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Experimental supplement for comparing

Fabrication of rGO / PEDOT aerogel

A: Graphene oxide dispersion (5Smg mL-") was first mixed with ethane diamine by
stirring and ultrasonic dispersion for 5Smin. B: 24mg 4-(3-butyl-1-imidazolio-1-
butanesulfonic acid triflate BIBAST (45.5%), 0.275mg 4,4’-diazido-2.-2’-
stilbenedisulfonic acid disodium salt N3-SADS, 3.05mg CuCl, was added into 5 mL
PEDOT: PSS(1.5wt%) under a quick stir, then S5ml acetonitrile was added and stirred
for Imin. Successively, A: B was evenly mixed in the different ratio to get resulting
mixture. The resulting mixture was then sealed in a glass vial and heated for 9h at 120
°C for synthesis of partially reduced graphene hydrogel. Then, the obtained hydrogel
was immersed in 5% (volume ratio) ethanol water solution for 6h. Thirdly, the wet
hydrogel was freeze-dried in dryer for 72h (pre-freeze at -20°C for 4h). Finally, GO

aerogel was further reduced in tube oven at 180 °C for 2h.

Fabrication of rGO / CNT aerogel

Graphene oxide dispersion (5mg mL!) and 2.5mg/mL CNTs dispersion was first mixed
with ethane diamine by stirring and ultrasonic dispersion for Smin. After that, we
poured the mixed solution into a quartz bottle, which was put into the PTFE bottles in
a stainless-steel autoclave, the hydrogel was prepared successfully with a constant
temperature of 120°C for 6 hours. The obtained hydrogel was washed several times
with an 8% hydroalcoholic solution, and soaked for a whole day. After that, we took
out the graphene hydrogel and made it freeze-dry for 48 hours to obtain rGO / CNT
aerogel.

We fabricated four graphene-based aerogels mainly, they all works for harvesting
energy by the compressing experiment. (output voltage: rGO~160mV, rGO-MXene

~265mV, rGO-PEDOT~250mV, rGO-CNTs~215mV)



Calculation of power conversion efficiency

The power conversion efficiency was defined as the ratio of mechanical energy into
electric energy. The mechanical energy was collected from mechanical testing system
(QT-62035, Qian tong Instrument Equipment Co. Ltd). The stress strain curve of the
aerogel device when compressed to 20% strain in 0.5M NaCl electrolyte is shown in
Fig. S4. The mechanical lost between compression and release was calculated from it
(33.1J/kg, the value was calculated by integrating the area of the stress-strain curve,

and then normalized to aerogel mass). The total electric output work of the device was
t

W= ] Pdt
calculated by to . Therefore, the electrical energy generated per cycle was

about 14.3 J/kg (the value was calculated by integrating the area of time-power curve,
and then normalized to aerogel mass), the corresponding conversion efficiency of the
aerogel harvester device was obtained as 43.2% (The hysteresis was not taken into
account) (e=14.3/33.1=43.2%). The mechanical lost here represented the mechanical
input. We used the mechanical sensors to test the changed displacement and force under
the aerogel. The applied force and the recovered force reflected the whole process of
force for the acrogel materials. W=[F*s was used to calculated the work during the
process, then normalized to aerogel mass, which has been added. Meanwhile, this
calculation is referred to the science’s work (Figure S18 S19 and related descriptions)
(Kim, Shi Hyeong, et al. "Harvesting electrical energy from carbon nanotube yarn

twist." Science 357.6353 (2017): 773-778.)



Poiseuille model with boundary slip
Here we add the acceleration of a, on the fluid in x direction, then the confined
fluid can be described by a parabolic solution of the Navier-Stokes (N-S) equation. For

the Poiseuille fluids confined in microchannels with the channel width of H (from

H H

2 to 2 in z direction), the N-S equation can be written by

*v,  pa,

9z* U] (1)

b

where 7 is the shear viscosity, v, is the flow velocity while x is the flow direction, and

z is the direction across the channel P is the density of the confined fluid. Then, we

v
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and the

integrate Eq. (1), and substitute the center symmetry condition

H:Us
2

boundary slip condition where vy is the slip velocity at the two fluid-solid

boundaries. Then, the velocity profile of this Poiseuille flow can be written as

2
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Correspondingly, the shear stress within the fluid is Txz =NV where the shear

dvx

14
rate dz . Then, the shear stress can be described as
Tz =7 POy, 3)

Thus, the maximum shear stress appears at the boundaries, i.e.,

H
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Calculation of specific capacitance

C,, was calculated by using the CV method. The formula is following:

%4

fi V) av

V2
C,=02Vm= 2Vvm

Where m, Q, V, v and i(V) are the mass of aerogel material, the total charge, voltage

window, scanning rate and current, respectively.
Calculation details

The mass used for specific power density and energy density was just the mass of the

aerogel.
The power calculation:
P=AU/R

Where AU is peak-to -peak voltage under the loading resistance, R is the loading

resistance in the circuit.
Error bars

The error bars were calculated from the standard deviation at different measurement

cycle (3-5 cycle).



