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Abstract

The water-based solid state zinc ion battery (ZIB) has attracted much attention in the energy field of
wearable electronic devices because of its safety, flexibility and low cost. The development of solid
electrolytes with high zinc ion mobility is one of the hotspots for water-based solid state zinc ion
batteries. In this paper, gelatin, potassium persulfate, acrylamide and N,N’-methylenebisacrylamide
were used as raw materials, and the solid hydrogel electrolyte was prepared through grafting po-
lyacrylamideonto gelatin via free radical polymerization method. The a-MnO; fabricated by hydro-
thermal method was used as the positive electrode material, and the zinc synthesized by electrode-
position method was used as negative electrodematerial. As a result, a water-based solid zinc ion
battery with a sandwich configuration was assembled. High ionic mobility of 0.37 mS-cm-1 was
computed out from the electrochemical impedance spectroscopy. And at the current density of 3333
mA/g, the first specific discharge capacity reached 231.5 mAh/g, and the highest specific capacity at
307 mA/g current density reached 314 mAh/g.
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KRABEFESTHM(ZIB)H AR 24, FHEABBRENFFS, EVFRATFRERFESIREZE. 7
REARSEEFIBRNESHAERRAKRESEE FRIBFARIRRZ —. AR, SHERHA.
WIRBLEA NN-EHFENAEBEANER, RAEBERESRM, ¥BRABBESEIAR E, #&
BE|—FME YRR E NS FEBE(0.37 mS-em ) KK RESBEBMER. HKREEZES N
a-MnO2 N IEMRATRE, BITREA RIS A7 Bk, 482 =HEME /K RE S E FE. 7£3333
mA/gBE R E T B R B LA R%F]231.5 mAh/g, 307 mA/g R E FREHLERA314 mAh/g.
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FREGAIRE R )8 H 23 58, DRI 8T B 4% € B Y A% 266 B () R AV FH B9 A BT I AL R [ 1] (2] B
TV F AT RS IRE, ARG &R T ER, et oM skt
MR A 1) L ORI FE AR R3] [4] [5] [6]e 4RT, SR aEEE R & B E it 82 1 b A
ATV T HE AL, BIaAEFRAE, M ot feR % BRSSO RS e IESR
PR B ERISEBRN 711131, A EGAE SR PE B, SRk 280 T 75 (0 SR 1 fif e 1 45 0 7 B4 R A
PR RN 2 e, DR L e 4 e SR I E [ 14]. B A AbER I R W DUE, AL EREE. ThER
B PR R AS DL R B AU SR o, IR S T AT V2 Q3 [15] [16] [17] [18]. i, HESCHRiRIE,
WA TR 22 B B/ — AR — IR A AR B T — P s BE T I i, RPEF b, ST
AR BB - it A B e G T B A 2 —[19] [20] [21]s

K R [ A S T AT SR AR AT ML A SR I Ee v G A 2 4, R T A A RENRERE S
T2 P S i, LA M B & i e 2 B AT I AR I B 77 AT, BT s s T S i S
AR IR PRI 2, 7K R [ S B 0 - Rt — B DA SR B S5 0 R Ak 2 PR A o X I 1) 8, RS L ZnS 04 MnSO4s
B I BRER A . PGSR AT NN -7 SO PR I e fie Ay sk, SR FH L E 2 R I, 0 58 R s T e Ao
FNORE b, TF A A3 B — b m HUE RN EE B TIE RS BRI K RIE S MR . 7ELEEAE |, DUKRIES
I 0-MnOy A IEMATRE, BTG 4515 BRSO AT RE, 22673 3 = IR VE M B R K R [ A 4 25
FHagth, 7F 3333 mA/g RS N 1 OO LA A ) 231.5 mAh/g, 307 mA/g LIS N im b A &=
15 314 mAh/g.

2. SCROERSy
2.1. KRB BREBBROBE

KH B AR SV K RSB B, Hfl S mBEwE 1 fos. 5%, %2 g R,
B[ T)MINE] 20 mL 1) 2.77 mmol/L K,S,0g (74748, Fil4i ). ZnSO, (1 mol/L)F MnSO, (0.1 mol/L)f#]
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BERIHH, 15 60°C MMM E 58 M. /05, A 2.11 mol/L RMEBERE(IHraE, Bl T)
H1 4.86 mmol/L N,N’- B XU I e e (T 224, BiTRi 1), FFPE 40°C FHiHE 2 h, 18K R EZS AT .
B, B 100% HRZ70(2 cm * 2 cm) BRI P AE 60°C FHiHE 2 h~3 h, HUH WK HIRIEAE 1
mol/L ZnSO, 1 0.1 mol/L MnSO, VR &AW F 10 h~12 h, 752 sEFRIR A MR, £5 FH () 4515 21 ) v A
WA 2(a), AH0 5 R HLAR BT A0 2(0)FT7R).
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Figure 1. Flow chart for the preparation of an aqueous solid electrolyte
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Figure 2. (a) (b) Aqueous solid gel electrolyte; (c) Battery assembly schematic diagram
2. (a) (b) KRRETSERREMEE; (o) BtARREE

