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Supplementary Figures

Supplementary Fig. 1 | Optical image of a symmetric pouch cell (a) before and (b) after cycling.
The distinct battery swell is observed after cycling because of the HER (Zn symmetric cells: 10 mA

cm~2 with charge/discharge capacity of 10 mAh cm2 for 50 cycles at 25 <C, pressure: 370 kPa,).
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Supplementary Fig. 2 | Large-volume CarraChi gel solutions produced by stirring.
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Supplementary Fig. 3| a, Optical and b, SEM images of the CarraChi membrane.
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Supplementary Fig. 4 | XPS measurements and analyses of the dry CarraChi gel: a, full spectra

and b, N1s spectra, and c, S2p spectra.
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Supplementary Fig. 5 | Stress-strain curves of the CarraChi-ZnSO4 and k-carrageenan-ZnSOa.
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Supplementary Fig. 6 | The electrochemical window of the CarraChi gel electrolyte and 2 M ZnSQO4

(25 <T).
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Supplementary Fig. 7 | Chronoamperometry curves with a constant voltage polarization of 20 mV
(measured at 25 <C). The insets show the EIS curves and the equivalent circuits before and after

polarization. a, Zn|CarraChi|Zn; b, Zn|GF|Zn (Fitted results are listed in Supplementary Table 3).
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Supplementary Fig. 8 | Zeta potential: the pulverized GF powder in an aqueous solution before and

after the addition of ZnSOa.
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Supplementary Fig. 9 | EIS curves and equivalent circuits of the Zn symmetric cells at temperatures
from 25 to 50 <C. a, with the CarraChi gel electrolyte; b, with the GF separator. (The fitted Rc: values

are listed in Supplementary Tables 4 and 5).
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Supplementary Fig. 10 | Raman spectra of ZnSQO4 solution, and CarraChi gel electrolyte (measured

at 25 <T).

The wide peak from 3000 to 3700 cm ™ is due to the O-H stretching vibration of water molecules,
which can be divided into three components according to the literature.! The major peaks at ~3230, ~
3450, and ~3620 cm™* correspond to water molecules with strong (S), weak (W), and Zn?*-solvated

water (non H-bonds, N), respectively.

S11



O_
437V -1.28V
P e
S
§ -4
<C
g 61 1M Na,SO,
== 5mvVs’
-8 Zn-CarraChi
Zn-GF
_10 T T T T
-1.6 -14 -1.2 -1.0

Potential (V vs. SHE)

Supplementary Fig. 11 | LSV curves of Zn with CarraChi and GF in coin cells (25 <C).
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Supplementary Fig. 12 | In situ optical microscope images of Zn foil with CarraChi during plating at

10 mA cm2 in an open electrolytic cell (25 <C), without finding H. bubbles.
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Supplementary Fig. 13 | a, XRD patterns of Zn foil soaked with CarraChi and ZnSQO4 solution. SEM

images of the Zn foil after 1 week of direct contact: b, with the CarraChi, and c, with the GF separator.

S14



0 0
CarraChi
M 2
-2 =
i

Supplementary Fig. 14 | Simulated electric potential and electric current distribution for a,
Zn|CarraChi|Zn and b, Zn|GF|Zn symmetric cells at 10 mA cm (The thin strips represent glass fiber,
and E represents potential, mV).

The Zn anode with CarraChi exhibits homogenized Zn?* concentration along X-axis, which
facilitates uniform Zn?* supplement during the Zn deposition process. In contrast, a higher
concentration gradient is observed along X-axis for the Zn anode with GF separator, making it easier
for Zn dendrites growth at the Zn/GFA interface (Fig. 3d, e). When the potential is applied, a much
more uniform electric field distribution is achieved along the X-axis with the CarraChi gel electrolyte,

manifesting the effective suppression of Zn dendrite during cycling.
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CarraChi 20 mAh cm?

Supplementary Fig. 15 | a-d, SEM images of bare Zn deposited at 10 mA cm? with different
capacities in coin cells (25 <T). a, 20 mAh cm™2 and b, 30 mAh cm2 in Zn|CarraChi|Zn; ¢, 20 mAh

cm2and d, 30 mAh cm™2 in Zn|GF|Zn.
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Supplementary Fig. 16 | Cycling stability of Zn symmetric cells with CarraChi and GF (1 mA cm2

with 1 mAh cm™) in coin cells (25 <T).
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Supplementary Fig. 17 | a, Cycling stability of the symmetric Zn|GF|Zn pouch cell with various

capacities from 1 to 10 mAh cm2at 10 mA cm™. b, EIS curve of the Zn|GF|Zn pouch cell after cycling.
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Supplementary Fig. 18 | a, XRD pattern and b, SEM image of the prepared ZVO nanorods before

electrode formulation.
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Supplementary Fig. 19 | Voltage profiles of Zn|GF|ZVO at various charge/discharge specific currents

in coin cells at 25 <C (based on active ZVO mass).
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Supplementary Fig. 20 | Optical images of CarraChi and GF after 1 hour of direct contact with ZVO

cathode in the air (The dissolved ZVO absorbed on GF while there is no dissolved ZVVO on CarraChi).
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Supplementary Fig. 21 | EIS curves and equivalent circuits of Zn|CarraChi|lZVO and
Zn|GF|ZVO in coin cells (25 <C). a, before cycling, and b, after cycling (Fitted Rc: values in the

equivalent circuit are listed in Supplementary Table 7).
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Supplementary Fig. 22 | a, Optical images of the pristine and cycled CarraChi gel, GF, and Zn anode

in coin cells (25 <C). SEM images of cycled Zn with b, GF separator, and c, CarraChi gel electrolyte.

