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Table 1 Experimental reagents and materials

R B b 24 B Kk / 4l TR
LFYERYIKEF 22 (CNF ) EIFR BT 3402 % WA IS 2k AR RAT B ]
GF [ %[ Whatman 2\ 7]
ZHAEE (MnO, ) BN AAEIRFHE A IR A
ZHeE (acetylene black ) EERIIE S KEEZ B R RH AT PR A
Rlm — M) (PVDF) LMY KRR IRHA IR W

N- HURERERELEf (NMP )

F BT T A AR B A BR A W

BEF 0.05 mm TR E AR A R 7
H5H 0.1 mm GINTTRHH R B FHAT IR A
JETeE IR fL42 0.45 pm FHETT U 9L e A R A

oK 2T BT T A AR B AR A BR A R
AR E BT T A AR B AR AT BR A W
HiYhoe CR2025 TRINTRHHE AR AT IR 7
FaE 3] 0.05 mm A BB BRA ]
IETHE BT T AR B AR A BR A

Aok AR BT T AR B AR AT BRA T
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Table 2 Instrumentation used in the experiment

[NErae AR
A H Al S AR B Phenom Pure FERRCHIRBHE A ]
1 figh g pL EUT2503 o EYI SAAS MaH AR A BRA F
Lk T AR CHI760e IR A PR )
W FL AR A R CT3002A BRI L LA PR A

2.2 TiO,/CNF E & REMHFI&

K CNF BPR I (it o4k 2% ) AL+
KA THRE, SRR IR B IR TR . WS
B R B J5 1) CNF B PR rilg, TS 155 CNF
WA, #F TiO, il PVDF LA 9:1 f4 LA E] NMP %
i, AU 12 h 5158 TiO, BIF. ¥ Tio, &
TEIRFINE] CNF [RARZR 1A, FEJS7E 60 CF T/% 24 h,
THEEBORBEIE, FERRE ) —mEE LR,
A A BRI T CNF 5 Tio, B 1L, H5H 5%,
10%, 15%, 20% TiO, i) CNF/TiO, & 4 W IER Ik i 44
M 5%TiO,/CNF. 10%TiO,/CNF . 15%TiO,/CNF .
20%TiO,/CNF,

2.3 TiO,/CNF S & REMRIE
231 AR S X

KB T R SR PR R TR A . 7EW
BRI, BRI 2R 10 T 1 TS 4 b
232 FUBE MK

FKHIE T Bk b LR %, HARD IR
W KU (AN 17 mm) 7E1E T %
HR 1 h, ARG A SRR LR R I 2 A IE T
B, P TARE . BRIEAFLERR (P) Ml

P=(W,/p,)Vx100%,
A Wy, IR IE T RER T, g

po MIE TR, 0.81 g/mL;

V, WG R ARRL, om’,
233 AR R R R R

Sk 100 BB ) P AR RSO, B AR D) 1 e R
FEHLRIR IR 1 h, Bl RS AR LR 2
RS, FEATRRIE A TRR A . FARRIR ()
AR

0 =(W,— W)IW,x100%,
K Wy IR R TR R TR, g5

W, R WRMAC HL A T I A R S o, g
2.3.4 3549 E WK

KT RERT 13 IR MLt 2 B Ay A g .

B JIES 4% 39 B 20 mm x 10 mm PR K 45, fifr ok B
A S mm/min.
235 wALF iR

RN F / PR /4 v AT e AR AR B B
ZHAEAE R /BRI /B2 (Zn)|Zn ) X AR R I P T 00
FHRRHAT . R A T AR X 20 2 () B i 7 7 Ak
SERRBTIREIA (EIS) , MESER R 10°~10° Hz,
R 10 mV/s, R E TR SE (0) 71HE
H

o=L/(AXR),

KA L AFREERREE, om;

A ARG A TR, om’;

R M AR 2 R AR B (PR L RE, Q.
23.6 AEIRAR % WK

K AL F T AR X B R/ BRI A A A

(Zn||MnO, ) 4> Hi 3t FEE A/ B / 4 A ( Zn||Cu)

