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Abstract: A three-layered PVC sheet consisting of polyvinyl chloride (PVC) and woven polyester fabric was prepared by
extrusion and calendering. The flexibility and durability of the PVC were tuned by adding plasticizers, additives, and surface
coatings. The tensile and tear strengths of the three-layered PVC sheet were higher than those of commercial two-layered
sheet, while exhibiting low weight. The concentrations of the total volatile organic compounds (TVOCs) and formaldehyde
(HCHO) emitted from the sheet were also lowered. The PVC sheet remained stable after prolonged exposure to UV light,
signifying that the PVC sheet is suitable for cargo screen applications.
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I it} 2 3oA= 7taAe H7HA|, EHAGAE =Y
sto] AT YTtAdo] 9= PVC EAAE A 2R,
PVC/A|Z/PVCE 449 33729 ASRE AATCEHN
ZAeFstel 17148 SRS A} A ESkiTh

Experimental

=% FH9 & PVC (LS100, LG3}8h)= 160T ©]42



Improved Mechanical and Durability Properties of PVC Sheet by Designing Three-Layered Structures

295

220 =52 3¢ GE8o Yol v FArtarE A
o] A & 7hgo] ol feh” 7Hg AT 54 SR
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Results and Discussion
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U= S o83t TGA £4& 35t &4 PVC
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A4S Xggs] =& A, 83C FLolA Aol 2= (T)7t &
ZrE Qo 7k 7L H7HE Bade 200 gl A
Aot BE=A skt 7haA Be XA (SHAREE,
25 phr) Z7}of| o8 PVC 2] Hol7 W& 2= HejolA &
AFAAY dE 500 et =7 WolA A St g2 Sl
o] ojEj 7] YE oz Ak Hc} ! DSCo| ]3| W=} £
%t DMAE o]-&3sto] A E Fej o] Bt et A&
X E-(storage modulus, E£7) H3}S AFw HQkth. Figure 1bof| A
Hoj3= vief Zho| 7k ] vlgste] §AE e
HE 2L olFste AL B 5 9o o= YA
7h Rotde om|gttt. 7haA| o] 50 phr o] W A2
M= FH8E FEY = A FRlstAtth FHol

Table 1. Design of 3-Layered PVC Sheet by Varying the Plasticizer, Additives, and Surface Treatment

Plasticizer . . .
Additives Primer Surface Coating
DINP DOA
1*-developed 50 - - - Water-based urethane (2 components)
2M_developed 60 - Water-based urethane (2 components)
3rd-developed 55 - UV absorber . Water-based urethane (2 components)
.. acrylic
4h_developed 47 antioxidant v Water-based urethane (2 components)
5"_developed 50 Oil-based urethane (1 component)
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Figure 1. The effect of plasticizer content on (a) thermal stability
and (b) storage modulus of PVC compound as measured by TGA
and DMA techniques.
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Figure 2. Comparison of (a) weight and thickness, (b) TVOC and
HCHO emission of the commercial and developed PVC sheet. For
the purpose of weight measurement, a square sheet with a
dimension of 100 mmx100 mm was used.
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2 y13E 32]—730]]/\1 7go1110] ksl 2 glo |
2 9 P2 F shtol
H}z} o] FAUGE 7, &
2 Z+Z} 3.0 kgf/30 mm, 3.3 kgf/30 mme] =& B
ALPe whgkol| what 5.6~16.8 kegf/30 mm(5=3),
3~15.1 kgt/30 mm($3) $2& 2yt 22 aredeke o
oto] H)g)| AR oz e oA EE HGLlg ol=
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Figure 3. Comparison of (a) tensile strength and (b) tear strength
of the commercial and developed PVC as measured along the

2 A"

Q5 wpzho] gt FHAIRIE H7et7] 913l Taber mhe
AlY & opEga WA Hes AEEgth AT
HPRAE $ 0.3%(0.0211g) B= FAZF FastRar AM2igk
(AE = JAL*+Ad +Ab Y2 0.5, grayscale 4.53-2 z+zF Lpet
W th(Table 2). 2x~4x} 7] o] ufR e 0.4~0.5%, A
ZHEL 0.43~0.87, grayscale2 4.55 &5 R o] MRS A
Qe T2 EAL FAET 2 Aol $LGITh(Table 2). 12}
TS AA o2 22 v EF(0.7%)0 MAgQ2.41)E
BAEY o]t mefolw (primenFol EATA kot PVCE
3} ERAeIEe) Aol WolA ey Fuz Az,
SAfatIEte] A9 npmeke 04%2 pAbehat w5kl
O} MAZET grayscalegh-2 22t 0.3, 552 Ho 9423 up
2 EAS B 25 16-21C, ASE 55+5% $73 3tol
Al 2417t F<t 2 (state) 3t A E ol A A3 AR =2 2
3} oAk, AT BE 27] 2504 (SEYS LrERgick. 8043
€2 42 Gz 168417 Bk WAL 1621,
555 %RH ZHo| A 24A7F ¢ 24T & FU3 A
Z1eYsl H k=t (heat aging) 3] A7 23S [R5k

o o 15} TH(Table 2).

