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Experimental details
Preparation of the rGO/MnQO: nanocomposite

Graphene oxide (GO) was synthesized according to our previous report.! The obtained GO was
calcined in a tubular furnace at 800 °C in argon atmosphere for 1 h to obtain reduced GO (rGO). Then,
0.1 g rGO was dispersed in 150 mL deionized water with the assistance of ultrasonication. After that,
12 mmol of Mn(CH3COO);-4H>O was added into the above dispersion under stirring. The obtained
dispersion was added dropwise into 80 mL aqueous solution containing 8 mmol KMnOQOs, followed by
vigorous stirring for 1 h. Subsequently, the dispersion was transferred to a Teflon-lined autoclave and
kept at 130 °C for 12 h. After hydrothermal treatment, the dark brown precipitate (i.e., rGO/MnQO3)
was washed with deionized water and then freeze dried.
Measurements of ionic conductivity

The ionic conductivity (o) of gel electrolytes was estimated using electrochemical impedance
spectroscopy (EIS) measurements over a frequency from 100 kHz to 0.01 Hz. The EIS measurements
were conducted by sandwiching the gel electrolytes between two stainless steel sheets. As for the liquid
electrolyte, a Whatman GF/A filter paper filled with 2 M ZnS04/0.2 M MnSO4 aqueous solution was
used for EIS measurements under the same condition. According to the obtained Nyquist plots, o (mS

cm™') could be calculated as:

5 — Lood .
aye 1)

where R (Q) represents the bulk resistance determined from the intercept with real axis, and d (mm)

and A (cm?) are the thickness and area of the gel electrolytes or separator, respectively.
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Supplementary figures
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Fig. S1 XRD patterns of freeze-dried pure PVA (raw material), PVA-B, PVA/G, PVA-B-G, and

ZnSO4/MnSQO4. Before XRD measurements, the PVA and ZnSO4/MnSQO4 were dissolved in water and

then freeze dried.
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Fig. S2 FTIR spectra of freeze-dried pure PVA (raw material), PVA-B, PVA/G, PVA-B-G, and

ZnS04/MnSQOs. Before FTIR measurements, the PVA and ZnSO4/MnSO4 were dissolved in water and
then freeze dried.
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PVA-B PVA/G PVA-B-G
Fig. S3 Photographs of PVA-B and PVA/G in comparison with PVA-B-G.

Fig. S4 SEM image of the freeze-dried PVA-B-G.
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Fig. S5 Nyquist plots of (a) PVA-B-G and (b) liquid electrolyte, measured in a stainless steel//
electrolyte// stainless steel configuration.
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Fig. S6 The ionic conductivity of liquid electrolyte as a function of temperature.
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Table S1 The ionic conductivity comparison of PVA-B-G in this work with recently reported gel
electrolytes for AZIBs or AZHSs. Unless specified, the ionic conductivity data from the literature was
probably collected at room temperature (R.T.).

Gel electrolyte Ionic conductivity (mS cm ™) Reference
29.6 at 25 °C
PVA-B-G 15.9 at —20 °C This work
10.1 at =35 °C
16.8 at 20 °C
EG-waPUA/PAM 14.6 at —20 °C 2
xanthan gum 165 atR.T. 3
2.5at—8°C
9.1 at 25 °C
PAM/concentrated electrolyte 15 at —15 °C 4
5.03 at 20 °C
HCZLE-PAM 317 at —15 °C 5
PVA 12.6 6
PAM 17.3 7
PVA-COOH 25.8 8
PAM/gelatin 17.6 9
starch/PAM 26.5 10
PAM/nanofibrillated cellulose 22.8 11
PAM/concentrated electrolyte 4.5 12
PAA 21.7 13
gelatin 6.1 14
guar gum 10.7 15
PEO/PPO 6.33 16
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Fig. S7 XRD patterns of rGO/MnO: nanocomposite and rGO.

Fig. S8 (a, b) SEM images of the rtGO/MnO; nanocomposite.
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Fig. S9 (a, b) TEM images, (c) HRTEM image, (d) STEM image, and (e, f, g) EDX mapping images
of the rGO/MnO, nanocomposite.

In Fig. S9c, the HRTEM image exhibits lattice distances of 0.697 and 0.501 nm, which are assigned

to the (110) and (200) planes of a-MnQO., respectively.

