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E5: TiO, WeYPA7t 71231 poly(vinyl chloride) (PVC)2] 71413, 87 EAd)] nx]= JFS A8 7}
23hE PVCE AlZbo] Aol mt 7HeAl7 82 EHA Z1A13 B¢ A5k op7|git). o]2igh 71A1A &3] A
3k 7148 flsiA PVCe] B4 B 7ERAle] 8F AIE FHATIA PVOTIO, EJARE Alxsitt. 7k
A= di(octcyl phthalate), di(octyl terephthalate)2} di(octyl maleate)S AR&-3led PVC/TiO, BEFAEE o|EFUE7]
£ ol&sto] Az HEAES] 7IAF 54, €4 5A4E BAsIslen, kAl 824 o3 XPS,
ASTM "WHHE AR&-ate] S48

Abstract: The effects of TiO, nanoparticles on the properties of plasticized poly(vinyl chloride) (PVC) were studied.
Plasticized PVC causes a deterioration of mechanical properties and plasticizer migration over time. To solve this prob-
lem, PVC/TiO, composites were fabricated for improving its properties and preventing plasticizer migration. PVC/TiO,
composite samples using di(octcyl phthalate), di(octyl terephthalate) and di(octyl maleate) were prepared by twin-screw
extruder. Mechanical and thermal properties of composites were analyzed. Migration and exudation behavior of the plas-

ticizer was measured using the ASTM method and X-ray photoelectron spectroscopy (XPS).
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Poly(vinyl chloride) (PVC)= H-EH 02 A= LEA}
24 7H o] s Wsleld, 71714 = B 7kdel ¢
Tt 2L, S, S8 T, JlEHIEe] 5 oY AR
ofel] ARE-E|SL St} SHAINE, wrapolut 9]FE T Toll 2
ol 94 PVCe F9g BAS dHalF7] 98 7HAlE
@o| A g-sk=t], =2 phthalateA] 71447} Zo] ARgHTE!S

PVCel 7Hd o] AME-5= 714A| = di(octyl phthalate)
(DOP)°]tt. DOP= 3843, 7HAd, &4 F°l F-FsARE,
S, A7) At B WEE Al B 7S el
sle] QAN ot VA= HERA wRHEERE AP
B2 S7l AR A=A gl o= g DOPE] ZHA
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Figure 1. Chemical structure of poly(vinyl chloride) and plasticiz-
ers.

HFHZA S 7 HEA, Bobgeln 2o FAS us B
o] Bxsly FH UAtSo] Ut iaAlE e 24 Ba)

o|BE Uizt EXst A%S THe ¥ A= 4
A A TiO= 574d0] flo] 273 1Ao] Fafiabm,
o] Fl 714l AHste] 7 de 2ole g
AA| 5 shtelt.

E A= PVC 712A] & 953 9= e A
S 2 dedZl phthalatedl 7+4A] 1 DOP<} di(octyl tereph-
thalate)(DOT) 22 3. non-phthalate] 7}2#] <1 di(octyl
maleate)( DOM)E AHE-5to] 71AA| o] FR/E HSA7|HA
PVCE A|z3It) T3 PVCe BAE A7) 938t
W= AA R TiO, W=dAE A 7FekithFigure 1).

N
M=, 2 AollA ARE-3E poly(vinyl chloride) (PVC)=
sHA R ZEA A 8T 7FAA] Q1 dioctyl phthalate)

(DOP), di(octyl maleate) (DOM), di(octyl terephthalate)
(DOT)?} TiO, nanoparticle, 22|32 YA ZA] A8-% zinc
stearate®} calcium stearatex= Sigma Aldrich AFlA] 0|34
1=

Table 1. Composition of Premixed PVC Plastisol
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Plasticized PVC(P-PVC) M|Z=. PVC powder(100 phr),
7424 (60 phr), zinc stearate(3 phr), calcium stearate(2 phr)S
vl &3k 5 mechanical mixerE ©]-&3}o] 20 FoF 4]
plastisol2- TK=T}. Plastisol2- 015 U&7 ](twin-screw extruder)
Z AHE-3ko] 140 °ColA melt compoundingS S Hgl &
HZ e ¥, o] HYL hot-presss ©]83ted 170 °ColA] 8
&< = A ¥ (compression molding)ste] PVC 2 &8
Azt

