CHAPTER IV

RESULTS AND DISCUSSION

The graft copolymers of glyci ‘late and styrene onto natural rubber
were prepared by emulsion ¥ e redox system of cumene
hydroperoxide (CHPO)/ ': was used to initiate the graft
copolymerization. This re S ble peroxide and a water-
soluble amine which co ¢ water/} rticle rface [23, 24]. The effects of
1nitiator concentration, re icentration and reaction time
on the grafting efficiency were inye tigatcdyThe al rubber-g-styrene and glycidyl

methacrylate was used as a compatibi _- . al rubber/PMMA blends. The natural

rubber, STRS5L, was blended h '.:~ atious the grafted natural rubber (NR-g-

1s were investigated.

)

4.1 Properties of Natu Ruber atex m

The na(‘uﬂ M&Lg m&m ﬁ'hm:]lﬁliThaﬂand) Co. Ltd.

has the propertles as shown in Table 41.
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Table 4.1 The Properties of High Ammonia Natural Rubber Latex

Properties Test Results

Total Solid Content, % 61.54
Dry Rubber Content, % 60.03
Non Rubber Solids, % 1.56
Ammonia Content (on Total Weighgg ; l' // 0.70
Ammonia Content (on Water K / 1.82

pH Value ; k| éﬁ_ 10.92
KOH Number / k\ 0.5610
Volatile Fatty Acid Num 0.0194
Mechanical Stability Ti on 11/07/2001
Specific Gravity at 25°C 0.9411
CST.(ml.) 24

23
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process. The water-insoluble cumene hydroperoxide (CHPO) and water-soluble
tetraethylene pentamine (TEPA) were used to initiate the graft copolymerization. The
appropriate conditions which yielded high conversion, percentage grafted natural
rubber and grafting efficiency were investigated. The mechanism of graft

copolymerization was also proposed.
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4.2.1 Effect of Initiator Concentration

The graft copolymerization of glycidyl methacrylate and styrene onto natural
rubber have been accomplished using the redox initiators, couple cumene
hydroperoxide (CHPO)/tetracthylene pentamine. The effects of initiator concentration

at various temperatures on the conversion, percentage grafted natural rubber and

Figures 4.1-4.3. The detail of all data

eters of graft copolymerization

- amount of styrene a idyl m ryla ‘ : 100 parts by weight
- rubber content

- emulsifier concent

- initiator concentrati ight

- reaction time

From Figures 4.1 and 4.2, tb"; nversion a

ot o ¥
e :.a

i
increasing initiator co,xﬁegtratlon at various tew

initiator concentration-pr grafti ne/glycidyl methacrylate

tigated. The increase in

random copolymers styrene glycidyl methacryla to graft. Therefore, the

conversion an fﬁ gwj i'ﬁiator concentrations,
initiator radical 1s pro uced more and causes the increase in radxcal chams to graft but

"R m"ﬂ“‘ﬁ“ﬁﬁ MDA

decrease at high initiator concentration. From Table 4.2, the percentage grafted natural
rubber, the conversion and grafting efficiency increase with increasing initiator
concentration upto 2.5 phr at all temperature and the percentage grafted natural rubber,
the conversion and grafting efficiency did not change so much at initiator concentration
above 2.5 phr. From Figure 4.3, it was also found that percentage grafted natural

rubber increases, percentage free natural rubber decreases and percentage free St/GMA
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Figure 4.2 Effect of the Initiator Concentration on the Grafting Efficiency (Monomer
100 phr, 50-70°C, 10 h) : (4)50°C; (M) 60°C; and (® ) 70°C
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Figure 4.3 Effect of the Initiator Concentration on the Percentage Grafted Natural
Rubber, Percentage Free Natural Rubber, and Percentage Free SYGMA
(Monomer 100 phr, 50-70°C, 10 h) : (4) 50°C; (M) 60°C; and ( ® ) 70°C
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slightly increases with increasing initiator concentration at all temperature investigated.
It can be explained that the resulting macroradicals initiate chain growth reactions
leading to the production of graft copolymers and homopolymers. The appropriate
initiator concentration which give high conversion and grafting efficiency was found to

be 2.5 parts by weight at temperature range of 50-70°C.

