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Abstract: Aqueous zinc-ion batteries have gained interest as large-scale energy storage devices due to their high stability,
low cost, and abundant reserves. However, a problem exists that the formation of dendrites due to the unstable zinc strip-
ping/plating behavior of zinc reduces the cycle stability of the cell. In this paper, Zn@ZIF-8 anode is introduced to solve
the problem of unstable plating/stripping behavior and realize a long-cycle aqueous zinc ion battery. The microchannel
structure of ZIF-8 was able to induce uniform zinc stripping/plating behavior. As a result, a runtime of 5500 h under
1 mA cm? and 1 mAh cm™? conditions was obtained in a symmetrical cell analysis, which is higher than that of a con-
ventional bare Zn symmetrical cell. In addition, by introducing a PVDF binder-based Zn@ZIF-8 anode, side reactions
at the electrolyte and electrode interface could be suppressed, thus inducing stable redox reactions.
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o) thr]sle] =& ol HMxwo] AHE KA JrhrIE f

71A s = 10%10° Scm™, 4] A& ~1 S ecm™).

Tt ol gk AR E Eetal, A ofd o] HA=
T E7(dendrite) F/dolehke LA Z Q] AR o] EA) gt
FAH R ofd Hd=e] FH-S H$(dislocation), 737l (grain
boundary)e} 72 3EH A g (surface defect) 2 3l E+dgH
FHES FATT. ofd o] AR T oA ERUet
ol A= FHe QIF g o} o] 0] Z7]e] hEe] Fo]
FA=E= @ A4 DHl(nucleation process)’t P ojLtal ofA
A= FF e Alolol] o} o] 8] F2AS 7&Estsh=
oje] % THlE ettt oju] 3 A4 TS Ate]
F2o] dojup= A= FRlo] ShollA AFs ¥ Ago=
QI8 W skA] e37] wiEol] A9 e A} e =2 A
@ ST AHOE ofd o] FAHE Aol A
71A HaL B3t o]29] A4 FE(ion flux distribution)
7} @Ad=lo] “f Eatip effect)’S et weby § &
=2 el YFA o R o]o] AREE Fo] A7]AL o]Z <l
&l 44 7] (dendrites)7}F o} A= ol FAFE T 3
uH] (stripping)t| o2t & 4 =71 e fixlolA 83l
He Aoz 2g) =& ofd(dead zinc)o] FAEH s}
A et 8 E71e S A 358 o] &
T 55 Abeld] 9o EHS el A3 oR Y
5 & (short circuitys oA oA AT Al Yol
Tpon

2 AFolME okl =9 4 =71 B4 3 FeS o
Ast7] Y8l m A AE FZZE 7FR zeolitic imidazolate
framework-8(ZIF-8) 2 polyvinylidene fluoride(PVDF) ¥}<1
& EQ3Rirt. >0 v v, =2 AN, o Aol &
olgt Eflol= HHS WP om AHE ZIF-8F2E <
3l o} oo &5 FH| AF S == Zlo] opbd ZIF-
89| wlAl| 25 3l o]2] A& X (ion flux distribution)
£ #dst ot | &= WA F Ak webA ok
A= A 7k A1 =5/4be] 2 (plating/stripping
processye F=% 4= AATE B3 Al H} A AHe
A'd PVDF MRIEIE ARGSHO 2 el d) H=o] &5
AHoA dojube Fukg-o] A7} 7hsst o]E el ¢
S e o B4, 7F P8AEE Ad 259 Al=TE 7
SolATh AZ3 Zn@ZIF-8 =S A&sto 2 uy A
A (symmetric cell test) 23 22 AF DE(1 mA em?,
1 mAh em?) Z71el4 5500 A|ZF o]/de] -5 Al7HS SR
g 5 9lom Ho AR U@ mA cm? 1 mA cm?) oA

