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Highly durable composite cotton fabric electrode for
electrocardiogram signal acquisition

HE Duoduo, QIAN Liying, WANG Li, HE Beihai, LI Junrong*
( School of Light Industry and Engineering, South China University of Technology, Guangzhou 510640, Guangdong,
China )

Abstract: Though conductive fabric shows great promise in the field of wearable electronics, its stability
still needs to be improved. Herein, cotton fabric electrode (Ag/M-CF) was prepared by electroless Ag
plating on y-mercaptopropyltrimethoxysilane (MPTS) grafted cotton fabric (CF) via condensation reaction.
The results showed that Ag/M-CF displayed a surface square resistance as low as 0.04 Q/sq, and good
stability in washing, stretching, bending and oxidation performance analyses. Meanwhile, the surface
square resistance was only 1.88 (/sq even after 200 washing cycles, which could meet the actual
application requirement, only 1.00 Q/sq after being stretched by 5%, only increased to 1.38 /sq after being
bent 3000 times, and only 0.50 €)/sq after being stored in constant temperature and humidity environment
for 9 weeks. Moreover, when Ag/M-CF before and after washing with water was implanted into smart
clothing, the electrocardiogram (ECG) signal of human body in motion could be successfully acquired in
both situations, and the measured heart rate was almost the same. In addition, Ag/M-CF showed good
mechanical properties and antibacterial properties.

Key words: fabric electrode; washing stability; bending properties; oxidation resistance; electrocardiogram;

functional materials

THRAYRARENE . B REE I 2 SEEEAITRRESY . e SRR
PERBAFAERE AT, HEfG G . B ol SRR i T e R R R A AR e
P S B P AT ST RN R B3z . ARETEE B BUREPERE L RSO0, AR NS R Y S 4Ly
AR, AR T TR i, miH R RUTIRSS . LA RIS A
ORI DA%, AR N SRS L, S SRR, H, R BIRE

i BEHEE: 2022-03-31; EAHEHI: 2022-06-24; DOI: 10.13550/j.jxhg.20220299
EETIR: | AY AARIEEETH (2018A0303130100)
{EB BT : 25 1997— ), %, Wi+, E-mail : hdd1476@163.com. BER A : ZZZE5( 1972— ), W, AIBF5E 51, E-mail : lljrr@scut.edu.cn.



© 2242 -

A% 4m 4 T FINE CHEMICALS

%39 %

Kl 2B R E TR A fl Rl R . B AE
FE . L) PR S

X4 Jm 2 S AV BT 9T B A 1R 2 SCikR
i, {H S I AT AT AS BE R AL 2 B A T
2,OHA, Wt A4 R R R S S AL
N EZ R, &8 SFHRIRZESEYZ NS
NEAL, RSk, 2208780 S vk
FEMERSIBERERZWRTE, XSEmSFH
AU RE R TR, e RN ANE, B
U, S YA A O R v R PE R R R
MAO VIR Y R I AR, $4 22 B 1 I P00
FRER AR T, Hil 4 B BEAR 2 0.023 Q/sq BYSH
21y, I HAEWES 40 min J5 FTFE 0.575 Q/sq.
CHEN Z:PVIs ) F S 09 s Bt g e el v, 19 k2
R 2, T4 BRI S ARSI, IR AR TR 30 min
JEHLBH 3.6 Q FTFE 4.9 Q. JIA ZEPNE R 40K
WU A JERUSE A R A SR Rk AR 2 T A% R
BiK S AWy, i H 25 5000 WL E A RER 15
S, PR AR Z J A ERE AT T
RIS RAE , RADKETRBIREEAE, Hik, %
Bt — LR IRER .

