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Preparation and performance of highly sensitive M Xene-based fiber sensors

SONG Liyang, HAN Weiyi, PENG Jun, WANG Chaoxia"
( College of Textile Science and Engineering, Jiangnan University, Wuxi 214122, Jiangsu, China )

Abstract: MXene-TPU conductive fiber (MTF) was synthesized via wet spinning using thermoplastic
polyurethane (TPU) as substrate and transition metal carbides/nitrides (MXene) nanosheets, prepared
through an in-situ hydrofluoric acid etching process, as conductive material, and characterized by SEM,
EDS and TGA. Its electrical conductivity, mechanical properties and tensile strain sensing properties were
analyzed, followed by evaluation on its application in human motion detection. The results demonstrated
that the MXene conductive network built inside the TPU led to a high strain sensitivity coefficient (2930 at
120% strain) for MTF, improved the thermal stability of MTF, with its thermal decomposition temperature
increased from 360 °C of polyurethane fiber (TF) to 400 °C, gave rise to good conductivity via the
continuous conductive pathway formed by MXene on the surface and inside of the fiber (conductivity of
141.54 S/m), and enhanced the modulus of MTF, with the stress strain (os) at a theoretical load of 21.74%
MXene (MTF,) at 50% 1.3 times higher than that of TF. MTF, exhibited a certain tensile strain recovery
and could be used for human motion monitoring by expressing different resistance change rates to
correspond to human joint motion forms.
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A BB B BB T SR LT U M RETR R . N T
R 1o T A e P AR AL RS (T bR, ZHANG 2517
KL 25 22 vk £ T AR YN K 2 /M Xene (335 4R
WA/ R ALy ) 18E S Ly, B R R T R T
PR R IR LS #4258 20 4 B S R AT Gk
1850%, £ 600%~1000%)v 7% 7t FBl N R 5 &2 5% ( GF)
FaEqE 1.7, ZHAO ZEUSha b iB sk 2 22 H Rl 45 T
MXene/Bk 0 K52 G 4F 4, %L Yk ELA m PR
(161 MPa) FI{L5H SHPERE (1715 S/em), 1 44
BUNAHREZ 2L o R T & S N AR () i 7 R A0
QU Z5 it W) il Wi vk 45 22 H AR i 46 T 4L RR N
KAERATGHE A 4E, JHRs T HAE TR 1)
NV T, e BT 4 5 1o AR A% s RAR B R
SIS AERT R . CHENG %3P0 T —Fhih] 45 58
CIREEIK R E G (PVA/WPU ) /MXene &2 45 £F 4
Do AR AT B B RT3 7 1, (HR A 21 4 1 1 BB AE X
2%, GF HA 5.61, Wi R 358%, A
UL, AU A A N AR AL R B AT LA . R A
B AN L AEATS SR AN /N B BE AR

R T N S AT 2R AR AR AR AP R
SRR, ASCMLIAIEHERE R (TPU) NEK,
SR PR A A R R 20 ok 7 P VT 45 5 LAY MXene 4
KR FEME, RIE SRR
MXene-TPU FHLZF4E (MTF ), i1 78 5 2 B 7
RPFRE Y. MXene FHLMZE, A BRSO ML
5 RAP R BN L AL BBl . HHHRTE MXene 11
3t N 1 Ak T E A DL R AS T A AR R AR R AR
EMERERIRZ I, 0 R L RE VT R RN VB, B AE
Ay e P 8 22 M 0 A A% SR 1 ) A% A — B 19 T
AR

1 SRIGERSY

11 KFENE

TPU, Tob%%, EHrREREE (FE) GRA
H); IR (DMSO, fh2gal ), hmR (B
B 36% ). ToKOEE, srbval, E25ERb2EiH
FBRAT; AL, R, iR B AH
FRAFE]; TiAIC, (MAXAHH ), 4304l #Hbk——FHE
IR A SCR KA A 23T K.

