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Research progress of composite conductive fiber in wearable intelligent textiles
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Abstract: Intelligent wearable field is a cross-research field with multiple disciplines and categories, and it has at-
tracted the scholars’ attention from all domains in recent years. As the hub of intelligent wearable devices, the con-
ductive fibers have a broad application prospect in this field because of their excellent mechanical properties and
outstanding electrical and optical functional properties. In view of the research progress of conductive fibers which
can be used in flexible smart wearable textiles, the conductive mechanism and preparation methods of conductive
fibers including metal conductive fibers, conductive polymer fibers, carbon conductive fibers were systematically
reviewed. Then the research progress and future application direction of composite conductive fibers prepared by
different electrode materials in the past three years were described in details. Finally, the development prospect of
this kind of flexible conductive fiber was summarized and prospected. It is expected to be helpful to the research
and development of wearable intelligent fabric equipment and miniaturized flexible intelligent electronic products
in the future.

Keywords: composite conductive fibers; conductive mechanism; flexible electronic devices; electrode materials;

smart wearable devices

RSB EA: 2020-08-03; R HHA: 2020-09-13 ; M4 EG& ATiE: 2020-09-22 14:17:05

M8 & itk : https://doi.org/10.13801/j.cnki.fhclxb.20200922.002

E&ME: IWARA HARR:ES (ZR2018QEMO04); LU 7R T A WF & 113 (FARBHL A TH2) (2019J22Y010340; 2019JZZY010335; 2019GGX102022);
R E A R R4 (2020M671994)

BSMEE: R, W, PR, Bd2E R0, BFE 5 0 o BRIRAELT RS P 8 B =Mk Ak E-mail: jinlei. miao@qdu.edu.cn;
I, W, S0z, WA W, RS 5 1) S M R P 2R B T R H SE BN FH B A BRI AR 2T 425 20 v (4 0 B Ml Ak

E-mail: lijunqu@qdu.edu.cn

SIAMEC: e, dmE, i, 55 J T i RE2 20 2 & S LT 4TS ot e [1]. =GRk, 2021, 38(1): 67-83.
LIU Xuhua, MIAO Jinlei, QU Lijun, et al. Research progress of composite conductive fiber in wearable intelligent textiles [J]. Acta Materiae
Compositae Sinica, 2021, 38(1): 67-83(in Chinese).


https://doi.org/10.13801/j.cnki.fhclxb.20200922.002
https://doi.org/10.13801/j.cnki.fhclxb.20200922.002
mailto:jinlei.miao@qdu.edu.cn
mailto:lijunqu@qdu.edu.cn

.68.

EaMB=ER

Wit 25 T 2 5L 7 R B 97 2R B S R R
&, i R S RE G AR I T oK
T3 3 b T B 25 b AT 28 8 A 4 s R R
19 25 8L F 7= S A o MR O BB L i A (0
HLF R R R RE T R S S i) i XUEE , Bl
W T TR AR TR R MR
HEE | &7 3% 19 2 M 7 AR 25 2L 0K & T I
(O T S o AT E AR B 4 4 T i B
PRGBS . FREBEWE . REVREL AL . AR S LB
HLAE By T AR F U DA R I o ),
Uiy PN AK it Victoria’s Secret & i 148 Gz 2 SCHf
DB FAT, T W SRR 0Bk s ISR Hexo-
skin A "I HEH TS/ I B HE LR E" ek
BB SO, AR PRI | BhiE A
¥dli, mets oy PR EHARR YIS . BRIR . HH IS
Sy s A9 W 5Bl T kT R T T R A AR 4 4
W5, — 7 T S B N SHRORAL . S R