4.2.2 Effect of Reaction Tew ///
The effect of reawmﬂ OHQ grafted natural rubber, the

conversion and grafting effi 3 and Figure 4.4. The detail of

all data and calculatio in! Appendix A. The parameters of graft

: 100 parts by weight

1]
:
£
=
o
@
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8
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- initiator concentration

- reaction temperature

- reaction time i o

From Figures 4.ﬂ and 4.4b, the higher temperatuﬁ results in the decrease of
the conversion, i gjlﬁ and fﬁ rubber. It is known
that the rate of @ﬁ i niti uor end Ejjqfelc on temperature. The
cumene m ‘égilu and 250°C
/1 min amaﬁﬂimmj E’!:cjgay ote cumene

hydroperoxide which was decomposed rapidly at a low temperature [23, 24]. As

reaction temperature increase, more cumene hydroperoxyl radicals were produced and
transferred to the rubber chain then polymerize to form the graft copolymers. The
conversion and grafting efficiency increase with increasing polymerization temperature

up to 60°C, and then both the conversion and grafting efficiency decrease. This is due



42

to the rapid decomposition of the initiator yielding a high instantaneous radical
concentration and the radicals might be acting as radical scavengers. The radicals
underwent either recombination, or other side reaction, the initiator efficiency is thus
reduced. Therefore, the appropriate reaction temperature which give high conversion

and grafting efficiency was 60°C.

Table 4.3 Effect of Reaction Temp e\»\ ; onversion, Grafting Efficiency, and
Percentage Grafted Natural Rub r Concentratlon 2.5 phr,

Monomer = 100"pht, and-" 1m 1

v//E l‘%\\ —

/flix‘ii\\ «
Conversion (%) 60.6 479
Grafting efficiency (%) 2 qu'j 54 3 3‘ 60.6 58.6
Grafted natural rubber (%) A 73.3 72.2
Free natural rubber (%) 11.7 14.3
Free SYGMA (%) 14.8 13.3

Y

4.2.3 Effect of M@omer )

e etk BN HHADS pecenag graie

natural rubber, anqd grafting efficiency’ were investigated. The detail jof all data and

cactaiSi o Ao A bt kodcb i v o

follows :

- amount of styrene and glycidyl methacrylate (70:30) : 50-150 parts by weight

- rubber content : 100 parts by weight
- emulsifier concentration : 1.5 parts by weight
- initiator concentration : 2.5 parts by weight

- reaction temperature +60°C
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Figure 4.4b Effect of Reaction Temperature on the Conversion (4 ) and Grafting
Efficiency (M) : T = 50-70°C, Monomer = 100 phr and Time = 10 h
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- reaction time : 10 hours

Natural rubber latex particles were swollen with monomer, styrene and glycidyl
methacrylate, which was then polymerize using the redox initiator, couple cumene
hydroperoxide/tetracthylene pentamine. Most of the free radicals are produced at the
monomer swollen particle/water interface [26]. From Table 4.4, as the monomer
concentration increases, the conversion and grafting efficiency increase and then

percentage grafted natural rubber,
&m at monomer concentration of

e raﬁmg of monomer radicals,

slightly decrease. From Figures
grafting efficiency and the cc
100 phr, and thereafter dec
styryl radicals and G ers onto natural rubber

macroradicals and the abj o initiate grafting reaction

R —

coe | BTV B2 TR ) T V0]

Grafting eficiency (%) 26.3 41.1 67.2 63.8 59.9
Grafted natural rubber (%) 73.5 68.9 71.7 66.7 46.0
Free natural rubber (%) 14.6 18.1 15.7 17.6 34.9

Free SUGMA (%) 11.8 12.9 125 15.6 19.0
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Figure 4.5b Effect of Monomer Concentration on the Conversion (4 ) and Grafting
Efficiency (H) : T = 60°C, Monomer = 50-150 phr and Time = 10 h
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4.2.4 Effect of Reaction Time

The effect of reaction time on the grafting of styrene and glycidyl methacrylate
onto natural rubber are shown in Table 4.5 and Figures 4.6a and 4.6b. The detail of all
data and the calculation are shown in Appendix A. The parameters of graft

copolymerization are as follows :

- amount of styrene and glycid: te (70:30) : 100 parts by weight
- rubber content

- emulsifier concentra;
- initiator concentrati

- reaction tempera

- reaction time

Table 4.5 Effect of Reacti 2 on'the C aversion, Grafting Efficiency, and

Percentage Graft : urai R r Concentration = 2.5 phr,

Y

Time, h
10
Conversion (%) ﬂ u EJ ’J m EJ ﬂ‘j w EJ qﬂ ‘j 65.5
Grafting efﬁc1enc’k% 60.9 67.2
A0 3 I A 7
Free natural rubber (%) 25.9 18.0 15.7
Free SUGMA (%) 14.4 15.2 12.5
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Figure 4.6a Effect of ' G afted Natural Rubber (),

