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Surface network modification of carbon nanofibers and

its application in zinc ion batteries

LU Xiaojie' , XU Jing?, YANG Ke', YAN Jun', CHEN Lei"”, LIU Yong'
(1. School of Textile Science and Engineering, Tiangong University, Tianjin 300387, China; 2. Technical Service Center of
Quanzhou Customs, Quanzhou 362000, China)

Abstract: Rechargeable water zinc-manganese battery has a wide application prospect in large-scale energy
storage due to its high safety, low cost and environmental friendliness. However, due to poor conductivity of man-
ganese oxide and dissolving in water due to disproportionation reaction during battery charging and discharging,
the battery has low capacity and poor cycle stability. In this paper, the carbon nanofiber (CSCNFs) composite
material with raised structure and conductive network was prepared by double-needle pair spinning electrostatic
spinning technology, combined with pre-oxidation and high temperature annealing process, and the surface of
carbon nanofiber was modified by doping carbon nanotube (CNTs) and conductive carbon black (Super-P).
MnO,@CSCNFs cathode was prepared by loading a-MnO, active substance on the fiber surface. CNTs and Super-P
doping were modified on the surface of carbon nanofibers. Among them, CNTs and Super-P cooperated to con-
struct conductive network channels with node structure to realize efficient electron-ion cooperative transport. With
the cathode of MnO,@CSCNFs zinc ion battery kinetics and electrochemical performance is significantly improved,
the initial capacity reaches 784.8 mA-h-g™', and after 100 cycle remain discharge specific capacity of 500 mA-h-g™.
The discharge specific capacity of 290.8 mA-h-g™' is maintained at a high current density of 2 A-g™', and the capacity

recovery rate is up to 96.33% when the current density is restored to 0.1 A-g™".
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CSCNFs

MnO,@CSCNFs

SCNFs—Super-P doped carbon nanofiber membrane; CCNFs—Carbon nanotube (CNTs) doped carbon nanofiber membrane;
Super-P—Conductive carbon black; PAN—Polyacrylonitrile; PVP—Polyvinylpyrrolidone

81 MnO,@kaNAKLF4E (CSCNFs) & A bkHil & i FE &

Fig.1 Preparation flow chart of MnO,@carbon nanofiber (CSCNFs) composite
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€2 CCNFs, SCNFs, CSCNFs fiikfkiii ((a)~(c)) KR k)5 ((al)~(c1)) i SEM KElfZ; ((a2)~(c2)) MnO,@CCNFs,
MnO,@SCNFs. MnO,@CSCNFs ] SEM K14

Fig.2 SEM images of CCNFs, SCNFs and CSCNFs before carbonization ((a)-(c)) and after high temperature annealing ((al)-(c1));
((a2)-(c2)) SEM images of MnO,@CCNFs, MnO,@SCNFs and MnO,@CSCNFs
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[#13  (a) MnO,@CSCNFs [y SEM [El{%; (b) &l 3(a) X X119 Mn JEZ 4345 &l ; CSCNFs (c) il MnO,@CSCNFs (d) /) TEM [

Fig.3 (a) SEM image of MnO,@CSCNFs; (b) Mn element distribution map of corresponding region in Fig. 3(a); TEM images of CSCNFs (c)
and MnO,@CSCNFs (d)
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[#14 (a) CNFs, CSCNFs #l MnO,@CSCNF fi¥ XRD [&lii%;

