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Abstract: The development of low-cost, highly stable, and catalytically active oxygen reduction reaction (ORR)
non-precious metal catalysts is essential for fuel cells and metal-air batteries applications. In this study, the one-step
synthesis of composite catalysts of ZnFe nanoparticles embedded with nitrogen and sulfur doped carbon nanotubes
(ZnS-FeS-Fe,C/S, NCNT) was reported using ZIF-8 as precursor. The sample of ZFF/S, NCNT-8 after the optimal
calcination temperature was determined by electrochemical tests to be onset potential of 0.99 V vs. RHE and a half-
wave potential of 0.84 V vs. RHE, as well as a good methanol tolerance and long-term durability comparable to
commercial Pt/C. It is also proposed that S, N co-doped carbon nanotube (CNT) and additional ZnS, FeS and Fe,C
providing active sites can enhance the ORR catalytic performance. The in-situ growth CNT method used in the

study can provide ideas for the preparation of cathode catalysts for fuel cells and metal-air batteries.
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Fig.8 SEM images and Tubal diameters distribution histograms of catalysts

K1 ZIF-SREMEALT AL BRIV
Table 1 Summary of catalytic performance of ZIF-8 based

catalysis

e v vfof/lHE) s vf.”;iHE) (mAj-/cm*Z) Ref

ZFF/S,NCNT-8 0.99 0.84 -4.90 AL
FeSAs/CNF-900 1.01 0.89 —-6.51  SCHA[4]
1.5FeNi@NCNT 0.95 0.86 SCHR[26]
FeS/Zn$S 0.92 0.75 -521  CHR[27]
Co,N@NCNTs/Rgo 0.68 -4.82  SCHR[28]
CoZn-NCNTs 0.94 0.82 SCHR[29]
N-Cdots 0.88 0.82 -5.89  SCHR[30]
Fe,C@CN 0.90 0.81 —-6.00  3CHR[31]

R o 3 A TS HE A2 N ZFF/S NCNT-8 4
A TR E AT Ao e I AN e I e K, 25 SR
K7(g)~(h) 7 - ££36 000 sHIELSENIR T, PY/CH 2
133.8%, X FJ g f& PR R £ A S5 7% b o0 i

FrE.ZFF/S,NCNT-8F B4 i e tt, ik T
28.8%. 7 [ N300 sy A4 mLH % Ji5 , Pt/C HL I 55 &
SRR, X2 T AR COXT PYCH B H/EH - T
ZFF/S,NCNT-8{# A 71 (1) FEIL 25 BE V%A B 2 1y g
Wi T ZFF/SNCNT-8fE 404 B 4T Ht H BEMERE -

F2RAF IR T FIMEAL R C NS Zn,
Fe O 1 H 73 b o MR T LA Y, B A5 i B 1)
s, Zn N& EATERCD, B R4S R EIR,
800 "C N 1533 ()ZnS-FeS-Fe,C/S,NCNTHE AL 713 14 fi
& HIKZ900 C . [FIB @ L ICPAE I, 900 C )5
w(Zn)=0.6%, 800 CIfw(Zn)=11%, 900 “C<x i i 4%
I, X U0 B — 58 B S & 2 LA
—EAE A B BRI DL I R I R R R A
o BB 45 43 2 S I AL R A 1
DAL, 3 2 B 45 2% 2 46 B T3 s b il
ORRiA M

%2 WIEXPSAHEFIMICN.S Zn. FeMOTLE MR T H 4Lk

Table 2 The percentage of atoms of the C,N,S,Zn and Fe elements resulting from the XPS analysis %
B Cls N Is S2p Zn 2p Fe 2p Ols
ZFF/S,NCNT-7 68.79 8.71 591 6.28 0.88 9.43
ZFF/SNCNT-8 78.18 6.02 5.56 2.96 0.86 6.42
FF/S,NCNT-9 76.3 3.04 3.7 0.86 0.85 15.25

FF/S,NCNT-10 73.24 2.85

3.13 2.09 0.98 17.71
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