig. 13 Effect of precipitation treatment on the TEM
structures before and after cold rolling.

400C-8 h FC

Fig. 14 Effect of the resolved solute atom content on TEM structures of cold rolled
sheet, tangled dislocation structures in WQ and dislocation cell structures and
subgrains by dynamic recovery in FC are observed.

Fig. 15 Ring-like tangled dislocation structures around
E-phase containing chromium.
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LB, KEMTIZY v 7N LGRS 7 5.
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Fig. 16 Effect of precipitation treatment on the change of
electrical conductivity before and after cold rolling
of 50% 32,
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Fig. 17 TEM structures heat-treated at several conditions in a salt bath using the sheet
treated by precipitation at 400C -8 h WQ followed by 90% cold rolling.
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480C-10 s

Fig. 18 TEM structures heat-treated at 480°C in a salt bath using the sheet treated by
precipitation at 400TC -8 h WQ followed by 90% cold rolling.
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Fig. 19 C-curve of precipitation in 7075 alloy (Schematic) *.
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Fig. 20 TEM structures at micro bands and microstructures at shear bands during
recovery and recrystallization of the sheet (480C -2 h WQ, 90% CR) heated at

340 ~ 360C in a salt bath 2.
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Fig. 21 Schematic model of the grain refinement process

in a 7475 alloy sheet *.
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Fig. 22 Effect of preheating temperatures for 32 h in a salt
bath on cavitations during superplastic deformation
at 500C and 25x10™ s! without holding at 500C
before tensile test in a 7475 alloy SPF sheet *.
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Fig. 23 Effect of heating rate (salt bath or air furnace) and
holding time in pre-heating at 480C and tensile
test speed at 500C on the elongation at 500TC *.
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Fig. 25 Effect of cold rolling reduction and pre-strain
temperature on elongation at 500TC .
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Fig. 27 Effect of intermediate heat treatment (IAZ2 in Fig.
26) on high temperature elongation at 500TC .
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Fig. 28 Effect of precipitation treatment conditions and

cold rolling reduction on the grain size of 7475
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Fig. 1 Cross-sectional SEM micrographs of pits accompanied by the facet dissolutions produced by the AC etching.
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(wL—7)
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UACJ Trading (Thailand) Co., Ltd. (% 1)
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UACJ Trading Czech s.r. 0. (Fx 3)
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UACJ Australia Pty. Ltd. (ZW)
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