S23



o

a 18

S 0.9 .

c After cyclin

N 15 ycling

& . | =+ GF

ﬁ 1.2 1 Battery failure 06

2 o9l G o3

2 N

— 061 - ;

© 0.04

= GF !

& 0.3 Discharge 0.3 3

[e] . -0. °

o go. Charge :
0.0 0.4 0.8 12 16 03 00 03 06 09

Capacity (Ah) Z'(Q)

Supplementary Fig. 23 | a, Voltage profiles and b, EIS curves of Zn|GF|ZVO pouch cell when the
battery fails (25 <C).
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Supplementary Tables

Supplementary Table 1 | Comparisons of previously reported gel electrolytes with our work based
on the tensile strength, ionic conductivity, Zn?* transference number (tzn), applied current density (j),

capacity, and cycle number.

Gel type Tensile lonic tza  j(MA Capacity Cycle References
strength  conductivity cm?)  (mAhcm?) number
(MPa) (mS cm™)
CarraChi 112 53 0.52 10 35 574 Our work
CMC/PNiPAM 37.9 0.17 0.54 5 1 - 2
P(ICZn-AAm) 0.12 2.15 0.93 0.25 - - 8
PAM-PGO - 31 - 35 1 1000 4
PZHE - 32 0.656 3 - - >
ILZE 9.12 16.9 - 2 0.5 6000 6
SPE - 19.6 0.7 0.1 0.5 180 !
Alg-Zn - 18.3 0.75 177 0.885 270 8
PAMPSZn - 20 0.4 1 1 2250 S
TA-SA - 24.2 0.74 1.13 - - 10
TPU 3.5 19.8 - 10 10 250 1
Zn-SHn - 34 - 10 5 1000 12
PASHE 0.028 32.9 0.84 20 10 100 13

All these measurements were conducted at 25 <C.
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Supplementary Table 2 | Element contents of the CarraChi gel electrolyte from the XPS results.

Element C (@) S N Sum

At% 63.26 28.62 2.93 5.19 100.00
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Supplementary Table 3 | Fitting results of Rt for the Zn symmetric cells before and after the

chronoamperometry test in Supplementary Fig. 7.

Samples Ret Error (%)
Before 114 6.8
Zn|CarraChi|Zn
After 452 1.6
Before 164 2.0
Zn|GF|Zn
After 340.3 1.2
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Supplementary Table 4 | Fitting results of R at different temperatures for the Zn symmetric cell with

CarraChi in Supplementary Fig. 9a.

Temperature 25 °C 30 °C 35°C 40 °C 50 °C
Ret () 472 381 300 252 165
Error (%) 1.5 1.6 2.0 1.5 2.4
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Supplementary Table 5 | Fitting results of R at different temperatures for the Zn symmetric cell with

GF in Supplementary Fig. 9b.

Temperature 25 °C 30 °C 35°C 40 °C 50 °C

Ret (©2) 1222 856 590 431 248

Error (%) 4.8 4.9 2.4 4.9 1.9
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Supplementary Table 6 | Comparison of the cycling performance of the Zn symmetric cells with

previous reports.

Materials Current Areal Cycle  Cumulative Average Citation
density capacity number capacity CE (%)
(mAcm2) (mAhcm™?) (Ah)
CarraChi 10 35 (65% 574 1286 99.5 This
depth of work
discharge)
CWK 5 5 276 1.083 98 14
Polyanionic Gel 10 5 1000 3.925 99 12
PZHE 3 1 - 0.589 99 >
PAMPS-Zn 1 1 2250 1.766 99.3 S
PDA coating 30 30 37.5 0.883 99.5 15
Glycerol/Acetonitrile 0.5 5 150 0.589 99.5 16
gel
PZIB gel 75 75 205 1.207 99.6 17
MXene-Graphene 10 1 5250 4121 99.67 18
TEOS-Cellulose 2 1 400 0.628 99.9 19
CSAM-C 3 3 250 0.588 100 20

All these measurements were conducted at 25 <C.
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Supplementary Table 7 | Fitting results of Rt for the full cells before and after the cycling test in

Supplementary Fig. 21.

Samples Ret Error (%)
Before 136.9 1.7
Zn|CarraChi|ZzVO
After 30.16 1.6
Before 149.8 1.9
Zn|GF|ZzVO
After 455 2.97
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Supplementary Table 8 | Comparison of the cyclic performance of pouch full cells with previous

reports.
Cathode Electrolyte Initial Applied Cycles Discharge References
discharge current capacity
capacity (Ah) retention
(%)
ZVO CarraChi 0.9 02Ag? 200 84 Our work
VOH Sulfolane—H> 0.2 05AQgt 55 81.6 21
0]
ZnVOH ZnS0q4 0.02 0.ImAcm?2 200 70.7 22
NH4V4010 Zn(CF3S03): 0.015 04AQgt 240 83 23
ZnossV204P  Zn(CF3S03):2 0.0065 0.1Ag" 60 98.5 24
04 3.2H0
HVO ZOT-H0- 0.0035 05A¢g! 300 81.7 25
60% PEG
V205 Gel 0.017 1.2mAcm2 500 87.8 26
VOH DME- 0.062 - 100 83.5 27
Zn(OTF)2

All the anodes used in the table are bare Zn foil. All these measurements were conducted at 25 <C.
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