Fig. S10 Photograph of measuring the thickness of PVA-B-G battery with a micrometer caliper.
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Fig. S11 GCD curves of the PVA-B-G battery at different current densities at 25 °C.
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Fig. S12 (a) CV curves at scan rates from 0.5 to 5 mV s (25 °C), (b) the linear fit between log (i) and
log (V) of four redox peaks, (c) the capacity contribution analysis at 0.5 mV s, and (d) contribution
ratios of diffusion controlled and capacitive capacities at different scan rates of PVA-B-G battery.

To achieve a better understanding of electrochemical kinetics of PVA-B-G battery, CV measurements
were carried out at various scan rates at 25 °C (Fig. S12a). As the scan rate increases, the anodic peaks
move to the positive direction, while the cathodic peaks shift to the opposite direction at the same time.
Meanwhile, these peaks become broader with the increase of scan rate. This phenomenon is due to
increased polarization at higher scan rates. If assuming that the peak current (i) obeys a power-law

relationship with the scan rate (v), the general relationship between them can be described using the

following equation: '’
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A higher b value would reflect higher contribution from capacitive charge storage, i.e., more favored
electrochemical kinetics. Based on the linear fitting between log (i) and log (v) (Fig. S12b), the b values
associated with four redox peaks are calculated to be 0.59, 0.63, 0.76, and 0.80, meaning that the
capacitive behavior occupies a large portion. Furthermore, the capacitive contribution is separated
using the following equation: %!

i(V) = kv + kv%2 (3)

where kv and kov'?

stand for the capacitive and diffusion-controlled parts of the current response (i(V)),
respectively. In Fig. S12c, the capacitive contribution is highlighted by the cyan color, suggesting that
the capacitive charge storage in the PVA-B-G battery occurs to a large extent. The diffusion-controlled
and capacitive contributions to the capacity of PVA-B-G battery are displayed in Fig. S12d. As the
scan rate rises from 0.5 to 5 mV s, the capacitive contribution ratio grows from 52% to 73%. That is,

the capacitive charge storage accounts for more than half of the total capacity, and its proportion goes

up with the scan rate.

11 /17



P TR 11 ] P S w— —————— b 1004
e\’i 80: @ Coulombic efficiency g 204 @ Coulombic efficiency
g PVA-B-G >~ | PVABG a0°C
5 g
;:;:, 604 at 25 °( 2 604
8 =
2 404 2 404
= H
< S
3 204 = 204
U L 8 L
0 - L) - L] » L = LJ 0 v L] i L] g Al v L)
0 20 40 60 80 0 20 40 60 80
Cycle number Cycle number
d 1004
< 80- @  Coulombic efficiency <804 @ Coulombic efficiency
é‘ E PVA-B-G at -20 °C C=>; PVA_B_G at -35 °C
.2 604 .2 60+
5 5
.2 404 .2 401
= )
g8 9 £
S S
2 201 E 204
U - U
0 = L} b L} x L) - L] O e 1§ = L s Ll = L}
0 20 40 60 80 0 20 40 60 80
Cycle number Cycle number

Fig. S13 The coulombic efficiency of PVA-B-G battery as a function of the cycle number during the
rate-performance tests in Fig. 4a—d: (a) at 25 °C, (b) at 0 °C, (c¢) at —20 °C, and (d) at —35 °C.

12 / 17



2.0
PVA-B-G 1Ag'

1.8
> 1.6 g
= 0°C
g -20°C
S 14 35°C

1.2-

1.0 T e L

0 50 100 150 200 ]250 300
Specific Capacity (mAh g )
Fig. S14 GCD curves of the PVA-B-G battery at 1 A g ! at different temperatures.
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Fig. S15 Cycling performances at 1 A g! of four types of batteries when undergoing different working
temperatures in succession.
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cycling-performance tests in Fig. 5a: (a) at 25 °C, (b) at 0 °C, (c) at —20 °C, and (d) at =35 °C.
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Fig. S18 GCD voltage profiles of Zn//Zn symmetrical cells with PVA-B-G and liquid electrolytes
cycled at 2 mA cm 2 during the 100"—150% h testing period.
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Supplementary videos
Video S1 Demonstration of four PVA-B-G batteries connected in series to charge a mobile phone.

Video S2 Demonstration of a PVA-B-G battery powering an electric timer when it is hammered.
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