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Abstract

This paper presents a comprehensive examination of the application of electrodeposition techniques
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in the synthesis of electrocatalysts, with a particular focus on their use in electrolytic water cata-
lysts, carbon dioxide reduction catalysts (COzRR), and proton exchange membrane fuel cell (PEM-
FCs) catalysts. The article provides an in-depth overview of the fundamental principles and tech-
nical advantages of electrodeposition, highlighting its unique capability to precisely control the
nanostructures, chemical compositions, and surface properties of catalysts. Through detailed anal-
ysis, the paper underscores the efficacy of electrodeposition in optimizing the electrochemical per-
formance of electrolytic water catalysts, enhancing the selectivity and efficiency of COzRR catalysts,
and improving the durability and activity of PEMFCs catalysts. Specific examples are provided to
elucidate these benefits. Furthermore, the paper discusses potential future directions for the elec-
trodeposition method in electrocatalysis, with the goal of advancing the development of novel, high-
performance electrocatalysts to address pressing challenges in the energy and environmental sec-
tors.
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Figure 1. Schematic diagram of electrodeposition synthesis method [4]
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Figure 2. Schematic diagram of typical power input with different modes (potentiostatic and galvanostatic, cyclic
voltammetry, and pulse current/voltage) [2]
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Figure 3. (a) Schematic of fabrication process for NTCu dendrites; Electrocatalytic water splitting performances of Cu den-
drites in 1 M KOH: iR-compensated LSV curves for (b) OER and (c) HER, respectively; and Tafel plots for (d) OER and (e)
HER, respectively [18]
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IR %Mz LSV BhZk; (d)Fn(e)4r 5l OER 1 HER HY Tafel [E[18]
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Figure 4. (a) Schematic for fabrication process of NiFe nanowire arrays and surface sulfurized NiFe nanowire arrays; (b) Top
view SEM image of S-NiFel10 nanowire array; (c), (d) LSV curves and Tafel slopes of OER, respectively; (e) LSV curve of
full cell, NiFeO NWA//S-NiFe10 NWA, overall water splitting; (f) Chronoamperometric stability test conducted at cell voltages
of 2.2 and 2.8 V for starting noncompensated current densities of 200 and 400 mA-cm™2 [17]

[ 4. (a) NiFe ZKLkFEFIFIRE R NiFe 4KZERETIMHIE I 2 REE; (b) S-NiFel0 KL MEFIMTRILE SEM &
#%; (). (d) 5759 OER HJ LSV BhZkHn Tafel §122; (e) £Hith, NiFeO NWA//S-NiFel0 NWA, RIKZLAEA LSV i
%; (f) f£2.2 70 2.8 V WE A E TH#HITITETERRE MR, ERIEMEBEREEH 200 F1 400 mA-cm=2 [17]
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Figure 5. (a) SEM diagram at different magnifications, SEM image and corresponding elemental mapping images; (b)~(e)
HRTEM images and X-ray Diffraction (XRD) pattern. shows the equivalent electric circuit used for fitting; (f) Specific HER
activity of F-Co2P/NF, Co2P/NF, and CoF/NF in 1 M KOH; (g) Polari-zation curves of F-Co2P/NF before and after 5000 CV
cycles. The inset shows the time-potential curve under a constant current density of 80 mA-cm=2. OER catalytic performance
of the electrocatalyst in 1 M KOH [22]

5. (a) SEM ElfMERKTESHERS; (b)~(e) HRTEM Ef&F X SH£1T55(XRD)EIE; (f) 1 M KOH & F-Co:
P/NF, Coz P/NF # CoF/NF B HER EE3&ETE ; (g) 5000 Xk CV fEIFEIE F-CoP/NF BIRR{LBIZk . FEEIE /R T 80 mA-cm
1BE IR T E T RORTE) - Efiphsk; FBHETIZE 1 M KOH H1iY OER #E{LMERE[22]
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Table 1. Summary of catalysts for the preparation of electrolytic water by electrodeposition
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Figure 6. (a) Schematic illustration for fabrication of H-FeCoNiMnW; (b) SEM image of H-FeCoNiMnW deposited on CP;
(c) Atomic composition of H-FeCoNiMnW determined with ICP-OES; (d) XRD pattern of H-FeCoNiMnW; Electrocatalytic
water splitting performances of H-FeCoNiMnW, M-FeCoNiMn, and M-FeCoNiW in 0.5 M H2SOa4: LSV curves for (e) HER,
(f) OER, and (g) full-cell (H-FeCoNiMnW//H-FeCoNiMnW); Long-term stability tests for H-FeCoNiMnW for (h) HER, (i)
OER, and (j) full-cell (H-FeCoNiMnW//H-FeCoNiMnW) at 10 mA.cm2 [23]

