2-1 Al/Cu * v X EAM ORI

PESETAMRR G 7 THHIL

2-1-1. IFL®Ic

Ay FEAGERA y F2EEAIO XS CEMElICTHI T2 28 L WEAKTHE, T3
SV LEEMEBRAEI I HA. TOBRSHICHRBCLE 2 i3 2 & CRmEOEA T
bz, CFRP HoIEREM L OBMEL b RETH 250 EEH T 202, BfE, Av*
FECEIA vy FEH VWS, FKRETCHETALI =V 260X 0 b ELRERENE
AL, MEMTOI ANy ZJERIHEI TA I =y 258 MloFENAERINEY, BH.
A=y 7 IGRIIIEEEM LRI OBIE, HroN=y 75 % w7801 - EHEDE
HEEFEECHIE W2 2%\, TA =Y AASREEICX > CitaEsEay, &R
WY EIBEEDRCRARERPETT 2L b PHENE, 2 2 Al ciR, SFEESL
BB L BRI EEI OMEL L A v FEAMOIEEEE 2T+ 5 2 & 2 RETL
720

2-1-2. RERAE
MRlE L OEERA

TN =y LEERERA 1T A6061-T6 # % Vs 7z, Table 2-1-1 Ic{L# B 2 R+,
%Y v ARG L 72%IC2EE b, MEIMAIC X282y ¥ %2{To72 Y, HHEICH
Y — K2 AT 7285 L 7=, Fig. 2-1-1 12 X v FEEAMONEZ RS, Kl
#2400 ¥ T SIC #CWER. 7 7 —KER (7 vk, Wik, HROREGER) <5 Pl
vF VT LT, WAy FEOESRCANZEH) Z BN 2 720 ic, C1020 #igH % A7z (GF -
fil 2w F & C1020 & DEREEEDENTOWTIIXRDEBINERA 2SR I -\w), Kif
##2400 £ ToD SiC HUTHIEE L =52 IR L 7=,

Table 2-1-1 Chemical composition of A6061 (mass%).

Si Fe | Cu | Mn | Mg | Cr | Zn | Ti Al
0.610.42|0.29 | 0.02 | 1.02 | 0.24 | 0.03 | 0.04 | bal.
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Fig. 2-1-1 Appearance of A6061/Cu/A6061 electrodeposition joint.
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Fig.2-1-2 Appearance of SVET.
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Fig.2-1-3  Extreme-value distribution of Fig.2-1-4  Evaluation of pm.. by double
corrosion pits. logarithmic plot of pit depth.
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Fig. 2-1-5 Cathodic polarization of C1020 Fig.2-1-6 Time variation of corrosion
and anodic/cathodic polarization of A6061in  potential of A6061/Cu electrodeposition
3.5% NaCl. joint in 3.5% NaCl.
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Fig. 2-1-7  Development of corrosion pits on A6061/Cu electrodeposition joint: (a) 6h,
(b)12h, (c)24h, (d) 48h.
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Fig.2-1-8 SVET current mapping of A6061/Cu electrodeposition joint immersed in 3.5%
NaCl: (a) 12h, (b) 24h.
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Fig.2-1-9  Appearance and surface profile of A6061/Cu electrodeposition joint immersed in

3.5% NaCl for 48h.
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Fig.2-1-10 Double logarithmic plot of pitting depth: (a) without and (b) with masking.
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Table 2-1-2  Maximum pit depth of A6061/Cu electrodeposition joint.

Pmax‘ (l-lm)

With masking 53

Without masking 104
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Fig. 2-1-11 SEM image of A6061.
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Fig.2-1-13  EDS mapping of corroded A6061 surface.
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Fig. 2-1-14 Cathodic polarization curves of C1020
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Fig. 2-1-15 Arithmetic mean height of C1020 and Cu plated layer.
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Fig. 2-1-16 Relation between cathodic limiting current density and arithmetic mean height.
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Fig. 2-2-1 Assembly for galvanic testing of C1020/A6061joint (C/A=1.0) .
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Fig. 2-2-2  Galvanic current between C1020/A6061 joint in 3.5% NaCl. (a) Time variation of

galvanic current. (b) Relation between area ratio and galvanic current.
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Fig.2-2-3 Galvanic potential between C1020/A6061 joint in 3.5% NaCl. (a) Time

variation of galvanic potential. (b) Relation between area ratio and galvanic potential.
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Fig. 2-2-4 Appearance of galvanic

joint and 3D profile at Al side.
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Fig.2-2-5 Double-logarithmic plot of pit
depth.

