CHAPTER III

EXPERIMENTAL

3.1 Chemicals ’ l//

1. Natural rubber latex, hi éai Rubber Latex Corporation
‘ ‘,"iland) Public Co., Ltd,

2. Styrene monomer, co al Resin Co., Ltd.

3. Glycidyl methacrylate ade ‘The Kouyoh Trading Co., Ltd.

kyo, Japan.

4. Potassium hydroxide, Ak

5. Sodium dodecylsulfate, / APS Ajax Finechem

6. Isopropanol, AR grade : BDH

7. Cumene hydroperoxide kd"™

8. Tetraethylene pen tan : :1" v

9. Light petroleum e AR grade : Lﬂcan Analytical Sciences

10. Acetone, r <o , g ;

n e ritpd 8 ANBNTNELINT

12,
13,
14.
15.
16.
17
18.
19

Sodi ide, ¥ — 9bf1 g
Bl AN AN N TR TR Y
Chloroform-d for NMR : Aldrich

Zinc oxide : DYNA Trade Co., Ltd.
Stearic acid : Imperial (Thai) Co., Ltd.
Tetramethyl thiuramdisulphide : Sunny World (1989) Co., Ltd.
Sulphur : DYNA Trade Co., Ltd.

STR 5L (Standard Thai Rubber S5L) : Thai Hua Yangpara Co.,Ltd.
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20. Poly (Methyl Methacrylate) pellet, MF#001 : TPI Polyacrylate Co., Ltd.

3.2 Glasswares

1. 4-Necked round bottom reactor, 500 cm’ capacity

2. Condenser

3. Nitrogen gas tubing ' ly
4. Thermometer adapter /

. ..J
5. Extraction apparatus —

6. Round bottom ﬂask
7. Extractor
8. Dimorth condenser

9. Other general laborato

/

3.3 Equipments

. Fourier-Transforminfr PRy ; £ oleg(Impact 410), England
2. Transmission Ele 1’{ ::’ )CX, Japan

3. Nuclear Magnetic Rgonance pectromete : DP)@OO

4. Two-roll Mil ineering, Thailand
S. Compressmt@uﬂdghm EI v] ‘j. w ﬂ?l‘?i ﬁimeeﬁng, Thailand
6 c ‘mjapan
 oairihananl i TR
8. Tensile Testing Machine : Instron Model 1011, U.S.A.

9. Universal Testing Machine : Lloyd, UK.

10. Durometer Hardness : Shore A Model 716, Shore

Instrument & MFG. Co., Ltd.,
USA.

11. Impact Testing Machine : Izod-Charpy Impact Tester
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12. Scanning Electron Microscope : JEOL, Model JSM-5800 LV,
Japan
3.4 Procedure
3.4.1 Purification of Monomer

The styrene monomer (b ml%"la//fuﬂg) contained a trace amount of

hydroquinone as inhibitor. tor‘,w by washing with 10% NaOH

solution. The styrene mo ntil neutral and then dried

with anhydrous Na,SO: stored in the refrigerator.
The glycidyl methacryl was used as received and

stored in the refrigerato

3.4.2 Preparation

The graft copolymer ' ural rubber.with styrene (St) and glycidyl
methacrylate (GMA 'eef% pared by emulsion graft odpolymerization. The high

ammonia natural rubbe -+
round bottom reactor with 6]'00 cm’ of dlstllled water and the sodium dodecylsulfate 1.5

wt.% of dry mbﬁ %tﬁj @3 W‘% erﬂeleﬂ t-'j g of isopropanol as

stabilizer and potﬂ!lsmm hydroxide was added as buffer to maintain the Q}pH of system at
o e R R Tt B9 B
min. The monomer mixture of 70% of St and 30% of GMA by weight was added to the
reactor, then tetraethylene pentamine (TEPA), TEPA was used to activate the cumene
hydroperoxide; (CHPO:TEPA = 1:1 w/w) were added. The HANR latex was swollen
with the monomer mixture for 1 hour before adding initiator at reaction temperature.
The reaction was then allowed to proceed for 10 hours under continuous stirring to

complete the polymerization and then stop the reaction. The obtained graft copolymer
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latex was cast on open trays at room temperature. The gross polymer was removed,
washed and dried in vacuum oven at 40°C for 24 hours. The complete experimental
procedure is summarized in Figure 3.1. The experimental variables used for the graft

copolymerization are shown in Table 3.1.

