CHAPTER IV
REULTS AND DICUSSION

The modification of graﬁ co ymerization of methyl methacrylate (MMA)

onto natural rubber (NR) 1 usmg emulsion polymerization. Three

different redox initiator graﬁ copolymerization. There are
cumene entamine  (TEPA), tert-butyl
hydroperoxide(TB otassit : fate(K,S,0,)/sodium thiosulfate

(Na,S,0,). The in ial “theii ti centration, reaction temperature,

4.1 Properties of Nat

The high ammoni NR) latex was obtained from Thai
Rubber Latex Co .* "1.:# e dry rubber content and the
total solid contentEf late and 6%4%, respectively. The typical

properties of HANR ar€ shown in Table 4gls
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Table 4.1 The properties of natural rubber latex (high ammonia grade)

Properties Values
Total solid content (TSC), % 61.54
Dry rubber content, % 60.03
Non rubber solids, % 1.51
Ammonia content el _ 0.70
Ammonia conten! KN ‘ 1.82
pH value 10.92
KOH number 0.5610
Volatile fatty aci : y 0.0194
Mechanical stability tisle @ 55% TSC. 1,100
Specific gravity at 25" C, : _ ‘ 0.9411
Magnesmm content (or_x_g@_ p m 23

The ﬁ%ﬁtﬁ% %ﬂﬂ@%ﬂﬂtﬂ ft copolymerization of

methyl methagljylate in natural rubber latex by emulsmn polymenzatlon technique and
o i A 74 bl ) B o
pentamme (TEPA), tert-butyl hydroperoxide (TBHPO)/TEPA, and potassium persulfate
(K,S,0,)/sodium thiosulfate(Na,S,0,). This study examines the dependence of
percentage conversion, percentage grafted natural rubber, and percentage grafting
efficiency on the initiator concentration, reaction temperature, monomer concentration,

and reaction time.
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The appropriate condition, which yielded high percentage conversion,

percentage grafted natural rubber, and percentage grafting efficiency were investigated.

4.2.1 The Preparation of the Grafted Natural Rubber using CHPO or

//}-centranon
Wethacrylate onto natural rubber

was initiated by the re i /The ¢ soluble '1t1ator CHPO or TBHPO, was

TBHPO as Redox Initiator.

4.2.1.1 Effect of Initi:

used with the ami i TEPA. } ipolar. redox initiating system was

Initiator concentratlon : 0.5-2.0 phr

rtdmmineng

Q wfra“‘a ﬂﬁ wh&‘f wmtw Elq Wntratlon on the

percen&ge conversion, percentage grafted natural rubber, and percentage grafting
efficiency at different temperatures. In Figures 4.9-4.14, the percentage conversion
increases as the initiator concentration increases at every temperature investigated.
Initially, the increase in initiator concentration produces more graft sites for methyl

methacrylate to graft. The percentage grafted natural rubber and percentage grafting
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efficiency decrease as the initiator concentration increases. The reason is that the
homopolymers are formed more readily than the graft copolymer. It can be seen that
increasing initiator concentrations up to 0.5 phr are accompanied by a significant
increase in the grafting efficiency. Beyond this concentration, the graft efficiency

decreases markedly. When higher concentrations of initiator are used, excessive

radicals react with each other, a faster rate of termination or primary

does not increase at all. The highest
J

MW were observed at the initiator

tion temperature 50°C.

termination. Upto this poi

TBHPO and CHPO on the
d percentage grafted natural

, and reaction time 8 hr.

CHPO
Reaction prope :l;_ Initiator concent ritiator concentration (phr
0.5 -0 1.0 1.5 2.0

&

Conversion (%) 825 | 843 | 91.3 | 87.9 ﬁl.o 81.7 | 873 | 8438

z:zi:i::ﬁ y(%) ﬁw ?Jl(m%lwsgj ]7ﬂ4‘a 66.0 | 624 | 632
| NSRS A | =

Free PMMA (%) 144 | 143 | 163 | 188 | 11.6 | 182 | 17.8 17.9
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Table 4.3 Effect of the initiator concentration of TBHPO and CHPO on the percentage
conversion, percentage grafting efficiency and percentage grafted natural rubber at 50 °C,

MMA monomer concentration 100 phr, and reaction time 8 hr.

