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RESULT AND DISCUSSION

o | Parameters A{ and ality of EVA

All the ntal "t{\\fgkra shown in Figure

4.1-4.15 and Table The rest were summerized in
Table 4.2

4:1.1 Stage 1 on Shear
Viscosity

Figure 4.1 Bhe effect of stage 1

compounding wt " on shea y. The shear
viscosity begai f ginutes and there

was a little d:ﬂ ease & . -'minut’! Therefore, the

Eﬁ";::ﬁhm”ﬁ?ﬁ%‘ﬁﬁ’f e =+
ARIANNTA NI INY A



Table 4.1 Effect of stage 1 compounding time on shear

viscosity

Formulation Shear Viscosity (kPas) Shear

No. Compounding stage 1 (min) Rate

10 15 20 25 30 35 (1/s8)

3.23 |3.18 20

No.1-No.7 |3.37 |2  ; B4 ;‘pl 2.73 [ 2.69| 50
2. .99 | 1.95 ] 100

0.89 | 0.08 | 200

Note.

23
3-_ ahs

Shesr Viecosity (kPeS)

o

20 25 a9 33

compatage 1
o 201/e it i PP & 200 /e

Figure 4.1 Effect of stage 1 campounding time on shear viscosity.
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4.1.2 Rffect of Process Parameters on Foaming

Figure 4.2 showed the effect of stage 2
compounding time on the foaming. The longer stage 2
compounding time decreased the foaming. On the other
hand, the stage 3 compounding time had no effect on the

foaming ( as shown in F%_‘ ). It was expected that

the temperature in also had some effect

on the decomposi

Figure inc oxide had a

negligible eff ever, the foaming

was increased blowing agent was
The foaming of
o t began to be small

increasing at above' 17 *'«-u he time was selected

to study.

Figure. 4.6, ,3’taraga time was
shown to be a Jnrr impo phrnmﬁELr affecting the

U1 ioh 11131 e
A AT A e

decompose more easily and efficiently.
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Formulation 2
sagel J0staged 0 min 165 C

Mercury heigh {cm)
=
40

-] e £
: : | |
§ E uﬁﬁﬂﬂﬂfﬂﬂjgg 229}
198N &N YN INEAY

Figure 4.3 Effect of stage 3 campounding time on foaming
(storage 2 hr.).
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Formulation 2,6,7
wlagel J0slaged Solaged O min 165 C

o Ini 2o %

Figure 4.4 Effgc a3i "-=' ) ‘h.- 'r-,\'.: on foaming

height {em)

0

Mercury
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[
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time (min)

o AXe2 2.% phr + mt5m o AKe2 8 phr

Figure 4.5 Effect of level of blowing agent on foaming

(storage 1:25 hr.).
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Formulation 2 (Zn0O 0 %)
elags=] J0.slage2 Sotaged 0 min 165 €

20
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o 212 k- & & br
Figure 4.6 (zinc oxide 0%)
nO 8 %)
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28
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2z ¢
¢ a0 @8 &
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g»pg mngmﬂmwma& .

Figure 4.7 Effect of storage time on foaming (zinc oxide 8%).
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Formulation 6 (Zn0 20 %)
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4.1.3 Bffect of Process Parameters on Cross-

linkin

From Figure 4.9 and 4.10, the stage 2 and stage
3 compounding time had no effect on the cross-linking.

The level of zinc oxide seemed to have some effect of

i at temperature 165°C but
¢ &)atura 185°Cc ( as shown

dinking. Figure 4.12

increasing the cross-1im
have negligible e —
in Figure 4.11 7
lillte effect
emphasized the ature on increasing
the cross-link cross-linking time
was 13 minutes 165°C, and 4 minutes

at cure temperat ,‘a times were selected

to study.

