Supporting Information for

Biodegradable, Super-Strong and Conductive Cellulose Macrofibers
for Fabric-Based Triboelectric Nanogenerator

Sanming Hu'%%#, Jing Han® > # Zhijun Shi® % # Kun Chen!, Nuo Xu??, Yifei Wang? 3, Ruizhu
Zheng', Yongzhen Tao®, Qijun Sun*?* * Zhong Lin Wang? > > * Guang Yang! *

ICollege of Life Science and Technology, Huazhong University of Science and Technology,
Wuhan, 430074, P. R. China

?Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, Beijing
101400, P. R. China

3School of Nanoscience and Technology, University of Chinese Academy of Sciences, Beijing
100049, P. R. China

*Center on Nanoenergy Research, School of Physical Science and Technology, Guangxi
University, Nanning 530004, P. R. China

3School of Materials Science and Engineering, Georgia Institute of Technology, Atlanta, Georgia
30332-0245, United States

SState Key Laboratory of New Textile Materials and Advanced Processing Technologies, Wuhan
Textile University, Wuhan 430200, P. R. China

#Sanming Hu, Jing Han and Zhijun Shi contributed equally to this work.

*Corresponding authors. E-mail: sungijun@binn.cas.cn (Qijun Sun);
zhong.wang(@mse.gatech.edu (Zhong Lin Wang); gyang-hust@hust.edu.cn (Guang Yang)

Supplementary Figures and Tables

Supplementary Figures

Figure S1 The schematic illustration of preparation process of BC/CNT and BC/CNT/PPy
hydrogels

Figure S2 SEM images of unstretched and stretched hydrogels of pure BC, BC/CNT,
BC/CNT/PPy

Figure S3 SEM and TEM images of CNTs and PPy

Figure S4 Synthesis mechanism of PPy with P-TSA as a dopant

Figure S5 SEM of PPy particles and corresponding EDS elements

Figure S6 Fracture SEM of BC/CNT/PPy macrofibers and corresponding EDS elements
Figure S7 The charging curve of the 100 pF by pressing the fabric-based TENG at 4 Hz


mailto:sunqijun@binn.cas.cn
mailto:zhong.wang@mse.gatech.edu

Figure S8 The air permeability of woven cellulose-base/nylon macrofiber fabric

Figure S9 The energy-generating mechanism of the fabric-based TENG

Figure S10 Relationship between current and voltage of the external load

Figure S11 The charging curve of the 100 pF by pressing the fabric-based TENG at 4 Hz

Supplementary Tables
Table S1 Summary and comparison of fabric-based TENGs based various electrodes
Table S2 Summary of degradable or green materials for fabricating TENG

Table S3 Elementary Analysis of BC/CNT macrofibers, CNT content, Electrical Conductivity,
Tensile strength and Young’s modulus

Table S4 Elementary Analysis of BC/CNT/PPy macrofibers, CNT content, Electrical
Conductivity, Tensile strength and Young’s modulus.

Supplementary Movies

Movie S1 The fabric-based TENG powers a watch

Movie S2 The fabric-based TENG powers a temperature-humidity meter

Movie S3 The fabric-based TENG powers a calculator

Movie S4 The fabric-based TENG as self-powered sensor monitors the walking of human
Movie S5 The fabric-based TENG as self-powered sensor monitors the running of human
Movie S6 The fabric-based TENG as self-powered sensor monitors the jumping of human
Movie S7 The fabric-based TENG as self-powered sensor monitors the raising arm of human
Movie S8 The fabric-based TENG as self-powered sensor monitors the bending arm of human

Movie S9 The fabric-based TENG as self-powered sensor monitors the lifting leg of human



