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Figure S1 Porosity characterization of rGOM monoliths heated at different temperatures. N, adsorption-desorption

isotherms (a) and pore size distributions (b) of rGOM monoliths heated at different temperatures. It shows the increased

surface area and decreased density after heat treatment (c).
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Figure S2 Pore size distributions of PaAGM. PaGM products heat treated from 400 °C to 800 °C (a) and PaGM products

with mass ratio ranging from 0.8~14 at 600 °C (b).
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Figure S3 Mechanistic study of the porosity tuning process. (a) XRD patterns of a ZnCl,/rGOM mixture
heated at different temperatures before washing showing hydrolysis products present in the mixture. (b)
TEM image of a rGOM/ZnCl, mixture after 600 °C heat treatment. (c) Mass retention of 600 °C heated
mixture before acid washing. Remaining of Zn,OCl,-2H,0 and ZnO in the graphene monoliths is highly
dependent on the ZnCl,/rGOM mass ratio. (d) Mass retention of mixture heated at different temperatures
before acid washing. The evaporation of ZnCl, results in the mass reduction before 600 °C and the
continuous mass reduction at 700 and 800 °C can be attributed to the carbon thermal reaction between ZnO
and graphene.

The range of heating temperatures needs to be well controlled. To identify effect of ZnCl, on rGOM
during the pore-forming process, ZnCl,/rtGOM monoliths treated at different temperatures before washing
Zn?* containing salts were analyzed by X-ray diffraction (XRD) (Figure S3a). Zinc oxide chloride hydrate
(Zn,0OCl1,*2H,0) was observed in the mixture before heating, which can readily crystallize from an aqueous
solution during the mixture preparation step for the hygroscopic nature of ZnCl, (Eq.1).

ZnCl, + H,O — Zn,0Cl,*2H,0 1)

ZnO starts to emerge at 500 °C and dominants at 600 °C in the mixture produced by the decomposition of
Zn,0Cl,22H,0 (Eq.2).

Zn,0Cl1,*2H,0 — ZnO + ZnCl, + H, 2)

The presence of ZnO nanoparticles is also confirmed by transmission electron microscopy (TEM)
observations (Figure S3b), and these nanoparticles need to be washed by an acidic solution. It is noted that
the amount of ZnO in the graphene monoliths is highly dependent on the ZnCl,/rGOM mass ratio, as is
evident from the higher weight of ZnO in heated products before acid washing from the ZnCl,/rGOM
mixture with higher mass ratios (Figure S3c). This also helps explain the positive correlation between the
amount of ZnCl, and the porosity and surface area of the graphene monoliths. The ZnCl, and its hydrolysis
residue ZnO have made pores in the monoliths after evaporation and washing. When the heating
temperature was further increased, the peak intensity of ZnO diminished, suggesting occurrence of the
carbon thermal reaction between ZnO and the graphene sheets (Eq.3).

ZnO + C — Zn + COy 3)

The resulting Zn metal needs to be washed by diluted acid solution for pore formation. Besides,
significant mass loss of the ZnO/graphene mixture was observed at temperature higher than 600 °C (Figure
S3d), which could only be explained by the reactive mutual consumption between ZnO and graphene as
detailed above. This severe etching also reduced the mechanical strength of the treated samples at 700 °C

and 800 °C.



PaGM

rGOM-600

Intensity / a.u.

rGOM _

292 290 2é8 286 284 282
Binding Energy / eV

Figure S4 XPS patterns (Cls) of rGOM, rGOM-600, PaGM. No obvious difference of PaGM and rGO-600

shows that ZnCl, does not alter the graphene monolith’s chemical properties.
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Figure S5 Raman spectra of rGOM-600, PaGM-ZnCl,, GM-KOH. The increased Ip/Ig of GM-KOH shows different

mechanism of KOH and ZnCl, for the pore evolution on graphene monoliths.
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Figure S6 TGA curve of rGOM monolith. The weight retention of rGOM monolith at 600 °C is ~83 %.
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Figure S7 TGA curves of rGOM/Zn?* and CI- containing salts mixtures. The weight loss
is related to the boiling point and decomposition of the salts.

