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Supplementary Figures and Tables
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Fig. S1 The surface morphology SEM image of BC micro-nanofiber membrane
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Fig. S2 SEM image of bulk Ti3AlC2 MAX. A typical accordion-like structure can be clearly seen
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Fig. S3 TEM image of exfoliated Ti3C2Tx MXene nanosheets
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Fig. S4 Schematic process of MXene nanosheets and surface-functionalized K-MXene single layers
[bookmark: OLE_LINK6]Typically, 1.0 g Ti3AlC2 powder was slowly added to an etching solution consisting of 1.6 g of LiF and 20 mL of 9M HCl. After etching at 50 ℃ for 30 h, the mixture was washed with deionized water and repeatedly centrifuged at 3500 rpm for 10 min until the pH of the supernatant was approximately 6. Subsequently, anhydrous ethanol was added to the precipitate, and the mixture was ultrasonicated for 1 h to delaminate the Ti3C2Tx nanosheets. Finally, the delaminated single-layer Ti3C2Tx nanosheets were collected by centrifuging at 3500 rpm for 3 min several times, yielding a dark green dispersion of Ti3C2Tx MXene nanosheets. As a result, the final sediments were redispersed in DI water, resulting a 10 mg mL-1 concentration solution.
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Fig. S5 Schematic diagram of the surface functionalization of MXene nanosheets by the introduction of KH570
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Fig. S6 HAADF-STEM-EDS elemental maps of the K-MXene and the corresponding images of Ti, Si, C and N, respectively
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Fig. S7 XPS spectra of MXene and K-MXene films. X-ray photoelectron spectroscopy (XPS) reveals the appearance of new silicon peak in KH570, originating from the KH570 modifier
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Fig. S8 a Particle size distribution of MXene nanosheets and b K-MXene nanosheets dispersed in deionized water; c Zeta potential of MXene nanosheets and K-MXene nanosheets in deionized water
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Fig. S9 Raman spectra of K-MXene, PEDOT:PSS, KMP conductive ink, KMPBC and PKMPBC macrofibers
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Fig. S10 a Particle size distribution of PEDOT:PSS dispersion and b K-MXene/PEDOT:PSS ink dispersed in deionized water; c Zeta potential of PEDOT:PSS and K-MXene/PEDOT:PSS ink dispersed in deionized water
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Fig. S11 FTIR spectra of K-MXene, PEDOT:PSS, and KMP conductive ink. The KMP conductive ink clearly showed the C=C bond on the PSS benzene ring at 1525 cm⁻¹, and the SO3⁻ bond of the PSS benzene ring at 1174 cm⁻¹ and 1039 cm⁻¹, respectively. In addition, the Ti-O bonds representing the MXene nanosheets were also detected at 557 cm⁻¹
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Fig. S12 Thermogravimetric analysis (TGA) curves of MXene, BC macrofiber, KMBC macrofiber, KMPBC macrofiber and PKMPBC macrofiber
As shown in Fig. S12, the TGA curve of MXene nanosheet illustrates no obvious weight loss through entire temperature range with the residual weight maintaining a stable value of 89.5% at 800 °C. The weight of BC macrofibers reduced significantly at 290.6 °C, and the remaining weight is 19.8% at 800 °C. As a result, the thermal weight loss ratio of PKM7P3BC macrofibers is 46.8%.
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[bookmark: _Hlk212492615]Fig. S13 Electrical conductivity of PKMPBC in high-temperature/high-humidity (40±2 °C, 90%±3%) and 10% (w/w) HCl solution, respectively
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Fig. S14 Contact angle images of PKMPBC fabric with water, HCl solution, NaOH solution, NaCl solution, PBS buffer solution and sweat, respectively
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Fig. S15 Stress-strain curve of undrawn BC macrofibers
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[bookmark: _Hlk212485863]Fig. S16 Stress-strain curve of PKMPBC macrofibers under (a) high temperature and high humidity (40±2 °C, 90%±3%) and (b) 10% (w/w) HCl solution
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Fig. S17 A PKM7P3BC macrofiber of 29.9 mg can lift up a weight of 1 kg which is more than 30000 times heavier than the macrofiber
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Fig. S18 a, b SEM images, a1, b1 Cross-sectional and enlarged SEM images of KMBC and KMPBC macrofibers, and a2, b2 2D WAXS images with corresponding fwhm curves
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[bookmark: OLE_LINK1]Fig. S19 The 2D SAXS images of a BC, b KMBC c KMPBC and d PKMPBC fibers
[bookmark: _Hlk212730907][image: ]
Fig. S20 The detailed molecular structure of a PTFE, b PVDF-HFP and c PDMS, respectively
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[bookmark: _Hlk212495797]Fig. S21 Working principle of PKT-TENG in a double-electrode mode, b single-electrode mode
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[bookmark: _Hlk212233232]Fig. S22 The output voltage testing photograph of PKT-TENG at a working frequency of 4 Hz
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Fig. S23 Relationship between the output voltage and current of PKMPBC fabric-based TENG when connected to different external resistances ranging from 0.1 MΩ to 1000 MΩ
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[bookmark: _Hlk212406139]Fig. S24 The variation in the SEM surface morphology of the PKMPBC macrofiber (a) before and (b) after 2700 contact-separation cycles
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Fig. S25 Output voltage of PF-TENG before and after water injection on the friction surface
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Fig. S26 Charging curves of PKM7P3BC textile-based TENG for commercial capacitors at different operating frequencies (0.5 Hz-3.0Hz)
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[bookmark: _Hlk212680419]Fig. S27 a The response and recovery time of the PKMPBC textile-based sensor under finger pressure. b Cyclic relative resistant change of the PKMPBC textile-based sensor at diverse loads from 0.5 N to 3 N
[bookmark: _Hlk212680846]The operational performance of the PKMPBC textile-based sensor was evaluated under ambient conditions (20±3°C, 40%±2%). When a forefinger touched the surface of PKMPBC textile-based sensor, an ultrafast response in resistance variation was observed within 45 ms. Subsequently, upon removal of the finger, the resistance returned to its initial level within 68 ms without any baseline drift (Fig. S27a). Fig. 27b exhibits the relative resistance changes of the PKMPBC textile-based sensor under cyclic loads in the range of 0.5-3 N. The signal peak of the relative resistant changes can clearly distinguish pressures of different amplitudes and present the repeatability of the relative resistant changes at the identical load. These illustrate that the PKMPBC textile-based sensor possesses reliable monitoring and a stable sensing response for full-range monitoring induced by the environment stimuli. 
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[bookmark: _Hlk212680911]Fig. S28 Schematic diagram of liquid molecule recognition sensing system circuit (3 cm×2.5 cm)

