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Abstract: Silver nanowire (AgNW) is an excellent electrically conductive nanofiller having high purity and high aspect
ratio. In this study, we prepared the nanocomposites composed of polystyrene (PS) and AgNWs by coagulated pre-
cipitation and investigated their rheological and electrical properties. AgNWs used in the nanocomposites were syn-
thesized by polyol method, where the average size of the AgNWs was 110 nm in diameter and 35 pum in length.
Rheological properties of the PS/AgNW nanocomposites were analyzed with complex viscosity and storage modulus.
The rheological percolation threshold showing distinct change in microstructure was AgNW 0.50 vol%. This micro-
structural change can be attributed to the network formation between AgNW-PS chain and between AgNW-AgNW. The
electrical conductivity was abruptly increased by forming network structure between AgNW-AgNW with increasing
AgNWs. Electrical percolation threshold was 0.54 vol%, and the conductivity was as high as 10° S/m at 2 vol%.

Keywords: nanocomposite, silver nanowire, rheological properties, electrical properties, percolation threshold.
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Al & TZ. AgNWe] S 918 A|2FSE silver nitrate
(AgNOy), polyvinyl pyrrolidone(PVP) (MW=1300000 g/mol),
copper(I) chloride(CuCl,y= Sigma-AldrichollA] +¢]3sfe] A}
B3I5th FAS 91 vg viE 2= gl 2TE(99.5%,
Samchun Chemical)S AFE3FI, Al 2 AA)S 913 &
2= S/FTe} oblES ARSI PS/AGNW W59}
ANE AxE 93 EYE FARe d8] R AlFEe
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Figure 1. Time evolution of UV-vis spectrum showing the forma-
tion of AgNWs with reaction time.
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Figure 2. SEM images of purified AgNWs synthesized by polyol
method: (a) purified AgNWs; (b) magnified image showing AgNW
diameter.
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Figure 3. XRD pattern of AgNWs synthesized by polyol method
and corresponding crystallographic planes to FCC crystal structure
of silver unit cell.
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Figure 4. TGA curves of AgNWs synthesized by polyol method
and PVP.

PS/AgNW Lt'=S8iA 2o RHEM. Figure 5& Az
PS @ PS/AgNW B3 ge] v S FE-SEMOE &
A5k Alzlolth. AgNWE H7FsHA] 92 =4=¢F PSe| stk
HI AgNWE 1 vol% H7FE Wh=EdAl 5.9 ahehd AR
S v 2 AgNW7} PS vfEZ 2 Aol vlwd s}
A A S d AUtk AgNW7L viER 2 &o 1}
23] e I, v AekE ohE, AgNW7F 38 U 2}
= 58 HET AR dn BAHE SEAQ Fgo
) thedele] BA AEE Hol FE Ao|mg AF A
o thek AgNWe] A4S 31t F a7t 9tk ol 4]
PS/AgNW W=B-87)5e] s 548 vzt §
AA LA HRAES] e H7k

FSHAA ] A
Ao wEl Gk wora A7 AAd] AA FHA B
S Hrkshs A #E 28T 4 UTh Figure 62 AgNW

o 3] ME B JAEL B4 HES UER gz
ojth. AgNWe| o] Z71845 B4 A% pre F7fst
), 53] AFukroA F438] 718t ATt &5 PSO
97 At 7= (zero-shear viscosityy= D3 -8 YERNE
T8 HEHA (Newtonian plateau)2 Hol=H| B3, Ux=E3t
ANEE AgNWE A7l we} 712717} 7HkEA] dss)
3 Aok TRAL] EAMdo] $EE A%l ATE &
24 eI} e BAEEE dre] FAT A4s A%
2 BAAAS d =8 4=l o3 e Fulert S
ol wet s EER IFpii s HEAOE njEYA
o] Hzol] sl Atk AFurollA oleigt o] Al

Ehte S g S (yield stress)ZHe #Ho] ok
g2 iz wjE 2ok v e k] A5 Ag, S
Ex o] @A} AE Yieg e 7ke] 53R v

¢

2 e T
oo

==

T



A7) g ERElRl e tinstolo] WieEg R Al ¥ =4 659

SEI 15.0kv  X10,000 WD 14.9mm 1um

(a)

SEI 15.0kY  X10,000 WD 14.9mm 1um

(b)

Figure 5. SEM images of fracture surface of PS and PS/AgNW
nanocomposite specimens: (a) PS unmodified; (b) nanocomposite
of AgNW 1 vol%.
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BT

107
—@— PS unmodified
—— PS/AgNW 1%
108 —A— PS/AgNW 2%
g —0— PS/AgNW 3%
a
2 108
‘®
Q
o
L
= 10¢
[}
a
g
O 108
104 “rrr— e —

10" 100 101 102
Frequency (s™)

Figure 6. Complex viscosity of PS/AgNW nanocomposites depend-
ing on AgNW content.

108

105
©
e
3 10
)
B,
o]
€
(0] 103—:
j@] E
© E
S ] o
) 1 —@— PS unmodified
102 4 —— PS/AgNW 1%
3 —A— PS/AgNW 2%
] —0— PS/AgNW 3%
10" 4+

10 100 10° 102
Frequency (s™)

Figure 7. Storage modulus of PS/AgNW nanocomposites depend-
ing on AgNW content.
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Figure 8. Effect of AgNW content on the storage modulus of PS/

AgNW nanocomposites measured at @=0.03 s™. Solid line repre-
sents a good fit to the power law relation shown in equation (2).
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3te] 73k PS/AgNW U §A 2o 774 dAsEs
0.54 vol%eol] EAIeh= A0 2 JERITh AgNWE 21717 ¢
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Figure 9. Effect of AgNW content on the electrical conductivity of
PS/AgNW nanocomposites. Solid line represents a good fit to the
power law relation shown in equation (3).
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