TBHPO CHPO
Reaction properties | Initiato ration (phr) | Initiator concentration (phr)
2.0 0.5 1.0 1.5 2.0
Conversion (%) 83.8 | 842 | 88.6 | 863
Grafting efficiency (% 3| 844 | 60.7 | 559 | 53.9
Graft properties N
Grafted NR (%) 738 128" 839 | 743 | 717 | 710
Free NR (%) 1320 4 53 88 | 75 | 73 | 73
Free PMMA (%) _; ‘ 191 1 7.2 182 | 21.0 | 21.6

n time 8 hr.

ofi of TBHPO and CHPO on the percentage

percentage grafted natural rubber at

L TBH O CHPO

Reactlmﬂ'%rﬁisf % %‘ﬁ w ﬁh’r.)] @tor concentration (phr)

5 ‘.1 0 0 S ﬂ!l 0 1.5 2.0
RPN ‘ﬁ ﬂugﬁd ‘ﬁ’q ’JXW EI v | 2 | =
Grafﬂng efficiency (%) 68.7 | 61.1 | 493 | 45.1 | 78.0 | 59.6 | 53.2 | 49.2
Graft properties
Grafted NR (%) 81.2 | 77.8 | 67.0 | 624 | 78.0 | 72.5 | 71.0 | 69.4
Free NR (%) 6.8 7.8 8.8 110 { 131 8.8 73 7.1
Free PMMA (%) 12.1 | 144 | 242 | 26.6 | 89 18.7 | 21.7 | 235
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Tabled.5 Effect of the initiator concentration of TBHPO and CHPO on the percentage
conversion, percentage grafting efficiency and percentage grafted natural rubber at 30°C,

MMA monomer concentration 100 phr, and reaction time 8 hr.

TBHPO CHPO

Reaction properties entration (phr) Initiator concentration (phr)

2.0 0.5 1.0 1.5 2.0

Conversion (%) 4 90.5 | 50.1 66.4 84.1 91.4

Grafting efficiency (% 73.8 | 684 | 50.8 | 43.9
Graft properties

Grafted NR (%) 60.7 | 73.8 684 | 50.8 | 43.9
Free NR (%) 12.9 12.9 8.6 7.6

Free PMMA (%) l

8.9 1.9 22.8 | 27.2

100

AREANENINYINg
? v/
qraensiiTInEndY

|
0.5 1.0 1.5 2.0 2.5

Initiator concentration (phr)
Figure 4.1a Effect of the initiator concentration of TBHPO on the percentage free NR
(‘®), percentage free PMMA ( M), and percentage grafted natural rubber (A) at 60°C,

MMA monomer concentration 100 phr, and reaction time 8 hr
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Figure 4.2a Effect of the initiator concentration of TBHPO on the percentage free NR
(®), percentage free PMMA ( M), and percentage grafted natural rubber (4 ) at 50°C,

MMA monomer concentration 100 phr, and reaction time 8 hr
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Figure 4.3a Effect of the initiator concentration of TBHPO on the percentage free NR
(®), percentage free PMMA (M ), and percentage grafted natural rubber (4A) at 40°C,

MMA monomer concentration 100 phr, and reaction time 8 hr



41

100

80

%

40

20

25
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Figure 4.4a Effect of the initiator concentration of TBHPO on the percentage free NR
('®), percentage free PMMA (M ), and percentage grafted natural rubber (A) at 30°C,

MMA monomer concentration 100 phr, and reaction time 8 hr
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Figure 4.5a Effect of the initiator concentration of CHPO on the percentage free NR
(®), percentage free PMMA ( M), and percentage grafted natural rubber (A) at 60°C,