Pulse monitoring

ERIER I RGEA SRR | EMPESF R, 55
— 77 T 0 AU 25 G 32 B 45 B LA AR I AN oh g AR
AT, B AR RSB 445 IR % TR AR
SEPE. PR, SRS HL T 4 FET B 25 2LEOR
1R RE LT 4L BLas I AR o A [ N ANIF ST R
—YELT YRR T RSB W R, A
BUIN, RAEVER, 59 SU S5 4 ik sl n] VR o 2 B
TE Rk B E#E i, BA IS G 0 5 i d 1™
ain B SREE | SE A M X A A ) e T
SRR, R RLMASIE B, BEAR RS AR
(] 4 B e A O 1 A AR TR R A B A 2%
JEIHE B9 ZE AT 27 WU RE 25 4L ) 45 1 R T TR
N7 o B AT Lk 5 H 2T 4 e B S5 9 ) L kR D
S BN — R E AR R AT ST R R . BTN

G I ) S AR AR EAT QT IOT, hA R B S
e SRR, HOAOURA B TR 5 1

FPERE,

W HA TR R R I RS | Ot

e

P
19;
r "

-

Intelligent pro%

Pedometer/speedometer

Motion tracking

S z
L o 3 -
oL L Y-
. 0 Ve

. B A Sy 4
A (v v X o -

e
e
-

ﬂ‘ """""
Sleeping monitoring Smart floor

Pressure detecting

~ Fall down detectt g

B 7 NS IR HAT A 2D R P r] 2 SR RE 2 St A H s BRI H: ()~ (h)) PTHT T M St 608 . Sl
fuSEAL RS . BRI L R RRRRIR S (0~(0) FH T AERLSCHE . R Rk . AL BIR

TS LATRIIN

BRESUL . SR . TB TR, REIRMEIN . R

Fig.1 Diagram shows structure and application characterization of smart flexible wearable textiles with various functions in different parts of human

body: ((a)-(h)) Used for heart rate monitoring, flexible digital keyboard, gesture identification, tactile sensing array, pressure detecting, smart sole, etc.;

((1)-(r)) Used for energy harvesting, wind sensors, electronic skin, pulse monitoring, intelligent prosthetic, motion tracking,

pedometer/speedmeter, sleeping monitoring, fall down monitoring, etc.
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Fig.2 Illustration of fiber deformation under pressure (a), Reflection coefficient change under pressure measured at two points along fiber (b),
Reflection coefficient change versus temperature relationship (c); A 16 mm long conductive helical fiber in its relaxed state and after being stretched to
65 mm (d), Stress-strain curves of polyurethane (PU) fiber and 3D helical fibers with 100%, 200%, 300%, and 400% prestrains (limiting strains &y;,,; are
marked) (e), Change in electrical resistance of 3D helical fibers with 100%, 200%, 300%, and 400% prestrains at different stretching strains (f)”
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Fig.3 Schematic illustration showing preparation of thin crosssectional metallic wires via local phase manipulation of liquid metal and subsequent
stretching of fiber (a), Tensile stress-strain plots of polymeric fibers with variable stiffness depending on phase of metallic core (b), Optical microscope
image of thinnest cross-sectional metallic wire of an empty poly[styrene-b-(ethylene-co-butylene)-b-styrene] (SEBS) fiber and liquid Ga filled fiber (c)"*";
Scanning electron microscopy of longitudinal morphology of PPE fibers (d), Cross section of PPE fiber (image was colored) (e),
Conductivity of PPE fiber under cyclic tensile loading and unloading under 40% strain (f), Stress-strain curve of PPE fiber (g),

Thermogravimetric curve of PU fiber and PPE fiber ranged from room temperature to 500°C (h)®!]
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HAMEA AR MR RE,  ELAES R n] 200

HL A7 FAILBR 5 Ve S B AR Ak, Ml IR R 1Y
o FL AT SEE (AN &L 4(b) FF7R, 100% L AR T 7 A A
PRUELAT 35 10 000 1K ). AR F] & &3 ik 3D 4T Ef)
BRI & 8, AR 2R 8+ B B
TR A T e (anlEl 4(e) B

