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Abstract: Cobalt-sulfur alloy has been widely concerned in the field of new energy as an excellent anode material of nickel
metal hydride (Ni-MH) batteries. However, the electrochemical performance is adversely affected by particles aggregation
and volume change during the charging and discharging process, which limits its practical application. It is of great signifi-
cance to develop a cobalt-sulfur composite with excellent electrochemical performance, low cost and simple preparation
process. In this paper, Co,Sg was taken as the research object. Carbon nanofibers loaded with cobalt nanoparticles of differ-
ent contents (xCo/CNF) were prepared by electrospinning and annealing process, and then being doped into CoySg alloy by
high energy-ball milling method to obtain a series of CoyS;+xCo/CNF composites. The phases and surface morphologies of
the composite materials were characterized by X-ray diffractometry (XRD) and field emission scanning electron microscopy
(SEM), and the discharge capacity, electrochemical performance, kinetic properties and anti-corrosive performance of the
composites were tested. The results showed that when the Co,Sg+1. 2Co/CNF was added, the discharge capacity of the com-
posite was the highest (566.2 mAh -g™'). In addition, the
WESES . 2022-08-31 EE A 2022-12-29 composite electrode showed excellent high rate discharge

HEWE: HEESHRH-IEIIT H (2017YFE0198100) ; % ability, corrosion resistance and good kinetic properties.
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Y PR A S o A R A AR A
H R — B L R ) R, B IR &
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VAT SR R 45 AR ST TR A
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PR, PRI A R OB S T R 1
WS i, SRMNEM 25 R THA B, DRIAI o N B 7E
PERE SNt SRR 7 TS AR Z IR RS )y, HETE o
FERYLRD EZEMRHEE Ti B4 LGS MBS
G0 BERE A G DRI B A i T B AT R Al I
fiE—8% Co-B, Co-P Fl Co-S %% Co BG4 HLZFEH Co
BT SHIESRIMSCAOFFEIR . Co St 25 & AE il
PEZ R AR A IR S B I A R R
PEER TG E PE A A R PR e, R A EC BY T W
LaNi H, 2500 AB; B4 4 MBS 28 5 (372 mAh -g ")
A e e Mk O fE F a0 Mg, Ni 251 AB Bl S & 4.
Co 54 A R 4F i ml a0 g Ak 2 il A MERE, (H2 Co
TR AR B IR A5 g, R, A AR SE RS
A 7 B 7 S A T HG S T e RO B R E 1 Y
HiEE TR FEAR Co Wy T &, FRBNA X 5 3E 1Y Co &
o, —BORUL, BAEMEMEHERE Co HG ik
PEREM A TFBeZ — . Seifi 257 BFSE R N, S LB
HIZ LB K SRR AT 4R T Co,S, UL L 78 5, Bk HY
ZALEEBETT LASE L Co 1h& W S8 1k S A 52 2% FO I Y
DX, AT LA HE Co,Sy MK RIURE | d5c 24 B4R 1 T HL 25
Rk 3250 mAh - g7, Seo ZMVIE B A Co 4B 48K
WORLA R 1 A SR e e ik S rkme, rfla
B 1) = A 22 LGSR TT LAy H 3 R ) S5 B A Y
wit, JFHBE Co & Jm A KR T, A =& A a1
FHAERE G R B R AT BOE PR PERE

BeAb, /BRI LR 4E ( Cobalt/ carbon nano fiber, Co/
CNF) & & M BHITEVE 2 RE e 40 RV AL U R B R 4
B HLPE DAL TS, (HJE DA K Co/CNF T4 2E
R S AR OCHRIE . ASCR Y22 T2, DR
PG (PAN) S BUE, IACR TR BT & 73 50 SR 4l 15
BT BN AR LT Y B R T 3B Co GIKRIURL I &
B xCo/CNF) |, FHE 1 5 REBR KA R HE A B Co, S,
Ha, BT Co,Sy+xCo/CNF B A #KE, JEHF
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2.1 KA
SCH T AR A . BB (Co, 99%, BIRLT), Tt

