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Fig. S1 Schematic diagram of the fabrication process of MX/CS/PVDF aerogel
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\TEMnml.tif]
Fig. S2 a TEM images of Ti3C2Tx nanosheet. b SAED pattern of Ti3C2Tx nanosheet. c HETEM image of Ti3C2Tx nanosheet
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\SEM图nml.tif]
Fig. S3 SEM images: a PVDF nanofibers and b microstructure of MX/CS/PVDF-1
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx\SEM\PVDF在气凝胶中的形态\PVDF在气凝胶中的形态.tif]
Fig. S4 SEM images of the distributions of PVDF fibers in MX/CS/PVDF-1 aerogel
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\EDSnml.tif]
Fig. S5 SEM and corresponding EDX elemental mapping images of a MX/CS/PVDF-0.5, b MX/CS/PVDF-1, c MX/CS/PVDF-1.5 and d MX/CS/PVDF-2
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\投稿\AFM\20240528回稿\SEM\EDS.tif]
Fig. S6 SEM and corresponding EDX elemental mapping images of MX/CS/PVDF-1
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\AFMnml.tif]
Fig. S7 AFM images of a MX/CS/PVDF-0.5, b MX/CS/PVDF-1, c MX/CS/PVDF-1.5 and d MX/CS/PVDF-2
[image: ]
Fig. S8 XRD spectra of single-layer Ti3C2Tx and precursors Ti3AlC2
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\气凝胶的力学性能nml.tif]
Fig. S9 Stress-strain cycling curves under different pressure loads of a MX/CS/PVDF-1 and d Ti3C2Tx MXene/CS. Stress-strain curves at 100 cycles of b MX/CS/PVDF-1 and e Ti3C2Tx MXene/CS. Stress-strain cycle curves of 1st and 100th of c MX/CS/PVDF-1 and f Ti3C2Tx MXene/CS
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\回稿20241028\补实验\器件实拍图\器件图.tif]
Fig. S10 Photographs of MX/CS/PVDF-1 pressure sensor
The effect of thickness of PU encapsulation layer on the sensitivity: To investigate the effect of the thickness of the encapsulation layer on the detection sensitivity of the device, we encapsulated the top and bottom layers of the aerogel with one-layer PU (14 μm), two-layers PU (28 μm), and three-layers PU tape (42 μm), and tested the detection sensitivity of the three sensors.
As shown in Fig. S11b, there was no significant shift of sensitivity for MX/CS/PVDF-1 based pressure sensor with 14 μm and 28 μm PU encapsulation layer. When the encapsulation layer was 42 μm, the detection sensitivity was increased. However, the compression modulus of pressure sensors was increased and the detection limit also was increased with the thickness of encapsulation layer increasing (Fig. S12 and S13).
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\截面PUnml.tif]
Fig. S11 a The SEM image of cross-section of commercial PU tape. b The response-pressure curves of MX/CS/PVDF-1-based pressure sensor with different thickness PU encapsulation layer
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\PU厚度对压缩模量的影响nml.tif]
Fig. S12 The compression modulus of MX/CS/PVDF-1 with different thickness PU encapsulation layer of a 14 μm b 28 μm and c 42 μm
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\PU厚度对压力传感的影响nml.tif]
Fig. S13 The sensing performances of MX/CS/PVDF-1 pressure sensor with different thickness PU encapsulation layer of a 14 μm b 28 μm and c 42 μm
The effect of thickness of the sensitive layer on the sensitivity and durability: MX/CS/PVDF-1 with different thicknesses of 0.25 cm, 0.5 cm, and 0.75 cm was fabricated by freeze-drying that 4 mL, 8 mL and 12 mL of MXene/CS/PVDF precursor was injected into 4×4 cm PTFE molds, respectively.
As demonstrated in Fig. S14a, compared with the pressure sensor with 0.5 cm, that with 0.25 cm and 0.75 cm exhibited a lower response. The sensing range of the pressure sensor with 0.25 cm was smaller than other thickness pressure sensors and the sensitivity was 0.23 kPa-1 in the range of 0-6.78 kPa (Fig. S14b), which was higher than the two others. However, the durability of 0.25 cm thickness was worse than other thickness pressure sensors. As shown in Fig. S14d, the baseline pressure sensor with 0.25 cm drifted dramatically during the pressure loading and unloading cycles. The baseline of that with 0.5 cm drifted slightly and that with 0.75 cm did not drift (Fig. S14e and S14f).
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\投稿\NANO MICRO LETTERS\补实验\不同厚度\厚度对传感器灵敏度的影响.tif]
Fig. S14 The sensing performances of MX/CS/PVDF-1 pressure sensor with different thickness sensitive materials. a The sensitivity of MX/CS/PVDF-1 pressure sensor with different thickness. b The linear fit curve of MX/CS/PVDF-1 pressure sensor with 0.25 cm. c The linear fit curve of MX/CS/PVDF-1 pressure sensor with 0.75 cm. Durability test under 500 loading/unloading cycles under17.68 kPa of MX/CS/PVDF-1 pressure sensor with d 0.25 cm, e 0.5 cm and f 0.75 cm
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\浓度-灵敏度nml.tif]
Fig. S15 Response-pressure curves of a MX/CS/PVDF-0.5, b MX/CS/PVDF-1, c MX/CS/PVDF-1.5 and d MX/CS/PVDF-2 tested by three times
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\响应-压力图nml.tif]
Fig. S16 Relative changes in current of the MX/CS/PVDF-1 sensor a under low load pressure in the range of 265 Pa-8.85 kPa and b relative high load pressure in the range of 8.85 kPa-1200 kPa
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\不同频率nml.tif]
Fig. S17 The variation of I-t curves with different running frequencies load pressure
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\投稿\AFM\20240528回稿\迟滞\迟滞.tif] 
Fig. S18 The hysteresis of MX/CS/PVDF-1-based pressure sensors under 1200 kPa
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\长期稳定性.tif]
Fig. S19 The initial current and relative current change of MX/CS/PVDF-1-based pressure sensors over a one-month period
The stability of MX/CS/PVDF-1 pressure sensor at different ambient humidity and temperature: To demonstrate the stability of MX/CS/PVDF-1 pressure sensor, the measurement under different ambient humidity and temperature was performed. The pressure sensor was placed in 33% relative humidity (RH), 59% RH, 85% RH, and 98% RH for 1 hour, where the relative humidity was provided by MgCl2, NaBr, KCl, and K2SO4 saturated solutions, respectively. Then the initial resistance and relative current change under pressure of 15.91 kPa were measured. As shown in Fig. S20a, the initial resistance and relative current change were stable. To simulate extreme ambient temperature, the pressure sensors were placed in a refrigerator at -20°C and an oven at 40°C for 5 days, respectively. Then the relative current change under pressure of 44.2 kPa was measured every day. As shown in Fig. S20b, c, the relative current change remained constant within limits.