PVC Nanocomposite MIZ=. 7}4:4)(60 phr), zinc stearate
(3 phr), calcium stearate(2 phr), TiO, nanoparticle(0.5, 1,
2 phr)S viE3sE & 60°ColA] 1A 7F &<t sonication?] 71T},
Sonication §-, PVC powder(100 phr)= ¥ -2 % mechanical

mixerE ©]-&35}] 208 F<F 419] plastisolS THET) ©] &

g2 A4 PvCe] Alx W FYstt) Table 191 Al
Z3F PVC 559 A4S HERITH

=S gxl It WA EAE71(UTM, Instron 5966)5
ARESE] AT H AAlES EA3 o, A]He ol
= 25cem, 9FEEE 20 mm/min® g 17173 o]-‘}il z+ Al
2 104 74 —‘?‘ Hs FshAh

HX ME "It PVCY €3 5A4E A5 f8l €

lN'

& 129 7](TGA, thermogravimetric analyzer)S /‘}4‘1?5‘}04 =
Ao 2= WeE 40014 600 °C7HA] AAE-$)7] sl
] 10°C/ming] F2&L 2 AT
SEfEY Sd. FEey 242 FARAARZE (SEM)yS
AREst TIO, W=y Abel Alxg EdAlE 59 d9HS
AT
Ol|&liA "It 71AA9] ol8)/d (migration)yS 3 71sH7] <13l
A ASTM D 1203-940] we} AAsgch 22 712
10mm, A2 10mm=E A& F, S ¢ &2 70°C &
Eoll 497 oA BEo FAIE A ok, 24417, 48
Az, T2AZY, 967 743 5 BEe] A ¥skE S35t
SEEM L 712419 83 (exudationyS H71817] $I3H
A AFEH o2 ASTM D 2199-822 AA|819ict BE2 7}
2 20mm, Al E 20 mmE A 71aAE HFskA e
PVC #E Apolol] €& & 0.110 MPa2] ¥3& 50 60°C

=

P1 P2 P3 P4 M1 M2 M3 M4 T1 T2 T3 T4

PVC 100 100 100 100 100 100 100 100 100 100 100 100
Zn stearate 3 3 3 3 3 3 3 3 3 3 3 3
Ca stearate 2 2 2 2 2 2 2 2 2 2 2 2

DOP 60 60 60 60

DOM 60 60 60 60

DOT 60 60 60 60

TiO, 0.5 1 2 0.5 1 2 0.5 1 2
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Figure 2. (a) Structural schematic of plasticizer; (b) PVC plastici-
zation mechanism.
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Figure 3. Tensile strength of PVC/TiO, nanocomposite with differ-
ent TiO, content.
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Figure 4. Elongation at break of PVC/TiO, nanocomposite with dif-
ferent TiO, content.
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Figure 5. TGA curves of PVC/TiO, nanocomposites with different
TiO, contents: (a) DOP plasticized PVC; (b) DOT plasticized PVC;
(c) DOM plasticized PVC.
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Figure 6. Isothermal TGA curves of PVC/TiO, nanocomposites
with different TiO, contents.
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Figure 7. SEM images of (a) TiO, nanoparticles and PVC/TiO, nanocomposites; (b) without TiO,; (c-e) with TiO, nanoparticles with 0.5,

1.0, 2.0 phr.
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Figure 8. Weight loss (plasticizer migration) of PVC/TiO, nano-
composite with different plasticizers.
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Figure 9. Weight loss (plasticizer exudation) of PVC/TiO, nano-
composite with different plasticizers.

e oAsls 2e & 4 Ak
Table 39= 714Ae] &% H7 & PVC/TIO, %ﬁﬂ'ﬂ]ﬁ

2 XPs BAS asle] BEA wHe) eagel Ak

49 28 24} ek Zolch. ol B9 whab)

A2 TIOE FA7FIE 234, AraedAe] w27t $71813

Table 2. XPS Analysis on the Chemical Components of PVC/TiO, Nanocomposites with Different Plasticizers after Migration

Atomic conc. (%) DOP DOP-TiO, 1 phr DOT DOT-TiO, 1 phr DOM DOM-TiO, 1 phr
Cls 82.9 83.0 85.7 84.8 80.7 83.5
O 1s 12.7 133 11.0 11.7 11.3 13.9

Table 3. XPS Analysis on the Chemical Components of PVC/TiO, Nanocomposites with Different Plasticizers after Exudation

Atomic conc. (%) DOP DOP-TiO, 1 phr DOT DOT-TiO, 1 phr DOM DOM-TiO, 1 phr
Cls 823 82.7 83.1 83.3 82.7 81.7
0 Is 12.5 13.0 14.0 143 13.3 143
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