'I‘lman_.‘Leu"liilﬁ--___‘i hﬁ;;ii_7 , ng agent increased the

cross-linking-according to Figwie 4.t3. Figure 4.14 and
S \‘
4.15 showed iyat 4 me Erd no effect on the

cross-linking apd, the amount, of zinc oxide also did not

attoce ofs bkBd ’Jlﬂ%h‘iﬂ'?%&}’}ﬂ dJlonger storage

time. Frnm these results showed that th compound was

not Yk '.La amwma %Sﬂ»ﬂ fekorage.
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Formulation 2
slagel 2% min staged 5 min temp 165 C

tarque (pound-inch)

torque (pound-inch})
)

4=
a4 4.7
z <
1
L S B S S B B B B R NN S S s b e o e e M e s e

0 1 2 3 4 5 E 7 8 5 1011121314 1% 1617 1819 20 21 2223 24 25

cure LUme (min
o etaged 0 min + ﬂmllﬂnh:t 4 o staged 20 min

Figure 4.10 Effect of stage 3 compounding time on cross-linking.
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Formulation 2,6
slage]l 20 min slegeZ 5 mio slaged Omin

farque (pound-inch)

|
|
|
|
\ |
. .‘ I' Y - 1
o1 2 3 4 ’ : — 1713192&2122:32425

£-b \\

and cure temperature

torgue {pound-inch)

IIIIIIII T L T L] T ¥ T L] T Li T

€ 7 B 9 1011121314 151617 1019 20 21 22 23 24 23

cure Ume (min)
+ cure temp 185 C

Figure 4.12 Effect of cure temperature on cross-linking.
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Formulation 2.,4,5
rlagel 20 min siage2 5 min staged 0min

{pound-inchh

targques

T T 1

LI s B | T
LS 16 17 18 19 20 21 22 27 24 2%

©  DCP 1.2 phr

m.m-mm

1-
n ) ¥ L] T | S B | n LA | L] L] L] Ll L) L Ll T L] L] T Ll L L] T
6 1 2 3 4 5 6 7 8 9% 1011312131415 1617 1019 20 21 22 23 24 25
cure time (min)
O storage | br +  slorage 5 dey

Figure 4.14 Effect of storage time on cross-linking (zinc oxide 0%).
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Formulation 6 (Zn0O B %)
stagel 20 min staged 5 min stagesld Omin

14
g
g
1
!
4
& F

2 \ LSL6 ll? 1ra 19 20 21 22 23 24 25
~; Naregs 5 4oy

Figure 4.15 Effec v\\ s-linking (zinc oxide 8%).
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4.1.4 Summerize the Effect of Process
Parameters on Cross-Linking/Foaming

From the above results of various trials
(Formulation No.1 - No.7), the effects of various

parameters could be summarized in Table 4.2.

The cross-linking' )t‘ectad by the 1level of
the cross-linking Hgen | éra temperature. At
temperature 165°C, zime  oxide ad_little effect on the
cross-linking. : i .‘ \" of various stages
and storage ti _ ef ! \ ross-linking.

The fodmi apende ’ s level of the blowing
. he longer stage 2

compounding tim d re WSed 1 e fpaming. The optimum

storage time was requUired te ificrease the foaming.

)

2
ﬂ‘UEJ’J’VIEWﬁWEﬂﬂi

AN AINIUURIINIAE



57

Table 4.2 Summerize the effect of process parameters on

cross-linking/foaming
Parameter Foaming Cross-linking
Compounding
-stage 1
-stage 2 unchange
-stage 3 unchange
storage time unchange
Temperature &; \ increase
Formulation * g_:( ',’
i ;
;'7. % ‘
-Blowing agent e%{_
-Cross-linking e
agent increase
-Zinc oxide increase(165°¢)
unchange (185°c¢,)
KIANYIAY
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4.2 Effect of Process Parameters on Various Physical
Properties

4.2.1 Effect of Stage 1 Compounding Time on
Physical Properties

The time interval of compounding stage 1 between

t on various physical

ﬁ same cure condition.
—
we effects could be

\\ niform distribution
.qﬁb? yression set of the

foam (stage 1 E ,f-."ﬁ ' nutes] was rather

25-30 minutes had n
properties of the
(Table 4.3 and Fi
explained that t
during this int
constant where as set of the foam (stage

1 compounding ti vas decreased with

increasing cure ti the cells of the foam

(stage 1 compaundin?;"~‘ ﬂintues] tended to be
spherical, but ,fi,i—wsﬁ of the _foam (stage 1
compounding t V T" eeze (Appendix
[{e 30 minutes was

