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1. The structure and properties of materials

The properties of cotton fabric: The weight of the cotton fabric is 230 grams, the density 

of the fabric is 108*58D, the yarn count is 21s*21s, the thickness is 0.3 mm, and the 

weaving structure is a twill woven fabric.

The properties of polytetrafluoroethylene (PTFE): PTFE is a kind of triboelectric 

material with strong electronegativity, and it is easy to obtain electrons. In the use of 

triboelectric materials, PTFE is often used as a negative triboelectric layer.

The properties of polyamide (PA): PA is a common polymer material. In the 

triboelectric sequence of common materials, PA belongs to the material that is easy to 

lose electrons. In the selection of triboelectric materials, PA is usually used as a positive 

friction layer material.

2. Output performance test

In the NH2-Cellulose/PTFE output performance test experiment, a force of 10 N is 

applied to the fabric by controlling the starting and ending positions of the linear motor 

(LinMot E1100). The force of 10 N is measured by a high precision micro 

dynamometer (Vernier LabQuest Mini). The electrode layer of NH2-Cellulose/PTFE is 

connected to the electrometer 6514 through a wire. In the process of circular contact 

separation of NH2-cellulose and PTFE by linear motor control, the signals of transfer 

charge, open-circuit voltage and short-circuit current can be measured by electrostatic 

meter (Keithley 6514), and these data can be visualized by LabView program. By 

dividing the amount of transfer charge by the effective contact area of NH2-

Cellulose/PTFE, the transfer charge density can be obtained to be 14.1 μC/m2.



Fig. S1. AFM topology and 3D images (5×5 µm) of (a) cellulosic textiles, (b) NH2-

Cellulose and (c) F-Cellulose.



Fig. S2. The water contact angles of (a) cellulosic textiles, (b) NH2-Cellulose and (c) 

F-Cellulose.



Fig. S3. (a, b) Open-circuit voltage and short-circuit current generated by contact 

separation between PTFE and cellulosic textile, NH2-Cellulose. (c, d) Open-circuit 

voltage and short-circuit current generated by contact separation between PA and 

cellulosic textile, F-Cellulose.

Fig. S4. Comparison of (a) open-circuit voltage, (b) short-circuit current, (c) charge 

transfer density between cellulose/PTFE and F-Cellulose/PTFE.



Fig. S5. (a) Curve of force changing with time. (b) Signal curve of force and voltage.

Fig. S6. (a, b) Open-circuit voltage and transfer charge of NH2-Cellulose/PTFE with a 

vertical force of 10 N at different frequencies (1-5 Hz). (c, d) Short-circuit current and 

transfer charge of NH2-Cellulose/PTFE with different contact areas (2.5×2.5 cm2-5×5 

cm2) at a frequency of 1 Hz with a force of 10 N.



Fig. S7. The photograph of NH2-Cellulose/F-Cellulose.

Fig. S8. The photograph of NH2-Cellulose/F-Cellulose during testing.

Fig. S9. Schematic of the operation mechanism of the NH2-Cellulose/F-Cellulose in a 

vertical contact-separation mode.



Fig. S10. ATR-FTIR spectra of original cellulosic textiles, NH2-Cellulose and F-

Cellulose after washing for 24 hours.

Fig. S11. Tensile properties of original cellulosic textiles, NH2-Cellulose and F-

Cellulose after washing for 24 hours.

Fig. S12. TR-FTIR spectra of APTES, EtOH and APTES/EtOH (3% V/V).



Fig. S13. The photograph of the linear motor (LinMot E1100).

Fig. S14. The photograph of the electrostatic meter (Keithley 6514).



Table S1. Extraction of cellulose.

Ref Source Extraction method 

[1] Rice husk 
Alkaline treatment 
Bleaching process 
Acid hydrolysis 

[2] Wheat straw Treatment with acidic sodium chlorite 
Treatment with alkaline hydrogen peroxide 

[3] Bamboo 
Preparation of cellulose from bamboo fibers 

Delignification of bamboo fiber 
Mercerization 

[4] Abaca pseudo stem Preparation of Abaca fiber 
Isolation of cellulose 

[5] Waste cotton fabrics Concentrated sulfuric acid hydrolysis 
Deionized water dialysis 

 

Table S2. Compared with the increase degree of transfer charge in other work.

Ref Modified 
materials 

Positive 
modification 

Increase in 
the amount of 

transfer 
charge (%) 

Negative 
modification 

Increase in 
the amount of 

transfer 
charge (%) 

[6] AEAPDMS ✓  75%   

[7] PDOTES   ✓  30% 

[8] CNT ✓  43%   

[9] EPI/EDA ✓  16.7%   

This 
work 

APTES 
NFTES ✓  100% ✓  45% 
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