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Abstract: Direct ethanol fuel cells (DEFC) have garnered significant attention due to their high energy conversion
efficiency, low noise levels, and environmental friendliness. However, these fuel cells still face challenges such as high
catalyst costs, poor stability, and low catalytic activity. In this study, graphene oxide (GO) was utilized as support,
glycol as reducing agent, and hexahydrate chloroplatinic acid as precursor to introduce non-noble metal iron (Fe). By
adjusting the molar ratio of Pt to Fe, a series of PtFe,/GO (x=1/6, 1/5, 1/4, 1/3, 1/2, 1) binary alloy catalysts were
synthesized using microwave-assisted heating, and nanocrystals were in situ loaded on GO support. Fe with small
atomic radii was incorporated into the lattice of Pt, resulting in reduction in spacing between adjacent atoms and lattice
contraction, forming Pt-Fe alloy. Electrochemical performance tests demonstrated that the catalyst specifically at x=1/3
exhibited optimal catalytic activity with an electrocatalytic active area of 69.84 m?/g, an oxidation peak current density
of 858.42 A/g, and a smaller Tafel slope. Its 1100 s steady stable current was 194.80 A/g, with CO oxidation peak
potential of 0.554 V, activation energy of 18.37 kJ/mol, and current density retention rate of 80.48% after 800 cycles, all
surpassing the performance of commercial Pt/C(JM). This study shows that incorporating the less expensive Fe can

significantly enhance the catalytic activity and stability of Pt-based catalysts, providing important theoretical

40 %

foundations for the design and potential applications of Pt-based catalyst materials.

Key words: direct ethanol fuel cell (DEFC); in situ load; binary alloy catalyst; microwave heating synthesis
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Colorful figures are available on website



Ham

BT, 55 Pt-Fe/GO AR MEAL T i 26 S H v AL LI S AL IR REBIE 7T 385

B IEPEAL AL, A SR AR S s R, A
L K, 805, Pt 5 Fe A &L S EL Pt
JR 7 KA AR AR, PR d 7 REZRFRAIG, it | Fedk
PRI B, B8R T 6 R R A CO IR AL RE S
i H Fe A BT % Pt KL PRI, REFL
(3 PR AL A, AT A A 700 4R AT O R I A AL 1
RE. B Fe Srsdfn, M4k 550 W AE fo v % B 52 O
S SRR B o 2 x=1/3 I, VA FE IR B T A B i
i o BB, Pt UKL RS e/ B R 3 2), 528 4
A RE T BAR . B4, BT Tafel &} Kk — B R T LW
AL S R BN ) 24 (B 4(c)) o B Tafel /2568
N, AR TR TR AR T R . S AL AL R
PtFe,s/GO EALFIFL G Tafel £12(265.5 mV/dec)
e, RGN BT R R T R AR, 7
LA AL A B P M BB AR £

KA 1100 s [T B F eI s o e 4 7 7 1 4
TAEZMA TR, wE 4d)FR, EBEBEYIG
BB, WSS A A R E R, SRR
HREEE TR, BERE 1 min N, S4BT
FEL UL 5 1R R ). X R I R T B 2 A
FAIE R A P AR 1) OHags B2, RIS AR J K] COggs Y
[E] = 4 B 7 FEARGER T, S BRI B . VKR
S22 1100 s I, Pt 0 i )R (COYIk 2 i 5
B0 PSP AhiT, B 2 AR ) H AL B AT A T P A
(1) A2 € PE AP B AL BE ) . PYCIM) . PYGO Al
PtFe,/GO(x=1/6- 1/5. 1/4. 1/3. 1/2. DI Fa
TE L FE 4y 0 42.89. 83.28. 112.04. 138.66.
146.01.194.80.184.75 A1 110.39 A/g. 5 \k Pt/C(IM)
TEACTRIAH B, ASHIE 70 il 2% B0 A0 70 R L H B v A A
JE LU BE 24 x=1/3 I, A0 77 B FR o W 2 FE IA
F) 5 =1(194.80 A/g) . X 3 B AL T B R M Kt
BRe I E AR, W AR AR R, 58