E). So, the stage 1 cnrmunding t

= ey tﬂ'ﬂmwamwmm
Q‘Wﬁaﬂﬂim UA1ANYIAY
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* Table 4.3 Effect of stage 1 compounding time on physical
properties
Physical Cure time 13 18 23 28
Properties stage (min)
(min.)
Density 26 0.19| 0.16 | 0.14
(g/cm3) __ .19] 0.15 [0.13 | 0.13
" Hardness e ; 46 43
(Type C ) ' NS 47 | 41 40
Expansion ratiof i > 7' 7 3 5 |5.6
(Volumetric) 4 e NN [ 5.2 [5.9 | 6.2
Tensile strength f2 jﬁé. N 164 | 145
(N/cm?) V5SS 163 [147 | 138
Tear strength .6 | 8.6 7
(N/mm) 307 10.2 | 8.5 [7.2 | 6.8
Elongation il o 4120 | 110
(%) - =1 120 | 117 115
Compression satrI , 25 7 3:;49- 3.9 3.3
; (%) ﬂ - o | 4 | 1.9 1.4

""’-‘"“ﬂ"ﬁ’ﬁlﬂ FREEE RO B9 2

Compounding stage 3 10 min.
Storage time 1 hr.

Cure temperature 165°cC.



Formulation 2
slageZ 5 min slaged 10 min 16% C

o4

0.3 o

0.3

0.2% =

0,2

Density (g cx:"2}

8.13 -

T T
13 18 23
cure tme (min)
O  stlagel 30 min +  wlagel 29 min

Figure 4.17 Effect of stage 1 campounding time on hardness.

60
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Formulation 2
slage2 5 min slaged 10 min 16% ©

-
[=]

ratie (Valumetric)

Expsndtion

AU INENIneINg
AFHNNINYAE

60 -
140 —
120
100 T T
13 18 23 ze
0O stagel 30 min mtttﬂt{ul.:.} elagel 25 min

Figure 4.19 Effect of stage 1 campounding tima on tensile strength.



62

Formulation
elagel 5 min etaged 10 min 169 ©

Tesr strangth (N/mm)
- =N
i

: " qwﬂﬂswawnﬁ
Eamwmni FNRNPIAE |

Figure 4.21 Effect of stage 1 campounding time on elongation.
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Formulation 2
elage? 5 min staged 10 min 16% C

£
3
£
]
ﬁ a
- g
—_— \774
21!
1 2% min

Figure 4.22 : Y ! on campression set.
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4.2.2 Effect of Stage 2 Compounding Time on
Physical properties

From Table 4.4 and Figure 4.23-4.29,the various

physical properties, e.g. density, hardness, etc.,except

the expansion ratio, of the foam increased with the

compounding time. Such

/,esults from Figure 4.2

increasing of the stz
effects corresponded wit}

which showed the "¢ foaming during the

longer time izy tage 2 "and the cross-linking
was unchange as sh ‘/ i c “From these results,
the stage 2 compg / i hout nutes was optimum
because the féanm cased and it was

practical in 4

AULINENINYINT
RINNIUUNININY
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Table 4.4 Effect of stage 2 compounding time on physical

properties

Compounding
stage 2 2 5 10 15

Physical (min.)

Properties
Density 0.18 0.18
(g/cm3)
Hardness 53 53
(Type C)

4.3 4.2

Expansion ratio

(Volumetric)

Tensile strength 189 183

(N/em?)
10.4 9.8

Tear strength

(N/mm)

Elongation 130 137

(%)

Cnmprassiﬂﬁg q %Jwaqlﬂﬁz 4.3

(%)

e AR D AT TAAN TN B

Cure 165°cC. 18 min.
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Formulation 2
sagel 30 min sleged ¢ min storage | hr

04
0.3% -
0.3 -
& o
i
E ﬂ.'ll
x
&
|
15
Figure 4.23 Ef

70 : ;I i
. -fugingninengs |
19R JARINeNae

c 2 (mim)
o cure 163 C min

Figure 4.24 Effect of stage 2 compounding time on hardness.
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Formulation 2
slagel 30 min stagesd 0 min etorage 1 hr

