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Abstract: TPU nanofiber membranes were firstly prepared by the electrospinning technique, and Ti;C,T,
MXene/TPU nanofiber yarns were fabricated by the “Biscrolling” method. The obtained composite
nanofiber yarns were characterized by SEM, electrical resistance test, sensing performance test and other
techniques. The results showed that the tensile strength of the composite yarn was firstly increased and then
decreased with the loading of MXene, and the breaking strain was more than 459%, demonstrating good
elasticity. In addition, continuous and conductive MXene film can be constructed on the inner and outside
the yarn, rendering the composite yarn with low electrical resistance [(76+16) Q/cm]. The strain sensing
performance of the composite yarns were also investigated, and the results revealed that MXene/TPU
nanofiber yarns had the gauge factor and linearity of 477.86 and 0.995, respectively, which were higher
than that of most of yarn strain sensors. In addition, the MXene/TPU nanofiber yarns can be used to
monitor various motion states of human body.
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Fig.2 SEM images of MXene/TPU nanofiber yarns
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Fig.5 Strain sensing performance of MXene/TPU nanofiber
yarns (a); Strain sensing performance comparison of
MTY-4 with previous reported yarn strain sensors (b)

0

MTY-4 55 A 10 5 1) R A8 A Bk i 22 A IR 1
FILATIH: (1) TPU 4K EF 249 MXene 49Kk A 58
e, WP A4S SEME; (2) MXene
YK R 22 PN R R 3 T A ST S AR ) S R 2 TR
T LA B —3 Mk ; (3) TPU QKL 4Ehr
() P Al A D 2R TR A f . MXene R JZE & A:T]
W - R, WK 6 Bk, MXene &%
HL 26 AR AT IR - R

v

//7
/
{

¢

Bl 6 MXene/TPU 4K 2T A Lb 2 % AL i
Fig.6 Schematic illustration of the sensing mechanism of
MTY yarns

25 KT HELLE N T E BRI A

R TR MTY ZhZAE Ry Al 25 3800 A8 A5 I8 4 ok
W ARz SRS AT AT, MTY-4 202 BioRl I 3
MNIRBASEFRAL, flan. FH . Fhi. B, i
We A EE , IF H W A 2 Sl R b i B B AR AL
N ARAE AL REUNE 7 iR . FIE Ta AT, FETFHRA
AR 2 S AR, AT ARSI B g g i LG S,
JF HHLBH A AR R ] =3k 65%. BEAh, MTY 6 7] LU
W T iy iz h A K R shad # L BT LA R
ERHBMHES, WE 7o, ¢ Fin, HE 7d. e Al A,
MTY 2B 2 n] LA I N AR 7 ey 7K Fi S 6 B 1 4 L1
S BT MTY 204k 0 AR AL AR v] LU F AR
BRI ZR DL B AR A8 NS4, 76 b3 i g i 43
S ELAT BRI N I



Wt g2, 45 EvEd MXene/TPU 44 K 41 4i 20 4% 1) i 45 M =W

AL IR TERE <85

%1

0 20 40 60
s [A]/s

0 5 10 15
Hsf[a]/s
HTIETJ/S
HTIETJ/S
HTIETJ/S

a—FHEMIZY; b—F RS iz
EERLAZ S e— S iz )

3 — THIEG); d—FIHE

K7 MTY AR S 0 A2 e i M A A4 iz SR 25

Fig. 7 Strain sensing performance of MTY as the strain
sensors to detect the human motion

3 #ig

=

i

3 AT L 2 22 B AR PR T 45 ) MXene 2
P TPU G K £F 422k (MTY ), il id R AN ERAFUESL,
MXene 20 H 5B AE TPU KLF 4 K I E
RECE R, IR TR SR (B
F (76x16) Q/em ), AN, MTY 204 HA KA1
s RN AR R R RE , HAL AR BT =ik 477.86,
R TAER S AT B ik 400%., MTY bR 454 i )i A8
R ERE EZIHN T MXene FJ27E TPU 49K 2 4
425 R eh  RVAESIS AN G mﬁz&zazmmwﬁ-ﬁam
Mol b7 o MTY 2043 AT A kg T 25 58 28 P 1o A8 A5 Sk 2
FTF W2 gk, %fﬂ&ﬁﬁ%ﬂ@%m'f
ALy il £ v T R S I A A SRS AR A T —Flopr i
BRI

SE

[1] CAO Y Q, LAI T C, TENG F R, et al. Highly stretchable and
sensitive strain sensor based on silver nanowires/ carbon nanotubes
on hair band for human motion detection[J]. Progress in Natural
Science-Materials International, 2021, 31(3): 379-386.

