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Preparation and performance of CNT impregnating

3D ethylene-propylene side by side (ES)/PET nonwoven-based flexible pressure sensors
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(1. Key Laboratory of Clean Dyeing and Finishing Technology of Zhejiang Province, Shaoxing University, Shaoxing
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Abstract: To address the challenges associated with low sensitivity, complex production processes, and
insufficient breathability of flexible sensors, this study developed a three-dimensional nonwoven material made of
ethylene-propylene side by side (ES)/polyester (PET) fibers through needle punching and thermal bonding tech-
niques. The material was then impregnated with carbon nanotubes (CNT), leading to the successful development of
a high-performance CNT impregnating three-dimensional thermally bonded nonwoven-based pressure sensor.
The impact of different CNT impregnation processes on sensor performance was comparatively analyzed. The find-
ings indicate that the three-dimensional ES/PET nonwoven-based flexible pressure sensor exhibits a high sensiti-
vity of up to 0.375 kPa™' and a detection range of 0-214.526 kPa. After 2 100 compression cycles, the sensor demon-
strate excellent stability and repeatability, with a response time of 48 ms and a recovery time of 122 ms. In practical
applications, this sensor can accurately identify subtle physiological activities such as breathing, swallowing, and

finger bending, showing potential for widespread use in sports, medical, and virtual reality fields.
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Fig.1 Flow chart of 3D ethylene-propylene side by side (ES)/polyester
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Fig.2 Preparation flow chart of carbon nanotubes (CNT) impregnating 3D ES/PET nonwoven-based pressure sensor
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Table1 Performance testing of 3D ES/PET nonwoven

. Surface density/ Permeability/ Breaking Elongation Breaking strength/
Performance Thickness/mm (g:(100 cm?)™) (mm-s™) strength/N at break/% (cN-cm™)
1" 5.63 2.32 1990 53.50 103.20 1.07
2* 5.69 2.61 2380 63.30 116.50 1.27
3 5.62 2.56 2210 70.00 113.90 1.40
Average value 5.65 2.50 2193.33 62.27 111.20 1.25
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Fig.3 3D ES/PET nonwoven physical picture: (a) Physical drawings of
the fabric before and after carbon nanotubes (CNT) impregnation;
(b) Thickness of CNT impregnating 3D ES/PET nonwoven;
(c) Bending; (d) Extrusion
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Fig. 4 SEM images of nonwoven materials immersed in CNT solution for
different durations: ((al)-(a3)) Untreated; ((b1)-(b3)) Immersed for
5min; ((c1)-(c3)) Immersed for 10 min; ((d1)-(d3)) Immersed for 15 min
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Fig.5 SEM images of nonwoven materials immersed in CNT solution for
different cycle numbers: ((al)-(a3)) Immersed for 15 min, one cycle; ((b1)-
(b3)) Immersed for 15 min, two cycles; ((c1)-(c3)) Immersed for 15 min,

three cycles; ((d1)-(d3)) Immersed for 15 min, four cycles
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sensor prepared by immersing CNT for 15 min
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Fig.9 Sensitivity curve of the 3D ES/PET nonwoven-based pressure

sensor prepared with CNT immersion for 15 min at 3 cycle numbers
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Table2 Performance comparison table of flexible piezoresistive sensors

Response time/

Electrode Type Structure Sensitivity/kPa™ Detect range/kPa ms Ref.
Silver nanowires Piezoresistive 3D porous microstructured 0.014 0-100 64 [27]
Expandable graphite Piezoresistive Planar structure 0.15 0.1-110 — [28]
Reduced graphene oxide Piezoresistive Polyurethane foam 0.17 0-25 300 [29]
Reduced graphene oxide Piezoresistive 3D porous microstructured 0.009 0-180 13 [30]
Reduced graphene oxide Piezoresistive Polyurethane sponge 0.13 0-30 — [31]
CNT Piezoresistive 3D nonwoven 5.57% 0-131.32 105 [32]
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Fig. 13 Application test of the CNT impregnating 3D ES/PET nonwoven-basedpressure sensor in joint curvature: (a) Curved fingers; (b) Knee bending;

(c) Clench fist; (d) Wrist bending; (e) Elbow bending
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