b 2503 B &5 R — 5

TEMEAL S B FR R, HrA] =4 CO 22 T B AL 771
i, Ik, FIRT PtFe /GO MEALFIZE Z BEIEAL A
R B BL CO R REEERPT. H I 4(e) T 4,
Pt/C(JM). Pt/GO F1 PtFe,/GO(x=1/6. 1/5. 1/4. 1/3.
172 DEALFRI CO AR HLA7 533 9 0.653.0.637
0.603. 0.612. 0.579. 0.554. 0.566 1 0.590 V. fE
LR R S, AR CO T EiRe
53 CO Afhig i fr s Ik Y, AT, L
FEIPT CO HBEAE Stk B % Fe BB £,
LTI CO AU Ha A7 2 B S BRI G TH i (a3,
FHorb PtFe,5/GO AR, o H s Ht CO
BEPERE. ML, CO TE Pt EALRIZR I IR I 52 3] CO
WBE SR 25 A RN SR TH R A 25 2 PR R M R2 I . CO
Al 2Rt . M BT R B S 2 By B AE P
FmCY. BN Fe )5, Fe 5 PtIEK G4, SE PR
TR, S EMEIAFIRmMEGH LI, BT Pt
R CO IR B 77 30, 815 CO 32 B DLZR M A IR
BAE Pt 7 R0 B O X e AR R R Ak )R T CO
W B B D 1 R B R R 2 —, A K T CO
SHE I TR R0 . TP 4(FT7R, PtFe /GO fEALF
X} T AN ) VA U 2 B I T A J LA SCHR [6,
33-371RIE IAH S Pt AL S1).

N T R IFAEATNIEA RN E T 5 B AL TS
(RIREIE, X 25 2H AR A FREEAT AR IR G AR ek, ik
JaFE A 25~60 °C (ki s IR ). Bl S4 R
FHEAFIEA FREE T IR 2 iz, B 5k
WAL . BEEIRE T, FA I I (E H R % FE IR
b2 3G 0. X RERNE— IR A, Bl A IR
151, SR FHAR BRI AR, CO il CO, ImiEA:
R G, ATTHRTE IE [ S N

FRE BT A6 & 2 37 75 B v B H I 5

7.6

74 1@ 1.0 1 ® o
72 F 09
= 701 2
T L S L .
e 6.8 = PYC(IM) B 0.8 —e— PY/C(IM)
< 6.6 [ «puco s —o— PUGO °
= 6.4 | #PtFeud/GO 2 077 —— PFersGO
= PtFeys/GO = PtFeys/GO
= 6.2 [ <ptFe,/GO S 0.6 o PFewGO
6.0  ¢PtFeis/GO —e— PtFeis/GO
5.g [ 7PFe/GO 0.5 | —* PtFen/GO
-0 [ APtFe/GO -0 [ —e— PtFe//GO
560 ., . , , , , . . 04 . . . . .
2.95 3.00 3.05 3.10 3.15 3.20 3.25 3.30 3.35 3.40 ’ 0 200 400 600 800

T /(%1073 K™

K s

Cycle number

ANTFI AR 4 (2) BRI G AR 22 381 45 B 2 M1 (b) TE SR 1 PR 22400 5 it 2

Fig. 5 (a) Variable temperature cyclic voltammetry fitting curves and (b) depletion cyclic voltammetry
fitting curves for different catalysts
Colorful figures are available on website



386 T AL A R R

40 %

ip=Kexp[—(Ea / R)x (1/T)] (10)

Inip=—(E. / R)x(1/T)+InK (11)
A, i, REE AR (A/g), R B E
(8314 J/(mol'K)), K & B /K Z W K
(1.380649x107% J/K), E, ZiHHEE(kI/mol), T f&i
FE(K).

