59

(830 HWAHAK KONGHAK Vol. 21, No. 2, April 1983, pp.59—70
(Journal of the Korean Institute of Chemical Engineers)

PVC/EVA S2i=0| Byh@ey 1ie B U HEs BE
o' R-F E &
AERBE THAE LRTEMN
(19831l 14 319 AF)

¢

Dynamic Viscoelastic Behavior and Mechanical

Properties of PVC/EVA Blends

Heun-Jin Park and Ki-Jun Lee
Department of Chemical Engineering, College of Engineering,
Seoul National University, Seoul 151, Korea

(Received; January 31, 1983)

2 ¢

#dl B3 S5 FHHEQ Polyvinylchloride (PVC)el] 4 & 2+ 4579 Ethylene-co-vinyl-
acetate(EVA) S 0~21%73] BEEIAE 87 = WMoz #astd st PVC/EVA &)
o4 EVA7} PVCel] Suizdo gl dojvies B)VEY Fiitkiigs HBHHEEY B8ts &
AFEFA et

By 7Ry i B2 Rheovibron DDV-I-C & {fifiste] — 120°C~ + 100°C 9] ¥ $jell4 11Hz
9 Fatgm 25t od, SEBMMEHE-L 20°Col4 Instron tensile tester & AF4-3le 30 mm/min
g 2= FIEAZH SAskgch

By rERgy Fhmmb: BBEY W3S sl & R mERY BEel el R B (storage modulus),
#3492 &8 (loss modulus) ¥ <Aebd E(loss tangent)d] A GKEMC] ZAME Sl o] 7 2 2dE
EVA = PVC sl jHEM: (compatibility)o] =3 glvle Ao AME g o HENEEY WdE
278 AstzRe S =d EVAsF 3% A" 4% 220 (toughness) o] Abebs] S7HEE 24l
o}, A% Z7= EVA o} PVC bo] 9] k] F7ksk 7]« o= =8¢ EVA I st PVC
ell srtcgl o 24 Aol md = = craze s} shear yield Hfs] dojvirl sjtoletz A7 sl
28)m B =] EVAZL 3%uek o] %ol Bad RAYTE Azlde] s Bydvh oz
Gigs EVA KT AFolY A7k grobddl whe} craze 7F AlstAl 471Av B craze 5-Z¢] i
mEE o e fEEs R Aot




" 60 HERZE O ®

ABSTRACT

Measurements of the dynamic viscoelastic behavior in the temperature ranges of — 120°C to-
-+ 100°C at 11 Hz by use of Rheovibron DDV-1 -C, and of the tensile stress-strain bekavior
at 20°C by use of the Instron tensile tester have been carried out for a series of mechanical
Polyvinylchloride (PVC)/Ethylene-co-vinylacetate (EVA) blends in the composition range of 0%
to 219% by weight of EVA in the blends.

From the observation of the dynamic viscoelastic behavior of the PVC/EVA blends, the tem-
perature-dependence of the rheological properties which are the storage modulus, the loss
modulus, and the loss tangent have been investigated for each blend. From these results, it
is suggested that EVA is slightly compatible with PVC. The toughness is increased mostly
when the EVA is blended with PVC to the extent of 3% by weight of EVA in the blend. It
is believed that the PVC/EVA blends are toughened because EVA is slightly compatible with
PVC and because the toughening mechanisms which involve the crazing and the shear yielding
occurred in the blend. With increasing amount of EVA than 3% by weight in the PVC/EVA
blends, the toughness of the blend is gradually decreased and eventually becomes less than that
of the PVC alone. The reduction of the toughness of the blend may be due to the reduced
interparticle distance of EVA which leads to the excessive development of crazes between the
EVA particles or to the adiabatic heating process around those crazes.
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Table 1. The Physical Properties of EVA

METHOD UNIT

COMMERCIAL NAME

EVAFLEX 460 EVAFLEX 350 EVAFLEX 260 ELVAX

density ASTM D 1505 g/cm?®
ASTM D 638 kg/mm?
ASTM D 638 %
ASTM D 8882 kg/mm?

ASTM D 1525 °C

tensile yield strength
elongation at break
tensile modulus

Vicat softening
temperature
melt index ASTM D 1238 g/10min
intrinsicviscosity

VA contents

0.94 0.95 0.95 0.96
1.9 2.1 1.4 0.53
800 750 850 1300

1.5 1.0 0.8 0.23.
57 47 43 40

2.5 2.0

0.92 1.05 0.9 0.7
19 25 28 40

Table 2. The Assigned Names of Specimens

PVC/EVA(wt.)