Table 2-2-1 Maximum pit depth on Al surface expected by extreme value analysis.

C/A | Approximation | R2 g/'eapﬁi?&r:]n)pit
05 | V29218 10908 122
025 |1 0007 Jo.67 127
01 |Yoome | 0951 110

HVNR=Zy VMOBRICKIETHY—F /7 /— FEELEOFE

Mansfeld iz @ EDH N AN=y ZERBICKIETTT /) —F /717 — FHBELOFEL &2 DR
R AR I O K AR O E R A DEIC X Y T L. Wi# 28 Tafel 258) % 7R 3354 (Case
D. 77— FaBas/hEwihé(Case2), &5 6020 RIGHMEEBLD Bt (Case 3) IC B 1T %
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Fig. 2-2-6  Effect of C/A area ratio Fig. 2-2-7 Dependence of igiave,
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1 ICRTRAIEES pun®h Y — F /T 7 — FEBKIEN % Fig. 2-2-7 1073, KIcliE
A v X PEM (Table 2-1-2) DFER DR L7z, WFROT X & b Fifk & EARBEGREZ R L
Tw3,

gatave < loca & 75 5 FHER 13

ia.cal = icorr + igal.ave (3)

DI=DTH Do ieonld A061 D H CIE AR ICHH Y 2, Fig. 2-2-7 DFERIE, AW THW
72 i B E L Paa BANANZy ZIFBOFHH T A2 LTHYITHE & E2REL TS,
Lo IC DWW TR REITHIT %6

2-2-4. £L®

A Y ¥ L7z A6061 MOJFEICKIT T A v FHMOFE %L C1020/A6061 LN =

v 7 M % > CE EIICEEE L 72,
HNAN=y SRS TN =y 78T C1020/A6061 [HIfEH & EHREE (R % R
Lize HIAN=y 7 BB EREKFEZ R S R,
JEERBED A N= Y 7D A6061 2> H1F 5 N7z i KFLEEE X 12 C1020/A6061 [fi
R & EARBIR 2R L 72,
FROMEIRREMERL» O FEEINE A Y —F /T — FHEBEOMEHHE L X
C—E L 7z,
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2-3AlI/Cu Xy FEEMOBBFEICRIZT LI ZVLEEDE

I

PESETAMAR G 7 THIHIL

2-3-1. IFL®Ic

HIROT A 2 =0 LA IZHEDORLR 2%  OMFMBENFEE L. ZNEFNIEL 3G EEE
T, SxfRe 32 Al/Cu Xy FEEMICOVWTH Y TRTEL A TFHING, 2T
T2-1 XU 2-2 THRE L7z Al-Mg-Si 448 A6061 Il 2T, #l Al &4 A1050 5 X
O Al-Cu 2E4 A2024 ZRRM L LTl X v 2 A LZSA0BREHZHEL /-,

2-3-2. EBRAE
MElE L OEHBR

T =7 LAA4EITIE A1050-H24, A2024-T3 B X A6061-T6 % v 7=, (LA %
Table 2-3-1 12" 3,

Table 2-3-1 Chemical composition of aluminum alloys (mass%)

Si Fe Cu Mn Mg Cr Zn Ti \% Al

A1050 | 0.07 0.32 0.02 0.00 0.00 0.00 0.02 | 0.01 | Bal

Az024 | 0.07 0.15 4.59 0.42 1.63 0.04 0.03 0.03 Bal.

Ae6061 | 0.61 | 042 | 0.29 | 0.02 | 1.02 | 0.24 | 0.03 | 0.04 Bal.
X v FEEEH

TAI =y LAEEHEATEE ) YIRBEmERL L 7212 IR Hby., MEEHRIC X 282 v
¥ EITo72, WHICY — FERZHY 110 7212 I fig o L 72, FIH%Z#2400 £ T SiC #K T
W, 77— KB (7 v B, WHEE. HEROBEAKBIR) TPy Fv 7L,

HNNZ w21

TN =y LEERER . A v FEAEIC C1020 #idH % 72, W& % 10X 20X 1 mm?
ICHi A2 720 SHHNICERRZ Y AF T 722 il F Ol 2 0.1 mm DORfF A ~—¥ —%KA T
Bige 2 2. BiEHED L 72,
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HERAR S L O HERHAR
298K 3.5% NaCl iA#i % 720 IR T - T, SRERER % 48h & L 72,