(b) MnO,@CNFs 1l MnO,@CSCNFs & W - B 45 4k ; () MnO,@CSCNFs & & 41

XPS i ; (d) MnO,@CSCNFs & 4418 Mn2p [&lii%; (e) CNFs Fl CSCNFs [} Raman [&j#

Fig.4 (a) XRD patterns of CNFs, CSCNFs and MnO,@CSCNFs; (b) Nitrogen adsorption-desorption isotherm curves of MnO,@CNFs and MnO,@CSCNFs;
(c) XPS survey spectrum of MnO,@CSCNFs; (d) Mn2p XPS spectrum of MnO,@CSCNFs; (e) Raman spectra of CNFs and CSCNFs
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Fig.5 (a) CV curves of MnO,@CSCNFs; (b) Charge-discharge curves of MnO,@CCNFs, MnO,@SCNFs and MnO,@CSCNFs at 0.1 A-g™' current density;
(c) Rate performance curves of MnO,@CCNFs, MnO,@SCNFs and MnO,@CSCNFs at different current densities; (d) Cycle performance of MnO,@CCNFs,
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density of MnO,@CSCNFs; (g) Battery capacity performance comparison diagram

Kl 5(e) ¥ MnO,@CCNFs., MnO,@SCNFs #l
MnO,@CSCNFs [ K ¥R M1 £k . 7E 1 A-g™' L Ui %5
B R & ¥ 1000 [& 5 MnO,@CSCNFs 15 G 14
268.7mAh-g"' (L A&, HFERBRHRLRIFTE
97% L) I, B MnO,@CSCNFs B % B A 1 5 1)
KA MR . [l 5(f) 5 MnO,@CSCNFs 7£ 2A-g™'
KHLR % B N EER 2000 B R KGRI Z . Kl
T T 2000 B FE3 5 MnO,@CSCNFs Hi A/ {4
£ 7L 100mAhg? L&, HEMRME—HR
FE7E 95% VL I, i — 2L Ui T MnO,@CSCNFs [f]
W 2 AL 5 0 K B3 08 2R #E . MnO,@CSCNFs &
B AR S K AE FR 1 REIE I F H CNTs. Super-
P Y4872, #5571 CSCNFs £ 5 b, JLH CNTs
T Super-P JURL ik 22 [H] #5 2 b2 5 v B, A 800
B, ALy &4, Ml MnO,@CSCNFs

HA B KGR E VERE -

& 6 & MnO,@CSCNFs 7£ 2 A-g™* Hi, i

P

%l‘

R

K6 2A-g"' KL% T 2 000 BEEH 5 MnO,@CSCNFs (1) SEM K&

Fig.6 SEM image of MnO,@CSCNFs after 2 000 cycles
at2 A-g”' current density



<2738 -

EEMRER

FEHCHL 2 000 {5 9 SEM EIMZ . 4 2 000 5385
LR YRR A EE AR I AR, R A B
ERI S, £ MnO,@CSCNFs E. A K iy 5L 1
FoE Mk, O R A ST AR E M BRI S B K
IR RE SR T L AL AN LR

g T B H P A% MnO,@CSCNFs L B 55 7 1%
W LR, EAFRME®E @01, 02, 03,
0.4 Al 0.5 mV-s™) F %} MnO,@CSCNFs i # 1T T
96 B AR 22 W3 K 1 H 3 T BRRG  , an &L 7 BT .
M 7(a) AT LAE Y, B H B EHN, Cv
il £ A9 S Ak 6 R A8 0 e 3% 947 3 58 L A7 AR AR X
MR, 7F CV b, W i S5HEHR
Ry ZAFELELL TR i=av(a Fl b N 0] Z8{H),
— kR, Y b 0.5, FoR AN Z Y
Bopsdl, M b(E R 1N, s H Y A2 H A
il =8 3mSR A 7(a) o4 AN IR A b A 0
& 7(b) Bz, 435124 0722, 0.651. 0.601 F10.725,
X % B MnO,@CSCNFs Hi, % (1) HL fif fifs 77 32 2 52 5]
PROT AR AT R, (R R
didl A, BEAh, ATRGE AR i(V)=k vtk