Percentage Ef Q oe Free SYGMA (A) :
= 60°C , Mg ﬁ \\ \ 10 h

=
P

-
A,

¥
I |
i

¥ |

AU ’J“{IEJ ANYINT

qma\aﬂwummma s

Figure 4.6b Effect of Reaction Time on the Conversion (4 ) and Grafting Efficiency
(M) : T=60°C, Monomer = 100 phr and Time =4-10 h
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From Figure 4.6b, the conversion and grafting efficiency increases with
increasing reaction temperature. The conversion at reaction time of 8 and 10 hours are
not different but grafting efficiency at the reaction time of 10 hours is higher than that
at the reaction time of 8 hours. Increase in reaction time give the probability of
monomer radicals to produce the graft copolymers. It can be seen from Figure 4.6a that

percentage grafted natural rubber increase with reaction time and it was also confirmed

; /}:}:hology using transmission electron
-_...".'.’--
0 @natural rubber was found as

ncentration of 2.5 phr, the

by the observation of grafted natural

microscopy (section 4.4). =
Optimum condition fo i

follows : the rubber co

monomer concentration > reaction temperature of 60

a) Initiation

The addi mm ﬂ g(ﬁ g‘jﬁ TEPA) to cumene
hydroperoxide :il La i ﬁ'b osition involves the
formati ﬁ"i g ﬁ j gjﬁ ﬁxﬂﬂ ﬁégnher to give
cumenegﬂd a cati :1 %][L
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CHs
HoN(CH5)aNH(CH5)oNH(CH2),NH(CH),NH, - + Ph—C—O—O—H
b,
Tetraethylene pentamine Cumene hydroperoxide
CH3
H2N(Hzc)zHN(Hzc)2HN(HZC)2HN(H20)2§H20—C—Ph + OH (4.1)

HaN(CH2)2NH(CH, (4.2)
b) Propagation
i) Free Radical Grafting of r; Glycidyl Methacrylate onto

nonomer is usually low. A

macroradical of a hydrecarbon polymer backbone is nuﬂophilic and prefers to react

with an electropositiv ‘i 3! ibility. o croradical is reduced
by the bulkineﬂ)”ﬂ;c ﬁﬂﬂh nﬁﬂmﬁoﬁeleﬂmnic and steric
effects , OB, 1 m ing i ,1 “Way. to favour the
gmﬁinﬂﬂjjﬁnﬁoﬁs C mjia:z] ﬁchea ﬂigh reactivity
toward the macroradicals and the resulting macroradicals are capable of reacting (or
copolymerizing) with GMA monomer [12]. It is proposed that cumene hydroperoxyl
radicals attach to the backbone unsaturation in natural rubber though carbon-to-carbon
bonds to give secondary macroradical (Equation 4.3a) and tertiary macroradical

(Equation 4.3b). For the comparison of the reactivity ratio between styrene and

glycidyl methacrylate, (rg,,, = 0.55 and rg, = 0.45), the styryl radicals have a high
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reactivity toward the macroradicals than GMA radicals [27]. Styrene reacts first with
natural rubber macroradicals and the resulting styryl radicals (Equation 4.3c) then

copolymerize readily with GMA [12].

s CHs
'VWCHz-(;I=\’CH-CH2’V\o + RO ———» '\MCHz—(l;—E;H-—CHZW (4.3a)
RO
' ’, // —c—cI:H-—Csz (4.3b)
J
N /
R.

\ - - (4.3¢)

Q

, H ./-\\-W\ . —f—c—o—CHz—A

R—-C-(I:H + HC=(—C0 R =
Ph _ _..5 3 \

(4.3d)
In emulsion polyme m- 5xy g of glycidyl methacrylate could be
break by water and pqtassi m hydrc " -";"'- A 4.3¢) and the results are confirmed
by FT-IR and NMR spegtroseopys—————— ¥
OH OH

i 3||

et i 55 -
YRR A6 91262

Polymerization of monomer itself, both styrene and glycidyl methacrylate can
be occurred. It is proposed that the cumene hydroperoxyl radical initiate double bond
of the monomer to give the radical (styryl radical (Equation 4.4a) or GMA radical
(Equation 4.4b)) which then react with other styrene or glycidyl methacrylate

monomers.
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RO* Hy Hy H .
H,C=CH ——— OR—C—CH + H,C=CH —— OR—c—c—ﬁz—CH (4.4a)

