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Abstract: In order to avoid the damage caused by the assembly process of the V2500 aero-engine com-
bustor fasteners and the high-temperature occlusion failure of the joints, the surface of the fasteners is of-
ten plated with silver to improve its self-lubricating performance. In this paper, a comparative analysis of
standard silver-plated fasteners and high-temperature failure fasteners is conducted. Firstly, scanning
electron microscope (SEM) and energy disperse spectroscopy (EDS) are used to analyze the microstruc-
ture and element composition, so as to study the high-temperature failure mechanism of silver coating.
Secondly, by studying the microstructure and element composition of the silver-plated fasteners under
the service condition of corrosion environment, the corrosion failure mechanism of silver coating is ana-
lyzed. Finally, electrochemical experiments are carried out to compare the substrate, the heat-treated
substrate, the silver-plated specimen and the heat-treated silver-plated specimen at room temperature,

and the polarization curves, impedance spectra and equivalent circuit model are used to analyze the cor-
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rosion resistance of silver-plated specimen. The results show that : (1) The average thickness of silver

coating of standard silver-plated fasteners is 14.33 pwm, but due to the tip discharge effect in the electro-

plating process, there is an uneven thickness between the four typical parts: internal thread crest area,

internal thread root area, internal thread tail tip area and fastener outer area; (2) The failure mecha-

nism of silver coating at high temperature is mainly divided into element segregation failure, oxygen

channel diffusion failure, cyclic load failure and thermal expansion failure; (3) In the coastal service

environment, there is also the stress corrosion failure caused by Cl'. The electrochemical experiment

proves that heat treatment will reduce the corrosion resistance of silver-plated specimen.

Keywords: V2500 aero—engine; silver—plated fastener; high temperature failure mechanism; stress

corrosion failure

V2500 fiit 25 & sh il B §i 3 RATAER rY 3
TR ShHLZ — , HAhbe == i e 4 ek 5 i s 5 A
BEANTT A Ay ol o B A 5 S AR AR A B A i
JRY, H T R E R IR AR R R G
X BE RO SR, A S R Dy i
MRV IS =y ( EB S iz i ) g b3 Ry N Ui B 7
TSR, O AR BTS2
MY, MOTEEA 2B R, BMEAEES 1T
BT HA G AR R & AR, R AR 2
FEAE LA B 1 10 T U2 i B iR TR R s
SIS AT, DAHE oy L k2 1A 1 B

fire 2 SRR AR (0 B A5UE 20 2 24, R
AT g RIS 5 0 S22 1T LA o R I R M
R BH 1 A DAL 4 3 0 15 FH 7 i AR AN R A 1
R I IUAEAR , ZE ML 23 W R e B AR 4 7 >R 1
A5 N, WA R R R R TR R R, E
BT BERR . N T BiEmi s & shflikgent i
5 S ik T 2 A R A I 2 80, 75 R A A it
A i 2% T ) 5V T S U U2 Tk A R FR B
A RK SE 4 5 3 Stellite6 F14 55 41 T800 A 4 45 = 1L
i P A J2 , LA B AR 2 0T 1 R R R N3 AL L 55 i T &
SMERED . WA R A A 2L Cu NV/Cr B A
P TR MU R T T B R R
BL, SR AR AT FH 225k R A< sh PR i 24 5 K
A FLBE 5 J22 2 THI 114 IRBR 78 80 mT A A3 ¥
FH R W BRI TR I, AR A o T sl e R R T
VERIZAT: . BEET 2 RERCA GRS , W T T S Ak ™ ) 55
SR Rl B A, BRI SR . B
FRZ R, ek 225 A by, 3 B B A s
PR, PR R RN RO W T IR AT R