LDHEE (ECG) #iHFigR OB ES), ik

HEMARGESZ—, BEEE T REALOIRN
AL BEARSCHOR BI(E B, AR | D ESRASE |

ot SR e RO R A e R Bl ik
PRl RO IETE S, MR AR IEIR,
T B FO = AL ik, OE = A i, X
AT DL g B P R R T e T g s
B A, U S2  f5 5 o a R P B Y 2
PR, R FEREYN T RECHEWEN, A
A AL X P TR B R, ANKHILT 256U 58 1o vk
BRI (3,4-0 23 T EWY) © ROE LM IERRER)
(PEDOT : PSS), fil& i TN, R %L
PEAC, Wiy B S5 3F HOAT i 50 WRIRIE 36 .
QIN I FE R ML A ILIR AR, R AL 2E AR
75 2 45 e H B 2 0.0332 Q/sq 2 st , 18
ANFHE SRS #RRE I RO EE S . I,
FLA i FH I i 2L B AR AT T AR S5

ARSCUURREVY) R FE AR, p-30 P 2 = 3
fElE (MPTS ) NHZAR PR, SR A PE AR 14 7 =X
il & i R 2L A ( Ag/M-CF ). i T B9
Ag/M-CF 7Eff I B th iR e v, FoE THif . &
M. k. Ve R Ag/M-CF By 28k, Jf
FIFH SEM WF55 1T S HL PR AR Ab 18 J5E R o 2R 4000 78 Bl 9k
ARG P EYERE, I VIR S R T 0. ¥
il £ 19 Ag/M-CF A by U B H B 07 FH 31088 RE AR v
FE P e R Hp WD A A LR

1 SRIGERSY

11 KFISME

4t 219 (CF), spE MZE# AR ; MPTS,
g AR A BR A F] . SRR (B
36%~38% ), JOM T R HEHIEEAL T MR AR
( AgNO; ), M T ZRAEAL B AR A FRA ] 5 S P e
SEALEN( NaOH ), Z/K( NH3+H,0, Bt 434 25% ).
WARMICK OB, REE TR AL TAHRAF;
AR, KREMmRAAER; KBFE (ATCC
25922), JTARBWEWIII I B IRHIE MR L
Zeopdh (PBS), J AU R A RA R .
HIFIE o bral, Ragt—Haifk B A B
KW, TN A sES A RA R, EZ A R
TEPER . RS . RCEN . FREETTR . AL bR
VRV K AN, 5256 FIK Y38 i S0 56 = i b R Gk

SU5000 %137 % 544 fe - W 3455 , H AR Hitachi
/3] ;D8 Advance B X 52k 2 AT Y, 72 E Bruker
AXS /A7) Axis Ultra DLD BDGHL FRETGAY, JifE
Kratos 23] ; KDB-1 5 PU#%] 5, BH 2 /5 BHRAY
I T R AERMR A PR F] ; ZHWHY-200D BUHE i 5%
FRPR G A, U IR o b AN AR S A PR A A
ME204T/02 THF 781 K, Hpfeih-C R 2045
( ) AR ; XPB30-875S BIKMT ¥R AL, 2
EHRSHBARAT; Instron5565 BT REH
AHAI AL, € Instron A F]; DSX-24L B F 4250
JEZEVR KR, LIGRZEIF M ; BD56 Blfi/E
YIRE 4, f81E Binder A A .
12 SHBEBAYNEH &
1.2.1 AB LR Ap Ak 7 B 4 22

KR e HTE K CRER 2 8 K& EE 1
W, FAE NaOH /KW (it 30 g/L) Hog4
23 hE, HEBT/KMYE, T 105 CHT . %
FERE LR 11 2 88 = 1 (SR NEE . LB F/K . MPTS
RS 0.1 mol/L FHFRIHT pH 2 3.5 il mUAE S 2L
P . P 1 R ARZ (4 cmx7 cm) 7E 100 °C
TR A 30 mL BELECHE T 1 h, AZERR SR
e RrEbE)Z , 2B oK e gt 10 Ik, IF4E 105 °C
T4t 15 min, ¢~ M-CF,
1.2.2 A4 480G ) &

A2 P AR A A SRR TR A AR
W (12 g AgNO;, 150 pL 1 mol/L NaOH #1 1.5 mL
NH;*H,0 % T 30 mL &F/KH ) VA 7
(0.6 g HZHE. 0.12 g AR 6 mL Jo/KLFEET
30 mL LB FKT) FRE— MR, IREY
Ao ¥ 1 A M-CF (4 cmx7 cm ) 12 A 60 mL {b2#45
W IRFE 30 °C TR 2 h, R B FoK bk T 105 °C
HE 15 min FRIGHRZD N, 108 Ag/M-CF,



