26

Reagent 7 i@ Manufacture
Ethylene-Vinylace | E-I-Ia7a T,
Polyisoprene Goodyear
Precipitated Sj "~ “Hoasch, K84 Azo Chemie
Coated Calcium g 5CC-2T | Silathip Chemie
Stearic Acid 3 Siam 0il
Zinc Oxide (activ, ‘; ”' xyd akiv Bayer
Dicumyl Peroxide ; 5,,, 7 7) R Nippon 0il & Fat

(- il 4 Co.,LTD
Zinc Steara v. ':r‘ Nippon Kokaku
) L Chemical
etns g AN IV RN T
Natural ﬂ:ﬁr | . Thailand

AMIANIUNNIINYAY
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3.2 Machine and Equipment

Internal Mixer (Appendix A):

- Capacity 420 g
- Rotor speed 0-120 rpm
- Specific ram pressure 0-4 bar

30 - 300 ©c

Air and water

30-120 °c
Air

Hot Press {AppenFi% C
- met. 17 cm

- 5 | ) 40%40 cm?

- T
Elimum pressure iy

AEIMEN TN g

Gas He surement Apparatus (Appendix B) 4,

RPANTIEU URVINHARE + oo

Rhenmatar (Appendix C) : Monsanto U.S.A

200 kglcm

Processability Tester (Appendix D) : Monsanto U.S.A
Universal Testing Instrument(Appendix D):Instron U.S.A

Microscope : ZEISS West German



Reagent

EVA Copolymer
Polyisoprene
Natural Rubber
Precipitated Silica
Calcium Carbonate
Stearic Acid

Zinc Stearate

Zinc Oxide

Blowing agent
Cross-linking agent

9
1

N\

&

g9 8 | o] 21 | 4% | 43

B
85 | 90 | 85 | 95 90 | 85
10 | 15| B 0 0
0 0| 5| 10| 15
10 | 10|10 | 10 | 10
6 6| 6 6 6
0.5 (0.5 (0.5 | 0.5 |0.5
1 11 A 1 1
0 o| o 0 0
fa'ﬁi 5 5 5 5 5
0.8 | 0.8

gz



Table 3.2 The experimental formulation (by weigh

Formulation No. 1 2

8]
o

10 11 12 13

Reagent

7

EVA Copolymer 350 ‘ 315 |297.5 | 332.5| 315 | 297.5
Polyisoprene 0 0 17.5 | 35| s52.5 ol o 0
Natural Rubber 0 0 ) 17.5| 35| s2.5

/
= ]
o
o

Precipitated Silica 35 35 35 35 35 35| 35 35

Calcium Carbonate | 21| 21 21| 2| 2| 2| a| =«
Stearic Acid 17.5 [17.5 9.5 [17.5 | 17.5 | 17.5/17.5| 17.5
Zinc Stearate 3.5| 3.5 | ¥ 5 3.5 3.5 35| 35035 3.5
zinc Oxide 0 ' 0 | 3.5 o 0 of o 0

Blowing agent 8.75 1:@1 u:ﬂ{n{:{ E}Q{I%Jw ﬂ‘ﬁ' 17.5 | 17.5| 17.5(17.5| 17.5

Cross-linking agent 2.8 | 2.8 2.8| 2.8 2.8 2.8]| 2.8 2.8

2.8 , 2.8 : %,2 | , 2.8
AN ITANE A

62



-EVA Copolymer

Cross-linking/ Sample
Foaming RAnalysis
Hot Press :
-Ram pressure 150 bar
-Temp. 165,185 °¢
LY

Qg



Stage 1 Stage 2 Stage 3 Stor | Cross-linking/foaming | Sample Analysis

- EVA copolymer Add DCP % 4

- All Ingredients| and AK#2

| . =

g

1 H ! BGG L)
| v
57

1€

Figure 3.1 The flow diagram of EVA foaming process
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3.3 Investigation Steps

The investigation stepes can be divided in to

several parts as followed:

3.3.1 Formulation

tions for shoe soles are

The commercial

shown in Table 3.1, de of commercial EVA

copolymer was u g &ate content of 17

percents, an melt #ToW index | . value of 1.5 and a

viscous softeni ‘ D 363\ TC .so one grade of cis

range of 118—151

ml/g) was used. g Dicumyl pero xide (98 percents active)

TR DT YT

peroxide ( was varied from 0.f 8 to 1.2 r{part per

hma&mﬁmm&mnm Elﬂ@m dea value

for E?A foams for improved permanent set.

qﬂs volume of 125

Two processing aids which normally used to
improve filler dispersion (5) were used in the
formulations : zinc stearate and stearic acid. Mainly

precipitated silica and coated calcium carbonate which
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used at fix level were compounded as filler. Zinc
oxide (8) may be added as an activator of blowing agent
and also acted as nucleating agents, giving a cell

structure of uniform fineness.