Expandtion ratie (Velumetric)

o curo W5 C s min

Figure 4.26 Effect of stage 2 caompounding time on tensile strength.
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Formulation 2
#agel 30 min slaged 0 min storags 1 Br

b |
|

| l'ﬂ-v, ’ [V » _ u
UEJ’JVIEJ?WEHQL/,J

]

T T
2 ] 1o 13

B :um. 'Gu.ﬁ::hm

Figure 4.28 Effect of stage 2 campounding time on elongation.
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Formulation 2
#sagel 30 min staged 0 min slorage | hr

19

Compressinn sat M)

Figure 4.29 Effeet
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4.2.3 Effect of Stage 3 Compounding Time on
Physical P ies
From Table 4.5, the increasing of time interval

of compounding stage 3 was shown to case little decrease

in various physical properties of the foam. These

@sults in Figure 4.10 and

4.3 that the foami Lh; d t #-linking were little

affected by the y£age. The results obtained

indicated that sed as cooling and

sheeting of mm Q\\\‘

grater than 5 migt

sed should not be

ﬂﬂﬂ?ﬂﬂﬂiﬂﬂ’]ﬂ‘i
QW]NF]‘?WMM’W]EHGEI



Table 4.5 Effect of stage 3 compounding time on

physical properties

Compounding
stage 3 0* 5 10
Physical (min.)
Properties
Density » \ﬂ‘ | 0.16 0.15
(g/em3) —

— -
Hardness o /50 ~ w48 47
(trve ) % "=

Expansion ratié / RET \ .9 5.2
(Volumetric) NV \ <

Tensile strengtl . 2794 \‘ 180 166
(N/cm?) Pz {\ '

Tear strength 9 8.5
(N/mm)
Elongation ;§F:::——————~'“ 25 120

(%)

Compression set ¢

ﬂusﬁwﬁﬁ%’ 15

*"“”Q’W‘Tﬁ“ﬂ“ﬂ‘iﬁu UA1AINYA Y

Pnrmulatinn 2: Compounding stage 1 30 min.
Compounding stage 2 5 min,
Storage time 1 hr,

Cure 165°C 18 min.
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4.2.4 Effect of Storage Time on Physical
Properties

From Table 4.6 and Figure 4.30-4.36, the storage
time was shown to have much effect on various physical
properties especially between 0-1 hour where all
sion ratio, decreased with

increasing storage ftd *‘x ;ing to the increasing

ure 4.6). Similarly,

the small decreasiy ghavi various properties

after 1 hour fold®w patte of the foaming in

foam was small

increasing during a 16 the foam with

storage time greatg B ur had the problems of

non-uniform foam size -&nd a very large air bubble,
5 i r

okour with odour.

>

\i7 was used in the

§
AULINENINeINg
RINNIUUNININY

Finally the fp
Therefore, the &t

study because ZIEH&E pra
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Table 4.6 Effect of storage time on physical properties

storage time

Physical (hr) 0* ! 3 18
Properties
Density 0.19 0.15 0.14 0.12
(g/cm3) ;
Hardness ; Al 47 43 35
(Type C) ' _!—';
Expansion ratio - . 5.4 7.1
(Volumetric)
Tensile streng nﬁ' 162 140
{m"cmz} % =
Tear strength :g’..‘  —’:"- 7.7 6.2
(N/mm) A7
Elongation g = 20 122 122

(%) ey
Compression s = 1.9 0.4

(%) j

v G UHINENTNGINS
Formulation 2: Compounding 30 &/ min

T aZEll A L

Compounding stage 3 1 n

Cure 165°C 18 min



Formulation 2
slagsl 30 min slagel Smin staged 10min

74

o4
.35 -
2.3
0.25

0,204

Penrity {g/em™3)

.15 o

Figure 4.31 Effect of stroage time on hardness.

18
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Formulation 2
stags] 30 min sleages2 Smin staged | 0min

=
(-]

Expandtion ratie (Velumstric)

o = ra [ - . o™ -3 -] wa
1 ] 1 1 1 1 1 1 1

O  cure 1?'!"?'1‘!1“;11“::

Figute 4.33 Effect of storage time on tensile strength.