[image: ]
[bookmark: _Hlk213069556][bookmark: _Hlk212680982]Fig. S29 Resistance changes in the recognition system at different liquid volume (0-100 μL)
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Fig. S30 Snapshots of the real classification system and process
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Fig. S31 Optical photographs of (a) BC and (b) PKPMBC macrofibers in the degradation experiment with the cellulase solution
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[bookmark: OLE_LINK2]Fig. S32 SEM images of (a) BC and (b) PKMPBC macrofibers in the degradation experiment with cellulase solution
 [image: ]
[bookmark: OLE_LINK3]Fig. S33 The weight loss of the BC and PKMPBC macrofibers during degradation
The real-time images of the degradation process of BC and PKM7P3BC macrofibers every 12 hours are recorded in Fig. S31, it can be seen that the BC and PKM7P3BC macrofibers gradually degrade in cellulase solution. The SEM images of the degradation process of BC macrofibers in 24 h (Fig. S32) indicates that the diameter of BC macrofiber gradually decreases. During this process, the macrofibers simultaneously fragmenting until completely degradation. It can be clearly observed that the degradation process of PKM7P3BC macrofiber is slower than that of BC macrofiber because of the K-MXene/PEDOT:PSS ink and PDMS hydrophobic shell coating. Specifically, the PKM7P3BC macrofiber slowly break into several short fiber bundles within 60 h, and the internal BC nanofibers inside of macrofibers are gradually degraded. Then, K-MXene/PEDOT:PSS conductive aggregates begin to disintegrate in the cellulase solution until complete degradation within 132 h accompanied by black residues of K-MXene and PEDOT:PSS. Furthermore, the weight change of the macrofibers during degradation is also recorded, as shown in Fig. S33. During the degradation process, the mass of BC macrofibers decreases by 82% within 12 h and by 96% within 24 h. The degradation rate of BC macrofibers slows down as it approached complete degradation from 12 h to 24 h, whereas the PKM7P3BC macrofibers maintains a stable degradation rate. The mass of PKM7P3BC macrofibers decreases by approximately 50% within 36 h and by 60% within 60 h. The mass changes of BC and PKM7P3BC macrofibers in weight loss curve shows the same trend as the optical and SEM images.

