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Figure S1. The schematic diagram of assembled GCPPPF composite for flexible strain sensors.
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Figure S2. The chemosynthesis pathway of rGO on the surface of the PDA.
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Figure S3. (a) The depositing pathway of CNTs-COOH on the surface of the PPPFs; (b) The chemosynthesis pathway of rGO@CNTs-COOH on the surface of the PDA. 
Material fabrication and characterization. To verify the interaction between the PPF and conductive materials, as present in Fig. S4. Five characteristic absorption peaks1, 2 at around 723, 1020 cm-1 were ascribed to the out of plane benzene group and the in-plane vibration of benzene respectively (Fig. S4d). And another three absorption peaks at around 1097, 1245, and 1712 cm-1 were assigned to the C=O stretching vibrations of the ester. When the PDA was deposited on the PPF surface, a new absorption peak at round 1612 cm-1 was associated with the aromatic ring stretching vibrations and N-H bending vibrations. The rGO and CNTs-COOH subsequently were generated on the surface of PPPFs. The FTIR spectra exhibited that the diffraction pattern of the PPPF with rGO and CNTs-COOH did not change a lot in comparison with the pristine PPF, suggesting that the addition of rGO and CNTs-COOH had little effect on the main structure of PPFs. Likewise, the crystalline structure of the PPFs was demonstrated by XRD, as shown in Fig. S4c. The XRD pattern of PPFs depicted three typical diffraction peaks3 at around 2θ = 16.77 °, 22.3 °, and 25.95 ° attributing to the (010), (110) and (100) crystal planes, respectively. After growing PDA and conductive fills containing rGO and CNTs-COOH on the surface of PPFs, the major crystalline structure of PPFs was not destroyed. However, the diffraction peak at round 2θ = 25.95 ° shifted to a higher degree. This phenomenon was possible because the diffraction peaks of rGO (26.1 °) (Fig. S4a) and CNTs-COOH (25.88 °) (Fig. S4b) were overlapped with the pristine peak of PPF.
Moreover, the surface chemical composition of PPFs was examined by X-ray photoemission spectroscopy (XPS), as depicted in Fig. S5. They all represented three main peaks corresponding to C 1s (284.94 eV) and O 1s (533.10 eV), N 1s (399.77 eV) respectively. It could be seen that some peak intensities including nitrogen and oxygen increased significantly owing to the generation of PDA, GO, and CNTs-COOH on the PPFs. Meanwhile, the C/O atomic ratio increased to 6.87 from 2.39 obviously, after the LAA chemical reduction of PPFs. It was demonstrated that chemical reduction may remove plenty of oxygen-containing groups, except for some oxygen-containing functional groups reacted. these samples with some oxygen-containing groups, carbon-containing groups, nitrogen-containing groups were further verified. Also, The C1s core spectra of carbon-containing groups on the PPF surface were composed of four components centered at C-C (284.8 eV) groups, C-N (285.30 eV) groups, C-O (286.45 eV) groups, O-C=O (289.05 eV) (Fig. S6a). The N1s spectrum of nitrogen-containing groups was ascribed to -N H- (398.33 eV) (Fig. S6b). After growing PDA on the surface of PPFs, some typical peaks at round 288.90 eV, 399.49 eV were observed, which were attributed to the C=O, -N= groups respectively (Fig. S6c-d). The significant peak at round 289.05 eV corresponding to the O-C=O group was not resolved from the C 1s spectrum in Fig. S6c. It was possible that the surface of PPFs was mostly coated by the PDA. This further implied the successful incorporation of the PDA onto PPFs. After the chemical reduction of PPPFs with GO and CNTs-COOH (Fig. S6e-f), the peak intensities of C-O and C=O dramatically decreased, which further demonstrated GO reduction. Meanwhile, the characteristic peak of O-C=O (289.06 eV) groups on the CNTs-COOH surface was confirmed, which revealed the presence of CNTs-COOH.