e AR IR T L 1 L T A R, R R T BER B
REAE IR SURAF | DA S SR E iR A o1 rh IR A A1
Bidr® . Junhuan Chen 45 A8 i L VTR L il 48 T &
A BN (PAN)TIE W Bg i 2R 9% )2 i 98 J2 BA
ST S v R e, BT A B 3 B EE R T LA
PRAP A0 R T AN 52 ™ F R B B R AR AL, R
SEEIFR IO, 6 T S LR N A ER Y
(1155 SR i [R5/ (1 =8 = N RV T 95 =
RGBT FR FE R 2 5 &R E R A R R
WAL 25 2 SAIL rh Al A R T 3 e 0 R R e ok
{3 0], 4 Ag—3Pb & @ 8 2 Y IUB TERE L R
B 023 L K 40 3 5 S e R sh ML st i
VR WFAE R TR IR AR T 300 ChHY &
T 45 40, 75 T 300 CHY SR BB 4R, 1 2 2 R
FH 3~6 um, AT AT R 1k B8 A2 (R 488 40 FORG 12 (B 452
FEOR)™ o X T B8 2 AR 2 R R R R
B, IR PSR YE RE LR 2 A T B R T RE S |
AME BEARE R S5 e . BT L, 5 ORI R Sl
AR, BR 3G & ShHL AR a0 R [, ik 22 255
AR A B B AR A R AR, DA 347 1k
X N AMB SR iR TR S, SRR T
DLAFE BRI AR N ZE R A A

AR ST S 0T s R AR BT A R v T R Ak K
AT LA B, A 3 S sBE (SEMD) AT
HEAX (EDS) 43 b7 FL O IE 55 R T 38 20 0, IF 58 AR
JZ 1 v R OO 5 LUK, X6 T AR S Tl A B iR A% 2%
1 A R 24 K A e e RO 35 R T 2R 2H B
3R I ST AR B 2 ) B e R LB s fe e, T RAL
RS ], A58 28 B [ AP St Ak T v 22 S L e i 2
B RN b T3 IR PR b, SR PP AN [R] R T AR



2021 4F7 H

BESHIE

W43 B TR 3408 - 3.

JZE TR ot ) 22 S, o R A g T T 0 A BAuke
PR R A A AT AL A S0l AU
BT , B Al i £ b <5 280 A R0 S R AE 7 12,
FEBEAR A TR T PERE

1 SEI§

1.1 KIedrat

V2500 % sh AL TR U B 3 8 5 1A 53 AL
TR BNPLIMILIE A | RS R AL | s 25
A 3% 2 b T MR8 25 W s P AR A o AR S 56 T FH
23 bR A S 1 A TR e 5 B s P A Ak, T
RS 24 450 °CH 5 R i R A R B R AE R AR
T AR A, AR P AR SR R IR 2
MICHE S B, RIE 20 BEEFTRG & (19 38 P R AR
FHT 2 fis e Ay B ol A 5 H Ak SR T U
BE T2 . BB RE H Inconel 718 E1 5L 5
A4, HOl s A (wi%) : 55% Ni; 21% Cr; 11.5% Fe;
5.5% Nb; 3.3% Mo; 1.15% Ti; 1.0% Co; 0.8% Al, i
FE RS R 30 mmXx20 mmx 1.5 mm.

1.2 ZWEERFE

LA T2 A Ab B 43 SR WERD , 8 7S IR B T R R
PEo WERDIE 1M 0.2~0.3 MPa, B} [8] 30 min; # 75 J
B 2R HI LCX =52 7K FE 35 B, iR B2 40~50 °C, 1)
[ 20 min; BR PR HERER I WL, B[] 10 min,

K PARSTAT 2273 Hi b 2% T A 3 7€ 3.5wt%
NaCl ¥ W il A 2= BB . AR R R B4R
R, H L A iR AT Ag/AgCl(Sat. KC1) | % B e,
e A PR MY o BRI 5 oh 20 mV A IE 5%k, £
F 1 mHz ~100 kHzo % ZSimpWin #4484 BT
TR B . AL IR B T mV,
HRA 0.5 mV/ise AT %F A M IR AR S R T
PHIEE AR H L 2R F SX—G07103 35 e = i b ot
AT AL B ORI IR D 650 °C (AR 55 [T 1Y
e RS IR BE ), PRI [B] 1505 A 2 sh AL IR - 1)
YT [E] 3 e

