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TAES IR, AMHIER G SR e R R, R
FET DAYRZE L ko PR B4 18 i oF LA S ke
HIRORIIZE S, LAAE SRR S H R AT AT 2% [ v
At IT. BAh, ERIIRGOIRE S, P
JEZ T BT R R A AT S AR AR P, — E
TR A B RO G, X PR S o ) S e R
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1 SCIG

AL FEAS FH BIRRL R ZTi60 4k 45 A1 2024 554
S, BRI nR 1 M2 iR,

1.1 EBRE M

H A5 h K 4 BE AR GB/T 15748—2013
(R 48 AR AR R 36 7 7). HEAT . FE AL
IR 100 mmx30 mmx>2 mm [ FoIR, Z3d Sic /K
WO AR AT BE 55 20007, FL {8 LI 5 FEL A LS 2R
FARHYTRF CSTS08 284 2 J8 18 % FiBH AL I T EA T I &
2 HL B H U T IR (ZRA) BLAK A 4 o T AE B bR
(WE), PHM S @45 & 4 %t itk (CE), MIflH R
(SCE)AZ LM (RE), FT ) HLf## 5 9 3.5%NaCl

+T=1 ZTi60 KA S o)

R OR R ED, WA BN 15 4, WHRIEE A
(35+2) ‘COKIBLRERL)-

I8 i N4 AL (Microare oxidation, MAO) 3 AR
TEEK A 4 ZTi60 2 1HI 1] 2% Hh 440 A7) B 5 0T B 1 4
JEBEAT B, BT R R R A JREE L R 22 AR = 1)
WHD-20 4 fik pp L5, ZTi60 B i 34 122 HL I PH A%
AL B R P . AR B R 22 S /L
NaH,P,0,. 5 g/L NaF il 30 g/L /5 ik H & U fi%
(CH, )Ny K H 24 4.2 A/dm® 18 i A4k,
HR R ME|370 V, SAJELE370 VIlE NEE
40 5 mino I8 JE I EAX(TT220, A6 5T ARl
RO E AR N 6.2 pm.

SR FE AW S A TR B0 I U 78 A LR 2 1 g vkt
BE ST IR BB . B AR A A T2 N 1,80,
35~65 g/L, WHEZ 4~16 g/L, WLk 12~24 V, JEJF
22.5~37.5 °C, (A 10~40 min, 2 J5 7K EFL 30
min. BHBREE A5 SR FH ISR 1R 7 20 T B A 1 JE IR
R RIS TE B A12024 R 10 . A HLIGE T H 1
SR I AR, RARBINEILRE N EEL
100 pmo

1.2 BAFEMK

Ha, A 7 6 45 Bl FL AL B AL it 2R A S R BELT
FESIN TR 10 mm>10 mmx10 mm F9EOR, TAEM
BT em?, H AR MRS %% . K | PARSTAT4000
(Princeton applied research) FE A4 2 T A 3t i3E47 3K
FEG R TAERM, S0 B R, ORI H R Lk
NZ M. TGS, W46 RER 1) E N 10
min, KHABABHN TR 477, BRI TT B FELAr
473 e B AR AR B 60 14145 381 H B R BH I 2 S A
4, F/THEE N1 mV/is; X TEA 4, WILRIEIRM
WHE A 1T h, FAETEE N-0.5~2 V (vs OCP), 31t

Table 1 Chemical composition of ZTi60 Ti alloy (mass fraction, %)

Al Zr Mo Fe

Si N o Ti

2.97-3.01 0.78-0.82 1.26-1.30

0.076-0.082

0.01 0.013-0.014 0.039-0.054 Bal.

R®2 2024 H R

Table 2 Chemical composition of 2024 Al alloy (mass fraction, %)

Zn Mn Si Fe

Ti Mg Cu Al

0.25 0.3-0.9 0.5 0.5

0.15 1.2-1.8 3.8-4.9 Bal.
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A 1 mV/se FrafAsrImk il th 2K H CView #fF
HH 1) Tafel BT R0 & o 2 H AL 38 R B BT 1Y)
ZHCN: WSS NIEIE 20 mV 1L, RN
100 kHz~10 mHz, HJ4G4EE 10 min. FAHTEE R H
Zsimpwin 2.3.4 AL G . N T ARIESRIR S5 R EH
DMk, BT SEIGHE S =L b