XS A AR R 2R AT A, TR
k(k=EJ/R), #EM132IEILAE(E,). WAL AR VPN i
eI RE R S BE DR 32 2 —, BRI IE b R =ik
FE AT 2 B S B R 3R B B3, AL
AR Y TS R OR, PYC(IM). PYGO
F1 PtFe/GO(x=1/6+ 1/5. 1/4. 1/3. 1/2. D)ELLFH]
FITEALBE S 7N 40.08. 33.65. 31.01. 30.92. 29.34.,
18.37. 19.29 1 27.27 kJ/mol. ZA<HF 58] £ HIHHE AL 7
FINEAL BEBE T Tk PUYCOM)EALF] . X 2K NI
B ) Pt-Fe &4 510 7208, FFKT Pt d 7
R, XA BT Ougs A1 OHugs VAR B TE Pt 7 |,
DA e (A v P, T PR AR S S IRV A R o R )2
1 x=1/3 B, PtFe; /GO fEALFIF1E 1L EIE B AR AIK
(18.37 kJ/mol), K I H F A4 TE P, X 5173
() FLA 27 53 B 48 SR AH 7

N TR VAR AR PR PR AR E T, X AL
FIEAT T 800 el G (B S5), Kl 5(b) Al
G4, 4t 800 BEhiEmIEH NG, &H kL
FUP A IR 2 FE I L N a3 . X — LR MR
RITE T A S B B FR R, R 58 A A IR )
PPN CO46) 2 W B E PEAEALFI VS ELL 5 |, &
BRI R, MM SRS IR N . 1A
1233 Pt/C(JM). Pt/GO Hl PtFe,/GO(x=1/6. 1/5. 1/4.
173+ 172+ DFEATRI ) £ B S A 0 H I 2 FE IR RF 32
WA 45.20%. 53.40%- 60.13%. 65.41%. 66.46%-
80.48%. 74.09%F1 71.25%. 5l PYCIM)HE LT
FHEE, ASHIF T 5% 1A A0 R0 1 20 B 1 S84 i 2
FEORFE 2T iy o 3K R A 5 A A R0 T 24
WAL, AR GO N#Efk, HALERFLIX
B, TR KA LR AN, A i PR AL
RN, HhAh, GO itk FFEE M E A E REHIE
N R E S, A BT R AR AR pEDY
% Fe MM AR LL Al Pe (A0 77 2 30 H B8 e (1 A2 E 1k,
XuJRE R T/ ® Fe AMWIRML T — @ imEY) i
(OHags), X EEH 51 5 1 [6] 72 40 (C O aas) BEAT S5 A i
CO,, M3 T A FI Ptk ae 10 FRE, %
A Fe AT LA 58 Pt 5 GO Z M A BAEH, #F—542
= Pt GOKRBURLE AR E e, 2 x=1/3 B, f#
TR 2 BEAE A A A FEIR 2 P AR R A B 80.48% o

FAHEALHE SRR 3.04 nm, BEE T &AL Pt (kL
(3 nm), XA BT 30 AL A R 3k ORL  BE
T T2 48 1 2B A A A S S P R e Y, f )
RNIE— BRI S5 AT T S 25 # AR 1k, A
F TEM RAE [ M5 M B 5 £ 1 PtFey5/GO f
il ik Se(a~e)FTaw, fiEALTIF C. Fes Pt JGE
LT R AR BLS . SAED EIZE (K S6(H) NFRIR
ghR), VLIRS AR N 2 e . i S7
FioR, a5 R 492K dbokn H BILJR 38 2r BOAS 8 5 i B
G, 10 L & T R) BERDR AR R /NI B BE K o A5
W [ TR B K 2 PR L SR TR, 92 A4 7] 9 1 Aoz
MR SR, TS EUE A TSR . X S K
R Ra e AR A — 2

3 e

DA TR — R . e AR H A
B R 0 BB A B, & T — R R R
PtFe,/GO 4K A4k 7] . XRD 4 #1455 Sox, 51
5t 4 )R Fe Ja, WAKIME] Fe FMIATHIE, M Pt 1)
ATt I — 2 MW, XK Fe JErFiEA
Pt fkgh, JERLT Pt-Fe & & 1BALF,