-011103[20qL SuIpue)saal] : I ‘uoneredas-10e1u0d :S)) Op0oIId[d A[3uIS:qS

Josuas uonouw

6¢C pue JOSUSs J[nae L - soum 008 (OGN 0ST) MM 9ISTTDUSL A TT 2IMONyS [erxeo?) SINAd/LNO/SMN 3V LINO/SMN 3V EN
SOTUOIII[D opoI}o9[d
8¢C Slqeres i\ - %00€ (zH?) V1 ¢ A 0€T Suteom (g Ups Joqqrur SUodIIg pmbry ueisurjen EN
LT SuIsuos uoNoN %0S¢ TWMN GLL ‘A 00€ Suiprys [erore] OlA0Y pue 10qQnI AUODI[IS AID-T3 as
I0SUdS
9T urens yore-ninur SIqeyse\ %091 (G 6) MIN LT VU L8L A L'6Y Sunyoe)s oLqe] HLdd pue SSd-1O0ddd Suneoo §Sd:LOAAd EN
pIeoqAoy Ioqqnr
94 Slqerea i\ S[qeyse\ U +/%091 (urens %,091)A T'0 Uorenmn QuodIls pue SSd-LOddd SSd-1O0ddd SO
T Sunsoatey A310ug - S9[949 000S AW MM 78 Y1 9 A 00T Sunyoe)s ouqe,| uopod pue SINAd Suneod K44 SO
€C 10Su9s UONON - %S1°C (O 00T) MNSO'TT VU T TT ‘A STI Suiaeom (g Hd4Ld pue peaiy} uonon Suneoo IND SO
(44 SunsoArey AS1oug - o[qemn(q (1S wd €) VU opl ‘A SI Suiprys [erole] SINAJ/Y Pue Nd/Id oLIqeJ U0qIE) 1d
12 FuIsuas 2InssaIg - - (OGN 90) MT 9T ‘YT €0°A € 100eds (¢ uolAu pue giLd Suneoos ouoydein SO
0T JOSuas yonoJ, 9[qeyse\ Surpuaq 00T (ZHT) VU o8I ‘AL Sunyoe)s oLqe] Upys pue duqey urys Suneos [ND as
61 Supsaaey ASoug - $910£0009 ‘%St (OGN 0Y) T-W M T€S'L VT 60 °A 0S Supyou)s oLqe | HALd PUe 99Vd uiek Sy SO
d[qemp
Q1 A310u9 1918 A\ Jooidioyep\ pue 9[qeyoons (OW 001) W M ¥1°0 VI ¥ ‘A ST Sunyoels oLqe,| ouqe] Joodiojem ‘doip 1ore [0} ny qS
L1 Surroyruowr dogg J[qeySeA\ Sa1949 0000T /AN 6L°01 Suraeom g 10150A10d pue I0qqnI QUODIIS POI [99)s-SSO[UTRIS qas
Furoyiuowr
91 [euSIs osng sawl 0 d1qemng YUu00zT ‘AT Sunyoe)s oLqe,] ddAd pue oLiqey uolAN 110} 1V SO
S1 Sunsoarey AS1oug - $91949 00098 AWM SS AN PET Suriaeom g UODI[IS/QUIXW PUB ULS ouqej Iy i
Il Sunsoatey A310ug - S9[9A2 00001 (ZH §) WO MW TH'T VI G A OF Suiaeom g oudfAred pue uopo) Suneod IN SO
€1 Sunioyruowr dodfg ui 09 591042 0000T (ZH 0¥) VU 8'TI ‘A ST IoqoueN 19359410d pue auooI[IS 1qy ny EN
Amqean
BEN| suonednddy AIqeysepy syndyno 1amog $1n39N.1S S[BLId)BUW JLIJII[POQLL], AP0 APOIN
p/ANIqey3I.18

snolreA paseq SONHL Poseq-ouqej jo uosuedwoo pue Arewwing °[S 9[qe],



Table S2. Degradable or green materials for fabricating TENG

Preparing

Tr1boel§ctrlc Electrodes Output performance Durability Degr.adatlon Applications Ref.
Materials time
method
97V, 1.5 uA, 50000 times E-skin. monitorine of
PLGA film Electrospining Ag nanowires - E si(;lo Oicafsi %1;)1 33
130 mW m? physiological sig
4600
Starch flim Casting Al film 2.1V 15 days Energy harvesting 34
cycles
380V, 18 pnA, Energy harvesting,
Diatom-CNF film t\'flifa:lttl(l)?l Al tapes - - 35
80 mW m (5 Hz) breath sensing
Vacuum 23V,315nA 1000
Laver film acuu Ag leaf 28 days Energy harvesting 36
filtration >
0.8 mW m cycles
. 13.5V,42 nA,
Chlto;ﬁ?nbased Casting Al film 8400 times 15 min - 37
17.5 uW m? (5 Hz)
392V,16.7 A
Rice paper Sticking Conductive ink 10000 cycles - Energy harvesting 38
82.69uW m? (5 Hz)
. 18V
Slﬁeﬁgsﬂfr Electrospining Al film 25000 cycles - Energy harvesting 39
4.3 mW m? (5 Hz)
. 29V, 0.6 pA, Energy harvesting
BC film ET&T;?; BC composite 10000 cycles 7 hours 40
Y 0.08 uW (5 Hz) Self-powered interface
) mulch film for crop
Plant protein film Casting PEDO;'PSS 20.3V, 1.26 pA 40000 cycles 127 days 41
& growth
PLA and gelatin Electrosplp g Mg electrode 500V, 5 W m? 13500 cycles 20 days Energy harvesting 42
and casting
. BC composite 170 V, 7.5pA, Energy harvesting,
BC macrofiber Wet-stretching macrofiber, Al 1000 cycles 108 hours Ours

