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Preparation of Cobalt Sulfur Nitrogen Doped Carbon Nanotubes and
Application in Oxygen Reduction Reaction

LIU Dejiang, XU Guancheng

(State Key Laboratory of Chemistry and Utilization of Carbon Based Energy Resources,
School of Chemistry, Xingiang University, Urumgi Xinjiang 830017, China)

Abstract : A large number of uniform cobalt sulfur nitrogen doped carbon nanotubes were obtained by calcin-
ing the mixture of cobalt thiocyanate and melamine. The cobalt sulfur nitrogen doped carbon nanotubes were
characterized by X-ray diffraction, scanning electron microscope, transmission electron microscope and Raman
spectrometer. The results show that the carbon nanotubes have regular bamboo-like structure and the Co NPs
are encapsulated in the tips of carbon nanotubes. In addition, cobalt, sulfur, nitrogen atoms are doped in carbon
nanotubes successfully. The electrochemical test results show that the cobalt sulfur nitrogen doped carbon nan-
otubes have excellent catalytic activity of oxygen reduction in O2 saturated 0.1 mol/L. KOH. The positive onset
potential is -0.12 V, half-wave potential is -0.16 V, and diffusion-limiting current density is -5.62 mA-cm~2. The
synthesis method is simple and feasible, which provides reference value for preparing non-noble metal-based oxygen
reduction electrocatalyst.
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M, AR TAER R, I EGR )R (ORR) HEBH &AL N (HOR) )8l 125186~ 7B g, Ml
27 WM, TR AR I s 0. PR AR B SR ORRAESL I BE , (AR SR | A%
B ot | FRE M 2L SRS R R TR . R, TR . S A RS AL R U R P 3
PEARTR LR S HT BRI o8

VARG , — ek 54 JE AL 77 N T AL EGA TRV , BlFe . CoMINIZARE T /B 52 AR P KA
PEAIG PERRREYE . SRR (CNT) VE BRI KA —Ff , BRI LR AR | P05 0 S i MR A
BN, ) T REIE AMEAL SR . R R IATEIR IR E B AR T (WB N\ F , PAIS) XfORRAEALIH R
RKRFEE . e, R 0T LA RRSEEA R A SR L F-4549 , SR, 4 S fEfb PERE. Cao%F i
T BRE R FR A AN — SRR AW, 148 T CofRbL T/ RIBARAUKE BB, CoffKb T M HARP k)2
Z IR R A E I S AR T TR A ORRAEALMERE | o i i F B Sz PEAIE ARG e 1. HaR , FE R B AR
RIS TPk S5 | AT B 2R TS ib— A 5 mabi () B 25 R R T v, T4 B ORRAEALMERE . Lin&s02 P —
FULRE SN , F — R . Bk . BEIREN IR G 3515 SliEke , 154811 Co | S . NHHBZLCNT /s AT ORR At
fRiE T, T AIIB AR BN AT A AL TG PR . Wa 8 DABR R 7 A R = SR U Ay B}, ot T A P
HFe . N | SHABZBRGIKAE WAL, %R R G2 1 L Ab 2~ ORRAEIL PERE .

AL = RGN AR RS A IRk, SR AR P P A b B () 7 VR il A B I A B A g oK, 4R
FEBRE TR B X A B A B Z i KA O TE SR AP RE RG22 (B 17 B, A RO BRGOKR A =i L TESRIS2T
AT [ B o FH A 5

1 KRuuEBsy
1.1 RF S5

= REM (C3N3(NHy)s) « SR (KOH) . Jo/K OB F R E B0 (b 2= A BR A A, SRR e,
(Co(SCN),) Wy At mt iR AT FRAY B VBRI A T B 3 i 2t . (o i 2 2434 Bruker D8 Advance
X-BFEM AR ATHHMY , Hitachi S-480037 & S48 B T B 4%5% , FEI Tecnai G2 F3037 & 8115 51 H 1 B 45% , Bruker
Senterra R 200-LH 2 YGiE AT L) & CHI 660D HL Ak 24 T AF U .

1.2 RIS RN RENH &

FREN1.008 0 g C3N4(NH, )5 T-20 mLZRIHK H , Il INEGEFE , FFCo N, (NH, ) 5 f# 5 1A0.140 0 g Co(SCN),
P BT RV, REINIGE R BR IR, W R AR, JF7E B2 THRAE 60 °CT810 h, BERPH R 2.
0 R A A A T I B T S S B B, RS2 AR T, JELL2 °C/minAY FHE R TF 22600 °C
PRIR3 h, SRJE A3 °C /minFHE R T 22900 CARE2 h, HARH ZEIRFBCHAES, SR AR K.