AE 7K 3Z 1 500 YCAE Pz A (4n 151 4(d)~ &l 4(F) iR,
AT WO AR T 0 KN, U w] T H AR
W o Zhu 55 PR FH 868 B 408 A dr e R B,
R OK i A B B R 2F 4k 2 1w (8] 4(g) ),
il £ SR SR /B 9 K R 2F YR AL A . R,
%E?P‘Hé%%/—‘l%‘ﬁﬁ‘%%ﬁ YA, o AR

BEAh, Li %509 IR B 2R A T4 MXene,  UHLZEE S HUR A ZE R SRR AR 40 K 2R 5
— YRR GOR LM T ARG ORL, & ARk P, RS B B i RV (A 1&] 4(h) FTR)

MR -MXene-4R AN K 2 & NMS 2b, HEAT 5K
A HL B (84.32 Q/cm), I A% 5 (350%), R
(200% 1 22 T (4 N A8 Rk 872.79), FE K FET

PR IR N (49 ms, 0 E 4() FroR ) KA AR E
LR YEAL R AR v LAERS . S DU s AR ST I2 3
’[j(lu\&ilﬁlj %#%u%‘%l‘ﬁ /f’to



.74.

EEMRER

3.3 SHEEY

SHREGU IR RS TR, 2HEA
L s R G WAz B Rl
o B R AL IR KA. B T H &
TAWE . R, BAT R0 oAb PR
P& — RIS, SRR EWEDFHRIRE.
BEAERER Rl . R FHRE R M . RO R
R A AR A T T R B R B B, ]
o F B RS R A A b 2 b 2R 4k R
S FRER BN . MER, g, Huen
REA — L B UGS, X T4 8T
A R AR B AE T2 T ), S — KB . X Tl
b, AN T TAEE, 2800 &0 A
— P FHREEY, FBOR&SBA R, g
MR -

SHREGYAARZHSHE S TEL Y
27 AR R AL AR BT TR
AOILERM SR EFREY, — B2 RS
Yot T2, R 5 K 26 S agE, B
K FH AT W2 B 3R 5 vk R A SR ORI . SRy DT RRAE
A FRm, SO B4R T S R ARE R
SHEESESAREN RIS IERHSSHESY
Y, R, Rl DOl b T, W
[ 5(a)~& 5(c) Fizn, Zhou 28 P7 R I 5 ¥, 1F
TR S A 1 3 T R R (3,4- &M AR R
WH)-5R 2K 2 M R £k (PEDOT : PSS) M) S HL RS
22345 1) A T i A, O Al T AT 4E
680% 1) uj 42 T 1 g 4k 7 F2 2 1Y 5 HL PR B (<4% 1)
HL AR AL), e K4 19 i [l &2 PR RE (1 766 ¥
Fir A U A 21)

Pan %5 P/ f| H PEDOT : PSS A S L R & ¥,
P Nepfila pilipes #lik 22 Syt , 45 & BRE Bk 49 K 4
(SWCNT), LA i 2 il 25 th S-silk &2 & 27 4,
&l 5(f)~&l 5(g) B, FH I 7T ik 420 MJ/m®, H
F AWK 1077 S/em, Jf H7E 7K 32 40 000 IK 7 fif
TEI G WL SR e RN AE o WA e ) A% I At 22 ¢
1EF45 (K 5(d) FroR), REUE Rk 24.8kPa,
Al 2% 7.6 kg (U # & (1051.1 N/mm?)., Al kE, 2
Wik 22 25K B JE &, Zhao 25 PO i BE K 45 429
Y RV TR N (PAAS) 9j 22 il 15 K BERC LT 4, IR
HENKBR PR KZE (PMA), JE 741y
MAPAH £F 4, HA3 & P isR % (5.6 MPa), Wi %4
2R (1200%) . A A 1 B 9k 52 PR B S Y 4

Bk (=35°C [ RB AR R PP Sl ) Fn A B M (a0
Kl 5(h) fim), HSHEINE SRR 28Sm™, ifHF
R FL.

