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Abstract In zinc-air batteries, the gel polymer electrolyte (GPE) is an important factor for improving performance. The rigid
physical properties of polyvinyl alcohol reduce ionic conductivity, which degrades the performance of the batteries. Zinc
acetate is an effective additive that can increase ionic conductivity by weakening the bonding structure of polyvinyl alcohol. In
this study, polymer electrolytes were prepared by mixing polyvinyl alcohol and zinc acetate dihydride. The material properties
of the prepared polymer electrolytes were analyzed by Fourier-transform infrared spectroscopy (FT-IR), scanning electron
microscopy (SEM), X-ray diffraction (XRD), and thermogravimetric analysis (TGA). Also, Electrochemical impedance
spectroscopy was used to calculate ionic conductivity. The electrolyte resistances of GPE, 0.2 GPE, 0.4 GPE, and 0.6 GPE were
0.394,0.338, 0.290, and 0.213 (), respectively. In addition, 0.6 GPE delivered 0.023 S/cm high ionic conductivity. Among all of
the polymer electrolytes tested, 0.6 GPE showed enhanced cycle life performance and the highest specific discharge capacity of
11.73 mAh/cm” at 10 mA. These results verified that 0.6 GPE improves the performance of zinc-air batteries.
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2.1, Ml & M=

25230 mLoj| OFA| EAL o} 0]4=31HE(98.0 %, DUK-
SAN, Korea)2 1.3 g,2.6,4g(02M, 0.4 M, 0.6 M) & Z}
7} 500 rpm.©. 2 S-afa}ict. Lol E AAo] Zeju]d oF
F-E(Mw 89,000~98,000, SIGMA-ALDRICH, USA) 4 ¢&
8] H7Val 95 °Coll A 1,000 rppm © & 247t ok £}
shelrh. &35l oo Z2eb2 o8] = §OH(GL, Tech-
nical ~50 %, SIGMA-ALDRICH, USA) 0.1 g} 22]A¢
(GC, 98.0 %, DAEJUNG, Korea) 0.1 g2 #7138+ % 500 rpm
O gk 2027 weksFe T} 71 TS HAKHCL, 35.0 %,
DAEJUNG, Korea) 10 mL2} £ 100 mLE =351 oH A
£ H7Fshal thA] 500 rpm .2 T 2F 2027F WS
234 892 ABS A = A2 ZE5(20 mm x 40 mm
x 4 mm)of o} 0 °C o] 5}l 2H7g o A] 124171 o] 4 H.aksf
gel polymerE A28}tk AlxH A AEAES 2o
100 mLoj| =48} ZHE(KOH, 85.0 %, DAEJUNG, Korea)
39.6 g 7}l ’H= 6 M| KOH &4 o 24417k 52t 9t
2 AL o] 2A A2 A 1A} Ha)A(gel polymer
electrolyte, GPEY2 H7HE) obi|E4F ofel o] 229 of

ofl whekA] Table 10] vteb) 91t

2.2. ™X| M| =t

5 ool 4] AHE o el-B7] AL S} 2 A}
olofl A& E GPES HZ5to] M 9% Feh= A%H=9)
c}. WA teflon 222 = bottom2] E A 2] Eof 471 9]
boltsE AZA3s}ta 712 20 mm A2 50 mm=ZE AE zinc
foil (99.98 %, THERMO SCIENTIFIC, USA)-2- bottom &
o}oj| & =3ttt zine foil ]9 GPES T 3£3} 11 air cathode

Table 1. Information regarding the GPE synthesis.

Polyvinyl Zinc acetate .
) . Concentration

Materials alcohol dihydrate

M)
(® (®
GPE 4 0 0

0.2 GPE 4 1.3 0.2

0.4 GPE 4 2.6 0.4

0.6 GPE 4 4 0.6
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Fig. 1. Schematic illustration of fabricated zinc-air batteries.



o}e1-37] HA|G oPA|EAL obd o] 4BFES Wb 1AL Al o) 1] stakA] By 553

o(Sem )= ———Frv 5)

7] A, o= A A Y o] & A te, A= W3 A o WA, R
= Ao A, 1 A A FAE e

31. X2 EM

A Z% H=GPES A% 23 E42 gelstr] ¢4l
FT-IRS E3 £45}9] 11, Fig. 2 @ Table 20| A7+2 L}e}
Wit 2,940 cm™! B19] 1] T -CH; 2 LeRY 1, 1,090
om’! HZAE C-0Z2FE YeEhE 138 B
OFA| EAF oF 4 o] 423159 -5 =7} F7Htel whet -CH; 2}
C-OATA71 o] Ha®m 929 A7|7F Eoj=x Ao &
ol ®3F 1,410 cm™ 1} 1,550 cm™ HZof| Al Hol=
A= otAEI o] Eof Z7HE COO0-2] th A Al&53-5 4
0 A5l Bt v a2 2 4= kv six|ut &
vy oFL 20t o] 20| 7 GPEO|A = 1,410 cm™ K20
stz A2 E Kol o] 999 A= CHETS=

o= ko

| ——GPE
|——0.2GPE
| ——04GPE|
| —— 0.6 GPE

Transmittance

PR TR AU SRR T ST R
4000 3500 3000 2500 2000 1500 1000 500 0

Wave Number (cmfw)

Fig. 2. FT-IR spectra of GPE with different ratios of zinc acetate
dihydrate loding in wave number region 500 to 4,000 cm ™.

Table 2. FT-IR characteristic of GPE for different irradiation doses.

Electrolyte resistance Ionic conductivity

Materials R, Q) (0, S/em)
GPE 0.394 0.013
0.2 GPE 0.338 0.015
0.4 GPE 0.290 0.017
0.6 GPE 0.213 0.023
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Fig. 3. FE-SEM images of alloys: (a) GPE without zinc acetate
dihydrate, (b) GPE with zinc acetate dihydrate.
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Fig. 4. XRD patterns of GPE with different ratios of zinc acetate
dihydrate.
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Fig. 5. TGA thermogram of GPE with different ratios of zinc
acetate dihydrate.
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Fig. 6. Impedance spectra of GPE with different ratios of zinc
acetate dihydrate.

Table 3. The ionic conductivity (o) and electrolyte resistance (Re)
of GPE with different ratios of zinc acetate dihydrate.

Wave number (cm™) Bands
1,090 C-O0
1,410 COO-
1,300 -CH»-
1,550 COO-, C-H
2,940 -CH;
3,200 O-H
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of GPE, (b) Variation in final discharge voltage of GPE with
different ratios of zinc acetate dihydrate.
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Table 4. Specific discharge capacity of GPE with different ratios
of zinc acetate dihydrate.

Materials Discharge capacity (mAh/cm?)
GPE 8.57
0.2 GPE 9.12
0.4 GPE 10.49
0.6 GPE 11.73
o] vbA H]-82FS e ¢l 31 GPEQ] A% 8.57 mAh/cm?
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whetA, Fig. 70| A= obM| EAF of el o] =3z o] e o]
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