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ABSTRACT : Thermosetting elastomer such as EPDM (Ethylene Propylene Dien Rubber) has been applied to
the sponge weatherstrip of a vehicle as a main material. However, the thermosetting elastomers have limited
recycling and have brought about the environmental problems. Furthermore, many steps of the manufacturing
process such as formulation, mastication and vulcanization make difficult to control uniformity of the end-
products. These problems of current EPDM weatherstrip necessitated development of a new recyclable material,
Thermoplastic Vulcanizates (TPV). In this study the influence of the water contents, and the processing
conditions. On the foam density and structure in water blowing process was carried out. We found that TPV also
can be foamed with water, maintaining the uniformity form this study. Therefore, many inevitable problems of
EPDM weatherstrip can be solved, and this new technique is expected to take a roll of making a breakthrough in
the rubber industry.
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Figure 1. Structure of block copolymer type TPE.
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Figure 2. Schematic representation of the morphology formed
during EPDM / PP blend.
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Figure 3. Schematic procedure of TPV water foam technique.
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Figure 4. Process diagram of water foam.

Figure 5. Shape of die for water foam.
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Table 1. Comparison of Mechanical Properties Depen-
ding Curing Condition of EPDM/PP Blend (TPV)

mechanical properties partial cure complete cure
hardness Hs 81 Hs 84
tensile strength(psi) 583 1905
elongation(%) 630 430
100% modulus 412 725
compressiorn set 78% 31%
& 2500 §
fm 2000 104
: 3
& 1500 -140 ¢
2 s
2 1000 g
R H20%
500 .
0 { - . 1
0 5 10 15 20
(v/2) x 10°
Crosstink Density
“moles”/ml

Figure 6. Tensile strength and tension set vs crosslink density
of santoprene 121-68W228.
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Table 2. TPV Material Properties Used in This Study
items value test unit
NON-FOAMED MATERIAL
hardness 68 Shore A
gravity 0.96 -
FOAMED MATERIAL
tensile strength 0.14 Mpa
elongation 100 Percent
100% modulus 0.14 Mpa
gravity 0.16 -
compression set 9.1 23 C
(50% deform X 22hr) 39.1 70 C
46.8 100 C
compression load 390 Grams
T ‘Ii T j T ‘ T “' T
0.40 - Dt1=30mm

—=— D2= 178 mm
F —A— D3 =1.35mm

1

0.30 -

Density (g/ cms)

0.20[»

0.10+ =

. l
0.0 1.0 2.0 3.0 4.0 5.0
Water Content (wt%)

Figure 7. Density of the TPV foam vs. injected water content
at various die opening gap.
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Figure 10. Cell density vs water content at varied die opening
gap of the TPV.

Table 3. Extruder Temperature Profile

extruder zones temp.
feed zone 182 C
transition zone 171 C
metering & front zone 165 C
head/gate 171 C
die 177 C
melt temperature 171 C

TPV EPDM

(water foam) (chemical foam)

cell
morphology
(x25)

products
shape

Figure 11. Comparison of water blown TPV (spgr 0.5) and
chemical blown EPDM (sp.gr 0.6) weatherstrip.
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Table 4. Comparison of Mechanical Properties of
Water Foamed TPE and Chemical Foamed EPDM
Compound

items water blown chemical blown
TPV EPDM
gravity 0.5~0.6 0.6~0.7
compression load (kgy) 1.5~25 25~40
thermal resistance 520% 17%
(change rate)
frezzing resistance 12% 15%
(change rate)
compression set 30~35% 35~40%
o0zone resistance No Crack No Crack
repeat compression set 4~5% 5~7%

Table 5. Comparsion of Product Performance of
Chemical Foam and Water Foam

items chemcial foam water foam
density (g/em’) 0.42 0.40
permanent set (%) 45 32
100 C/22hr
H,0 absorptivity (%) 55 32
load (N) 36.9 28.8
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Figure 12. Micrographics of TPV foams. (a) water blown and
(b) chemical blown.
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Table 6. Comparison of Mechanical Properties by
Recycle times

recycle times 0 1 2 3 4 5
shear viscosity (Pa.s) 20.8 197 192 178 161 147
compress-ion Set (%) 14 16 13 30 49 59

density (g/cm’) 015 018 02 03 042 037
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