BHBRE G RS 0.5 mol /LIH,SO R IR 24 h, RIGELDES, FZBKIEGE , FOBEER2E ,
HJF7E60 °CF HZS 410 h, IS AILB 4K, FRic HCo/S/N-CNT-900. F [RIFE il £ 77 7% il
BLCo/S/N-CNT-850 , Co/S/N-CNT-950 , ME—AN[a] (245 20 e ZBbe i 30l A% 850 °CHI950 °C.

1.3 ORREEHLERENIK

HERIFRIN2.5 mefrRE LA E 245 WL INEERI245 wWLZEIR/K RS VARCT , AR MIEEEI0 L Nafioni#
WIMAZ] FIRIR S, #7530 min/515 232 40BN Sk . RS RAGHER 10 W LEs/ KIS M IR 7E
Bk T AR R, FF R AR R VE N TR, 7ERRMESIF T (0.1 mol/L KOH) , i FH ek [543
MEAILORRAMEALIERE , M FIAg/ AgCIEARAE NS LA, FAZZ1E X R . (R 2L (CV) KRR T
AL, IF A LR & HAT ORRAEALMERE . fi LML (LSV) 7RO MIMIAY0.1 mol/L KOHIAFW
s AR PERE . 7E-0.8 VAYTEEHLE T, WS i B s ] AR PR A 50, A3 3)i-e il 28, DABESR WAL 7] Al
FEE.

2 ZR5iTE
2.1 MRYIIBRED

IRFT A RIS I KA OIS 4, 1t i i B Al (Scanning Electron Microscope, SEM ) i)

TEIHRAE. El1(a)~(b)ACo/S/N-CNT-850/SEMEUER , BRAIAKE EARZIH70 nm, KEEZHILGECK. El1(c)~(d)
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HCo/S/N-CNT-900/ISEMEIS , AIH1900 °C F4Bhe i il A5 AR A K S EARTE R, 2979100 nm, RS T N
A, I HBEAGORE W E R m N M FRIE L 457, X M A AR 0K A8 1 R TR AT, X FERIE A 4
A M TR R g A A 1 e 2 AR AL IS M. 1 (e)~ () M Co /S /N-CNT-950 I SEMIEI{% , AT %1950 °C N Beke
TRBNAIRE A — SR /NS, KT B PR B IR B ) 2 S B AR A WAL i S i (Transmission
Electron Microscope, TEM) 1] LT i it L5 Co /S /N-CNT-900) N EREE A FITESR , HIEI20] A1, BRIKE 5
IR, Codi Kb (L TRRANKAE Tl , HARIR)Z G, XA () 54 T LA 35002 e H A V6T PR A6 5 A
i, MR AL RS E R, MIESTTAL, C. N S| CorGELEMINKAE T A, R IhHl % TEm A
BRI KA .

100 nm
I

B 2 Co/S/N-CNT-900RITEME
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3 Co/S/N-CNT-9008mapping &

i XS 2 77 5 (X-Ray Diffraction, XRD) WE— ARG i BB A KA B2 AR HE{IE]ZL(a)Ef%[I i
5106 55 4 & Col ) XRDAMERTET ISR i (PDF 15-0806) SE4XF I , FeBHES R IAAAE. 16265 25 A A ki A
. S XRDAMHTIA K IERALY) R RS TS, IEWI A &R e A AL A . 245G I3 mT LU
HHRE i SC B T A A s 2.

l4(b)HCo/S/N-CNT-900/ 72 (Raman) Ykl KZATEL 350 e F11 580 em~* B4 W4~ BH 19 32
W, G JE T DIERIGIE . —RRnY , SR ERY LUIE (Ip /1) W HIRVERERRAT R AT 554k /BREAFEE. Co/S/N-CNT-
850, Co/S/N-CNT-900 . Co/S/N-CNT-950/1p /I {5 5740.92 . 1.03 | 1.09, KUIFEEE =, Co. S, Ni#E
Fe o FHOE RIS FEE .

a Co/SN-CNT-850 | b Co/S/N-CNT-850
R —— Co/S/N-CNT-900 Co/S/N-CNT-900
() —— Co/S/N-CNT-950 Co/S/N-CNT-950
= N a
A Co PDF#15-0806 —~ . =
= *cC Z
& 16 20 228 ((:8 32) 36 40 s
~—~ g A R ‘m
= MM H
® Mw )
" " o e\
@111 1(200) (220),

10 20 30 40 50 60 70 80 700 900 1100 1300 1500 1700 1900 2100
2-0 (degree) hEMNB
4 Co/S/N-CNT-850. Co/S/N-CNT-900F1Co/S/N-CNT-95089XRDE i (a) FIRamanElif (b)