Ph Ph Ph Ph  Ph
Styrene
0 0
o o)
Il Hy H, |l H
CH2=(|:__C._O_E*2_A OR—Cz—(I:—C—O—Cz—A
CHs o ‘ CHs
GMA
0
H f 5
e G
(4.4b)
- - ’
iii) Free Radie ﬁ" X bber

i ?Lﬂmﬂmmﬁiiiﬁiﬂi
NI T ey
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CHs3 CH3
'\MCHZ—C‘/=\'CH—CH2'\I\: + RO ——m—m> 'VV\;CHZ—?-—CH—CHZW
L
RO
s
W\.CH2—0-—(i;H—-CH2W
RO
s J
;2
//—\h .
R*® + HC=CH —— R— R—c—c—CHz—cle (4.5)
Ph PH
¢) Termnnaﬂo/
The macroradic erminated by two, con peting pathways. They can
either initiate the grafti Onor ‘ s desirable) or branching/ or

was not all soluble in CHCI,

or toluene and gel formationWwag found. T] e, the crosslinking could be occurred

by recombination of two macror; ri;" S,/ "
Sl v i

S UMINEAT .
QRN IRUUAINGIAY o,

CHs CHs
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ii) Recombination between Styryl Macroradicals

™ i
AN CHy— cI: CHy—CHy AN CHy—C—CHy—CHp
S

(4.7)

CHs
iii) Recombin

CH3
AAA CHy—C—CH—C oo W —CHy—CHp~ A

GMA

- (4.8)

GMA
CHy

4.4 Grafted Natural Rmber Morphology
. ¢ o | LY .
"Q uﬂagnﬂ }J m mﬂfj nsjbecause the bipolar
redox initi ‘iﬁl favours the
partlcleaﬁt:iaﬁuaai mjﬁ?‘l Ell jﬁﬂﬂf styrene and

glycidyl methacrylate onto natural rubber is a core-shell type, emulsion
polymerization. The grafted natural rubber particles consist of the natural rubber core
and the compatibilized St/GMA shell. During the course of polymerization, old
polymer molecules would be encapsulated with new polymer molecules and gave the

pathway (Figure 4.7) to the postulated encapsulation mechanism [28].
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Futher growth at
shell domains

it

growing macroradxca‘l:i;ha.ms which are 7 c/surface of natural rubber

particle and continu » ate to . At the low grafting

pact packing of SttGMA

| ‘
efficiency (4-8 h), the n ral rubber seed particle was a

particles. Whe yﬁl Wlmjeﬁﬁ bf] St/GMA particles
enhanced the en: ti e core hen fused to give a shell layer with smooth
A WA VIR (1

(styrene-cerglycidyl methacrylate) shells around natural rubber cores.
4.5 Characterization of Grafted Natural Rubber

4.5.1 Functional Groups in the Grafted Natural Rubber
The functional groups in the natural rubber and the grafted natural rubber were

investigated by FT-IR. The FT-IR spectra in the region of 4000-400 cm’” for natural



(a)

(b)

ke

Figure 4.8 Transmission Electron Micrographs of the Particle Morphologies of

Grafted Natural Rubber : (a) 4 h, (b) 8 h, and (c) 10 h (x24000)
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rubber and grafted natural rubber were shown in Figures 4.9 and 4.10. The FT-IR
spectra of natural rubber exhibited the characteristic absorption bands of C=C
stretching vibration at 1460 cm'l, the C-H stretching vibration at 1371 cm'l, the C-C
stretching vibration at 1235 cm” and the C=C bending vibration at 853 cm” [29]. The
new peaks in FT-IR spectra of grafted natural rubber show absorption band of O-H
stretching vibration at 3371 cm ", the C-H stretching vibration of aromatic ring at 3040
cm’ , the C=0 stretching vibrati \;lvf acrylate at 1738 cm’ , the C=C
stretching vibration of aro &styre@4 cm’ , epoxy group of glycidyl

methacrylate at 929 cm’ : ‘ ; of aromatic ring at 695 cm'[22]. This

confirms the occuranc 1 methacrylate onto natural

rubber.

4.5.2 Functional r Solvent Extraction

The FT-IR spectra o d acetone extract were shown
in Figures 4.12 and 4.13. The scben@?p eXp ;-; ental process is summarized in Figure

4.11. The FT-IR ~‘ tra of petroleum -. hibited the characteristic

L

absorption band of C=C stretching vib; atior : he C-H stretching vibration

in aliphatic at 1371 cm’ 2 d the C=C bending vibration a‘i 35 cm'. The FT-IR spectra

of acetone exﬁtﬁ thj 1’1 hjd of O-H stretching
vibration at 3373 cm , C=0 stretc mg v1branono g ycidyl methacrylate at 1733 cm’ ,

W 1AL e LM (1 1

vibrationlat 1173 cm , and C=C-H bending of aromatic ring of styrene at 703 ¢

This confirms that petroleum ether extracted free natural rubber and acetone extracted

free homopolymer (St/GMA) from grafted natural rubber.
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Figure 4.10 The FT-IR Spectrum of Grafted Natural Rubber
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Grafted Natural Rubber + Homopolymer + Free Natural Rubber