BiEFHRREEGYNERE, SARGWCE &
DL spoph B 5 O A AR RS S A, TS . JE .
HILREAR S . A2 o S RN v A )
3.4 GhKERA R

YK Bk A LR T8 A WO RO 204 — 4N T
100 nm (¥ B 8E . 43 HIOR BE AT DL H i St 5 2H 1
W 0] DL S A0 5 R R ) 4l , HFE L
YKAL. UK B EEAARE AR, 51N
TYERBRER | & IR S — AR L RYIK
Y, MBI TEH RS A 2 Y AR A
Rhrf Bl FH R R A B 0 K A R A B 1O

e 40 K A8 B AT TR (% 2R rh s 25 R R AR,
B ORWERAE R, & — P A RRIR A (FR 1)
RF A ghok g2 9%, ) ROSF SR f0K 53 90) 19— 4k
AR RO B, EEERM O RN HE
HEZ (0 Bl S 44 BUBOZ BB 2 R R A . 2
[ 298 034 nm, HAE—B A 2-20 nm, AR 4K
B VE B A SR T B — 4R AR S5 4
Fie B 3800 7 1 )2 8053 25 W] 43 S SWCNT i £ B
W9 K4 (MWCNTSs). B 44 K 45 BE e 1 % 3% O #%
BotAm T, et ERmTraE, MimiEs
AL B 35 1, MWCNTSs 445 BE 5 4 A i
ANFLAR BRBE , 7T B RE 45 2 i SRR R A AR 2 A AL,
BAHE M0, (Afl& T2 EME, S0E&E.

Gao %5 53 o 7 5 W6 2T 4 Wt Uk e 40 K S
WO, 456 it 485 AR 4k A AR Oy — 4 12
2Pk, HHA B 0 7 R R S 5 e 5T 1
RIVjite i 900% i A% 473 A [n] &2 )5 A 25 44 (40 5] 6(a)-~
K 6(c) fif/n), B 1700% ()7 T 28 K, HA
Tk TAER AR R , 2% 1 24 B0 B S HE Y R
SR M4, AN, Zhang U R SR 44 R £F 4
MWCNTs ., KL AR L0 -T It Btk
RY) (SEBS) KK E A, s T —FaKATE K
W i T A S 2R 4 (CSCF, EARZY20 30 um,
& oe(d) BT 45 ), fE 100% i 28 R, AR/Ry=~0.1
(i 6(e) I /n); £ 50% NAE R, 1 B LA 8k
>100 000 Y% . [l SEBS ¥4 J2 fE % B 2 1 /0 1 i
(£ 5V If<1 pA) AR TT R MR, FEREBHRPT,
CSCF 7] L 21 2% j o] o fift i SRR B8, I m] g 1 T
KT TCL 38 i 55 5 A8 Hn 55 (A &L e(f) firzs ). Al



XiAe 55 Tl RE LT 2L B 5 S L £ 4R T ST ik R 75+

FHIESE SR AKA R (B R T B MWCNT) T /R). AEA 8 1 R 80% (& e(h) fi s,
IR R AR (TPU) SR P i &, #2551 RAE FZ B 0~20% L AR 5 [ 9N 6.7, TF 170~
P 454 1. Chen S50 40 K MR 40 W B AE 200% 37 7% 74 [ P A 3k 14 191.5) Fl B 47 B 54 58
AR, BRAG AR LT 4 AR L AR (P 6(g) (51000 1K), E 0.01~1 Hz [ Ji 22 45 4 Y [l P9 A1 44