2)BNIET &8 Fe ML B AR NRAZ R
BN ST 43 BOME BRI 2 =173 B, AL F R
%R 2 3.04 nm, EITES M Pt K42 (3.0 nm). iX
KPR INEER Fe A BT I/IMEAFIRAR H 52 5=

A R AR RS

3B ARAET &R Fe AMUAD T 548 Pt A
B, BERERTF TR BT & S A
AL P BE XA T3 PYCOM)MEAL T o 4% 5] J2 24
x=1/3 W, EALFEILH SIS . 5N Fe
ML T PR F B S50 e U 4544, 1 HLAE
Pt-Fe A &MhFEIEMT, BERE 7 HELER
Bl e Y AR L R M R p Rk B

#hFE R

A S % #h 78 M BL AT & 5K https://doi.org/
10.15541/jim20240402 # % .

S 3k

[1] SHI Y. Research on energy saving management models for coal-
fired power plants in the context of new energy. Smart Systems and
Green Energy, 2023, 5(1): 17.

[2] LAERO C, FERRARI M D. Sweet potato as a bioenergy crop for
fuel ethanol production: perspectives and challenges//RAY R C,



Ham

BT, 55 Pt-Fe/GO AR MEAL T i 26 S H v AL LI S AL IR REBIE 7T

387

[10]

(1]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

RAMACHANDRAN 8. Bioethanol production from food crops.
London: Elsevier, 2019: 115-147.

HUANG L, ZAMAN S, TIAN X, ef al. Advanced platinum-based
oxygen reduction electrocatalysts for fuel cells. Accounts of
Chemical Research, 2021, 54(2): 311.

WANG Y, CHU F, ZENG J, et al. Single atom catalysts for fuel cells
and rechargeable batteries: principles, advances, and opportunities.
ACS Nano, 2021, 15(1): 210.

SUN H, ZHAO L, YU F. Synthesis and characterization of Pt—V—
SnO,/C electrocatalysts for ethanol oxidation in acidic media.
International Journal of Electrochemical Science, 2013, 8(2): 2768.
GRUZEL G, PIEKARZ P, PAWLYTA M, et al. Preparation of
Pt-skin PtRhNi nanoframes decorated with small SnO, nanoparticles
as an efficient catalyst for ethanol oxidation reaction. ACS Applied
Materials & Interfaces, 2019, 11(25): 22352.

ZHANG W, YANG Y, HUANG B, et al. Ultrathin PtNiM (M=Rh,
Os, and Ir) nanowires as efficient fuel oxidation electrocatalytic
materials. Advanced Materials, 2019, 31(15): 1805833.

HOEE, B, BRIME, 5. 250 PtCo/CNTs fEAL M & B b
HLEALME RS, WL K 23R (T2 AR), 2008, 42(7): 1218.

FEIb. SAPA B PEMYC AT S A PR RE L. LR Tk
AR, 2017(13): 276.

LI L, YUAN X, XIA X, et al. The effect of Mo doping on the
catalytic performance of Pt/C catalyst for ethanol oxidation.
Journal of Inorganic Materials, 2014, 29(10): 1044.

GUO R, WANG J, AN S, et al. Effect of cerium oxide prepared
under different hydrothermal time on electrocatalytic performance of
Pt-based anode catalysts. Journal of Rare Earths, 2020, 38(4): 384.
YIL, YUB, YIW, et al. Carbon-supported bimetallic platinum—iron
nanocatalysts: application in direct borohydride/hydrogen peroxide
fuel cell. ACS Sustainable Chemistry & Engineering, 2018, 6(7): 8142.
TU W Z, LUO W J, CHEN C L, et al. Tungsten as “adhesive” in
Pt,CuWys ternary alloy for highly durable oxygen reduction
electrocatalysis. Advanced Functioanal Materials, 2020, 30(6): 1908230.
CHEN Y, ZHOU Y, TANG Y, et al. Electrocatalytic properties of
carbon-supported Pt-Ru catalysts with the high alloying degree for
formic acid electrooxidation. Journal of Power Sources, 2010,
195(13): 4129.