6. (a) H-FeCoNiMnW &FRZEE; (b) STFAFE CP LAY H-FeCoNiMnW B SEM [El%; (c) B ICP-OES SUE H-
FeCoNiMnW B[R F4HA; (d) H-FeCoNiMnW A9 XRD Ei&; H-FeCoNiMnW, M-FeCoNiMn 1 M-FeCoNiw 7£ 0.5 M
H2S0s BRI LK fEMERE: (e) HER. (f) OER #(g) £ ith(H-FeCoNiMnW//H-FeCoNiMnW)&Y LSV #iZk; 10
mA-cm 2~ H-FeCoNiMnW #J(h) HER. (i) OER #1(j) £ ith(H-FeCoNiMnW//H-FeCoNiMnW)&I1<HA%E E MR [23]
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LTINS RSN, T R ) SR RS R, A R v 1 AR PR AR /K R T A e AR 28R, ALtk
TIRBEE)F)5, JCHGR AR R bR AR AR E M7 I I 2 . DRI, ORI AE 1 6 e R AR
AT T T R T BRI 7T
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3.2. ZEHERITEEHLT

£ CORR J B2, HRLITUAR Ml #6125 RE W A% 170 T 2 P ARORT LR R I T B AT B AR S5 4, X0 T3 THEE AL 771
I FEPEAN S MR S 5C HE B I B AR RE R IS 5, mT UG A 42 1) LRI 8 T A1 3 A R 1) AR
RERE, MTIRALHEAL A BE VRS Al BEAh, S BRBCTH AT GRS AT, 3B W] U RO B A e 1 3 A
e, Ja/ BRSBTS R . X RERORS AN AL P AR R T CORR S AR 2
R, WOIFRE N 2GR B AL AL BORBEE 1 I8 S i

& » &
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] o
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Figure 7. SEM micrographs of Cu film deposited in 0.1 M CuSOs and 0.01M DAT solution at (a) pH: 2.5 at =4 mA-cm~, (b)
pH: 1.5 at -4 mA.cm™2, (c) pH: 1 at —4 mA-cm™2; SEM of Cu electrodeposited (d) without additive, (e) with DAT, (f) with
DTAB, and (g) with ThonB; CV in H-cell at a scan rate 50 mV-s™ (iR corrected) in 1 M KHCOs saturated with COz (h) from
Cu foil, Cu-poly electrodeposited without DAT, CuDAT-dot, CuDAT-amorphous and CuDAT-wire; and (i) Cu foil, Cu film
electrodeposited without DAT, and CuDAT-wire samples with a deposition charge of 1 C-cm™, 2 C-cm™?, 4 C-.cm™ [25]

[E 7. 7£ 0.1 M CuSO4+ #1 0.01M DAT &R R AR IRA I RIRE B A, (@) pH: 2.5, -4mA-cm2, (b) pH: 1.5,
—4mA-cm2, (c)pH: 1, -4mA-cm2; (d) FiRMF. (e) MMA DAT. (f) JIA DTAB F(g) A ThonB HIEEITFASH
HOFSEEER; 7E 1M KHCO(J8H1 CO)HR, BL 50 mV-s A9FF#EZE (IR K IE)7E H-Cell FRAI CV, (h) CufE. Jt DAT
RYEESFR Cu-poly. CuDAT-dot. CuDAT-amorphous 1 CuDAT-wire; WA (i) Cu $5. Jo DAT HOELITFR Cu SERERN
CuDAT-wire ¥, STFERSHIA 1 C.cm?, 2C.cm2, 4 C.cm2[25]

