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Section 1.
Materials. Paraffin Wax (PW), MAX powder (Ti3AlC2, 99.5%, particle size-400 mesh) was purchased from Nanjing Mingshan New Material Technology Co., Ltd. Lithium fluoride (LiF, 99.0%, AR), lithium chloride (LiCl), and hydrochloric acid (HCl, 37 wt%) were obtained from Shanghai Aladdin Biochemical Technology Co., Ltd.
[bookmark: _Hlk129101073][bookmark: _Hlk92372695][bookmark: OLE_LINK9][bookmark: _Hlk92372792][bookmark: _Hlk92362392][bookmark: _Hlk92372852][bookmark: OLE_LINK15]Characterization. The exfoliated state and thickness of MXene nanosheets were obtained using an atomic force microscope (AFM, SPM-9700, Shimadzu, Japan). The microstructures of obtained composites were observed by field emission scanning electron microscope (FE-SEM, Hitachi, SU8010) at an acceleration voltage of 5 kV. The fourier-transform infrared spectroscopy (FTIR) was used to analyze the chemical structures with a Nicolet Is 5 spectrophotometer (USA) at a scanning number of 64 using the ATR scanning method, and the wavenumber range used for analysis was 500-4000 cm-1. X-ray photoelectron spectra (XPS, Thermo Scientific K-Alpha, USA) was employed to probe the chemical situations of MXene nanosheets. The crystalline behaviors were recorded by X-ray diffraction (XRD Rigaku Smart Lab-SE, Japan) using Cu-Kα radiation (40 kV, 30 mA) at room temperature, the diffraction angle range is 5°-65°, and the scanning speed was 10°/min. The phase change behaviors were tested by the differential scanning calorimeter (DSC, Waters, America), the rates of heating and cooling were 10 °C/min. The thermal stability was characterized by the thermogravimetric analyzer (TGA, Waters, America) in the range of 25℃-600℃ under N2 atmosphere. The thermal cycle testing was tested via the high-low temperature chamber (KSON KTHB-415TBS, China) between 0 and 100 °C with a heating and cooling rate of 5 °C/min. The solar-thermal conversion and thermal energy storage of the obtained PCCs were studied via simulated solar irradiation and the temperatures were documented using infrared thermography camera (Fotric 226s, Fotric Inc.). The power density of simulated solar was measured by Solar simulator (Beijing Zhongjiao Jinyuan Technology Co, Ltd., China.) Thermoelectric conversion was done through thermoelectric sheets (PCR025033, China), the cold source provided by the temperature chamber (KSON-KTHB-415TBS, China). The electro-thermal conversion and energy storage of the obtained PCCs were studied by a self-built circuit device. The output power source used in this work was DC power supply with switching mode (MS-305DS, Shenzhen Pioneer Instrument Technology Co. Ltd., China). The EMI shielding property of the samples was examined on a vector network analyzer (Agilent, PNA-N5244A, USA) over 8.2-12.4 GHz frequency range (in the X band) based on the waveguide method. The size of the test samples is a rectangle of 22.90×10.80 mm2.

Section 2. 
Analysis of MXene.
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Figure 1 (a, b) AFM pictures of singled layered Ti3C2 MXene nanosheets and the corresponding height profile along the drawn lines. (c) FTIR spectra of Ti3C2 MXene.
  Atomic force microscopy (AFM) was used to measure the morphology of MXene (Figure 1a). MXene shows the 2D structure with lateral dimensions of nanometers and average thickness of about 1.9 nm (Figure 1b). Fourier transform infrared (FTIR) spectrometer and X-ray diffraction (XRD) were applied to study the structure of MXene. As shown in Figure 1c, the stretching vibrations at around 3430, 1625, 1125 cm-1 in the FTIR spectrum are assigned to O-H, C=O, C-O, respectively, which are attributed to the large number of surface functional groups formed during the preparation process. Here, MXene has been successful prepared.
Resluts.
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Figure S1. The SEM image of cross section of pure MXene aerogel.
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Figure S2. The density of pure MXene flim, MK1, MK2, MK3, MK4 aerogel.
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Figure S3. Digital images of MK1 hydrogel, MK2 hydrogel, MK3 hydrogel, MK4 hydrogel.
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Figure S4. Compression test of MK1, MK2, MK3, MK4 aerogel.
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Figure S5. FTIR spectra of PW, MXene, MK1@PW, MK2@PW, MK3@PW, MK4@PW.
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Figure S6. Schematic of a self-built solar-thermal platform.

Table S1. The phase change parameters of pure PW, MK1@PW, MK2@PW, MK3@PW, MK4@PW.
	Samples
	Tmo(°C)
	Tmp(°C)
	Tme(°C)
	Tco (°C)
	Tcp (°C)
	Tce (°C)

	PW
	40.52
	45.34
	51.87
	41.67
	36.17
	31.70

	MK1@PW
	40.52
	44.47
	54.38
	41.52
	35.45
	29.48

	MK2@PW
	35.47
	45.36
	53.88
	41.48
	35.53
	29.75

	MK3@PW
	39.44
	45.62
	55.89
	41.78
	34.91
	28.31

	MK4@PW
	40.86
	44.47
	54.69
	41.04
	34.51
	28.71


[bookmark: _Hlk92896491]Tmo: onset melting temperature; Tmp: peak melting temperature; Tme: end melting temperature; Tco: onset crystallization; Tcp: peak crystallization temperature; Tce: end crystallization temperature.
Table S2. Comparison of phase transformation parameters under different support materials.
	Supporting materilas
	PCMs
	Melting
Point (℃)
	Freezing
Point (℃)
	Melting enthalpy（J/g）
	Crystallization enthalpy（J/g）
	Loading
(wt %)
	Ref.