Table 3.1 Experimental Variables for Graft Copolymerization

Rubber content (g) 100

Initiator concentration, ® 05,15,25,5
(g/100 g rubber content,

Reaction Temperature (° ' ‘ : N N 0, 60, 65, 70

The conversion of graft copolymenzatlon was determined by the percentage

increase of rublﬂ %ﬂh‘ﬁs c‘ﬂu&jn%ﬁ %l%ﬂﬁon 3.1.
Habbonk i 3 fddl AANLULE Lo 6

Weight of monomer charged
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3.5.2 Determination the Percentage of Grafted Natural Rubber and

Grafting Efficiency

The amount of grafted natural rubber, free natural rubber, free SYGMA in the
product could be determined by soxhlet extraction. The free natural rubber was

extracted by light petroleum ether (60-80°C) for 24 hours, while free SYGMA was

extracted by acetone for 24 hours | ) grafted natural rubber content was

determined by the residual weight a n of homopolymer. The grafting
._d
efficiency is defined as th wided by the total SYGMA

% Grafted Natusl | | v } x 100 (2

Where

a  isthe weight of free rubb t extraction with light petroleum
ether for 24 ho

b is the weight of gmﬁ tlﬁresxdual weight after

extraction of free homepolymers

¢ isthe wengtﬂfﬂeﬁ%ﬁnﬂ@% q{ﬁm with acetone for 24

hours.

QWWENF]?EIJ UAIAINYQ Y

% Graﬁmg Efficiency = the weight of polymer as grafted copolymer x 100 (3.3)

the total weight of polymer formed
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H,0 + HANR + KOH + Isopropanol + SDS

.

Purged with N, for 30 min

v

Allowed the latex to swell

Monomer + TEPA [P

with the monomers, 1h

Cumene hydroperoxide | \\\ jl/ ///
- '_'::: e@t rewamre, 10h

TEM

Degree of

monomer conversion

.

Blending of Extracted free NR with
STRSL/PMMA/Grafte' = "’I petroleum ether and dried

T m at40°C for 24 h

'

atted free SYGMA with

acetone afid/dried at 40°C for 24 h
1

TN INy

!

Graft copolymer

RIS
-

Mechanical properties testing

v

SEM

l GE (%)

NMR, FT-IR, DMTA

Figure 3.1 The Overall Schematic Experimental Process
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3.5.3 Determination of the Morphology of Grafted Natural Rubber

The grafted natural rubber latex was diluted 400 times with distilled water to a
concentration of 0.05 wt.%. In 1 cm’ of this solution, 2% aqueous 0Os0O, solution was
added, and allowed to stain the natural rubber in the grafted natural rubber for

overnight. The latex was placed on a grid and dried [23]. The morphology of the graft
d’f lectron microscopy technique (TEM
v

00 kV.
)

copolymer was examined by a tra
0

model JEM-200CX) and the a@

_——
T —

3.5.4 Characterizati

o,
W,

"y

',

\%'R{;bber product, the grafted
¢ solution after the extraction by

] i ,
by using chloroform as a solvent), solution after the extrac

solution after eyﬁcw HJ %t% ﬁﬂ wogrq ﬂ ?]. The spectra of all

samples were opétated on the Nicolet Infrared Spectrophotometer (Model Impact 410)

e QAR UM AN YA Y

b. Nuclear Magnetic Resonance Spectroscopy (NMR)

ion by petroleum ether and

The grafted natural rubber was swollen in CDCI,. The 'H-NMR and “C-NMR
were operated on the NMR spectrometer (DPX-400). From 'H-NMR and “C-NMR
spectrums, the copolymer composition was determined by the signal area of the

specific functional group of styrene, isoprene and glycidyl methacrylate [22].
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3.5.5 Determination of Dynamic Mechanical Properties of Grafted Natural

Rubber

The dynamic mechanical properties of grafted natural rubber were measured on
a dynamic mechanical analyzer (Perkin-Elmer 7¢) with a liquid nitrogen cooling

system. The Parallel Plate mode was used in a temperature range of —80 to +20°C at a

heating rate of 5°C min’ " and at @W

3.6 Preparation of STRS bber Blends

The STRSL and 5 rafted natural ribber (NR-g-S/GMA) content
were mixed at room temp Sl

into two roll-mill for ' j lended with the STRSL and grafted natural

vulcanization, 6 phr zinc oxide active hr stearic acid (activator), 0.5 phr
..-I ...-‘r,-&" % o 3
tetramethyl thluramdlfftlphlde (accelerator) and 3 . suiphur (vulcanizing agent)

compounding formulatiQs of the ble 10wn in Taﬂll 3.2. The thin sheets from

the two roll-mill were therf pfessed by compréssion ing at 170°C at pressure 150
kg/cm2 for 15 uq JJ %Jegnnﬂm@ ﬂﬁfl héater cooled press for
15 min. The shee ss ﬁj ‘ﬁ ﬁﬂ d specimens
accordmaoﬁ/lé ﬁﬁ ﬁﬁﬁ ﬁ Eiﬁi g
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Table 3.2 Compounding Formulations