Hoang %A 76 N SR [2514& 1 — i i f U AR v il 4 v B R AR B3R vT A ) Cu SRR 7735 . B
i 0.1 M BRER A1 10 mM A INFAIAL R, dad ) RV h A AR R F pH (R 2 1 2 3 28] FARRIUTAR
77 RONTE B R TRREE, IR EE N 1 & 4 mA-cm2. 5 HAW#T R AE, Hoang 25 A\ AR E JTRRIN 8],
T2 AT A Ak 2] 2 C-om 2 bnifE . il 8 FE R I pH EFIVTAR R RS, Cu BRI S R AR AR
th, BARRBUNZ. &, SEERSEREE 7(@)~(c). BFRA R E I E I F AR AR 7E 6 Cu It
BUBSRI N (a0 ] 7(d)~(0) Fow). B R, S84 DTAB Al ThonB I, Cu IRBUNF 5, &R
X R IR AT 78 4T RA S 250, T DAT BV I35 Cu BESR Thop A o AL 7(h) A& 7() e LB H,
CuDAT #:# bt Cu- SR B 1 2 I HE BE AR AR Rt B v 30 Jit P R B v PR FL AU B o O 1 E X Pl
FIVER, BTN RS DAT ERIEAT 15 ANAT WOGTE 734, R AT REAFE FU AR —— & 8 WA 4% 7%
(LMCT)#7, iESE T DAT 5 Cu BIECAL, 17 2 FAR PR AN 070 0 B8 o AR R LI R RRAE o Ak 25 AR
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W], CuDAT-ZEFEN R I f k) CO i JFi% I, 7E-0.5V (Vs RHE) T, CoHa [KVERL SRR L F] 40%, 1M
CoHsOH FIvEH 5530 N 20%. 7E-0.7 V (vs RHE) N, ZMALFRIY CO, I8 iR it &3k i 3 700 A-g L,

Ham & \[26]% 01 T —FH T CO iR (1) Ag 9Kz it B AL Cu $B1E & A, UIRHTZe¥s Cu
TEHHAT Ag B, B EUIARET Ag RANIFE, SRJEH Cu TERHTIRIEZIT, FAEV R RRAR . R R B
KA. 045V, —0.8V fI-1.2V ML FLL 1 C-cm 2 B AT EHATYUR . W sLie &I, AHEEHE
TUAR AL 2 S 80 Ag UTRRIIE SR 5538 22 R (B 8(a)~(C)Fim). S5 LM, BEEUTAR AL ARSI, ML
HRAF SCHRSTIZ WIS o X PRI RAT B S AL T R R SO VAL Ag 28 17 R R THI 19 4% i AR
AR ZMFUARIARFEIAERK, 2K &S LEFTREE, 4 EN)FIMARZE 17t
BN J1% . [FRE, B FE R I EN IV EE 0T Ag DT TS 2 7 2 0C B . Ji i bR
KERE AL EYERE, RIS EN WREEHINZE 40 mM I}, CO. i85 N CO KISl R B REmE
60%, ARSI EN B Ag UIARIN 10%. 5t &% 14t 6.83% 42 T % 66.52% mgag (U114l 8(d). (e))-
T RFCASERIRFERT EN AT Ag TUARPIPERE ™= A= Wi R B2 0, B FEREAE b AT 1 R S M RAE . 45
IR, AGEN4O Hf1(220)/(111) 3% % EL B 2 5 T AgENO, ZRHH Ag JUARYII(220)/(111) 55 FE B vl LAYE K
CO A= E 2 ey, [FIRB UL EN FIIINRERSIE LR Ag I s IR . B AL ESIMRRE T EN
(RS I An AT R 5 UORRAD R et AR 254, D R TCRR A R R B T3 A3 1 i R %

Zhang % N[271JF G b F 25 1A BT —F Cup0-SnOy TR A 49K 28 (NWs) (B 14 8(F)~(0)), 53 CO;
MR . 152, I X AR 2% Bl it BH AR S A v il 46 Cu(OH), NWs. BB IRN: Kd o e Iia ik
BB T 3MKOH ¥, LL 20 mA-em2 (18 & FLFLEEAT BEA 540 40 7081, SRR AE G, X
WIJERL 1 Cu(OH)2. BJE, FHEARMER AT T8 2 550°CiR K 4 /N, 13 FBIAE L1 1) Cu,0 H
Mo Hiil 5 Cu0 NWs HLHR FHAE TAE st 4%k SnSOs, NaOH, NaHPOs#HJk, Jitifi 3.3 mA-cm2f)
JH 58 LIS, B4 Cu0-SnOGTRA NWs Bl . B 718480 1 AR RIGURR IS (8] % A1 RE S5 A0 1 RE 52
M. Cu20-SnOx VEA NWs i FL IR SLIL T CO2 Fll HO M RT #2185, A e S, A &kt A 7= CO
He TR AW o 12 7R B IR S H IR 5 B2 (23 T CO2 B CO By Ak R (] 8(h)~()) & B, T LA
ik CO2 7] CO Mik%tk, MiHem 1 4ER WG N CO Fuik#tt . HibEmE7E R, SnOx7E Cu0 NWs
HRR b AR R e v A AR P B T R R CO, MR B A B [28]. BFFT N S I KA R
ZLAMEIE AT, RIAT WOGHRSS NI 7 CO2 i JE iR B =i AR 5, bR 1 CO MIREI. X—Hf 5 A
TR G I A S e it 7B BB, IR R BHRE IR SN & ) P2 AR S it 1B (R IR AR A SR
Table 2. Summary of catalysts prepared by electrodeposition for CO2 reduction
= 2. BMFEEIE CO MREHFICE