Table S1 The comparison of different properties among different fibers
	[bookmark: _Hlk212130145]Fiber
	Mechanical strength (MPa)
	Conductivity (S cm-1)
	Strain (%)
	Young's modulus (GPa)
	Output
voltage
	Applications
	Refs.

	MWCNTs/ CSF
	0.4
	1
	1378
	0.49 GPa
	/
	Strain sensor
	 [S1]

	MXene/CNT (95wt% MXene)
	38.4
	2.7
	4.7
	/
	/
	Piezoresistive sensor
	 [S2]

	ANFs/MXene (2:1)
	20
	0.171
	2.8
	0.395 GPa
	/
	Resistance sensor
	 [S3]

	ANFs/MXene (1:1)
	20
	0.117
	6.8
	0.75 GPa
	/
	Resistance sensor
	 [S3]

	ANFs/MXene (1:2)
	13
	0.05
	7.5
	1.74 GPa
	/
	Resistance sensor
	 [S3]

	MXene
	8
	10
	0.46
	20.30 GPa
	160 mV
	Strain sensor
	 [S4]

	MXene/TPU
	3.76
	4.32
	675
	0.76 GPa
	20.1 V
	TENG & biomechanical sensor
	 [S5]

	MWCNTs/cellulose
	449
	5.32
	3
	
	170 V
	TENG
	 [S6]

	MWCNTs/aramid fiber
	47.2
	82
	9.6
	/
	/
	Electric heater
	 [S7]

	MXene/bacterial cellulose paper
	109.6
	50.2
	11.2
	2.4 GPa
	/
	Electromagnetic shielding
	 [S8]

	d-Ti3C2TX/CNFs
	135.4
	7.39
	16.7
	3.8 GPa
	/
	Electromagnetic shielding
	 [S9]

	MXene/rGO (88 wt% MXene)
	132.5
	72.3
	2.9
	/
	/
	Supercapacitors
	 [S10]

	MXene/GO/cellulose fiber
	162.5
	368.2
	6.7
	9.0 GPa
	/
	Electromagnetic shielding
	 [S11]

	MXene/PEDOT:PSS
	58.7
	1489
	2
	7.5 GPa
	/
	Supercapacitors
	 [S12]

	PKMPBC macrofiber
	434
	10.1
	4.1
	25.9 GPa
	272.5 V
	TENG &  biomechanical sensor
	This work



Table S2 The combination properties comparison with other similar materials
	Fiber
	Response/
recovery time
	Filler contents
	Conductivity
	Permeability
	Stability
	Refs.

	Kevlar/
MXene
	90 ms/110 ms
	1 wt%
	0.17 S m-1
	/
	/
	 [S13]

	CNT/MXene/TPU
	89 ms
	4 wt% (CNT); 1 wt% (MXene)
	13.1 S cm-1
	/
	1000
	 [S14]

	CB/MXene/
plant fiber@PDMS
	40 ms/100 ms
	30 wt%
	≈ 2kΩ
	/
	5000
	 [S15]

	MXene/GO-AgNWs
	69 ms/71 ms
	MXene: 10 mg mL-1
	
	800±50 mm/s
	1000
	 [S16]

	MXene
/PVA
	/
	MXene: 40 wt%
	0.28 S cm-1
	/
	/
	 [S17]

	PKMPBC macrofiber
	45 ms/68 ms
	MXene: 20 mg mL-1
	10.05 S cm-1
	/
	2700
	This work






Table S3 The parameters for constructing Convolution Netural Network (CNN)
	Layer Type
	Parameters
	Output Shape

	Input
	Length = 4000, Channels = 1
	[4000, 1]

	1D Convolution + BN + ReLU
	Kernel Size = 5, Filters = 16
	[4000, 16]

	MaxPooling1D
	Pool Size = 2, Stride = 2
	[2000, 16]

	1D Convolution + BN + ReLU
	Kernel Size = 5, Filters = 32
	[2000, 32]

	MaxPooling1D
	Pool Size = 2, Stride = 2
	[1000, 32]

	Global Average Pooling 1D
	-
	-

	Fully Connected (Dense)
	Units = 64
	[64]

	ReLU Activation
	-
	-

	Fully Connected (Dense)
	Units = 4 (number of classes)
	[4]

	Softmax
	-
	[4]

	Classification Layer
	Cross-entropy loss
	[4]


Supplementary Movies
Movie S1 The flexibility of PKT-TENG
Movie S2 Output performance of PKF-TENG under pouring liquids
Movie S3 Detecting motion signals after pouring water
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