8846A UKL J 3, 35 Fluke 22 W] ; SU8100
R R AR B (SEM ), HZA Hitachi 2
fl; EDAX Octane Elect Super %IFE & (4143 H11Y
(EDS), E Ametek AH]; CHI760E % fb2% T
fEuh, BigJRAE (CHI) XA BRA Fl ; ESM303 %Y
BB P A/ e 453855 5, 35 MARK-10 A Al
CTM2050 FIGHLIE Hl B F 7 BEATBHRIEHL, BhomiX

il (B ) ARAF; Q500 AU EE 43 AT X
(TGA), Z£E TA A+]; FD-1A-50 B ZR ML,
It R LI AR A PR A F] ; TG16-WS Al 5505
HELOHL, IR AR E AR R A RA A,
12 #HEHE

1.2.1 MXene #r K 69 4] &

FIRT, K2 g FALEINAEA 40 mL W E N
9 mol/L YRR i R MU SRR AR 4+ (400 r/min ) 30
min, LA 2 g 19 Ti;AIC,( MAX #H ), FHiE 3 35 °C
Fraedit#k (400 r/min) 24 h J5, KRS YE L5
( 10000 r/min, 10 min ), YHEILRE, MA 40 mL %
Bk uES, IREHAEHIRE LS E (10000
r/min, 10 min); B B0 8 . WEDE . KL
B, HEE.OSEE R LER pH N 6. BHUTTEMA
40 mL oK B (750 W) AbFE 2 h, B0
B (10000 r/min ) 10 min ST, TUEFMA
20 mL £ 80K, $£2), 3500 r/min 2504325 3 min,
PRAFEER M MXene LW K153 21/ MXene 73
W T—60 °C T T4 72 h, 153|244 MXene [H14
1.2.2 TPU 4 4694 &

IR T 54 0.40 g1 TPU A3 3.60 g 1) DMSO
H, THEE 45 CHERE (400 r/min ) 5 h £33 4>
R 10%I%) TPU %5 223 . 1 10 mL {3 45 #58W A TPU
ity , b 50.00 mL/h FIRE BT 223k (AN
0.62 mm ) W{ ABEH B TR EEES (=) B
BRI A B R R LT 4, 12 h 5 B R s TR B
BHTERTEXAET, §15 TPU 4, iZh TF,
1.2.3 MXene-TPU 5% 4 449 4] &

T, K 0.05, 0.10, 0.15, 0.20 g ) MXene
BARZFIMA 3.60 g ) DMSO Hi R (750 W) 43
1 h; K 0.40 g 19 TPU A E] FiR A MXene Y
DMSO 43, T 45 °C T+ (400 r/min ) 5 h,
135] MXene-TPU Zj 223k . H.25 22 #% £ 2 1 72 ]
1.2.2 35, #1715 MXene-TPU FHZF4E, 490k
MTF,. MTF,. MTF;. MTF,, H#EA=R (1) &
1533 MXene USRS A0 12.20% . 21.74% .,
29.41%., 35.71%.

MXeneF g &/ % =
MXeneii & < & (1)
MXeneii &K & + TPUT = IR JE

BREEHITE 2 UL BI4N, SCH MTF S MTF, \MTF, .,
MTF;., MTF, 45— 2.

1.3 SRS HERENK

SEM £AE: M#EEE 5kV, KSHF 10 pA,
K FH B 1 6 805 M A0 2 £F 4 3¢ 1 S N R e &R
A
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41 4%

TGA Mik: MTF H:M% 5 mg, HEEEEN
30~700 °C, JHE#H A 20 °C/min, LA 20 mL/min %
MRS RS, WE TF F MTF 205 AL B
J BT o

JrEEvERe it SR A ROPLEE ) i 707 RE A B
ML TF A1 MTF (1% 1 77 -R7 A8 #h 4%, D034 4
M 50 mm/min, BIXEEAESGEA RS, I
NG RN R S