Figure S1. The illustration of measurement system for Compression graphene-based
harvester including Reciprocating extrusion equipment, graphene-based electrode and

counter and reference electrodes in an electrochemical bath.
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Figure S3. (a) The open-circuit voltage (OCV) versus applied strain for a rGO aerogel

harvester in 0.1M TEA-BF4 /PC electrolyte. (Error bars: standard deviation) (b) EIS

result taken from100 kHz to 10 mHz, with an insert displaying the enlarged plot at high

frequency region, in 0.1M TEA-BF4 /PC electrolyte. (c) The fitted specific capacitance

from EIS versus applied strain for a MXene/rGO aerogel in the electrolyte.
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Figure S3. The initial open circuit potential as function of time for a MXene/rGO

aerogel harvester in 0.5M NaCl electrolyte.
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Figure S4. Efficiency of MXene/rGO aerogel harvester under 20% applied
compression strain in 0.5M NaCl. (a) The stress strain curve of the aerogel harvester.
(b) The voltage generated on a 100-ohm load during the compressing (one cycle
compression).

Considering the hysteresis in figureS4a, we assured that the hysteresis is main due to
the aerogel itself, because we find that the hysteresis exists among most aerogel even
squeezed in air [21-24]. Also, the aerogel squeeze in liquid maybe enhance the

hysteresis due to electrolyte adhesion in the channel network.
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Figure S5. The open-circuit voltage (OCV) at different compressive frequencies for a

MXene/rGO aerogel harvester in 0.1M TEA'BF4 /PC electrolyte.
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Figure S6. Load resistance dependence of peak power for different compressing
frequencies under 20% compression strain of an aerogel harvester in 0.5M NaCl

aqueous electrolyte. (Error bars: standard deviation)
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Figure S7. The conductivity and viscosity for different concentrations of NaCl
electrolyte.
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Figure S8. CV curves of different compression strain for the harvester in 0.5M NaCl
electrolyte.
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Figure S9. Applied pressure strain (30%) and resulting change in open-circuit voltage
(OCV) and short circuit current (SSC) for an aerogel harvester in 0.5M NaCl aqueous
electrolyte at 0.2Hz.



Figure S10. The SEM sectional images of aerogel before and after compression

As is shown in Figure S9, the change of macroscopic structure was visible, after

releasing the stress, the MX/rGO aerogel nearly recovered its original shape.
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Figure S11 XRD patterns of MXene and rGO-MXene and GO powder
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Figure S12 The Porosity and pore size distribution measurement curves for
composite aerogels. (a) (b) (c) pure rGO aerogel (e) (f) (g) rGO-MXene aerogel.
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Figure S13. The photos of aerogels with different wights and the output performance

and capacitance (calculated from CV curves) of them.
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Figure S14. The dependence of mass with output voltage.

Figure S15. Pump oil absorption and combustion experiment

According to our experiment, the aerogel can absorb ~100 times of self-weight of
pump oil (0.04g adsorb 4g).



TableS1. Aerogel harvester performance compared with that other solid-state energy

harvesters recently.

Category Dimension Peak OCV SCC Peak power  Efficiency  Ref.
Graphene/MXene 3D 300mV ~1000pnA 11.7W/kg 43.2% This
aerogel work
CNT yarn 1D ~180mV ~80pA 250W/kg 1.05% [1]
GO film 2D ~150mV / / / [2]
CNT fiber 1D 165mV 22pA 39.5 mWg'! 23.3% [3]
GO flim 2D 0.7V / 027 Wm 2 / [4]
ZnO flim 2D ~04V ~20 nA / / [5]
Carbon film 2D 0.79+0.05V / 150 W/m? / [6]
Aramid 2D 60mV 1.8pA 0.6 Wm™2 / [7]

nanofibers and

BN flim
Graphene flim 2D 0.1V 10nA / / [8]
rGO /paper flim 2D ~270mV / 53mW/cm? / [9]
Graphene foam 3D ~200pV 10pA / / [10]