1.3 BRI ER

W8 [H bR GB/T 15748—2013 F A8 J& i 3k 15
d R AR B BRGS0, R IR = AR
i GB/T 16545—1996 4 J& A& & (1) J& b 83 ik
FE L= IRERRY s rEATIE e, BN
50 mL H,PO, (p=1.69 g/mL)+20 g CrO;+950 mL
H,0, =REDES min. 35 Ve JE M= 1 J5 1 HOW 7
K 3 # F 1 2 5B (SEM,  scanning electron
microscope, Pillips XL30FEG) 47 FAE, Hhnk H
JE N 10~25 kV, RBEE AN 2~3 um, FRMIEEL A
2~3 pmo ZWE TSR B A LA T 41

2 FERE57H

2.1 ZTi60 F A12024 B e (B E )iz

ZTi60 F1 A12024 HLHR 7T 3.5% NaCl(Jii & 73 507
YRR T % HLRL(OCP) S AB 42 /5 14 LA L ASE oo, B PN
AR & 1 fros. WNETHR VA,
A12024 1] OCP [ % I 8] 3 0 52 I 56 °F B Jm ~F A i)
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Fig. 1
Al2024, ZTi60 and galvanic potential of ZTi60-Al12024

coupling during 15 d measurement in 3.5% NaCl

Change curves of open circuit potential (OCP) of

A, HYIUEME N-440 mV(vs SCE), £l miH#Af
PRIE S % 5 HLA B 4 A28 /E-784 mV (vs SCE) /&
i, X RBEEA SR B IRTE NaCLIE R 8 3
IR, ARG TERE N T ZTie0 1 OCP ik 235G
ARG, XERHKEG SR AR
B R, RMARERE, H3CRHkiE, L
B e KRR 2 5K R MR, i3t
MRS SRR E . ZTie0 1 A12024 i) B {7
SE G, PIE AL ZEATIAE] 814 mV. FRHE HLAH
JE R, ZTi60 5 A12024 8] & A H AR JE i () 34 Fy
SR AR R K, B ZTie0 ¥ 78 24 BH AR 03 B i)
A12024 FIFE AR -

ZTi60-A12024 HLAHXFTE 15 d 4 ] ZRA HLH H
WA -t 2R an B 2 Bros . B 2 F T LUK,
FL A L UL % T, B A I () 8 I iz R Ok, Bz
190 h J5iE Bl KAE, (A TIAF] 16.4 pAlem®, X
RUIP# BAT AR H R BB RN . £ 190 h LS,
J B BEI A AR A K

XTSRS, EAEEIREMRMN
1%, ZRA DA 2 J A8 ST bt i B AR 5
W BR N385 P 2 3L LE Ok FRLIAU R BB, T, B S5 R
e 4 e A 4 T B0 b FRL R B R L T B AR SR R
kS AR G KA. T E R AT LR
ZTi60-A12024 A {1 J, fELAEHT 190 h i 544 230 _E Tt
s, X FRW ZTi60 Xt A12024 (1) J65 s 2 bl &
B TR A A AR T 784k, BP9 5 1] P L A 285 V2 o ]

0Fr
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Fig. 2
ZTi60-Al2024 coupling during 15 d measurement in 3.5%
NaCl solution
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Change curves of galvanic current density of
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WK RIS, o HE R T e 5 FE A A12024
R R AW ARG o X LLIR WA [F] ) () e
A12024 IRRAL R ZR (LI 3, & 4h IR 3) T LUE
e IRIENIHT,  A12024 1 R A DU IR BH AR R R
R, BRSSO B UL SR B TR
3dJE, ARO24PBAM D SCHIL T — Ml &, X
2 H A12024 RIHZHII R T — E =Y R BT 8,
AR 3 S AT SR A8 B i 1) 8 S S 82, EAR G
B, PEE R TE . X T ZTie0, Bk
R Ny LA e R AR o B SR R RSE, BRI TE
HL RIS B -56 mV G #E NBEAL X o 36T 8 Tl
B, (R3S R A il 28 58 A5 AT DA SR T LA X6
(16 e AE FELAE R EEL R LA . I W 8% ZTi60 B AR 577
TR 8] 5 A12024 BHAR 128 AT LA Y, B3
(122 s\ A12024 (1) PRIV A X 3% 31 T A12024 5L
&K, I H P AL 28 1058 55 Bt B 117 LA
HLVR B J, e AN 5.5 pA/em® BT 10 pA/em?, 3X
5 ZRA S J E L5, Bl ZRA WHK 45 5 5%
b 2T 45 W) &

TR EEGSE, HRMESATREESH
KA ERLE, X R A e AT DL — e fE

200

0 L
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Fig. 3 Potentiodynamic polarization curves of ZTi60 and
Al12024 immersed in 3.5% NacCl for different time