K Hitachi S—3400N /4% F, - 2 3ol B X %
PRI R A SIOUIE S5 G 2l P HEA T 3RAIE

2 HRESH

2.1 HREERZXBHNEREETESN
K1 (a) R B F A TR A R AL, 2

4~ BRI X ek - IR THIX, F IR IX, FRAR IX I 56
W PEAMI DX o 5K T P SRR AN DT AR B
JZ, B () B i FERBEEI0 AT R, Y
U A SR TR R PRy 2 80 ) 42 fih 3% v 7K 2 AR 1Y
JEE 8% 280 A ST I P s 237 e, RSO T A AL
HERAE 237 A SRPE ST | W MR 20 3R T A A 80 B
FHEH

(a)

BEE | r
AmE | € | P

(a) BN A (b)  FIHOTE 35
1 FREEREEGERREE
Fig.1 Morphology of standard silver—plated fasteners

ek AR 20 T X A BB AL %) 5 22 J5E 82 3 )
47 31.80 wm, 27.40 pm, 21.80 pm, 23.60 pm M
24.30 wm, R 1T B R B 2578 pum, A1E 2
(a) T 7R o 2 G DX A L 1) 1 B 2 R B 3 il oy
4.30 wm.5.03 um.4.63 pm.5.69 pm & 4.39 pum, i
K 2(b) iz , HoF B RE 2 4 4.81 wm, J2& 5F T X %
JRIEERE 1Y) 18.66%. R LB AR P SC B L 2R,
Ao R v 118 2 vt I FL AR 2% 3 I )R R B 3 A AN
Y, ZF ToUAb W 0 28 3 R T A IR Ak, ot DA AE 23 J5 85 DA
OF O ORGSR VT AS TR, 0t A S
DX ASAS TR A 1 B8 2 S AN &L 2 (e) v, 43 5] ok
9.03 um.10.00 pm,8.63 pum.9.62 wm,10.30 pm
8.00 wm, HFHJE 4 9.26 wm, S B [ 1 P IR 5L
O IVE DX 22 PRI 1 1,93 485 , A i 30 PR RGO 2 3k ol
JRJEEFE L B 28 S () B IR 3%

W 2(d) iR, BARK ANATROL AR 5% )2 5
43514 21.80 wm.21.40 pm.27.40 pm. 14.20 pm.
10.60 wm £ 9.48 pm, % )2 19V 4 5 5 17.48 pum,
Horp F T AL 5% 2 SR 24 27.40 wm , A1 HC T2 805w
b 2 JELRE AR B R 76.82% , HE— A UE S T AR
RN o RIS, BB A AL 8% )2 (27.40 pm) BEJET
TR L (1) 2F TR AL JZ (25.78 ) , 33X 2 H T IR EC
SEAL P B SREC, F B A R P S ) R AN 23 3 B
WRAL NI ARSI B D7 ) BB J2 JEE B A AN 34 (A



<4+ Jul.2021

Plating and Finishing

Vol. 43 No. 7 Serial No. 340

WU R L B 2 H IR LR 1.20~1.42 455

() FMI X
2 FRESER X BRI E
Fig.2 Morphology of standard silver—plated fasteners

(DWIRLRIIX

SR FH 40t %o 9 2 A I Ao B, 5% P B )2
(A X)) ZEAf 2 347 0] (B X)) I 2 40456 FAE O
I E 3 Sk iR . B 3(a)~(d) Al AL,
DU A LY IR H B Ag TR AEHPTE A X, RiESE
B EE A3 A, ELUT 255 S 18 [ A Ty 1) 5 e S 3 Dl
P Fe, Ni, Cr AR TC R L AE B X, W AR Ty ) %
BT s XTI 3 () T, TR A A
TR N Z H Ni, Cr BARTT R Y HRE I 55 T Fe,
JIT LA AT K BB Fe Z AN AR STMART R . 4R
FAREUED] TR Z AR, TR S B OLUE] T
PR Z MAATE O R By BN
22 BRAMEEGERBNES T