ZHENG H, DENG D, ZHENG X, et al. Highly reversible Zn—air
batteries enabled by tuned valence electron and steric hindrance on
atomic Fe-N4—C sites. Nano Letters, 2024, 24(15): 4672.

SUN L, WANG H, EID K, et al. Shape-controlled synthesis of
porous AuPt nanoparticles and their superior electrocatalytic
activity for oxygen reduction reaction. Science and Technology of
Advanced Materials, 2016, 17: 58.

FANG D, HE F, XIE J, et al. Calibration of binding energy
positions with Cls for XPS results. Journal of Wuhan University of
Technology-Mater: Sci. Ed., 2020, 35: 711.

SHI H L, WANG R Y, LOU M R, ef al. A novel Pt/pyridine ionic
hybrid
enhancedactivities for methanol electrooxidation. Electrochim Acta,
2019, 294: 93.

ZHANG J, WANG J, LIU Y, et al. High-performance lithium iron
phosphate with phosphorus-doped carbon layers for lithium ion
batteries. Journal of Materials Chemistry A, 2015, 3(5): 2043.
ZHU T, HENSEN E J M, VAN SANTEN R A, ef al. Roughening
of Pt nanoparticles induced bysurface-oxide formation. Physical
Chemistry Chemical Physics, 2013, 15(7): 2268.

HUANG M, JIANG Y, JIN C, et al. Pt—Cu alloy with high density
of surface Pt defects for efficient catalysis of breaking C—C bond in
ethanol. Electrochimica Acta, 2014, 125: 29.

MAI T P, CHIKU M, HIGUCHI E, et al. Structure-controlled

liquid polyoxometalate/rGO  tri-component and its

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(321

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

Rh/Sn/Pt ternary catalysts for complete oxidation reaction of
ethanol to carbon dioxide. ECS Transaction, 2015, 69(17): 675.
W, REE, 2, 5 TR pH X Pt BT R
EALTERERSE . (L BT AR RL, 2021, 49(S1): 224,

PENG H, REN J, WANG Y, ef al. One-stone, two birds: alloying
effect and surface defects induced by Pt on Cu,_,Se nanowires to
boost CC bond cleavage for electrocatalytic ethanol oxidation.
Nano Energy, 2021, 88: 106307.

MO Y, GUO R, AN S, et al. Preparation of broom strong cerium
oxide and its effect on the performance of Pt based anode catalysts.
Journal of Inorganic Materials, 2018, 34(11): 1991.

TIAN X L, ZHAO X, SU Y Q, et al. Engineering bunched Pt-Ni
alloy nanocages for efficient oxygen reduction in practical fuel
cells. Science, 2019, 366(6467): 850.

ZOU L L, FAN J, ZHOU Y, et al. Conversion of PtNi alloy from
disordered to ordered for enhanced activity and durability in methanol-
tolerant oxygen reduction reactions. NanoResearch, 2015, 8(8): 2777.
SARAVANAN C, MARKOVIC N M, HEAD-GORDON M, et al.
Stripping and bulk Co electro-oxidation at the Pt electrode interface:
dynamic Monte Carlo simulations. The Journal of Chemical Physics,
2001, 114(14): 6404.

SHI Y, MA Z R, XIAO Y Y, et al. Electronic metal-support
interaction modulates single-atom platinum catalysis for hydrogen
evolution reaction. Nature Communications, 2021, 12: 3021.
WEIZ Z,YAO Z H, ZHOU Q, et al. Optimizing alkyne hydrogenation
performance of Pd on carbon in situ decorated with oxygen-
deficient TiO, by integrating the reaction and diffusion. ACS
Catalysis, 2019, 9(12): 10656.

