CHAPTER III

EXPERIMENTAL

3.1 Materials

1. Concentrated and high-ammoni
(Thailand) Public Co., L

(Thai Rubber Latex Corporation
itute of Thailand )
| ;‘
-Nlailand), particle size is

N

2. NR block STRSL (T

3. Silica: Hi-Si! 255-
56.09 + 35.08 pm (

3.2 Chemicals

1. Tetraethoxysilanc

3. Zinc oxide (ZnO)::l public Co., Ltd.
i

4. Stearicacid ./ [ {Thailand) Co., Ltd.

5. Tetramethyl thlmlsulﬁde
Y ﬁ“ﬁ"ﬂ‘ﬁs‘é W‘S"’l“ﬂ‘?

y ' Loxley pubtho Ltd.
B WW”P&*&"F‘I?EH 19 1SRRG 2
9. Styre e monomer : Fluka

3.3 Instruments and Apparatus

1. Mechanical stirrer : IKA RW 20 DZM.n (Germany)

2. Two-roll mill ‘ : Model R11-3-FF (Tokyo, Japan)
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3. Rheometer : Monsanto MDR2000 (USA)
4. Mooney viscometer : Visc. Tech. (USA)
5. Tensile testing machine : Instron Corporation Series IX

Automated Materials Testing

System 6.05 Model 1011 (USA)

6. Tear testing machine : LLOYD Instruments LS 500
(USA)
7. Hardness testing machine "+ Durometer Hardness system
. (Shore A) Model 716 (USA)
8. Compressed air sampleeutter : Model SDAP-100-N Intro

Enterprise Co., Ltd. (USA)

¢
.

9. Compression moldiﬂédrolic 2 . . :Model V75h-18-BPX, Serial

— —

9593 (USA)

i
)

j_.r"-l J " Y v,
10. Scanning electron mi€roséope (SEM) “ : JEOL, Model ISM-6400 (Japan)

11. Transmission electron ﬁlicmscopeJ(TENﬂﬁi-t :JEOL, JEM -1220 (Japan)
F

SNaEEs 2
12. High temperature oven _— ~* Carbolite GM 11/7 (England)

T
- Sfde-
i

(Vg

ey

3.4 Methods A —

34.1 In situ Gen;'ation of the Silica in NR Matri;

The silica was generated in the natural rubber matrix by a method shown in

Scheme 3.1, with a detail explanation as follows

The concentrated matural rubber latex (DRC 60%, NH; 0.7%) was placed in a
wide-mouth glass container or beaker. TEOS of the required amount was added into the
latex with stirring at 750-800 rpm by a mechanical stirrer. The stirring was allowed to
proceed for 10-15 minutes to obtain a homogeneous milky mixture. The mixture was
immediately poured into a glass bowl and tightly closed with wrapping film. The bowl
was left in a 50 °C oven to let the sol-gel reaction to proceed. After 5-10 days, the lid
was opened and the composite was left in the oven for another 48-hour period at 50 °C.
The silica filled rubber was further dried in vacuum at 50 °C for 48 h. The partially dry
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composites was then fed through a two-roll mill operated at 50 °C for 10-15 minutes to

get rid of water and ammonia retained in the samples.

Natural rubber latex, high ammonia + TEOS

b - Stir

Homogeneous v
4% 1

QWWM&@M%WWEJ’]M

Scheme3.1 Experimental scheme for the preparation of NR-silica composite
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34.2 Determination of the Silica Content

A piece of NR-silica composite (ca. 50 mg), prepared from the method in 3.4.1,
was placed in an aluminum oxide cup and heated under air atmosphere, from 0 °C to
850 °C in an oven. The temperature was then held for 15 min at 850 °C. The silica
content was calculated from the weight of remaining ash by Eq. 3.1.

Silica content (%) = 100 (W/W>) Eq. 3.1

The conversion of TEOS to silica was also calcﬁld%f using Eq. 3.2.