FHVEREIGL: SR BT T TN e fah I 2 2
THCE £ AE A it T g 132 BT 10 SR £F R A i AE — B[]
WHRYHEBHE, BOEEE. AKX (2) 358 MTF
HHLFE (6),

d=L/(R-S) (2)
K. § IR, S/m; L K FHAFHERK
B, m; R WIEKAEEE, Q; S b2 i%#k
i, m?,

PR A AL PR REM 1. SR R AL~ A

TRTE PR AR TR i L B AR PO AR I, R 3 - ] il 2
(e ihgl) =X, )k 1V, H R/ R4 5%
BXTEES I TR, PR 20 mm/min, fAK
FEARARFR SR 0 mm, S5z i 7 A AR FRAR 8 T Jin 4 A0 4
JFR TR E . BIEARX (3) 1F8H MTF 19 GF,
AR;R‘) (3)
K. GF MM AERBARE; AR NHMHAZ LR, Q;
Ro WA ZZ W ABBT AR B, Q5 & RAEARfLER, %,

NAKIZE W . ¥ MTFE 2390 T T8 . T
I, MR TS . TN S EIME, SRR TAE
Wik MTF 7ER[RSHER RS L. B (1) -
Bl (o) mhZediz, MKk 1V,

2 H#HR5WR

GF =

21 REEHEREHWDHF
%l 1 & TF Fl MTF, i L # i SEM &,

B 1 ARFEBCKEECR, TF (a. b, ¢) fI MTF, (d. e, f) fFHE SEM [ & TF (g) Ml MTF, (h, i) AY# i SEM &
Fig. 1 Surface SEM images of TF (a, b, ¢) and MTF, (d, e, ) as well as cross-sectional SEM images of TF (g) and MTF, (h, i)

at different magnifications

M 1 aTIE S, TF (K la~c) fil MTF, ( &
Ld~f ) 1143 RIS 550 52 80 & 2 il 1) ‘52 HE 57) 1
AL, X TPU /- FHEFEAH B Ft rh 37 31 5 )
YERPLMALE R, TF MRk (& 1g) SAHM
WPEAR BAETEFLER, 1 MTFE, W] ELAG A X B (4
i (FE 1h). XOEFEN, LF4Eiim e R 22

FH 27 22 0 ) B SR R D 1, 97 22 A B K
J&i, %% DMSO 78 LB Tk Pl y i, S 8er4e
PO BEE , TF BRI £ 4E R 0SS . 5IA
MXene J&, 2722 MXene 7EWPEEH] DMSO
HELAT A EOE R SR L B K I AR 4R HE,
FJ& MTF, P AR B2 B A4 & le, £, i %
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B, 7E MTF, B3R A LA 1 R )2 a2 fil o
L1 MXene, X2 A R G0 5 L 3 B O KT 41 4
L SRR N

MXene 7 MTF B0 1 2352 i 2 48 s . /] 2
A MTFE, (93ETH . #%18 EDS #%/& . M E 2 7T DLigg
B L YR RS A AESE A Ti TR,
F ] MXene 5503575 bl 2 76 21 4 (14 3¢ T AN

K2 MTF, %0 (a) MEMH (b) EDS %A
Fig. 2 Surface (a) and cross-sectional (b) EDS spectra of
MTF,

22 SHMERESH
& 3 S MTF 5 R0 E 45 08

160 - 141.54
140
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15 %/(S/m)
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40 -

20 8.38
oL 02 peem
MTF, MTEF, MTF, MTF,

K3 MTF [ F%
Fig. 3 Conductivity of MTF

M 3 W[LLEH, MTF BYH SR MXene 71
R O G T T E G 0, MTE, ~MTF, i H 533 1]
7 0.02. 8.38. 45.50 1 141.54 S/m, X 1] 4 [ T-4F
“E P ER MXene 7w AL R, 2 MXene F 2 2 [H]
B fl R I K, (R ETE 2| T SRR S FL 4 1Y)
JERE, MR E$E = T MTF (53,

4 >4 TF F MTF FOFE AT 2R .