MMA monomer concentration 100 phr, and reaction time 8 hr
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(®), and percentage gfafiing e * °C, MMA monomer concentration
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Figure 4.6a Effect of the initiator concentration of CHPO on the percentage free NR
(®), percentage free PMMA (M), and percentage grafted natural rubber (A) at

50°C, MMA monomer concentration 100 phr, and reaction time 8 hr
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Figure 4.7a Effect of initiator concentration of CHPO on the percentage free NR (®),
percentage free PMMA (M), and percentage grafted natural rubber (A) at 40°C, MMA

monomer concentration 100 phr, and reaction time 8 hr
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Figure 4.8a Effect of initiator concentration of CHPO on the percentage free NR (®),
percentage free PMMA (M), and percentage grafted natural rubber (A)at 30°C, MMA

monomer concentration 100 phr, and reaction time 8 hr
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Figure 4.8b Effect . centration ;\' on the percentage conversion
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Figure 4.9 Effect of the initiator concentration of TBHPO on the percentage conversion
(30-60°C, MMA monomer concentration 100 phr, reaction time 8 hr) : (®)60°C; (M)
50°C; (A)40°C; and (X ) 30°C
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Figure 4.10 Effec e finifiatorc BHPO on the percentage grafted

ation 100 phr, reaction time 8 hr) :

(#)60°C; (M) 50°C5 (&) 4 0°C: &

Aibnis < 4
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Figure 4.11 Effect of the initiator concentration of TBHPO on the percentage grafting
efficiency (30—60°C, MMA monomer concentration 100 phr, reaction time 8 hr) :

(®)60°C; (M) 50°C; (A)40°C; and (X ) 30°C
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Figure 4.13 Effect of the initiator concentration of CHPO on the percentage grafted

natural rubber (30-60°C, MMA monomer concentration 100 phr, reaction time 8 hr) :

(®)60°C; (W) 50°C; (A)40°C; and ( X)30°C
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Figure 4.14 Effect of \ [PO on the percentage grafting

efficiency (30-60°C, 00 phr, reaction time 8 hr) :

(®)60°C; (M) 50°C; (&)

4.2.1.2 Effect of F
\7

r

The e&t of reaction temperature onmle grafted natural rubber were

investigated bﬁrl réaction teﬁme of 30, 40, 50, and 70°C. The effect of
ist

temperature o Qﬂlﬂn ﬁnﬂ&meight of graft copolymer
Y BRI

Initiator concentration : 0.5phr

Reaction temperature : 30-60°C

Reaction time . 8hr
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The effects of reaction temperature on the percentage conversion,
percentage grafted natural rubber, and percentage grafting efficiency are shown in Table

4.6 and Figures 4.15-4.17. The details of all data and calculation are shown in Appendix

A.

In Figure 4.15, it ca seen that a higher temperature results in high
conversion. Decomposition of th ‘ ;; or TBHPO) increase with an increasing
reaction temperature, it ¢ e number of free radicals and the rate

T—
of polymerization. tage grafted natural rubber and

1 tors are decreased when the

percentage grafting
polymerization temp itiator decomposition increased
with the increasing abundance of free radicals. The
radical underwent ei ction, the initiator efficiency for

grafting was thus reduc

L MIN TN

Table 4.6 Effect ?ﬁthe reaction temperatur 5n the ezentage conversion, percentage
i B y

tal | rubber at MMA monomer

concentration 100 ph,a initiator O : .0 phr, gd reaction time 8 hr.
& B] i | j CHPO
U
Reacm"ﬁogirﬁes Temperature (CC)<> Mgerature ' 5
WAL Wi p3
H 6 0 m D ZJ 50 60
Conversion (%) 44.7 61.1 82.5 82.5 50.1 71.7 83.8 81.0

Grafting efficiency (%) | 70.7 68.7 74.5 68.6 73.8 78.0 84.4 74.4

Graft properties
Grafted NR (%) 719 | 81.2 80.5 76.1 73.8 | 78.0 83.9 75.6
Free NR (%) 14.3 6.8 75 9.5 129 134 8.8 12.6