From the above results, it was obvious that conductive fills including CNTs-COOH, rGO had been successfully anchored on PPFs (Fig. S7a-b) with PDA. Figure S8a depicted the self-polymerization of dopamine. Dopamine with catechol and amine groups self-polymerize to form a polydopamine4 film with remarkable adhesion ability on PPFs (Fig. S8a, Fig.S7c-d, and Fig. S9a). CNTs-COOH and GO were subsequently grown evenly on the surface PPPFs owing to the chemical crosslinking between -COOH/-OH in the GO and catechol in PDA or intermolecular interactions including π-π attractions, hydrogen bonding between imine in PDA and -COOH/-OH in the GO via the dip-coating process. Meanwhile, under the action of L-ascorbic acid (LAA), GO was reduced to rGO (Fig. S2). Thus, CNTs-COOH and rGO were successfully anchored on the modified surface of PPFs. (Fig. 7e-f), Figure S8b, and Fig. S9b).
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Figure S4. (a) XRD patterns of GO and rGO; CNTs and (b) CNTs-COOH; PPFs; (c). (d) FT-IR spectra of PPFs.
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Figure. S5. XPS spectra of PPFs.
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Figure S6. C 1s of XPS spectra of PPFs (a) and coated PPFs (c, e);N 1s of XPS spectra of PPFs;(b) and coated PPFs (d, f).
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Figure S7. The SEM images of (a-b) PPF; (c-d) PPPF; (e-f) GCPPPF.
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Figure S8. (a) The chemical structure of dopamine after self-polymerization; (b) The chemosynthesis pathway of rGO@CNTs-COOH on the surface of the PDA. 
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Figure S9. Schematic illustration depicts the fabricated strain sensor with PDA that comprises rGO@CNTs-COOH in a layer-by-layer fashion: (a) The chemical structure of dopamine after self-polymerization; (b) The chemosynthesis pathway of rGO@CNTs-COOH on the surface of the PDA.
Electrothermal performation. Also, thermal stability was a significant performance for which the PPF morphology played an important role. Therefore, the thermogravimetric analysis (TGA) and the corresponding derivative thermogravimetric analysis (DTG) were performed on the PPFs to demonstrated their thermal stability. The thermal degradation curves obtained for the PPFs are illustrated in Fig. S10a-1. It was observed that the obvious weight loss of PPFs was obtained between 385 °C and 600 °C owing to the thermal decomposition of structural chains of PPFs. However, the GCPPPF possessed the highest final residue percentage as compared to that of the pure PPF, implying that the GCPPPF had comparatively excellent thermal stability. it could be assumed that the formation of the physical barrier on the GCPPF surface due to the entanglement of some functional groups in the rGO@CNTs-COOH matrix on the PPPF surface restricted the mobility of molecular chains at higher temperature causing an increase in the thermal stability. Moreover, the improvement of the thermal stability of PPFs was evident from the increase of the thermal degradation temperature. The thermal degradation temperatures of PPFs were further investigated between 300 and 600 °C corresponding to the decomposition peaks of the respective curves, as illustrated in Fig. S10a-2. Notably, the maximum decomposition temperature of the GCPPF revealed an obvious increase due to the chemical cross-linking or the intermolecular interaction between rGO@CNTs-COOH and PPPF. This further vindicated the improvement of the thermal stability of the PPF because of the incorporation of PDA and rGO@CNTs-COOH. Similarly, Fig. S10b displays the melting endothermic peaks of PPFs determined from DSC measurements. The heating curve of the GCPPF showed an outstanding exothermic peak at around 266.17 °C prior to that of the PPF. This phenomenon indicated that the small size of rGO and CNTs-COOH particles endowed more heterophase nucleus to accelerate the crystallization process to present more excellent crystals which withstand melting at the higher temperature. The crystallization behavior of PPFs was further investigated in Fig. S10c. It was also observed that the crystallization temperature and the crystallization exothermal peak of the GCPPF were bigger than that of the PPF implying the increase of the crystallinity of the GCPPF. It could be explained by the assumption that rGO and CNTs-COOH particles served as an efficient heterogeneous nucleation agent for the improvement of the crystallization of the GCPPF.