Conversion (%) = 100.(W3/Wy) - Eq.3.2
9 .
Where W, was the weighi-of tesidue 11sh, and Wy was the initial weight of the

sample. W3 was the weight M iU generat d silica in the sample, which was obtained

from Eq. 3.1. Wy was t e eucal weight of silica being generated assuming
quantitative conversion of TE@S int silicaby—

# =>4 §i0, +44 C,H;0H
4i.55

Si(OC,Hs), +2
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-silica com;{ﬁite
11 AL

S 2 H
The recipe of the compound rubber is presesited in Table 3.1. Detailed procedure

-
Y

3.4.3 Vulcanization 9

=

is as follows. ) f

Yo, -

The in situ silica-‘Ngl composite was fed to the two-l;ou‘J mill having a preset

temperature of 70 °C. Then, all materials were added slowly to the rubber. The mixing
proceeded until homogeneous eompound was obtained. The sheet was cut off the roll
and placed on a flat, dry, clean place: Small pieces were removed fo test for Mooney
viscosity and cure meter before vulcanization. The sheet was then placed into a
preheated Squars-shapé-tnold for Comiptession at '150)°C land a préssufe lof 150 kg/cm’®
for a prescribed time. The vulcanized composite sheets of ca. 2 mm thickness were
obtained. The composite prepared by mixing STRSL with silica powder was also

prepared by the same vulcanization method stated earlier.
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Table 3.1 Formulation of compound NR-silica composite for in situ silica and

mechanically mixed silica.

Materials Quantity (phr)
ZnO 3.0
Stearic acid 2.0
T™MTD 0.3
MBTS f 1.0
Sulfur ') s 2.0

o
Wingstay L el .0
- - -

3.44 Determinatio/m'mg Be\lavior and Miechanical Properties

a"'rvi_ 7 }

vulcanization characterization of the rubber commnds

_-v_?--_.. J"‘ﬁ ——

A test specimen of yulcamzed rubber compound is cut,.linto a circular form. A
sample shall be 30 mm Mametcr and 11.5 mm in thickness. ids then placed in a die

cavity which is closed under positive pressure and mamtamed at the vulcanizaticn

temperature. The cavity is formed by two dies,one of which is oscillated through a
rotary amplitude. This action produces a torsion strain in the test piecé and torque which
depends on the stiffness (shear modulus) of the rubber compound. The envelope curve,
which is definéd’ as"the \aniplitude; of the ‘oscillating forcg /or torques s Continuously
recorded as @ function of time. The stiffness of the rubber test piece increases as
vulcanization proceeds. The time required to obtain a vulcanization curve (Fig. 3.2) isa
function of the test temperature (150 °C) and the characteristics of the rubber
compound. The test results reported are normally chosen from the following
parameters: minimum (M) and maximum (Myr) torque in dN.m unit, scorch time (ts2)

and cure time (t,(90)) in min.
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Figure 3.1 A typical vulcanization-eurves wi ich attains an equilibrium torque

L 2
‘the 'E_ffect of temperature and time on the
viscosity of rubber. The test speci conSist%of“two pieces which completely fill the

squeezed into the cavity under

continuously rotated at 2 rpm in ©ne ‘direction for. d;gﬁemﬁea time. The resistance to this

n51detable gﬁssure and temperature. The rotor is

rotation offered by the rubber is ;neasured mﬁbmary torque nunits as the Mooney
viscosity (MV) of the ﬂ)gcnnen. The viscometer is adjusted fojthat it will read zero
torque when run empty, -at@ 100 + 0.5 when a torque of 8.30 4£.0.02 N-m is applied to

the rotor shaft. The temperature for viscosity determination is 100 °C. The sample is
allowed to warm up for one minute after the platens are closed. The motor is then

started and reading taken at 4 min.

Tensile Propertie D412

Tensile strength, elongation and modulus are detérmined:"The vilcanized rubber
is stamped with a compressed air sample cutter into a dumbbell shape (Type IV) as
illustrated in Fig. 3.2. The specimens are cut from a 2.0 mm thick rubber sheet. The
testing is performed on a tensile testing machine. Results reported for each sample are

averages of 6 specimens. Measurement condition is as follows:
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Temperature 25°C

Humidity 60 %

Sample rate 10.00 pts/sec.