Ingredients 1 2 3 4
1. STRSL 70 50 70 50
2. PMMA 30 50 30 50
3. Zinc oxide (phr) - 5 6 6
4. Stearic acid (phr) - 0.5 0.5
5. Tetramethyl thiuramdisulphide 0.5 0.5
(TMTD) (phr)
6. Sulphur (phr) - 2, - ~ - 3.5 3.5
7. Grafted natural rubber conten 'l ‘ ‘: nd : 0,5,10,15 and | 0,5,10,15 and
(phr) A / 0" 20 20
3.7 Preparation of Grafted' / I’RJ ber (NR-g-St GMA )PMMA Blends

J“l o

7Y q??u’ :
kept constant at 165°C. The

PMMA pellets (0, 30, 40, 50 phr X e iwo-roll mill for 15 min and then

oS
-

and pressure of 120 kg/ml2 for 10 min. A

e A ki) e 201
e AHIRN TN INYAY

er pressing, tha-uold was transferred to a

Mechanical properties of the STRSL/PMMA/grafted natural rubber (NR-g-
St/GMA) and grafted natural rubber (NR-g-St/GMA)/PMMA blends were measured

by following the ASTM test methods as follows:
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3.8.1 Tensile Properties (ASTM D638-97)

Tensile properties of the samples was measured at 25°C and humidity of 60%
using dumbbell-shaped test pieces (Type IV) as illustrated in Figure 3.2. The
specimens were cut from a 3.0 mm-thick sheet. The testing was performed on a tensile

testing machine (Instron model 1011) with a crosshead speed of 500 mm/min.

| ’///4/,

| //% 3 \:%
A // __ \\\%\ ke

1/ &% W

e & -

W:6mm WO:19mm G: =X 4 mm T : 4 mm or under
L:33mm LO: 115 L)
T v
Figure 3.2 Scﬁna ‘ Smcimen (Type IV)

382Teﬂ§ﬂ,ﬂ,f§5ﬂ@mw EJ’]ﬂi
FRHRS ﬂ‘“ﬁﬂﬁ"&l 49 34 R ¢ res 2

The thickdess of the test specimen was 3 mm. The tests of specimens were measured at

25°C and humidity of 60%. A crosshead speed of the universal testing machine (Lloyd)

at 500 mm/min was used.
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S0* ’ ;‘\ f
/ B-RAD. ‘1’

E RAD.

A : 102 mm D:12.7 mm
E: 25 mm H:51 mm
Figure 3.3 Sc ecimen (Die C)
3.8.3 Hardness (AST
The test speCIBen shall be a.t ) mr icki€ss. A specimen may be

composed of plied pi : 'he lateral dimensions of

the specimen shall be su: C1ent to permit measurements atleast 12 mm from any edge.

f;‘ili‘;‘;i‘f;f,féjcﬁﬁ ﬁﬁﬂiﬁﬂmﬁ P N
IR NI ANENRY. .. ..

hold on a vertical position with the point of the indentor at least 12 mm from any edge

of the specimen. The presser foot was applied to the specimen as rapidly as possible,
without shock, the foot was kept parallel to the surface of specimen. After the presser
foot was in firm contact with the specimen, the scale reading was to be taken within

15 s. The condition in testing was as follows, temperature of 25°C and humidity of
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60%. One measurement was made at five different points distributed over the specimen

of at least 6 mm apart and the median of these measurements was used as the hardness

value.

3.8.4 Impact Energy (ASTM D256)

Unit : mm.
A :10.16 £ 0.05 D:0.25+0.05
B : 32.00 max., 31.50 min. E:12.70 + 0.05

C :63.50 max., 63.30 min.

Figure 3.4 Dimensions of Simple Beam, Charpy Type, Impact Test Specimen
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3.9 Oil Absorption

The vulcanized STRSL/PMMA blends at ratio of 70/30 and at ratio of 50/50
with various grafted natural rubber content (diameter 1.90 cm.) were completely
immersed in lubricant oil (benzene engine) for 1 week. The samples were wiped with

tissue paper to remove surface oil before weighting. The weight of the sample was

! f /ss is as follows (ASTM 471-79) :
M, & x 100

recorded and the calculation of the chan

§

Where M, =i
M, =
3.10 Scanning Electro
The Scanning Electron ..{«.. was used to investigate the fracture
5 v :J“Hf-f .
surface of the STRS [MA/grz ral T (NR-g-St/GMA) blends and the

R i ] . .
grafted natural rubbe {E;;rfz o-SYGMA)/PMM. : ‘the tensile properties test.
Samples for SEM werﬂnou ed tub using @ double-side tape and the

fracture specimens were coated with gold. The SEM (JEOL model JSM-5800LV) was

opememsﬂuﬂ'mw‘ﬁwmm
QW’WENF]?EIJ UAIAINYQ Y
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