a) Conductive dispersion
Elastomer \( ) 250 (©)
N B o9
e 200 = 90 r o N
> Stretching £ ER
"drying Em 150 "% TE 60
7] o 9
2 100 =Y
(‘/;:) .§ 2 30 f
50 g .
[}
Beuckled conductive _ 0 0 03 04 05 06 0.7
polymer ribbon ) Strain/% Fraction of PBP f
© 15 —— UK ©
—_— S-silk compos@te @0% SWCNT 'T:\ —
s S-silk composite @10% SWC! g \E 400 L
S 1.0 %] | b
e L = 1.0 -
= ) =
§ > 2 300
E o5 s g
v U g 05 F <
2 2 200 |
(3 =
0 20 40 60 0 5 10 0 5 10
Strain/% SWCNT/wt% SWCNT/wt%
©) j
1 000 ® -
=== Original strain sensor 100 52:0.02 kPa™! -
(h) . 800 | gan;ageil sl.ram sensor - -
1 — caled strain sensor 80 L
~ < 60r
= 400 GF=1961 & 40 | -
@ 5 5 5,=0.75 kPa™!
= 200 20 ~#~ Original strain sensor
1 ~#= Healed strain sensor
ey ot T o p# T e
- 0 100 200 300 400 500 02 4 6 8 10
Strain/% Pressure/kPa

5 JEUHRIEA G T A R SR AR T SR A E IR SR (TPE) Sl R A B S LR AW () TERGERABER N B R, AR BSR4
%t (PBP) T 4t/}4L) PEDOT/PSS/PBP Wi AYT S 1 S A8 M2k (b) . IR PBP Fid S BT #Y 1 3245 PEDOT/PSS/PBP LT kAT (o)
—NETREIESEfR & BRI S-Silk 5 10% SWCNT &G A R4 ) 3D FTENHLAR A THE (d). =FAPRHIRL ) -RAE Ik (e), MK EELR LT i XA
2 S-Silk BUBIE . TEINE] 12.5wt% 1EFZ T, S-Silk AR A MBITEREE SWCNT Fid [ /- U BB mnisg in, S iy Sl P AT
3B 1077 S/cm 1 420 MJ/m?® ((£) . (g))"°%; T P4 E: /B 4 HR-1.1% Fe™/NaCl (PAAm/PAA-1.1% Fe**/NaCl) 7K SR 5 A B BcA ¢4 FB 5 5 i
B (h). BIABAN FE S 260 T 9 PAAM/PAA-1.1%Fe*"/NaCl /K BEIEE B 7 B IRTEA R RS T SARXS AL RO (L (1) FEBRUR AN ALIB S 26 T Y
PAAmM/PAA-1.1% Fe™/NaCl /K BEI 1 T B AN 3 F R H LI A2 1k ()

Fig.5 Schematic presenting how prestrain-then-buckling strategy was applied to obtain a folded conductive polymer ribbon in a TPE channel (a), Tensile
stress versus strain curve of PEDOT/PSS/PBP films with different PBP fractions during incremental cyclic loading/unloading (b), Electrical conductivity of
self-standing PEDOT/PSS/PBP fibers at different PBP fractions (c)*”; Photograph of a 3D-printed robotic finger with an S-silk composite@10% SWCNT
electro-tendon held in place by a silicone-based extensor (d), Stress-strain curves of natural spider silk (S-silk), spider silk with PEDOT:PSS@0% SWCNT (S-
silk composite@0% SWCNT), spider silk with PEDOT:PSS@10% SWCNT (S-silk composite@10% SWCNT) (e), Area under gray dotted curve represents
toughness of S-silk. Toughness is defined as the energy needed to break the silk, conductivity and toughness of the S-silk composite increased with
increasing weight percent of SWCNT, before experiencing saturation at 12.5wt% ((f), (g)). The maximum conductivity and toughness achieved were
1077 S/cm and 420 MJ/m?®, respectively®; Digital photographs of the PAAm/PAA-1.1% Fe**/NaCl hydrogel being cut into two pieces (h), Relative
resistance changes of the original, damaged, and healed PAAm/PAA-1.1% Fe**/NaCl hydrogel based ionic skins as a function of strain of the hydrogels (i),

