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Self-healing Flexible Electrodes Based on Carbon Nanotubes/ Polyvinyl Alcohol

XIA Yueran, LIU Caixia, MA Fei,ZHANG Jing
(School of Physics, Hefei University of Technology, Hefei 230009, China)

Abstract; Carboxylated multi-walled carbon nanotubes (CMWCNT) were obtained by subjecting multi-walled
carbon nanotube(MWCNT) to reflux acid treatment. Then, CMWCNT were combined with polyvinyl alcohol(PVA)
to form multifunctional conductive hydrogels. The multi-complexed and entangled PVA chains.and the presence of
active groups(carboxyl groups,etc. Jon the CMWCNT surface after treatment enable it to form extensive hydrogen
bonds with PV A, completing the preparation of the hierarchical network of CMWCNT-PVA hydrogels. Finally, the
preparation of CMWCNT-PVA self-healing flexible electrodes was completed by screen printing CMWCNT-PVA
has low resistivity (35. 1 S/m), high mechanical strength(2 000 cycles of bending),and self-healing properties of
about 10 seconds In the circuit after healing, it can maintain excellent conductivity and stability even under large
deformation. Through the design of flexible circuit, the preparation of light-emitting diode array is completed,
showing HF light-emitting pattern. The self-healing flexible electrode provides a new strategy for the development of
flexible circuits, which is of great scientific significance for expanding the application of electronic skin, soft robots
and wearable devices in human-computer interaction.
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1. 4 MWCNT-PVA KBr . .
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5 mg/mL , L5 3
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CMWCNT 23 1% FTIR . 1 .
, 1(a).(b).(¢c) CMWCNT SEM
CMWCNT-PVA . EDS . SEM ,CMWCNT
L5 ,
L5 1 . 1(a)
©) C.0 S C))
1 CMWCNT (a)EDS ; (b)SEM i (c) ; (d)CMWCNT

Fig 1

(a)EDS elements analysis, (b) SEM image, (c) Elements content and (d)Infared spectrogram of CMWCNT
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Fig 2 (a)Dispersion of MWCNT(left) and CMWCNT (right), (b) . (c)Principle of CMWCNT-PVA

CMWCNT

o

CMWCNT

3

b

24 h
2(a)
2(a)

AQ)

CMWCNT

3

)

’

0,



72 12

91% , ,
CMWCNT . .

CMWCNT .

23 1% (351 S/m),
CMWCNT 23 1%
CMWCNT-PVA .

CMWCNT-PVA

b

. CMWCNT-PVA
3 CMWCNT

4(a) , 0~180°
Fig 3 Effect of weight of CMWCNT on electrical
properties of electrode A(b) ’ 78° ’
PVA , 17 mA o 78° s
; 4 8% , , , ,
CMWCNT , s s
CMWCNT , s s ,
CMWCNT ) CMWCNT ) 4. 64 mA,
. 0. CMWCNT .
4 (a)CMWCNT-PVA ;(b)

Fig 4 Physical picture of CMWCNT-PVA electrodes with different bending angles; (b) Electrode changes with the bending angle
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, PVA CMWCNT-PVA
) CMWCNT-PVA
5(a) ; CMWCNT-PVA ,
, 5(b) ; 50 ,
S5(Ce) s
’ 5Ca) ’ H
’ 5 (C) ’ ’
i 5(h 5( ,
CMWCNT-PVA ,
5 CMWCNT-PVA . (a) ; (b) i (c) :(d) SEM ( 100 pm, 50X),
(e)<(f).(g) SEM ( 100,40 10 pm, 50X.500X 1 000X)

Fig 5 CMWCNT-PVA Self-healing electrode(a)Before cutting; (b) After cutting; (c)After healing; (d)SEM images before

electrode cutting(line width 100 pm, magnification 50 X); (e), (f), (g) SEM images after electrode healing(line width 100,
40 and 10 pm,magnification 50 X,500 X and 1 000 X)
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) 8 mA N
; 35 2's
16. 6 mA, )
CMWCNT-PVA ’ 7 CMWCNT-PVA
10 s, 77. 2 ~88 2 s,
10 s, Fig 7 CMWCNT-PVA Self healing electrode cycle bending

times and current variation curve

7 , CMWCNT-PVA
78° ,
1 000 ,

6 CMWCNT-PVA

b o

23 CMWCNT-PVA

Fig 6 Current variation of electrode cut-off self-healing process

, CMWCNT-PVA
1000 78° (LED) ,
,1 000 , , 8 . . LED
1000 78° , 3 LED
, 20 s ,
- ) 7 o , LED o
8 LED :(a) ; (b) ;(c) ;(d) s (e) i

(f)
Fig 8 Physical diagram of electrode with LED patch circuit: (a) Before fracture; (b)Before fracture; (c)After fracture;

(d) After healing; (e) After healing, the power is turned on and not bent; (f) After healing,the power is turned on and bent
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Fig 9 The self-healing flexible circuit connecting the LED matrix: (a), (b)Before and after power on; (c)The electrode is slightly

broken; (d)Healing after fracture; (e)The circuit is twisted after self-healing; (f) The circuit is wound on the finger after self-healing
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