23 ZTi60 A1 A12024 Al fb it 28 40 & 45

Table 3  Fitting results of polarization curves

FEEF R BB o SR (R o, (A ER A B TER
SIAEE R RGN AT, NaClyE iR
(1) C1 5 7 5% 45 A 4 3 T A0 IS AR 5 1 42 e
BE# A12024 7E NaCl Hig i (8] (e K, SR 10 0%
(1B 0 328 T 2 A g DR AP MR 22 (s G ol = )
JIE, 3 T 5 SRR G 4 T 119 IS B0 A3 e 7 3ok 6 #48
KIEH . 5T ElRsr#r, ZTie0-A12024 %} # FH
e A12024 2 [ 2 132 A0 2 3 B0 3 HL A AR 1Y
KIERE,  BY RO EIE S 8 — 7 R M AR AR A 2
SR 7 2 T P LA IR

A12024 BRI K 5 ZTi60 142 15 d 5 R 1T
BRSSP 62 5 SEM IE S I B 4 iR . %F EE
FIEH A ORI ARABBFIEEL S 1) A12024 3 [H
RATHUK R RENSEREERT, %2
K E BRI, ELE P X A T K A R
bi, X E SRR AT SRR .
SEM UL JE iR 35 1 45 SR R I, RAREAEEL S
A2024 JE PRI TE SRAEAE 22 57 . RABHE A12024
AP JE by A e e v B U 1 AL2024( 1 B 4
(c)F(g)), AHARABRFENE W 2R 100 1) J b 0 AH A A
HUTH B8 (0 B 4(d)Fi(h)), A8 B2 Je B R
Ry EGR, BN HRRA, BEeE
FEZHOAS P ) B R FOE A S, B sy
FERIRST B 32 BIPR B 22 7 (52 24, A s ih i) o Je
K&, rRRIE R AR R R B —
MM S, =2 i CL IR R B A2 5 R A i 26—
Az, T P ) R R U 7R AN CU AN I NI
AU SEREHE, B IX— IR ETE B E A i
TR, MG R A A12024, H$2 )5 A12024
W BB AL, 3K AT DA AR 2 3 T8I 1 H ey 400 1) 1Y
I, dbE A5 CL Al b 3T I A K 45 20 I s,
DAL LG A2 I 3R T 0 R e ke TE 5 5 R AL R e o X
Wt N T 4 RgE S, B R SRR SR T A
TFi) PR R IAR PEE 2 R T AR AR A it o X R B 3 9

Specimen @ o/ mV J o/ (MA-cm ™) b,/(mV -decade™) b/(mV -decade™)
ZTi60 -391.3 0.13 -153.2
Al2024 -672.3 5.9 38.1

Al2024-3d -761.9 13.4 170.6
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Fig. 4 Corrosion morphologies of A12024 alloy after removing corrosion products: (a) Optical image, coupled A12024;
(b), (¢), (d) SEM image, coupled Al12024; (e) Optical image, uncoupled Al12024; (f), (g), (h) SEM image, uncoupled A12024

AR 1) A12024 B 44 e A= Joy 38 i it b 25F 0 7T e 12K
TR, IR ™ E AR A o BRI, AESK
o 00 T X S o < Je ) P AFR R e R A A ) 2 )
fitiite -

2.2 ZTi60 51 A12024 HUEB (B E (s &+ e

Rl T HAREMEMmES, YREEEH
FEARTE B AR XTI, BRI AN 8 4R )
JEE e, S R FH B 7 SR EOCRE L T 9 2% AR
Tt A R 7 S e ) R O R N AE AR
TRMLER 0T o AR I 3 A AL 2R 45 SR o b, W]
LA PRI E R AR, — PR X ERE E AT
RIMACTE, AFHFANGE S SOE Z i — P PR, 4K
eIt LI S8 A S M BHR 278 5
B A S TR, FHKL L EJ7IE
¥, SSRGS ZTCVEAZE, #AT LARSE i
BRI o AR SO LG 7 PR 75256 P R oy
PRI IR .
22,1 BN B S Iy 4 i A S ok

KR AL (MAO) X ZTi60 k1T K 1H B 47 »
Wt 5 BA W% 4 J 3% T B 4 5 0t e A S ik 1Y) 5
ZTi60 3t 17 MAO 4k P J5 (ZTi60O@MAO), 1H %
A12024 F£7E 3.5% NaCl(Jii & 43 £0) 3247 ZRA Wl
Bl A3 B0 R J, BEI 18] A A2 40 ih 2 a1 5 o . i