For a better understanding, the formulations

W be devided in two main

Y

which shown in Table

basic group as fol

ation No.1-No.7).

This group use the formulations

which will ormulation for

investigation condition in EVA

foaming process obtain in these

observations wil asic information for

the next steps.

oprene rou
J,P g P

(Formulation WNé&. F- .él-roup that EVA

copolymer and ;ELthatic pnlyisupreneﬂlubhar or natural

AN )R k111U o
A RIAINTUNRINGA
3.3.2 sSample Preparation

The sample preparation procedure was shown in
Figure 3.1 and also the preparation conditions were
summerized in the Table 3.3 this sample preparation can

also well understand by follownig details.
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1) Weight : EVA copolymer and other
ingredients were measured according to the formulations

in Table 3.1 with the total weight of 420 gram/batch

(Table 3.2)

2) Compounding stage 1 : EVA copolymer

and other ingredients excdept; blowing and cross-linking

)

agent were campgundﬂ ; &ral mixer untill the

uniform mixture was. Obta irﬁd temperature in the
mixer was cantrc( N ning point of the

compound (90-9 e decomposition

temperature of

temperature rage i Eztffﬁ- hat decomposition of

the blowing agent ( ST "ri;r % y of cross-linking

lost some gases (9). Thé ram préssyre (4bar), rotor

for study.

A u:ﬁr a’%ﬂ%‘%}wﬁ]ﬁ {29 The blowing

agent and t.#oss linking .agent ware added ' the mixer

e AR L SRTGR b st

yallow. The temperature and other conditions were

controlled as same as in compounding stage 1.

4) Compounding stage 3 : After the
compounding stage 2 was completed, immediately transfer

the mixture sample into a two-roll mill. The two-roll
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used for sheeting or ultimate mixing of a blowing agent
and a cross-linking agent. The temperature of the rolls
was fixed at 92°C because of softening point of EVA
compound. The nip and compounding time also related to
the degree of mixing(2). The nip was fixed at 1

milimeter. for this investigation because this length

| W mixing.

%ﬂ:er the compounding

is an efficient nip £

by placing in =
several storage 4 ,u_;: ;¢; \semple was cut to the size

(11 * 11 cm?) %n J'L~'

> aming stage : The
sample was weighe m‘ -g -» e than 3 percents of
the mold volume (5) and 1o the mold (to seal the
mold). The ¥as ¢ ad ' \ hot press with
pressure of ‘ ‘ recommend cure
temperatures were : 165°C and 185“(: Several cure time

vere neeflfif) 3 B 54844 Fins s coamtng

process oflEVA cnmpound‘ (5,78, 9 . After ha suitable

'-‘“"G}Wl AL EE] ﬂ%ﬁ%ﬂ@tﬂﬁl ’iﬁnﬂ and tne

expan gion of EVA foam took place in less than two

seconds. The sample was analysed by follow the methods
as in 3.4.

i iR ®
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3.3.3 Investigation Process Parameters

The following parameters which also play as the
preparation factors are selected for this observation.

-componding stages

-storage stage

The ufiding’ stages. which are investigated

age 1. All active
ingredients excepnt A owihe ﬁi:ut and cross linking
agent(as shown in formulatic “NO.1-NO.7) were compounded

into the internall mixér wsing cGempounding condition as

}5‘ time was varied

aianr viscosity of

range from 1DED 35 minutes. e
111103711111 i S
L TR0 bl V)T

previous compounding in the internal mixer. 1In this
stage, again compounding time was varied between 2 and
15 minutes. The foaming and cross-linking of the sample
were analysed by using a gas measurement apparatus and

rheometer (detail in 3.4).
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c) Compounding stage 3. After the
compounding stage 2 was completed, immediately
transfered the compounding sample into the two-roll
mill, mixing condition as in 3.3.2. The compounding
time in this two-roll mill was observed starting from

single sheeting up to 15 minutes sheeting time. The

foaming and cross-1ii ' : sample were analysed

by using gas measwn ent tus and rheometer

Formulation

No. Stage 3

H‘D . 1"‘“0 - 5

et uajﬂm‘fﬁmﬂi
qnmaqmzuu Vg R e

CQnditinn

*Optimum condition of each stage will be selected

for using in next stage
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2) Storage Stage