Table S1 BET surface area and resulting form of the products
interfered by several Zn?** and CI- containing salts

B9iling sur fI: (]::;Tarea Resulting I?igital
point /°C Jis? ! form pictures
rGOM-600 N/A 549 Bulk form
ZnCl, 732 891 Bulk form '
Zn(NO;), 125 551 Pulverized
ZnSO, 500 550 Pulverized
CaCl, 1600 568 Pulverized ‘
CuCl, 933 728 Pulverized

KC1 1420 439 Pulverized
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Figure S8 Preparation of supercapacitor electrodes. (a) Slicing Process of PaGM electrodes for supercapacitor. (b)

Photo of electrodes in front view. (c) Comparison of electrodes with different thickness in cross section.
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Figure S9 Relationship between ZnCl,/rGOM mass ratio and BET surface area as well as porosity. BET surface
area and porosity can be tuned by simply altering ZnCl,/rGOM mass ratio.



=
S
8
=2
g
o

—02Ag"

2 1
§ 150} L/ o [ ——05Ag"
w 5 120l © —08Ag"
~ (' [ -1
100+ &= 3 —1Ag
o] 0,
8 sof g . >
] 5 8o} ) >
§ of S g
o 8 G2 g
s 50+ 2
g \E- 401
3-1001 5
= =
150 L~ L i L L ol . L L L . . \ . "
0 1 2 3 4 0 20 40 60 80 100 1000 2000 3000 4000
Voltage / V Scanrate/ mv's”
d e
2 150 50
./O
1 -
[ o =R .. R . |
00 L . {40
o ‘—»

Current density / A cm®
o

(4.1

(=]

\

\
\

w

o

UM / Auisuap ABiaug

Volumetric capacitance / F cm™®

aovep

n
o
n
o

0 1 2 3 4 3.0 35 4.0
Voltage / V Operation voltage / V

Figure S10 Rate performance and operation voltage investigation for 400 um thick electrode. (a) CV curves of
graphene pellet electrode from 5 mV s to 100 mV s'; (b) Rate performance; (c) Charge-discharge curves, the IR drop
is0.33V,084V,134Vat02Ag!,05A¢g!,08A g, respectively. (d) CV curves of devices working in different
operation voltage; (e) Relationship between operation voltage and volumetric capacitance as well as volumetric energy

density. The electrode shows similar capacitance while the energy density reaches the highest from 0 V to 4 V.

The CV curves show quasi-rectangular shape at low scan rate but show slightly distortion
at high scan rate mainly due to polarization (Figure S10a). The volumetric capacitance is
136 F cm? at 5 mV s'! and maintains 57 F cm at 100 mV s°! even with such an ultra-thick
electrode (Figure S10b).

The charge-discharge curves show quasi-symmetric shape from 0.2 A g'! to 1 A g! that
indicate an outstanding capacitive behavior (Figure S10c). The IR drop at 0.2 A g1, 0.5 A
gl and 0.8 A g! are 033 V, 0.84 V, 1.34 V respectively. High IR drop can be mainly
attributed to ultra-high electrode thickness.

To investigate the performance of electrodes with different voltage ranges, we carried out
CV tests o such graphene pellet electrode in ionic liquid electrolyte with the range of 0~3
V, 0~3.5 V and 0~4 V. Quasi-rectangular shapes are observed in these operation voltage
ranges, indicating excellent capacitive behavior of such electrodes. The electrodes show
similar volumetric capacitance (108.4 F cm3, 104.7 F cm3, 107.5 F cm™ at 20 mV s!) with
the range of 0~3 V, 0~3.5 V and 0~4 V (Figure S10d). However, the corresponding
volumetric energy density is 25.9 Wh LI, 34.8 Wh L, 46.6 Wh L-!, respectively
(E,=0.125C,U?%/3.6) (Figure S10¢). In order to achieve high volumetric energy density, the

operation voltage is chosen at 0~4 V, which is suitable for neat ionic liquid.!
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Figure S11 Rate performance and cyclic stability of pellet electrodes with different thickness. — Charge-discharge
curves CV at 0.2 A g'! (a) and 0.6 A g'!' (b) with the electrodes thickness of 100 pm, 400 pm and 800 um. The IR drops
are 0.15V, 0.33 V, 0.72 V for 100 pm, 400 um, 800 pum thick electrodes at 0.2 A g! and the voltage drop have an
obvious increase at 0.6 A g for such electrodes. (¢) Rate performance and of 100 wm, 400 pm and 800 um thick
electrodes; (d) cyclic stability of such electrodes with different thickness at 0.6 A g'!. The inset shows the charge-

discharge curves of 400 um thick electrode and the capacitance retention is up to 90 % after 10000 cycles.