ST, ZTie0@MAO-AI2024 7E 15 d N ¥ J fH 4R 2%
1£0.5 pAlem® i 4 5, HEMRME ARSI 1 pa/
em’. X bE ZTi60-A12024 HLAE 3T 1, (LK 2), B
<6 AR T AL B R J, BN 15 pAJem® R FEDN 0.5
pA/em?®, FLIEEREIPFA N E FF B, X RN
A R A THT B 7 i R AES SR % T

| |
[\ —_ (]
T T
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Fig. 5

MAO-AI2024 coupling during 15 d measurement in 3.5%

NaCl

0 50

Galvanic current density of ZTi60 coated with
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Bh, B S R IEAT R, By SO R i
P RO JFE R L, AH P& OB 138 S A ZE K
55 7Ti60 4R L, MAO 4P 5 ZTi60 IR BH#K
JRNEHEH R B A BHAR AR Ak H 2R 1K 22 SR
ZTi60@MAO 5 A12024 [ 5 53 FIT R L S e TELIZE S
/NTZTi60 5 A12024 (1), 2 W4 5 [ 1) FL A 5 B
RS, X SIS A IR I (8 AR A RT BAX R

200+ ZTi60@MAO

oL
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Fig. 6 Potentiodynamic polarization curves of A12024 and

ZTi60 after different treatments in 3.5% NaCl

HzE

> =1

XA i AT LA RUFAFTR. H
FATTLLAE T, MAOKH S, ZTi60 [ M 14
FEIRRIR b AEIG R . KA B RLIH 252 B 3%
T L AR e . —J7 T, Al A —
FRTE S PRI AR &R Z, KRR AE
MR R — P AR & SR T e HIRe 1,
T ARG T P A 2 S SE RS =, 1) %o B A8 462 g 11
R R IR E . 53— J7 T, MAO i JZMAETE
8115 ZTi60 (1) J5 vl ri A 38 0K, BT AR 95 4 Ak 8 5
ZTi60 55 A12024 [A] (1) AL ZE 2 3 I, X 2 LAl
BN R 2R . ST, 4 J E AR AT LUK
Dl: TR AR IR T N P 33 28 (B AR 3 R 7R R ) ot
ERE 45 e b 4 R 1R PR G At 1 52 T KT LT 22 (1)

I=A
i

=4 ZTi60 fl A12024 AR AL il 22 404 45 51

Table 4 Fitting results of polarization curves

SN o R, ZTi60 F7 I [ AR S5W 8 # 1) F F ] LA
B RERAR ZTi60 15 A12024 [8) ) HLAB 2508

ARG &5 R fh & AR ik By dr s it ) B
(K1, 2N T ORI B S IR AN 52 FAE Tl 4 T i i
BRI . % EE A12024 7 AN [F 64 RIRI 15 d
T I Sk (WL YT BLRBL, =R AT
A2024 JE AR FEAAAE Z 7, X T REBER
A12024, B32ZTi60 J5, Al2024 (& MINE, (HXF
T 7 ZTic0@MAO [ A12024 BHAR I &, JE& ok
FEFEA PR, 1X R B4 8 R By 7o AR
TR B ANEIE R, (ERHR A12024 KT
SRR R e S5 A R4S R, Al2024 K
A AERHR A, Fik, BMERIK SRR
B 37 )5 B AR T X6 A12024 1) BH AR n i /E L, =
A12024 A B 1) B B i A BE 20 . g ul, SERR
IS R o B 12 2% ot BH R 46 J JEAT B 4 AT #40k] eL
BB ko
222 PHMNSJE AR B34 i AR F el

T IS 6 A12024 2 T U 78 A WL E 1 7 ER
BH A <65 8 2 T B 47 0 FELAR B D K 40t E .- A12024
AT LR Z U 78 5 (A12024@paint), {842 ZTi60
JETE 3.5% NaCl ' ilE(T ZRA WK, 153 J, (5 b8
i [a] AR A h e an I 8 BTz F IRl 8 AT RAKEN,  BH
R B35, ZTi60-A12024 1) J, M )L T #3110
pA/em’e IX 3 B AR 4 8 2 T B 4 ons B AR g ik
RIPEARRICR B 2.