L A TR PR 22 (CV) o Zn||Cu f L it (1)
WL R X 8] —0.2~0.1 'V, FHH5EE N 0.2 mVis,
Zn||MnO, 4= HL il A9 I FE R IX 1] 4 0.8~1.8 'V, 4
BN 0.2 mV/s,
237 RERERARX

KR R R G, K Zn||Zn X AR H S
F1 Zn|[MnO, 4= HL It A A5 5 PE BB . Zn||Zn X FR HL It 43
S7E 0.2, 0.5, 1.0, 2.0, 5.0 mA/cm” Y L I 25 & R A7
W, BRA-HUR BT ST B S 10 Bl 7E 0.8~1.8
VI EX RN, SR 0.2, 0.5, 1.0, 2.0, 5.0 C (IFEHL
FL A% X Zn||MnO, 2= M A T, FA ML i
T3 AT AR 20
2.3.8  PEIAR PR

K W EE HE 0 52 2R S8 4 Zn||Zn X BR H
Zn||Cu 2} Hi il Fl Zn|[MnO, 4= H il 7E 47 K ) 193 4 31
FoE M. Zn||Zn XFFKHL AT Zn||Cu 2 I FE 1
mA/em’ [WHLI R I K. Zn|[MnO, 4xH b 7E
1.0 C (TSR T, 7 0.8~1.8 V ik HL [T X [] Py F
(RIS
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Fig.1 SEM images of different separators
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PO T YORA AE 2 [AAATE R 2B, W] DUB LA
A R FLBR I AL S54SR, B LF AR
MR BE S K B TR s 4, S KA. BEE
TiO, & fE AN, TiOL/CNF [ I () FL B 2 0 W i %
SRR, 20%Ti0,/CNF HA i/ MYFLEE (35% )
IR (238% ) o X F 2K T i — 9K I

(PVDF) WINA, 34z A B WAL 45—,
NS AL BRI R A T RE. 114, PVDF R
PN e IR o (N S R E o el 1 R TR A N ]
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Table 3 Porosity and electrolyte uptake of the

TiO,/CNF separators
T FLBEAR /% WA 1%
GF 80 + 3 652 = 10
5%TiO,/CNF 51 +2 308 + 8
10%TiO,/CNF 45 £ 3 287 + 4
15%TiO,/CNF 41 + 2 252 £ 5
20%TiO,/CNF 35+ 2 238 £ 5
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Fig.2 Stress-strain curves of TiO,/CNF separators
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Fig.3 AC impedance spectrum and ionic conductivity of
TiO,/CNF separators
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Fig. 4 Interface impedance spectrum of 15%TiO,/CNF
and GF separator

3.6 MFRAMHBEFREEES T
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4 BB FIIE 21 A2 1 K EL 4828 Zn||GF||Zn 1 Zn|| TiO,/
CNF||Zn XFFRHLI A B 5 / BAFIERE , 255 10 1&] S TR .
\oe, TEEERE N 1 mAhem’ BT, B
W 0.2 mA/em® I INE] 5.0 mA/em® H R
/NE] 0.2 mA/em®, PLULHEATRFRMEREMIR . 24T
B 0.2 mA/em” B K] 1.0 mA/em’ B, Zn||GF||Zn
FL YL A T i PR AR O AR, RE IR & 100 h B
HU R (LI Sa) , sXIHPE TR LS R 28 4R JE
P& BU M2, Zn||TiOL/CNF||Zn X 4 H it ] DL 7E
B E T REETT, I HEATE NS AL
(VLK 5b) o 342 T TiO, 94K 0k 35 5 b 43 A 16
CNF PR TE, TR T — AN w2 e AL s 2%
e KGRI T Zn®" 78 Bl R 1A 19 29 5 OB 1 g aod
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EOPUNCER VAND = S <o N e ol 3 G ol NI P 1N
PR RSt AN 25 R Ry v ZE AR AL B R 38 51 1Y) Zn® TR
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IPEREI 25 S a1 6 T 7R 4 Zn||GF||Zn H 3t A
1 mA/cm® B 25 B Fl 1 mAhem® 2 JEFA, Hib
PEFR 2 140 h BPRAY, X RWIH AL T A%, AHLL
ZF, Zn||TiO,/CNF||Zn X FR H, 1th BA 3K 140 6 1%
fEHUE (90 mV) it 560 h (4 Ay, 3 H 2
N ARE R A 2. XKW 15%TiO,/CNF [ [
W KR = T R T A B AR Zn® B /R AR
SEME, DI AR T H it P (5 FH
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0.1 short circuit