ZHU Y M, BU L Z, SHAO Q, et al. Structurally ordered Pt;Sn
nanofibers with highlighted antipoisoning property as efficient
ethanol oxidation electrocatalysts. ACS Catalysis, 2020, 10(5): 3455.
YAO Y, GUO R, AN S, et al. In-situ loaded Pt-Co high index
facets catalysts: preparation and electrocatalytic performance.
Journal of Inorganic Materials, 2023, 38(1): 71.

A, BRK, MR, S5 NDA IO B SRR FL it ProRR i
WAIEALTERE RIS, B < Jm AR5 1RR, 2019, 48(8): 2683.
LIU J, ZHANG H, GONG H, et al. Polyethylene/polypropylene
bicomponent spunbond air filtration materials containing magnesium
stearate for efficient fine particle capture. ACS Applied Materials
& Interfaces, 2019, 11(43): 40592.

IR, FARK, RN, . Bk CEOR R B A AT BT
Uit MEHRIR, 2023, 37(S2): 532.

ZHOU Q, PAN Z, WU D, et al. Pt-CeO,/TiN NTs derived from
metal organic frameworks as high-performance electrocatalyst for
methanol electrooxidation. International Journal of Hydrogen Energy,
2019, 44(21): 10646.

PRI, 258, kiE, S5 GUKZ AL P-Si N CEEH R fEML
FULIT AL, B LA B 244, 2018, 32(5): 19.

LIU H, WANG S, JIA F. Conversion of commercial Pt/C to clean
Pt-Cu/C catalyst with high activity toward methanol oxidation.
Electrochimica Acta, 2015, 184: 331.

SUN Q, KIM S. Synthesis of nitrogen-doped graphene supported
Pt nanoparticles catalysts and their catalytic activity for fuel cell.
Electrochimica Acta, 2015, 153(2): 566.

RIBADENEIRA E, HOYOS B A. Evaluation of Pt-Ru-Ni and
Pt-Sn-Ni catalysts as anodes indirect ethanol fuel cells. Journal of
Power Sources, 2008, 180(1): 238.

GUO R, MO Y, AN S, et al. Controllable synthesis of cerium oxide
hollow spheres and their influence on the electrocatalytic
performance of Pt based catalysts. Journal of Inorganic Materials,
2018, 33(7): 779.



AL M OB IR

40 %

A FERF#Y

Pt-Fe/GO gk ELFIHHI & R E

FREN 2B

—
n\\\(

e%ﬂékﬂ 23 3&% :

123 g g 123

SRR

, Blgr ', F oY
j\éﬁﬁ‘ﬁﬂ‘ 1,2

(MEFTHEXFE | MHHFES TRFR 2. ARTAERARREMHEBHETLEZRE; 3. BHLTREE

REBL5

Intensity / (a.u.)

Intensity / (a.u.)

BAHARAEEFTHRELLIRE, @k 014010;4. @ k#HLHRKE, &k 014020)
D-band Pt/
- G-band
3
&
z
&
£
800 1000 1200 1400 1600 1800 2000
Raman shift / cm™
D-band PtFe,/GO D-band PtFe;s/GO D-band PtFe, /GO
o 3 G-band £ G-band
) &
2 Z
E E
I/lg=1.07 _5 II;=1.13 ,5 Iylg=1.14

800 1000 1200 1400 1600 1800 2000
Raman shift / cm™

800 1000 1200 1400 1600 1800 2000

Raman shift / cm™

Raman shift / cm™

800 1000 1200 1400 1600 1800 2000

D-band PtFe,,/GO

G-band

Intensity / (a.u.)

IJIg=1.18

D-band PtFe,,/GO

G-band

I/lo=1.16

Intensity / (a.u.)