&
3
s

L

s A ok A A A 513

Materials. ZIF-8 &2¢] $/d< 913 et B2 vh53} 72Tt
Zinc sulfate heptahydrate(M=287.56 g/mol), 2-methylimidazole
(82.10 g/mol), PVDF(Average M, ~180000)= Kureha Corporation
AlellA FaSEATE. Zn foil(Thickness: 250 pm) Alfa Aesar®l]
Al Fsidh abe Aol HAZ), 2|l A 2" AT
O 1T), 228, et Alo|AE X3k BE =9 A
F-E2 Wellcos Corporationoll 4] 43It}

Materials Characterization. ZIF-8 ¢ $H4 o] 52 &
243}7] $138 Fourier-transform infrared spectroscopy(FTIR,
spectrum Two, PerkinElmer, Korea)= %134 3}91.2.™ 4000-
500 cm™ 3P HLfelA EABIGITE B3 F WE AEES T
23171 $180 thermogravimetric analysis(TGA) #4712 713335}
At Zn@ZIF-8 A=< 3 FH £4]S 913 scanning
electron microscope(SEM, EM-30, COXEM, Korea)S 713}
SHTt. A= o] dsll @S] hydrophilicitys #-41317] <
3l wettability testE X13Y 3} 2™ optical tensiometer(Theta
Lite 101, Biolin Scientific, Sweden)y2 AF8-3}31t}.

Synthesis of ZIF-8 Powders. ZIF-8 £ gAo=E
Al Al="ollA] 18851992 zine sulfate heptahydrate : 2-
methylimidazole = 1 : 2(Molar ratio)2 78}t ZIF-8 &
o A|ZZ = zine sulfate heptahydrateE DI water 50 mLol|
837171 2-methylimidazole= DI water 100 mLell 22+ &
AT 8382171 828 300 mL H]AY &3 = 100 Al
7k &t 2o o] WhEAIZRS Folaiitt. AlxE &9
ETE AAE 213 DI waters ©]-83t] A4 E8E 18
sk 94 E2E 3000 rpmollA] E3} oE-S = A}
gato] JgsIAen, Fofzl Figde] ZIF-82 80 CollA 24

Preparation of Zn@ZIF-8 Anode. Zn@ZIF-8 2= A=
= ZIF-8 £33} PVDFE 8:2(mass ratio)= &§slo] I8
|NE Azt ZIF-8 2o F4He 913l thinky mixer

O =

348 ARt 22 F Bk 3E 89S g Eyol=
2 S AR ZH”sEI e Y FA= 320 pumE A
Attt AZE Zn@ZIF-8 JA=2 &u] AAE $18] 19
A QBN 60 CTE 2 A7k B9t AXA AT

Electrochemical Measurements. CR 2032 coin cell®] A2}
2 37| E718leIM AAslATE BE 718l 7k 265
A2 Z18s1ct. g A AJ2ell= bare Zn A5 Zn@ZIF-8
o] AEEY oM Zn/Cu H|thA A A Z}ell= bare Zn =
Zn@ZIF-8 7153} Cu foilo] AHE= AT Bgh A d == 2 M
ZnS0, 75 pL2 ARE-E T i A 2492 1 mA em? for 1
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mAh cm?, 2 mA cm? for 2 mAh cm? 4mA cm? for 1 mAh
em? ZZAA FY3IA T}, Chronopotentiometry(CP) #-4-2
ImA cm? for 1 mAh cm? ZZAA 3t} Cyclic
voltammetry(CV) #41-2 bare Zn, Zn@ZIF-8 T3 A2 718§
o™ 0.1~0.1 V(vs. Zn/Zr?") H9I9} scan rate 1 mV s' &
7oA Z183199tt. Electrochemical impedance spectroscopy
(EIS) £412 212 10 mV, 100 kHz~ 10 mHz¢] F3F 3
Lol &Yt A7]skeH Aol thek A= VMP-3e
multichannel potentiostat(Bio-Logic Science Instrument, USA)
< 3l 71=skiTh

ZIF-8 B BY. ol ¥ 7] QZAIE & SoM =
el =9 ZIF-8 2% 725 7dshke okl Jiﬂr ixd
AZAA o] vl A3 HIAE FA7Ih &) &