Formulation 2
#lagel 30 min sagel Smin staged 10min

76

Tear strangth (N/mm}
E
|

4 T 2 R C o '-i‘lql .*'-‘". -\.____‘.
Fim 4, 3‘ i f I l.h'-'i e 4 'l#:\\\" . -

170

i ¥

1e0

Elongastion {%)

S HULANYNTNYINS

WAINTRUAIINE
g
8o T
0 1 L) 18

ot e Ume (kr
o culﬁ?ﬁllmﬂn !

Figure 4.35 Effect of storage time on elongation.
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sagel 30 min sags? Smin saged 10min
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4.2.5 Effect of Cure Temperature on Physical
Properties

From Table 4.7 and Figure 4.37-4.43,at cure
temperature 185°C, all physical properties, except the
expansion ratio, decreased with the increasing cure time
and became constant af ar inutes. At cure temperature

..;\', g decrased and became

constant after 23 _mililites Bd‘rcompression set and

elongation at / ature 185°C was higher than at

cure temperatupé

165°C,the physical

temperature and

to satisfy the reghifdd physi '_ ‘ rties of the final
ahd e aid '

product. But thej) npression. set cure temperature
G \

185°C was higher than #f cur temperature 165°C. From

#
e

the photograph of I:h_ owed that the cells were
uniform and sphe al in Bkas fure temperature
165°C and were squ ‘iform at cure

temperature 185@ (Appendix G).

o W R 145 R o

was used t study in next step Because the general

ons R0 AT D K1) e onerore

aurely g



Table 4.7 Effect of cure temperature on physical properties

19

Physical Cure time
(min) 5 10 | 13| 18 | 23 28

Properties Cure temp
Y

Density 165 0.19 | 0.15| 0.13| 0.12

(g/cm®) 185 0.12

Hardness 53 | 47 | 41 | 40

(Type C)

Expansion ratio .g"f 4.3 | 5.2 | 5.9 | 6.2

(Volumetric) :

Tensile strength| :52* 194 |163 | 147 | 138

(N/en?) 24430

Tear strength 16ff = N |10.2|85 7.2 6.8

(N/mm) 185 AL, 5.9

Elongation 50 | 120 | 117 | 115

(%)

Compression set [~ 165 53 | 4 1.9 | 1.4

¢ o
(%) ﬂ .‘é
Pmnulatimz a

QWWQW’]’JWH&&B

Campounding stage 3

Storage time

1

0 min.

1hr




Formulation 2
stagsl J0min stage2 Smin staged 10min

o4

0.2% o

0.3 -

@.2%

+]

Density { grem=a )

@19 o

0.1 ~1

o2 -q\

2.5

Hardnass { Typa C )

. .ﬁ NN
o ol f A A \ 165 ¢
Figure 4.37 Ef: ), ﬁﬁl ’\‘\\\\\\ density.

2

,

MY

| )

23\

i ]
P f:ﬁ!'__"_ =
WO IE

O.42
1

- —

lr‘

I
|

AUt INNTYeINg

SN TTHE

13 18 23
Cure time ( min )
O temp 185 C +

T
10

Lemp 165 €

Figure 4.38 Effect of cure temperature on hardness.
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Formulation 2
elags] J0min sleageZ Smin staged 1 0min

Expandiion ratin { Volumetric §

o8

%ﬂuﬂqwﬂwswa'nﬁ

AN I NN Y
:K \lf\“.'

120 -

Tensils strength (N/em~3)
-, o

100 T T T T
5 7 10 .'ll 18 23 z0
Cure time { min )
O  temp. 185 C +  demp 165 C

Figure 4.40 Effect of cure temperature on tensile strength.
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Formulation 2

X slagel J0min steageZ Smin slagsd 1 0min

17 1
&
1% -
14
13
12 8.7
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10 4

’_.

