CHAPTER III

EXPERIMENTAL PROCEDURE

3.1 Materials

3.1.1 Poly(vinyl chloride), PVC

There are twost % for this study like rigid PVC
..#

(unplasticized PVC, R-P ft PQ’C PVC, S-PVC). Both of them
are the same K value lastic and Chemical company
(TPC).

3.13 Chlorinaﬁg

Tr1chloxsocy}nunc acid (TCIC‘A}) is used as a chlorinating agent for

surface modlfﬁt ﬂ g] Q Wﬁl ﬂ)ﬁdw;&lxﬂ] ﬂﬁphed from KC salt

company.

ARSI UM INYIAE

There are two compatibiliers used for this study; chlorosulfonated

polyethylene (CSPE or Hypalon 40) from Polymer Innovation CO.,LTD., and nitrile
butadiene rubber (NBR or Nipol DN3350) from Zeon Corporation CO.,.LTD.



3.2 Instruments

Instruments and machine used in this study are listed in Table 3.1

Table 3.1 List of instruments used for this research.

NO Instrument Purpose/Information
1 | Two roll mill Mixing of polymers
2 | Compression Mold Molding the mixed

polymers
3 | Universal Testing Machig Tensile strength and
% Elongation
4 | Impact tester Impact Strength
5 | Durometer Hardness
6 | Differential Scanning Compatibility
Calorimeter(DSC).
v Y]
7 | Dynamic Mechanical - Compatibility
Analyzer Scientific. u
(DMTA)
5 | scoming ﬂtmnt a FJ B M el | [ “arsnoayan
(SEM) C&gpatlblhty
9 | X-ray Fluorometer (XRF) PW2400/Ph|hp Chloride content
10 | Thermalgravimetric Analyzer TGA7/PERKIN ELMER Composition of tire
(TGA) rubber wastes
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3.3 Experimental Procedure
3.3.1 Acetone extraction

Commercial grade acetone (500ml), was added in 1 L round bottom flask.
Then equip flask with soxhlet extractor containing 500 g the recycled tire-rubber 500
g. The recycled rubber was extracted for, 24 hours. Then the extracted rubber was
removed and dried in the oven for 24 hours éﬁ’S)"}

J
3.3.2 Tire-rubber waste compo itions.

The detenmnatly/é main (&)mposmon of reclaimed tire rubber (RTR)

and ground rubber tire Was . perf‘érmed by meams of thermogravimetric
Analyzer (TGA). Ten mg of ti bbet w?te sample was heated from 50°C to 550°C
556°C t6‘850°C (10°C/min , O, atmosphere). The

(10°C/min , N, atmosphere

sample compositions such as he percentag? of polymer, carbon black, and residue

were reported. 1 e {;:4
— -
= = b .
3.3.3 Chlorination of tire rubber wastes. £)
\Z 9

The used tire ru_bber particles were acetone extracted and then dried at 50°C
for 24 hours in the oven. Next the particles'were immersed in a freshly prepared
TCICA solution in methanol for 20 min. The particles were-then filtered, washed
thoroughly with ‘water and dried for 24 hours at 50°C. The chlorinated tire rubber
wastes, GRT and RTR treated with TCICA solution, were designated-as CI-GRT and
CI-RTR, Ttespectively. Since the amount of chlorine deposited on the rubber surface
having to be analyzed by means of X-ray photoelectron spectrometer (XPS or ESCA),
the chlorine content could not be directly determined because this XPS was not

available in Thailand. Both XRF and DMTA were used instead.
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3.3.4 Formulations

Formulation and composition of PVC blend.

PVC was firstly melted in a two-roll mill which the temperature of the front
and back roll were set at 170°C and 175°C respectively for 5 min. Then the tire-
rubber wastes such as GRT, RTR, CI-G or CI-RTR was added to the melt PVC

that the recipe of mixing was fc .2. The molten polymer were cut
times during mixing. After 10

: . — . , :
minutes of mixing, the we ng S eted out at a 2 mm nip gap on a

diagonally from time to ti

two-roll mill. The sheet ompounds | '~ compression molded in an electrically

heated hydraulic press 2 12C Hor/2 4 _
under pressure by water cis€ulation th 1 the %of dimension 18X12 cm.