EERRY (S, 99.5%, Alfa Aesar iiH), WHIENE (PAN,
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FiT), ZBR%S(Co(Ac),-4H,0, 98%, FiIHiT ), B4k
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IREHE A A BRA FD) o

2.2 LIRS
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2.3 ZBHE
2.3.1 Co,S, #1%)%

WA REBR S B 4 Co,S, B4, WA M N THE TR
WY EL LG 201 FREL, JFRHERB LR 1021 FRIL—
HIRENER, RIGA 100 mL FEGEREERED . B #
IR EK B A 2 AT B A ERREB L, T
600 r -min™" AUEEH FEREE 6 h, X BEBRENLEG THE 1 h i3
0.5h, BiIbHLERE, WL EE IR Co,S, B4,
2.3.2 xCo/CNF #5%) %

T5E, 1 g PAN Z2/0 A% 10 mL /) DMF H, 7
T REEEE 12 h, SREH 1 g Co(Ac),-4H,0 fIMAZ]
R, IRG ISR YT LW, R A
F 10 mL p7ESHER Y, TEF RG22 b, S
BE B8 2 ] O FE B AR AE 12 em, HUREIEE N 12 kV, ¥
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BB = e B A P L1 °C - min”' (0 3 B &
700 CORFF 2 h LLARAS B 40 K 2F 4t 1 400 Co 9 K AUk
FIRHA Co/CNF, H T HEWIFE, ¥ Co(Ac),-4H,0 M
PR s nh 1.2 F00 1.5 g B ETAR 2490 0 1. 2Co/ CNF
1. 5Co/CNF,, K22 % W R AN 75 Co(Ac),-4H,0 AT L
T, BRALIEEE A 1000 °C BF1SFI B P40 N CNF,

2.3.3  Co,S,+xCo/CNF #4 %] 4%

K H i REEREE Bl xCo/CNF 48243 Co,S, T (=1,

1.2, 1.5), HAREAESE, ¥ Co,S, A& i Hfim 5%
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i) xCo/CNF LA BN TR R I BRI HE 2% B, BRBY L
10 21, BREE 5 min fil#5 2GR, IE5IARIC R Co,S;
+Co/CNF, Co,S,+1.2Co/CNF HI Co,S,+1. 5Co/CNF,
2.4 BRI

KA Rigaku Ultima VI X SHRAT N (D Ko G148,
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i Hitachi S-4800 4314 Fo ¥ b RS T ULEE
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10 mm WY [BIAR B 625 i 0 R AR AL 5 88 R i 424
SRR B R TR BRKe 0 A A5 2 I FH SR ATLCHG 9 AR R
B0, ERA A EE RSN NIOOH/Ni(OH),, F R
U A3 — R I [ AR W0 R IEAR i), R 2208 8
TRgige 3 5, F AL PR B R 5 — SR8 A,
fH ] 100 mL 9 DR AE H fi il B MR EES 6 mol - L™
P KOH Hff iR et F b, e — B3 ) ik e b e 743
=2,

A MOREIG IR AE R RN A R A K R A
LAND Lt R S8 AT 00 . XF T 78 50 i 0 PR i 56
FoHL R B BV E K 100 mA -, HCH LU
30 mA -gt, #UEHLER-0.5 V(vs. Heg/HgO), IL4F,

