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Abstract

Proton exchange membrane fuel cell (PEMFC) is the most promising electric energy source cur-
rently applied in electric vehicles. As an important component in PEMFC, bipolar plates play an
important role in separating cathode and anode plates, and collecting heat and current. The oper-
ating environment (including ions such as SOi' , CI-, F-, HSO,, CO;‘ , etc.) of graphite bipolar plates,
the core component of conventional fuel cells, tends to produce anodic passivation of the metal
bipolar plates, which reduces the operating life of proton membrane fuel cells. People usually ap-
ply conductive coatings, such as polyaniline and polypyrrole, on the surface of the bipolar plates to
slow down the corrosion rate of the bipolar plates, but the problems of poor adhesion and porosi-
ty defects of the pure polyaniline coatings limit their applications. In this paper, a three-electrode
system was used to electrodeposit polyaniline on a stainless steel plate, and then ZIF-8 mixed with
acrylic resin (PA) was spin-coated on top of the polyaniline coating to form a double-layer coating,
and the composition, structure, and corrosion resistance of the coatings under PEMFC environment
were systematically investigated. The results show that the PANI-ZIF-8 /PA composite coating exhib-
its better long-term immersion stability than the pure polyaniline coating in a simulated proton
exchange membrane fuel cell environment. The enhanced corrosion resistance is mainly at-
tributed to the introduction of ZIF-8/PA which enhances the physical barrier effect and the adhe-
sion of the polyaniline coating. Meanwhile, the water contact angle test shows that the hydro-
philicity of the PANI-ZIF-8/PA composite coating is significantly reduced compared with that of
the pure polyaniline, which further improves the corrosion resistance of the coating.
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W 4 IR RIS RS o) ] 2 R M, G )RR B U R R REUR A5 R . 2020 4R, SR T “BRIGAH
BicrRoRL” (R E AR, KR T REVR A HH R REVE TR S SRR 06 B 2 B . TEAR 2 I TT FRAEREVR P, AUREVR
RIS T e B m Vg b SR, B R AR R BRI A (77 18] JoT 7 A e Rk v it
BTl K BIIARL(H2 5 O2) FI =4 (H0) % AR IR EE AT o5 He BUR HUBCR 1, B8 s B ISR AT SRR
HiRE B 2 —[1]-[3]. PEMFC 7€ T{ERS & B&fF 1 SOF  CI A F28/@ itk B 7, (HiRm 259 R, Rk
AR A ok 5 2 B B A FEE b ek e, UM RL e #3500 N 2 [4]-[6]. &)@ i T HA RIFI T HME, 2
DL R AR BE, BONBIEARN BRI AT IR, WL &M R afE— e R, W &, 315,

DOI: 10.12677/japc.2024.133058 542 Bk Sei


https://doi.org/10.12677/japc.2024.133058
http://creativecommons.org/licenses/by/4.0/

BN EE, NEET ZNH7] 8] &R AT (SS) LA il 47 5 I TR AR b & BAT
B R ANME T R AR . SR, PEXURRAR BRI TARFREE H,  ANER A T I 5 7™ 1D g ol ) R
b 75 R B — 52 FE B I AN SR h[9]-[13] . BRULZ 4N, 1T PEMFC (S HEEDR, 2 EEAH LK)
SHME.

RIEE (PPY) JIKNZ(PANI S T LR A4 B F o) 2 AR 1X 280 L EAT R LAY 1 4k 2
PERANSEEAE ), AR AR fRRER . BBUR (B4 DL LB R iR R S A 5 B e Y[14] [15]. S
ROV A MBS, ATHE D L AR (1) PR LI SRS
R AT LS H B S KRR B RAETEE A, TERE B . XA LA kSR 58
PPV A (2) WIERDFEENLEE: SMECEN SRR ESY, TR BRI TSR AR R
TS5 2R &R EE R (3) BARFIRELEL, KBRS T2 5 & EM e 144, ffilEmh;
(4) BB, SHEAGMRZESSBIIRE Y, R4 BE . R L MR &S B A
RRFEER I FHEEEY . EREBOE R R, A=k, FNARGHHREREMN. /£ PEMFC
MRVE AR rh, SRR ol T 3 3 A R R RS 8 MEAE & B AN SRR K 7 J85 B SE A R BT =%, BT
AT V2 R TR R B 1 75 THI[16]-[20]. DeBerry W 25 [2118F 51 /& I AN 4N XURR AR 78 Bl 58 5 iR 78 5 et
FHAR ™ AR GF IR VE R . Karpakam V S5 [22] FH BRI & T SORIGAHIR R 2 A MRk, MNASE R %S
AWM BRI PR AR 7. Lu S5E[23]H RORNG IR B AE SRR, Rl — B A5 MR BTt ge, K
I LT 35 b B SRR 5 - Kamaraj K 458 [24] BRI & T ORI E A0 k), MUE RIS & M EHE 100
RELEHIBRBUEA A 10'° Q-cm?,