Tear strangth { Nemm )
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E.-

5~ 1
a 28
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Figure 4.41 Effe

F 72z

150 e " _
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Elongstion { % )
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LU T T T T T
- kY 7 10 13 18 23 20

Cure Ume ( min )
O temp. 185 C +  demp 163 C

Figure 4.42 Effect of cure temperature on elongation.
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4.2.6 Efffect of Cure Time and Level of Blowing

Agent on Physical Properties

From Table 4.8 and Figure 4.44-4.50, the various
physical properties, except the expansion ratio,

decreased with the increasing amount of the blowing

agent. Such results fpollowed, the effect of the blowing

agent on foaming

properties decrea ,,.,' ‘ e 1ir asing cure time and

time when all
the above effects 14“€5?-"; avel of blowing agent
' ‘ rom Figure 4.50, the
compression set of g; % % 2.5 phr) that cure

for 28 minutel was ed I sl the cells were

squeeze and open ession set of the

L i

pAr) was also increased

foam (AK#2 8 because the cells

were axpaﬁgﬁﬁlﬂw% ErrTﬂT.{aB shown in

Appendix

ARIMNAIHUNITUVARY cn

temperature 165°C was not above 23 minutes because the

physical properties of the foam that cured below 23
mintues were better and it was safety for control the
quanlity of the foam that formulated with different
level of blowing agent. Other result of the increasing

cure time was yellowish colour with odour.
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Table 4.8 Effect of cure time and level of blowing agent

on physical properties

Physical Cure time
(min.) 13 18 23 28
Properties Level o
AK#2 (phr
Density 2.8 31 0.28 0.27 0.24
3 , 9 0.15 0.13 0.13
(g/cm?) - 8 0.12| 0.11| 0.09
Hardness . " BE v 70 68 63
' - 47 41 40
(Type C) , . 33 31 27
Expansion ratio 2 .6 2.9 3.4
f =4 WA 2 5.9 6.2
(Volumetric) 7 \ .8 7 R 8.6
Tensile strengt DY 8 0 266 247
p 74 Ag, 163 | 147 | 138
(N/em®) 8 nllid 1 26 115 iio0
Tear strength iy b Ek 16.5 15 14
J.r:;ﬁ 2 8.5 L 5 6.6
(N/mm.) b T 6.3 5.7 5.3
Elongation = 146 150 160
P _-*:"_;:;}f 120 1117 115
(%) Y 132 | a13 103 110
Compression se : 6 5.8 T
= 1:9 . 1.4
(%) . .6 1.5 3

ol U ANENINEINT 30 e
awwaﬂnimiﬁmﬁy’laﬂu =

Storage time hr.

Cure temperature 165 ©c.
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Formulation 1,2,3
slags] 30 min sage2 ® min sags? 10min

0.3 4 0,28

? 02 - _h—"“‘*\g;?

70 | —— T

(PR e >
“PFIUBINENINEINT

NYNY |

:
IR ANNTN

9 40 -
32
- a1
20 i —.\;’
p
20 T T
13 18 23 28
Cure time (min) 163 C
o 25 phr + 8 nlr ¢ @ phr

Figure 4.45 Effect of cure time and level of blowing agent on
hardness.



87

Formulation 1,2,3
slaps] 30 min seged 5 min slaged 10min

19
oj6
%’ . 7.4
;g - = c.a 5-:5 o
& 5.2 -
H
.‘g A4
: —%
] |
|
I
!
20
s 8 phr
Figure 4.46 Eff of blowing agent
320
a0
00
290
280
. 2
8 *714q '
ERIANNIUANTINEI/ Y
i 163
140 -~ 13
130 126
120 115 Ao
e 1': 1‘a' zla =-:|
O 2.5 phr Care Mimm (ain 19 o 8phr

Figure 4.47 Effect of cure time and level of blowing agent
an tensile strength.
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12

12 18 23
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Figure 4.49 Effect of cure time and level of blowing agent
on elongation.
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4.2.7 Effect of Amount of Zinc Oxide on

Physical properties

From Table 4.9, at cure temperature 185°C, the
increasing amount of zinc oxide increased only tensile

strength, tear strength and elongation where the other

properties were rather tant. However, at cure
temperature 15500, ) /&rnparties increased
constantly with ; Jo -ﬁxide. According to

Figure 4.11*the- zinc ox E effected only the

cross-linking but ghe .‘/- 1‘ h, the blowing,as shown

NN\

in Figure 4.4. oT § \ asing properties
were possibly cauged/ hiv. e ' . snlinking. And the
photography of thejfcglls ‘_" wed - \ inc oxide was used

ATl 1
as nucleating agentjland.the @eélls were very uniform and
i i ] :
PY e

sphecical in shape. of zinc oxide had an

increasing affe " one cure period

and a decreasing effec 3 erdod (Table 4.9).

