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Abstract: Graphene oxide (GO) was used as a nanofiller for enhancing the toughness of poly(vinyl chloride) (PVC). GO
was synthesized from graphite by Hummers method, and it was added to PVC to prepare PVC/GO nanocomposite films.
GO and the nanocomposite films of PVC/GO were characterized by using various instruments such as FTIR spec-
troscope, Raman spectroscope, TGA, XRD, elemental analyser, drop shape analyzer, and UTM. The synthesized GO con-
tained sufficient amount of oxygen-containing functional groups. Nanocomposite of PVC/GO was formed with the aid
of intermolecular interaction between them and GO loosened PVC molecular chains, which improved the toughness of
the composites. Regarding toughness improvement of the nanocomposite, the optimum amount of GO content was
0.3 wt%. However, the toughness of the composite was rather lowered if the nanofiller content became more than
0.5 wt% due to the aggregation of the nanofillers. When GO was used along with a plasticizer of bis(2-ethylhexyl) phthal-
ate, the toughness of the plasticized PVC was also improved.
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Table 1. Surface Free Energies of Water and Diiodomethane

Liquid Y. (mN/m) 1.4 (mN/m) 1.” (mN/m)
Water 72.8 21.8 51
Diiodomethane 50.8 50.8 0
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Figure 1. (A) FTIR spectra; (B) Raman spectra; (C) X-ray diffrac-
tion patterns; (D) TGA curves of (a) graphite; (b) GO.
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Table 2. Elemental Analysis of Graphite and GO

C/O
atomic ratio

Graphite 99.65 - 0.12 - - 830.42
GO 5125 212 36.19 1.19 1.83 1.42

Sample C(%) H(%) O%) N(%) S(%)

ATh? TS Figure 1(D)2] TGA €3l F4& BH
e L= STl wE FA At A gAIT §F
GOT 135°C 2ol a7 Al&ks] o] 200 °C 7
Agk FA 77t dojytt). o)= 4kste) sl A4
- &5717F CO, CO, ¥ =2 #3|57] wjZo]
™, 250 °C7FA] °F 33.7%°] FAIZF Ak & 1 o] &
TojlM= et el A YeRATH

Table 2= ¥ A-Fo|A 283 S 2 IS GOl &
4 A3E JeRd Aotk 51 99.65%7F BHAR o] Fo]
A Q= vk, GO= B 51.25% o2ol] A4 36.19% 2
Zgfo] S A, 3 YA} 28 o] Yk, Hummerss EF
2 s AR FAN] 2255 AAISEL Y], 2 Ao
T GOE Ba/AtA A FAM|7E 1428 o] K} #o}
A A S Z2 Hummers7} AASE AH L} 4hA 4R} ghego]
Bt ols B Aol S Goell 4t g Fs717F &
3] ZFEo] g YERTE GOdll 23 Ao} & ¢
A= A Al ARRSE AARFEF I SRl o8 RS A
2 g

PVC/GO LI=S&He| 7[AIX MA. Figure 2= & &
o2 A3 PVC €53 PVC/GO E8A 252 59
APE F4E Yepd Flolt) 3 PVCE 2719 &4
AES Holt} dE-S Ay &4 MEE gtk PVC/GO
A= s PVCE frAKSE B84 AsS BolA|Rk
GO gHFo] 0.3 wt%2! 75~ PVCel vls) =233} wks
5+ 3718 GO &l 0.5 wi%l! 7% PVCHUE $
=75 &2 gho] 0.3 wt% WETE wom, GO
FFol 1 wi%= U WolWd 53¢ kg8 PVC K
T SolAth PVC/GO B39 sl =E GO gao)
0.3 wt%2l 3% = PvCel B3l <F 52% o & #S UEl
Wt olo] wat A& o2 PVC/GO WeE-3H] o] 214
& =5 PVCel| M3l oF 58% F7kaklTh A o] Fekal
T GO &3ol 03 wt%d o FHizke JYellile, GO
ol 0.5 wit% ooz FH IHAE gho] oL B} A
Sl 1 wit%el 739 <25 PVCol Blal oF 84% U ZHe kS
vehfio] Azt oz B3] 1ol oF 82% 7HAsiGith.

