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Prepar ation of semi embedded silver nanowire composite
transparent electrode in room temper ature solution
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Abstract: A one-step resistance reduction process of polymer solution at room temperature was developed,
by which hydroxyethyl cellulose (HEC) solution was coated on the surface of bare silver nanowire
electrode to prepare cellulose-silver nanowire composite transparent electrode. The surface morphology and
properties of electrodes obtained were characterized and analyzed by SEM, AFM, UV-Vis and sheet resistance
test. The results showed that the initial sheet resistance of the electrode was reduced from 27.0 Q/sq to
14.0 Q/sq, and the transmittance was 87.7% when the bare silver nanowire electrode was coated with HEC
solution at mass fraction of 0.50% (based on the mass of the solvent). The nanofilm formed by HEC solution
reduced the surface roughness of the electrode while showed little effect on the transmittance of the electrode.
Moreover, the composite electrode exhibited excellent chemical stability in the 12 d accelerated degradation
test, and its resistance changed by 1.36 and 1.46 times of the intial value, respectively, in 2500 internal and
external bending tests, which was much smaller than those of the bare silver nanowire electrode.
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Fig. 1 Diagram of preparation process of HEC-AgNWs-

PET composite transparent electrode

1.3 SRS MHEEENK

SEM FfiF. fnwie 3 kV, EDS M3k ik
HLE 20 kV., AFM: 47 20 pmx20 pm, UV-Vis
M : DL PET #6025 AR, BT 300~700 nm,

)2 L BE UK . P e r BEL 0 3 S e AR
FESL 4 D FTE LS RS 5 AN, BUOLFIME
FEL Pk 2 PRIt o AR TR R R AR (70 °C
70% RH ) H, AR AE R — DX 88 o8 e e BE I 304
M 1 R Z BB, PUBEE RIS  E
(10 cm x 10 cm )TN 5 cm x 10 cm FIREE S,
FF 7 R IO 2 1) R ot U b 5 R SRR T R K
FELRH, A FH e LR 00 A o i1 7 25 A L
FLN Y ELZ AT R s A%y 2 Hz, TR 25 i



© 1598 -

M 4m 4 T FINE CHEMICALS

%39 %

2425 10 mms,
2 #R5itiR

21 RIRERIE

FH SEM AR AR I IE S UEA T 3R A, 455 WL
2a. bo ATLLE W, WECh AL, AR RKE
7E 100~170 pm, EA27E 80~160 nm. [a]ff %4 44K
LT EDS M, Z5 R 2¢, Hh Ag ik A
FHRYPIKL; C. N, O JTLEK A THRIIKL Kz
BB REY PVP; SiJtZE Kk H T I,

—= AT
8 - LR HAY /%
g C 3339
=< gt
X N 5.28
s 0 3348
ﬁ 4t Ag 2785
S E—
2|y e
Ag Ag
0 2 4 6 8 0 12
Xk R R /keV

E 2 BACKKIEMER (a) FIEMRAR (b) FH SEM
E L} EDS #£& (¢)

Fig. 2 SEM images of AgNWs at low magnification (a) and
high magnification (b) as well as its EDS spectrum (c)
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Table 1  Sheet resistance of electrodes before and after coating with different mass fractions of HEC solutions
1# 2# 3# 4#
W(HEC)/%
Ry/(Q/sq) R/(Q/sq) Ry/(Q/sq) R/(€/sq) Ry/(Q/sq) R/(Q/sq) Ry/(€/5q) R/(Q/sq)
0.25 100.0 95.0 45.0 43.0 27.0 24.0 12.5 12.1
0.50 100.0 46.0 45.0 29.0 27.0 14.0 12.5 8.7
0.75 100.0 — 45.0 210.0 27.0 80.0 12.5 42.0
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PET 245k (d) 9 SEM &
Fig. 3 SEM images of AgNWs-PET electrode (a), HECy »50,-AgNWs-PET composite electrode (b), HECy 500,-AgNWs-PET
composite electrode (c) and HECy 750,-AgNWs-PET composite electrode (d)
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Fig. 4 AFM images of the surfaces of 1#~4# bare silver
nanowire electrodes (al~dl) and their corresponding
composite electrodes (a2~d2), and diagram of
root mean square roughness comparison (e)
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Fig. 5 AFM cross section height images of bare silver nanowire electrode (al) and composite electrode (b1l), measured
height of the nanowire (a2, b2) and their corresponding 3D topography photos (c, d)
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Fig. 6 SEM images of bare silver nanowire electrode (a)
and composite electrode (b); Schematic diagram of
resistance reduction effect of HEC solution (c)
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Fig. 7 UV-Vis absorption spectra of 1#~4# electrodes before
(a) and after (b) HEC solution treatment; Comparison
of transmittance of electrodes before and after HEC
solution treatment (c); Relationship between transmittance
and sheet resistance of the composite electrode (d);
Digital photo of composite electrode and PET film
(e); Digital photo of 4# composite electrode under

the square resistance tester (f)
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Fig. 8 Relationship between sheet resistance of electrode
and time (a); SEM images of bare silver nanowire
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Fig. 9 Cyclic test curves of electrode inner bending (a) and
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