Crosshead speed 500 mm/min.
N R ST 1 ”

RO ) We ‘VI“ wO
o
jt— L

W:6 mm WO : 19 mm

important that the apex of 90° a.nglé'-sﬁa&be
TR\ S

samplv thickness is 1.9- 3)0 mm. Results 1

R Y

Figure 3.3 A schematic diagram of tear test specimen (Die C).
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Hardness (ASTM D2240)

For the assignment of the specimen for hardness testing, the test specimen is at
least 6 mm in thickness. In this experiment, the test specimens are composed of plied
pieces to obtain the necessary thickness. Type A Durometer is used to measure the
hardness.

The specimen is placed on a hard and horizontal surface. The presser is held on a
vertical position with the point of the mdentqr at least 12 mm from any edge of the
specimen. The presser is applied to the specnném/'Aﬁer the presser foot is in firm
contact with the specimen, the.scale readmg is fakel within 30 s. Measurements are

made at five different pomt_,_,dwtnbuted ver the specnnen The median of these
jXhe conditions of testing are as follows:

measurements is used as the/(value

226
50%
3 pieces

- el -
..| 0312001
" 079:0.03mm

Figure 3.4 A schematic of indentor for type A Durometers.

3.4.5 Scanning Electron Microscopy

The NR-silica composite sheet was frozen in liquid nitrogen and then fractured.
The sample was placed on the double sided sticky tape on a specimen stub and
sputtered with gold before viewing. Morphology of the composite of the fractured
surface was obtained by using SEM.
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3.4.6 Transmission Electron Microscopy

The NR-silica composite was embedded in polystyrene to make the specimens
harder. The specimen was cut to be a small piece and placed in osmium tetraoxide
(OsOy4) vapor for 24 h in order to stain the NR phase. The staining not only enhanced
the contrast for the microscopic viewing of the composites but also hardened the rubber
phase. The specimens were prepared to be ultra-thin films using a microtome. The
specimen was placed on a copper grid, which was coated with Folmvar®. The thin film
sections of NR-silica composite was also obser'éfﬁd)y TEM. The accelerating voltage

was 80 kV. ,.--" }
2 9

el Fa'storial Experiments

=
347  The Designofiwe

in, e}(penn;cnts involving several factors where it

Factorial design is
the faetors on 4 response. For an experiment
wWas Stlldlolh at “low” and “high” levels. The low

is v.,oded a&r-g-l ’

is necessary to study the joirt

level is ccded as -1 and the highlev

In this study, a v 3 design qmres a totaléES runs It is performed to evaluate
three main effects and five mteractum effects:of each factor on the mechanical
properties of NR-silica compos1te 'I'He three factd'rs are TEQS ﬁontent, added ammonia
Y
Table 3.2 Factors and leveli used in the experimental design. i

solution, and gelation t1m

Level
Factor Unit
(Low =-1) (High = +1)
TEOS content (T) Phr 10 50
Added ammonia solution (N) % 0! 2.5
Gelation time (G) Days 5 , 10

Values for main and interaction effect are calculated using the Eq. 3.3.

Effect = - §. Eq.33
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Where §. and §. are average values for the responses at high and low levels of each
factor. For principal effects the averages simply refer to the results at the high (+) and
the low (-) levels, independent of the level of the other factors. For binary interaction, ¥
is the average of results for two factors at high-high and low-low levels, whereas §. is
the average of the results when one of the factors involved is at a high level and the
other is at a low level. Generally, high-order interactions are calculated using the Eq.3.3
by applying signs obtained by multiplying those for the factors involved, (+) for high

and (-) for low levels. \gj !&
o |
In this study, replicate ex s &ed, whose standard errors (E)

m—
in the effect values are calcd 3.4.‘!"

1 —
\ Eq.3.4

E= {z(SD)/)u/ 7 ¢
Where SD is the 1 of
experiments performed. :

is significant. If the effect value 1s,

M
_..#__,.-:__I,r-; f{“

significant influence on tl:i tested property.
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