511

(LR

S LA S A B B0 e T P A A U v A

© 2243 -

1.3 Mk E5RIE
1.3.1  Fd& ki

FHVOERET # BH 2%/ J7 BRI 2 Ag/M-CF 1
FETH 7, AR S BEMLIN & 10 28, BUFIME .
1.3.2 4420

FHFRE P Ag/M-CF B &, iHEnT
JT7R

_m—m

(1)

w
my

A wHHlEE, g/g; m N AgM-CF g, g;
my N M-CF Jii e, g.
133 X HL&474H (XRD) 947

X S22 i Gk Ag/M-CF 1l ik gs
P o FR T /ANHRRE S RS G e, AR B
I 3 kW, 20 5 10°~90°,
1.3.4 kdF4kiE (XPS) 947

HDGHFRERA IR oc R M S5 A o ik
6k ALK HE, B 1R 300 W, REREM RN 048 eV,
1.3.5 @tk bml X

HVEARPLUEG: Ag/M-CF ., ¥ Ag/M-CF 4&Hil7EA AR
b, BRI ERE 4 oL MVERIR T, IR Uk
15min 720 1 RPEN, VAR BRK T, F
105 °CHET,
1.3.6 & &l

K 5 A& S T B U ISR AU 1) R 1H DB
B FAESET S S BRI ERE S G L, BiE)E
WEE, HiiHEN 5kV,
1.3.7  ZAd gl

W20 BT T REA RN L, Je BB ER
H2em, FERTEER 0.5 cm,
1.3.8 & sk gl

BV BT A A e e B ] iR
6 cm, A — 2 A
1.3.9 &AL K

PGB THIR R 50%2%F1EE (2341 ) °C
RIFREE R, AR 1 G R IR TR,
1.3.10 i 2R X

SR FH A R P VR I 2 S L U PR O .
YIERBT AR 7 mm K/ NR/NE R, FE58HMDE( 254 nm )
TR 30 min KIFEJE, FACEERA 100 mL i
T (1x10° CFU/mL ) M)A IR 56 . F 85 % LK
BIEEMEYRE AR, 78 37 CTFHFE 24 h, WEL
TR AN, IR R, UERH I R R R AT
1.3.11 @HEBHIEK

PR — AR RS M AR A0 B , FH 200 pL o
FKFRRE, T4, 30 CTHEG S B Rk A e
mn e b, FERAGEE MRS S T R s

1.3.12 A w B P pmR &k

YR e PR CERIN) BBk AT B
I EVIE R AR AT D AT R . R
Ag/M-CF F3 SIS X6 07 M 565 1Y Bl e 2 ) 0 A 4]
MIE B2 Y, FLRGE I 54k 5 R AR G EALAHE |
B SLHH AR A G S B L., EVLE TS
BHRETHUAHZE , (55 L 5 Bodylist APP H1, &
WM ESA OB EMOER, SEEST LIZE Rk
BRI Fiz s, MHAE 0. 3. 6. 9. 12,
14 km/h 3B 190 L E 50 %

2 #HR5WR

21 XPS4&ih

DIFREU A At , FIH MPTS MISF4ER EAY#E
HaG, MHERRFgRGH LY, FH%EZ0T
AR BB VT LA RO IR )2 S 2 A 1 7
Gl AT Pt AL MR L, X M-CF #
177 XPS 4r#r, Z5RWE 1 Frs,

a Ols
Cls
S2p
M Si2p
1000 800 600 400 200
A b/ev
b

c—C
283.8eV

\ “\284.4ev
) 7\ \

c=o0 /
e %

N\

1 1 1 1 1
292 290 288 286 284 282 280

ZEAfkeV
C
Si—C
/X 101.2 eV
sio_ [ |
101.9ev])/
106 104 102 100 98 96

ZE4RE eV



2244 - ¥ om e T

FINE CHEMICALS

%39 %

O0—Si

o0—C 531.7eV

532.4eV

540 538 536 534 532 530 528 526
“ifbbev

¥ 1 M-CF ) XPS &% (a); M-CF 1y C 1s(b ). Si2p
(¢c) F1O1s (d) R

XPS full spectra of M-CF (a); C 1s (b), Si 2p (¢)
and O 1s (d) spectra of M-CF

Fig. 1

W 1a frax, M-CF _LAFLE 4 Mook, 405l
O. C. S. Si, H s SitZEET MPTS, Xii
MY b E 2Rk | MPTS, il 1b, d fr
7N, TE284.4 eV 1 531.7 eV A0 LT AT s
7 5)E T C—Si fl O—Si. & 1e i —UE T MPTS
BTN
2.2 WEEED