Free PMMA (%) 13.9 12.1 12.1 14.4 8.9 8.9 72 11.6
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Figured.16 Effect of reaction temperature on the percentage grafted natural rubber

(30-60°C, MMA monomer concentration 100 phr, reaction time 8 hr) : (®) TBHPO;

and (M) CHPO
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Figure 4.17 Effect of ,;-'vw crature ¢ percentage grafting efficiency
(30-60°C, MMA eaction time 8 hr) : (®) TBHPO;
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4.2.1.3 Effect of MV
f.’-‘f' A T

— -
-

The “nat R2 Jbackbone polymer of cis-1,4-

1er Concentration

polyisoprene was grami with methyl methacrylate mom'ner. Rubber particles were swollen

aﬁ:les. The effect of monomer

ge'of conversion, grafted natural

)0 1
concentrationav na er Were o HJCLUC 1t

¢
rubbe alT e@ijpTﬁ ti ﬁeﬁr the range of 40-120
phr, based on the@ rubber content. The paramet rm cop ization were obtained

as follows:
MMA monomer concentration :  40-120 phr
Initiator concentration : 0.5 phr
Reaction temperature . 50°C

Reaction time : 8 hr
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The effect of monomer concentration on the percentage conversion,
percentage grafted natural rubber, and percentage grafting efficiency are shown in Table
4.7 and Figure 4.18a-4.19b. The details of all data and calculation are shown in Appendix
A.
ow the monomer concentrations increase with

&g efficiency. At two redox initiator, the

e gaﬁ _rubber reach a maximum at the

Figures 4.18b and 4.1

the percentage conversmn
grafting efficiency and
monomer concentrau decreases At higher monomer

concentrations, many re

place in the solution. +that homopolymerization is more pronounced than is

_ll . ﬂ CHPO

Reaction properties Muﬂonomer Concentnpon (phr) | MMA monomer Concentration (phr)

B il i ‘l il s -
GWM B) 0 60 80 | 100 120
Conversion (%) 56.1 | 72.4 ‘I°7.4 825 73.7 70.7 | 69.9 | 73.8 | 83.8 | 71.4
F=9 d
WY | TR TN TR ||
Graft pro*rtles ‘ 1 &
Grafted NR (%) 835 |[81.3 | 80.0 80.5 na 842 | 83.2 | 81.7 | 839 | 758
Free NR (%) 8.5 8.0 8.1 15 10.4 8.6 79 1109 | 88 132
Free PMMA (%) 8.0 106 | 11.9 12.1 18 7.3 89 | 109 | 7.2 13.8
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Figure 4.18b Effect of monomer concentration concentration on the percentage
conversion (®), and percentage grafting efficiency (M) at 50°C, TBHPO 0.5 phr,

and reaction time 8 hr
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Figure 4.19b Effect of monomer concentration concentration on the percentage
conversion (®), and percentage grafting efficiency (M) at 50°C, CHPO 0.5 phr, and

reaction time 8 hr
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4.2.1.4 Effect of the Reaction Time

The effect of the reaction time on the grafting of methyl methacrylate onto
natural rubber by using two redox initiator, CHPO or TBHPO, are shown in Table 4.8.

The detail of all data and calculation, are shown in Appendix A. The parameters of the

conversion, percentage grafting

AN g

conversion and grafti iengy  rea naximum, thereafter, the percentage

efficiency increase wi t the reaction time of 8 hr, its
conversion and percentage gra rafting efficieney decrease. At along reaction time, the
PMMA homopoly b is f i more readily ‘f' it copolymer since there are no

new active grafting 'b’} ofa] copolymerization.

The gnmed natural rubber initiated by @PO at the reaction time of 8 hr,
gave the higher, perce lower percentage of free PMMA
than the graft “ﬂﬁmz]h 1b1e reasons for the better
L ENRT)] SJW?WWW
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Table 4.8 Effect of the reaction time on the percentage conversion, percentage grafting
efficiency and percentage grafted natural rubber at 50°C, initiator concentration 0.5 phr,

and MMA monomer concentration 100 phr.