ZIF-8 J& T MOF (metal organic frame)#1 &}, & 48 & 7Bl E mACHA B 46 I HESE . 25 bkl
TESH B2y i B AR RS X — AR R TR T R, BRI S R, AT p
B, AR e E . I, ZIF S8 ARk P R A S P A K BEAE ST, b i A R R S HE 22-8 (ZIF-8)
SE LR B S WO RN B 4 BRI RR L o ZIF-8 YRR (1) 93 HE A AU Lt e AR 1, L R P 2% A 1 e
WiV, N TS g Ak, ZIF-8 SRR RR PR AR N 0 A R S AR I P TT DATE 4 AR T
2B BRI [25].

ARG R FH TR R L IRE AN SR FE NN EIRE, SR JERIh & T MOF-8 # k),
HEWHRA RS FIRRTERRERE TAERINZIRE . B A=, KR, S
FLBHIAR S V004l T S AR Z v Re, S5~EREREREM, AR PANI-ZIF-8/PA 5
HBWRBERAMWAE 158, FHRMERRRLE, WM RESR SR

2. SEIGER4y
2.1. FEKFH

MR (98%, LiEm XA FIH RA R, KIL(dral, R ERAR]), 2-FFEBKMH:(98%,
TR T AR A R AT, FEE( AT, BB T AR A TR A F]), ZnNOs-6H,0 (43
Mraf, Bt A A R AR), WG AE(iral, FFEMIBAEIRAR]), KB ra, i
8RR F A R A ).
2.2. AEEMERATAE

2R SIZBG BT F A JEJES A2 304SS AN, fEF 2RI, 304SS MR 7 E 40T 400 H. 800 H Hykb4Rik
UATEE o SRJE RN TE /K B e L3R TR 2R 5T, HE 7S 10 min, A 45 5 H 2B 7Kk, e H
SRR 304SS.
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2.3. BRERERRBIE

T SRR 4 g 98% MR IR A 2.79 g ZRIIEW, ARG IRBRIE INE 100 mL £ & 7K h Rk, Ik HE
FREABEFERS b, B FEA SRR I NG, BEBRE 1 h, BREREER. REHE BRI RS, U
304SS N TAE A%, Ag/AQCI N TAEEAR, F1HAR Jynt st eI AT VE3ET PANI FIHAL 2R A 512
B RO PR /NI T T AL S TAR S EAT TR, ST RN, IR PR IURRE ARy “Trir iy, &E
DURFEIN 5 mA (5F R HLE A 1 mA/em?), I [EA 20 min. HLAGZES RREE A S, FH 2388 Pk kiR
JEREBRRMACERY), 95 J5CE T 50°CHAR % 5¢

2.4. ZIF-8 e $I&

I 2 E AR BV % ZIF-8 4k, Wil 1 fos. B JePREL 5.95 g 75 /K-E iR EE A 6.568 g ) 2-
BRI B T pt b, 2 J5 NN 200 mL FR S, JRl 2445 RE AR FE 5 min A 757K A RS ER B A 2- FBERK L7 1
WHIRE IS SRIER PO =k, WEAGCH K. RERELE 80CHESMA T/ 24 h, TG
BETHTES, 153 86k A RM ZIF-8 # K],
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Figure 1. Schematic of synthesis procedures for ZIF-8
& 1. ZIF-8 Bl &= E
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25. WEEARBHHIE

JeFREL ZIF-8 STRMGERM NG, IIABI LB KT, HiHE 24 ho 450G, R & 1R RN
FCE TR L, ARG A B3N 56 Bl 6 45 16 ZIF-8 5 T A BRI I (PA)IR & 1A, #4338 N 2000 %4/s,
IFE A 30 s, EEFEMRIUK. BEIERE ISR BT 24 ho BTG AN F il ik f i
AL A M — TR 1 1 em? B9 IX 3, 5 —TH) B H rAR e JE AN R 4 v Y el oA
DX 3 FH A8 5 e LA, 3 S R T F A 2

N TR FT PANI-ZIF-8/PA M KM e 7, SRAFANIE ZIF-8 L5 P 4 B A I B L X 791875 AN 45 409 Ji ok )
PERERIZ S, KR 304SS 5 ML A UTRV R R R EAE 0T IR, Wik 1 fis.