Relative resistance changes of the original and healed PAAm/PAA-1.1% Fe*/NaCl ionic skins as a function of pressure (j)"*)
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Fig.6 Loading-unloading curves during different strains, showing a good recoverable property of CNTs/PU helical yarn even at 900% stretching (a),
Resistance variation curves of CNTs/PU helical yarn during 720° torsion cycles. Insets are the current-voltage curves corresponding to the stretching,
bending, and torsion deformation (b), Good conductivity of helical CNTs/PU yarn demonstrated by LED light during stretch proces (c)*”; Materials-
insulation effect of SEBS layer on CSCF under various circumstances. Monitoring resistance change of core-sheath fibers with and without SEBS after
water sonication (d), Cyclic use of fibers at 50% strain in water and air. Resistance change of core-sheath fibers with and without SEBS alternatively tested
in water and in air after water soaking. Inset is zoom-in plots of the rectangular region (e), Conductivity-insulation effect of SEBS layer on CSCF. Circuit
model of CSCF next to skin used in water (£)!*”; A schematic diagram of enhanced interfacial interaction between polymer and nanotube (g), Relative
resistance change of the modified and control sample fiber strain sensors as a function of tensile strain, GF is calculated from the curve (h), Recording of

human motions(smiling) using the nanocomposite-coated fiber sensor (i)!*"
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Fig.7 Capacitance retention ability of conductive fiber across 2 000 cycles at scan rate of 50 mV-s™' (Inset) (a), Ragone plot of device in comparsion to

other state-of-art devices in literature (b)°?; Sensing properties of PGFs. Gauge factors for pore-less/nanoball-free, porous/nanoball-free, porous/

nanoball (red), and TPU/graphene control (c), Testing limit of PGFs reaches 0.01% (SNR: 26 dB) (d), Resistance reflection of two-point touch (e)"®;

Response time of G@MPPUI10 fiber stretched and released at a step strain of 5% (f), Stability of a G@MPPU10 fiber (5 cm) from 0% strain to 10% strain over

3 000 s under a frequency of 2 Hz. The inset shows the response signal at 3 consecutive input (g), Forearm skin temperature at normal state and after

putting of a thermos (60°C), insets are the optical image of testing, and the IR image when putting the thermos on the forearm (h)*"



.78.

EEMRER

5%~8% i AL ik 5 87, 7] B A% B de AR A8 W
FRIAE] 0.01%, e KHififEFA>6 000 YK, it g 2L
R TN R A BLAE 5 i W (an & 7(e) iR ),
il A T N AR U T K

Hu %5 PR SO 45 25 22 45 R, 2 47 B i el
PRI & 22 RUBE TGP 22 L 45 0 1) SR S g o Pk &1 2
(MPPU), HA M5 0y hr i L i@ vk g (an & 7(6)~
K 7(g) FIT7R), &5 4 (0 235 K ok A A& 21 41 4 B L
AR B R, T R R A R) 00 O B I E L
7] J5 BE AR ) 22 /0K 2.5°C . 3 L 7 AR 2R BRI R
FH R % (TCR), Wil 7(h) Fros, A] - Mol 44
PR R MR AE SRS R O R E A G S . Bl
A BIEAT A  EAA BB R A AR
8, WAAEE ) RN, iE 8(a)~El 8(b) B,
Zhu %553 5 L 2 BT A T — RO R
HL 22500 TEHLEK R B0 (BaTiO,) 40 K ikr , 52 &8 &
A BRI AR R 1B 44 0 B A 9 £ M (PVDF) £F 4
FEN R, DL SR ERZE, DIRA
LT YR Ry SR BT R R . R A R