A7l whet ZIF-8 Y=ke] A% v‘%ﬂ gk 7] wﬂfoﬂ <
A3 nEn FE 2 2= ZIF-8 YA TS Y=

E ZoAe] ukeA7F 2-o] 7P 293 QAT AR
ZIF-8 Ae] A4 122 2457 94, A ZIF-89] =
APAAFE R (SEM) 242 Aasteich. S ZIF-8 kel
SEM #41¢] A= EthZ 80, 150 AJ7Fe] WA 7RS: Hodat
RS wfje e 201 &l 4012k (Rhombic dodecahedron)

B

o
(o3
kY

Q‘

}‘4 AFZFE (cubic) -2 v AAA0] E 125
< FRI5F th(Figure 1(a,c)). WHH 100 A17+H] Wt
046}2% o, kst 25 Fsk= S &
73?4»‘2— HIRO 2 100 AJ7F B9 WHEAIZRS: -
58 F5 d7Isle Wrke e HHskE AEE AL
(Flgure 1(b)). % F7H4<l ZIF-8 YAFe] F4=
}71 915l FTIR 415 28 3dt). ZIF-8 Aol 7191k
2 AT C=N(~1580 cm™), C- N(~1300 em™), C-C (~980
cm 1) Zn-N(~700 cm™)e] Y355 gelg = 9t} (Figure
1(d)). ATk, TGA 1A g B3] 7IF8 U7 7% 23S 23
ZIF-8 3HAo) 2 A th(Figure 1(e)).

IE EM BY ol F&e EHT ¥F I A7) vo}
AAF o2 Falo] wAshY, 53] ok Hsl& (el: ZnSO,)

oA F2 £rrt 1S F7Kei) o] 4] AAelA P ==
FAEE v 22 Wl oz el 4 itk 1).

420% + 60H + SO +nH,0 — Zny(OH)SO;nH,0 L (1)

AR Fol FANA 73S, AMelA At o5 vk &
L7t Aste]o] oA 554 s At st T ARk
o2 ofd &5 FHAM = a2 3} o= Qs
Zny(OH),SO,(ZHS)e} -2 FAitHEo] A%}, sA|Tt ZIF-8
FRTE Ee Halde] 2HAR]1 HFo] ApdE o] o]

gk FAHEo] PAEA] B=ThFigure 2). F/9E ZIF-8 &
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Figure 1. SEM images of ZIF-8 aging time: (a) 80 hrs; (b) 100 hrs; (c) 150 hrs; (d) FTIR curve (500-2000 cm™); (¢) TGA graph (0-800 ).
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Figure 2. Schematic illustration of prevent side reactions at the electrode/electrolyte interface and inhibition of dendrite formation due to the

introduction of the ZIF-8 protective layer.

A= PVDF HRRIE ¢} 3 e Edlol= 345 Tl ofd
50 Y=o Zn@ZIF-8 A5S AlZsh. A2k H=e]
SEM o] v %] (Figure 3(a))= ZIF-8 A 727} HYPHA] o
3, FRFO] g¢dshAl A8 A BT S SEM
4 Ax, ZIF-8 RS F7= oF 8.0-12.5 pmz 45
Ath(Figure 3(b)). Zn@ZIF-8 A=2] 2| F-2] ojF-= gl
a17] 918 Haf el 104 st AT & xHe] FiES
Pt A3, IR Fo] FolE ofd o] MR RE A

31, & A} ofd 5= 7he] AHAR HES WAElA

s
kS-S oA gS- E2l519 th(Figure 3(c)). =3+ ZnSO, A
3]
A

o=

Aol 3d F9F HA|E F XRD 42 R13Ys A3}, ZIF-8

B35S 08 AFoM = 718 o 2T vls] FakEe]
ZHSS] ¥ 37F dA3] Yozl g 1% F ATt o=
ZIF-8 8 Zo] ZHSS ANS gy oz dAlshe= e
HojFEh(Figure 3(d)). ©l§1 A¥= ZIF-89] wlA| 2 del] ]
A SO~ PAF A717F B A7) W] Wi o] IF
kA 3l Fuke-g AA|sh] wiTo|nt.”