and twisting

membrane

54.14 mW m-2 (5 Hz)

motion monitoring
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Figure S1. The schematic illustration of preparation process of BC/CNT and BC/CNT/PPy

hydrogels.

Figure S2. SEM images of pure BC, BC/CNT, BC/CNT/PPy hydrogel. The surface morphology
of (a) BC, (b) BC/CNT, (c) BC/CNT/PPy, (d) stretched BC, (e) stretched BC/CNT, (f) stretched

BC/CNT/PPy.



Figure S3. SEM images of (a) CNTSs, (c) PPy. TEM images of (b) CNTs, (d) PPy.
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Figure S4. Synthesis mechanism of PPy with P-TSA as a dopant.



Figure S5. SEM of PPy particles and corresponding EDS elements are mapping for C, N, O, and

S.
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Figure S6. Fracture SEM of BC/CNT/PPy macrofibers and corresponding mapping for C, N, O,

and S.
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Figure S7. Comparison of tensiles strength of BC/CNT/PPy conductive macrofiber and other

conductive macrofibers.



Table S3. Elementary Analysis of BC/CNT macrofibers, CNT content, Electrical Conductivity,
Tensile strength and Young’s modulus.

CNT content FElectrical Tensile Young’s
CNT content modulus
Macrofibers (Wt%) C(%) H(%) N(%) (Wt%) Conductivity strength (GPa)
(S/cm) (MPa)

BC 42.47 5.96 0.02 0 2E-13 825.7+42.6  52.2+0.92
BC/CNT-1 0.025 43.23 6.14 0.00 2.36 0.65 +0.04 680.8 +47.1 45 +3.64
BC/CNT-2 0.05 43.64 6.16 0.01 3.06 0.92 +£0.03 671.4+93 42.7+4.26
BC/CNT-3 0.1 44.10 6.13 0.01 3.86 1.59+0.01 549.1 £40 28 £1.32
BC/CNT-4 0.2 46.01 6.06 0.06 7.14 2.22+0.12 487.1 +£32 25.6+0.8
BC/CNT-5 0.3 46.8 6.04 0.05 8.5 1.72 £ 0.09 376.3 £55.7 12.5+1.88

Table S4. Elementary Analysis of BC/CNT/PPy macrofibers, PPy content, Electrical
Conductivity, Tensile strength and Young’s modulus.
Conc of PPy Content Electrical Tensile Young’s
0 0, 0
Macrofibers pyrrole C(%) N(@®) S (%) %) Conductivity strength modulus
(mol)
(S/cm) (MPa) (GPa)

BC/CNT-4 46.01 0.06 0.00 0 2.22+0.12 487.1 +32 25.6+0.8
BC/CNT/PPy-1 0.01 44.04 1.00 0.27 3.03 2.53+0.06 450.4 +14.7 35.6+2.8
BC/CNT/PPy-2 0.03 47.84 3.27 1.13 12.69 3.77+0.24 5159+74.8 29.3+0.08
BC/CNT/PPy-3 0.05 49.11 4.44 2.06 23.14 532+0.12 448.4 +29.3 19+£5.95
BC/CNT/PPy-4 0.07 51.11 5.51 2.67 30 5.02+0.37 317.1+£21.3 13.8+£2.24
BC/CNT/PPy-5 0.09 48.58 4.92 2.38 26.74 545+04 136.3 £26.3 5.1+£0.03
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Figure S8. The air permeability of fabric-based TENG.
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Figure S9. The energy-generating mechanism of the fabric-based TENG, (a) contact-separation

mode and (b) single electrode mode.
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Figure S10. Relationship between current and voltage of the external load.
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Figure S11. The charging curve of the 100 uF by pressing the fabric-based TENG at 4 Hz.
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