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Fig. 2 Mechanical properties of hydrogels
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Fig.3 SEM image of pure PAM hydrogel and PAM/PANI/SA-ZrOCl,-6 hydrogel
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—46 —



05 BOE, %
IKER R B 75 BY BRI K 2 B KL 7 2 BB 6 A R B R

4 £

ARG 38 Ao SR AR AR X T T TR M 1 ER AT A T LA R
TR TR S 2 TE R 4 B O B, il T
— oy SR 1 SR TR T / T TR A LI 24 K B
FEFARERC B M r b, 4 UK BRI 3 R 2 4
KEHML (S-TENG) . 7£ 0.5, 1.0, 2.0 Hz AR5 Hi
SIS, S-TENG M55 54N R shiiR HAy
R —E, BbAh, 16 1.0 HZz 9RE0 T, 4IRIFM
10 mm #4705 30 mm B}, S-TENG %y H 89 JF 8% i &
WEEARR. AN 9.0 V HEINE 17.5 Vo BT L0l
MU I SR A5 R R B, MRS S-TENG Hi Hh i HL (s 5
AT A BI 42 285 sty iR s ol . 7T 0L, S-TENG
A i W SR LA T R Y L i

Sk

[1] WANGJY, DING W B, PAN L, et al. Self-Powered
Wind Sensor System for Detecting Wind Speed and
Direction Based on a Triboelectric Nanogenerator[J].
ACS Nano, 2018, 12(4): 3954-3963.

[2] WANG S J, JING X, MIHY, etal. Development
and Applications of Hydrogel-Based Triboelectric
Nanogenerators: A Mini-Review[J]. Polymers, 2022,
14(7): 1452.

[3] XUL, JIANGT, LIN P, etal. Coupled Triboelectric
Nanogenerator Networks for Efficient Water Wave Energy
Harvesting[J]. ACS Nano, 2018, 12(2): 1849-1858.

[4] # F, MK LT PDMS B G M RE R SR 4 K

KPS [J]. MUBRTT 560 T, 2021, 50(2):
89-92.
YANG Ping, WANG Pengfei. Study on the High
Output Performance of PDMS Film Based Triboelectric
Nanogenerator[J]. Machine Design and Manufacturing
Engineering, 2021, 50(2): 88-92.

[5] CHORTOS A, LIU J, BAO Z N. Pursuing Prosthetic
Electronic Skin[J]. Nature Materials, 2016, 15(9):
937-950.

[6] ROGERS J A, SOMEYA T, HUANG Y G. Materials
and Mechanics for Stretchable Electronics[J]. Science,
2010, 327(5973): 1603-1607.

[7] CHEON S, KANG H, KIM H, et al. High-
Performance Triboelectric Nanogenerators Based on
Electrospun Polyvinylidene Fluoride-Silver Nanowire
Composite Nanofibers[J]. Advanced Functional
Materials, 2018, 28(2): 1703778.

[8] FENG P Y, XIA Z K, SUN B B, et al. Enhancing
the Performance of Fabric-Based Triboelectric
Nanogenerators by Structural and Chemical
Modification[J]. ACS Applied Materials & Interfaces,
2021, 13(14): 16916-16927.

(9] FRELER . —FhEEEAR K WL L 25 073k (1], vh e
400, 2021, 42(24): 55-58.

XU Hongxia. Friction Nano Generator and Preparation
Method Thereof[J]. China Pulp
2021, 42(24): 55-58.

[10] WU C X, KIMAT W, SUNG S, et al. Ultrasoft and

Cuttable Paper-Based Triboelectric Nanogenerators for

& Paper Industry,

Mechanical Energy Harvesting[J]. Nano Energy, 2018,
44. 279-287.

[11] WU M, GAO Z, YAO K, et al. Thin, Soft, Skin-
Integrated Foam-Based Triboelectric Nanogenerators
for Tactile Sensing and Energy Harvesting[J]. Materials
Today Energy, 2021, 20: 100657.

[12] GUAN Q B, LIN G H, GONG Y Z, et al. Highly
Efficient Self-Healable and Dual Responsive Hydrogel-
Based Deformable Triboelectric Nanogenerators for
Wearable Electronics[J]. Journal of Materials Chemistry
A, 2019, 7(23): 13948-13955.

[13] LEEY, CHA S H, KIM Y W, et al. Transparent
and Attachable Ionic Communicators Based on Self-
Cleanable Triboelectric Nanogenerators[J]. Nature
Communications, 2018, 9: 1804.

[14] BHEIE, DARME, EGEANT, . —FhHTdR. AR

PUARBERE ] 5 B AEZ e AL R TR 0], 2
B2z 2021, 13(6): 73-80.
XIE Zhihui, MA Zhenping, XIA Zhike, et al.
Fabrication of a Freezing-Tolerant and Stretchable
Composite Organohydrogel for Flexible Strain Sensors[J].
Packaging Journal, 2021, 13(6): 73-80.

(15] Bk &, DM, 2 & . SRR BER AL s i i
& AL IRPERE [7]. R, 2021, 13(2): 81-88.
CHEN Zhuo, MA Zhenping, JING Xin. Preparation
and Sensing Performance of Zigzag Hydrogel Sensors[J].
Packaging Journal, 2021, 13(2): 81-88.

[16] PU X, LIUM M, CHEN XY, et al. Ultrastretchable,
Transparent Triboelectric Nanogenerator as Electronic
Skin for Biomechanical Energy Harvesting and Tactile
Sensing[J]. Science Advances, 2017, 3(5): e1700015.

[17] XU W, HUANG L B, WONG M C, et al.
Environmentally Friendly Hydrogel-Based Triboelectric
Nanogenerators for Versatile Energy Harvesting and
Self-Powered Sensors[J]. Advanced Energy Materials,
2017, 7(1): 1601529.

- 47 -



05 €1 %= = f PACKAGING JOURNAL
2022 £ £ 14 % F 5 B Vol. 14 No. 5 Sep. 2022

[18] ZHANG X, SHENG N, WANG L, et al. Materials Horizons, 2019, 6(2): 326-333.
Supramolecular Nanofibrillar Hydrogels as Highly
Stretchable, Elastic and Sensitive Ionic Sensors [J]. (s, B )

Application of Hydrogel-Based Square Triboelectric Nanogenerator in

Road Transportation Monitoring

CHEN Zhuo, WANG Shengji, ZOU Jian, JING Xin

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to real-time monitor the vibration state of the products during transportation, a hydrogel-based
square triboelectric nanogenerator (S-TENG) was prepared using self-made high-strength and strong polyacrylamide/
sodium alginate dual-network (PAM/SA-DN) hydrogel as electrode and a spring as trigger, and the output signal of
S-TENG under different vibration states was tested. The experimental results show that the tensile strength of PAM/
SA-DN hydrogel was up to 371.4 kPa, with the elongation at break of 547%. When the vibration frequency was 0.5 Hz,
1.0 Hz and 2.0 Hz, the required time for the S-TENG to output the peak voltage was 8.0 s, 4.1 s and 2.1 s, respectively.
When the vibration amplitude was increased from 10 mm to 30 mm, the peak output voltage was increased from 9.0 V
to 17.5 V. In addition, a platform was built to simulate the scenario of a car passing through speed bumps. The height
and number data of the speed bumps were accurately obtained according to the output voltage signal. Therefore, the
S-TENG has promising application potential in road transportation monitoring.

Keywords: road transportation monitoring; hydrogel; triboelectric nanogenerator; vibration state
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