fEd U e elb] LI R

A R R LR pH ELATT P A R A, % AR
TR e b AR AR R 3R] ) B, Cu RIS A T 2091648 ORR HUEALFI
T Cu R e, BARRIUONE. . BdRe & O AR T — M AT
45Ky, IESE T DAT 5 Cu RS I BT %

Hoang [25]

Sl Cu AT Ag FLH, B . . N
WG LB Ag RAERLE, AV BEAIRRE T 2 R g e LR
HUTA 3 Cu ST, UL L R OB 0 P A el

C cm2 [y L B HEAT AR -~ R
LT Cu20-SnOy A T ISEIESH I T COp SRS Vi A 5, I FL B 50
UKL (NWSs). S8 CO2 YT (81792, TR T CO T e fl i 5 ) o i s 2
PR R 1 0O T 75 B

Ham [26]

QELEN

Zhang [27] 1
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Figure 8. SEM images of electrodeposited Ag catalysts on displaced Ag from solutions AGEN40. The deposition potentials
were (a) —0.45 V, (b) —0.8 V, and (c) —1.2 V. Comparison of FEs of CO: electrolysis at —1.5 V with the (220)/(111) intensity
ratio of Ag catalysts prepared by controlling; (d) deposition potentials with fixed EN concentration and () EN concentrations
with fixed deposition potential of —0.45 V [26]; (f) SEM images of Cu20 NWs and (g) Cu20/SnOx/50 hybrid NWs; (h) Total
current densities (jtotal) and partial current densities of PEC COz reduction (JCO2R) on Cu20 NWs and Cu20/SnOx/50 hybrid
NWs at various potentials in 0.5 m NaHCOs; (i) In the dark, Faradaic efficiencies of CO, HCOOH, and Hz on Cu20/SnOx/50
hybrid NWs at various potentials; (j) Under visible light irradiation (4 > 420 nm), Faradaic efficiencies of CO, HCOOH, and
H2 and the corresponding proportions of syngas (CO/Hz) on Cu20/SnOx/50 hybrid NWs [27]

[E 8. M AgEN40 &K EERETIRA Ag HEMLFIEY SEM ElfR. JTIREBALSZAIH(a) —0.45 V. (b) -0.8 V FA(c) -1.2 V;
BT IEH(d) AR ALFEE EN IREE AR () SUARERALIA-0.45 V BFRY EN K I & AUSRIEML TR (220)/(111) 38 E L,
EbERFE-1.5 V T ZE LR AR E R S8R [26]; (f) Cu20 NWs F(g) Cu20/SnOx/50 384 NWs B9 SEM El%; (h) &
0.5 M NaHCOs ARG AL T Cu0 NWs F1 Cu20/Sn0y/50 JE & NWs LB PEC CO2 iR JE (JCOR) IR HLAR 5 (jtotal) A
EBoBREBE; () £EEF, FREBAT Cu0/Sn0450 B& NWs £ CO. HCOOH #1 Hp BSFRI BRI () ERTIE
BBEFT (L > 420 nm), Cu.0/SnOx/50 &4 NWs £ CO. HCOOH #0 Hz BSERI BRI RN A RS ELBI(COM) [27]
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KEWTRYICE 2), BITRENE 4 — A AL J5US N (CORR) LT — Al G X575, RIS
WP AR RIS RAREE R IIRE ), AR SURIIBT FErh 5 1) 2 %0 . CORR 24 CO,
FAC A M A2 S ATRRH A R, JF A s O AR T 3R TH OB A IE e S 233 A A0 H A 7= )
PERCR B R E E . RPTAAAER T TR I 7 ARSI S, Sl AL O S BOMAS R KA, T BLE
FIE AR TERE, BRI, ST BRSSO R R TR
TRET COp 1B JFHEALTFRAE 1 3 I AIROAR S . R, BEEHRITREORIE — DR R, TR aEI e
TR« $ETH S SR B A% A SEIIL Tl A N 5 T PG SR I SR . X A7 B 43 CORR BRI A JE -

