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Fig. S3 The electrochemical windows of hydrogel electrolytes containing 1 M ZnCl,, 1 M LiCl,
1 M NaCl and 1 M KCl at 25 °C and -20 °C, respectively
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Fig. S4 The electrochemical windows of hydrogel electrolytes containing 3 M Zn(OT*),, 3 M
ZnSO4, 3 M LiTFSI and 3 M Li2SO4 at 25 °C and -20 °C, respectively
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Fig. S5 The electrochemical windows of hydrogel electrolytes containing 1 M KF, 1 M ZnBr»,
1 M KI at 25 °C and -20 °C, respectively
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Fig. S6 The electrochemical windows of 3 M ZnCl» and 3 M LiCl hydrogel electrolytes based
on different working electrodes at 25 °C and -20 °C, respectively
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Fig. S7 (a) The temperature control devices (5 C, 0 T and -5 C). (b) The electrochemical
windows of hydrogel electrolytes containing 3 M ZnCl,, 3 M LiCl, 3 M NaCl and 3 M KCI at
5°C, 0 °C and -5 °C, respectively
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Fig. S8 (a) Schematic diagram of the H-bond formation between SO4> and bacterial
cellulose/water molecules. (b) XPS spectra for 3 M LiCl hydrogel electrolyte (Li 1s and CI 2p).
(c) XPS spectra for 3 M Li,SO4 hydrogel electrolyte (Li 1s and S 2p)
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Fig. S9 GCD tests of the LiFePO4/Zn cells using hydrogel electrolytes with 2 M Zn?" and 4 M
Li* (2 M ZnClz+4 M LiTFSI (a), 2 M Zn(OTf)z+4 M LiCl (b), and 2 M ZnClz+2 M Li»SOs (c))
at 25 °C and -20 °C, respectively (0.2 A g')

a
0.15 b15_
0101 8 M znCl, 1ol 3mzncy,
S -20°C > 25 oC
=0.051 S 05
©
§o.oo-
20,051
010 BEERNEER
C Time (h?

Bare Zn foil
il {

Yo

Fig. S10 The voltage profiles of symmetric Zn/Zn cell with 3 M ZnCl, hydrogel electrolyte at
-20 °C (a) and 25 °C (b), respectively (0.2 mA cm™). Optical photographs (¢), SEM images of
the spring (d) and Zn anode (e) from the corresponding Zn/Zn cell after cycling at 25 °C. (f)
SEM image of bare Zn foil (the inset is the optical image)
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Fig. S11 SEM images of carbon cloth (a) and PANI/carbon cloth (b). Insets are the
corresponding optical images
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Fig. S12 Capacitive-controlled and diffusion-controlled contributions of PANI/Zn batteries
based on 6ZC (a) and 3ZC6LC (b) at a scan rate of 1 mV s (-30 °C)
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Fig. S13 EIS spectra of the symmetric SS/SS system based on 6ZC (a), 3ZC6LC (b), 3ZC6NC
(c) and 3ZC6KC (d) measured at different temperatures
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Fig. S14 The pH values (a) and DSC curves (b) of 6ZC and 3ZC6LC
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Fig. S15 (a) EIS spectra of the symmetric SS/SS system based on 1 M ZnCl»+10 M LiCl, 2 M
ZnCl>+8 M LiCl, 4 M ZnCl>+4 M LiCl and 5 M ZnCl>+2 M LiCl hydrogel electrolytes at -
50 <€ (denoted 1ZC10LC, 2ZC8LC, 4ZC4LC and 5ZC2LC, respectively). (b) The ionic
conductivity of corresponding hydrogel electrolytes
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Fig. S16 Current-time curves at -30 <C (a-c) and -50 <C (d-f) of symmetric Zn/Zn cells
following a voltage of 10 mV for 1000 s. Insets are the corresponding EIS spectra before and
after polarization
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Fig. S17 XRD patterns of 3ZC6LC, 3ZC6NC and 3ZC6KC
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Fig. S18 (a) Stress—strain curves of BC, 3ZC6LC, 3ZC6NC and 3ZC6KC. (b) SEM images of
corresponding hydrogel electrolytes after immersing in deionized water for 12 h
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Fig. S19 EIS spectra of Zn/Zn (a) and PANI/Zn (b) cells with 3ZC6LC before testing
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Fig. S20 The voltage profiles of PANI/Zn cells with 6ZC and 3ZC6LC at -30 T and 0.2 A g*
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Fig. S21 Rate performance (a) and cycling performance (b) of the PANI/Zn cell with high mass
loading (~3 mg cm™) by using 3ZC6LC at -30 °C
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Fig. S22 (a) The self-discharge curves of PANI/Zn cell with 6ZC and 3ZC6LC at -50 <C (30
days). (b) The voltage profiles of symmetric Zn/Zn cell with 6ZC and 3ZC6LC at -50 <C and
0.2 mA cm (30 days). (c) The temperature control equipment (-50 <C)

Table S1 The electrochemical windows of 3 M ZnCl, and 3 M LiCl hydrogel electrolytes at
different working electrodes

. 3 M ZnCl: 3 M LiCl
Working electrodes

25°C -20 °C 25°C -20 °C

stainless steel 1.26 V 239V 1.20V 251V

Al 027V 028V 0.29V 037V

Cu 0.73V 0.75V 0.84 V 0.85V

Ni 0.76 V 0.84V 098V 1.09V

Pt 202V 204V 209V 2.14V

CC 241V 2.16' V 226V 229V

Ti 222V 232V 232V 246V

Table S2 Calculation of transference numbers from analysis of polarization experiments at low
temperatures

Electrolyte Temperature(°C) AV(mV) Ro(2) Rs () TIo(pA) Is(pA) t

3ZC6LC -30 10 1.06 1.08 7.28 6.18 0.85
3ZC6NC -30 10 0.87 291 7.19 6.32 0.88
3ZC6KC -30 10 45.09 47.22 2.27 1.51 0.66
3ZC6LC -50 10 2.09 3.06 3.72 2.94 0.79
3ZC6NC -50 10 14.36 17.74 1.92 1.27 0.66
3ZC6KC -50 10 13967 14911 0.12 0.07 0.52
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Table S3 Comparison of low-temperature performance of PANI/Zn batteries with other
electrolytes reported in the literatures

Cathode Operating

material Electrolyte temperature Cycle life Capacity Ref.
2 M ZnSO4+ 50 89.3% after 2000
PANI -10° 100.8 mAh g'! 1
N v/v% methanol 0°c cyclesat 1 A g'! 00.8 mAh g [S1]
1 M ZnCL+0.5 M o
. fter 1
PANI  NHCI+50 wt% 220 °C P9-8%alter 150 43 5 ARgt  [82]
cyclesat 1 A g
EG
100% after 2000
PANI .5m ZnCl -70 °© 4.9 mAh g'!
N 7.5 m ZnCl, 70 °C cycles at 02 A g’ 84.9 g [S3]
3M ZnCl2+t6 M 100% after 2000 This
PANI -50° .5 mAh g'!
N LiCl S0°C cycles at 0.5 A g! 96.5mAhg work
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