COMMERCIAL
NAME OF EVA

100/0  97/3 94/6 91/9

88/12 85/15 82/18 79/21 0/100

EVAFLEX 460 PVC EVA4-3 EVA4-6 EVA4-9 EVA4-12 EVA4-15 EVA4-18 EVA4-21 EVA4

EVAFLEX 360
EVAFLEX 260
ELVAX

EVA3-3 EVA3-6 EVA3-9 EVA3-12 EVA3-15 EVA3-18 EVA3-21 EVA3
EVA2-3 EVA2-6 EVA2-9 EVA2-12 EVA2-15 EVA2-18 EVA2-21 EVA2
ELVA-3 ELVA-6 ELVA-9 ELVA-12 ELVA-15 ELVA-18 ELVA-21 ELVA

PVC/EVA 2l == Z[aEMmE}F Yol HE-g 1l
E $ 949 A48 345X 2 X0.15mm
} A)sd o2 el BhUEMY RRIRNE SEIY ZAb

{o

o] Abgbgm R (EEe 24AHE Sk
152.4 X 25.4 X 0.15mm ¢] A=H& w-Eglr}
2-2 RBHE
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-C& apgstel PVC/EVA 3 Esj=o] of
—120°C 3-8 +100°C ¢ WA 11Hz 9 5
sz 2o 299 gAsd daAE
20°C~100°C 9] ol 4 44 11Hz 9 Fsbe
2 &3tk 8 E- 20°Co 4] Instron
tensile tester'¥ & AHg3te 30 mm/min ¢ &%
2 57 SAsksieh
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3-1. EhHB HEYE 85
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H213 R 2F 19834 43
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Fig. 1. Dynamic Viscoelastic Beravior of the PVC
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Fig. 5. Tensile Stress-Strain Behavior of the PVC
/EV A4 Blends.
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Fig. 6. Tensile Stress-Strain Behavior of the PVC/EVAS3 Blends.
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Table 3. The Toughness per Unit Volume of the Specimens

NAME T* NAME T NAME T NAME T
EVC 4.02
EVA4-3 9.09 EVA3-3 16.1 EVA2-3 5.73 ELVA-3 8.66
EVA4-6 8.08 EVA3-6 11.6 EVA2-6 4.36 ELVA-6 6. 68
EVA4-9 4.73 EVA3-9 7.37 EVA2-9 1. 02 ELVA-9 4.81
EVA4-12 2.13 EVA3-12 1.11 EVA2-12 0. 86 ELVA-12 4.3
EVA4-15 0.08 EVA3-15 0.34 EVA3-15 0.51 ELVA-15 1.68
EVA4-18 0.06 EVA3-18 0.31 EVA2-18 0.41 ELVA-18 1.94
EVA4-21 0.05 EVA3-21 0.37 EVA3-21 0.24 EVA2-21 0.74

*T: toughness per unit volume X 10 "dyne/cm?
Table 4. The Initial Modulus of the Specimens

NAME | It | NaME | IM | wNamp | ™M | NamE M
EVC 2.03
EVA4-3 1.88 EVA3-3 2.02 EVA2-3 1.90 ELVA-3 1.74
EVA4-6 1.64 EVA3-6 1.79 EVA2-6 1.67 ELVA-6 1.67
ELVA—_G 1.56 EVA4-9 1.48 EVA3-9 1. 44 EVA2-9 1.46
EVA4-9 1.48 EVA3-9 1.44 EVA2-9 1.46 ELVA-9 1.44
EVA4-12 1.29 EVA3-12 1.40 EVA2-12 1.31 ELVA-12 1.23
EVA4-15 1.07 EVA3-15 1.10 EVA2-15 1.16 ELVA-15 1.09
EVA4-18 0.93 EVA3-18 1.00 EVA2-18 0.96 ELVA-18 0.82
EVA4-21 0. 80 EVA3-21 0.87 EVA2-21 0.89 ELVA-21 0.65

*IM: initial medulusx10~'°dyne/cm?

Table 5. The Tensile Yield Stresses of the Spectmens

NAME | vs* | NAME YS NAME | ¥s NAME Ys
PVC 4.33
EVA4-3 3.93 EVA3-3 4.14 EVA2-3 3.96 ELVA-3 4.27
EVA4-6 3.13 EVA3-6 3.71 EVA2-6 3.38 ELVA-6 3.65
EVA4-9 2.66 EVA3-9 2.93 EVA2-9 2.79 ELVA-9 2.88
EVA4-12 1.94 EVA3-12 2. 47 EVA2-12 2.29 ELVA-12 2.42
EVA4-15 1.09 EVA3-15 1.73 EVA2-15 2.00 ELVA-15 1.80
EVA4-18 0.88 EVA3-18 1.52 EVA2-18 1.65 ELVA-18 1.23
EVA4-21 0.78 EVA3-21 1.46 EVA2-21 1.38 ELVA-21 0.95
*YS: tensile yield stressx10°% dyne/cm?
Ak ti& S7FEeh, o) 9bge PVCe #Ehe 4lxl EVA #17d] 93 g3knr} matrix & 7
PVC/EVA Bl el A% vlabil vebdsh, A3t PVCH 2 3¢ Ugoz 239 7
EVAZ} B3l =R 3% 44 3% &784 &utell ®eol= vk, v A EY SUbe

A D QAFEE kb FrAIlg o) A7E
£ #e 37HE 340 278k dAl = Taka-
o] Badld] & 4 U= whelge] H

yanagi!$ 16

ststZ st H213 H 25 1983 43

EVA s} PVCA}ole] Aa4o] okziul 9l7] =
wole =3t RHo] HPE dod o craze Y
shear yield &g 4fe] eojr}r] = Zojeta A 2hs
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Fig. 9. The Craze Lines on the Surface of a Tensile
PVC Specimen(Arrow indicates the direction
of the applied stress).

Fig. 10. The Shear Bands in the Part of a Tensile
PVC specimen(Arrow indicates the direct-
ion of the applied stress).
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