Pl 4 (a) s R A B ) dET TR 0, W] WL AR S
TF TOURN 28 JES Y5946 AN R R B 1 s 45, T O R AR X Y
FWOHIE . K 4(b)Fm =ik 0 s iR fe
{14 BT TR 4500, B T 2% X O3 A 4 KNS S ) B A8 )
Jo, A5 B2 T A . TR, B R 4(b) R
P AE DX 35 A L T A B A 30 % X AR B0 5
FFAEA 2] 5 2% 5 P PEIX A, R T T A
AN, FLA B S SR E TR A, 0 A5 R A
I B R
221 TERTRIIE

WS (a) B (b) FTR |, #E JRR0 N SR S0 28 T X
A K PUARYEZ , A X3 B X Y0 R & HIE
TIZXIH 5 Fe,Ni, CrEAK T E ARBER TNk

- 8 8 8 8§

e ML

(a) WIRECA T IX

AL TR G

o o1 2 1 4 ¢ ot 7 B B

() B A
M3 REEREET RS A

Fig.3 Elemental diffusion curve of standard

silver—plated fasteners

(a) A I T IR (b) NAMERSC R 1
i BT T AR
4 KHMEEGRIRE

Fig.4 Morphology of failed fasteners

HIEMDZIT IRV . 2t TARIY B &,
it TN AP HOFRER —& , Wik AR
RO AT , T B 2 R )2 2 T 5k B i AR i 2
FLIET, 25 B A b T % S HLARBOIR S O PE R AT
PEFII , oy T HIUAON 8 1 LI Be , )= A 1 )2
Fir ik DA T B 02 J22 O 7 2 280, T LA T DX AR ) 5



2021 4F7 H

BESHIE

W43 B TR 3408 - 5.

AR, R AR PR BR B 72 P A R BRI

(a) SERAAMAL EIR S
Pl
ES5 KUEEHNBLFITIXSFREITEY B %

Fig.5 Element diffusion curve of internal thread

(b)JLHEY HUh 2

crest area of failed fastener

222 FBEY BRMNE

WE 6(a) IR FERBCE B A I LB T R
TR I €0 X8, e B8 Ak AT 3k 32,50 pm. B 6(b)
(c)F/R A X [1] B IX (0 R A % X & A K
FARSE ALY Hoah 2800wt  (H2 T BRI )
Ag TR VI FIW Ag 852 0 58 2 Wik . @it Ar i
AR S G 2 BT o] L, N IR R DX B 2
ST LA T A AR A% B 28 I X 08 2 S e S i vE . X T
AT E MR IEAT AR 43 B7 : (1) Ag X480 & 2 1E H
(EES AT B S Nl FT i =073y N NTTE 3L SVIE- 3
W R AR, i R A SR B 2 fL Tl — ARk
22 %A SIE ) FE AR PN VR TR AN DB b i % AR
(2) B9 )2 5 A A WA B A0, 7 i i T30 F
AgO Z IR 8K T JEA 9 )2 W FLBR R, AT
I A AR RN (3) R SC e 2 280k, X
THRERM T ROYBES" SR TN TES
PHOFRERD —', K AW IR, &R ERZE
Z R AR RO ANRRE 1 LB s A
FEARPNER 5 (4) @ iR B ] S AR, B8 )2 i Ag ot
RO AT Sy 8o 2, 202 N I
SLECRFLIR, BN T AR B2 N IR A e
T T ARG, N ITTAR B8 2 B 1 N R AE A1 )
VR T BB 220 Tt 7 2R 8
223 EIREFEIERRIIIE

i 7 (a) W0, BB AR X AT — b 2 i 4
W25 ) W 2 R A% e A v e S AL St o %) 496 4 2
o B8 2 4 2 B A R R N Ry N 2 e B ) AR 5 X
N, RECH MR SUR . 2 MR BUE T 44E