Table S2 Details for determining tortuosity

Porosity (€) k/Sm! R.-A L;j/ pm YL/ pm Tortuosity (1)
0.473 0.456 57.523+£1.48 400 800 1.55+0.04
0.518 0.456 46.384+1.69 400 800 1.37+0.05
0.605 0.456 35.114+0.58 400 800 1.21£0.02
0.655 0.456 29.751+0.80 400 800 1.11£0.03
0.677 0.456 27.198+1.29 400 800 1.05+0.05
0.605 0.456 7.681£0.22 100 200 1.06+0.03
0.605 0.456 16.490+0.44 200 400 1.14+0.03
0.605 0.456 26.563+1.31 300 600 1.27+0.06
0.605 0.456 36.410+1.16 400 800 1.2540.04
0.605 0.456 63.433+1.74 600 1200 1.45+0.04
0.605 0.456 95.956+1.74 800 1600 1.64+0.03
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Figure S12 Charge-discharge curves of a combining device with series or parallels. A single device is shown for
comparison. The inset LED is lightened by the tandem device. The device performance without much loss can meet the

scalable high current and voltage applications.
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Figure S13 Electrochemical performance of graphene pellets electrodes in 6 M KOH aqueous electrolyte. (a) CV
curves, (b) Capacitance retention and (¢) Charge-discharge curves. The volumetric capacitance is 162 F cm? at 5 mV
s7! for the 400 micrometers thick electrode and volumetric energy density of 4.4 Wh L-! at a power density of 79.2 W

L-! can be achieved .
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Table S3 Performance of reported electrode materials for symmetric supercapacitors

Electrolyte Electrode
Materials C, v Eyo
Operating voltage Thickness f Ref.
reported [F g'] [F em3] [Wh L]
| pm
172.4 150.0 400 0.78 64.7 (device)
BMIMBF, This
PaGM 151.0 131.4 500 0.81 59.3 (device)
4V work
120.9 105.2 600 0.84 49.0 (device)
EMIMBEF,/AN
EM-CCG 167.1 208.9 80 ~0.54 59.9 (device) 2
35V
EMIMBEF,/AN
HGF 298 212 140 0.62 49.2 (device) 3
35V
TEABF,/AN
LSG 276 13.2 7.6 0.19 1.36 (device) 4
3V
MPPyTFSI
aMP 189 94.5 40 0.38 19 (device) 5
4V
PVA/H5;PO, 510.8
Carbon fiber 300 50 ~0.6 ~6.3 (device) 6
1V +34.4
Ac- EMIMBE, 117.2
199 211 N/A N/A 7
Gr/SWCNT 4V (two-electrode)
EMIMBF,/MECN 110
1T MoS, ~50 250 5 N/A 8
35V (two-electrode)
TEABF,/PC 51.4
r[GO-CNT] 109.7 165 1~3 N/A 9
3V (two-electrode)
Compressed TEABF4/AN 48
147 110 57 N/A 10
a-MEGO 35V (two-electrode)
TizC, H,S0, 37.8
245 900 5 N/A 11
Clay 1V (two-electrode)
TEABF,/AN 37.6
HPGM 110 174 N/A N/A 12
25V (two-electrode)
Curved EMIMBE, 25.7
154 46.2 N/A N/A 1
graphene 4V (two-electrode)
BMIMBF4/AN 253
a-MEGO 165 59.4 40~50 N/A 13
35V (two-electrode)
TizC, KOH 14.28
~130 340 2~20 N/A 14
Paper 1.1V (two-electrode)
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Table S4 Performance of reported electrode materials for asymmetric supercapacitors.

Electrolyte Electrode E
vol
Materials reported ~ Operating voltage Thickness Ref.
p perating voltag S (Wh L]
[Vl pm
400 0.78 64.7 (device)
BMIMBE, This
PaGM 500 0.81 59.3 (device)
ov-4v work
600 0.84 49.0 (device)
LiPFs in EC/DMC 111.8
Graphite//AC N/A N/A 15
1.5V-45V (two-electrode)
LiPFsin PC 57
C-LTO//AC 30 N/A 16
1.5V-25V (two-electrode)
o LiPFs in EC/DEC )
CNTs//LisTisO4, N/A N/A 4.38 (device) 17
0vV-3Vv
NiCo,O4/graphene// KOH 76.3
N/A N/A 18
HFAC 0V-155V (two-electrode)
o TEABF,/PC 40
nc- LiyTis0,,//CNF 60 N/A 19
1.5V-3V (two-electrode)
PVA/KOH 23.5
GNiF//GTF 6//7.4 N/A 20
0V-1.7V (two-electrode)
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