RT3 AT BE AR 4 R R T 977 4 1) A R el P A
FHLEL, X T A12024 5 1k 5 A12024@paint 7
NaCl I EIS, 4R uiE 9a)fr. HE9@)nl%i:
A12024 JE AR SR NS A DU, T Al2024@paint
RAE—ANEDUIN, It H AI2024@paint [ 5 HTIRE
BRI KT A12024 FER T . A12024 Fll A12024@paint
o0& Jir F R0, FL R G0 ] 9 (b) M (e) s, EILS (40
HBHERERSHHIE . @A R LRI,

Specimen P o/ MV Joon/ (RA cm™?) b,/(mV -decade™) b/(mV- decade™)
ZTi60 -391.3 0.13 -153.2
ZTi60@MAO -203.4 0.01 -242.8
Al2024 -672.3 5.9 38.1
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El7  Al2024 LRI W) i e a2 30
Fig. 7 Optical morphologies of Al2024 after removing
corrosion products: (a) UncoupledAl2024; (b) Al2024
coupled with ZTi60; (c) Al12024 coupled with ZTi60@MAO
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Fig. 8 Change curves of galvanic current density of ZTi60

coupled with Al2024 coated with paint during 15 d

measurement in 3.5% NaCl
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A12024@paint [ i JZ H B R AH 28 2 K T FE AR 1) R,
fH o IXRBANEZ AAAE R RIG N 1 PR 4 8 3R 1 H

R=5  A12024 F1 A12024@paint 7F 3.5%NaCl /1 FHTIE AL & 45 51

TR YT, 5B 4 B R B 3 1 7 A AL,
HL T AR RE 7 11T B R OR AT e o <62 g 1] ) FELAES
JEE A

LRSS, BARSE 8RR IR E 2
HLAR S T S, FH AT 2 IR 4P i it . TR JE HIAFTEBE
% 5 B b A ORI B AR IR 4, AT G 250l LA
FEAER . SRR, TEMRAGS T, RMREATT
W 22 B e R B . X TR &8
— BIRIZ RN, WEE AL E 2 N AL
B FERAEPGE I BIAR IR . BRET, RN S RH
W 5 A AR 42 1Y RO B E F B R A4k, AT
A TR SR ity AN = T P S SR Y = e
VNI S5 2 A O P N TR AN = Gl R 5 gfeinf =2
Wi, T DG B4R 2 A AR 5 X AR S T A T A 5
fif WARIE . PR, ANSCi% FH ZTi60-A12024@paint
X, d I A XI5 BH B A12024@paint 2 T 1A
BUR)Z, PRI AT H A Tt PR 52

K10 X4 HE T Al2024@paint 2% i A [ R R K &
XTSRRI, TCURBL: — U7, RUMERE
RIAAERI, R, JCHZS50h2 P, HfH
FLJAE PR A7) 8 DR AR 7 AR /N A B (50 pA 247
%45 o B TR I S0 h s, R R\ PR
EFEE B AR TR AR RO R 2 0 S (R
KB 2 em), R THARECNRZ R K E 1
cm) [ B A B R S R R K E N 1 em
B, A HLIALZE 70 h AR B A s TR K
N2 em I, TR A] A 150 he Zead bR #8 K i Bt
Jai, K 2 I A FLRAS PR A (AR AE, AR
EfRME. H— T, MRS ERTRERIG
S o RIS FR R 5 Hh Sk FrD ThT AR 7E 2 AN BE AR A 2
T, KIS A H IR AT R 0% 0k 5 v (600
WA T A7, BT ZTi60-A12024 A8 %F 1 LR AE) . B 11
X e T AN ERIGG K B F A2024@paint 55 ZTi60 {842
15 dJE eSS . N2 i nT UG H, &
13 b AR 1) B A R AT T L ) PR A SR, 3R TH

Table S  Fitting results of EIS spectra of A12024 and Al12024@point in 3.5%NaCl

R/ R/ R/ Y/
Electrode , ) L n, ) o ng
(Q-cm”) (Q-cm) (S-cm™-s7) (Q-cm”) (S:cm™-s7)
Al2024 13.57 4.71x10° 3.53x10™ 0.90 1.18x10° 1.37x107 0.92
Al2024@paint 2873 4.11x10" 6.94x107"° 0.97
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JERI75 £ BB 1] R A Al it 2 52 B0 e 19 n 5 A
s, (RIS J BRI A R IR — 2,
N 2245 186 TN B BE(RT 50 h) AR I 386 hin B BE(50~150
h)o RT, X T R EEA R B J (, BRZ&E 21
BREAR, WK ER2 emi, JAEREKRMEN
12 mA/fem?® 7247, RGN 1T em i, J A6 FH
KAE N 24 mA/em? A o FHIEAT O, RIIR K B 0 1
2 B AR 14 P AP 2 A £ B BN

o, AR E AR R, M B E )R ZTie0



BEHH

T, A BRI 1% FhL % S o R 4 ) 4 1537

TR A, B, BB A A, ek 0 2 3 e o
B AR (R R

(aang) _ B
Oln4, i BatBe

Xb: B, B, 50 5N A12024 [ BH A 25 3E R &) 2R Al
ZTio0 MR SE R B . MIBRIMEE R,
BBy W BL5E B B, MHEHLSET 1, Bk, &
18 FRLIAL 2 B2 J (ELRS BE A A, OSSN B/ o 3t ol e
FE T BREBRAT 0 AR OGT S b 455 Jag 1) P A 2002 1) 50 G
Fo PR THIAARR /N, F A AR o i BH B JE e

f F k58 .
'/E;\{j_(’

