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1. Preparation of cellulose nanocrystals
Cellulose nanocrystals (CNCs) were prepared from eucalyptus pulp using sulfuric acid hydrolysis according to a modified process based on our previous study (Zhu et al. 2020), and the schematic of the preparation process is shown in Fig. S1. Briefly, 10 g of eucalyptus pulp and 100 mL of sulfuric acid (63 wt%) were added into a beaker, and stirred continuously at 45 °C for 60 min at 1800 rpm/min. Thereafter, 500 mL deionized water was slowly added to the prepared suspensions to terminate the acidolysis reaction, after which the suspension was washed using centrifugation for 10 min at 6000 r/min to obtain CNCs suspension. Subsequently, the samples were subjected to dialysis treatment using ultrapure water for 7 days to achieve a neutral pH and obtain the CNCs solution.
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Fig. S1. The process flow diagram of CNCs extraction from eucalyptus pulp.

2. Preparation of Cellulose Nanofibers
Cellulose nanofibers (CNFs) were prepared from eucalyptus pulp using ammonium persulfate oxidation/mechanical method, which according to a modified published method (Liu et al. 2018), and the schematic of the preparation process is shown in Fig. S2. First, 10 g of eucalyptus pulp and 30 mL of ammonium persulphate were mixed with each other and stirred (300 r/min) for 12 h at 70 °C to obtain a homogeneous solution. Thereafter, 500 mL of deionized water was added to the solution to dilute the solution, after which the reaction was continued at 70 °C for 6 h. Subsequently, 25 g of KOH was slowly added to the solution for further oxidation at 90 °C for 2 h. Thereafter, the CNFs was separated from the suspension using an ultra-high-speed centrifuge. Subsequently, the isolated CNFs was processed by grinding in a QM-3SPO4 machine (Nanjing Nanda Instrument Co., Ltd.) for 30 min, and then placed in a dialysis bag and dialyzed in distilled water until the pH was neutral. Lastly, the dialyzed CNFs was subjected to ultrasonic treatment and set aside until further use.
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Fig. S2. The process flow diagram of CNFs extraction from eucalyptus pulp.
3. Supercritical CO2 drying method
The supercritical CO2 drying of the nanocellulose alcohol gel was performed using an SFT-105 supercritical extractor (SepTech Co., Ltd., USA). The effects of the supercritical CO2 drying time, temperature, and pressure on the shrinkage of the nanocellulose aerogels were investigated. The specific operation steps of the supercritical CO2 drying are as follows.
(1) The low-temperature, constant-temperature circulator (the temperature was set to 5 °C) was opened to pre-cool the CO2 pipeline of the system. Subsequently, the heating switch of the reactor was turned on, and the temperature was adjusted to the desired experimental temperature (35, 40, 45, 50, and 55 °C).

(2) When the temperature of the reactor reached the experimental temperature, the prepared nanocellulose alcohol gel was placed in the reaction kettle and sealed. Subsequently, the air and CO2 control switches were turned on sequentially, after which the pressure controller was adjusted until the pressure in the reactor reached the pressure required for the experiment (11, 11.5, 12, 12.5, 13, 13.5, and 14 MPa).

(3) When the drying time of the supercritical CO2 reached the required time, the CO2 control switch, air control switch, pressure controller, and temperature switch were turned off sequentially. Subsequently, the pressure relief valve was opened to release the pressure in the reactor until the normal pressure was achieved. Lastly, the reactor was opened to obtain the nanocellulose aerogels prepared via supercritical CO2 drying.

4. Density determination of the nanocellulose aerogels using drainage method

As most of the nanocellulose aerogels prepared in this experiment were ellipsoidal, the volume could not be calculated by measuring their radii. Therefore, the volume of the aerogels was calculated using the drainage method, and the schematic illustration is shown in Fig. S3. The specific method and steps used to calculate the volume are discussed below.

First, 100 nanocellulose aerogel samples of different concentrations dried using the optimal process were obtained and weighed using an analytical balance. Subsequently, the weighed aerogels were coated with a thin layer of paraffin wax to measure their volume using liquid immersion. Lastly, the aerogels coated with paraffin wax were placed in a measuring cylinder containing distilled water and its volume was measured using the drainage method. The density of aerogel was calculated using the following equation:
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Where ρaerogels is the volumetric mass densities (g/cm3), Maerogels is the total mass of the 100 aerogel samples (g), and Vaerogels is the total volume of the 100 aerogel samples (cm3).

[image: image4.png]ﬁ______ {
.

I V
aerogels





Fig. S3. Schematic illustration of the nanocellulose aerogel volume obtained by drainage method.

Table S1. The major absorption peaks and attribution of functional groups in nanocellulose aerogel samples.

	Number
	Wavenumber (cm-1)
	Attribution

	1
	3405
	The stretching vibration peak of hydroxyl group in nanocellulose molecule.

	2
	2900
	The stretching vibration peak of C‒H in ‒CH2.

	3
	1721
	The stretching vibration peak of C=O in the carboxyl group.

	4
	1635
	The ‒OH bending vibration peak of water absorbed by ‒CH2.

	5
	1430
	The symmetrical bending peak of ‒CH2 at C6.

	6
	1370
	The bending vibration peak of C‒H.

	7
	1162, 890
	The C‒O‒C anti-symmetric stretching vibration peak.

	8
	1110
	The stretching vibration peak in the asymmetric phase loop.

	9
	1062
	The symmetric stretching vibration peaks of C‒O bonds in primary alcohols.

	10
	1033
	The stretching vibration peak of C‒O.

	11
	900
	The asymmetric vibrational peaks of the glycosidic bonds between glucose units.

	12
	400~700
	The bending vibration peak of the hydroxyl group.


Table S2. The external element analysis of 2.5%-CNC and 2.5%-CNF aerogels measured by XPS.

	Samples
	Element (%)
	Element Ratio
	C‒C 
(285.4 eV)
	C‒O
(286 eV)
	C‒O‒C 
(286.7 eV)

	
	C
	O
	C/O
	
	
	

	2.5%-CNC aerogel
	57.18%
	42.82%
	1.34
	9.6%
	79.6%
	10.8%

	2.5%-CNF aerogel
	54.23%
	45.77%
	1.18
	15.6%
	71.2%
	13.2%


Table S3. The optimal supercritical CO2 drying process and corresponding shrinkage data to obtain CNC and CNF aerogels.

	Samples
	Time (h)
	Temperature (℃)
	Pressure (MPa)
	Shrinkage rate (%)

	1.5%-CNC aerogel
	2
	45
	12
	6.18

	2.5%-CNC aerogel
	3
	45
	12
	5.11

	3.5%-CNC aerogel
	3
	45
	12
	5.09

	1.5%-CNF aerogel
	4
	50
	13
	6.09

	2.5%-CNF aerogel
	5
	50
	13
	4.56

	3.5%-CNF aerogel
	5
	50
	13
	4.55
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Fig. S4. Comparison of the compressive strain of CNC and CNF aerogels with previously reported other aerogels.
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