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Fig. S1 Schematic procedure for the synthesis of GOA, GA, Cu@GA-n and CPCMs.
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Fig. S2 Schematic of electroplating by double pulse electroplating power.

In the positive impulse mode, lots of cupric ions were concentrated on the cathode region (vicinity of graphene aerogel). The cathode
donate electron for the cathodic reduction of cupric ions, which benefits the formation of copper nanoparticles on the surface of GA.
After a while, the positive current was switched off, and the concentration of cupric ions recovers to the initial concentration. Meanwhile
the polarization concentration and solution resistance were reduced. This would be conducive to next pulse period with higher peak
current densities. In this stage, forward current is intermittent rather than persistent. The electrode reaction mechanism follows the half-

equation:
Cathode: Cu?*(aq) + 2e~ — Cu(s) )
Anode: Cu(s) — 2e” — Cu**(aq) ?2)

After a group of positive impulse, under the action of short time inverse impulse, the bulge of the coated sample would redissolve.
Furthermore, the concentration of cupric ions near anode region increased largely, and the surface of sample became smooth and fresh.
Thus, the copper particles intermixed and filled reciprocally, and then formed coating layer on the GA surface.

The detailed information about the macroscopic shape-stability and leakage rate test.

The shape-stability of pure ODA and CPCMs is an important aspect for performance reliability during phase change. The poor shape-
stability properties can cause PCM leakage, and thereby reducing the energy storage density of the CPCMs. For testing the shape-
stability, the samples pure ODA and CPCMs were place on the filter papers and heated at a rate of 5 °C-min™! from 20 to 70 °C. A
digital camera was used to record the macroscopic shape-stability of the samples after they were kept at a series temperature (20, 40,
60, 80 °C) for 30 min. It is similar approach as reported by Yang et al. 4°. In addition, the mass change of pure ODA and CPCMs were
before and after heating at 80 °C (above the melting point of ODA) for 30 min was used to evaluate the leakage rate (LR). Firstly, the
samples of known mass (mo) were put in filter papers. Then, they were moved in a thermostatic oven at 80 °C and kept for 30 min.
After the time is up, the sample is removed, weighed and marked as m1. Repeat the above steps after the sample cools. The mass of
samples was labeled as m;, after each heated in the oven for i times. The leakage rate is calculated by the following Eq. (1):

LRi = (mo — mi)/mo 3)



i: the number of heated in oven, i = 1-20.
This similar method was reported by Zhao et al. *! and Tian et al. +.
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Fig. S3 SEM images of (a) GOA and (b) GA.

Fig. S4 Cross-sectional views of Cu@GA40.

10_:)&:;@\/ Cu-KA

] Element | Wt.%
8._4
P - C 66.32

0

i Cu
4] Cu 31.06
2 \

] ) 2.62
0+ T ™1 ™ L‘? ' Ty T T

2 4 6 8 10 12 14
keV

El'S5 Cu@GA10 #:&K EDX HHTE 0 &
Fig. S5 Elemental (C, O, Cu) mapping analysis and EDX spectrum of Cu@GA10.



cps/eV

- K Cu-KA —Scan
= = 4.5 Q

e

0.0 v'vvv'vvv'vvv‘]vt‘vv'vvv'vvv]v
2 4 6 8 10 12 14
keVv

Bl S6 Cu@GA10 F:RH EDX TR E
Fig. S6 EDS linescan profile and EDS spectra of Cu@GA10.
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Fig. S7 SEM images of Cu@GAn samples (a) Cu@GA10, (b) Cu@GA20, (c¢) Cu@GA30 and (d) Cu@GA40.
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Fig. S8 SEM micrographs of (a) GA, (b)—(d) typical inner structures of Cu@GA40.
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Fig. S9 The variation curves of Cu content of GOA, GA and Cu@GAn (Cu content = mcu/mca ) at different plating times.
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Fig. S10 FT-IR results of GOA and GA.
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Fig. S11  The first compressive stress-strain curves of GA and Cu@GAn (n = 10, 20, 30, 40) within the 50% strain range.
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Fig. S12 SEM of Cu@GA10 which under pressure overload, displayed that the three-dimensional net structure and coated copper

graphene sheet was destroyed.
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Fig. S13  Adhesion property between copper particles and graphene sheets was test by Ultrasound method. (a) Dip the Cu@GA40 into deionized
water, and then ultrasonic treated for different time, (b) Schematic diagram of ultrasonic testing. The results showed that there is no copper particles
or fragment of Cu@GA40 after ultrasound. Adding (c) 2 mol-L™!, (d) 4 mol-L™" and (e) 6 mol-L! vitriol into the fluid after ultrasound,

there was still nothing going on.
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Fig. S14 The EDS mapping of Cu@GA/ODA composite before the phase change.
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Table S1 The corresponding EDS element analysis of Cu@GA/ODA composite before the phase change.

Element Number Element Symbol Element Name Atomic Conc./% Weight Conc./%
6 C Carbon 83.18 80.92
7 N Nitrogen 16.82 19.08
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Fig. S15 The EDS mapping of Cu@GA/ODA composite after 20 times phase change.
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Table S2 The corresponding EDS element analysis of Cu@GA/ODA composite after 20 times phase change.

Element Number Element Symbol Element Name Atomic Conc./% ‘Weight Conc./%
6 C Carbon 87.92 72.70
7 N Nitrogen 7.49 7.22
29 Cu Copper 4.59 20.08
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Fig. S16 The device and schematic diagram for measuring the thermal conductivity and the speed of CPCMs temperature-up and

temperature-down.
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Fig. S17 DSC curves of pure ODA, GA/ODA, GA/ODA and Cu@GA/ODA.
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Table S3 DSC heating and cooling data of pure ODA and different composite PCMs.

Sample Tm/°C T/°C AHw/(J-g™h) AH/(J-g™")
Pure ODA 52.17 43.01 264.80 264.60
GOA/ODA 52.01 40.81 250.25 246.05
GA/ODA 52.18 42.33 25591 250.71

Cu@GA/ODA 51.53 40.63 220.00 218.83

The phase change parameters extracted from DSC curves, such as melting/crystallization temperature (71,,/7.) and melting/crystallization

enthalpy (AH/AH,) of the composite PCMs, are presented in Table S3.



Table S4 The thermal conductivity and the enthalpy loss rate of CPCMs.
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No.  Skeleton Phase change materials thermal conductivity/(W-m™-K™!) AHy, rejection ratio/% AH, rejection ratio/% Ref.
1 GO/BN paraffin 1.84 17.85% 17.77% 23
2 Si0,/GO D-mannitol 0.72 21.96% 23.51% 53
3 GO/BN polyethylene glycol 1.06 5.78% 14.16% 25
4 Ci5-RGO paraffin 27.57% 28.87% 10
5 GO/BN paraffin 1.68 21.96% 35
6 GO/G lauric acid 7.94% 9.15% 54
7 MF/GO polyethylene glycol 1.32 5.78% 5.98% 5
8 MG lauric acid 1.037 2.52% 3.27% 26
9 G/CF paraffin 2.68 8.59% 7.66% 6
10 PPA/GA polyethylene glycol 0.61 32.54% 31.99% 55
11 GF/HGA paraffin wax 1.82 11.73% 14.07% 40
12 Cu@GA ODA 16.92% 17.30% This work
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