The incraasingmf compression set ma effect by the

Th ‘ur t ' t of zinc oxide

d 1
ok STl 1y ) 1
the pﬁs al i =) lve r em of odour
and colour. The suitable cure time was below 20 minutes

at cure temperature 165°C.
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Table 4.9 Effect of amount of zince oxide on
physical properties

Physical ure temp.| Level of Zno
(®c.) (phr) 0% 8%
Properties
Cure time(min.)|
Density 185 5 0.20 0.21
(g/cm. ) AW 7 0.16 0.15
165 ”\\‘ /.7 0.15 | 0.19
‘\ o 0.13 | 0.17
Hardness : 55 58
(Type C) 48 47

//// )& R

Expansion ratio ' =9\ 4 4
(Volumetric) '“K \ ' 5.6 5.3

5.2 4.2
5.9 5
Tensile strength 146 191
(N/cm.) 147 166
163 178
_ 147 165
Tear strength ﬁ*_fi?{:_ ) r=1(11.7 11.5
(N/mm ) | X T.2 8.5
' 8.5 10.3
23 7.1 8.4
£ o Ot

Elnngatinnﬂ u Igﬂn EJ j w EJ ’] ﬂ 37 166
(%) by ‘ ' 20 137
165 ¢ 18, 142
| 110
Compregsion 18 5 5. 3.3
set (%) 7 - Jo ¢ 4.3
165 18 4 3.1
23 1.9 4.5

Formulation 2,6 : Compounding stage 1 30 min.

Compounding stage 2 5 min.

Compounding stage 3 10 min.

Storage time 1l hr
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4.2.8 Optimum Condition of Foaming Process

of EVA Rubber

1) Compounding Stages

-Stage 1. With the uniform distribution of the

compounding, checking from the constant shear viscosity

period, all physical px¢ y s were rather constant,
except the compressic '_'- =1-% })ge 1 compounding time

-Stage Z. JHes ef time '-\ is period affected
the decompositic gent and therefore

decreased thé fdafi g { Sogts a 1t affected the

physical prope

-Stage 3 ad little effect on

various physical t can be regarded as

cooling and shgetil

Wﬁ‘amWﬂ wﬁ qﬂ-‘i‘“ on physical

properties! of the final EVA fnam Tharafore, the

QR Q4T FDAUN VIR e oo

the i reasing foaming for a longer time.

3) Cure Ti mperature

These two closely related parameters were very
' important in controling the cross-linking /foaming of

the system and therefore proper adjustment of them is
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required to produced the foam with good physical
properties. However, the foam properties will become
constant when the mechanism in cross-linking/foaming was

unchanged.

4) Blowing Agent

This parame most critical one 1in

determining the of the foam. The

increasing foami ijp the blowing agent,

can be used to fpperties.

canh: sed all the foam

The suls e
properties, exce ﬂi%g;‘ of compression set
e
which was the rec *Gﬂgp : of the product, but the

cure time/temperaturs must b lected properly.
5 S -

5 d condition of EVA

Summez’
foaming prccesgﬂL:curd ng to this ianstigatinn:

%H%VIBE}% TN Ll ‘5““

mpnunding stage 2

QWW@%%MTW]EH@“EI

-Storage stage

-Cure 165°C 13 - 20 min

Other process conditions were fixed as shown in Chapter III.
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4.3 Replacement of Synthetic Polyisoprene by Natural

Rubber in Foaming Process of EVA Blends

All process parameters that affected the foaming

process were studied again in this step. From the

4.2, Various parameters were

W,

results in section 4.1

listed below.

-Shear vi 7 in th%nding stage 1.
~-Time in quudi g “stage 2 was fixed at

age 3 was fixed at

ned from the cross-

linking!fnam,.«m -4l temperature 165°C

BP0 g g s e o

synthetic 9polyisoprene ‘15 phr was used to determme the
=@ RAR T8 ANV TN IR v
was Shown to be constant at about 20-25 minutes.