[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\回稿20241028\补实验\温度湿度稳定性.tif]
Fig. S20 The stability of MX/CS/PVDF-1 pressure sensor under a varying ambient humidity and ambient temperature at b -20°C and c 40°C
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx\投稿\AFM\20240528回稿\砝码 监测下限\检测下限.tif]
Fig. S21 The detection limit of MX/CS/PVDF-1 pressure sensor
The comparison between Ti3C2Tx MXene/CS/PVDF aerogel with random structure and laminated structure: In terms of mechanical properties, the strain of the random-structured aerogel device exhibited irreversible increase after 100 cycles under 108 kPa pressure, indicating that the structural deformation of the random-structured aerogel device was not recoverable under higher stress (Fig. S22). In contrast, the laminated structure aerogel device maintained constant strain during cycle compression and demonstrated the potential for reversible deformation. Regarding the electrical properties, the laminated structure aerogel device demonstrated a higher current response under the same pressure and better linear relationship within the 100 kPa in comparison to the random-structured aerogel device (Fig. S23). 
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\定向结构和非定向结构nml.tif]
Fig. S22 a Stress-strain cycle curves under different pressure loads, b stress-strain curves at 100 cycles and c stress-strain cycle curves of 1st and 100th of laminated structure MX/CS/PVDF-1-based pressure sensor. d Stress-strain cycle curves under different pressure loads, e stress-strain curves at 100 cycles and f stress-strain cycle curves of 1st and 100th of random structure MX/CS/PVDF-1-based pressure sensor
[image: ]
Fig. S23 Response-pressure curves of random structure and laminated structure Ti3C2Tx MXene/CS/PVDF aerogel