Table 1. PANI-ZIF-8/PA coating composition
% 1. PANI-ZIF-8/PA & B4R

P fb EREZ ZIF-8 (mg) WIREER T (mg)
Bare 304 SS o 0 0
b N <) 0 0
PANI-ZIF-8/50 PA H 200 50
PANI-ZIF-8/100 PA <) 200 100
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3. &R5118
3.1. ZIF-8 5BFEAYIE S

A B SEM &M EFE S EE T R . FrUERZRTES T b, SEM $yiEE AT &Rt
A B AN AT iR R R S R TS FLBRAE M. ORI A S 4m 1. Wil 2 R, ()N ZIF-8 #kHY)
SEM K&, M SEM g5 R ra] DUEE H ZIF-8 SPEHEE Sy IR A NS 28450 . RSB A2
M BIANACR TR AR, ] Y4 (9 2 BRAN B B 1) 3 24 AR RE ), HLIR ZIF-8 3402 — Fhg i 2 M HE
BRRL, FERRIESRIE N, ZIF-8 K22 B SR SR 2 I 254, (e Hr MBS I 264, A 22451
FRsE[26]. TR AT SEH ZIF-8 M RHERT FAEE AL, FEREARRTRESG BANZ B IIRAL, PSR = S N
WEMPUEmEE ). B0 ERARE) SEM B, W LU HEAZETTR B SRR R 2 R T H A BRI FLER,
TETAEREE R, AR & B X e LR BIA NN R, FESEWZEE 1, MmFFIC PEMFC 1)
. BRI TR B SRR e AT SO B G IS R R 2, SR D Tl M VA VR B IA AR B A
FT-IR YGRS OOR—Fh 2 B I A AR, FH X008 A 2 By 04T 58 MR A e B b LS Bl i e
LI AR A A FE R AR AT AR A R LD R R, AT TR A5 . R E R, AR A
WA IRy« B(C) N RANE S ZIF-8 LA, A AR ZIF-8 FE 5 TR T 5 Uik RiE [27]— X
FIXE R ZIF-8 LT ARSI, 75 3138 A1 2933 cmit Ab AR SC U U1 & T FE B Ak e 2R v C-H B 45 4R 3
W, 7F ZIF-8 FEfb, C = O BEMPLEIRANR I IEN T 1583 ecm ™t &b TRIEFLIILLAMERE i B IR b4y T
1779.6. 1759.6 cmL &b, TIZRIA AW USIAAT T 1629.8. 1601.2 cm ™4k XA HUACIEIR C-H A8 FEAR SR Ui
PF 979.3 et Abo X SFERRARATHHC I R BRI X SRR 2R & = AR A RIIAT I B, ANF
FTEH T 5 SRR RSy« SR R, SN RS 3 DA S . BRI AT S e s A A, HE
ST AT R, FEEEEE IR ARSI EPIR, FTLMRE] X R ATH IR, M SRERE ) 5
g5 2. () A ZIF-8 #18HK XRD [, £ 20 = 10.35. 12.70. 14.80. 16.40 1 18.00°AbAF(EsRIE, 43
X R AR TR A(200) . (211). (220). (310)F11(222), & HIHI# 1 ZIF-8 BA =4k [ 28]
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Figure 2. (a) SEM image of ZIF-8 (b) SEM image of polyaniline layer (c) Infrared spectra of polyaniline and ZIF-8 (d) XRD
pattern of ZIF-8.

2. (a) ZIF-8 #1#} SEM [&l; (b) BBAERRZE SEM [El; () BHEBES ZIF-8 RIZISM L E; (d) ZIF-8 B9 XRD
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3.2. Tafel iz