A ZE B 7 R 2 A R o A v
LRI, RIS BT PR VA R 1 T E K 7=
BT A, R 1 28 Ag/M-CF TEUR I R i R i
77 BHAVER & 2 B VR A B AR BB B . AT LA
Bt 5 VR R OB BT 38 0, Ag/M-CF H94R & S AT
TR, FEVEY 200 URJE BYER S AN PR A AT I 20
1/3; [AS, Fm i BANK b, 4t 200 )G ,
R Yl i R T BTG 1Y) 0.04 Q/sq 3=
1.88 Q/sq, EANMET 5 Q/sq, Al & SZBR

£ 1 VRBRECT Ag/M-CF 4R & 5 12 1f 75 BELAY 52 il

Table 1 Effect of washing times on silver content and
surface square resistance of Ag/M-CF
BEBR B R
0 50 100 200
WA/ (g/e) 1.837 1.348 1.026 0.623
FHEHPAQ/sq)  0.04 0.78 0.88 1.88

&l 2 i Ag/M-CF MRS R SEM Bl a]LIE
i, BE 50 Wn Ag/M-CF KK RIER 541
A RNEENEPR O LWL, WoadgrmZH
IR EERIR ;. YE¥& 100 IKJ5, Ag/M-CF K H £
AR RFE K PR 200 YRI5 214 F AR Uk I
WD, FYE L RRIZRVERECN M E, AR A
SphE L, HERR MNP RA AR BRI L T
W, Kk, PRERIES Y A BRie) Sk,

AR, AT H S I Ve PR SR AR 1 SCHR B 25

TEP 3 o iy P R mT A, A S A Y L R
MR GEPE DG TR Z2 BRI T A 45 2R

K12 Ag/M-CF UEiHET (a) FIJS (b, c. d) 4 SEM &
Fig. 2 SEM images of Ag/M-CF before (a) and after (b, c, d)

washing
10 000
® ® AL e|[7]
1000 ¢ A8l v[19]
| . *[20] «[21]
L & 22] e [23]
g 100 * [24] [25]
S 10}
= A <
=1 < u
‘}q 1k °® ™ [ ]
= x
® o1k
3 v
001}F «
0001 1 1 1 1 1 1 1 1
0 500 1000 1500 200 2500 3000 3500 4000
VEYRTE]/min
K3 &R0 S 2 A et X L
Fig. 3  Comparison of washing stability of various

conductive fabrics

23 TZHERES T

21y e WA ol P e o R A ke S M 2 B AT B S
i, &4 s A R OB U AR R T 5 BELAY 22
TEfE L o

40
14 o EEH -
1.2+ “— RI/R,

2101 :/ 1%

<~ 08}
=
R 06
=
K 04+ 110
02}
0 % I 1 0
0 1000 2000 3000
HHK

Kl 4  Ag/M-CF % i Jm iy 3R i 7 AL
Fig. 4 Surface square resistance changes of Ag/M-CF after
bending

& 4 /[ LIFEH, Ag/M-CF 2BEE S M B



%118

i, A IO BUAE S AL A e i PR 2L R AR

© 2245 -

e, SRR, ORROATED i R, 4
Y AR 2 nT BE 2 B LE , AR T RIS . Ag/
M-CF £ 3000 &l 5, H5% R/R(H (B 5
BT RS 2 AT AT B2 ) i 30, {HZY
Y2 7 BEAN F AP0 0.04 Q/sq 34N 1.38 Qsq,
S REATI SRR AT o

Ag/M-CF 5l 3000 K5 FEAS R KASHCT 1Y
SEM WL 5. FTLIE i, Ag/M-CF 2R #i 4R 5
TR 55, 32 20 1R AR £ 4 w04
ZA4% J5 [ () AR BUR B B/, BB S il S B0 o AR
ORI Y% o T I, Ag/M-CF A 54 1t 25 ih
PEfiE. 6 ARSI Ag/M-CF HIZEMEIR A, AT LA
Fi, RS, PRSI, R
Wi e T e e ) 1