2.2 HMUERUELER

GRS A B RSB A KA B ORRAEAL TG, X R4 7 158 45 Hh A I R i 5 SRR i A A
I, KRl sk (20% wt) VE AT e RIAE A 25440 T A 700

H & 5(a) AT, Co/S/N-CNT-9007EO, ML FIAY0.1 mol/L KOHA TR H ZE 88 H B b il 80 B Gl 06, 38 SR
R HRLO T-0.220 V., IS HE R 35 B o-2.82 mA-cm 2, TMIENLAEAIK0.1 mol /L KOHIAE R H WA il i
W, T E AR AR S AT R SR A TS . R TS (b) PT35S AS [ B B e e 2 A Bl B R I B R g oK A 1Y)
A AL R R AN, b s Co/S/N-CNT-900 A 4 FEL R-0.12 V , I HEA H-0.16 V, A BRYH A 7%
J¥ 4-5.62 mA-cm~2, PEREIL T Co/S/N-CNT-850H1Co/S/N-CNT-950. e f HAv FI= 5k i 457 ERRAG T Ik AA sk
(20% wt) #9-0.01 VFI-0.10 V, {HZHAR BR 4 1R i 25 B2 & Tk 0m (20% wt) f9-5.31 mA-cm=2. Co/S/N-
CNT-900f/5 7 I ORRAEMAERE ] IH A T-Co . N | SIS FEORIIBLFATREE | S5 RIAPTARZEHE LU R Coi Kb+ 5
PAr R 2 [ B PR FAR EAE . K5(c) M Co/S/N-CNT-9007EA Rl N B AL 2l , vl 2605 75 s peg 1 o
e BRIt 285 B B 2 3K, DT A0 S il A 2 52 ) HIRE ) i R A1
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14 P . x i
(a) Co/SIN-CNT-900 0, () o 2wt PUC
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o o
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5 Co/S/N-CNT-900fBIMAZ %k (50 mV/s) (a); Co/S/N-CNT-850. Co/S/N-CNT-900. Co/S/N-CNT-950LA
%20 wt% Pt /CRIR L #iZ% (FEO$8FNAY0.1 mol/L KOHMIZKA& S, #5E 41 600 rpm) (b); Co/S/N-CNT-
900 R4 R YR 1L B 2 (FEO2SBFNAY0.1 mol/L KOHMIZAKEHH) (¢); Co/S/N-CNT-9008I K- LE1%Zk(d)

RPN, S S R I DU S P L T R, TR ARG U R O DU T R, A AT LU 4
ORGSR E O SR, P R AN BRE R TR Bt , 17 L™ Az A P E] ™ -t 2368 S R AN A2 2.
T AR 3T R AR, R () 2 H K-LE, ME(2) LI K K- LI ZR AT AR i 7K, 15
HAERLAE-0.3 V-0.7 VZIRPFEI L AR N 3.94 , FRIABEIR BB ANR A AL ORR SN, Y A3 T+ DY
AL .

1 1 1
e (1)
B =0.62nFCo, Doy v~/ (2)

PEERRSE MR R IPAS AL I RE A 3 — B N E . WE6HR , #6-0.8 VAYHLE F #4510 000 sJ& , Co/S/N-
CNT-900HL L% 22.86.6% , TM120 wt % Mk Pt/ CHEALTI IR 2259.1% , # W Co/S/N-CNT-900 AL T RlLPt/C
RS RETE , R ARRE PRI BT Co g KA F R k)2 A 3 (R ZR K.

160
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6 Co/S/N-CNT-900520 wt% Pt/CHy: — ¢tk
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BHESRE
ARICECH TR A5 )7 A U D RIS AR M ORRIZ B AL , (11 = B U

B SR B A D UM, M s B B D 3 B B T AT AR BRAPORAS , RIS LA T8 L B RULER, AL
P T BRIPCKRAE I FUA AR TE M. ST XRD . SEM . TEM |, Raman ™ 25 T-Bo 15 2 R 24 K A HEA T RAE AN
IR, SRR TR RIS ), A SRR ERERE . LIS R B 900 C R RIM B IR A 3L 2
TR PRI , A BRY BR % E R-5.62 mA-cm =2, DB RO AL, IR R-0.12 V, 20
HAZ-0.16 V, MR TR AARRAEILT , HAZ AR BA LT RDlPt/CRIRRETE. K HIR A B RSB ARk
BERAEPEREIL S , FA RAFISAIR AR , 4 a A AN M AR | BB S IR AL R B 8 TR 2%

B2 3Rk
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