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Prepar ation of AQNPs-polyurethane conductive fiber
and its application in tension sensing
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Abstract: In order to improve the stretchability of conductive fiber, polyurethane fiber (TPU fiber) was
prepared by wet spinning method. The TPU fiber was impregnated in silver trifluoroacetate solution and
reduced to prepare silver nanoparticles/polyurethane conductive fiber (AgNPs-TPU conductive fiber). The
conductivity and stretchability of AgNPs-TPU conductive fibers prepared under different conditions were
explored. The tensile sensing properties of AgNPs-TPU conductive fiber were studied. The results showed
that the TPU fibers prepared with mass fraction 25% TPU spinning solution were immersed in 20 g/L silver
trifluoroacetic acid solution and reduced for 4 times had a resistance per unit length of 10.79 Q, tensile
strength of 5.14 MPa and elongation at break of 576.18%. Under different tensile strains, AgNPs-TPU
conductive fiber could characterize different tensile strain information through the change of resistance rate,
which could realize the stable conversion of tensile strain signal into electrical signal and had good tensile
sensing performance.
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Fig. 1  Surface SEM images of TPU fiber (ay, a,, a3); Surface SEM images of AgNPs-TPU conductive fiber (by, b,, b;); Cross-sectional
SEM images of TPU fiber (¢, ¢,, c3); Cross-sectional SEM images of AgNPs-TPU conductive fiber (d;, d,, d3)
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Fig. 2 TG curves of AgNPs-TPU conductive fibers after
immersing once in 5, 10 and 20 g/L silver

trifluoroacetate  solutions and reducing once,
respectively

165

-

5 10 15 20 50 100
=R BRAR FRAR BE/(g/L)

B3 =9 ORI VR B 4 AgNPs-TPU ‘5 L 27 4k HL B
b

Fig. 3 Effect of mass concentration of silver trifluoroacetate

solution on resistance of AgNPs-TPU conductive fiber
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Fig. 4 Effect of reduction time on resistance of AgNPs-TPU
conductive fiber
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Fig. 5 Effect of immersion and reduction times of on resistance
of AgNPs-TPU conductive fiber
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Fig. 6 EDS spectra of AgNPs-TPU conductive fiber surface
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Fig. 7 Effect of AgNPs-TPU conductive fiber length on
resistance
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Fig. 8 Stress-strain curves of AgNPs-TPU conductive fibers

prepared by TPU spinning solutions with different
mass fractions
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Fig. 9 Effect of mass fraction of TPU on tensile strength and
elongation at break of AgNPs-TPU conductive fiber
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Fig. 10 Efeect of different immersion reduction times on
stress-strain of AgNPs-TPU conductive fiber
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Table 1

L AR /% L RH/Q K /em
0 11.58 2.00
10 11.82 2.02
20 12.18 2.05
30 12.34 2.10
40 12.74 2.17
50 13.03 225
60 84.62 2.54
70 201.89 271

a, JFE

B 11 AgNPs-TPU FHIZ 4250 0,
)5 1K1 SEM &

Surface SEM images of AgNPs-TPU conductive
fiber after 0, 10% and 60% cyclic stretching
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Fig. 11

TEAE YA R RS FE N (10%~50% ), AL
AR S XoF £ 24 % 11 R B O R AR /DN, P
iR AR5 S i A S B AR R I FLAE 5, DU e 4
FEAS RPN AR T (19 F P AE fb %, AgNPs-TPU F:HL
LYELE 10% . 20% . 30% . 40% % SO%PLfH I 48 T Y
AL RH AR f A LA 12,

M & 12 W74, AgNPs-TPU ‘S H1 2T 4k i e BH 28
Ak 2R 55 it o B 7 ek g AR 5 TEAH S o B AR AR
H 10%3G N % 50%, FLBHARfLAR AN B 1.55 390 &
87.24, 55 v BH Fifi 5 v A Eb 5] B 388 DT HE I %) 25 1841



* 1176

M 4m 4 T FINE CHEMICALS

%39 %

—E, MRS PR AR 10%38 0 E 50%, NAEAS
R ZES K 0.065.0.058.0.022.0.013 & 0.006,
AgNPs-TPU 5 Hi £F 4k (1) i 48 AN R 8P 8 R A8 AN
RWAEL (Q) KEx, O EHBUN, R FHLTYE
AT A I A% S R BEL ) i o7 R A, X — 25 R
A0 T 5 R LA A 23R A 0 AR B TR

Harmasie—.

100

10%20% 30% 40% 50%
80 +

60 -

MMMW U

0

0 100 200 300 400 500 600 700
B /s

B 12 AgNPs-TPU FHLLF4ETE 10%. 20%. 30%. 40%

Lo 50% AL T A L B AR A R
Fig. 12 Resistance change rate of AgNPs-TPU conductive fiber
under 10%, 20%, 30%, 40% and 50% tensile strain

TEAN[ERLAR AR, F B Al A ARG E TE S
—HEEAE, T LURE LA AR A R e 4 o L B AR
R HAE S o [RlA, e AR K 5 AT LA & )
PTG RS, R AR M. R T
AgNPs-TPU 5 H £F 4k iy 1] T hrfi {2 s (9 ] R
1 AgNPs-TPU ‘S £F 4 [ 58 75 T-46 b DA XS T+
Fezs b i N, S5 RANE 13 B o 16T PR T IR R
A M WA R, nLIOWERS], BE TS
PR, FEBHL Y A8 Ak % 12 B0 L SR PRI Y < e
e A 2, H AU T8 4l 5 S I X L ) H
RHL A 28 fb 23 i 2 LSS A AR ], UL B AgNPs-TPU 5/
£ A ] 3 ek L BE AR A AR A A [ T4 25 iy 1 A
55 BEAT IR N, 78 AR A5 85 A A e 450 2 A
FHE 1.

10

AR/R,
N
=)

3
4+
2 L
0 A . . ; .
0 5 10 15 20 25
fiffal/s

K 13 AgNPs-TPU 5 H 27 4k 45 25 il (14 A5 5 W
Fig. 13 AgNPs-TPU conductive fiber finger bending sensor
signal monitoring
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Fig.14 Cyclic stability of AgNPs-TPU conductive fiber
under 600 cycles of 10% stretching
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Fig. 15 Abrasion resistance of AgNPs-TPU conductive fiber
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Table 4 Resistance of AgNPs-TPU conductive fiber after

friction
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Fig. 16 Images of aligning the “curved surfaces” of two
“half cylinders”
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