K5 Ak 3000 )G Ag/M-CF [ SEM [
Fig. 5 SEM images of Ag/M-CF after bending 3000 times

K6 g (a) Fl Ag/M-CF (b) HYZEHERE A
Fig. 6 Flexible images of CF (a) and Ag/M-CF (b)

24 TELERES

H TR TR (8 A 2 1T e 2 A SR S N, PRI
X R A2 05 A U 45 1) Ag/M-CF HEA T 404k
PEOMHT T30 . 1B 7a 9 B TR SRR IR IR Y
Ag/M-CF 11 Jy BHL B 2 i & i fa) (i AR PR e . w]
PIEH, Ag/M-CF [T Jy B 23 B 25 5 i ) £ 34
hmsEhn, HAEE R PR 9 R, #m
JrBEABET 0.50 Q/sq, XM TARZESE, N5 H

k. FIHT XRD A A6 PE IS 1 Ag/M-CF
() bR ZE R, 25 R UL Tb, FTLAE i, 7E 20=38.36° .
44.33°, 64.58°, T7.41°H1 81.62°4b A ey il %:F 7
T Ag/M-CF ' Ag /Y (111), (200), (220),

0.5 —e— EEHM 114
12
0.4
=z 410
@ 03 418 o
= IS
E 02k 16
14
K
0.1} 12
0L 1 1 1 1 0
0 2 4 6 8 10
s} e/
b @a1n
(200)

I (220)  (311)

W

N

20 40 60 80
26/(°)

c Ag3d

1000 800 600 400 200

& REleV
d Ag 3ds,

380 376 3’I/2 3I68 3I64 360
ZE4RE/eV
7 RCEREIN Ag/M-CF AR (a); MiE
LMK S Ag/M-CF 1) XRD %8l (b); ikl
WG HY Ag/M-CF 1) XPS & [& (¢, d)
Influence of place time on surface resistance of
Ag/M-CF (a); XRD patterns of Ag/M-CF before

and after oxidation resistance test (b); XPS spectra
of Ag/M-CF after oxidation resistance test (c, d)

Fig. 7



© 2246 ¢

M 4m 4 T FINE CHEMICALS

%39 %

(311) F (222) Shir, EARATSTERN S L ET
I RIERS AT 7= A B i s 1, R W Ag/M-CF
Z R W EACFE IR A i . R XPS 43T A Ak 1
MG Ag/M-CF BIICE M A, d5R K 7¢ filEl 7d
Bz W 7e i, O Ls BOERE 0558 B 0 4 &l
7d iR, X Ag 3d Sy-BrkEE, HELT AR T
AgO ik . Ag 3dsp 51k N A4 5 R ok 5l h
368.1 Fl1368.2 eV [Wlf, Ag3ds, /it W55 TiE
SrAE 374.1 F11 374.2 eV R, it 368.2 i1 374.2 eV
B TEIE XTI Ag BT, 368.1 Fl 374.1 eV HYFEIE XTI
AgOP | X HERFHH Ag/M-CF &4 T84k, il
fii Ag/M-CF 1y 10 J7 FHA BT
25 fIfREEES T

Kl 8a M ARIRIMLUY P ERE . FTLAE
M-CF (Wi i e AR UG, X2 TR s
1L BB AL RS A G R T REIRN , BE S A S Ak B
B REAR T 2 PR . Ag/M-CF tb M-CF [¥)
W2 i A R R, R PR A AU R T AR 4
TR HIMPERE ., Ag/M-CF R 2L E VRIS,
SR BAT AL, LIS SRR LS A B, R
SRV T 1 A s R A Bk TR Y%, (ELRE T 4E i 5
WA K. VEBIE, Ag/M-CF ByWr 2R A8 RSN, X
T DR M A 7 i 3 T O ARRE F AT SR B T, FEURZ
SRS, L, FERR I R AR 4R A SRS,
TR AR, PR RRAL, RN

i A, Ag/M-CF (12T J5 B AR L1 1l
WE 8b s, AILLEH, BEE MR AWE I,
LU F T B LT SRR 5%, K
FBHBEIN T 24 4%, M 1.00 Q/sq; MMEKFEN 15%
mf, w75 BHAMET 5.00 Q/sq, AT LA 52 BRI
HT 2K o Ag/M-CF 1% 2% 11 7y BH B i 4 S5 45 =g 1 484 o