Petroleum ether

l

solvent

—»| Extraction of Free Natural Rubber

Acetone solvent

Petroleum ether

extract

Grafted Natural Rubber + Homopolymer

" % Transmittance
.2

—» Acetone

extract

les After Solvent Extraction

SRR Tl INENAY

Figure 4.12 The FT-IR Spectrum of Petroleum Ether Extract
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%Transmittance

453 NMR S’&ectroswﬁ%‘g{.;-_ya T
" | il ‘

The grafted n‘éjira v&jﬁh CDCIl,. The copolymer
composition of grafted natur ral rubber wer etermmed by 'H-NMR and “C-NMR

spectra. From ﬂ%zﬂl 'ﬂx%ﬂ/ﬂsﬁc&ﬂug é?rﬂﬁtural rubber revealed

the signals betwy:n 8y 6.4 to 8 7.1 ppm belonged to aromatic protgns, the signal at Oy

51 AR S W 4 o o o
and the sngnals between O; 1.7 to 8, 2.0 ppm belonged to all aliphatic protons. From
Figure 4.15, The “C-NMR spectrum of grafted natural rubber indicated the important
carbon signals which could be assigned as follows : the signals at 8,47 and d. 44 ppm
referred to carbon of epoxy group of glycidyl methacrylate. The signals at 8, 63 and 3.
73 ppm referred to the aliphatic group of —CH,-OH and —~CH-OH, respectively. This

confirmed that the epoxy group of glycidyl methacrylate was opened. The signals
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between 8. 124 to 8, 136 ppm referred to aromatic region of styrene and isoprene, and
the signal at 6, 176 ppm referred to carbonyl group of glycidyl methacrylate. The
above information confirms the occurance of grafting styrene and glycidyl
methacrylate onto natural rubber.

From FT-IR and NMR spectrum, it clearly confirms that some of epoxy group
of glycidyl methacrylate was broken by water and potassium hydroxide. So the grafted

natural rubber contained glycid /ith epoxy group and some glycidyl
methacrylate which epoxy /—,

- —2. 070
1. 019
v 1.706

; .1_ HAS -
qw**a“ﬁ%“ﬁnﬁwg

Figure 4.14 The 'H-NMR Spectrum of Grafted Natural Rubber (Experimental

Condition : DPX-400, 400 MHz)
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Figure 4.15 The "C-NMR Spectrum of Grafted Natural Rubber (Experimental
Condition DPX-400, 400 MHz)
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4.5.4 Dynamic Mechanical Thermal Analysis (DMTA)

Dynamic mechanical thermal analysis is another important way to characterize
the graft copolymer. The Parallel Plate mode was used to determine the dynamic
mechanical properties of the grafted natural rubber of different monomer

concentrations at temperature range of —80 to +20°C, heating rate of 5°C min" and

frequency of 1 Hz. J \\\ , [//
The effect of monome&";\l‘aﬁo @alue of tand and glass transition
= e —

h—g
) @ the ratio of loss modulus to

era taken as the temperature at

—

monomer concentration in gm&e}g@

e "' 4
i be due to more

generated during the the movements of the

polymer chain. The glass transition temperature and taﬂ@ of grafted natural rubber

. - Q/
decreased with T%1El m‘anﬁﬁmw ﬁm?ﬂnﬁ:ral rubber. It can be
ru 10bilized due to the higher monomer

i
explained that thg rubber chain was more immobi
¢ o o
= FRIANN I NI V2 Q 8
\ \

Figure 4.17 shows the dependence of the storage modulus on temperature for
the grafted natural rubber prepared from different monomer concentration (50, 100,
and 150 phr). It should be noted that the mode used was not able to determine the
absolute values of loss or storage modulus. In this case, the storage modulus decreases
with increasing temperature. This is due to the relaxations arising from local motions

of the polymer chain which is stiff around the transition region. The storage modulus
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increases with increasing monomer concentration. The increase in storage modulus can
be explained that the monomer addition generally results in an increase of the stiffness
of the grafted natural rubber. This also contributed to the improved mechanical

properties.

Table 4.6 Glass Transition Temperature and tand of the Grafted Natural Rubber by

DMTA Technique

Grafted Natural Rubber tan®
Natural rubber 1.249
Monomer 50 phr 0.573
Monomer 100 phr 0.582
Monomer 150 phr 0.387

Figure 4.16 Loss Factor (tan0) of the Grafted Natural Rubber at Different Monomer

Concentration
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Figure 4.17 Storage Modulus afted Natusal Rubber at Different Monomer
Concentration
4.6 Mechanical Properties of the ST '7 ;'-.f} nds with PMMA and Grafted Natural
Rubber as a Conﬂatl_

