CHAPTER III

EXPERIMENTAL
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3.2 Instuments and Apparatus

1. Batch Reactor
The apparatus consists of four parts as follows :
a) Reactor
The reactor is a high pressure batch stirred autoclave model 4551 from
the Parr Instrumental Company with 3 ’q ‘ ® stainless steel 316 cylindrical bomb,
split ring closures and bom x ‘k _ ‘ work in a pressure range 0-2000
psi and in the temperature fange o ' °=

b) Reactor

The stiffed sefciouis & y convenient valves and fitting.

c) Automati€ tengper

The

Instrumental Company

842 PID controller frorfn Parr
ocouple. There are various
enhancement modules tQ ass & 4 id controlling the temperature,
pressure, and stirring speed \e range of s > speed can be adjusted in the range of
0-1000 rpm.

d) Gas co o

The gyt ith 4 pressure regulator.
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2. Infrared Spectrophotometer. : Perkin Elmer 2000 .
3. Mastersizer : Malvern 1.1
Serial No 6209
4. Gel Permeation Chromatograph (GPC) : Waters 150C
5. Scanning Electron Microscope (SEM) : JSM 35CF
6. Transmission Electron Microscope(TEM) : JEM 200CX
7. Two roll mills : Lab Tech engineering
oy company LTD.
8. Cutting machinge—— . : Bosco
9. Injection mo a1 O : Boy 225
10. Differenti imeter  Netzsch DSC200
11. CHNS/O 2 4 Perkin Elmer PE2400
= : Series 2 |
12. Universal te in o ‘ \ ,_ : Instron 4302
13. Impact testingfihaghined o2 '\ : Zwick 1435

3.3 Procedure

3.3.1 Natural rww latex analyses,
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; Natutél Rubber latex
W g
Q ’T]hﬁaﬂrarl-] ru?l;c;rllétgJ c}r}ll;]of paz:lclgs] ;] n@bﬂydrocarbon and
non-rubber constituents suspended in an aqueous serum phase. The composition of
natural rubber latex is presented in Table 4.1. The molecular weight was analysed by
the gel permeation chromatography and the GPC chromatogram of natural latex is
shown in Figure 4.1. The particle size analysis was made by the Mastersizer and the

average diameter and size distribution of rubber particle is shown in Figure 4.2.
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3.3.2 Purification of mohomers [21,22]

The styrene monomer (b.p. 145.2°C/760 mmHg) [20], contained a trace of
hydroquinone as inhibitor. The inhibitor was removed by washing with 1.0 % NaOH
solution. The styrene monomer was then washed with distilled water and then dried

with anhydrous Na;SO4. The dried styrene monomer was distilled in the presence of
CuCl; under reduced pressure mﬁ ﬁnﬂg) Finally, the pure styrene monomer
was stored under nitrogen a

The acrylonitrile m(b p.}78°mHg) [20], contained a trace of

tert-butyl catechol as i

Figure 3.1 and 3.2. The proief‘ﬁfp?; he
characterization is sugmenzed in Fxgure 3.3 whi
graft natural rubberT ‘4 S

‘Natural rubbj er latex
with 500 mL of waterc'and 0.7 g of petassiumhydroxide as a buffer and were

seonygecated B0 R) DD BHIAS N2 QS theong he e

The nitrogen ﬂgév rate was then reduced to a I(K level before the addition 18 g of

oo FMPT4 B4R ) e v

added, after which the mixture was warmed to the reaction temperature, 2.7 g of

ged to gj)olymerization reactor along

potassiumpersulfate as an initiator was added. Then, the mixture of 60 % styrene
monomer and 40 % of acrylonitrile monomer by weight was added. The reaction was
then allowed to proceed for 8 hours. under continuous stirring. After the required
reaction time, 1.0 g of a phenol antioxidant was added, then the reaction was stopped.
The grafted natural rubber latex was coagulated by casting together with drying.
Finally, the sheet of rubbers were obtained, the rubber sheets were dried at 70°C in

[ 15190012
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vacuum oven. The dried sheet was the leached in deionised water to remove any
water-soluble impurities from the rubber. The sheet was then returned to the vacuum
oven until it was thoroughly dry.