D-band PtFe,/GO
G-band

Iylg=1.15

800 1000 12‘00 1400 1600 1800 2000
Raman shift / cm™

Fig. S1

800 1000 1200 1400 1600 1800 2000 800 1000 1200 1400 1600 1800 2000

Raman shift / cm™

B ST HEALFR B2 o6 g &

ICP-OES

1.9%
Fe

Raman spectra of catalysts

Raman shift / cm™

K] S2  PtFe;3/GO 1L 7 H ICP-OES 4

Fig. S2

ICP-OES result of PtFe;;;/GO catalyst



%41 BT, % Pt-Fe/GO PKMEALTIN ] 5 o He A W AL ML RERT 7T

30 @3) Dav=3.98 nm
25+t
20 +
15t

10} / :
sl ""n.—.m
4 5 6

Particle size / nm

Frequency / %

S W
-

-\
—
—

30 b3) X Dav=3.21 nm
25 .
|| ‘\
III]‘.:--
4 5

20
6

15
10 "
0 m-l‘lll.
3

1 2

Frequency / %

W

Particle size / nm

(c3) Dav=3.16 nm

2 3 4 5
P

30
25
20 ¢
15
10

Frequency / %

(%]

:- /-1 |

1

0 6

article size / nm

351 @3) Dav=3.23 nm
30¢
25¢ ’
20
15+ ’
10} /
o |
0 [T
2

1

”"HH_L
3 4 5 6
Particle size / nm

(3) Dav=3.04 nm

’

Frequency / %

30

o 25 -
c\ ’
E‘ 20+ p .
‘ g 15] %
d=0.221 nm. =3 10 5 \
- L5 2 [ ’
" = sl
"l tl‘n'n'.
0
1 2 3 4 5 6
Particle size / nm
20+ 13) . Dav=3.09 nm
st \
&
§ 10+
d=0:225 nm; g g 3
i 5t I\l\
0 le= Y
1 2 3 4 5 6
Particle size / nm
25t (g3) ~, Dav=3.18 nm
X 20+
gist
Q
2 10] \
[ 1 \
= 5r B " \
o i
1 2 3 4 5 6

Rt 3 . Particle size / nm

S3  Pt/GO FI PtFe /GO #4L7ff) TEM. HRTEM M H Jhifs 4341 B J7
Fig. S3 TEM, HRTEM images and particle size distribution histograms of Pt/GO and PtFe,/GO catalysts
(al-a3) P/GO; (b1-b3) PtFe,,/GO; (c1-c3) PtFeys/GO; (d1-d3) PtFe,u/GO; (el-e3) PtFe,5/GO:; (f1-f3) PtFe,,,/GO; (g1-g3) PtFe,/GO



AL M OB IR

40 %

Current density / (A-g™)

Current density / (A-g™)

Current density / (A-g™)

Current density / (A-g™)

2000

1500f
10001
5001

0- 1
02 0 02 04 06 0.8 1.0 1.2

2500

20001
15007
10007
5007
or &/~ .. . . . .
—-02 0 02 04 06 0.8 1.0 1.2

800
600
400

200 -

—200

1400
1200
1000
800
600
400

200 -

—-200

2~ 2000 2 2000

2 @ 25 2 ® s
< 15001 5 ¢ S 1500f 3¢
e E i
=] — = —

2 000 — 49 € 2 1000 — 8
o o

s 500f 355°C 2 5007 55°C
15} —60°C 2 —60°C
E ot 5 E oF -

@] O

-02 0 0204 06 08 1.0 1.2 14

Potential, £/ V

I
NN

Potential, E/V

Potential, £/ V

-02 0 020406 08 1.0 12 14

Potential, E/ V

=~ 2000
oo @ 95 1 o 2000 | (€)
: L — 22 — 25
§15°0 — 30 §1500-—30"
> —3 > — 3
g 10001 — 497 Z 10001 45 4
S 500 — 3 -
2 F— 5 500F
g — 50 g —%
5 o =m S 0
—02 0 02 04 06 08 1.0 1.2 1.4 —~
Potential, £/ V
~ = 2500
w0 2000} & . o
< — 25 < 2000
< 1s00F 324 N
z - 2 1500
5 1000 :‘Ss‘g) 5 1000
g 5001 &p £ 500
O or é or

