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Abstract Aiming at the problem of rapid capacity decay during the cycling of lithium-sulfur batteries,
ZnCo,0, nanoparticles were prepared by a hydrothermal method, and the nanoparticles were mixed with
polyacrylonitrile to prepare composite nanofibers by electrostatic spinning followed by carbonization.
Scanning electron microscope, transmission electron microscope, X-ray photoelectron spectroscopy,
raman spectroscopy, and specific surface area measurements were used to characterize the microstructure
and physical and chemical properties of the composite porous carbon nanofibers. The optimal preparation
process was identified, and the porous carbon nanofibers were used as the positive sulfur carrier to test its
electrochemical performance. The results show that the composite porous carbon nanofibers prepared
based on ZnCo,0, has a large number of channels connected by pores, and the specific surface area is as
high as 210. 85 m*/g. The assembled lithium-sulfur battery has a typical charge-discharge platform and a
significant oxygen reduction peak. An initial discharge specific capacity of 759.2 mA-h/g is achieved,
and it still has a reversible specific capacity of 74. 0% after 50 charge-discharge cycles. Compared with
electrospinning carbon nanofibers without ZnCo,0, doping, the porous carbon nanofibres has better
specific capacity and higher rate performance.

Keywords carbon nanofiber; electrospinning; lithium-sulfur battery; energy storage

%S A 9 :2019-11-28 &[5 H #§ :2020-07-11

HEETIH: #it 4 A ARFA%A45 8 (LYI7E030008, LY12E03005) ;#7222 T kK 3% A XA L 4%+ A A4 X 25 8 (2020Y001)
F—1EE . ZTH(1997—),8., 22T O ARNRFLEGBRETR,

BIEEE AR974—), F 8l Hax WL, R @A L EmM KRG EB &R HR T Z A4 . E-mail :huyi-v@azstu. edu. en,



55 11 4]

FET A 5T ZnCo,0, 19 2 FUBRANK 2T i ] 45 Sz A% RETEfE 11 -

Bl & SRt 5 R R Bk T A TR D BR
B is e n) 8l H g5 ™ 08 , ¥ A& 87 Y Al 754 19 3 335 RE UA
RO R Z T A TE R R BB R A
Rl A ARSAS Y A 2 it RE B B TE L BV R R
AR A S AR Tz MR . #E TR
b 114 15 AR B RE— R = 00 4 JE R Ak W (W R kA
PR ALY ) KA A K, — AT
300 mA -h/g, X LU & B X T ek BE A AR 15 5 1)
oK o T BRL S A A R B L b 1) IE AR B R, BEE H
ZELE IR 1675 mA -h/g, HLB BT B AS IR R, 1 Bk
FRE BB ALY, R L B R R R A S —
R R E > — ",

A, B A A o i — 25 &R 1Y 32 B ]
FEFUTILE DA SR MEE, SR T FRN
N 5107 S/em , S BOH L AR 75 P9 B K 5 2) HRL 3 4
R 25 08 B b R ) 2 A AR Li,S, (3<a <
8) , 5y Vs il Ui O T WA T b, BR R SR AR RN, = 3K
T Pk 0T R A, v it 2 o S PR 5 3) i 7E F Ak
SR R R A 10T 80% i IR B K, B 51k
MR SRR . 24 b BHEE T N R ok
PLERE AT T RS0, o £ 207 %k Bk
SRR (A B0 RAR A IR OK £ 4 5F ) 5 e
J A A A B SE A R R A Sl KB B R
FOE AN 2 AL G5 M, B B S 1 O R R A B
W I, % i 2 AL BT 2 T o SR T A A HE 4 B
Wi oA FH 6T 22 A 0 1 B okl O A BR A, 7 i o
XiF 22 A 0 1 A T

T 209 K £F 2 5 i LA R L PR R S
SIEANTHE A RE . HEEN ZHRAY M
REL il £ T, — S B % W T 22 i Ak B0 1) 2% iR - B0 g
BB TE B AR £F 4 1o it . xdb e 4 i 4%
TRBIE LY MK TR L S mIEN, 25 7 X
Z AL IR B RE 7, A A TR R F 7 1 B
PhBE . Tu %K IR CE AR M A SR & 4 U RULE TR N
KEF2E T, {45 S0 R 7E B 90 3T R B Y
FaE . Wu 25 i i 4 1 28 410 T 48 BR 1R TR N
KEFEFRETE B2 Rl & AU E R A1, 15 3 T = PERR Y
L R IR AN TR s € 7 2 S R e = s A i D =
IHE & T Z Ak 1 A2 W B i () B v 2
T Ak 40 114 0 LRI A2 R B 1 e 490 DK 2T 24 1 o] 5 B AT
W, AR Y 2R34T ZnCo,0,
(ZCO) YRR, 25 & e Ak 7 il & 7 & B i b 2
fLH Co #2411 ZCO/ R i (PAN) file 44 K £F 4k
WEE AL IE 254 , 434 Fe AL AL, 88 5 8 L 5 i A
TG 45 B ZCO/PAN/S 545 IEMK , IR 5% H s Ak 2
itk REMERE , S ) B 14 Bk 44 K £F 4 7 B it 6 77 1 1 1