Zn@ZIF-8 8= M7|8letds "ot ofd T3 AsS &
A7) fl8l, A A= el 39 2 ) A5 o)
A TUZ FAE NS A= Hr]sket ks g &
3 AGA Y B48 58 Zn@ZIF-82) 71 2 27)8t
gtz 248 EA 3 TH(Figure 4(a,b)). YukZ <l oA &3
A A Ato]Z o] Fo u|=e] mekat X7 GebA] 7] uiw
o vke 7}3AS Zky i WhH Zn@ZIF-8 HFe] A A
2 HskE FolA w2 7S TR S-S UERL o]
= O w2 93 AFEE 7S 77 w2l dafjded o
P oA A= AbolE T FAHE B Y E719] Aol

dla=s
ZIF-8 353 eJ3f fA=7] wioltt. F714 202 CV 3

WA Alo|Zol| A &) A4 spxIgte] AREAQl o Hls) T
A7) W] o}de] & Aol o mAlsla #dEE & &
A} o= ZIF-80| 7HAE vlAl Al €&l Zn ion fluxE
AT = A3l A AWM 0] 29| o5& EE AFHAA
& A Aol F71sl7] witol 2k dlo] PAEe= o=
A = Aok ATk, BHFFARE(CP) %71 B3l 1 mA
em?, 1 mAh em? 27104 & A Y 37HE K=Yk
(Figure 4(c)). CV Ao} 28 Aoz 27| 2xgdo] ¢
Z AE T A Aol Tk A 7108t 7] 9
34 gte] ANkA Q) o} 2ol HlsiA wAlEA Eot
1S dolin). o]d A A AFFFo| ZIF-89] +
T3 Ao EAolm mAslal #deh ofd & F
o] 719943 I 5 7] wiio|tt. ZIF-89] o]
EEE Agxos Z9shr] 98 x718ls duds
(EIS)S i A= 7+ th(Figure 4(d)). Zn@ZIF-8
A Q] ofd S0 H|g| E& M3} olF AFHRNS
™, ZIF-8¢] @& HArAdoz 9] Qs wo} o}
2hd o ¥ Z WFolA bottom-up growths

T AT
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Zn@ZIF-8 electrode

Intensity (a.u.)

10 20 30 40 50 60 70 80
2-Theta (degree)

Figure 3. (a) SEM images of Zn@ZIF-8; (b) Cross SEM images of
Zn@ZIF-8; (c) Zn@ZIF-8 (After 10 days of ZnSO, electrolyte immer-
sion); (d) XRD peak of Bare Zn, Zn@ZIF-8 (After 3 days of ZnSO,
electrolyte immersion).

A5 Zn ion fluxE FL3HA
ST ootk A&
Zn@ZIF-8 AOIE S4 YIL. ZIF-8 I-Z5ol| ¢
B g g 7Yt o] e ofd 3¢ A7) 5}3“4
do= A FHE Ao g WA, D}%ha AR Ex
2 _g_akoﬂ/q ;H;‘d A 7|8l g AEE 53
=2 73%- 1 mA em”, 1 mAh cm? }_7401]H oF 4001\]71-_?_ 7
A2 A AasS et o)t i o2, Zn@ZIF-8
=2 5500417k o AbolE o] A7EE o] dnkAl 0}04
SEO oF 1) 71 e HAFth(Figure 6(a)). &
9 wE AFE%E 2 mA cm?, 2mAhcm2§_74J+4mAcm,
1 mAh cm? ZAAME AukEQl o} S=H X o £
T AbolZ M85 HERITh(Figure 6(b,c)).

T3te] eFg el Zn@ZIF—
e o Sdok

>

ha|

o
o o
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Figure 4. Cyclic voltammetry test: (a) Bare Zn; (b) Zn@ZIF-8; (c)
CP test; (d) EIS test of Bare Zn, Zn@ZIF-8 symmetric cell.

Figure 5. SEM images of plated electrode: (a) Zn@ZIF -8; (b) Bare
Zn after CP test.
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Figure 6. Symmetric cell test at (a) 1 mA cm?, 1 mAh cm?; (b) 2 mA
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