ME 4 0TLUEH, AR B B B
PO RR 4300 22 SRR I RN 22 0 I 1Y) 4 fip i
M. 5 1 BB (TF, 250~300 °C; MTF, 250~
320 °C ) IS TPU th g g s 0 il A %,

JEPERE % — S EUR S B E R ) CO, R
B 45 2 BrBE( TF, 300~550 °C; MTF, 320~550 °C)
SRR T IR TPU BB AR, £ o0 it Bt
fit e AR IN TR AW o TF W B KA ff Tk B
1360 °C; # MXene 5| A TPU J5, MTF [ Kl
SRIEETE R 400 °C, XFEH MXene HI5| AR
T MTF B3 Fa M . MTF 1 MXene SZFrR 7 255
700 °CHY MTF i B R 5 TF i B R 0 2%
{8, 2% , MTF, . MTF, . MTF; #l MTF, ) MXene
SEPRfEE S 11.31% . 18.69% . 26.32% .
33.90%. 5, FEAY PR MXene 3 5 #
WHEE (12.20%. 21.74%. 29.41%. 35.71% )
ZT L,

0 100 200 300 400 500 600 700
BB C
&l 4 TF 1 MTF B9 21 it £

Fig. 4 Thermogravimetric analysis curves of TF and MTF

23 NFEHRES

& 5}y TF Fl MTF 12 fie )it g

M S W LA, BE#E MXene 12 i 1Y 4 A 4
K, MTF ByF7 (s 55 FHT 2400 iz bk, 43
S MXene 1255~ 0( TF ) ) 30.03 MPa. 1387%
FEfZ2 MXene g R 35.71% (MTF,) )
11.83 MPa., 21%. XJ&K N, 51 AN & &F
TPU ) MXene SEHG , B W FEAR T £F 4 3R 194
P, SR YEAE 7 T T2 5 Wi 4100 AN 2 & A= vk
AT, TTREAR T 27 4 1 W 24 KR . [RlES, mr NI
JER MXene 235 TPU 4 T3S BRI 45 JE AT $ 4
M, ECEMA RN 8, ¥ 5 A MTF
PR A T R BRI IRE, 11T TF M
MTF 7£ 50%0 A8 B BN 1 (050 )o 24 MXene HYERIE B
FEM 0 (TF) A% 21.74% (MTF, ) i, MTF (¥
oso K T 1.3 15, TELF4E2 24 FRArfl (<100% )
()R 22 Bz Br i A Hp 3 bR i 199 5 £k AR 2 A )
), MTF, B HL 53K 8.38 S/m, i fiish & Ky 19.68
MPa, WrZH RN 664%, LG % IEMME, 38N
B MR MERE RO, DLR SCTR BRARRLRA AL, 24
K MXene FRE 11 2k &4 21.74%0 MTF, #E1 7R AE
5
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f*wj —IF MIE 6 AT LI i, MTF ) AR/R, BE 75 10725 ) 14
ol £ ﬁ — MIE; PN (&1 6a), W) MTF HAT R (R TT0
sl B | St MTF 19 2 GRS T, MTF, 76 100% )5 45 F
Sast 0w e awim M RARECN 220, MTE, 16 120%075 F ) R i R
Jaot Bl 2930 (50%R7E F iR BRECH 84), I
o SEFIR KL, o BELAS P25 9 KT 38K
st R, MTF, VB i AR AL IS5 A AL B B A 120%

00 200 400 600 00 1000 1200 1400 1M MTE; Al MTF, i1 §° MXene K55 A5 2T 2
RiAE/% P T ILF- R bt fGH ik o, B0k 2

5[ b - ] oL A5 AL S 54 1 M R oK - MR, LA 5075 1 R 5
20l = Bk | O SCTII T 3L EL 6 T B PR 5 RIS S bEC T 3),
gm- mm§ PR A A o L AR AR e e e It T A IR B
Em- mmé MTF, 1 ( AR/Ry ) 5t Jin i v 4t o7 48 522 1 AH 54 (14
%w- ggg 6b), BEEHHRIAEH 0.5%MINZE 10.0%, HFHAS
101 400 PEFARL AT 0.01 HEINZE 6.26. FEAIFHLAH R AS T,
5t 200 L RS A RS AR R e AE e — e L, o] LK R A R

0

0
TF MTF, MTF, MTF; MTF,

K5 MTF R J)-I A8 2k (a); MXene $ 408 %] MTF
A7 AP 588 B2 T 20 R 520 (b )
Fig. 5 Stress-strain curves of MTF (a); Effect of MXene

loading on tensile strength and elongation at break
of MTF (b)