BB SR AT RE R BB T MR RY SN 2T 2
PRk, WE M BREE, REREMBR T,
SR HEIERE T

50r-a

CF
—— M-CF
40} —— Ag/M-CF(i)
—— Ag/M-CF(J7)
£ 30}
g
2 20
10 +
0 1 1 1 1
0 5 10 15 20
NiAE/Y%
, b 700
50 —e— FETH
— - R/RO
=20
S s
% L
E 10 -
K
5 L
0 -

i #/%
K8 AFEMBYIN I -RAE 2 (a); BLMAMET,
Ag/M-CF R B2 L (b)

Fig. 8 Stress-strain curves of different fabrics (a); Surface
square resistance changes of Ag/M-CF under
tensile condition (b)

JH SEM WLt 5 Ag/M-CF 3 HL 219 B 54
KA TR IR, Z5RILE 9, ATLLE
H, U RiE, BZEHEE T RV MR
2.5%MF, L4 F/NER A ANRAR I RITE (RN 2
P EEMHE LT 4 |

a—2.5%; b—5%; ¢—10%; d—12.5%; e—15%; f—20%
K9 AFEMKETR Ag/M-CF ) SEM K
Fig. 9 SEM images of Ag/M-CF under different elongation rates



%118

i, A IO BUAE S AL A e i PR 2L R AR

© 2247 -

Bifi 25 (A SR A B 0, 27 4 1 AR R A BT B 7%
BIVE X B K TR et 2, S
FARL, PERAR 2 A AR Rt i i 7, PR A &1 4
B R R T BT R R R, 24 Ag/M-CF
Wt PG, WAL A 4k e WA kLT, H
b BB A B 2 R R TEIRES

FE AT UL, frfisd 2 b Ag/M-CF YR T Jy BH
MUZERZF 5 sk, RIZFTEZ MR mE R,
26 MEMBESH

FHANEE R T2 MR T RE 45 R an &
10 fifs. ATLAAE M, M-CF 1 B T K IBFT
W, LA AT AN A BURA/EH , 1 Ag/M-CF J& [#
AU RAMEE, EAZN 1225 mm, 5 Ag/M-CF
A RAFPTRseR

Fl 10 M-CF (a) fil Ag/M-CF (b) X K FF i i i vk
Fig. 10 Antibacterial activity of M-CF (a) and Ag/M-CF
(b) against Escherichia coli

11 24 M-CF Fl1 Ag/M-CF 411 T P& 3z &b 41 T4 )
SEM A,

Bl 11 M-CF (a). PEHHET (b) MPEH 200 W (c) /Y
Ag/M-CF Il & i 4b 41 7 ) SEM &

SEM images of bacteria near inhibition zone of
M-CF (a), Ag/M-CF before washing (b) and after

200 washing times (c)

Fig. 11

WK 11a fis, M-CF AN SR S £, IF
HIER LMW, RoFss), wE 11b, ¢ i,
YETE 200 YKHT G ) Ag/M-CF B A4 K AU A R ~FH R

JEAR—, I H A SR TR B MR, AN R ARG
an/NEURL, ATREE R TARE N AW B B =4, X
& AR 2V R LR R A0 TR 1 A0 SR, T R K 4
Wo 34h, HpE I S, U 20 TR A AR K Az 3
TN, R R R RAFRIBCREER .
27 SHEBAYECBEEDRRIR A