()
- - '\I
y . - (Y _
Ry ol pmnR | %%w
R pas
kc‘f:gl’z;, M A =
o 3 . Ty
e 4

it A1 (8 500 I FLAHEIA), H.TE 80~230 kPa J£ 7]
JLEIN, JCHLA P EHE A U R VE 9 R 4 25 44
fe g 7 H R EUE (10.89£0.5 mV-kPa™), B 444 b
LB WAL T PVDF, A 85032 & 47 4 )5 /i
W, BAMRNGEMGE, 68 =42t
ToEE BN A, FH LI 45 Fh 56T i3 o Sz sh i
i B FNAR R, R I I AR A A BB R T A R
FEFRIL G E E S A, AT LA™ A e B AR AL AN T
A F R 55, VR o WA L B n] T R A F R
/D B 1 R AR T

P A - T 45 A B A R T, Li B
P R R G S B AR ) — AR 2 E A — YR
CEMI I LD LR LA R, DIRARE S, RGN
Ky 4 /A7 SRR A8 K - (GNSs/Au/GNSs)
5L PDMS R B K )2 o 28 A AL S 2 HL AT B 55 1Y
R (661.59), f1oki v )2 MW A HAR A T
T AR, anlEl 8(c)~ & 8(d) iz, 7E 10 000
WAL AR AR A P T RE LR 4 1 “F PERE . BUL T
Bl 0T . SRS I 1 e RO [ 28 B SRR A 1 48 L

(© 2000 rOne step Walking

Conductive fabri
onductive fabric 1500 |

* | Nanofibers

ARIR%
o
(=)
(=)

Graphene oxide 500 |

Barium titanate 0

0 5 10 15 20
Time/s

600 lstcycle

o, B

=== PDMS-wrapped GNS/Au/GNS/PU yara 50%

IIII,II,I.HHIE

il

10 000 th cycle

0 1000 2000 3000 4000 5000 6000 7000 8000 9000

10 000
Cycle number

8 Mac LM R I (@), W RVEBRMT AR 1 (b)) 7 10 000 B/ BERAGE T, FEhNRZ2E ) 50% 1) PDMS AL (1
GNS/Au/GNS/PU Zb [ AHXT L BEAR MK, itk AR AR AT i BEAE 57 2 000 FT 2 020 YR/ BEHUE A5 5E 1. 5000 F1 10 000 Y fii/
BRI Z [BAYIMZE (c). (T8 7205 A R AR (R IR AR A T A2 s, 4756 AUARXT B 254k ()P,

Fig. 8 Schematic illustration of a single unit of electronic skins (a), Optical photograph of an electronic skin conformably attached on the back of

hand (b)"*"; Relative resistance change of PDMS-wrapped GNS/Au/GNS/PU yarn during 10 000 stretching/releasing cycles with an applied strain of 50%;

Inset figure records the detailed relative resistance change curves between the 2 000th and 2 020th stretching/releasing cycles and those

of the 1st, 5 000th and 10 000th stretching/releasing cycles (c), Human motion monitoring by using the strain sensor based

medical textile bandage. Relative resistance changes of walking (d)"
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Fig.9 Schematic illustration of coaxial fiber spinning approach used to achieve fibers with MXene/PU sheath and PU core (a), Schematic illustration of

various stages of stress-strain curves for MXene/PU fibers (b), Electromechanical properties of MXene/PU coaxial fiber under cyclic stretching-releasing

deformation at various applied strains (c)'*”; Excellent cycle stability performance of device after 10 000 pressure cycling test under 3.36 kPa (d), Tiny

object pressure provided by a grain of barley tea (4.4 Pa) and glutinous rice (8.6 Pa) (e), Photograph of pressure sensor assembled on a robot (Inset:

Enlarged view of the sensing position) and detection of its response to the motion behavior (f)®; Changes in volumetric capacitance of LC MXene fibers at

different scan rates (g), Cyclic stability of S-Ti;C, fibers spun in a chitosan bath over 10 000 cycles (at a scan rate of 100 mV s™) (h)®
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