After the compouding stage had been completed,
the compounding samples were stored by placing in air at
room temperature {30—35°C}. Observation concerning

storage time range from minute up to many hours were

investigated. The £ : # cross-linking of the
sample were analyseés 1 measurement apparatus
‘

Formulation

No. Storage time

No. 1-No. 7 | S | 15 min-18 hr

Tl'ﬂ wszwﬂ mehe condition

obtaining from the pra\?nus rasult {opt:..mum condition
e QIR VAT RIS o oo
sample’ from 2). The finished samples were analysed the
physical properties (density, hardness, tensile
strength, tear strength, compression set, expansion
ratio, elongation and cell shape) using methods as

described in 3.4.
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Table 3.6 Variation cure time/temperature in cross-linking/foaming

process
Formulation| Campounding time Storage time | Corss-linking/foaming
No. Stagel | Stage2 | Stage3 165°c 185°C

No.1-No7

The res in
as the basic idg $4 §-linking/foaming of EVA
blends (Formulation /}

parameters were agals obse Ve

Table 3.7 Variatdon ' ng/ foaming of EVA blends

g
time Storage |Cross-linking/

mﬂmhuﬁwaﬁﬁ%‘w e

amaﬂmm 1A INYNA

No.8-No. 13

3)
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3.4 Determination of Physical Properties of EVA Foam

All EVA compound samples were analysed using the

following methods :

1) Density : ASTM D-3575 Method A

2) Hardness : ASTM D-1415-88
\ yﬂm D-3575 or
ﬁl D-412
| ——

p-3575 or

3) Tensile

4)

" : \\\
7) I?;égb' \\\

This ratio car 3{. stained by devided the foam

-3575 Suffix B

volume of the ‘samg room temperature

for 24 hours dith

J

For examp e :

L o ﬂﬂ?ﬂfﬂﬂ’i

th X 1angth x thickness

QW’]ﬁNﬂiﬂJ lIW’I’ﬁVI’EJ"’fﬂ‘EJ"“

= 340,704
=Mold volume = 120 x 120 x 10 mm3
= 144,000 mm3

-Expansion ratio Foam volume/Mold volume

340,704
144,000
2.3
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8) Cell shape
Before cell shape observation , the sample

preparation had to be done as followed:

1. By slide approximately 2 milimeter from the

surface sample with a sliding machine (normal use in the

shoe industry).

2. Slight - &ce sample with a blue
ink to shade th

/fi rétter observed and

photoed by both m

The pi taken by camera

through the mi x 100 times).

The sample size,3 gram) was place

in the glass t_'.uha anecting silicone tube

and the heatifig—un "‘""""‘""‘"’““"‘F":‘ 165 or185 °c)
as shown datag o : tﬂ in Appendix D.
The pressure of generated gas, by the decomposition of

.ﬂwmwﬁwmnﬁmm

connect diractly to the gas tube. FPlot of the difference

rooné) Al mbhish] dn) $Ad bkt 1] (lbek el bna areor

decomposition step) versus generating time had been done

and the foaming was determined using this relation.
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10) Shear viscosity

Approximately 65 g. of small sample (size 4x4x1
mm3} was placed into the barrel of the pProcessability
tester (Appendix F). The processability tester will

Provide viscosity and shear setress data at test

conditions of actua

temperature.
For example /
Tampera&gﬂ!’—f?f“.
Shear Ratf® 4 / ed), | -1
‘Shear stgls \the tester) = 154 Psi
Shear V ' ' s/Shear Rate
In SI Un

Shear viscog ' constant x (Shear Stress)
Shear Rate
viscus; ¢ consta o= T *;J;;}

& Pa. ina.s!nin 1b

Shear viaqpsitr = 6, 235210'1 x(154/100) Pa.s

ﬂ‘LIEJ’J V1BV s
. RIS e

11) Cross-linking

Sample (spherical 5 centimeter, approximately
20-25 gram) was placed in the sample receiver of a

Rheometer (Appendix E) using cure temperature at 165 or
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: .
185°C. The torque data will be automatically ploted
versus time by the ploter of the Rheometer during the

operation. The graph was used to analyse the cure time.

AULINENINYINS
ARIAIA TN TN
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