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Experimental methods
Drop hammer impact test: The dynamic puncture and anti-impact performances of the sample were tested according to the NIJ standard-0115.00 and ASTM F3007 on the low-velocity drop hammer impact system (ZCJ1302-A, MTS System Co., America), where the impactor could be replaced with different impact instruments (needle, knife, and blunt heads) [1,2]. The impact velocity and energy could be adjusted by controlling the height and weight of the impactor. During the puncture process, the sample was fixed on all four sides by a steel fixture, and an acceleration sensor on the impactor was used to record the acceleration signal. During the blunt impact process, a force sensor was placed under the sample to record the impact force. The acceleration signals of the drop hammer on the impact surface were collected by an acceleration sensor. 
High-velocity impact test: The high-velocity ballistic impact performance of the sample was measured according to NIJ Standard 0101.06 and MIL-STD-662F by a system consisting of a gas gun (steel bullet, 2.08g), a laser velocimeter, a high-speed camera, and a digital oscilloscope [3,4]. The velocity of bullets was controlled by adjusting the pressure of the air gun. The incident velocity of the bullet was measured by the laser velocimeter and a digital oscilloscope. A high-speed camera was used to record the deformation and failure process of samples, and it could capture the location of the bullet to calculate the residual velocity.
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Fig. S1 The schematic diagrams of different samples.
As shown in Fig. S1, the Leather/SSG/NWF (LSN) was prepared by assembling one layer of leather, one layer of SSG, and one layer of NWF layer by layer. The Leather/SSG/Kevlar/NWF (LSKN) was prepared by assembling one layer of leather, one layer of SSG, one layer of Kevlar, one layer of SSG, and one layer of NWF layer by layer. The Leather/SSG/Kevlar-STF/NWF (LSKSN) was prepared by assembling one layer of leather, one layer of SSG, one layer of Kevlar-STF, one layer of SSG, and one layer of NWF layer by layer. The samples were firstly laminated together to obtain good structural stability. The different layers were further glued together due to the viscosity of the SSG.
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Fig. S2 (a) The SEM images of the SSG surface. (b) The FTIR spectrum analyses of SSG. (c) The SEM images of the Kevlar. (d) The preparation process of Kevlar-STF by a “dilution-soaking-drying” method.
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Fig. S3 (a) The schematic diagram of the sample tear process. (b) The tear resistance mechanism schematic diagram. (c) The tear force-displacement curves of different samples. (d) The tear energy and peak force data of different samples. The tear force-displacement curves of (e) Kevlar and (f) Kevlar-STF under different tear rates. The peak force and tear energy of (g) Kevlar and (h) Kevlar-STF under different tear rates.

Here, STF was used to improve the tear resistance performance of Kevlar. The tear performance of the Kevlar-STF composite was investigated in detail by the MTS instrument. As shown in Fig. S3a, the sample was prepared with a width of 60 mm and a length of 120 mm. A pre-notch of 60 mm was cut in the middle of the sample to make the trouser tear sample. The tear force-displacement relationship of different samples was recorded including Kevlar, Kevlar-EG, Kevlar-MOF, and Kevlar-STF (Fig. S3c). The Kevlar-STF achieved a maximum peak force of 538 N which was greater than other Kevlar composites, indicating the stable STF network existed on the Kevlar fibers and it greatly prevented the slip between fibers. Then, the dissipated energy during the tear process of different samples was calculated by the following formula [5]:
	
	
	(1)


where Te, F, and L are the tear energy, the tear force, and the displacement of the sample during the tear process, respectively. t is the sample thickness, and b is the sample width. 
As shown in Fig. S3d, the tear energy of Kevlar-STF was up to 1.52 MJ m-2, which had grown 260% compared to Kevlar (0.66 MJ m-2). The existence of STF would lead to increased friction between fibers, which could cause fibers of Kevlar-STF to fracture after sliding, so Kevlar-STF could dissipate more energy (Fig. S3b). In addition, the peak force-displacement curves of Kevlar and Kevlar-STF were measured under different tensile rates (0.1, 0.5, 2.0, and 5.0 mm s-1) in Fig. S3e and f. The peak force of Kevlar-STF gradually increased with the tear rate increased and the peak force achieved 807 N at 5.0 mm s-1, which showed certain similar rate-dependent behaviors to STF (Fig. S3g). Then, the dissipated energy of Kevlar and Kevlar-STF were compared in Fig. S3h. The tear energy of Kevlar-STF started to increase at a tear rate of 0.0083 s-1. The Kevlar-STF dissipated a high energy of 1.98 MJ m-2 at 0.083 s-1, which had increased 248% compared to Kevlar. In short, the introduction of the STF phase strengthened the tear resistance performance of Kevlar. The combined high tear resistance and energy dissipation would endow the Kevlar-STF with outstanding puncture resistance properties. 
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Fig. S4 (a) The optical image of the needle impactor. (b) The force-displacement curves of Kevlar and Kevlar-STF under quasi-static needle puncture. (c-f) The force-displacement curves of the different samples under the impact velocity from 1.71 to 3.13 m s-1.
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Fig. S5 (a) The optical image of the knife impactor. (b-e) The force-displacement curves of the different samples under the impact velocity from 1.71 to 3.13 m s-1.
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Fig. S6 The limit penetration velocity of different samples.
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Fig. S7 (a) The schematic diagrams of the drop hammer impact system. (b-f) The force-time curves of the different samples at 2-10J. (g) The force dissipation rate of the LSKSN composite at different impact energies from 2 to 10 J. (h) The buffer time of the LSN and the LSKSN composites at different impact energies from 2 to 10 J (the illustration was the optical images of the sample under the impact energy of 2 J). (i) The peak force of the LSKSN composite under 15 times consecutive impacts at 2 J. (j) The acceleration-time curves of the LSKSN composite at different impact energies from 2 to 10 J. (k) The velocity changes of the impactor during the impact process at 2-10J. 
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Fig. S8 (a) The optical images of leather and Leather/MXene. (b) The compression modulus of different leather composites.