CHPO
Reaction properties Reaction time (hr)
4 6 8 10

Conversion (%) 4.7 39.6 83.8 68.8
Grafting efficiency (%) 21.9 67.2 84.4 74.0
Graft properties

Grafted NR (%) 83.7 81.6 83.9 81.9
Free NR (%) 12.8 10.5 8.8 10.6
Free PMMA (%) 35 9.3 7.2 10.6

Reaction time (hr)

Figure 4.20a Effect of the reaction time on the percentage free NR (®), percentage
free PMMA (M), and percentage grafted natural rubber (A) at 50°C, MMA monomer
concentration 100 phr, and TBHPO 0.5 phr
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Figure 4.21a Effect of the reaction time on the percentage free NR (®), percentage
free PMMA ( M), and percentage grafted natural rubber (A) at 50°C, MMA monomer
concentration 100 phr, and CHPO 0.5 phr
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’,ill using Potassium Persulfate.
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ways. ’?’he first method is through graft-site initiation, where the initiator derived radicals

4.2.2 The Prepara m i

either add across the double bond or abstract hydrogens from the polyisoprene backbone.
The second method is through hydrogen abstraction from polyisoprene by polymeric
radicals. Allen et al.[27] found that the rate of polymerization was retarded when vinyl

acetate (VAc) was polymerized in the presence of a model compound for a polyisoprenic
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hydrocarbon. In this retardative chain transfer mechanism, a poly(VAc) radical abstracts
hydrogen from isopropyl benzene to generate an unreactive allylic-type radical.

Based on these observations, Lehrle and Willis [1] proposed that VAc could
facilitate grafting of methyl methacrylate onto natural rubber latex particles in a second-

stage (seeded) emulsion polymerization. The results obtained showed less grafting than

expected in the presence of V. Eed that this could be due to the fact that

mounts of VAc present in aqueous

phasc.

CH,=C

vinyl acetate (VAc" — vinyl neo-decanoate

¢) and vinyl neo-decanoate

i 3
In_thi tﬁ, vinyl n te (VneoD) instead, which is actually
a mixture ofm i oﬁﬁm id)ﬂ“ﬂ;jﬂjlpemanoate as a second
mono ulsio i ti‘ hose tjﬁ og Figure 4.22. VneoD
is verﬁuﬁ;‘l atﬁﬂi‘ E H ﬁ”:l d (Elil eE!rely in the particle.

VneoD has been observed to abstract hydrogen from polyisoprene and polybutadiene to

form an allylic-type radical, which is relatively stable, suggesting that it could facilitate
the grafting of other monomers onto natural rubber. The mechanism for this reaction is

shown in Figure 4.23.
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—t . H ab_s_traction
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Figure 4.23 Reaction sc I“"“F-— or hydrogen abstraction from poly(cis-isoprene) to

form graft sites.{28

The effeﬁ of the g agent was investigated by varying the
raconcentration of vinyl neodecanoate (V ) as 10, 20, 30 and 40 %weight of methyl

meyhacrylate ﬂ]%ﬂ,’; %&}@%Hzﬁ}ﬂ%ﬁm natural rubber, and

percentage graﬁmg efficiency are shown in Table4,9 and Figures 4.22a-4.22b. The details

of auqqawa;ll aﬁlﬁlﬁmmm%%xﬁkqﬁ Hmmeters of graft

copolymerization were obtained as follows:

MMA monomer concentration : 100 phr

Grafting agent (VneoD) : 10, 20, 30, 40 %wt of MMA
Initiator concentration : 1.0 phr

Reaction temperature : Ly O

Reaction time : 8 hr
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Figures 4.24a and 4.24b show the dependence of the percentage
conversion, percentage grafted natural rubber, and percentage grafting efficiency on the
concentration of VneoD. Initially, increases in the concentration of VneoD extracted more
hydrogen radical from polyisoprene to form an allylic-type radical, which is relatively

stable. It could consequently facilitate afting of other monomers onto natural rubber.

The percentages of conversi ' fficiency are at maximum when the

concentration of graftin is 20 %wt of methyl methacrylate.

