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Abstract: Aqueous zinc-iodine (Zn-1,) batteries have attracted significant research interest as an emerging alternative
energy storage system because of its high capacity (mAh/g), safety, and low cost. However, the dissolution and shuttling
effect of polyiodides at the cathode formed during the charge and discharge process causes severe capacity loss and low
electrochemical reversibility, which limits their practical use. Herein, we demonstrate polyacrylic acid (PAA) polymer as a
cathode binder with strong iodine-chemisorption ability for aqueous Zn-I, batteries to suppress shuttle effect of the poly-
iodides. The results confirm that the carboxyl groups of the PAA binder can strongly adsorb polyiodides and effectively
inhibit its dissolution from the cathode. Furthermore, the PAA binder exhibits much better electrolyte wettability (0° of con-
tact angle) and adhesion performance (0.27 N/mm) than the polyvinylidene fluoride (PVDF) binder. As a result, the cell with
PAA electrode shows high efficiency (95.5%), long cycle life (570 cycles) and high cost (148.1 mAh/g) compared to PVDF
binder. This strategy may open a new way to solve the shuttling problem of Zn-I, batteries through functional binders.

Keywords: polymeric binder, aqueous zinc ion battery, zinc iodine battery, shuttle effect.
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Figure 2. FTIR spectra of (a) PVDF binder; (b) PAA binder before
and after mixing with iodine.
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Figure 3. (a) Electrolyte contact angle of an iodine cathode with
PVDF binder and PAA binder; (b) peel-off test of carbon@]I, cath-
ode with PVDF and PAA binder (inset: optical images of electrode
after peel-off test).
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Figure 4. (a) Optical images of the polyiodide solution before and
after aging for 48 hours with PVDF and PAA binders; (b) UV-vis
absorption spectra of the polyiodide solution after aging for 48 hours.



ofled F3 7 PAA HRILIE &8

Figure 5. Characterization of cycled Zn metal cathodes in Zn—I, bat-
teries with different binders. Top view SEM images of the cycled Zn
anode of the battery with (a); (b); (c) PVDF binder; (d); (e); (f) PAA
binder. (a), (d) : Mag 1.0 K; (b), (¢) : Mag 2.0 K; (c), (f) : Mag 5.0 K.

oofla] Zgjolo]Qdshe F=Art A AR 2& B3 PAA
/] ;Ea]o].o]oﬂﬂ, 6;}. L—,—;qo] E—] >0 0 o)

Zn-1, Wi ollA ZEjool e dskae] MEY ARl fle
9] I, FFol Ha s Wk o} dl=glo| B} FakE
FAe AAlshs 19 Zn SF= Fasitt wehi AL
2 F Zn 559 HEIE gH 5 Fabe S
XS 28 &1 tHFigure 5). FAPAAAT] 7 (SEM)S AR&-3F
AlEgte]E 2393} Zne] S3 FehE A70rh Figure
S(a)2] Gelx] FTE SEM o|P|X]= PVDF HRIL S AMS-

H

_&FE_O,OBL

3 ojstololenl viEle] AEY B4 oA 399

2 o2 PAA HRRITE AR Wl Zn S=elA] H]
w2 G Zeolart A=K Figure 5(d)). ©l= ShE
SEM imagel|X] PVDF HRIEIE A8 wije} st xjo)&
X o] Eth(Figure 5(e),(f)). W= PVDF HRCITE o)) H]&l PAA
HRIEE ARS-S o) Egjolo] 2dsHE2] MEHo] FA <
AHNES & F AUt

Gl =] "17I2}§t M5 BM AC@LZn AFTES
ZE= 2032-type A4S A BRI e wE AR TS
H W ak AT (Figure 6). 7 HRIG O theh 27] S984 &35
H| &t A KFigure 6(a)) PAA H}QIG & 1482 mAh/ge]
=& %7] W £35S 7KL T} o= PVDF HIRIE (99.7

mAh/g)ol] H] 35l % W =T}, Figure 6(by= 0.2CHE 5C7F

A BREE wE gRlolE Bl A=, Aol 5CA
PAA BRI o] 832 756 mAh/gEi PVDF(59.9 mAh/g)°l

v E& 83 BTl TS Figure 6(c)s 1 A/g AR/
DEof|x o] G xlo]E H|awgk A2, PVDF HRIT o] Bl
PAA ¥RIT7T B &2 8758 BATh 500 cycledllA] PAA B}
= 1214 mAh/ge] &3S H S, PVDF vRIH &
82.4 mAh/ge] &% BT oy BE [7|3sh4 A
s TA0lM PAA BRIGZE & 833 B3 o= PAAY
7HEA 719 EAE Qlste] Haf el thet 23 do] iy
Nom PAA7} Eofo] e HIsHEe] MERS T oRE o
APS g1 & k.

2 =

73k otol9®l F2 AeS Ad AMEE PAA vRRITE
ARE-Ste] 18- ofdd-oto| o Hl HA|E TSI

PAAS] 7154172 <l PVDFREUF Asd zgAJo] g4
HAoH, FAete] A%H-S I AUTE TS, PAA vIR]
2] 73k ofo] 91 ¥ F F= UV-vis absorption®l| A I, &

g o] zn ST WS FAHES FAHel dEelelE B 93] PAE Fal SRIUSIT, AIHOR PAA HIRIHE
Zn FRA7F BAAEUS HAAFETH(Figure 5(b),(c)). ©1¢= AREshe A= Eglolo|ledsEe] MEYS a7 o=
180 200
(a , (b) 16012020512 3532 1 05 (¢)
o / o 1e, =) Current density: 1 Alg
Nﬁ E 140 4 ‘\ Current density: A g g 150 4
= i E 1204 """h g O E
o Z K sy s &
4 8 100-""-—.‘_ b 2 1001
: - fal ST | T
) & 0, e 3
= | @ P @ 50
> 1 E 40 | &
2 0|—=—PVDF g —s—PAA
99.7mAhlg _ 148.2mAh/g o= -PAA 5 ——PVDF
0 50 100 150 200 0 10 20 30 40 50 60 70 0 100 200 300 400 500
Specific capacity (mAh/g) Cycle Cycle

Figure 6. Electrical performance of Zn-I, 2032-type coin cell composed of AC@I |Zn with cathode mass loading of ~3.0 mg/cm?*: (a) Gal-
vanostatic charge/discharge voltage profiles at 0.2 A/g; (b) Rate performance from 0.2 to 5 A/g; (c¢) Cycling performance at current density

of 1 A/g at 25 C.
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