The properties of SﬁRS Ooma:e presented in Tables 4.7
and 4.8. In this work, thesgraft copolymer of styrene and glycidyl methacrylate onto
satural rubber ﬂs'HrEJ ok &l BPCfar 10 Y okt ke graicd mavural b with
monomer 100 phr was selected for the preparation.of the blends. The grafted natural

e b etk W il Sl 13 o4 Er.lffl@ff%lency of 93

The blends were prepared at blending ratios of STRSL to PMMA of 70/30 and 50/50,
together with various quantities of grafted natural rubber (0, 5, 10, 15 and 20 phr). The
mechanical properties of unvulcanized and vulcanized blends were investigated. The
tensile properties, tear strength, hardness and impact energy of the blends are shown in

Tables 4.9 and 4.10 and Figures 4.18 and 4.19.
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a) Tensile properties

From Tables 4.9 and 4.10, the STRSL/PMMA blends without grafted natural
rubber has a low tensile strength. The tensile strength of blend was improved by the
addition of grafted natural rubber. From Figure 4.18a for unvulcanized STRSL/PMMA

blends at ratio of 70/30, the tensile strength increases with increasing the grafted

natural rubber content and slightly t grafted natural rubber content above 10

tio of 50/50, tensile strength
m—

o%d natural rubber content. This
-

blends. The decreases in

phr. For unvulcanized STR

polydispersity is reduced. The' eglg‘éﬂfm”' dome and increase in tensile strength
L (] l}"_,‘:‘ i -
[t -
continue until the interface is satuz e saturation of the interface is indicated by

unvulcanized STRS (A blends at r higher than that of the

blend at ratio of 50/50+ For STRSL/PMMA blends at x‘uo of 70/30, the PMMA is

dispersed in thFT i m blends at ratio of
50/50, the blendﬂlythe in il[: STRS ﬁWconsmuently, the
tensi lﬁi tElpr) thermoplastic
of Pl\ﬁéw::r igure 4 E tensslg:ﬁl]] ?h]e vulcamzedEJFRSL/PMMA

blends at ratio of 50/50 was higher than that blend at ratio of 70/30. The crosslinking
of the molecules with sulphur would retain the elasticity and decrease the plasticity of

the blends.



Table 4.7 The Properties of STRSL
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Parameter Value
Dirt (max.) %wt. 0.014
Ash (max.) %owt. 0.250
Nitrogen (max.) %owt. 0.400
Volatile Matter (max.) %wt. 0.620
Initial Plasticity 42.0

PRI Index 83.2

Colour Lovibond Scal 7.0

max.)

Mooney Viscosity 90.64

(Data from test method of Sta

Table 4.8 Typical Data of PM]
e T -

Properties Vo ’ ka'ﬂ alue

Specific Gravity | 119

Refrzctive Index Nd ‘a 1.49

e USANYYINYINS.

Thermal Speciﬁcqil&eat | ¢ — 0.35 &/
Coefﬁcigqt m.:llﬁ'hm gpmol M "] q m H:Jla El
Coefficient of Thermal Conductivity 5x10"
Heat Distortion Temperature 83°C (182°F)
Water Absorption 0.3

(Data from TPI Polyacylate Co.,Ltd.)
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From Tables 4.9 and 4.10, tensile strength of vulcanized STRSL/PMMA blends
at ratio of 70/30 and 50/50 were higher than that of unvulcanized blends. During
vulcanization, the long chains of the rubber molecules were crosslinked by reactions
with the vulcanizing agent to form three dimentional structures. This crosslink reaction
transforms the soft weak plastic-like material into a strong elastic product.

From Figures 4.18b and 4.19b, elongation at break of STRSL/PMMA blends
also increases with increasing a.mpheﬁ‘l/ natural rubber content and then
decreases. The elongatlon at f' unvu and vulcanized STRSL/PMMA

an that %::f 50/50 for all grafted
10/the influence 0 (brittle thermoplastic)

blends at ratio of 70/30 w

natural rubber content.

which caused the decre

natural rubber content and further:@ ion ata :_-» 10 phi of grafted natural rubber
s ,..-__;' g -
content makes only a,lhle change in the tear str iilar to the tensile strength,

the leveling off in t blend at ratio of

‘j:rength was 0
70/30 with 10 phr of grafted natural rubber content and SkaSL/PMMA blend at ratio

of 50/50 with Sﬁl E]ﬂaw 1 ¢ in tear strength of
the blends can be l‘ijned in terms OIT mo qulog Tﬁﬁtem Addition of the
grafted Wm[bareﬂy ms e qﬁn mﬁﬁ istribution of
particles also becomes umme reduction in pﬁcle size is due o%ie reduction in

interfacial tension and the increase of interfacial adhesion. This would inhibit the

propagation of a growing crack during tearing. Hence, the grafted natural rubber as a
compatibilizer enhances the resistance to tear and the leveling off in tear strength of
STRSL/PMMA blends at 5 phr and 10 phr of grafted natural rubber content is also due

to the interfacial saturation.