[image: C:\Users\USTC\Desktop\范子阳论文三 手稿\ACHM格式\审稿意见 2024.09.08\图整理2024.06.23 的幻灯片\图整理2024.06.23_3.tif]
Fig. S9 (a) The force-time curves of various impact-resistant materials under the impact of 10J. (b)The force dissipation rate of various impact-resistant materials under the impact of 10J.
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Fig. S10 The relationship between  of the E-LSKSN composite and the impact energy.
According to percolation theory [6], the nanocomposite conductivity scales with filler volume fraction  as
	
	
	(2)

	
	
	(3)


where R,, , and  are the resistance, conductivity, percolation threshold, and exponent of the sample, respectively. Therefore, as the content of MXene gradually increased, the resistance of the E-LSKSN composite gradually decreased.
Furthermore, the resistance R of the E-LSKSN composite could be expressed as 
	
	
	(4)

	
	
	(5)


where  is the bulk resistance of the leather fiber matrix composed of MXene nanosheets and  is the resistance of MXene nanosheets.  is the initial resistance of the E-LSKSN, and the  was used to characterize changes in resistance. Therefore, for bending of the E-LSKSN composite, the contact between fiber networks increased, resulting in a negative  due to  decreased. When the E-LSKSN composite was impacted, the conductive fiber network and MXene nanosheets were both damaged, so the  of the E-LSKSN composite would increase.
Finally, the  of the E-LSKSN composite under dynamic impact is represented as
	
	
	(6)


where  and  are constants related to the sensing performance of the E-LSKSN composite,  is the impact energy. As shown in Fig. S10,  of the E-LSKSN composite increased with the increase of impact energy. The experimental results were consistent with the fitting of formula (6), indicating a clear correlation between the sensing signals of the E-LSKSN composite and the impact stimulus.
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Fig. S11 (a) The optical image of the wireless signal transmission system with the E-LSKSN composite. (b) The optical image of the intelligent kneepads.

Table S1. The comparison of the protective and sensing properties of this work with reported works.
	Protective composites
	Puncture force or depth
	Limit  penetration velocity 
	Impact force dissipation rate
	Sensing 
sensitivity
	Ref.

	Cellulose composite
	4 N
	no
	0.25
	<0.26
	[7]

	Polyurea/Kevlar composite
	86 N
	no
	0.61
	no
	[8]

	Aramid nanofiber
composite
	105 N
	50 m/s
	no
	<22
	[9]

	Kevlar/SSG composite
	no
	78 m/s
	0.49
	<2.0
	[10]

	EVA/SSG composite
	no
	
	0.3
	no
	[11]

	SiO2/STG/RGO@Kevlar composite (10 layers)
	22 mm
	no
	0.39
	<0.6
	[12]

	Kevlar/STF /CNTs
	no
	110 m/s
	no
	<0.08
	[13]

	Kevlar/CNT/SSG (15 layers)
	8.0 mm
	66 m/s
	0.62
	<3.0
	[14]

	Kevlar Aerogel
	178 N
	64 m/s
	0.65
	no
	[15]

	LSKSN
	293 N
	159 m/s
	0.64
	<74
	This work



Table S2. The comparison of electrical properties of different conductive leather or fabrics.
	Materials
	Content of filler
	Resistance
	Ref.

	Leather/CNT/Zr(SO4)2
	10.6 mg/cm2
	60.2 Ω
	[16]

	Sponge/MXene
	22.8 mg/cm2
	30.5 Ω
	[17]

	Leather/ionic liquid
	40 g/cm2
	0.15 MΩ
	[18]

	Carbon nanotubes/Leather
	0.32 mg/cm2
	4.36 kΩ
	[19]

	Cotton fabric/ reduced graphene oxide
	33.3 mg/cm2
	220 Ω
	[20]

	NWF/Graphene
	25 mg/cm2
	100 Ω
	[21]

	Kevlar/MXene
	40 mg/cm2
	300 Ω
	[22]

	E-LSKSN (MXene)
	7.9 mg/cm2
	40.5 Ω
	This work
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