O B 5 BB S O O R R ) 05 sl 1 0, B
AU SR A FL R P . QRS RN T % . PR [H]
W, QT [, PR BeAl ST PeBedl g™, FF gl
Pl O H BRI SRAE 7T LS 300 B s R N A
DR HR, B 12 & Ag/M-CF 1E .0 B LI,
BIEF BRI, TTLUE B, ERREETE
L L P PR AT LAWLES S QRS AT T 3, O HL K LT
WA, A TR e R B S 3. 6.
9. 10, 12, 14 km/h iz B3 B B (190043 51k 105,
114, 129, 148, 159, 174 bpm ( FR%H540 0 BK
B0, iz shE R, WE E R A BE 2 3
FE 14 knv/h BRSO s o A SRl 2 7 f
MLz = A e g I i . AR IEF R 200 K
J5 B BEREE , T AR B AR 5 VAT LA I,
Uil Ag/M-CF HL B R ARy e idcAa e v, A5
FHF 52O 3R W

a 3km/h 32 105 bpm b 3 km/h ;106 bpm
| | | | | |
| | | | | | |
6 km/h JLM%: 114 bpm 6 km/h >%: 116 bpm |
| | |
9 km/h JF: 129 bpm 9 km/h ;134 bpm
[ i i ' !
: I
10 km/h ¥ 148 bpm 10 km/h L 149 bpm
| | | | | | |
J !
12 km/h LN 159 bpm 12 km/h LN 159 bpm
| | | | | | | | |
’ I
14 km/h 33 174 bpm 14 km/h JM3E: 176 bpm
| | | | | | | | | | |
|

a—URWHT; b—TEMk 200 WS
K12 EEE A RS Sl R A 3]0 1B RO R
Fig. 12 Electrocardiogram and heart rate obtained from
volunteer at different speeds

3 #it

(1) FHI MPTS XUt AT He B e vk, F41
A=A B 4 77 sCTCRR R URE , il 4 th BT S Pr i



© 2248 ¢

A% 4m 4 T FINE CHEMICALS

%39 %

i A i A AR 2 A ( Ag/M-CF ),

(2) Xt Ag/M-CF i F i<t 2 Hh mT R 52 i o &L
RN R PAT THF5E . I SEM #8378 T ZU407 s 1)
B AE S R A R0V SE R IR R, Ag/M-CF 7E 06V
Bl Ak PO E U RO SR, RIS L
SEBR R B RE K o

(3) VETTE N Ag/M-CF # B4 BT IHH
PR, B2 b T TR TS BB 20 TR 2B K DL BB IR A0
e N

(4) Ag/M-CF JHF Ol the, Bl Wi 3 A
[z s B T 0%, HAR B R i Pk s R e ok
Ve 200 S5, A0 5 VR ETLT-AHTA .

SE Lk

[11  ZHANGJ W, ZHANG Y, LI Y Y, et al. Fabrication of a conductive
poly(3,4-ethylenedioxythiophene)-coated polyester nonwoven fabric
and its application in flexible piezoresistive pressure sensors[J]. ACS
Applied Electronic Materials, 2021, 3(7): 3177-3184.

[2] HUANG H T (¥¥%). Preparation of conductive cotton fabrics by
padding reduction of graphene oxide[J]. Fine Chemicals (K541 T.),
2020, 37(10): 2132-2137.

[31 GUO B L, MA P X. Conducting polymers for tissue engineering[J].
Biomacromolecules, 2018, 19(6): 1764-1782.

[4] LIU S Kb, SU Q C (HE%H), ZHANG D (5KJ}), et al.
Preparation of palladium-free activated nickel-plated conductive
cotton fabric and its conductive properties[J]. Fine Chemicals (fEZil
1610, 2021, 38(2): 329-334.

[5] BHANDARI YV, JOSE S, BADANAYAK P, et al. Antimicrobialfinishing
of metals, metal oxides, and metal composites on textiles: A systematic
review[J]. Industrial & Engineering Chemistry Research, 2022, 61(1):
86-101.

[6] TSEGHAI G B, MALENGIER B, FANTE K A, et al. Integration of
conductive materials with textile structures-An overview[J]. Sensors,
2020, 20(23): 6910.

[77 MAO Y, WANG W, YU D. Conductive,
electromagnetic shielding silver-plated cotton fabrics activated by
dopamine[J]. Journal of Applied Polymer Science, 2018, 135(42):
46766.

[8] CHEN LM, LUM Y, YANG H S, et al. Textile-based capacitive
sensor for physical rehabilitation via surface
modification[J]. ACS Nano, 2020, 14(7): 8191-8201.