The effect of PVDF fiber length on the sensing performance: To investigate the effect of PVDF fiber length on pressure sensing performance, the length of PVDF short fiber was controlled by regulating the breaking time of the as-spun PVDF fibers in the high-speed blender (5 min, 10 min, 15 min, 20 min) and measuring the response pressure curves and durability test of the pressure sensors containing PVDF short fibers with different breaking times.
As demonstrated in Fig. S24a, the sensitivity of the pressure sensors did not undergo a significant change with the breaking time of the PVDF fibers. However, the fiber breaking time had a significant influence on the durability. When the crushing time was 5 minutes, the initial current of the pressure sensor was drastically drifted under 500 repetitive cycles and the initial current was stabilized at a breakup time of 10 minutes or more (Fig. S24b). The explanation for this phenomenon was that with short breaking time, the fibers seemed too long to be uniformly suspended in the aerogel precursor solution due to gravity, and therefore cannot served to enhance the mechanical properties of the aerogel system, and also cannot demonstrated reversible deformation under greater stress.
The variations of the peaks of the relative current changes were caused by the unstable load pressure supplied by universal testing machine with high operating speed and had no relation to the stability of the pressure sensor. 
[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\PVDF长度nml.tif]
Fig. S24 The effect of breaking time of PVDF fibers on device sensing performance. a The response-pressure curves and b durability test under 500 loading/unloading cycles of MX/CS/PVDF-1 with 5 min,10 min,15 min and 20 min breaking time


[image: E:\工作1 气凝胶 CS PVDF Ti3C2Tx 压力传感\论文画图\Supporting information\Wearable 发音nml.tif]
Fig. S25 a Relative current change of loading and unloading different weights from 100 mg to 20 g on the MX/CS/PVDF-1 sensor. b The relative current changes of manual press on the MX/CS/PVDF-1 sensor. The detection of human physiological signals: c swallow, d yawn, e say “wearable” and f say “sensor”
[image: ]
Fig. S26 Waveform diagram of current signals generated by seven vocabularies in six Chinese dialects
[image: ]
Fig. S27 Schematic illustration of CNN
Table S1 Comparison of the detection limit, maximum detection pressure, response/recovery time and hysteresis between the pressure sensors for speech recognition in this article and previous articles
	Material
	Detection limit
	Maximum detection pressure 
	Response/recovery time
	Hysteresis
	References

	Molybdenum Disulfide/ hydroxyethyl cellulose/ polyurethane
	
	250 kPa
	120 ms
	
	[S1]

	Ti3C2Tx@  poly(vinylidene fluoride-co-trifluoroethylene)
	72 Pa
	3.083 kPa
	16 ms
	
	[S2]

	Black phosphorous@ polyaniline
	500 Pa
	100 kPa
	200/210 ms
	3.43%
	[S3]

	Zwitterionic hydrogels
	
	3 kPa
	38 ms
	
	[S4]

	AuNWs/ Polydimethylsiloxane
	
	100 kPa
	50 ms
	
	[S5]

	Poly(3,4-ethylenedioxythiophene)/ poly-(styrenesulfonate)/cellulose nanocrystals
	
	100 kPa
	240/100 ms
	
	[S6]

	Carbon nanotubes/ polydimethylsiloxane
	
	80 kPa
	43/123 ms
	
	[S7]

	Multi-walled carbon nanotube/ polydimethylsiloxane
	20 Pa
	20 kPa
	25/50 ms
	8%
	[S8]

	Poly(vinylidene fluoride) acrylonitrile sodium p-styrenesulfonate acrylamide oxidized tannic acid N,N′-methylenebis(acrylamide)
	
	33.07 kPa
	24/45 ms
	13.80%
	[S9]

	Ti3C2Tx MXene/chitosan/polyvinylidene difluoride
	6.25 Pa
	1200 kPa
	72/72 ms
	13.69%
	This work
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