(1)

B F bR ZTi60-A12024 5 H X [8]
A12024 [ AR o BB S il AT R sma 1) 73 i, %t
BidriR B IG, R R A N (RS PR
AN B EZA T B S R R IR A B . X T
ARO24 IR ERERALTF , BRER AL BH BRI i i 2 (L
J B B R/ R AR) I8 328 5 1 1 2% ZTi60-A12024 ) B
W fRd 2, DR, BT IH A12024 XI5 4b 5t T
DAPRIR 0 AR B — 2 28R B k= e, b T gk
AT IR NI B 1A (R R CLES 7R /g im, [A
e, AR I, E R IAR S 18, RS
b5 T = P v RO RS , 2R TH RS Tk = % B 1
FRIBHAS B SR T e, AT A5 P A P )
PR, R&, HYRPRESTEER, JEH
BT HE

T3 o B AW <6 e 2 Tk 2 451 43 0 T (B2 T R

g Y
_ ZTi60-A12024@paint
© sl
EE’ p Sscrat'ch length, 2 cm
< L
E-of
2
& :
S 151 Scratch length, 1 cm
= A
[} s
5
20t

0 50 100 150 200 250 300 350

Time/h
El12 ARREKELIRN Al2024@paint 5 ZTi60 1542 5 HL
8 B UL 2 FEE PR S
Fig. 12  Effect of different scratch lengths on galvanic
current density of A12024@paint with coupled with ZTi60

B, BUERCS AR E R, A AR et R 45
et RARF A R BRIk, FESKBR AR
R AR, AT DA R R A AT %, AT
JSLFRTRET i PELBTTEAR 2453 0 1 R ) B R ABR

3 Z5ip

1) ZTi60 F1 Al2024 2 [i] §) HL 47 % 2 814 mV,
AEAEFE B AR ko B (RS (3G, FRAR
R, BB TRE, X2 REES SR mBUE
A T T2 B B R AL T R AT B, 5 RE T
A2024 FHEL, (RERE S I i D, (H s
%, R R AE R A12024 B PHAR M2 4k, 22 1H IE B
MEE, BZClHtNER.

2) M X ZTi60 £ [ #E1T MAO 4L, 7] DL
RERE SR T TR RE ST, H0HIBIARE J5 e B
TR, R A AR LA T kRS, BE AR A12024 R
AT SRAEAE 3 ke

3) XFFHR AR2024 HAT A HIRZIRE G, FR4
TRERR S B S R B AR, R LA R
ZTi60-A12024 [A] f¥) FAR JEE DU S o AHZ 24 B AR 1)
WEHB S, R mARAER /N, B HR
(VI THT s A PRI e AU B, SR AE BB ALY,
(IR T PR o 3k

REFERENCES

[1] TIYYAGURA H R, KUMARI S, MOHAN M K, et al.
Degradation behavior of metastable f Ti-15-3 alloy for
fastener applications[J]. Journal of Alloys and Compounds,
2019, 775: 518-523.

[2] PANGJ J, BLACKWOOD D J. Corrosion of titanium alloys
in high temperature near anaerobic seawater[J]. Corrosion
Science, 2016, 105: 17-24.

[B] £ 2, kW, BB, 5 RIEB IR p-4R G S
TP e R [T]. SR TR, 2020, 49(5): 230-236.

WANG Hao, ZHANG Jiao-jiao, FENG Xiao-fei, et al. Effect
of surface boronizing on corrosion resistance of new p -
titanium alloy[J]. Surface Technology, 2020, 49(5): 230-236.

[4] Bk, £, 2 0, 5 A SRIPORARLHT 5t 1k
JE[I]. M HA, 2021, 50(12): 202-216, 245.

DUAN Bing-bing, WANG Zhi-guo, CAI Jin, et al. Research



1538

T A e E SR

2022 £ 6 H

[3]

(6]

[7]

(8]

[9]

[10]

(1]

[12]

[13]

[14]

progress on surface nanocrystallization strengthening of
titanium alloys[J]. Surface Technology, 2021, 50(12): 202 -
216, 245.

