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Preparation of Attapulgite-Layer Coated Zinc Electrode and Its Effect on Battery Performance

LI Shangying', WANG Chunyuan?, WEI Wenfei*, WANG Yang®
(1. School of Land Engineering, Chang’an University, Xi'an 710064, China; 2. School of Earth Science and Resources, Chang’an
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Abstract: Disadvantages such as side reactions and dendrite growth in zinc electrodes restrict the application of zinc electrodes in
energy storage. A high electrochemical performance zinc-attapulgite (i.e., Zn—ATP) composite electrode was prepared via a strategy
of coating attapulgite on the surface of zinc electrode. The results show that the porous functional coating is formed by the stacking of
ATP rod crystals, and it has high mechanical strength properties. The assembled Zn/Zn-ATP symmetrical battery and
Zn—ATP/manganese dioxide full cell both have high performances of charge and discharge cycling. The hydrogen evolution side
reaction of the electrode is significantly suppressed under the work of ATP coating. Meanwhile, the formed Zn plate crystals flatly
precipitate on the electrode surface, thus effectively reducing a possibility of the dendrites penetrating the battery membrane.

Keywords: attapulgite; composite electrode; zinc ion battery; electrophoretic deposition; electrochemical performance
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Fig. 1 XRD patterns FTIR spectra and TG curves of ATP and Zn—ATP composite electrode.
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Fig. 2 SEM images of the surface (a—d) and cross-section (e-h) of ATP coating prepared after different times.

B 1) SEM Mt 2R (Bl 2e~K] 2h), JiF)E
BT ATP 9K A4ETE R T 290 80% . mmEn
ATP ¥R)2. [FE, Bl AT B e iR 2 R . 45
BEIR, DU 2 min i, BEYURR a4,
Bk AR ATP B SR ED, TIREEE N
7.5 um (B 2e). HPURNTECN 4 min B, ZEHRN
15.2 um (B 21), FHZI 8] BLiR 2 138 5 R
PR 6 min X RPIRRE RN 17.2 um (& 2g), H
PUBLE R AN %5 8 min [IPTAZ A 17.8 um
(E 2h), VIR —PRIK. BEmE, WRE

JEE BEUTAR IR 18] A SEA TG0, 38 I 0F %A I 1) B
PR E R RGN A HEDN , - ATP 4 5 A TR R 5
HERURIUESE 2 NI FE. 2~4 min 15 8] B2 P HEAR
AR, VUGS R BOK . BRI N, ATP
e ot HLI7 0 B DR A G 9, B R ATP A
SZRH R T 08ES , P EUERE AR A /£ 4~8 min
IR BEPY, FBR R T () ATP e S HERR T 2, {H
J S FEXHUARZE RO 1B HT G 0, S 8UZ N ATP
PR S BRI SR R, BUEE E 1 N
%, RN TORR K% G R, AR SLIR R 4



5155 10 4

2R S5 MR A T 1B AR R R S X Lt P E X R < 2621 -

SEFA TR NS

2.2 Zn-ATP E&5HBIREIEBILFERE

221 &Mz AR ATP PR
RS AR R ER . 1% Bare-Zn(0 pm).
Zn—ATP2 (7.5 pm). Zn-ATP4(15.2 um)F! Zn-ATP8
(17.8 um)d N EA AR FEYURZ EE I HEAGEAT LSV
Mk, R E/R(E 32), Zn-ATP2. Zn-ATP4
Zn-ATPS [ JEHEIE /14 1.41x107, 4.83x10* mA
1 2.17x107° mA, B [ JE5 el FRL I B A2 P 444

TR, HAMET Bare-Zn [IIRA{E4.59%107° mA).
BN, BRI AT R A R B T
(i i ke, ERTE SR B KR PR G R A B RN,
FITLL, 4 ATP 7 a5 2% 1) FEU 2 IO H e e PO T J e
BT 2 B0 1) AR e M S 4 . X T Zn
T 1) ATP LE AN 8] (1 B35 T3 1B B R 0 AR
JRIG, SR T HROR AR . (R, R
55 2 T e RO B TE FR LIRS, AT PRI
PR (1 5 T 26

3 Bare-Zn fil Zn—ATP B & BRMEMEARR 2t Zi(a); Zn—Zn XFREIBK Nyquist B FER I (D): ZnSO, W T

Cu 1 Cu-ATP IIEIR L4 £ (c)

Fig. 3 Linear sweep voltammetry curves of Bare-Zn and Zn—ATP (a); Nyquist curves and equivalent circuit of Zn—Zn symmetric
battery (b); Cyclic voltammetry curves of Cu and Cu—ATP electrodes in ZnSOy solution (c)
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Fig. 4 Voltage curves and detailed voltage profiles at 28 h of
Bare-Zn and Zn—ATP symmetrical batteries (a);
photographs of Bare-Zn and Zn-ATP symmetrical
batteries before and after cycle (b)
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Kl 5 Bare-Zn/MnO, f1(Zn-ATP)/MnO, £ H# CV H#iZk(a); (Zn-ATP)/MnO, 1 Bare-Zn/MnO, 4 HL il FI 7GR 14 BE(b);
(Zn—ATP)/MnO,(c)F Bare-Zn/MnO, 4= HLith(d)7E 1st. 150th Al 300th I K 78 JECH il 28

Fig. 5 CV Curves of Bare-Zn/MnO, and (Zn—-ATP)/MnO, full cells (a); Cycling performance of (Zn—ATP)/MnO, and Bare-Zn/MnO,
full cells (b); Charge-discharge curves of (Zn—ATP)/MnO, (c) and Bare-Zn/MnO, full cells (d) at 1st, 150th, and 300th cycle
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Table 1 Cost of the common coating materials for Zn
electrodes
Coating material Reference Cost/(¥ -t ™)
Active carbon [7] 8600
TiO, [8] 16 500
ALO; [9] 120000
ATP This study 3000
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G, LA 0.2 Alg HUTREE FEAEER 200 VK 5 FRR
PR E Ve BT IR 75 SEM R F rh U 2% ri b 2 1T 1)
WIS Fifg UG EoR, V4G Bare-Zn HEARIIZR
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L4k ATP 4L 2 AL 5, Zn® (TR 12
WEER M ERFLA, (F R T S T AR —,
MR 5 % A R s s v Ayt s 5 —J5 i, ATP
RIAEAE KR SR IE LT, R ATP A B 45
A R, XM AL ) Zn™ 325 ATP J2

Ry F A PR, BRI T A I R M PTARTE AL RE
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KIAE ) Zn diAfE LU ATP WS JZE, MTIRELE T
Zn B A, A RGR S 7 N A ) R A AT
JER T Zn FEAR B A5 i

Bl 6 Bare-Zn HURIEFRATFIFEHE 200 ¥k Ji5 LA Zn—ATP {538 )5 2Bk ATP J2 ¥R T [¥) SEM HE J¢
Fig. 6 SEM images of Bare-Zn electrode before and after cycle, and Zn surface of Zn—ATP composite electrode after cycle (d—e).
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