Table 4.9 Properties of Unvulcanized STRSL/PMMA Blends
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70/30 ratio of STR5L/PMMA blends

50/50 ratio of STRSL/PMMA blends

Grafted natural rubber | 0 5 0 5 10 15 20
content, (phr)

- Tensile strength, (MPa) | 0.58 1.16 1.65 224 156 139 1.14
- Elongation at break, (%) 6.61 6.85 733 727
- Stress@ 100% modulus, - - - -
(MPa)

- Tear strength (N/mm) 143 190 179 19.0
- Hardness (Shore A) 852 90.1 866 779
- Impact energy (J) 025 026 031 034

Grafted natural rubber

50/50 ratio of STRSL/PMMA blends

content, (phr)

- Tensile strength, (MPa) l.ﬁ 239 364 256 262
- Elongation at break, (% 7 ‘ i ‘ 4

- Stress@ 100% modu £J iiﬂ ﬂngﬁi
(MPa) ¢ o
Tesuiiubn | G124 Tled Elbd A d

- Hardness (Shore A) 48.7 414

ob.) 5 10 15 20
Y
zﬁ 462 397 383 265
AL 2 306 280 269
| ’1]3%-] goz 139 133 -
/
WEJ ’}a Es 161 13.1
69.6 704 744 683 625
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¢) Hardness

Hardness, as applied to rubber, may be defined as the resistance to indentation
under conditions which do not puncture the rubber [2]. From Figures 4.18d and 4.19d,
the hardness of unvulcanized STRSL/PMMA blends at ratio of 50/50 increases with
increasing the percentage grafted natural rubber content and then decreases. This

similar results were also observed TRSL/PMMA blends. The hardness

of STRSL/PMMA blends a
70/30. The hardness otw k nds were lower than that of

her than that of blends at ratio

A blends at ratio of

natural rubber, the impact enery reaches maximum valm of 0.35 J. The increase in

i:iz;a:zlaﬂww ET ﬁc%fwggopfﬁeﬁfﬁcult, leading to the
RN IUNRINYIAY



70

g §50- { I
~ w0
3 i
B g 150
™~ I
: &
. I
o

iy = e .

Srdfindnxturalibber camkeot, b =
)
E 2
€ i
5
20
£
g
= 5
0 T T T T 1
0 2

¢ 5 10 15
guﬁed nxmn.l rubber oontent, (phr) - - grafted natural rubber content, (phﬁ

'I
s ¢a

ﬂuﬂ NS ng
amm 'sfuum'mmaa

gnﬁed nntunl rubber contcnt, (plu')

Figure 4.18 Effect of Grafted Natural Rubber Content on the Mechanical Properties of
Unvulcanized STRSL/PMMA Blends : (4) 70/30 ratio; () 50/50 ratio
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4.7 Oil Absorpt n

Ol absorption of vulcanized STRSL/PMMA blends at ratio of 70/30 and at
ratio of 50/50 were reported as percentage weight change. The percentage of weight
change with various grafted natural rubber content is shown in Table 4.11 and Figure

4.20. The detail of all data and the calculation are shown in Appendix D.
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Table 4.11 The Percentage of Weight Change of Vulcanized STRSL/PMMA Blends

% Weight change of vulcanized STRSL/PMMA blends

Grafted natural rubber 0 5 10 15 20

content, (phr)

At ratio of 70/30 21.0 24.8 209 20.5 244
At ratio of 50/50 18.1 19.5
)
%
2
IS

Figure 4.20 The Percenmge of Weight Change of Vulcanimd STRSL/PMMA Blends :
¢ Yy,
“HHYTVHTIne
UEIEYTINGNT
ARG T IL g LT
that at rao Sﬁ(jmc ght ‘ i cani TRSL/PMMA

blends at ratios of 70/30 and 50/50 did not change much with increasing grafted natural

rubber content. The increase in PMMA content and grafted natural rubber content may
increase the polarity of the blends. The blends exhibit the resistance to oil absorption

(non-polar oil).
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4.8 Mechanical Properties of the Grafted Natural Rubber/PMMA Blend.

The tensile properties, tear strength and hardness of NR-g-St/GMA/PMMA
blend and NR-g-MMAG60/PMMA blend are shown in Table 4.12 and Figure 4.21. NR-
g-St/'GMA was prepared at 60°C, monomer (St/GMA) 100 phr for 10 h. NR-g-
MMA 60 was prepared at 55°C, monomer (MMA) 60 phr for 8 h.