Ve, s b, S8k, 55 . FRE A AT BR G B AT JT ik
JE[I]. o EAT (4@ 23R, 2010, 20(S1): $1002-s1007.
YANG Ying-li, SU Hang-biao, GUO Di-zi, et al. Research
progress in titanium alloys for naval ships in China[J]. The
Chinese Journal of Nonferrous Metals, 2010, 20(S1): s1002-
s1007.

koM, dkER, T, 5. BT RAIRYIS SR TAIS KA
ST AR EA 48 %), 2020, 30(11): 2706-
2713.

DU Bin, ZHANG Zhi-bin, LEI Yun-qing, et al. Melting
technology of electron beam cold hearth melting of TAIS
titanium alloy[J]. The Chinese Journal of Nonferrous Metals,
2020, 30(11): 2706-2713.

AMRUTHA M S, FASMIN F, RAMANATHAN S. Effect of
HF concentration on anodic dissolution of titanium[J].
Journal of the Electrochemical Society, 2017, 164(4): H188~-
H197.

ZHAO P P, SONG Y W, SHI L J, et al. Destruction of few
fluorides to passive film of Ti-6Al-4V alloy under oxygen
deficiency crevice conditions[J]. Journal of Materials
Science, 2020, 56(4): 3510-3524.

MILOSEV I, METIKOS -HUKOVIC M, STREHBLOW H
H. Passive film on orthopaedic TiAlV alloy formed in
physiological solution investigated by X-ray photoelectron
spectroscopy[J]. Biomaterials, 2000, 21(20): 2103-2113.
WANG C L, LI Q F, WU J H. Galvanic corrosion of titanium/
Cu-Ni alloy/high strength steel multiphase material system
in seawater[J]. Key Engineering Materials, 2012, 525/526:
325-328.

CHENG X, LI X, DONG C, et al. Micro-electrochemical
characterization of galvanic corrosion of TA2/316L
composite plate[J]. Materials and Corrosion, 2011, 62(12):
1106-1110.

ARSLAN H, CELIKKAN H, ORNEK N, et al. Galvanic
corrosion of titanium-based dental implant materials[J].
Journal of Applied Electrochemistry, 2008, 38(6): 853—859.
SERHAN H, SLIVKA M, ALBERT T, et al. Is galvanic
corrosion between titanium alloy and stainless steel spinal
implants a clinical concern? [J]. The Spine Journal, 2004,
4(4): 379-387.

F S BRI A AR AN A T IR ok Aox A < J A4
HHE FhL SR P 7). 42 24, 2002, 38(S9): $623-s625.
WANG Yue-yi. Corrosion resistance of titanium alloys to

flowing seawater and galvanic couple corrosion effect on

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

(23]

other metals[J]. Acta Metallurgica Sinica, 2002, 38(S9):
$623-5625.

GROSGOGEAT B, RECLARU L, LISSAC M, et al
Measurement and evaluation of galvanic corrosion between
titanium/Ti A1,V implants and dental alloys by
electrochemical
Biomaterials, 1999, 20(10): 933-941.

GENG H, ZHANG D K, CHEN K, et al. Galvanic corrosion

techniques and auger spectrometry[J].

behavior between Ti,Al,V and CoCrMo alloys in saline
solution[J]. Materials Express, 2014, 4(3): 213-220.

ZHANG X D, DU X Q, CAI C, et al. Galvanic corrosion
behavior of 907A/titanium couple in simulated seawater[J].
International Journal of Electrochemical Science, 2017, 12:
2412-2428.

R, EIE Y, 9 oL, LI RRIMR N TCAEk B a5
316L ANAE AN A J AT A RF T [0, vl 6Lk 5 g 4 2
i, 2020, 40(2): 167-174.

HU Yu-ting, DONG Peng-fei, JIANG Li, et al. Corrosion
behavior of riveted joints of TC4 Ti-alloy and 316L stainless
steel in simulated marine atmosphere[J]. Journal of Chinese
Society for Corrosion and Protection, 2020, 40(2): 167-174.
TESCHE, ZRARVR . Ti-15-3 8K& 4 AR i 5 B4 i 42 [0). 3R
THHAR, 1997, 26(1): 20-22.

SHEN Wen-yan, XU Fu-yuan. Study on the galvanic
corrosion and protection of Ti-15-3 titanium alloy[J]. Surface
Technology, 1997, 26(1): 20-22.