2.4 hifH Rz ISR R BE 4 T
El 6 & MTF AU HL BHAS B ( AR /Ry ) LA K
MTF, ZEAS [] 8 1 A5 T B4 e BELAE £k SR 3 2

4000
a

3500 MTF,
3000 F —— MTF,
2500 F — MITF;

—— MTF,

T

2000 |
1500 -
1000

500

AR/R,

T

=]
T

|
(9]
(=3
o

0 20 40 60 80 100 120 140

REAE/%

b
[05%1.0%2.0%  5.0% 10.0%

AR/R,
© = N W A L9 ®
T

0 20 40 60 80 100 120
At E)/s
Kl 6 MTF RS AL BHAZ (B (a) Hl MTF, £E A Rl i
ST AR BH AR AL R (b))
Fig. 6 Change rate of tensile resistance of MTF (a) and
resistance change rate of MTF, at different tensile
strains (b)

G S ROE i A AR B AF S . [FEF, FEfL
R ARYK 2 S5, MTF, 0] LUK 5 247 a0 46 0% H FE
KA, Bg—a kg M.

7 & MTF, 76 10%50H 0 28 R G FR 800 YK 11
e PRI RS S o o e oy AR 1] S 5 i R SR A
P A ARG N R EZE R ZE . WK 7 T AE
16 800 WKFIHPEIAT, MTF, 7E0E -1 & 1 Ai
H1 FEL AR T e 2 SO K T B P v ERE n 2E 200
Wa, B REIEL KW EE, X2EHT
MTF, 7£ Z W Fi R A IGO0 N, AEFERL g o5 31
%, HEWRE AR 2 S 3R G T il B AN 2L, 2F
Ak L B

60 [ 16 F
s 4r 12+
50 HE 3L S
ﬁ 3 WWMAAMWA E ’ -AMWM{WAAMN
40 + (1) : : X ) 4 VTV
< 5 55 60 65 595 600 605 610
5 30 - RS RURRAERBUK
20" -
10
0 i 1 _ 1 1 1 1
0 200 400 600 800
Sl R AR BK

Kl 7 MTF, 7E 800 U 10%) 48 T 4 ¥R At A 55 E 1
Fig. 7 Stability of MTF, under 800 cycles of 10% cyclic
stretching

25 ANKiZzh iR A5
P 8 9 MTF, X A AA S 3 Bl i) g 7 A 45 2R
M 8 FTLIF H, A AR AT 7T [7] iR B2 25 i
SRS, AT LA 3] i BH A4 728 A 5 S B A S 35
RS, HARURES 550K 5 i e i A e BEL S A 5 it
AR, YL MTF, il id i AR AR A A ]
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KRB AR B, W Z s T —E R
Yo KW MTF, 7E A\ Az 3l i I S0 UHA 1 TV T
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B al/s
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Sl 1.5 +
1.0 +
0.5
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fitfal/s

K8 MTE X F45 (a). T (b). BRI (c) MK
T (d) BRI S A

Fig. 8 Sensing signal detection of MTF, for finger (a),
wrist (b), elbow (c) and knee (d) motion
3 &Fit

T8 3 JE AV SRR 2 ol gk RN 9 25 22 B R T A5
MTF, MXene 7E£F 4 3 10 1 N #8321 50 A F B B S

HLIE %, T AT MR SRR T o

(1) MTF, ( MXene ¥z &H 21.74% ) 1)
H S %N 8.38 S/m, HiHIERIE N 19.68 MPa, WiZ{H
KRN 664%.

(2) MTF, A WA REUE, 78 120%0 28 T
M RBRBCH 2930, BEE NN AEH 0.5%3m =
10.0%, MTF, HFHARfL R AN 0.01 #5%E 6.26,
JHEA —E T M.

AL MTF Wl 28 7 IR B VR TR B0 | By A5 18R
TRAN, ATPAT MR, EUR T HOK TPU B Al ik 5
MXene I HLPERSS &, FEARSHEI T P BT,
il % 1Y MTF 45 22 R AR A% JR Ak

S E 3k
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