R R, SR R R R AR vT AR A 2R . Ak SE PR RE S T VAR AT . A IR R R
TEAA S Fo btk R ) — P B AR T v A P E A 2 T A Sl SR DA B A AR S o s FH PR B 1) e
PERAT N o S HEAT TF AL FELAG 22 BT I A Tafel RS S256, SR 7T 304SS LUK Z (-3 T ) 304SS
MR ERE, JFER AL M BHERRAIRAE T 5 MR M P A 2, X BB T PRt i) .
P A 2 BT T 20 M AR 22 T 2 (R K AR A B AL 22 P IR, e AT DLZE & SRl MR B S PR RS . T
Tafel W00 000 8 JE3 ki 5w ST AR R I AR 1 R ) S SR 28, T4 7~ T 4 Rk B4 Tk 3l 7 2 R AIE [29]
[30]. JE X £e AL S K TE B, FRATAT LA 1 @A BHE TAEPRES N P e R, ik A el bR
RNEERAEENTESE S @ XA, AT AP A RHE R MRS T B R, AR
B sz vl PPRLERR A TREN IR ML EE S5 & 3 N F N MAi R R R 2 5 PANI-ZIF-8/PA &
BIRIZAFE L] ORY 1) 304SSTafel Wiliata A o {58 FH FH A AN FHAR AR AL IX 35 Tafel HMEE[SLINE T A FIFF
st F4) 5t L I 5 (icorr) R L JES DR P (Bcomr) 0 FEHH S corr ERARG,  TUUARE 0 Tl R A . SR A T %4
a3 AL AR EE - AT LA Y 304SS UMK AR B A 58 i Y icorr FHEE AR Ecorre 73514 39.0 pA-cm™ F1-320
mV. TERIKEA PANI-ZIF-8/PA EEIRIZMRIT T, 304SS SURM I iconr B T R IFEK, RUIZIRE
REAS B A A 5T 304SS SRR AR ) Ji ot 3ok %2 .

'E 4}
b
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=
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Figure 3.Tafel curves of composite coatings with different proportions
B 3. T EItLHIEERBH Tafel fhik

Table 2. Self-corrosion voltage and self-corrosion current density of samples

F2 HEERMEEMERMERER

b Ecorr (MV) lcorr (},LA'Cmfz)
Bare 304SS -320 39.0
L ENi 126 5.21
PANI-ZIF-8/50 PA 94 37.13
PANI-ZIF-8/100 PA 47 155.5

3.3. KHRASTH

3.3.1. FFEEERALM
WA 4 NASE R Z K0 OCP #h4E, 304SS [T FLALLE 24~96 h Puist T [4/2 i T 304SS R ThElifk
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BERER, SN, 28T RRE, satl B SCH L, BARPUE ThEE TS ROk
TEMIHIF G LA B B2 B T R MERE IR, 2 )5 304SS 4k SEOT B f Az FF, Hs b fE 5 T4
AR, PANI-ZIF-8/50 PA [FJT % A LA e, 7 216h JTEEHLAL T B4 2 BT PANI-ZIF-8/50 PA B &k
E2 BB, EARGANEIAL T B AL BT, 1T PANI-ZIF-8/100 PA 7EI2 1 IR B A B, IR A K.
BRI, MBL B M el S0 hhE 1% : PANI-ZIF-8/100 PA > PANI-ZIF-8/50 PA > %2 fi% > 304SS.
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—u— RN
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Figure 4. Immersion OCP curves of different coatings

E 4. NEIRERRE OCP #hZk

3.3.2. EIS ik

A A PP (EIS) MU 78 7R I S R A7 Bl 5 AR TR JZAE 0.1 mol/L HIBR IR
TR T EIS HiZk, B () TR ANEIR N T RV 2 W, 21T 0 25V FRSIAE AR A0 X 30 5 18 i ik
AN, HENEX AL AT TR I TR, BIEFEARCR TR B 7 AR . (B T BEAG ST Jo ol e 22, 45
G R VE RS R, PRI R MR AN KT TR, SECERA R RE R E . El(b)H RORZ K EIS i
BAFAEP A FEN A, Bont THBREIIRZENAT A, RHERKRZZ AR, Hhi@ncs
BB LR AAE KT . K (c) PANI-ZIF-8/50 PA 1) EIS #iZkd, 72 h FIHFTRH, HMBPIAKE I $, <
JEEVEA— AR EE, RYIHANZ ZIF-8/PA IRJZE B, T AAAERRIZIRZ, A B AR fih 3
304SS, HJm @R vFaE . B (d)PANI-ZIF-8/100 PA (¢ EIS BEIS A4 0, BHPT N, H
PANI-ZIF-8/100 PA 7EXANZ S B2 h B ORFF RO AR E I FL A& B S W AL 72 o ABL B4 vl 45
Shit: TR7E ZIF-8/PA J5 I SRR IR J2 REAE K IR 6 P CRIE AR 5 PR g ek
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Figure 5. (a) Immersion EIS curve of 304SS stainless steel (b) The soaking EIS curve of polyaniline (c) PANI-ZIF-8/50 PA

soaking EIS curve (d) PANI-ZIF-8/100 PA soaking EIS curve.
5. ()304SS 5N, (b)BEFAR, (C)PANI-ZIF-8/50 PA F1(d)PANI-ZIF-8/100 PA BIiZ;8 EIS Hh%k