(¢) JEHRY HUML
Eo AMEEHNBLTRERSFREERSTET
B 2

Fig.6 Morphology and element diffusion curve of

internal thread root area of failed fasteners

R AT, WG AR AR (5 o SR
AL, T B 2= A BB T AT, DT v R 35 [
B B TG BT VR 2 R BORTERF 22 i,
SELINYE S i E L GREZY A i3 S TR S e/ N 'S
R AR T 2 0E I R it
PR A AR AR IX I TR AL ¥ T3 Wi 7, AR 9% 23t b
ZRA MELT(b) Al AL, 2 TP A 52307,
RETE 43 A7 TR B AR SR AL R P8 T s e . i T
TEm iR TOUT , Ag TR S IT 3k, >4 B [ Rk
TR ENPLIR MR FRGR IR EE sk, B e DX H BN ) 4
o HL5 R R B RYB AR T | v R B 2 B 75
MR, FER B AE S SRR g R i . 27 1
JITik , PBREC R AR IX 7 3 5 HLAE 18 2R BB R 416 24
BT T IS R A A B R i v, OF
L I 00 B B R A 5 10 AR 9% )2 R 24 2 g £
FHR KA BE M e, IR B8 22 R 30
224 AREKKBMIE

WK 8 (a) IR 76 R MU & 3L T 35 R 35)
49 TR B € DR DX 388, ) DO A B4 1 5 5 43 301 Sk
12.80 pm . 15.40 wm . 13.30 wm & 13.20 pm, HFHy
H M 13.68 pm. &l 8(h) 7 M IEIR S AL 2 2185 5L
A SRR T R L, L o n R T R
W NiJGE S B AN, Cron R & 1 S e
Je W/ (R AR AR T Fe 7T 28 D 48 6k /0N I 38 o
H T Croo & Al DA s SR iR b A Ak e ), R S



c 6+ Jul.2021

Plating and Finishing

Vol. 43 No. 7 Serial No. 340

(b) P75 FB ALY EDS
B7 RMEEHNBELERXFEIRS EDS 7347
Fig.7 Morphology and EDS analysis of internal thread

tail tip area of the failed fastener

A Cr, 0, - 372, T DL — H 2 il 2] 4203, Cron R AE
S B 5 AR, 3 A Croo
RO EEmG Y Rl A B A SM O A R
) AR SE I, ) A0 T W R ) P IO s e AR N
JEIE M RECARVC L8 5 o T RS A &
A Z Ak F TAEARES , Br DA K 44 F 2 A 20 v
H Ag P K 2 %M 19.5%10° °C”, T1iif Inconel 718
BRI B P A R A 11.8x10°°C, 98 2 FI L1k 4
J& A K REOTFAVCREL, = i IR PR T B8 )2 A
BT F FE & SIHLA VR IR 3R h 2577 A 3¢
KEYFRNE 7, Y H 9 2 255 R FE Il 25 7
FURYEZ ISR (A5 FAR R ER 7R A N A A2 1
S1EAE

B i 7 S A

Element comant

EEEEERER

Distanea |y

(b)JEERY M £k
B8 KMREMHIMIKFHRSTRY Bk

Fig.8 Morphology and element diffusion curve of

(a) FEAR AL R IR

the outer zone of failed fasteners

2.3 FEIRJETRIAGE TR 2 Bl R RV Kk AL I
YA

W 9 B 7R  TEACHE I PRI T 1 2R 580 5 il e
IRPXASIN R TR A CIITER , CLITER FrwS I A Ji el
Y it T BOEBIIE . 2T CLOTRIRIR, —
LTS IRL, o TR R RN T T 0 T
SEARRE B 7 B |22 PRI B S IR, A Al

a2 LA CLITER , AT BR SR 1 ER B 2 2 T g ok
JZ 8l — T B A 2 s RO CLJ i 35 4
O, BT LA AR SRS = gy s B P R/ RO 2
2 LT R LA AgClLohy T2 1Y 8 (5 B0 I 1l ™ )
B JRAR BT AR R 5 55— RAIL B A AR IR AR 35
85, 24 AL R U DR, T K S A K
CI, 29I 7K Z8 2 R AU, — J2 5 il ) 9 JEE AR
0 B RS MR o O LR R P R o)
— HL5 R gL RGP AH 1, (4 2 6 i TE N IE
RRCOR B8 2 Tt JE b P A BRI AL 00, IR R 2
B T R 2>