[21 GUORY (¥#iH), BAO Y (if{i). Research progress on wearable

(3]

(4]

[3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

piezoresistive strain sensors based on two-dimensional conductive
materials/flexible polymer composites[J]. Fine Chemicals (Fi4li{k
T)), 2021, 38(4): 649-661.

GONG S, LAID T H, SU B, et al. Highly stretchy black gold E-skin
nanopatches as highly sensitive wearable biomedical sensors[J].
Advanced Electronic Materials, 2015, 1(4): 1400063.

WANG Z G (£:ER), XU Q Q (#RZEZE), YIN I Z (fREE), et al.
Preparation of AgNPs@graphene by a one-pot method and its
application in flexible sensors[J]. Fine Chemicals (¥ 401k T.),
2021,38(11):2247-2251.

WANG X Z, SUN HL, YUE XY, et al. A highly stretchable carbon
nanotubes/thermoplastic polyurethane fiber-shaped strain sensor with
porous structure for human motion monitoring[J]. Composites
Science and Technology, 2018, 168: 126-132.

ZHAO Y N, HUANG Y, HU W, et al. Highly sensitive flexible strain
sensor based on threadlike spandex substrate coating with conductive
nanocomposites for wearable electronic skin[J]. Smart Materials and
Structures, 2019, 28(3): 035004.

YOU X, YANG J S, WANG M M, et al. Graphene-based fiber sensors
with high stretchability and sensitivity by direct ink extrusion[J]. 2D
Materials, 2020, 7(1): 015025.

ZHU G J, REN P G, GUO H, et al. Highly sensitive and stretchable
polyurethane fiber strain sensors with embedded silver nanowires[J].
ACS Applied Materials & Interfaces, 2019, 11(26): 23649-23658.

LI X T, HU H B, HUA T, et al. Wearable strain sensing textile based
on one-dimensional stretchable and weavable yarn sensors[J]. Nano
Research, 2018, 11(11): 5799-5811.

ZHANG C F, ANASORI B, SERAL-ASCASO A, et al. Transparent,
flexible, and conductive 2D titanium carbide (MXene) films with
high volumetric capacitance[J]. Advanced Materials, 2017, 29(36):
1702678.

LEVITT A, SEYEDIN S, ZHANG J Z, et al. Bath electrospinning of
continuous and scalable multifunctional ~MXene-infiltrated
nanoyarns[J]. Small, 2020, 16(26): 2002158.

XIE X X, HUANG H, ZHU J, et al. A spirally layered carbon nanotube-
graphene/polyurethane composite yarn for highly sensitive and
stretchable strain sensor[J]. Composites Part A: Applied Science and
Manufacturing, 2020, 135: 105932.

PAN JJ, YANG M Y, LUO L, ef al. Stretchable and highly sensitive
braided composite yarn@polydopamine@polypyrrole for wearable
applications[J]. ACS Applied Materials & Interfaces, 2019, 11(7):
7338-7348.

CHEN Q, XIANG D, WANG L, et al. Facile fabrication and
performance of robust polymer/carbon nanotube coated spandex
fibers for strain sensing[J]. Composites Part A-Applied Science and
Manufacturing, 2018, 112: 186-196.

ZHENG X H, HU Q L, WANG Z Q, et al. Roll-to-roll layer-by-layer
assembly bark-shaped carbon nanotube/Ti;C,T, MXene textiles for
wearable electronics[J]. Journal of Colloid and Interface Science,
2021, 602: 680-688.

DAI B Z, ZHAO B, XIE X, et al. Novel two-dimensional Ti;C,T,
MXenes/nano-carbon sphere hybrids for high-performance microwave
absorption[J]. Journal of Materials Chemistry C, 2018, 6(21): 5690-
5697.

WANG Y H, LI W Y, ZHOU Y F, et al. Fabrication of high-
performance wearable strain sensors by using CNTs-coated
electrospun polyurethane nanofibers[J]. Journal of Materials Science,
2020, 55(26): 12592-12606.

GUO Y H, GUO Y C, HE W D, et al. PET/TPU nanofiber composite
filters with high interfacial adhesion strength based on one-step co-
electrospinning[J]. Powder Technology, 2021, 387: 136-145.

PARK J, PARK S, AHN S, et al. Wearable strain sensor using
conductive yarn sewed on clothing for human respiratory
monitoring[J]. IEEE Sensors Journal, 2020, 20(21): 12628-12636.
YAN T, ZHOU H, NIU H T, et al. Highly sensitive detection of
subtle movement using a flexible strain sensor from helically
wrapped carbon yarns[J]. Journal of Materials Chemistry C, 2019,
7(32): 10049-10058.

LI X T, KOH K H, FARHAN M, et al. An ultraflexible polyurethane
yarn-based wearable strain sensor with a polydimethylsiloxane
infiltrated multilayer sheath for smart textiles[J]. Nanoscale, 2020,
12(6): 4110-4118.