3.3.3. &AMk

M 7(@) ) TR EH, TE4 312 h RiflJ5 4R KGR E R AV, I HAEA M I )
7%, 1 PANI-ZIF-8/PA H& IR IZER SIS SRR FF IR Z M 5E 8%, o WRIHNE HR I ZIF-8 #4
BRI LI 5, BB FLB A DA R T A SRR i 2 A TR K4St .

3.4. JKEERL AR

TARTE B AARLR T B3l f, REEEMERIIER RN EE S, bRl - BAcHm
R Beo 24 0e < 90°, TU[EMRR I ZSEAKM, BEIEEAl MRS, MOBHRSEARIEBREF: 24 0 > 90°, T [E {4
RIMAATG/KE), RPfd A, MRS ZE , B ATl & fid M St il 1) 7572 52 S8 UG 7 b 7 1
w6 MR AT S AN RIS Rk B A A, DU AR A S K B Ak A 2N T IR AT Rk B, iRk
PEXE N, R T A B BEAE K IO NIRJZ IR, HOR TR LR, SUR YRS . AT
fRRE S K $% fil /1 PANI-ZIF-8/100 PA > 304SS > PANI-ZIF-8/50 PA > HH . Mt J5 v 304SS >
PANI-ZIF-8/100 PA > PANI-ZIF-8/50 PA > JIRfk. 8 Heful /i v] LB S5 H SR I B A R I 1ok
AFITKIABTE 1, PANI-ZIF-8/PA E &R JZAE R R A FERNGIR 2RO I Bl b, B — B PSR K,
MITHG5R T FF5 0% = U it e .

4,624 R:70.710 L:33.690 R:14.294 b L:70.710_R:70.710 L:128.660 R:126.870 d
(a) GA: 23,992 ( ) CA: 70.710 (C) CA: 127,765 ( )

L:74.624 R
GA: 72,667

L:80.074 R:81 469 L:37.569 R:30.838 1:36.027 R:42.274 L:75.964_R:70.710
CA: 80.771 (C) CA: 34.203 (f) CA: 39.151 (g) CA: 73.337 (h)

Figure 6. (a) 304SS before soaking (b) Polyaniline before soaking (c) Before soaking, PANI-ZIF-8/50 PA (d) Before
soaking, PANI-ZIF-8/100 PA (e) After soaking, 304SS (f) Polyaniline after soaking (g) After soaking, PANI-ZIF-8/50 PA
(h) After soaking, PANI-ZIF-8/100 PA

6. (a) JRMAT 304SS, (b) BBATEREE, (c) RIAH PANI-ZIF-8/50 PA, (d) ;ZfHT PANI-ZIF-8/100 PA, () iR
S 304SS, (f) RIBEERFE, (0) ZBE PANI-ZIF-8/50 PA F(h);2/8f5 PANI-ZIF-8/100 PA
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3.5. 7 e fi B BRI

2 fid PR BEL A AN fih R B 7 A ) FLREL, Bt A T g 38 T f TR P R A0 T AL o T A A L BEL )
& 1 o 422 ik 502 75 52 1) At Y88 6 J2 (10 2 el 17 s Pl BEL 3R o L b T 42 A T AR 0N fl st 8
0 PR I K 2 o 2 AR, 2 B IR, e Mgk RO HERAYE . BhAh, IR A IR R AT AR T oA X
BRI AR [32] . & 7 9#E 304SS. IR Z. PANI-ZIF-8/50 PA F1 PANI-ZIF-8/100 PA ff]
ICR Hik. #f 304SS. %K%, PANI-ZIF-8/50 PA 1 PANI-ZIF-8/100 PA f¥] ICR {E7E 1.4 MPa | 4%l
49 33.78. 33.74. 41.89 A1 91.67 mQ-cm?. EARMIENFHEEY), WMAHEWE ICR WA K. (1T
HEENZ, PANI-ZIF-8/100 PA E A IRJZ1 ICR =T 304SS, HEHA PA & & M3G I, L4z fl b FH A A
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Figure 7. Interfacial contact resistance curves for different coatings
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