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Abstract . Self-healable conductive elastomers have found great application potential in wearable devices. However, most of current
self-healable conductive elastomers are difficult to combine high conductivity and good durability. A micro-structured bilayered
conductive coating ( Ag/Si0,/B-BZn-PDMS) was fabricated by sequentially constructing microstructure and metal conductive layers.
The self-healing elastomer was prepared with boronic ester/coordination dual cross-linked network (B-BZn-PDMS). B-BZn-PDMS has
the ultimate tensile strength and strain ratio at breaking of 0.52+0.05 MPa and 98 £ 5%. The self-healing efficiency at room
temperature for 6 h can reach to 98. 1%. The bilayered conductive structure exhibited good conductivity (R=4 ). After 11 times of
strain cycles, the good conductive performance was still remained. Moreover, after self-healing, the conductive performance of Ag/
Si0,/B-BZn-PDMS can be recovered at room temperature after 20 min. The self-healing efficiency was above 93%. Overall, a new
idea is proposed to construct flexible durable conductive elastomer by introducing self-healable silicon elastomer and rough structure and
a route is provided to conductive elastomer with low cost and high performance.
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Table 1 Test materials

Materials Manufacture factory
Octamethylecyclotetrasiloxane Aladdin
Hexamethyldisiloxane Aladdin
y—aminopropyl methyl diethoxysilane Aladdin
2—formylphenylboronic acid Aladdin
3, 4-dihydroxy benzaldehyde Aladdin
Slica nanoparticles Aladdin

Zinc chloride Chengdu Kelong

MgSO, Chengdu Kelong
Tetrahydrofuran Chengdu Kelong
Ethyl alcohol Chengdu Kelong
Ag target Zhongnuo New Material

4-TEFEIR IR =W BE (B-B) . 3,4- " FRHIK
T (0.40 g),2- HEESL KA R (0.44 ¢), ToK
MgSO0,(0.44 g) , PUE LM (20 mL) % A 50 mL %8
PR AT R IR A N RN 24 he B0
WU VS, BEZE S E 50 °C F H28 TR 3 5k 0,
EIE%NS

RN - R ZH LRSS (AP-PDMS) <\
P EEFA O ik 480 %5% (50. 02 g) ,3- A NI (2R
F) FIERERE(14.30 ) , NHZE T RESASE(1.04 g)
T H LA ( DMSO, 0. 20 mL) , KOH (0.095 g) Al
H,0(1.50 mL) £ 100 mL FEEH IR A, FEAS
WEEh 90 C T RAHTE 4 h; b5 7E0UE 60 °C
ST BR LK, B IAE 90 C F HiHE 6 h,
TE % 25 R R R, S W T I AE 50 °C TR FLas T
AT (65 g) o

TR i A 52 156 Y 38 7k 4R e 19 & A ( B-BZn-
PDMS) . Bt AP-PDMS( 1. 00 g) , 2+ #(F] 10 mL AP
kg A B-B(0.019 g) , CHO-BZn (250 uL.) ,
FEOTIR G, B T AT VA AR = R R B R VR 2 M
(PTFE) (7 emx5 em) b, #E 12 h, 28BS TE %
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S PR AR B 45 ( Ag/Si0,/B-BZn-PDMS) ;
B 7 ~40 nm FIBKAK Si0,(0. 1 g) , 4383 10 mL
F14) DY) 4 WK R 95 ¥ P, AL AP-PDMS (0. 10 g) , B-B
(0.0019 g) ,CHO-BZn(25 pL) , 840 M7 2 1% K IR
A BB 4 B B-BZn-PDMS BAPE K 26 1, B804 I
AR R B RE ) ~20 em, K JE N 0.3 ~0. 4 MPa, 1%
W2 803 R EERAF TR 6 h, K &AL
ik 3 (Si0,/B-BZn-PDMS ) ‘& T 728 1 5 1 %= v
Pl e B 2R 60 W, T/EE 1.0 Pa, JUALAT [A]
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Fig. 1 Synthesis of the B-BZn-PDMS elastomer

2 12° £ 3
s g ‘ Gy
9 2 o - 1 3 ¢ ”°,ut°"
Z 2 5 . \@ s z o
: : e : MO
5 = ? =
| /\I‘L‘
J ] A 1 j. l .
3 2 1 0 12 10 8 6 4 2 0 10 8 6 4 2
Chemical shift /10 ¢ Chemical shift / 10 ¢ Chemical shift/ 10 ¢
(a) AP-PDMS (b) B-B (c) CHO-BZn

& 2

JEORH AR & W B R A I S
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Fig. 3 FTIR spectra of AP-PDMS and B-BZn-PDMS
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Fig. 4 Stress-strain curves of different proportion B-BZn-PDMS under different repair time
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Table 2 Structure and properties of the B-BZn-PDMS

Sample B-BZn- B-BZn- B-BZn-
PDMS-1 PDMS-2 PDMS-3
B-B/CHO-BZnmole ratio 1:9 2:8 3:7
Tensile strength/MPa 0.52+0.05  0.54+0.05  0.62+5
Elongation/ % 98+5 95+5 77+5
Self-healing efficiency/% 98 72 62.9