3.3. BT 3TIRARNARL e it e 1L 57

PEMFCs &g [FIFE K K32 2 T HEDTAREOR o BT HORS B 4 1 e 0 R s 8 B i 1, B TR R
B2 BT PEMFCs HHARA M. SAEGTEAREL, B TR £ () sEARAA R AN B A S e 1) e
ARG, BRI T KR e v . XM G AR M TR T ) S RS AT RO E EE, A
TR E R R R, BRI, TS T A e B e 4 3%

AL, TR BOR BENS SCIEAL TR 3 S 40 A1, EG T AR BRI AT 77 1 P i LK) JEEFE AN Y AL R
SRR . BT E AR AR T EARAE A S BT R R B — S At RE, TR S TR
B B AR RE . A, FRUTRREORIC RSB A R &, A Rsb 56 @ AL 77 i A &
T K B2 B A% T PEMFCs BIRAS o 3006 T HESI OB st 1R i Ak B FH B B B R S

ML TR AR I AR A A JZ IO S5, 3558 1 HRR S 0 T A0 e 2 TR ) ST 45 6 70, g K
TRORL VB R A R A o B S FR S IR R SR TR BT RE, A DTRR B ARAT Rt b 1R B AR K 2
AT IR I REZE ) ) R . X SeAR S A 1S HL TR BORAE PEMFSC S0 H Bl oAy — Tl Bl L 98 77 (%) e A4 771 i)
B, AT AR AR BRA AR F ) T R SR AL T OB AT BE T

Konrad Eiler [29]f [ pAE i fik b TR 2] PEMFCs ISAT BUZ L, — 5 & T AR ) Pt-Ni
A1 Pt-Ni-Mo(O) NPs, % PEMFCs R Ab BA B KR . ZEIASE H T — 24 Pt BEgK Rk & p It [
SELEALIRZE E 8 i 71« T 4 1 PE-Ni A1 Pt-Ni-Mo(O) AL 77I7E ORR Hf 22 30 H 4% e o B 1k
AL Pt A EAEFAC, 408 4 pgeom2, XAET NPs 765 728 i E AR A, B s
IEHBREAE Y Mo I RTIRAA, FrERBRVENES G ), FHIRBRF VA pH TS 2.7, SR A kit TR
J5i, KR S A0 A R 1] 23 B2 5 ms AT 70 ms. UGN, /DR AR ) G A8 T DA HEE /)N 1) Sk
JsF, R T2 SHEEBS TR E R E B, ZHF &SI PENi Al Pt-Ni-Mo(O) ki 1247
40~50 nm 1 40~80 nm (41| 9(a)~(d)). LS LI, PterNisz F PtesNiso-MoOy NPs 7 ORR HH [ Jii & i
PEf R, UIER T Pt-Ni-Mo(O) NPs 55 TR P47 PE. BT Mo IAFAHE, %G & AH T 70 Pt-Ni
ROkL, =70 NPs RIS 2 0@ PR T, (HAEROUURE BRI ST TS0 . 2 R 2% (R 07 B fhe
HEFIAE ORR Hr R I B a I B 1, IR AE S B A b g7 7 o PEMFCs & A PE. 7E 4 mg-cm™2 1)
ML 513 N, ORR ALK Tafel RIZFL104 65 mV. B4k, BT FEPTRUS AR B AL NPs HH LT Z
34T REF, KIAE 0.1 M HCIO, = Ha it AL 2, ORR BT &3 5 5175 10 mA mger to 7£ PEMFCs
WA A, BT LA NPs # ELEE Al ik B AR 5T 1388 i, Pt IR AR & . ST S
ZHUT L2 64 ORR BTG B4t 7 — R A mng B K. B T ¥ A7 NPs B %
LR TSRS HUZ B A BN, 2% L2004 AR A7) 1R 82T 100%. AW FEibda s 1 iR
(R B R KN IR R R, ARSI FE S it 138 () WA