AR 4R
1 Wy

1.1 SEIe#H

KB R 4 (Co(NOy) ,-6H,0, 40 Hrdl) |, % 5
AL 710 A BR 2 |5 3RS T (PAN, P 25740 Xt
F i 14 7)) At | RSB A R F S
KR BE (Zn(NO;),-6H,0, 73 b4l ) , % v bk fb 7
B A BR 2 Al N, N=-— B It B g e ( DMF, 45 #r
afi), Rtk KA 2=k 7 A R ARG IR R
((NH,),CO, s #ral) , & 25 4 W Ak~ 0 A R A
H 5B (S,99.95% ) N — H 35 0tk 1% i Fif] ( NMP, 4 Jif
KF 99.5%) , B4 T fb 22850 A FR A Al 5 5 H ok
Super P, LI % Gelon A FR 2 ] 5 Hfi# % (1 mol/L
W= g0 B I R, TR Lo 15 1 g 1,3 -2
ORI/ FE Wik, 2% PR ) VB A, e
B Be U BB A R A F] 52300 7R PY g B 38 E
Celgard 7 ] .

1.2 Zn,Co,0, 20K FAL K #l &

SR K $7E  £ Zn, Co,0, 4K Wik, BT &
R 1:2:2f) Co(NO,),-6H,0.Zn(NO,),-6H,0 FI
(NH,),CO 3t 1.5 g, ¥ fift 78 50 mL 25 & F Ko, 48
7o AL EE 15 min, SR J5 5 A R U SR &0 M E , AN
B K IS % B, 7E 180 CHRLEE T AR 10 h, k4% ZCO
KM, BB =G, S8 vedk T, Bk
HTOK AR 7E 25 < p 400 °C .2 h iR k153 3] ZCO # K,
s e AT B A EREE HL (5% 3 2 400 r/min ) fiff B
3 h, 153 ZCO 9K WUk AE & .

1.3 ZCO/PAN ZFLER4N K F K F &

B AN TR] i A ZCO 9K ki 5 PAN By K R
A U RAE DMF 75 rh, T 60 CHiff 48 h, 13 3 it
AT ECH 8% H X514y A ZCO 4 K UKL 1) 2 42
W SR 95 225wk ) ke 7 3L W] T A
HORE A SR SRS Z E B R 15 em,
JEb 16 KV, 2522 ik B b KRS i #9522 W, Bii 1k
ZCO JkL AR o AR5 ¥ An IR AR R B T S,
BT 280 C B4 Ak 2 h, SR 5 T L 5 A [ A O
6 h, ARG N E R, 44558 ZCO/PAN Z fLik4H
KR4,

1.4 ZCO/PAN/S E5EWHIHI&

T I Rl RO B A5 B9 ZCO/PAN £ fL K
AR LS S IRA BFE 10 min 4 FTAHIR A W76 R
SAE NHEREI R IR AN ES R 54 155 C
W E R AR 2 h, 75 3] ZCO/PAN/S B A TEH .



<12 - ik

541 %

1.5 MWiX5RIE
1.5.1 FEHAR

KA Uliea 55 B4 3 & 5 11 4 i 7 8 0 BR
(SEM , 78 [€] 28 &) /3 7] ) W€ ZCO 94K JORLFE 5t (1) %
S, WU X R it M A B, UL R 3 KV

¥ JEM=-2100 #1357 55 W+ 2 5 Be ( TEM, H A4
MLk 4t ) MR ZCO/PAN Z FL Ik 49 K £F 4t 1
e
1.5.2 ZREHMRIE

K XTRA A XS 2k 717 4 A% ( XRD, i 1
Thermo ARL 7% ] ) % ZCO 44 K 556 B 5 8 47 .
ZCO/PAN Z LIk 44 K £F 4 . ZCO/PAN/S & 4 1F
(1 ity R 25 ) HE A7 ZRAE , F4 0 L A 10° ~ 80° , 41 Hf
RS (°)/min,
1.5.3 mREEEHIK

K H Invia #9306 $7 &2 4% ( Raman, 35 [ % 2 44
N MK ZCO/PAN Z2 FLA 409 K £ 2k it B [ 4544
1.5.4 RETEDHUR