voltage/V
_°

1 1
120 180
time/h

a) GF g
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Fig. 5 Rate performance curves of Zn||Zn
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Fig. 6 Cycle curves of Zn||Zn symmetric batteries with 15%TiO,/CNF and GF separators
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mV, X TiO,/CNF [ A JUb AL T Zn®™ 19T
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1) CV MERAES SR AN 7o B, 4 R0 A4~ 4
AR D S I, B 3ok A e e 2 2 1 4 i vl HLA A
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PEim 1 L H AR RN Bl g 2 AT i
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Fig. 7 Cyclic voltammetry test curves
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PRI 2 it 2R R XS T Zn® 7E R/ R
IR A S, SFECT MR P, M2, A
TiO,/CNF P2 5 (1) Zn||Cu 2 B3t PG 3RV fiE 3%
T, HPERRCRAES 10 BIEA G I 2 101.6%,
HAEE TR 221 BRI EE 7E 99.5%. X &
F TiO, Ak T B Tt g A2 - 48 I 7 Fmifs e 1k
YRR T Zn® X540 A Rl alfG i, MOk
MR B R T LTt A PG B R e 1 Y e B

120

100 A AR O
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2 oF 15%Ti0,/CNF
(5]
S 60
2
£
S
2 401

20

1 1 a 1 1 o
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Fig. 8 The coulombic efficiency of GF and 15%TiO,/CNF
separators in Zn||/Cu half-cells
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1 C TSI A% R, Zn||TiO,/CNF|MnO, 4 i ith 1)
W 4R T 25 i A 160 mAh/g, 5 T Zn||GF|[MnO,

(132 mAh/g) . X FEZIHH F TiO,/CNF B 2 A7

A2 1 A - L SR RN F fr A R BH AT, 7E 1000
Pl 17 ¥5 J5 , Zn||TiO,/CNF|[MnO, 4= Hi, W1 1) 55 e, HE 25
WK E Ik 114 mAl/g, HARMRFEEN 71%, 1
Zn||GF|MnO, 4= H3 il 45 1 (R 457 2 UH 34%. IL45
FW] Zn||TiO,/CNF|MnO, 4= Hi it ELA 4 (R 3R R E
P o 3% FEIHPF TiO,/CNF B& R Al ik Zn™ f94&45Hr
ok D DR Rk AR AR T 7= A A B SRR B,

AN PR L 26 1) 4 HU TR 0.2~5 C FiHLAT R T
MR RE QN 9b o, HL b S B B A 70 A
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Preparation and Properties of TiO,/CNF Composite Separator for Zinc lon Battery

ZHAO Shaolong, LIU Wenyong

( Hunan Key Laboratory of Biomass Fiber Functional Materials, School of Packaging Engineering, Hunan University of
Technology, Zhuzhou Hunan 412007, China )

Abstract: The practical application of zinc ion batteries (ZIBs), a promising large-scale energy storage system,

is limited by the lack of mechanical strength, large thickness and high interfacial impedance of traditional glass fiber

separators, which seriously restrict the cycling stability of zinc anodes. Therefore, the development of new separators

that can effectively inhibit the growth of dendrites and thus enhance the stability of zinc anodes remains a key challenge

to be tackled. For this purpose, a TiO,-modified composite separator based on cellulose nano fibre (CNF) was designed,

aiming to enhance the cycle life of the battery by modulating the zinc ion transport process. By exploring the effects

of TiO, loading on the performance of the separator, it was found that the 15%TiO,/CNF separator exhibited excellent

mechanical properties, which ensured adequate safety of the assembled battery. Its assembled Zn||Zn symmetric batteries

can also operate stably at high current densities, ensuring the stability of the batteries. The assembled Zn|MnO, full

cell has excellent durability and superior capacity retention, with a capacity retention up to 71% after 1000 cycles. The

prepared TiO,/CNF separator based on the direct interface engineering strategy provides a new idea for the preparation

of high-performance zinc ion battery separators.

Keywords: cellulose; zinc ion battery; separator; modification strategy; titanium dioxide
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