Table 4.12 Properties of Grafted Natural
—

-g-MMAG60 phr/PMMA blends[19]
70/30  60/40  50/50
- Tensile strength, (MPa) 4.10 5.30 8.10
- Elongation at break, (%) 105.7 21.7 204
- Stress@ 100% modulus, 4.1 - -
(MPa)
- Tear strength (N/mm) 15.50 16.30 25.00
- Hardness (Shore A) 21.6 358 47.8

a) Tensile l’!rt?;j

From Table 4. lﬂ2 and Figure 421a the tensﬂe strength of NR-g-

svemwﬁ%&wwwq‘ﬂ ‘%‘ease with increasing

PMMA content.q*or NR-g-MMA60/PMMA blencii& the tensile st&J]gth was higher
o N SR 6Lk 1 B roris o
NR-g-Ml\2A60 and NR-g-St/GMA suggested that NR-g-MMA6b is more compatible
to PMMA than NR-g-St/GMA. However NR-g-St/GMA could increase the tensile
strength of the blends. From Figure 4.21b, the elongation at break of NR-g-
St/'GMA/PMMA blends and NR-g-MMAG60/PMMA blends decreased with increasing

PMMA content due to the presence of PMMA component (the brittle thermoplastic,
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low strain at break). The elongation at break of NR-g-MMAG60/PMMA blends was less
than NR-g-St/tGMA/PMMA blends.

b) Tear strength

The tear strength considerably increases with increasing content of PMMA as

increase of the hard segment.of MM/ @ PMMA homopolymer. The

distribution of particles a( iform and enl the resistance to tear.

¢) Hardness

From Figure 4.2 ; :\,- ness properties. The hardness

increased with increasin A60/PMMA and NR-g-
St/GMA/PMMA blends. The hard: PMMA blends was higher
than NR-g-MMA 60 phr/PMMA b nds. This 18 due to'the fa that styrene and glycidyl

methacrylate segment nfeses fhe hardness o 4
B Ry
ﬂUH’J VIEJﬂ‘ﬁ'WEJ'mi
q RIAINITUNRINY8 Y
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The scanning electron microscope was employed to investigate the fracture
surface of the specimen from the tensile properties test. The influence of grafted
natural rubber as compatibilizer on the properties of unvulcanized and vulcanized

STR5L/PMMA blends are shown in Figures 4.22-4.26.
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Figures 4.22 and 4.23 show the tensile fracture surface of unvulcanized and
vulcanized STRSL/PMMA blends at ratio of 70/30 with and without the graft
copolymer. The fracture surface [ Figure 4.22 (a) and Figure 4.23 (a) ] of the
uncompatibilized blends show no adhesion between the two phases. In the
compatibilized blends [ Figure 4.22 (b-c) and Figure 4.23 (b-c) ], the dispersed
domains are small in size and the area of contact is larger. The microfibrils between the
matrix and the dispersed phase sh ‘X\&’i interfacial adhesion between the two
phases. The grafted natural M lblZCl' in STRSL/PMMA blends

because glycidyl metha?l”ns eth%\';:;] as in the case of PMMA.

Moreover, water and po a'h } X lymerization can break epoxy

group of glycidyl metha ing with carbonyl group of

PMMA. These results were also ‘ ami&\lMR For the unvulcanized

size of PMMA and the smooth fract , ‘ ? observed.
- :-':‘ ;f ke < .
-0-St/GMA/PMMA blends
1 rubber/PMMA blends

: |
obtained with increasing PMMA content. The cavitatici'n] of the specimen decreased

| - o/
with increuinﬂ%%ﬂt,ﬁeﬂﬁ wmﬂ mﬁber content caused the

increase of cavitation sites.

’QW’]ﬂ\ﬂﬂim UAIINYIA Y
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(a)

Figure 4.22 SEM Photographs of Unvulcanized of STR5L/PMMA Blends at ratio of
70/30 with Grafted Natural Rubber ; (a) 0 phr, (b) 10 phr, (c) 20 phr



Figure 4.23 SEM Photographs of Vulcanized of STRSL/PMMA Blends at ratio of
70/30 with Grafted Natural Rubber ; (a) 0 phr, (b) 10 phr, (c) 20 phr
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Figure 4.24 SEM Photographs of Unvulcanized of STRSL/PMMA Blends at ratio of
50/50 with Grafted Natural Rubber ; (a) 0 phr, (b) 5 phr, (c) 10 phr



Figure 4.25 SEM Photographs of Vulcanized of STRSL/PMMA Blends at ratio of
50/50 with Grafted Natural Rubber ; (a) 0 phr, (b) 5 phr, (c) 10 phr
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Figure 4.26 SEM Photographs of NR-g-St/GMA/PMMA Blends ; (a) 70/30,

(b) 60/40, ( c) 50/50
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