[bookmark: _Hlk141959557][bookmark: _Hlk134547931]Supporting Information 
A method of constructing highly durable conductive materials by growing metal particles inside and outside fibers through solvation and multivalent bonding forces

Yan Wena, Peibo Dua, Chao Sunb, Xiongwei Zhana, Zaisheng Caia, Fengyan Gea,c,d*
a. College of Chemistry and Chemical Engineering, Donghua University, Shanghai 201620, China
b. School of Chemical and Process Engineering, University of Leeds, Leeds LS2 9JT, UK
c. Technology Innovation Center of Hebei for fiber material, Shijiazhuang University, Shijiazhuang 050035, Hebei, China
d. National Innovation Center of Advanced Dyeing and Finishing Technology, Taian, Shandong 271000, China
*Email: DHUfyge@163.com


[image: ]
Figure. S1 The cross-sections of Cu/Ag/CA-PEI@Cotton FESEM. 
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Figure. S2 Mechanical strength of fabrics. 
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Figure. S3 (a,b) Molecular structure of CA and PEI, (c) Chemical reaction mechanism of phenol-amine.
SI.4 The analysis of phenol-amine reaction:
The functional groups were characterized by FTIR spectra in Fig.3d. On one hand, quinone groups were yielded by the oxidation of phenolic hydroxyl groups in mildly alkaline conditions (Zhang, et al. 2021). Subsequently, the quinone group readily reacts with the -NH2 group, as evidenced by the new peaks of 1634.9 cm-1 (-C=N), 1382.7 cm-1 (-C-N). On the other hand, -CONH- could be generated through the amidation reaction between the redundant -COOH groups of CA and -NH2 groups of PEI, which is supported by peak at 1505.2 cm-1 (-NH) and 1261.3 cm-1 (C=O). Beyond, the occurrence of the crosslinking reaction between CA and PEI were characterized by XPS in Fig.3e. The C 1s peak (Fig.2f) could be deconvoluted into five peaks: C-C at 284.6 eV, C=C at 284.8 eV, C-N at 285.5 eV (Michael addition reaction) (Liu, et al. 2013), C=N at 286.6 eV, and C=O at 288.1 eV (Schiff base reaction) (Cheng, et al. 2018). From the resolution XPS of the N 1s, the peak at 398.7 eV belongs to the C-N bond from PEI. The peak around 399.4 eV is assigned to C=N (Bang, et al. 2015) and N-H bond which are contributed from Schiff-base reaction and the original bond (N-H) in PEI, respectively. The peak at 400.9 eV is attributed to the -NH3+, which is contributed from the reaction between -COOH in CA and -NH2 in PEI (Chen, et al. 2014). The results of XPS indicate that the Michael addition, Schiff base reaction of CA and PEI occurred.


Figure. S5 Effect of CA and PEI reaction conditions on the Cu/Ag/CA-PEI@Cotton sheet resistance. The resistance value 6.09×10-3 Ω/sq of the composite fabric can be achieved at a concentration of 0.1 mol/L, at 40 ℃, in a ratio for 4 h reaction conditions.
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Figure. S6 object images of the samples. (a) original cotton, (b) modified fabric with CA and PEI and (c) CA-PEI/Ag/Cu composite fabric, indicating relatively well uniform after treatment. 


Figure. S7 The EDS mapping of the copper-plated cotton fibers showing the high content distribution which insured their high conductivity.
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Figure. S8 The XRD spectra of samples.
The XRD spectra of the modified cotton by CA and PEI was consistent with the original cotton, while new peaks at 43.43°, 50.55° and 74.24° presented in Cu/Ag/CA-PEI@Cotton sample are corresponding to typical crystal structures of Cu (111), (200), and (220) planes, respectively(Guo, et al. 2021).
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Figure. S9 TGA of samples.
The thermal retention of the cotton after CA and PEI modification increased from 7.5 % to 8.3 %, indicating that the deposits are thermally stable. Further Cu/Ag/CA-PEI@Cotton had a thermal retention of 61.1 % achieved by the formation of a dense and stable composite structure of Cu on cotton faber, which does not disintegrate at high temperatures. The rate of thermal decomposition of the sample has a corresponding variation shown in Fig.S9.
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Figure. S10 DTG of samples.



Table. S1 Comparison of the performances of the composite fabric with those of other reported samples in the literature.
	Reference
	materials
	Sheet resistance(Ω/sq)
	Heating performance
	Washing times

	This work
	Cu NPs
	6.09×10-3
	140℃ (1 V)
	100

	(Guo, et al. 2021)
	Cu nanowire
	0.16
	142.2℃ (1.8 V)
	10

	(Jia, et al. 2020)
	AgNPs
	861.3
	63.6 ℃ (1.2 V)
	--

	(Wang, et al. 2019)
	AgNWs
	17.6–14.3
	110 ℃ (10 V)
	

	(Ma, et al. 2021)
	PPy
	10
	85℃ (6.0 V)
	20

	(Gong, et al. 2023)
	PDMS/PPy-Ag/Graphene/PET 
	6.32
	53 ℃ (2.0 V)
	--

	(Yang, et al. 2023)
	MXene
	8.80 
	75 ℃ (13.0 V)
	5

	(Cai, et al. 2018)
	CNT
	680
	105 ℃ (10.0 V)
	10

	(Guo, et al. 2021)
	CNT
	0.3
	70 ℃ (1.8 V)
	--

	(Qiu, et al. 2020)
	SiO2/TiO2/carbon nanofibers
	--
	43 ℃ (30 V)
	--

	(Li, et al. 2019)
	Ceramic precursors fired cotton
	43.2
	120.4 ℃ (8 V)
	--
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Figure. S11 Friction resistance of the composite fabric. 
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