B liialsa

7/ —FBXUON Y — FommhiR O HIE : A1050, A2024 5 X A6061 @7 /7 — ¥ 4rhiith
MEB X C1020 © A vV — FotphiR 2 0E L 72, oidhiiit 3 Sk % v, =i 30 9%
DK EN 2> O EEEE 0.2 mV/sec THIE L 7z, HIE (3 Ametek #1:3 VersaStat3 % >,
3M Ag/AgCl ZHEMELAE 1T 5 72,
NN =y 7ERE XOCEMOHIE : Hr =y 7MickE T C/A % 1.0, 0.5, 0.25, 0.1,
0, L7, Ay XEAMDC/AIZ0.1TH 2, FEAIICIE 3.5% (mass%, LA T#EHE) NaCl
W E ATz, C1020/A1 &&Rlicind "=y 7 & (). BLPRAEMTH D
Nox= -y 7 BN (Ega) % 5 L 72, IE 12 Ametek #1381 VersaStat3 % F >, &7 1Z 3M Ag/AgCl
ZIREMEHECIT o 72,
R 707 7 A NB L PRRNEERS OHE - BREKVIREROEAM B LT =y
MK 7 v 7 7 4 V% 3IDTREIEZEE I X 0 HIE L 72, R\ ClEZEEIC X D 2.5 X 1.9 mm?
DX D KPR S % 21 2>FTIE L HREREEHE IS HED < 10 X 20 mm? O PARKALEE S (Pmac)
ZHIE L 72,

2-3-3. FRRLEE
ARERAR & R BB

Fig.2-3-1 ic C1020 &&= H v — Footsdh 01
#r. A1050, A2024, A6061 © 7/ — Forfihfg
9 -03 ——C1020
NI, TAI=Y LAESDEREN Eor ZNHIC S —— A1050
< — 72024
(B A1050 < A6061 < A2024 (&) é 05 —— I —
DIETH 5, 2L TCL1020 & DAHITHY T % 5L g |
g g‘(d—_—_-«———/
BFRAEBN Byl g o7 —
(H) A1050 < A6061 < A2024 (&) 05 . . . .
L7ZoTWw3, Cl020 @AY — Forktif AR 5 001 o1 1 o 100 1000
Current density (1A/cm?)
IERAE L E R LT 5720, B 51 % BHiLfE Fig. 2-3-1 Cathodic polarization curves of
ZHE Y ENRE N, C1020 and anodic polarization curves of Al

alloys in 3.5% NaCl.
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Fig.2-3-2 IC&FET L I =7 LASIBEEN O 04
B R R CF R B E & b IcR A ICE e
FLTw 3, A2024 OZ(EAE <. BEOmE 2 b it
A1050, A6061 & DEH X Z 150 mV 1< L ATl f-o.s i
% %5, 48h $1C 20-30 mV % TR/ L TV 2, =
w’ -0.7 N
HIVNR=y o B R E EBAL 08

Fig.2-3-3(a)lc C1020/Al &4 MEiEH 1.0 It B 0 10 iiome,t (;:; i =0
BA NN =y 7 BROB AL AT »Iho Fig. 2-3-2 Time variation of corrosion
AlEEICHEVTHRHEE & D ITPLTnD, iR potential of Al alloys in 3.5% NaCl.
EAHHIZ A1050 23| W EZ R L T3 23,
48h HIC IO B4 & DERFRE R L NAC A 5, Fig. 2-3-3 (b) ISR e H A=y 28
FEEREEE E oBR 2 R T, WO AlGL B W Ch B oA L L gL T»
%, 7272 L % DEMAIC A O MKRIFIEIZRD bz,

50 30
@ ——A1050 C/A-1.0 (b) YT
20 ——A2024 C/A=1.0 ® A2024 :
—— AG061 C/A=1.0 ® A6061 (@]
— % 20 f
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Fig. 2-3-3  Behavior of galvanic current of C1020 / Al alloy galvanic joints. (a) Time variation
at C/A=1.0 and (b) relation between C/A and the average.