In this experiment, the appropriate conditions for graft copolymerization were
studied by varying the initiator concentration, reaction temperature and pressure (Table
31¥

Table 3.1. The variation of pz s invéstigafedin the graft copolymerization

50, 60, 70, 80
0, 20, 40, 60

Temperature(
Pressure (psig)
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Flowchart Diagram
NR Latex —
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Emulsifier — Grafted Natural Rubber
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Temperature (50, 60, 70 80 °C)
Pressure (20, 40, 60 psig)

Room Temp.

ubber
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ondition
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N

- Tensile strength

- Hardness

- Free SAN length
- Graft Frequency

- Copolymer Composition

- Elongation at break

Figure 3.1. Preparation of grafted natural rubber, characterization and

blending.
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3.4 Characterization
3.4.1 Determination of grafting efficiency and graft ratio

The ungrafted copolymer and free natural rubber remaining in the

reaction products could be removed by extraction. The ungrafted styrene-acrylonitrile

polymer in 100 ml ‘E olution w2 agit@d and then filtered with a

microfilter.

AN B S WA Trc opning 3040

°C and THF sglvent The flow rate was set a‘BIO ml/min. W the UV and IR

e @FHANNIUNNTINETRE

3.4.4 Determination of graft copolymer composition

a) Fourier-Transform Infrared-Spectrophotometry (FT-IR)[23,24]
The grafted polymer samples were prepared by casting on KBr discs.

From the FT-IR spectra the copolymer composition (acrylonitrile:isoprene:styrene)
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was determined by peaks area of the specific function group of acrylonitrile, isoprene,

and styrene monomer. The FT-IR spectra are shown in Appendix C.

b) CHN/O Analyzer
Elemental Analyzer, model PE 2400 series 2 of Perkin Elmer was

used to measure and calculate the copolymer composition. Detailed methods of all

calculation are described in A@v ,///

3.4.5 Determin rmal Pfqthe grafted natural rubber

e

v g, was measured using the
differential scanning C ,- a were recorded at scanning
rate of 10 C/min. agai anges of the scans were -100
to 150 °C with nitrog he sensitivity of 000/Rg500 pV,

under the nitrogen atmo . Tt f the speeimens used was 10-20 mg.

at ratio of the grafted natural

rubber and SAN (styg‘ne écry onitrile copolymer), 20@) 30:70, 40:60 and 50:50 by

M@ummmwmm

e mixture at the required ratio was preheated on the two roll mill for
o S e A i o
the two 'roll mill for 10 min. The temperature of the mixing rolls were maintained
constant at 180 °C for the front roll and at 170 °C for back roll. Finally the blended
sheet was removed out of the two roll mill and cut into the small chips by the cutting

machine.
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Injection Molding
The polymer chips with 0.1 %wt of silicone oil feed to the hopper of

injection molding machine, the small standard bars and a sheet for the test specimens

were obtafned. The temperature of injection heating zone and nozzle were 200-250 °C.

3.6 Mechanical Testing

ASTM D638: Jes ropertles

{ 4. 1) is shown

0

T —-)' l‘_

ammnimummmaﬂ

W : 13 mm Wy : 19 mm G : 50 mm R:76
L:57 mm Lo: 165 mm D:115 mm

Figure 3.2 Schematic of tensile test specimen (type I)




The tensile testing condition

Temperature 2y o
Relative humidity 50 %
Speed of testing 10 mm/min.
Gage length 50 mm

Distance between grips 115 mm

ASTM D 256:

| _DIRECTION OF

COMPRESSION
MOLDING
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A:10.16+0.05 D:0.25+0.05
B : 32.00 max, 31.50 min E-IZ70%015
C : 63.50 max, 60.30 min

Unit

Figure 3.3 Schematic of 1zod type test specimen.
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The machine parameters and testing conditions of the impact test were listed

below :
Temperature : 25 b
Relative humidity : 50 %
Pendulum capacity : 20 ]
Depth of specimen : 10.16 mm
ASTM D785 : Stan nethod kwell hardness
-—r
For the assng rdne ness testing, the test specimen was

of at least 6 mm in th1 men was flat and parallel over a

sufficient area to permii :_ ) A. ‘.g e specimen. For materials having
hardness values aboveg o ss of the specimen was of at
least 3 mm and measureme » 1 6 mm to any edge.
According to the lest specimens in this experiment
were composed of plied j essary thickness. The type D
durometer was used in this e )¢ onditions in testing were shown as
follows :

o

Relativumidlty : SOB

Number of pieces plied : o pieces

oo SR DI IS DN Tme et 10t o

reliable averageﬂnd standard deviation.
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