= LL&

B9 KUZEHTRXEREHEDS 5317
Fig. 9 EDS analysis of cracked structure in the

internal thread root area of the failed fastener

(IR 3, AT 10 B, A e R 32 1 A
BT CIICER , ITAE C1IT 2 R A I T 2 45 A
BB I EER AT PR FIVE R, S5 R iR A i 2%
REREURE & L i, MR Ay R 3 — e R L, B2
Ha G RS2 A ST e s AT, DA T SR S0 PR 7
JE H BB BRI SRR, BT
PR T 45 JE e A T[R4 FH 4 P ) R SRR 1Y
IO 3 JE b R AR A B AR SEBR AT R D, T
AT RN FIE RO SN RERIAES, /AT R
AT B IR P S AT SR, — IR
ZUIERT B AT, DRIt g Ak AR AT LA s ] ) 2k
R L2 msde 1 ARG 2 ) T e e

R O
7

10 FRHEANHRENE KRG NE EDS 517
Fig.10 EDS analysis of the crack inside the bolt edge

zone of high temperature bonding failed fasteners



2021 4F7 H

BESHIE

W43 B TR 3408 -7 -

24 REETHENRBULFEFRR

Wik A 59 B Ry 3.5 w9 NaCl i 9 422 fih , 30F
Ay L (R I, i L A2k B AR E R T IR Ak
iR Bl A A A TS B R R R
WAl i 2R A 1A 11 o, H i F AR Ak BB R R B9
BHA 23 S 249 BT ) ) el )37, >4 FEVRR A P
(IR E0.05 VI, B L IR 28 SR 48 K, W] Ik SR
PR B i i 2 AL, BT R A e A X P
R OUNS IO 14 i o 2 P SEAELE  0.05 Vo

Potential V'

L L L L L L L L
1E-8 1E8 1E7 1E-6 1E-6 1E4  1E3 001

Iuglil-"[A-cm':J

E11 ERMALERERIREFERORL L
Fig.11 Polarization curves of substrates in normal
temperature, heat—treated substrates, silver—plated
substrates in normal temperature and heat—treated

silver—plated substrates

S AL IR ) EZSHNR 1 R E, N
FL B Pl E A R AT 67, R ) A 8 ol 1) B4 g 24
R s 1, oA ik R R B L BN B, 4 iR R
BFVRR AN BE AR A A 2R A bR . IR 3L, FAkh H L
R, W A AR AR AP B AR R A A 1 el e 7
3514 -0.62 V.—0.80 V.—0.19 V FI—0.20 V., M
I g2 JEE A e MDA, R %) L ol 7
PAOFREE 114 77.5% , T IR B3 - LL s iR O
7R S O s TRRE L R TR AR A A A e e
V7 5 T AR B AR A, DRI, AR B AR A
T2 P ) K TR IR R . A, HE Tk
HL I B 1, A AR AR A ok R Y S
WL, ST piHUR AN | SR ki kP 2 A
FHSE AT, RS, B BRI F R IR A
R AR AR A B AR R R Y 1 el S T i)
H}1.76x107 Alem®.9.80%107 Alem?, 1.92x10° Alem? .
1.95x10° Afem®, Hirp | P4 PRIE |- 1) F 6 1t o 2%
JEE S TR R 10 5.57 A% , DA ARGk B (14 i T okt