For finding the ©
rubber wastes by using TC on
GRT were added to R-PVC. Their recipes are shown in Table 3.3.

AUEINENINYINS
AMIAN TN INAE
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Table 3.2 Formulation of PVC/GRT, PVC/RTR, PVC/CI-RTR and PVC/CI-GRT

5]
<
0

No

RTR (phr)

GRT (phr)

Compeatibilizer

Unmodified

Modified

Unmodified

Modified

CSPE | NBR

Plasticized

I1
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I3
J1
J2
J3
J4
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Unplacticized
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E2
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F3
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HS5
Hé6
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Table 3.3 Formulation of PVC compounds contained 30 and 40 part of RTR and

GRT per 100 part of R-PVC

% TCICA solution in methanol
Rubber | No
0 1 3 5
RO 30 - - -
E R1 - 30 - -
(4 R3 - Ty 30
'y
RS - ' - 30
2
GO 40 a = - -
E Gl g L 40 - -
L G3 X \ 40 -
GS* ‘: _a; 3 s 40
3.3.5 Measure ysi_cil pl;f;perties.
pRITRE ¥
Rz )
Tensile properties measutement . 4
P et ‘.J_::-ﬁ‘;d_

2/

Dumbbell-shgbabs tensile spécimens were puncheg’,' out from the mold sheets

Tensile strength andv% elongation were measured, acc;nding to ASTM DA412-98a
specification, in a Zwick Universal testing machine (UTM) model LR 5K LLOYD at

a strain rate of 500 mm/mineat 25°C

Force Measurement

Grips for

Holding

Specimen Fixed
Flrmly Head

Constant Rate of Motion

Figure 3.1 Tensile testing apparatus and test specimen.

Test Specimen
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Izod impact strength testing

Izod impact strength specimens were prepared by following ASTM D256-81.
A pendulum swung on its track and struck a notched, cantilevered plastic sample. The
energy lost, required to break the sample, as the pendulum continued on its path was

measured from the distance of its follow through. For hardness of 3 mm-thick, it was
measured by using Durometer type D.

fzo¢
4 Sample
i Geomety

foint of
rapact

e
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-
| b -
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e

Figure 3.2 Jzod impact strength apparatus and test specimen.

3.3.6 Measurement of thermal properties

Pifferenctial’'Séanning Calorimétric (DSC) study

The glass-transition temperature of all composited samples and raw materials
was investigated by DSC. 8 mg of sample was heated from -150°C to 120°C with

scanning rate of 10°C/min, which confirmed the miscibility of each sample.
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Dynamic Mechanical Thermal Analysis (DMTA)

The dynamic mechanical data of the blends were obtained using a dynamic
mechanism thermal analyzer (DMTA) DMTA4/Rheometric Scientific. Sample
specimens of dimension 45X8X3 mm. were analyzed in dual cantilever bending mode
at a constant frequency of 1 Hz, peak to peak displacement of 64 um, and in the
temperature range from -100°C to 50°C. The heating rate was 3°C/min. The
temperature corresponding to the peak.in tan § vs temperature plot was taken as the

glass-to-rubber transition temperature (Tg).” /* +

-
-

J
3.3.7 Morphology ‘

Morphology of %&ﬂdcd coméositions was examined under the scanning

electron microscope (JEQE JSA 5800) by-ﬁ‘acturmg the specimens in liquid nitrogen

and then etching out the r past like S}R’I RTR, CI-GRT or CI-RTR in boiling
concentrated nitric acid (115 )for 10 mifl. ‘The samples were washed with water and

dried at room temperature: Etﬂhed out samp}es were gold coated and then examined

under the SEM. V = i

3.3.8 Swell Bgigaviors ey

Square test pieces of dimension 10X8X3 mm were die-cut from the molded
sheet of used rubbers; GRTRTR, CI-GRT or.CI-RTR. All specimens were swollen in
toluene at 30°C for|96 hours: The swollen samples“were put on a slide and covered
with a light cover slip. Under this gondition, sample weights were measured. The
average yalue of five such measurements was noted. The percent swelling weight was

obtained from the following equation:

W,-W,

Percent swelling = ( ) X100

Where W, and W, are the average weights of unswollen and swollen one,

respectively.
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