We found that conversion and.gtafting ties imal because low percentages of

free NR and free PMMA g

Table 4.9 Effect o entage conversion, percentage

grafting efficiency a \ bber at 55°C, MMA monomer

concentration 100 phr, K d.feaction time 8 hr.

Reaction e | ¥ 5 vt o MMA)
P 30 40
Conversion o 0) 68. 72.2 44.7 41.4
. .y LY
IS | ™
Gra moﬁrg ”J ﬂ j

TRTAN U PININELL S,

Free PMMA (%) 24.1 11.3 17.3 17.6
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Figure 4.24b Effect of grafting agent on percentage conversion (®), and percentage

grafting efficiency (M) at 55°C, K,,S,0; 1.0 phr, MMA monomer concentration 100 phr,

and reaction time 8 hr
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4.2.2.2 Effect of Initiator Concentration

The effect of initiator concentration at various temperatures on the
percentage conversion, percentage grafted natural rubber and percentage grafting

efficiency is shown in Tables 4.10-4.11 and Figures 4.25-4.31. The details of all data

and calculations are shown in ’ The parameters of graft copolymerization

were obtained as follows:

Figures 4. ‘ w- the' efl initiator concentration on the

percentage conversion, eniage grafted ne rubber, and percentage grafting

increase in the initiator concent aft sites for methyl methacrylate

to graft. Therefore, percentage graﬁlng efﬁc1ency, percentage conversion, and

percentage %m wlﬁl ﬂ?%ﬁm At a higher initiator

concentratlon, abundance of 1%;t1ator radlcal is produced, and excessive radicals

react’qlwa’q]ah% ﬂ w %}%ﬁ] tﬁé %ﬁﬁ} a ﬁtage conversion,

percen ge grafted natural rubber, and percentage grafting efficiency is at the initiator

concentration of only 1.0 phr and reaction temperature 60°C.
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Table 4.10 Effect of the initiator concentration of K,S,0, on the percentage
conversion, percentage grafting efficiency and percentage grafted natural rubber at
70-60°C, VneoD 20 %wt of MMA, MMA monomer concentration 100 phr, and

reaction time 8 hr.

70°C 60°C

Reaction properties Initiator con enfra ion (phr) Initiator concentration (phr)

0.5 \:-\ W/ ) | 05 | 1.0 | 15 2.0

Conversion (%) ROt 84.4 083717845 745 | 851 | 842 | 821

Grafting efficiency (%) ’;}" / N 489 | 61.1 | 61.1 | 488

Graft properties / N .

Grafted NR (%) ,:9*‘ 1| 708 | 674 | 626
—

Free NR (%) : 21 & 114 | 110 | 144
(1

Free PMMA (%) 2 l 23_9' 17.8 | 21.6 | 23.0

| L

‘J”I
_..i So W il

Table 4.11 Effect of the @Qar'f f-‘; nration of K,S,0, on the percentage
.-";—"."‘ el A
conversion, percentage gra&nfgf%é ency and percentage grafted natural rubber at

55-50°C, VneoD T 28=%swt-ot-iviiviAs-iviiviA=r 2 concentration 100 phr, and

- o/
PIUE dVIEsFl d WEL IT]d s
Reaction pro}elrties Initiator concentration (plﬂ Initiator cwentration (phr)

Q) [ o s |

Convers10n (%) 63.5 | 72.2 | 73.2 | 723 | 43.3 | 49.0 | 67.0 71.1
Grafting efficiency (%) | 42.5 | 584 | 41.8 | 374 | 395 | 465 | 430 43.9

Graft properties
Grafted NR (%) 609 | 714 | 616 | 584 | 69.7 | 68.8 | 63.9 65.2
Free NR (%) 170 | 11.3 | 14.1 | 15.7 | 12.1 | 13.0 | 13.3 11.6

Free PMMA (%) 222 | 173 | 243 | 26.0 | 182 | 182 | 228 23.2
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Figure 4.25a K,S,0, on the percentage free NR