KA Ultra 55 B35 % G 4 4 v S0 B85 114 g
AN K 2% 1T 4 4 T BE I 3 A [ gk A TR EE 1) ZCO/
PAN £ fLRR 94 K 2T 4 i) 0 R & 5 Ko A o

K A K= Alpha % X 2% % L 1 fig 3% 1 ( XPS,
2% [E Thermo Fisher Scientific 2 &) ) fil] i ZCO/PAN
22 FLA 4 K T 4 1) 3 181 G 3 43 A o
1.5.5 tERERMIR

K ASAP 2020 I 55 2 = e 2 A 3 <
PRI R 58 (55 16 22 58 A | ), 4F ZCO/PAN Z FL ik
YK T 4 (I3 A7 X A A BY A Ak B ) SR A EE 2 T R
TR D3R B 2 T B B FL AR ) A
1.5.6 #HIEEMEMIK

K PYRIS 1 BUEE AL (TG, 36 E #1412
IRBRAHE]) XF ZCO/PAN/S &4 TEMRH S /Y & = i
ARk, 3K S o8 = R & 800 °C, T i K
> 10 °C /min,
1.5.7 mBFEMEEENR

PIVR Ll #6 ZCO/PAN/S HifRk |, Hoh ZCO/
PAN/S 3 i ik & Super PR3 £ 4 — 34 i L
N 8:1:1 IR AFE N=-HI LML Be i (NMP) s, DLl
B SR AT HL AR, R 1 mol /L 4 X = g T s it gk T
WA R R R o 11 1,3- AR 52
Mk A B 2% i PR AR Ay FL A T, SR VAT s B Sy Rl S A L
E F0 I RS T4 PR AT 2032 R L it 41 %
fdi F§ LAND-CT2001A Y d, 3t 00 3% 25 5 900 4k, el v 114
HLAE 2 M RE, DX TR R 1.7 ~2.8 V, fER
T E Ry 0.2 Cs it 4 H vt i Hh 3 238 900 4K ) el 9
JE43 54 0.1,0.2.0.5.1.2 C, i i k% 2 C

A, PR URGR [B1 2 0.1 C #4704k . 76 28 A e b 4
ZH1C=1675mA/g,

2 HRSU®

2.1 ZCO gk Fr g5 o0 #r

Z.CO g oK FURL 9 414 i 8% B R S XRD il ¢ 4
B R, A LUE B 6l 45 19 2C0 B 5 30k
AR ORE RST 29 2 JL 98K 5 il % 1 2CO 94 K J5kE
BEGTE 20 S 31.2° .36. 8° .59, 3° J% 65. 1° 4k Hy B
i 50, 2 B8 No. 23-1390 ZCO bR i, 117 5 g 43
SRR ZCO 19 (220) (311) ((511) , (440) & i .
Ak, XRD g2t JC Zn (NO, ), . Co(NO,), M1
W, LR LA b4 bT AT L, SR R K A 1 1 45 15 31 T 4k
Z.CO GKR TR R o

"

L L 1 1 1 L 1 1
10 20 30 40 50 60 70 80
26/(°)
(b) XRDHI £

1 ZCO G KR ABURLEE fh (1941 18 B B2 U Al XRD i 2
Fig. 1 SEM image (a)and XRD curve(b)of ZCO

nanoparticle samples

2.2 ZCO/PAN ZFLERAMAKF LR IRD T
5 i e AR L BE SR 700 °C L ¥R 5T 45 223 Z2.C0 Fi
PAN Jii i [L X} ZCO/PAN Z Lk 40 K 21 4 2 55 45 #a
B2 . AN[E] ZCO F1 PAN Jit i tb 2 FL Ak 99 K &1 4k
PR BT IR 7 B 2 PR o RAOR UL, B 48 K £F
A AE URL S B BFLIR , ELBE 25 25 22 2CO0 (5
o, FLBR S5 A 3 2 | FL A5 R 8 2 b I ik 90 OK 1 4k
T, mE 2(e) () AT LAE W, 225 2T
ZCO 5 PAN kbbb 1:3 121, B4 K 2F 4 rh 47



55 11 4]

ET A 45T ZnCo,0, 12 FLIR 94K 21 i ] £ S Ak REME fE - 13-

FE 35 3 O UKL, HL A BURE A FBLA 5 R £L B 45
Hay B 20 OK 2T 4 A W L AL . H 4k 22 5
ZCO fEgi 22 H i L], 24 ZCO 5 PAN Jit & Lo
i L2 BN LT AR A 2 LA . HEWT X 2
Rk 25 223 st 22 1 Z.CO 99K B0RE 25 3 X DL 3
SO EAE YT 22 R A 2 B 25 22 il R E A PAN
KL HEN