Fig.2-3-4 (a)ic C1020/Al 4& MR =1.0 iCH T 2 A A=y 7 Bl OBERIZAL 2 R~ T,
WENDH NNy THICECTHLIE L /fliZ R L, Fig.2-3-4 DHREALO & 5 7R
fLiZ/h & v, A2024 23t 2 G481 T 180 mV B 7 fii % /R 3, Fig.2-3-4 (b) I [E K]
FEfEERT, K, #HE0HMRE (C/A=0) DRRDRL T2, C/A<0.1LLETRE
HRHR AR IERE D b s e,
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——A1050 C/A=1.0 —TTT
— A2024 C/A=1.0 ® A2024
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Fig. 2-3-4 Behavior of galvanic potential of C1020 / Al alloy galvanic joints. (a) Time

variation at C/A=1.0 and (b) relation between C/A and the average.

B Ay FBEEMICETIRE7A77MALELOIBRES

Fig. 2-3-5 i1 & Al &R, #i X v X EAM B LAl &4/C1020 A=y 7D
48h O REIEE L OKE 70 7 7 4 V&S, B (BURE) oA, A1050 B L O
A6061 ICIZIEEIRFE LD b A, A2024 ICB W CIERRAL G L, FEX 60-70 pm
Dy PR b, A v FEAM T AL050 TO vy b IEEIRE A2, A2024 B X
U A6061 ICIFEE O y FBRD LNz, b, KPR T L 2 EPT BT 2 b FEE L 72
EARTHY, FHE2 5 BRI L T2 GRERZOEI DELL Tk wn),
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Fig. 2-3-5 Appearances and 3D profiles of Al alloys without joint, electrodeposition jointed,

and galvanically jointed samples.

Fig. 2-3-6 Cross-sectional view of A1050 where a crevice corrosion was observed.
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A=y JEAEMOEA.
A1050/C1020 i< 3\ >T A1050
HDO—icey P BAD LT,
JiK® % Fig. 2-3-6 IZ/”"d, € v b
W ICREERRAGD 7 72 v b
BRSO L EEELRDONE,
N~z % v 78 (Bilig7—7) &
A1050 RicAE U ZBEEETH
LT ERTFHING, Thicon
T®%EH M T 5. A2024

A6061 BTy MIXITIE—MHE
WCHRAEL Tz,
Fig.2-3-7 T IIMBAEMEAT 2> & K

DAy FEAMOERRKILEBIERX
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Fig. 2-3-7 Maximum pit depth of deposition jointed
Al alloys.
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Fig.2-3-8 12 A1050 3 & U8 A2024 © SEM KM E T4 %73 (A6061 13 Fig.2-1-12 icid

).

Fig.2-3-8 Back scattering images of SEM micrograph of (a)A1050 and (b)A2024.

A1050

£ Al-Cu B X U Al-Cu-Mg Z&BERLEEIRE T hTw 52,
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Fig.2-3-9 IC B & B D A1050 I X 18 A2024 D E 4%~ 3 (A6061 1% Fig.2-1-13
ICRCER) . A1050 ICIZH. 72y P IFFED LA D o7z, A2024 ICIEKICRT X 5 A KER
REFOE Y F/NEBMEO Y Y F 25380 bz, A1050 35 X O A2024 R DI KRS
XOItE~ v ¥ v IR % Figs. 2-3-10, 2-3-11 1IC/83, A1050 iz 3 EEDO KX X% H
TSIt BE I N, FeldbThLr@DbNmy, A2024 il Fe s XU Cu %
EUEBEULAY DTFAESED bz,

Fig.2-3-9 Backscattered electron image of SEM micrograph of the corroded surface: (a)

A1050, (b) A2024.

Fe

Fig. 2-3-10 EDS mapping of the corroded A1050 surface.
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BEI

Fe Cu
Fig.2-3-11 EDS mapping of the corroded A2024 surface.

Ay X EAMOBRICRIFTZILIZILAEDHEE
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JEZTZE L CRER SUS T L I =7 LB 0nTHRAE LTV, REERIC B TR
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Twiawniz®, Cl020 EDH A=y ZJERITE 5T Fe o2 ARML, Fe(OH); & L
TRENCEHITHT 25, AIOH); off#l A KT I 222 L b PHI NS,
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2-4-1. IZL®HIC
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%, PAMREE AL 3 AR SR R I A R B 2 A LSAAT I 2 23 5. 2v s A3 & =K
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Fig. 2-4-1 Appearance of Cu