	Carbon Fibers
	PW
	57.0
	48.8
	199.4
	199.2
	91.2
	[1]

	Graphene
	PW
	52.9
	46.2
	210.6
	209.2
	92.4
	[2]

	Metal
	PW
	63.5
	54.5
	83.6
	98.8
	95
	[3]

	Silicon
	PW
	59.2
	49.8
	112.9
	122.7
	70
	[4]

	Adromischus Cooperi
Carbon
	PW
	61.9
	56.5
	133.1
	147.7
	95.0
	[5]

	CNT Sponge
	PW
	91.0
	27.0
	-
	138.2
	-
	[6]

	Boron Nitride
	PW
	51.7
	47.6
	135.1
	142.8
	74.0
	[7]

	MXene
	PW
	60.0
	33.7
	131.2
	129.5
	80.3
	[8]

	This work
	PW
	45.6
	34.9
	261.7
	259.7
	96.2
	-


Table S3. Solar-thermal conversion efficiency calculation data sheet.
	r (mW/cm2)
	∆𝐻𝑓 (J /g)
	𝑚 (g)
	S (cm2)
	∆T (s)
	𝜃 (%)

	[bookmark: _Hlk128751495]20
	259.7
	0.9548
	4π
	1003
	98.4

	40
	259.7
	0.9548
	4π
	1019
	48.4

	60
	259.7
	0.9548
	4π
	910
	36.1

	80
	259.7
	0.9548
	4π
	926
	26.6

	100
	259.7
	0.9548
	4π
	923
	21.4


                  
Enthalpy efficiency and relative enthalpy efficiency
                                                  (Eq. S1)
                          (Eq. S2)
[bookmark: _Hlk92874788]Where  and  are respectively the melting enthalpy of MXene-K+@PW PCC and the melting enthalpy of pure PW, w represents the mass fraction of PW in MXene-K+@PW.

                               (Eq. S3)
where m, ΔHm(PCC), r, s, and ΔT are the weight, phase change crystallization enthalpy, light density, surface area, and duration of the MK3@PW phase change process, respectively.
Electromagnetic shielding parameters
The film samples were cut into the rectangular shape with a dimension of 22.9 × 10.2 mm2 for measurements. The reflection (R), transmission (T), and absorption (A) coefficients were obtained by calculating the scattering parameters (S11 and S21). The total electromagnetic interference shielding values (SET) can be obtained by Eqs. 3-8
The calculation of formulas of EMI shielding parameters
                  SET=SER + SEA + SEM                                    (Eq. S4)
R + A + T =1                                            (Eq. S5)
R= (S11)2 = (S22)2                                         (Eq. S6)
T= (S12)2 = (S21)2                                         (Eq. S7)
SER=-10 log (1-R)                                           (Eq. S8)
                   SEA=-10 log (T/(1-R))                                         (Eq. S9)
Where SER is the reflection value, SEA is the absorption value, and SEM is the multiple internal reflection value. The SEM can be negligible at the time of SET ≥ 15 dB. To compare the effectiveness of shielding materials equitably, density and thickness of the materials were also taken into account. The related equations were described as:
SE/t= SE / thickness = dB/mm                                 (Eq. S10)
The EMI shielding efficiency (%) can be obtained as Eq. S11:
Shielding efficiency (%) = 100 – 100/10SE/10                         (Eq. S11)
Table S4. Comparison of EMI SE/t (dB/mm) and Energy storage density (J/g) for different PCCs.
	PCC
	Crystallization enthalpy (J/g)
	EMI SE
(dB)
	Thickness
(mm)
	SSE/t
(dB/mm)
	Ref.

	PP/CNTs/Fe3O4/PW
	130.1
	41.2
	2
	20.6
	[9]

	Epoxy/MXene/PEG
	79.1
	64.7
	3
	21.6
	[10]

	
	96.8
	38.3
	1
	38.3
	

	MF/PEG
	127.6
	30.5
	2
	15.7
	[11]

	Carbon scaffold/PW
	112.6
	24.3
	1.5
	16.2
	[12]

	
	121.4
	21.0
	1.5
	14
	

	Graphene/AgNWs/PEG
	163.3
	71.1
	6
	11.9
	[13]

	Cellulose nanocrystal/konjac glucomannan /MXene/PW
	215.7
	45
	10.1
	4.5
	[14]

	Wood/Fe3O4/PEG
	109.5
	55
	1
	55
	[15]

	MK2@PW (This work)
	250.8
	52.3
	0.5
	104.6
	-

	MK3@PW (This work)
	259.7
	57.7
	0.5
	115.4
	-
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