[9T JIA L C, SUN W J, XU L, et al. Facile construction of a
superhydrophobic surface on a textile with excellent electrical
conductivity and stretchability[J]. Industrial
Chemistry Research, 2020, 59(16): 7546-7553.

[10] LEE J W, YUN K S. ECG monitoring garment using conductive
carbon paste for reduced motion artifacts[J]. Polymers, 2017, 9(9):
439.

[11] RAMASAM Y S, BALAN A. Wearable sensors for ECG
measurement: A review[J]. Sensor Review, 2018, 38(4): 412-419.

antibacterial, and

topological

&  Engineering

[12]

[13]

(14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

PENHAKER M, POLOMIK J, KUBICEK J, et al. Biopotential
conducting polymer electrodes design and realization for ECG
measurement[C]. Proceedings of the 10th International Joint
Conference on Biomedical Engineering Systems and Technologies,
Vol 1: Biodevices, 2017: 134-141.

NIGUSSE A B, MENGISTIE D A, MALENGIER B, et al. Wearable
smart textiles for long-term electrocardiography monitoring-A
review[J]. Sensors, 2021, 21(12): 4174.

ANKHILI A, TAO X Y, COCHRANE C, et al. Washable and reliable
textile electrodes embedded into underwear fabric for electrocardiography
(ECG) monitoring[J]. Materials, 2018, 11(2): 256.

QIN HM, LIJR, HE B H, et al. Novel wearable electrodes based on
conductive chitosan fabrics and their application in smart
garments[J]. Materials, 2018, 11(3): 370.

HE D D, QIN HM, QIAN LYY, et al. Conductive chitosan nonwoven
fabrics by electroless plating with excellent laundering durability for
wearable electronics[J]. Journal of Natural Fibers, 2022: 1-11.
WANG L, PAN Y, HE D, et al. Conductive polyester fabrics with
high washability as electrocardiogram textile electrodes[J]. ACS
Applied Polymer Materials, 2022, 4(2): 1440-1447.

WANG L, HE D D, LI J R, et al. Conductive cotton fabrics with
ultrahigh washability by electroless silver plating after silane
modification[J]. Cellulose, 2021, 28(9): 5881-5893.

DU P B, GUO Z G, LI Y H, et al. One-step anchored polymers via
phenolamine bionic design on textile-based heater for application in
personal heat management[J]. Journal of Applied Polymer Science,
2022, 139(17): €52021.

WU Z Q, YANG F, YANG J L, et al. Durable and flexible PET-based
bending sensor obtained by immobilizing carbon nanotubes via surface
micro-dissolution for body motion monitoring[J]. Macromolecular
Materials and Engineering, 2022, 307(1): 2100502.

CHEN F C, LIU H J, XU M T, et al. Flexible cotton fabric with
stable conductive coatings for piezoresistive sensors[J]. Cellulose,
2021, 28(15): 10025-10038.

KISANNAGAR R R, SINGH M, GUPTA D. Multifunctional, wash
durable and re-usable conductive textiles for wearable
electro/physiological monitoring[J]. Macromolecular Materials and
Engineering, 2021, 306(7): 2000804.

JIANG L H, HONG H, YAN X, et al. Facile thermoplastic
polyurethane-based multi-walled carbon nanotube ink for fabrication
of screen-printed fabric electrodes of wearable e-textiles with high
adhesion and resistance stability under large deformation[J]. Textile
Research Journal, 2021, 91(21/22): 2487-2499.

ZHOU Y F, LI W Y, LI L L, et al. Light weight and highly
conductive functionalized —meta-aramid

silver nanoparticles

nonwoven fabric for enhanced electromagnetic interference
shielding[J]. Journal of Materials Science, 2021, 56(10): 6499-6513.
NIU B, YANG S, HUA T, et al. Facile fabrication of highly
conductive, waterproof, and washable e-textiles for wearable
applications[J]. Nano Research, 2021, 14(4): 1043-1052.

SHEN W N (3t 3CF°), FENG L J (B$if%), LEI A L (FBA)), et al.
Preparation of ultra silver peroxide powder and characterization[J].
Rare Metal Materials and Engineering (%3 43 )& # #15 T.2),

2011, 40(S2): 31-35.