(®), percenta \’\‘\ \ grafted natural rubber (4 ) at 70°C,

VneoD 20 %wt | ( \; : \..\ tration100 phr, and reaction time 8 hr

ﬂu 'JV]UW]?WEnﬂﬁ
QW?&O\ ] NV IT i)

Initiator concentration (phr)
Figure 4.25b Effect of initiator concentration of K,S,0, on the percentage conversion

(®), and percentage grafting efficiency (M) at 70°C, VneoD 20%wt of MMA, MMA

monomer concentration 100 phr, and reaction time 8 hr.
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Figure 4.26a Eff: D, on the percentage free NR (®),

percentage free PMi ed natural rubber (4 ) at 60°C, VneoD

20 %wt of MMA, o \0 hr, and reaction time 8§ hr

%
-

40 A
AYEINYNINYINT
AMIAATRIEMIINREAAL

1 1.5 2 2.5

Initiator concentration (phr)

Figure 4.26b Effect of initiator concentration of K,S,0, on the percentage conversion
(®), and percentage grafting efficiency (M) at 60°C, VneoD 20%wt of MMA, MMA

monomer concentration 100 phr, and reaction time 8 hr.
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Figure 4.27a Effect of inifiz \\\\\ 8,0,

(AL \
percentage free PMMA \ natural rubber (A ) at 55°C, VneoD
20 %wt of MMA, MMA m@nonict ai 1centra D0 phr, and reaction time 8 hr

WRAL
SGadns < 4

= ;55‘-';' .M x

on the percentage free NR (®),

== ]
y —o

« {i)

AUEINENINETAS
RN AMI NN

Initiator concentration(phr)

Figure 4.27b Effect of initiator concentration of K,S,0; on the percentage conversion
(®), and percentage grafting efficiency (M) at 55°C, VneoD 20%wt of MMA, MMA

monomer concentration 100 phr, and reaction time 8 hr.
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Figure 4.28a Effec i oneentration of K,S,0, on the percentage free NR (®),
' afted natural rubber (A) at 50°C,

VneoD 20 %wt of [A moRemer conce ration100 phr, and reaction time 8 hr

Ayl ’J‘VIHWITWEI']ﬂ‘i
AN Mﬂ‘ml IR INNY

Initiator concentration (phr)

Figure 4.28b Effect of initiator concentration of K,S,0, on the percentage conversion
(®), and percentage grafting efficiency (M) at 50°C, VneoD 20%wt of MMA, MMA

monomer concentration 100 phr, and reaction time 8 hr
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80 .6:' el

%Conversion
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' . ; \\'\\’ ,O; on the percentage conversion

Figure 4.29 E
0 Yowt of M [f‘*‘ \ onomer concentration 100 phr, reaction

(50-70°C, Vneol:
G .ﬂf £ O
time 8 hr) : (®) 50°C; (W) 55°C; (A)60°C; and (X ) 70°C
ZXSOr > R W\

Initiator concentration (phr)

Figure 4.30 Effect of initiator concentration of K,S,0, on the percentage grafted natural
rubber (50-70°C, VneoD 20 %wt of MMA, MMA monomer concentration 100 phr,
reaction time 8 hr) : () 50°C; (M) 55°C; (4)60°C; and (X ) 70°C
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2 25

K,S,0, on the percentage grafting

A monomer concentration 100 phr,

°C; and (X ) 70°C

of reaction temperature on the percentage conversion,

The e
percentage ﬁiwm lﬁ)ﬂ %ﬁwaﬂ fficiency are shown in

Table 4.12 an%u Figures 4.32a-4. 32? The detalls of all data and calculatlons are shown

in A@nﬁ A The warimeters ot %o’}nwoﬁr} Md as follows:

MMA monomer concentration :

Grafting promoter (VneoD)
Initiator concentration
Reaction temperature

Reaction time

100 phr

20 %wt of MMA
1.0 phr

50-70°C

8 hr
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In Figures 4.32a and 4.32b, it can be seen that a higher polymerization
temperature results in a higher conversion. By increasing the temperature,
decomposition of the initiator increases, it gives an increased number of free radicals,
and therefore the higher rates of polymerization. The effects of reaction temperature on

percentage grafting efficiency and grafted natural rubber are found decreasing when the

Table 4.12 Effect / n E- n the percentage conversion,

percentage grafting ef al rubber at VneoD 20 %wt

of MMA, K,S,0, ncentration 100 phr, and reaction

temperature 8 hr.