Ge [30] 1 A BA s i 8 H A7 P TR VEE BAT BRI 4% 1 2 FLERIR K PdBI #%, TR T BA 8RS & 451
(1) PABI/CC E-& kL. HAKMLRZE L s P25 Bidt 2 [ ) AnE A AL 1L S5 f A7 22 LK Bi3+7E'E Pd
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Tl 2R T 1) s R B R S B « PABI/CC AR Ak FRUTE 2 T S A S I (EORY HH 2 B H . v P i A0 B A () B
P, FACBR I S5 R AR IR T 7 H SR CO il 3214 - N R G 5 AN [E] PABI/CC 5 G MR 25 4 FRFAIE,
BEAT T XRD MR, 455 5%, 54 Pd MitL, PABI/CC E &R XRD WAL S A FEF2 50, I HIEA7
FAEREE Bi S ERIGIMIMIE K, XEY] Bi TRE %S5 2 BRI (&l 9(e)) [31] [32]. Hifk
SIS F W], PdaoBi/CC HEAK FIAE ZHE 484K S S F L PA/CC 2B HE B 1o (10 378 R B 47 fr s 1« PdoBI/CC
AT FLE 2 B IR B 39.07 mA-cm™2, & Pd/ICC K 3.9 %Wl 9(f)~(i)). FEK BT AN+,
Pd2oBI/CC ) B A Mg Ve AR FR AR, A R FRE . — KA AR 8Kk — B E s 1
PdaoBi/CC fEALFIFE CO it 52 1 7 T ) 2 2 B3 o iZF Fe s T TR & @9k Rl s 21k, A4 )R
B R G SR G PR AL T IS
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Figure 9. TEM micrographs of C-supported Pts7Niss (a), (b) and PtzsNi2sMoz (c), (d) NPs [29]; (e) Schematic illustration of
different PdBi/CC composites by adjusting the feeding ratios of Pd/Bi precursors; CV curves obtained from Pd20Bi/CC and
Pd/CC in Nz-saturated (f) 1 M NaOH and (g) 1 M NaOH + 1 M CzHsOH solutions at a scan rate of 50 mV-s™%; (h) Activity
retention rate of the Pd20Bi/CC catalyst for EOR after each 10,000 s stability test; (i) Histogram showing the EOR activity
before and after the 50,000 s tests [30]

9. BRI #HAI(a), (b) PterNiss FA(c), (d) PtreNizMor 2RI FHI TEM B F[29]; (e) it iE¥5 Pd/Bi miARIZRIELAY
A[E PABI/ICC EEMRIHIRER; 7€ 50 mV- st MFAFEIEZERT, H Pd2oBi/CC F Pd/CC 7E N2 {8F1EI(F) 1 M NaOH #1
(9) 1 M NaOH + 1 M CzHsOH & & 3R 1569 CV #iZk; (h) 729 10,000 s FEMMIXZF, AT EOR Y Pd0Bi/CC #
HIMESEBESE; (i) HIREERT 50,000 s MIXFI/FH EOR & FZ[30]

Yang 5 A [33]4 FH 5 i Bk o L (U AR V2 AE B 41 4 4R (CFP) 4 i B A 1 Pt{5103CNC F1 Pt{720}CNC 4}
K, FEWFIT TR BTN Pt AR s s pL) S b R RE . SEIR IR R, SIANEE, AHEE
Gy RAE Pt KT, TR RCE A /N T A (o) 1 Pt IMTTIIGIKSZ 7 7R (Pt CNCs), Mfi#é s 1 B AL AL TS
PE o B 7T R D ik e O R AE Bk 41 4 4R (CFP) 2 Jie B AR KB JR B AL A 2207 (rGOICFP) FI & 15 24 1 Jit
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A A IR (N-rGOICFP), FEAEIXUEE A FAK Pt & Pt 9K anfh, W T EA AAEKMESR BN, XXt
FUk/> PEMFCs H (1) Pt 4 8 Fge v st e AR 2L 1 (MEAS) O 1 Bl R A7 B 7 o i%F 9 3 A 5 A T i3k
17 T RME: 1) PtCNCs MmT#2 & L s dsd R4 7 ik kb 5 i by Nz, SEEL T 7E A SRIG I EA R
T TR R 4R B0 B Pt Y1 TR 24K 44 (PH{7203CNC/N-rGO/CFP #11 Pt{510}CNC/rGO/CFP) ] ] % & i (4
K 10(a)~(e)). X —J7IEARRKB IOt & B A db ik — VB A K TFRE T BNI& 12 [34]-[36]. 2) N X Pt 44K
A TERE AT SEIA B SEEGAN DFT THESE BRI, I N 7 DLSUE rGO R LT 2 BEFI 2514,
A ER S WMAE N-rGO iy Pt R b (& 10(f) [37], MMIEREZH Pt HT, & T
Pt{720}CNC/N-rGO/CFP FIfi Attt o 1% — R I Bt HA A0 5 (b Ak 14 B R A RS AEE 1 300 1) S i o