-0.2 0 02 0406 08 1.0 1.2 14
Potential, £/ V

Potential, £/ V

S4  MEALTT AR IR IE AR 22 ih 2
Fig. S4 Variable temperature cyclic voltammetry curves of catalysts
(a) Pt/C(JIM); (b) Pt/GO; (c) PtFe,,/GO; (d) PtFe,s/GO; (e) PtFe,4/GO; (f) PtFe,5/GO; (g) PtFe,,/GO; (h) PtFe,/GO

600
= fop — Cycle 0
[ @ Cycle0 s 600 Cicie200 ()
< 400} — Cycle200 < — Cycle 400
~ —— Cycle 400 400} Cycle 600
éﬁ 200 —— Cycle 600 é‘ —— Cycle 800
z F —— Cycle 800 a 200|
< <
g 0t g ot
© 0l U el
0 02 04 06 08 1.0 1.2 0 02 04 06 08 1.0 12
Potential, £/ V Potential, £/ V
800 1000
— Cycle 0 © o — Cycle 0 (d) = — Cycle0 (e)
| — Cycle 200 8 gL — Cyele200 %0 800 — Cycle 200
—— Cycle 400 < —— Cycle 400 < —— Cycle 400
—— Cycle 600 J —— Cycle 600 < 600 — Cycle 600
[ —— Cycle 800 2 400r _ cycle 800 > — Cycle 800
.g -g 400 L
3 20 S 200f
. . - . - . . O -200 O 200
0 02 04 06 08 1.0 1.2 0 02 04 06 08 1.0 1.2 0 02 04 06 08 10 12
Potential, £/ V Potential, £/ V Potential, £/ V
F— Cycle 0 %:0 1200 — gyyC{e 200 ) i\o 1000 — Cycle (h
[ — Cycle 200 ° — Cycle 5 b le 200
— c;yfilz 400 < 1000F — cyele 400 NS 800 — 85212400
[ —— Cycle 600 ~ 800f —— Cycle600 = 600F — Cycle 600
L —— Cycle 800 /) 2 —— Cycle 800 2 —— Cycle 800
[ A“ / g 600 - g 400+
a4 ‘g’ 200+ kS|
/ o
E o Eoo
© 200 -200

0 02 04 06 0.8 1.0 1.2
Potential, E/V

—-02 0 0204 06 08 1.0 1.2 14

0 02 04 06 0.8
Potential, £/ V

1.0 1.2 0 02 04 06 08 1.0

Potential, £/ V

B S5 ML ) 3 i IR AR 22 1 25
Fig. S5 Attenuated cyclic voltammetry curves of catalysts
(a) PYC(IM); (b) P/GO; (c) PtFe,/GO; (d) PtFe,s/GO; (e) PtFe,s/GO; (f) PtFe,5/GO; (g) PtFe,»/GO; (h) PtFe /GO

12



4 {

if

%5, 451 Pt-Fe/GO YK AE AL 77 A il 28 b M AL AL B S AL VE RE DT 7E

* S1 AHRSEIER Pt ELFIEREXTEE
TableS1 Comparison of performance of Pt-catalystsin thiswork and in literature

Sample Active area/(m*-g ") Peak current density/(A-g ") Steady-state current density/(A-g™') Ref.
PtFe;3/GO 69.84 858.42 194.80 This Work
PtNiCeO,/C 90.41 837.67 178.33 [S1]
Pt/Fe,P 80 721 - [S2]
Pt-Sn/NC-E 121.5 81.25 - [S3]
SnO,@PtRhNi 18 90 - [S4]
Pt-CeO,/TiNNTs - 670 - [S5]
NP-Pt-Si - 785.23 87.56 [Se6]

TiNNTSs: Titanium nitride nanotubes

Kl S6 fEFMIRG PtFes/GO LTI TEM
Fig. S6 TEM images of PtFe,,3/GO after cyclic testing
(a) Surface scanning TEM image; (b-e) Surface EDS elemental mappings; (f) SAED pattern
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Fig. S7 (a) TEM, (b) HRTEM images and (c) particle size distribution histogram of PtFe;,3/GO catalyst after cyclic testing
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