P BPEAR B-BZn-PDMS M o (8] 41 0y | 154 455 1
X8z B — B a] 5 A& 5 0% S AR AT B mT iy
PEfig, AMBE ML LKW, B-BZn-PDMS -1 [1&
SRR, 6 h 1552 5] 98. 1%, Wi 545 & Pk & 51|
0.51+0.05 MPa, B R IEH 3 94+5%, 12 h
FIEERUR S 6 h JEAR—E, B-BZn-PDMS-2 552
24 h B RCRTTIA 72% , Wids BB 2 5] 0. 39 MPa, K7
S R 1B 5 5] 86.4%, 1 B-BZn-PDMS-3 154
PERE e 22, 24 h 1B K RN 62.9%, Wi 2458 JE Ny
0.39 MPa, Wi iR Ny 28.4%, "TLIEH, HE
CHO-BZn B {vi4d A3 22 | U2 Bk 1) 38 ek S Joe sif A
B R B R PEBE R kAT, B-B AL i
e T PR 2R 5T CHO-BZn #2551

(CE-Reai-h

A HURE SR R U BOAE T I R JR B A
WRE X RIR 2 I A B R PEREIE T 4R,
FHFAR TIN5 AR 2 | 3 5 5 4 i 4 T g
SPE{K B-BZn-PDMS 7£ 2 2| X4 )5 27742 10 pm
MR, A 2R 45 R 1B & 20 min J5, 0 AR
& W ALEAEE PDMS 8 2 [FIRE R TR TR 5
2774 30 wm RIR 182 — Beit a5 45 DA ek
WA (ES), X —45 1R, K B-BZn-PDMS
S 9 B 52 AN SR 3 g L ] S LY TG S 7 S I
S0 RREE LT 1A R Bh A 4 e (o 5 A Sh A0
FRTRSE S, XSS ITE IR T &
ARl AR e, w] A4S AR ER A i EL R T sh AR
FAPERT, B-BZn-PDMS 7] LS Z B
2.3 SH#MEK Ag/Si0,/B-BZn-PDMS )R AE

XACHR R A FUe MK ( B-BZn-PDMS ) HA
SR EERE M BB ERE, A T SR T
O NNy R N T TR WA - =R ) o=
TR AR S e R ) B R R B S 4 R
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Fig. 5 SEM images of B-BZn-PDMS and PDMS after repair
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(a) Preparation of Ag/SiO,/B-BZn-PDMS conductive elastomer
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(b) Photo of Ag/SiO/B-BZn-PDMS  (¢) SEM image of Ag/SiO,/
B-BZn-PDMS surface
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Fig. 6 Preparation process and surface morphology of
Ag/Si0,/B-BZn-PDMS conductive elastomer
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Fig. 7 Resistance response behavior of Ag/Si0,/B-BZn-PDMS

under tension/bending
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Fig. 8 Effect of rough structure on the tensile

morphology of elastomer

PE— %28 Ag/Si0,/B-BZn-PDMS 1 5 H, [ 1&
EERe. KT A B E MK Ag/Si0,/B-BZn-
PDMS 5 &6 AT B, &6 A BN 5t
PRIt HLBE R 4 FFFA JT AT s A o ) 5 4

VW, H B AT VAR K (B 9a) o K S P i
Ag/Si0,/B-BZn-PDMS 14 11 58 42 X 5% 5 % H 46—
&, LED 8 5 5%, B S AR I A FE , A B 3
LED iR K, 2 i T F 2R EE, &
B EZSR)REMA SN, EERAMTEE
20 min J&5, 5 LSRR AR 1 T PR BE AT DR BEARE L AT
5 )5 B — R PR S 3] ~ 4.3 O, g TR Ak
ARV B RBERIRE] 93% L F (18 9¢) .
2 )25 BB S SRR & 2 00 0 R FE T 3
fig: O A5 S AVE AT Rk [F e A B R
T REPRAIE-T HLPERE A A6 0E 1 s QKR T 2 IR T %
THVRLBE 25 48] A R TR OB AR 22 19 5 FL B DT
RGO T S F T R i BT (A SRR B A
B AT I s AR 2 T SR AR S P, X — 4
PR Ay B P e S A T A 4 0 T AR

3 4

FE T HHRE 45 K FORUSS 166 M 2% 25 M R 22 )2 A 18
RS e e N S e e N AR e i
RS, M ARG s 3R AL TR T &, RS
e

(1) B M 3 5k 20 A0 15 P 46 s T o7 5 LS8 R
W2 A 3 18 52 A HLEE B 1A ( B-BZn-PDMS) 1Y 3
W&, W58 % B B-BZn-PDMS A EA %5 i 9 0 17 53
&, RIB AT 7R = T Ak A B R

(2) B FHIRE SRS WE A, 38
WEREEEER S, &2 2B SRR
RV . SRS JEAE EL X — 5 B AR 25 15 B
A, S MEREA Y, BT —

(3) Lk B-BZn-PDMS b £ filf, 25 & UK G0R R
SHLZERY | H B I Ag/Si0,/B-BZn-PDMS 4 Hi, #ift
PRI, Z SRR R B R AF R M, W 452
SRR RS E B E R ERE . X LT AR

4 Cutting

Sout

(a) Photo of Ag/SiO,/B-BZn-PDMS
access circuit lighting LED lamp

(b) Photo of open circuit after
Ag/SiO,/B-BZn-PDMS cuitting

Self-heal
for 20 min

e et Techaolony

(c) Photo of LED lamp relighting after
Ag/SiO,/B-BZn-PDMS repair

K19 Ag/Si0,/B-BZn-PDMS S:HLPEREME S I,
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