a (rco) -
v

00 O Ex ;’ ‘905° &
o ——0-3%35

) 0003

0%o 0,000

°

ok
OO

PtClg
Ptisi0ene

Pty100/N-rGO

©
c

Figure 10. (a) The schematic for the growth process of Pt{510}CNC and Pt{720}CNC on rGO/CFP and N-rGO/CFP; (b)
high-magnification FE-SEM images of the Pt{510}CNC/rGO/CFP; (c) TEM images of a typical single concave nanocube Pt;
(d) high-magnification FE-SEM images of the Pt{720}CNC/N-rGO/CFP; (¢) TEM images of a typical single concave
nanocube Pt; (f) Schematic diagram of H adsorption on the edge and center of the Pt surface on rGO and N-rGO [33]

[& 10. (a) Pt{510}CNC #1 Pt{720}CNC 7£ rGO/CFP 1 N-rGO/CFP _t4 i 2R ~=E; (b) Pt{510}CNC/rGO/CFP
S 1S FE-SEM [Elf§; (c) HEABMMKIIFGIE Pt B TEM Elf§; (d) Pt{720}CNC/N-rGO/CFP BI5f& FE-SEM
1&; (e) BRBEVAYEMLKII 751K Pt BY TEM Ef&; () rGO 1 N-rGO t Pt REHHGFIHLH H IRMREE[33]
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L 75 2 24 B P Ao R I S A A R O AR AR PR 20 3 LR D PYC v 3.17 %540 2.35 i, HAEELZ
BEPRRL LV (DMFCs) (1 i KT FR B E WAL T A PUC. B E 2, &M s 48208 57 B R a0 K i
PRAE SR BRI 1) B AR KR 7 TR T, W AE PEMFCs HRE(% Pt S80A152TT MEAs 1ERE
JIHEBL T R AT

Table 3. Summary of catalysts for the preparation of PEMFCs by electrodeposition
7z 3. BIFEH& PEMFCs ELFILE

B UIRIE 7 il A W FC ik e

1£ PEMFCs WIS &3 8 #Ex TR i E5 7£-05V (vs RHE) T, CaHa AR 2L
Konrad B LR B, —HAm T AR FEKNZARRER, £ FEF 40%, T CoHsOH HIykh sE 3%

Eiler [29] B3 I PE=Ni Al & B AL T B0 R 4 9 20%. 7E-0.7 V (vs RHE) T, %4k
Pt-Ni-Mo(O) NPs i 100% 7% CO2 1 J5 i F G A 31 700 A-g 2
TERRAT LRI T %
Ge [30] BN YT FLERIRE PABI %, TR 87K T U & B0 ORI T CO MR~ FfE (b 71
m T B A SR A 4 I R R L JRE ST
PdBI/CC B &#1 k)

7R T TR HOR T B R R 2 4 el A AR AR
TEWRAFHEAR(CFP) BRI b 9K MR TE SR PR TR F AR R Ak im 2 B EL R PUYC & 3.17 {31
Yang [33] BkrfrE TR 4K T PH{510}CNC Al [ H#EAKIEE, [FK 235 %, H 7F B 4% W 8% R f i
Pt{720}CNC #K &1k 1E PEMFCs H1 (K T Pt £t (DMFCs) ) fi K Th 2 5 B th At T 7
WAIRTFT MEAs 1EfE Pt/C

i KB TR IR 3), MR BRI ARG it — 20 57 e A0 AR 20 A 25 50 P RO RO~ 422 il e
A BTk DA AL AR B PR T AR AR A PR R R, AR T MR RE . EAh, RIIRAE
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