HEARE L OHEREAMA
T PR electrodepositioned A60061/CFRP joint.
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MK 7 a7 7 4 % 3DPRBIERERE IC X 0 BIE L 72, R\ CRZEEIC X D 2.5 X 1.9 mm?
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ZHE L 7,

2-4-3. BRLER
SRR R

Fig.2-4-2 \Z -k, UDO° #1, UD90° #, 5 X UH —R v IKD A v — Fotihit & A6061
DT/ — FohiiiR 2R3, KD 72 0 i TR C1020 OF5E Nz 72,
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Table 2-4-1 Expected corrosion current

——UDO"
5 — by overlapping polarization curves.
<- ——UD90"

=]
i Glassy carbon icorr.
_; - _ —— 1020 (WA/cm?)
S ——AG061 A6061/UD0° 24.3
C
2 ) A6061/Cross 51.1
* ’\\ A6061/UD90° 15.3

-1.4 ; = A6061/Grassy
0.01 1 100 10000 8.6
carbon
Fig. 2-4-2 Polarization curves of various carbon A6061/C1020 15.3

materials and C1020 in 3.5% NaCl.

A6061 & DA A AT NN =y 7 JE R O JF L FRMEICHIGT 5, % OfElL -
H—AR VIR <UD #., C1020<UDO° #f < Pkt

DL 72> TWwb, A—FRUICHERTHFTo CFRP Md K& iz ~R3TDlx, CF HoD

MR T 2720 L b, & Db d O TR i i3 7 — R v ile B L T 6

fEOENHEB LRI T 2 LEHEI NS,

BARE
Fig.2-4-3 (CIE BRI OWIZIL 2R3 Bl 4,
B OFNH-0.66~-0.67 VERLTWE, 20 | | paaycs
fiils AG061 FIBTHE AL (Fig2-1-6) ielociy § | St
10mV v, Z0f, UDO™ b X OF#bHIR 5 |
BEfForrobBUHERFL L2, 5
UD90° #F IR & & b IR T L., 48h 21T X AT 2 oes |
F &L TR 20 mV KW EE R L T 5,
o 0 10 20 30 40 50

Time (h)

HEBRBOARE IO 7740 (1)

Fig. 2-4-4 WF &tz o/ Bl L Kl 7w 7
7ANLVERT, WINOEAD A6061 FKHIC &
vy POREDBEDOOLNDL Y P DEI S E 2
BEX# T my MR L 2 A, Fig. 2-4-5 %15

Fig. 2-4-3 Time variation of corrosion
potential of A6061/CFRP joint in 3.5%
NaCl.

235



Appearance 3D profile ] E——
- ® A6061/Cross
i . L Y R 20 4 A6061/UD90°
oo oo Q N
a S st J :
) % A Y
g oo \T; 10t ; /,yf‘/‘ 5/-_;,,/
%) oo T 05 Af //'././-/,,iii
= A X f.l;./-"}
” 00f Ao &
S
Q % 60 s 100 120 140 160
S Pit depth (um)
o
<
Fig. 2-4-5 Double logarithmic plot of
S pit depth.
@)
-
S . .
& Table 2-4-2 Maximum pit depth.
o]
< pmax. (”'m)
A6061/UD0O° 152
Fig. 2-4-4 Appearance and 3D profile of AG061/Cross 128
A6061/CFRP joint after corrosion test. A6061/UD90° 76

7zo THD*5 A6061 @D 10x20 mm? M DR KALER S 2 Tl L 745K, Table 2-4-2 121§
£ 21 UD0” Mo K& <, UD9O” M/, Al i3 % o hEIchiE L 7z,

HIUNRZy JERE L VEN

Fig.2-4-6 i A6061/CFRP Ffitt &L o A=y s BT 2 v "=y 7 Eiits L U0E
Lz RT, HEDDIC A6061/C1020 MOFER DR L 7z, HEIZFEILC (C/A=1.0) TH 5,

(a) (b)
0.4 50
——— A6061/C1020 ——— A6061/C1020

- ——— A6061/CFRP 40 ——— A6061/CF_Cross
5-05 |
4 =
P 5
¢ 06 Ee
> =
= et " 3
W07 |

0.8 * *

0 10 20 30 40 50 10 20 30 40 50
Time (h) Time (h)

Fig. 2-4-6  Galvanic behavior of A6061/CFRP (Cross) in 3.5% NaCl. (a) Galvanic potential.

(b) Galvanic current.
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