LB PR A FE AR FE A 30 F) 150 mA - g™ e IR AL AR
MR BE 1. I T IR G AR B ) A P e,
TR A2 AR 0T AR A Al s S T B
ji% ( electrochemical impedance spectroscopy, EIS) Fl1ZE 4%
Feith 2k, XAE ST RS T OB 2 50% ik, 7E
107 ~ 10° Hz 450550 [ oy W A5 T 2% 2 e PR, O3 it
Z-VIEW BAHIA A iy a5 R W B R, o 2Pl AL
AN L 0.05 mV - s~ HYHCRIEAT AR, BN
=525 mV, AT ORI EHEREA W BT h e,
AT T S AR ALt D, R E - 1.4~
0.4V, fJa, X s Ao 2 i3l A i o R ik
WAL E,, FIUBMHHB RS i, .
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Fig. 1  XRD patterns of samples; (a) CNF and Co/CNF, (b) CogSg, CoySg+CNF, CoySg+Co/CNF, CogSg+1.2Co/CNF

and CoySg+1. 5Co/CNF
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Co, Sy 4 ML G MBI T3 e 75 5 AR MR AR 10 4
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MEALELS, XFEEBMOETBREE, 25, BH
ek Bt 10 R BB BE I R0 AR, R B TR R/
FIGIA B A G a T R IR RS SR e, 7EiB 4

[# 2 FESE SEM B F . (a) CNF, (b) Co/CNF, (c¢) 1.5Co/CNF,
(d) Co ZKIFRL, (e) CogSg+ Co/CNF
Fig.2 SEM images of samples; (a) CNF, (b) Co/CNF, (c) 1.5Co/

CNF, (d) Co nanoparticles, (e) CogSg+Co/CNF
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& Co,Sy MM A MBI 1 B - A 2k, &k
TSP 5 X0 T DA G 4 LAk ) P S S R R
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Discharge capacity variations after different cycles (a) and discharge voltage curves (b) of CoySg and composite materials
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Table 1 Electrochemical and kinetic parameters of Co,S; and its composites
Max discharge capacity, High-rate
E../V i cem™? R,/ Q
Samples C,../(mAh-g™") dischargeability 5/ % oo/ (A = cm ™) o
CogySq 504.7 74.2 -0.936 34.2 0.624
CoySg+CNF 517.8 75.1 -0.892 28.3 0.597
CoySg+Co/CNF 535.1 76.8 -0. 881 27.4 0.542
CoygSg+1.2Co/CNF 566.2 80.2 -0. 843 24.1 0.493
CoySg+1. 5Co/CNF 548.3 78.7 -0. 859 25.7 0.526
®2 BEMbEAESSSHaREE? 0.0
Table 2 Typical characteristics of hydrogen storage alloys for Ni- L
-1.0
. ,ZJ
MH batteries = .15
£
c J Hydrogen Discharge o -2.0
Type OMPOLRES Hydrides Ewmg.e capacity ] == Co,S,
('structure type) capacity . S 9 8
/(mAh -g™") = 3.0 Co,S, + CNF
/(wi%) = 35 —CoS, + ColONF
i alNi o 98
AB; LaNis LaNisHg 1.4 320 = a0l Co,S, + 1.2Co/CNF
AB, TiMn, TiMn, H, 1.7 440 45[ Co,S, + 1.5Co/CNF
RE-Mg-Ni based LaNi, LaNi;Hs 1.6 410 5.0 ) | | . ! L L
V-based VT VTiH, 20 420 -14 -12 -1.0 —0..8 -06 -04 -02 00 0.2
Mg-based Mg, Ni Mg, NiH, 3.6 500 Potential / (V vs. Hg/HgO)

AR IE Co WURLINIREE ; IXFRFIR I 2510 16 7] L 22 fift
R SIRG N S, EGERTEN T —2ZRIPZ,
TREE T B amEMEEY, )5, Co/CNF E6MEHTH
Co ZHKMURL AT CNF 7 50 ORGP ] BA DR RIRL, e
BA—USIN Co F1 CNF 144k 30 Hh S 4 Mg, IR,
ZEAME A A TR BT,