Wood channels 3D 300mV 10pA / / [11]




Table S2. Summary of electric energy harvesters based on aerogel

Peak Peak Efficienc
Materials Mechanism SCC Ref.
ocv power y
This
Graphene/Mxene  electrochemistry ~300mV ~ ~1000pA 11.7W/kg 43.2%
work
Graphene foam  electrochemistry  ~200pV 10pA \ \ [10]
PDMS/ZnO/ 3D Piezoelectric / 6.22
120V 51pA/cm? \ [12]
Graphene foam Triboelectric mW/cm
PAAm-LiCl-resin 10.98
Triboelectric ~65V 45mA/m? \ [13]
foam W/m?
Polyurethane 0.56mW/c
Triboelectric ~105.6V 20.3pA \ [14]
aerogel m?
Cellulose-based
Triboelectric ~200V 0.5nA \ \ [15]
aerogels
Silk/Silk
Composite Triboelectric 52.8V 5.2uA 0.37 W/m? [16]
Aerogel
PDMS foam Piezoelectric 100mV ~1nA SuW/m? / [17]
Cellulose/BaTiO;
Piezoelectric 15.5V 3uA 11.8uW \ [18]
aerogel
Carbon nanotube  Electrochemical
22mV \ 6.6W/m 2 3.95% [19]
aerogel thermal
Carbon nanofiber 9mA
Thermoelectric 80mV 1.2W/m? 96.2% [20]
aerogels (750s)
graphene—carbon  Electrochemical
120mV 0.8A/g 65 W/kg ~3.5 [21]

nanotube aerogels thermal

Compared to other aerogel harvesters, there are relatively few aerogels that involve
electrochemistry. Most are piezoelectric, triboelectric, electrothermal or
electrochemical thermal. As for electrochemistry, Huang et al. synthesized a graphene
foam on a porous nickel platform to induce electricity of ~25 pA at biased voltage of



80 uV and with a fluid velocity of 80 cm s!,l% which is based on flow-induced
potentials. For piezoelectric or triboelectric aerogel harvesters, they can generate
dozens or even hundreds of voltages, but the current is usually a few microamps or less.
[12-18] Meanwhile, the acrogel harvesters based on electrochemical thermal can generate
relative high voltage and current, but the device performance relative to cost has so far
limited application for waste heat recovery. [ 129 Recently, thermoelectric materials
combined with aerogel materials was also investigated, Niu et al. fabricated an efficient
thermo- and sunlight-driven energy harvester by the combination of organic phase
change materials (OPCM) with carbon nanofiber aerogels (CNFAs). The maximum
voltages generated by the energy harvesting system are 55 and 80 mV corresponding
to the thermo- and sunlight driven energy harvesting process, respectively, with a
maximum power density of 0.50 W/m? and 1.20 W/m? in each process. However, the
whole process needs dozens of minutes.!?!]



Table S3. Comparisons of capacitive energy generators

Architecture Peak OCV SCC Peak power  Efficiency Ref.
density

CNT yarns in ~180mV ~80pA 250W/kg 1.05% [1]

salt solution (30Hz)

CNT fiber in ~165mV ~22uA 39.5 mWg'! 23.3% [3]

flow solution

Li-alloyed Si 22.5mV 14.5pA 0.53uW 0.62%  [25]
electrodes /em?
PTFE on ITO 14 droplets / 0.3uW /cm? [26]
30Hz 8V (1ml of
water)
Silica channel ~5V 240pW (490 3.2% [27]
nm high)

Table S4. The data for porosity and pore size distribution measurement

Sample Mass | Porosity | Total Total | Averag | Averag

(2) (%) pore pore epore | epore
volume area volume area
(ml/g) | (m*g) | (mlg) | (m%g)
rGO 0.0039 91 54.9871 | 65.1749 | 33.4341 | 1.3695
aerogel
rGO-
MXene 0.0044 95 70.4784 | 79.2701 | 42.2296 | 1.9162
aerogel

As can be seen from the figures and table, it finds that the addition of MXene make
the aerogel have a bigger porosity, and for two kinds of aerogel are mainly dominated
by the macropores.



Caption for Supporting Movie
Movie S1. An aerogel harvester was compressed at 1Hz under the motor device.
Movie S2 A LED light was lightened by an aerogel harvester and a boost converter

circuit (for increasing the output voltage)
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