F2E
As2t Wie AR met 12, AL, 115 T3 =&
|3 FATE &9 T A gFgo] AEH0R RAMHOS
A PVCe| B3E 2T 5= Aok YFAAAIE T MR
(AE)E A E 127 8345 Ho] HAlo] A3}
A3 O benzophenoneA| UVE4=A| <} of i A| AH&pt=]

Table 3. Change in Surface and Color of the Commercial and
Developed PVC Sheet After UV Exposure of 700 kJ/m?

parallel and perpendicular direction. Gloss (GU) Gray Scale (Grade)
Before after before after
7kt 15.6 kgf/30 mm, 14.9 kgf/30 mm Gt AL =0 Commercial 4.50 435 5.0 45 0.32
v]3)] Bk I E zlo)l= I YA SFEFFo 2 A 1*-developed 4.30 4.01 5.0 2.0 8.34
E]_].-Zﬂgi %‘% ‘/;\"i]%‘ Esa]:}_ OJ&%L‘% 7H1?_:l__%113-_0ﬂ H]‘E‘H Z“d—developed 4.33 4.30 5.0 4.5 1.03
- 3"_developed 4.30 4.09 5.0 4.5 1.31
0.2 mm o4 £A A2 H Pl = BT 7] A5 BA4o] oot 431 s00 5o a0 Lss
_ N _ -develope . . . . .
HolxL 0] 8L ttoA] = H|EE A5 Z=o0] &
doAAE olfrs Aol 2 HITS AReE PVCTol A S"developed 541 533 50 45 035
o] vjsf E4o] Wil St AR | ksl e
Table 2. Wear and Flammability Properties of the Commercial and Developed PVC Sheet
Taber Wear Test Flammability
Before After Change Grayscale . .
AE Before agin, heat agin
B @ (%) (grade) she she
Commercial 6.8794 6.8583 -0.3 0.50 4.5 SE SE
1*-developed 5.5881 5.5516 -0.7 241 3.0 SE SE
2"_developed 4.9023 4.8819 -0.4 043 4.5 SE SE
3".developed 4.7998 4.7745 -0.5 0.78 4.5 SE SE
4™_developed 5.5410 5.5187 -0.4 0.87 4.5 SE SE
S‘h—developed 5.0320 5.0069 -0.4 0.30 5.0 SE SE
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A7t 27y H7bE 22 ~52 T 20)5HE B UV 9y
ol 2A FE Ae & o AUk(Table 3). UVESA= A
QAo o) Eafj=o] A" PVC gojzE AASL Akst
WA A= L2oA 371¢ FE Al Attt Ze] dags o
AAA HAE A 4= Qi die] yF 544 FAHAIE
FE(AE=03271A] 3FFA717] f1st] BHEAAE 243
o A 107 urethane A/ &2 YA gt & A 2H SA7HEAEY
789 Aatgro] 0.357HA] ok Hg/do] Y EI S gl
Sttt ol= UVE<A et AP AlEgt ol et EHA 2
A GA| A EL] WgAdd DA IAE 7HA T 2 v
Elg=

Conclusions

2 AT A= 7HRA, A7, FEAGAIE AT ZH
PVCe| 7hgAddt a4, Ede AL = de= &
At on Mol o] PVCSS FAAA Al=d 35
T2 A2 FAkdTol HIs) 25% o] 7HH-S-H A AT
9 A== T2 75%, 350% o1 w2 A= e
o FERTISREE Y ZEYH0|E EF QA FAE
Hop 27 FASIAL A7) aede B AsAHE WA=
Ago] 7 AT Zeto|H 2 PVCSI A
Z|Alke] A2 S FPA7IAL WiukR S0 IS niAl=
Aoz gotdnh Ao A5 o 3 T 2 W
S5 AuE 23 UVESA|, ASPEAIAL 74 -2E AL
FHAZAR A2E Aol Pt YES ERT
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