(@1:10

[+
: » -
»
g 2
v 2 b
%9
.
B

4
LA
> ,ll\
7 -
. A
i »

©1:3
K2 A[E ZCO I PAN i bt £ Lk 4k
21 4E 10 HL BT IR
Fig.2 SEM images of porous carbon nanofiber with

different mass ratios of ZCO and PAN

(d1:2

KABE N 1:2/ ZCO/PAN Z LR 44 K 2F
Y R 58 kAL BE Y R W AAE B AR o, AR 5
280 C,2 h W HUEAL A5 AR L & 6 b £R3l i [A], 3¢ B
AR 73 531 29 400,500,600 ,700,800 C o A [ i
LT ZCO/PAN 2 FLAR 40 K 2 4 ) 47 48 v B 1
FrantE 3 Fros o BALHRE 400 C i, ik 44 K £F
il TRACTEEE A G, Stk 25, AR B R R A
HAB . AL TR B D 500 A1 600 °C i, Ak 44 K £F
AR ML LA, JT 46 B A FLBR . 24 ok Akl
I E] 700 T, BRANOK LT 4E th B2 FLE5 G, B2 5k Hh [#]
PRIGURL , 2T 2 A2 15 W02 L g Ah o fH XY 5 AR i R
800 “C i, Bk 44 K 21 4E i 46 /™ B, oML Z5 A O o X
AT RE 2 Py e LA A5 Bk 4 R 4T AE b AL £ BOR
TERAUKET e R AR 25y . PRI, 26 5 700 °C i Jx Ak

XA T 20 % (9 ZCO/PAN 2 £L ik 44 K 2F
HEPEAT R AL SO 5E, 0B G B R I A 4
o ATLUE i, ZCO/PAN Z LK 44 K £F 4 h A7 1
R AL ALAH % A 8 G , 8 38 F 2 R 29 0 30 nm,
WLEE ZCO/PAN Z fL 1k 44 K 21 4k v ORL (19 T2 5L,
kLR SE S5, MUK R ST 252 30 nm (LI 4(Db) ) o
PURL B9 w5 A% TEM IR W 7R A% W85 % (8] O
0. 21 nm , X N 4 J& B4 19 (111) b IfT, HLAZ S S L 1Y

(b) 500 C

' (€) 800 °C

(d)700 C

K3 ANEBARE T ZCO/PAN Z fLEk 41K
2T 4 B 7140 L B R
Fig. 3 SEM images of ZCO/PAN porous carbon

nanofibers at different carbonization temperatures

K% 2 T AE AE RS AR R 0. 22 nm B 5 A% 45 80,
i CoyC [ (220) i 1T, 32 B Co,C )2 1 5 76 N
Co UKL S . Bl % L BE FE &5, ZCO 94 K kL 18
Wi 43 i Co JURL, SR J5 1 F 48 R 00, Co J5URL 155
TR F AT WAL, 7E 22 FLR 98 K 4F 4k 3R 8, T8 K
TR AL AL AH I B B S IR Y Co B0RL 5 4
2 fil ) Bk 400 K 45 4t & A B AL RN AR B T Co,C
DI R AR
2.3 ZCO/PAN ZFLERPKFHETES
Nk — BRI YT 22 W T ZCO 5 LR Bk 98 K 2F
HELL IR 5, AN TR ZCO 5 PAN & L ] 45 1
ZCO/PAN Z FLBR A0 K 21 4 1 $ir S 6 3% & 4 181 5
Ro AT, BLEOEREH 1360 F1 1590 em ™ 4b (Y 2
AU Gy 5% LA b RHAG D g A G U i S TS D
WA G WY ik B LA B 1,71 {6, AT B R Bk kA4 R
MR IARERE o 1,/1 (B BR K, 22 W] B bh ek 11 e s A
JERE T 5, ZCO 5 PAN BBt 13,
1:50F,ZCO/PAN Z £L Bk 8 K £F 4k 1,71, {8553 5
7 1.014 F1 1.000; 245 22 % f ZCO 5 PAN Jfi i 1
L:20F, FE S B A RE A 1,/1 {H, i 1.070 51,
XEW ZCO 5 PAN it l ol 1208 B e i
Fo e B R I . e AR P b IR R b AT I B
S5 K (0 e S A RE ELAT B0 SE AL B A AL, AT B R
TR 1 it 25 )



.14 - 2

5 nm

(c) BORL(FE %)

[ 4 ZCO/PAN Z Lk 44 K 2T 2k 1038 36 v B TR
Fig. 4 TEM images of ZCO/PAN porous carbon nanofibers.
(a) Channels structure; ( b) Particle;

(¢) Particle (high magnification)
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Fig.9 Nitrogen desorption/adsorption isotherm curve(a)
and pore size distribution(b) of ZCO/PAN

porous carbon nanofibers
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