PSS T 0 AR R R AR, P PR R /Y B
ol L Y 2 R T R B AR L R IR P AR
i BT J P i T Rk BB AR R
R1 FHEARNKEHKEXT N SEH
Tab.1 Corresponding parameters of dynamic potential

polarization curve

B/
. L../ ./ (mVe
A E../V » s B (mVe
(Aecm?) | dec ")
dec™!)
WAL A —0.62 | 1.76 X107 | —86.22 | 196.84
PAbFHFE A | —0.80 [ 9.80X 1077 | —38.64 | 227.13
FUEBEEREL R | —0.19 | 1.92X10 ¢ | —273.51 | 221.47
PP ERIR T | —0.20 | 1.95X 10 ¢ | —134.34 | 207.81

VESTRL/ B 2 S TR 22 R BT b R L 1)
A AT L3 e S A B ) AR SR, R AR AR
FEL 72 R L EL (L 55 5 B2 P S B TR R e A R
R o B BT th £ i 2P A2 2 7 A b
TR JE b 4 B AR b, A 12 R0 13 B, il
R A PUITEAR R T AL B 1 il R A
A PUINEAR R T Pl PR AR R, AH N BE BT (ELAN
TS JE ok Pt 6 A2 TR A R

4.0:10° )
== Substrate 25 T
3500 (=== Substrate 650 T
30x10° |
25x10' |

2060"

Zim/ohms

15610 F
1.0x10° |

50x10" |

0

1 1 1 1 1 ]
0 1x10* 210 w10* 4x10° 5x10° 6x10°
Zrelohms

E12 ERFMMAERFKEE %
Fig.12 Impedance spectrum of substrate in normal

temperature and heat—treated substrate

KA 14 FR B R (RQ) 1K L B AR A
HEAT B AR 2E BEAT IS 4G L LA 15 21 DU AN 52 56 L
I, 43 S VA TR B Rs , 1RRE 2 11 /40 o 5L 1 14 Rl L
R, IARE R TH /A J03 5 5 AL A oo Q IIHLES Q,
FTREOAON FE 2L Q,o HEARSENZR 2 s, vl LA
T HH T B 25 A S R R g LA B 5 A S R
TABIR AR 2 (/N T 5%, Ui A 45 4% i BR S 3L

W AR R R 2R A IO S T 1 R BH



« 8+ Jul.2021

Plating and Finishing

Vol. 43 No. 7 Serial No. 340

610’ . . -
—— Silver-plated specimen 25 °C

= Silver-plated specimen 650 °C
sxl0'

A0

3xl0’ F

Zim/ohms

10’

1x10" |

0

0 20wl0" 40x10" e0x10T B0xICT LOx10* 12x10°
Zrefohms

E13 ERMALEBERI A EHTIT H 2%
Fig.13 Impedance spectrum of silver—plated
specimen in normal temperature and heat—treated

silver—plated specimen

Q
Rs }_

R
E14 FEEFHAABERIN FHE R KRR

Fig.14 Equivalent circuit model of silver—
plated specimen in normal temperature and

heat—treated silver—plated specimen
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Tab.2 Fitting parameters of equivalent circuit model

Errors

>10%
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AT DL Ao S0 PR R R TR Q I LA Q,
Ko i, IR AE AR R B B A 1.26%10°QVs",
P PR R 1Y LA 1.28%10°Q /s", B BT
JEE T R X B 2 R OK A B s e . Ak, H AR
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B 6 R AR | 3 SR 34 5 Ak B 7R
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3 #ig

(1) o 55 [T 7 U A SHL AR 7 R 8 )2 - 1 L
I35 R IR S F T X 25.78 wm, 2FJE X 4.81 um,
FEARIX 17.48 pm B2 B[4 1X9.26 wm , HL B i
T ) it J3C PR BN S B 2 TR AN I 1) R BT
TR LR )2 Ag LR MR Fe Ni .Cr &
SICRZFE TR B HNG

(2) B 5% 2% 0 T 2R R EAE JC 2 A BT 2R 3% 4Ll
TEY ORGP VE FH e S8R B I 2 5 pd
HLEE,

(3) 1 IRAE A5 B s kb i ST 2 5 i
(B =) AgCl, Ho 5 % shblia 1T ki i S
1T PRI B A Ay 2 (R Y o SR B )23 1 7 g J ol
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