K TS CoySy A BHRME G 15 W (9 B i ol P
fe, UEAT T B A AR Ak # 2 i, Co,Sy. CoySg +CNF,
Co,Sy+xCo/ CNF (B FEAIRAL T ZANIE 4 7, FH AR 200
ANFEMEHG RN E,, RSB i, MES TR L,
MIE 4 AT LIE Y, GETERINT CNF FIEA A Co &
M Co/CNF J&, E,,, MIEJ 08, Co,Sy+1.2Co/CNF
W E,,, (S EE G, BESAR, FEM R RS
TitERE, BB Co/ CNF BN T4 4 R A R 4F A P14
fER, 6 & sz idrt i R s E F A, AT 4 &
Co,Sy GamIRENE, S5 RMFEE AR BT EMERE .

R T WS R AN [ F I T A PR e L AR T
£ W B 1Y) A 2RI B BB 77 (high-rate  dischargeability
HRD, ¥4 %) At E 5 s, [ HRD,, 8
(HCH L EE R 150 mA - g™ B A BRI 28 e 5 L FRL
BN 30 mA g BFR L) SMEETER 1 h, Co,S, MHE A
PR HRD, o, RN : Co,S,+ 1. 2Co/ CNF>>Co, S, +Co/
CNF>>Co,S;+CNF>Co, S, , TEEAR T 5% CNF Ji7, HLHAY

B4 CoySy BB G MY HLALAR LI 2R
Fig. 4 Potentiodynamic polarization curves of CoySg and composite ma-

terials

FAERFER A Co,S, HY 74. 2% IR EF T Co,S,+5% CNF By
75.1%; fIMA 5% 1.2Co/CNF &4 jg Xk — 2w 3 T
80.2%, ZHIAWIFRY], BRIIAKL YEMEMM Ti 2 Co
HAEE A4S R M ER HRD'Y ) FEX B, Co/CNF
BAMEHEMRIY Co,S, A4 HLHL— Co KBk X CNF &
Wil HRD {H 55 &5

100
95

90

85 —=—Co,S,
—e—Co,S, + CNF
80 —a—Co,S,+Co/CNF
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HRD/%
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HIESS
Fig. 5 HRD curves of CoySg and composite materials under gradient dis-

charge current density
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2, M2 BRI A4y, H IR X 1 2 (5
XEREE AR (R, ), TEBSIN TGRS, [T
A TAFFEE RN, 8287 5%1) CNF J5, Co,Sq
HAM R, {HH 0.624 [E{KF] 0.597 Q, ik T CNF
HA BRI E S5, CNF B4 0T LA SObFE AR Co, S,
BEMHE M BB, thoh, 5HAME A MR,
Co,Sg+1.2Co/CNF W) R, fHIR/)N, 40.493 Q, Co HAR
U AL, 4R Co 4K UKL A CNF PR 4% i =
HE 2 25T A IE— 25 BEAR ISR S & M H BB, Co/CNF
R B T 2R PR A 5, AT T Co, Sy & 4 1Y
HL Ak 27 R 3 2 R Ak 2 MR

2.0

—=— CogSq
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Fig. 6 Niqusit curves for CoySg and composites
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PEZ SR EADC, $F5 F, fERRMTRhdES, f
MR 2T R B PO R, BEAR T P AR 3 T 1 v £ 5 7
2R, CNF A LARG SR A AR 00 Tf i ik M Sl P, 00, 3l
1B A B BRI () Co AN BURL AT LA i 4 35 1
RITEELfif I =2 180 (1 L A 2 A1) DT 44 5 el Al 1) 3 g 2
PEfE .

4 &

30 3 7 B B i EE 2 22 RR K T2 148 T Co 44K
L/ MR LT 2 (Co/CNF) AR, SR = REBK S 7
HA AR Co M Co/CNF X Co, S, &4 HATIEM, 2
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Fig. 7 Linear polarization curves of CoySg and composite materials

1. 2Co/CNF &4 B 4 4= B W 0 7 H0 T 35 A9 ik Pl 25
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