B, H R, R, ARG SRR RS
8 8 AT B AL [D]. B A/ BB AR, 2016, 13(1): 116-
120, 125.

CAO Wen-jian, TANG Zhi-hui, YUAN Ling, et al.
Behaviour of galvanic corrosion resistance of aluminum
coating on titanium fastener[J].
Environmental Engineering, 2016, 13(1): 116-120, 125.
BARST, XUWIRE, SRR 25 . BR G karh PHAR S A R e v A
ThILRE SALEE[T]. BOEHRER, 2009, 42(3): 15-17, 92.

CAI LIU Ming-hui, ZHANG Xiao-yun.

alloy Equipment

Jian-ping,
Mechanism for pulsed anodizing of titanium alloy and
resistance of the anodizing coating to galvanic corrosion[J].
Materials Protection, 2009, 42(3): 15-17, 92.

B AL, MRS . AR L R AR RN FUIRES LF6 fREE & 4
I I AT (9], AP A G R SR AR, 2001, 11(S1):
27-30.

ZHAO Yue-hong, LIN Le-yun. Corrosion behaviors of LF
Al-Mg alloy with different processing and surface treatment
in deep seawater[J]. The Chinese Journal of Nonferrous
Metals, 2001, 11(S1): 27-30.

o, ke, EEE, & B8 & A 1 Al-Zn-Mg-Cu-



BEHH

T, A BRI 1% FhL % S o R 4 ) 4

1539

[24]

[25]

Sc Hr I PR AL S LR P IR BERT ST (0], b [ e 5
3724, 2020, 40(2): 131-138.

WANG Ying-jun, LIU Hong-lei, WANG Guo-jun, et al.
Investigation of anodic film on a novel RE-containing Al-
alloy Al-Zn-Mg-Cu-Sc[J]. Journal of Chinese Society for
Corrosion and Protection, 2020, 40(2): 131-138.

R . 2048 KR A R B OO R AT e S L
PR 5T [D]. 4k 52 o B R} 2% BE K %%, 2015.LIU Yan-jie.
Corrosion behavior and mechanism of pure Al and Al alloy
in typical atmospheric environment[D]. Beijing: University

of Chinese Academy of Sciences, 2015.

[26]

[27]

J& AT 9 I FE[D]. VL BH: o E R B K, 2013.WANG
Zheng-bin. Study of the critical fluoride concentration for the
corrosion of pure titanium and its protective measurements
in desul gas environment[D]. Shenyang: University of
Chinese Academy of Sciences, 2017

MENG F J, HAN E H, WANG J Q, et al. Localized
corrosion behavior of scratches on nickel-base alloy 690TT
[1]. Electrochimica Acta, 2011, 56(4): 1781-1785.

B R . A R B M]. 2 iR B A Tl AR
#t, 2004.

CAO Chu-nan. Principles of corrosion electrochemistry[M].

MM . LY 12 1 LC4 £5G 4 45 [ 75 30 #h 11 K A B 2nd ed. Beijing: Chemical Industry Press, 2004.

Galvanic corrosion of Ti-Al coupling and control measurements

ZHAO Ping-ping"*, SONG Ying-wei' 2, DONG Kai-hui'" %, HAN En-hou'?

(1. CAS Key Laboratory of Nuclear Materials and Safety Assessment, Institute of Metal Research,
Chinese Academy of Sciences, Shenyang 110016, China;
2. Southern Marine Science and Engineering Guangdong Laboratory (Zhuhai), Zhuhai 519000, China;
3. School of Materials and Engineering, University of Science and Technology of China, Hefei 230026, China)

Abstract: The galvanic corrosion of ZTi60-Al2024 coupling and its control measures were investigated by
electrochemical methods. The galvanic current was measured by zero resistance ammeter(ZRA), the polarization
behavior of the coupled metals was detected by polarization curves, and the corrosion morphology was observed
by scanning electron microscopy(SEM). The results indicate that the galvanic corrosion of A12024 anode is slight
in the initial stage, and then the corrosion rate increases gradually, finally tends to a stable value, which is related
to the transition of dense passive film to loose product film on Al2024 surface. Compared with the uncoupled
Al2024, the corrosion pits on the coupled Al2024 are less but deeper. The protection of A12024 anode can inhibit
the galvanic corrosion better than the protection of ZTi60 cathode. However, once the protective coating on the
anodic metal is damaged, the smaller the damaged area is, the severer the galvanic corrosion is.

Key words: Ti-Al coupling; galvanic corrosion; surface treatment; control measures; Passive metals; damaged

coating
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