2.2. IERMEAFIE
KT 5 K GE 4 4% —EAL R A K, 35 IE. 158, BLE 0.08 mol/L Mn(CH;COO), 4H,0 (447
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g, BURLT)AERL IEEILIE WG NN 80 mL 1 0.1 mol/L KMnO, iAW, #H8E 0.5 h 5. ARG, B ik
TRAT 75 mL IIANE] 100 mL I Bie/d, 1E 120C N 54R%E 9 hy 12 hy 15h. 18 hy 21 hy 24 h,
R ETE BIRGAE T H . 285, KRB O B0 NG IS AT /b3, 15 21 2 o R 3
B ALE 60°CHIE A THRAE T 12 ho 85, T8 MnO,: B JRE L 75:25 B4, I HIREE 2 cm * 2 cm
PR A b, 78 60°C N AT EE 12 h, 531ER.

2.3. GARARIEYHIE

K EUTRER A . B2, BYEL 2 em * 3 em ASE GG VB 53 K. K A REE LS
o R, CAMRTETENBAN, 20%E R (99.994% 0 & =) E N, SR XA (Z 31 E3631A 1HIR
JEA0), 7E0.01 Alem® I E RO 3000s, 13564k,

2.4, SEETHBAYALE

EEAH, 1 MnO, IEAR. HAER TR & BB R AN EE SO A IR B A 2545 B B8 T i, 38R
ERWE 2.

3. WHRIRAE
—SER XRD ST R SRFRATE

3 IR K2 R K BGEE A N9 hy 12 hy 15 hy 18 hy 21 hy 24 h) F & A MnO, i) XRD
K, WEFRRTLAE 1, FrA RS XRD EHELE 12.75°, 18.06°. 28.64° 1 37.77° VY AbA W & (I fiT 56 0,
3R R T (110) (200) (310)F1(121), SHr#ER A a-MnO, (PDF#72-1982)H VYA IEAHXT B X
FAAS R KA B2 MnO,, HILEM NI H, B a-MnO,. &l 4(a). 5 4(b) AR
KAFHCT a-MnO, 1] SEM [, EIHRE SRR 9 h il %75 211 o-MnO,. MEIHRTLUE H, K#ES
B a-MnO, TES R PIKFE, HEAAZ) 40 nm, K2 2 pm.
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Figure 3. XRD patterns of MnO, synthesized by hydrothermal method at different reaction times (9 h, 12 h, 15 h, 18 h, 21 h,
24 h)
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Figure 4. Scanning electron microscope (SEM) image of MnO, at different magnifications
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4. BAFEMEEMRS 54

] 5(a) AAE i 2E 25 R bR v 2 R B S H Ak 2 T (B R A F) CHIG660e) W FEAR IR 5 % R 7E 1
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B &) Zn* ' fE a-MnO, 2 x 2 FLIE FF ik N 5 FE, 3 it S S ML ) DR R A [22]:
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Figure 5. (a) Cyclic voltammetry curves of zinc ion batteries at different scan rates; (b) Constant current charge and dis-

charge curves of samples at different current densities; (c) Nyquist curves of sample AC impedance, the illustration is high

frequency Area enlargement diagram and circuit simulation equivalent diagram

5. (a) EBTHAETEAMERTHRERAZHLZ; (b) HRETRRREE THITHIERRFTMELZ; (o
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AFRERFER TN CV L RoR H IR IR R, 5T /KR BIE R 10 4E S8 8 1 Hith Cv il
LRFEAAF N 5()FTR). EIRIERIMIE N 1.25 V, FEFERZE a-MnO, #48 il MnOOH LA K Zn Bz
WA Zn™ s AL E N 1.7 V, BRI E AR T MnOOH #7454 a-MnO, 31 Zn™ & J5 &
Zn. & 5(b)iR KRB B T I AE 307 mA/g (1C). 615 mA/g (2C)F1 1.535 A/g (5C)HEIT % K A4 HLAL
M2, ATLUE I R BRI TE, RiEREITFE AR 1 (C HHAEmAN), 1A
LRI K /N (mA), ¢ ORI ] (h), m s PR TR (9 03 £ (o)) 1E 75 30 00 R B 25 5 43 7008 314 mAh/g.
222.4 mAh/g 1 197.2 mAWg. XU RIBIE RGN LA & L Zvae . AL BT T DL SR &
MR BT L R R SRR RE RN, W& S(o)fR. MiZERT AW S E 1, AL T
P 70 2E s v A0 DX 3 2 [ AT X Sk ) b 2 o F R B f /2 SEIL MEURN S IHT Hi A R0 AR e v, 17
RHEHER 12 Zo™ 78 AR 18 HUT . BATRA Zview B 4E, XFHGEPTEAR TS, 55
A HBEE, WE s iEERTR. BEE, 5 R R, ED 5N 4.9 Q 1 71 Q. X H b2 FH BT 7
#r, ARQ2) (d bR IEEEE (cm), R, Z2TREKEFHIH(Q), R, 2T 5 AT HBH(Q), A HL k& iR i
l(cm )T HRGE FH S %N 0.37 mS-cm .
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