Therefore, the appropriate time in this stage was
selected to be between 20-30 minutes,due to the
formulation that contained natural rubber or synthetic

polyisoprene 5 phr.
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Formulation 10,13
wilhoul DCFAKRZ

1
o] |
G50

[P IR ]
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0,93
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051
08 ..
oes 4 O
008 -
oAy -
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0.8% —|
.84
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a.82 -
B S

a.31

Ahear Yiecowity (KPag)

Figure 4.51 Effiec
F

A

/A 7

T T T L] L] T L) L) ¥ ¥ L] L T T L]

5 10 11 12 13 14 1% 16 17 18 19 20 21 22 22 24
cure time= (min}

L=]
-
N
o -
- -
. -
F -
o3 =
o o

Figure 4.52 Effect of natural rubber and synthetic polyisoprene
on cross-linking.
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4.3.2 Effect of Synthetic Polyisoprene and

Natural Rubber on Cross-linking

From Fig. 4.52, the cross-linking of synthetic
polyisoprene compound was a little higher than natural
rubber compound at the cure temperatures 165°cC.

However, the shear visce of natural rubber compound

was higher than sj ﬂg,_ﬂdgsl isoprene compound, as
shown in Fig. 4753 : Y éa concluded that the

as the main problem

impurity in n&% be
P Y “MQH‘
in retarding ~~\H-a compound. The 90

percent cross- minutes at cure

temperature 165 g (used; g\ ne the minimum cure

time for the cTfogs-flinking
" J_; o

e

5
)

AULINENINYINS
ARIAIATAUNM TN
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4.3.3 Effect of Synthetic Polyisoprene and
Natural Rubber on Foaming

The foaming of synthetic polyisoprene compound
was shown to be slightly higher than natural rubber

compound at cure temperatures 165°C. (as shown in Figure

 _caused by some possible

g in the synthetic

5 -éhlowing agent began

bout i4 minutes and the time

polyisoprene.
to be small increas

was used to detgfmina’

E . i e, |
L guedneninenns
TRINTUIINEINY

| | T
e 1 2 3 4 % & 7 B ilulllillﬂ.‘h&l!ﬂl‘li!:ﬂ

time (mic)

o IR 5 kr 4 ADS 1% phr ¢ IR IS ghr A  ADE 1% gkr

Figure 4.53 Effect of natural rubber and synthetic polyisoprene

on foaming.
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4.3.4. Efeect of Level of Synthetic
Polyisoprene and Stage 1 Compounding Time on Physical

From Table 4.10, the increasiné amount of

synthetic polyisoprene caused little decrease in various

except e elongation. The stage 1
N 20 ‘ﬂ‘-iputas had little affect

on various physigal-Pro ’élng to the uniform

distribution -w ; 5. ,'.*_‘ formulated with the

ivisoprene ( 5,10,15

difference leve 19
phr.). ",}[, \\\\

4.3.5
Stage 1 Compounding

Froi arious physical

e

properties ‘\? "ightly with the

:z:::::i:qymm’mf e e
g g LCHPT R el (A

T
vel of natural rl|

ber, except the
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4.3.6 Comparison of Physical Properties of
Synthetic Polyisoprene and Natural Rubber in Foaming

Process of EVA Blends

From Table 4.10 and 4.11,the results showed that

all properties of the foam(synthetic polyisoprene blend)

synthetic polyi

natural rubber mgofdd = in Flgure 4.53 the foaming

25- 30 minutes) '._EUJ%{V yigher than synthetic

pnlylsnprena compoun = out 28-25 minutes). Therefore,
.-, - -

rubber could be selected to be 25

mummm W&L’%ﬂ? natural rubber

compound, caused by sfmaller cross-linkimg, could be
posalw’] ﬁ?ﬂﬁj m mf] 1”&3@1 Ellking into
natural rubber compound. From the lab observation, the
distiriction between both foam can be seen from the more
yellowish color of the foam that blended with natural

rubber.
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Summerize the suitable condition of foaming

process of ethylene vinylacetate/natural rubber blends.

Formulation: phr.

Ethylene wvinylacetate 90 - 95

Natural rubber 10 - 5
10

Precipitate |

Coated 6

Steaf { 0.5

1
0.4

Vary
0.9

min.
i sleisbelembans i a5 ——————— = min_
min,

Sturﬁpa stage hr,

e 98N T Y3 e
°“‘“ﬁ°ﬁ"ﬁ st in o1y

—

II
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