Figure 32 GO S 228t PVC/GO B34 IE2] GO
o] W oy 7HK] AAEES] WelkE YeRd Zlolth
Figure 3(A)2] I8 ¥3lE H¥ GO 7ol BolAH
U294 9] g8 GO &3 0.3 wi%d w7kA]
= R STl 1 o3 gelME T fhAeke A

it 2 ox Jdob nS
i

r>~—>’:r-|—['

—_L
=]
e

oo

e

lo ¢

°]
o]

oo R
s td

L_z



ER)HsId AR 2 e B EEe] Al 2 54 24 579

70

60

]

50 \ f)

\ b}
T p——— m— -

40 ==(d) (a)

30

Stress (MPa)

0

0.0 02 04 0.6 0.8 1.0 1.2
Strain (mm/mm)

Figure 2. Stress-strain curves of PVC/GO nanocomposite films.
GO content (Wt%): (a) 0 (neat PVC); (b) 0.3; (c) 0.5; (d) 1.0.
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Figure 3. Changes in the tensile properties of PVC/GO nanocom-
posite films according to GO content: (A) stress-at-break; (B)
Young’s modulus; (C) strain-at-break; (D) toughness.
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Figure 4. FTIR spectra of PVC/GO nanocomposite films. GO con-
tent (wWt%): (a) 0 (neat PVC); (b) 0.1; (¢) 0.3; (d) 0.5.

¢

= Aol STIsIt7E 1 o) de] FapelM= st ol
|4 Adrg gt ule} 7Ho] GO T 0.3 wi%d W7Al= 3¢
I s B S7kel7| wiitelt). oA GO #
ZS7Hl w2} ol A= Qo] SUkekaL, U T
Pde] =W Qo] ks WS gotry] S8 pveet
GO7Zr BEA7F Aa 283 PVC WollA GOL] EAHdel ths)
ik R It =

PVCe} GO2| 2XtZt ASEE. Figure 4= §9 E3HY
o2 A3 PVC ZEF PVC/GO B3 ZE2] FTIR &
HEYEolt}, &5 PVC 52| FTIR 2 ERS W, 2965
o} 833 cmo ZHzt -CHCI-2] C-H 4153153 C-Cl 4153
ol o8t EAuErt YeRdt > PVC/GO B3] 252
3000 cm™ 2ol A YERE C-H AE31F0f 23 wi=g]
A7} == PVCE Hlawste] & Aol opA|Rk ok w2
o 0= olFet 1S & 4 itk o]ys C-H =S W
2 9rR 9 o5 C-H Atele] A% o| st 718 Ye
e, o= PVC &2 A3H Wt e dvs 744

ot (L dor
oo 2
1B

o

Zay, Al4338 A43, 20193

A7 - s

2980
=7 2960 1
e (a)
—3 ]
2 2940 4
=
[
& g b
e it
T
3 8404 (b)
§ [ VR S = a
&
= 820 4

800 .

0 1 2 3 4 3

GO content {(wt%)

Figure 5. Changes in the band positions of (a) C-H stretching of
-CHCI-; (b) C-ClI stretching from FTIR spectra of PVC/GO nano-
composite films according to GO content.
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Figure 6. Water contact angles of PVC/GO nanocomposite films
with various GO contents. Wetting liquid: (a) water; (b) diiodometh-
ane.
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Figure 7. Changes in the surface free energies of PVC/GO nano-
composite films according to GO content. Surface free energy: (a)
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Figure 8. X-ray diffraction patterns of PVC/GO nanocomposite
films. GO content (Wt%): (a) 0 (neat PVC); (b) 0.1; (c¢) 0.3; (d) 0.5;
(e) 1.0.
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Figure 9. (A) Stress-at-break; (B) strain-at-break of (a) PVC film;
(b) PVC/GO(0.3 wt%) nanocomposite film containing various plas-
ticizer (DEHP) contents.
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Figure 10. Toughness of (a) PVC film; (b) PVC/GO(0.3 wt%)
nanocomposite film containing various plasticizer (DEHP) contents.
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