Fig. S10d vividly displays the storage modulus of PPFs as a function of temperature. The storage modulus of PPFs almost decreased gradually as the temperature increased, especially the storage modulus value decreased obviously in the region of 100-250 ℃ illustrating the decrease of the elastic of materials. While the GCPPF illustrated the higher storage modulus in comparison with that of the PPF between 0 and 100 ℃. The storage modulus of the GCPPF first began to increase and then decreased. It was possible that the exceptional interface bonding interaction between rGO@CNTs-COOH and PPF molecules with PDA restricted the movement of the chain segment of PPF molecules, which dramatically improved the storage modulus of the GCPPF. When the temperature further increased, the increase of the GCPPF molecular movement and the poor intermolecular force caused the loss of stiffness, hence resulting in the decrease of the storage modulus. Likewise, the GCPPF displayed a remarkable loss modulus superior to that of the PPF (Fig. S10e). It was supposed that the formation of the synergistic laminated network structure on the PPPF surface due to the incorporation of CNTs-COOH and rGO limited the movement of GCPPF molecular chains at high temperature, causing the increase of the internal friction as GCPPPF molecular chains moved. It was further observed that the damping value of the GCPPF decreased with the increasing temperature. This implied that the chemical crosslinking or intermolecular interactions between rGO@CNTs-COOH and PPF molecules with PDA reduced the effective volume of the GCPPF and astricted the GCPPF molecular mobility, leading to a decrease in the damping value of the GCPPF 5 (Fig.S10f). These results further were demonstrated that CNTs-COOH and rGO were successfully anchored on the modified surface of PPFs. 
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Figure S10. TG (a-1) and the differential thermogravimetric (DTG), (a-2) curves obtained for PPPFs; (b) DSC curves of PPPFs during the heating steps (10 ℃/min); (c) DSC curves of PPPFs during the cooling steps (10 ℃/min); (d) Storage modulus; (e) Loss modulus and (f) Tan delta curves of PPPFs.
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Figure S11. (a) The stress-strain curves of PPFs; (b) Plots of the ΔR/R0 value versus strain for GCPPPFs; (c) Current-voltage curves under various strains for the fabricated strain sensor; (d) The relative resistance changes under 200 bending-releasing operations. 
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Figure S12. The photography brightness of the LED bulb under different strain states.
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Figure S13. The stretching-releasing tests under 0.1 % strain.
Wearable application as electrical heaters. The GCPPPF strain sensor (1×2 cm2) was qualified for monitoring the temperature change under various applied voltages (0.5,1, 1.5, and 2 V) due to the superior Joule heating performance (Fig. S14a). The sensor heated up rapidly in a short time as being imposed on a voltage because of the superb Joule heating property of conductive fillers on the PPPF surface. Moreover, the surface temperature area of the sensor was even, and the highest temperature could increase up to 120 °C at 3 V voltage. Its surface temperature cooled to immediately the initial temperature as the voltage was not applied. These results verified that the sensor had outstanding electro-thermal response. Furthermore, the sensor was mounted on a volunteer’s hand to investigate the temperature variation from the skin surface, as depicted in Fig. S14b-c. The surface temperature of the hand surface was about 25 ℃ without the voltage applied (Fig. S14b). The surface temperature of the sensor rose to 55 °C immediately in a few times while the other areas on the hand surface were invariant at a voltage of 1 V (Fig.S14c). Overall, these results demonstrated that the relatively superior electro-thermal performance of the sensor made it an outstanding candidate for the wearable heating device.
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Figure S14. (a) Temperature curves of the sensor under different voltages； (b-c) Wearable application of the heater on hand.
Table S1 Comparison of the gauge factor and strain range under various strain sensors
	Material
	Gauge Factor
	Strain range [%]
	Ref.

	Graphene/polyester
	34
	0-20
	    6


	
	5
	20-50
	

	Graphene/polyester fabric
	26
	0-14
	7

	Graphene/CNTs/TPU
	35.78
	0-30
	8

	RGO/nylon/PU
	12.1
	10-18
	9

	GCPPPF

	40.25
	0-50
	
This work

	
	85.72
	50-100
	

	
	182.21
	150-230
	

	
	265.48
	230-270
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