W3 BRI (eo0'?) FT L 2245 1 (eyv) KT H A i 7
R ST A B A, P (V) AR E LR
TR . TR R mE 7(c)fin, FTLLE F)
Wi o 91 1 A B, R A X A i A A
A TR 5 EE N 47.64% 12 815 03 67.02% . X &
P T 6 AF R B4 F S 78 11 PR 0 B 1% 388 I gl R
& ) B, S B Zo® A E YT B TG VR IS B A
MARHEIPIER , DT 3 B0 7 iR 2 b

T T f# MnO,@CSCNFs Hi 1% (1 B 7 3 Bk
BE, f# F Randles-Sevcik 5 2 & 1158 B W B B
PR, R

I, =(2.69x10°)n*/?AD" 2 C (1)

Horps I WU (A)s n o BEAS 23 00 L fr
BB ANHEWER (cm™); DAE TV ELA
B (em* s™); v HEREEE (Vs™); CHE FIRE
(mol-cm®), M J5 e rpn] LUJI I8 W g 3 1, 5 49 4
M 02 RV R, kWU 1, 5 A
JE v HE, s 7(d)fR . s i 44
WAL XoF 17 14 2 197 BR300 1.938x 1072 em®s ™ |

2 o1

8.427x107"? cm*s™'. 1.082x107"? cm*s™' Al 2.493x
80
— 0.1 mV/s Peak 2
0.015 1@ Z77 55 mvis 4 12 (b) A _70 ¢
~~~~~ 0.3 mV/s i iy o 8
0.010 | —— 04mVis i 1.0 t s 260
< —em 0.5 mV/s b Peak 1 = - . |
= 0005 | EO8 = Sa0t
£ 0l 06 | e é 30 |
© ST Peak 10722 220 |
. i I P —a- Peak 2=0.651
0005 041 got -+ Peak 3-0.601 o0}
~0.010 ) - ) 02 . - Peak .4—0.725 / % %
1.0 1.2 1.4 1.6 1.8 -1.0 -08 -06 -04 -02 0 0.1 02 03 04 05
Voltage U (vs. Zn*/Zn)/V lg[v/(mV-s™)] Scan rate/(mV-s™)
20 2.0
(d) 2 lljzzt ; k]i %3& 20 1© — Charge ® —e— Charge
I5 - _u_ Peak 3 4=8.39 _a ---- Discharge ~ L5} —e— Discharge
< 0 —e- Peak 4 412,73 .+ 15 | L @ 10
£ 3 - v t Or
5 T —e % ‘Wm'!n 5
E 5 fe NS 10 fi s 05}
A L s f S
s 0 -.=- 0.5 :!y: \% 0+
o =iz 14 N
-5 | R S Wiiient:| [ 05 |
S 0 it :
-10 - - - - T -1.0 T
0.3 0.4 0.5 0.6 0.7 0 5 10 15 20 25 30 0 20 40 60 80 100

VI/Z/[(V.S*I)]/Z]

Time/h

Insertion/Extraction state/%

v—Scan rate; D—Diffusion coefficient of ions; k—Specific value of peak currents (ip) and scan rates (v"/?)
7 (a) MnO,@CSCNFs FMRFEAR R iy CV liZk; (b) AR 1gi-lgy G MIZk; (c) FEARFTHH T MnO,@CSCNFs Hi i i faf £t ot 7 i L2
PERIH AR T3 (d) WML (i) AR (0'%) ZMIMZMEX R (e) MnO,@CSCNFs HUBL A E L[] 8RR 2 (GITT) iZe; (f) MnO,@CSCNFs Hi
PRS- HUR B

Fig.7 (a) CV curves of MnO,@CSCNFs cathode at different scan rates; (b) Igi-lgv plots at specific peak currents; (c) Percentages of the capacitive response

in the charge storage process of the MnO,@CSCNFs cathode at different scan rates; (d) Linear relationship between peak currents (i,) and scan rates W");

(e) Constant current batch titration (GITT) curves of MnO,@CSCNFs cathode; (f) Corresponding ion diffusion coefficients of MnO,@CSCNFs cathode
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