A
Reaction properties. | = = emperature (°C)

60 70

lc Ppe— NS LT 8 S R
onvers %_— ‘ g ‘
Grafting efﬁien 58.4 7| 61.1 47.5

Graft propertlgs
i) ) 1) 88 W &lﬂl s | o3
Free NR (%) s 13.0 114, | 132

o e bl 3 | wwrm bl
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%

Figure 4.32a Effect 0 tage free NR (®), percentage

free PMMA (M), and (A)at K.,S,0; 1.0 phr, VneoD

20 %wt of MMA, hr, and reaction time 8 hr

1 1 AT e 3
ARIANNINURIINYIAY

0 T T T 1

40 50 60 70 80
Temperature (’ C)
Figure 4.32b Effect of reaction temperature on the percentage conversion (®), and

percentage grafting efficiency (M) at K,S,0; 1.0 phr, VneoD 20 %wt of MMA, MMA

monomer concentration 100 phr, and reaction time 8 hr
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4.2.2.3 Effect of MMA monomer Concentration

The effect of MMA monomer concentration on the extent of grafting
was investigated by changing the monomer concentration within the range of 40-120

phr. The detail of all data and calculations are shown in Appendix A. The parameters

of graft copolymerization were obtained as follows:
\\\ .
/ 40-120 phr

Graﬁlng promotei{ Vnee D)ﬂ %wt of MMA

MMA mornc¢

Initiator.eoncs 1.0 phr
Reactig

Reactig

e seen that as the monomer

[3
-

From
concentration increases, incgeases’ 1€ per conversion, percentage grafted
natural rubber, and percentage grating effic ound. It reaches a maximum value

at the monomer concentration ¢ ] thereafter it decreases. At a higher

solution, i.e., homopoyme at higher monomer concentrations.

On the other hand, the rgte of monomer dlffusmn is bound to be progressively affected

by the polyﬁrw @WW!}W{I ﬂ‘ﬂ %»st rapidly when high

concentrations M. monomer are used

ammnim UANINYAY
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Table 4.13 Effect of the MMA monomer concentration on the percentage conversion,
percentage grafting efficiency and percentage grafted natural rubber at 60° C, K,S,Oq

1.0 phr, and reaction time 8 hr.

Reaction properties MMA monomer concentration(phr)

60 80 100 120

Conversion (%) 534 ; 78.8 85.1 80.9
Grafting effiGieacyl% 31 473 | 61.1 50.1
Graft prop{

Grafted | \ ‘46 68" 67.8 70.8 62.6

Free NR AR 4. 12.0 11.4 13.0
203 17.8 24.5

QRN AR TING N,

MMA monomer concentration (phr)

Figure 4.33a Effect of MMA monomer concentration on percentage free NR (®),
percentage free PMMA ( M), and percentage grafted natural rubber (A) at K,S,0, 1.0
phr, 60°C, VneoD 20 %wt of MMA, and reaction time 8 hr
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%

40 -

)

Figure 4.33b Eff: _ mer _concentration on percentage conversion (®),

and percentage grafiing 4 t KS .0 phr, 60°C, VneoD 20 %wt of
g 1 -

——]

T 7

The effm of reaction time on the grafti ‘“'1
natural rubbeFT Wmﬂ The details of all data
and calculatxong are shown in Appen X A ers f graft copolymerization
“RWTAN ‘ml 39172 ]
PRIEMNIUNIN NN

MMA monomer concentration :

of methyl methacrylate onto

Grafting promoter (VneoD)  : 20 Y%wt of MMA
Initiator concentration - 1.0 phr
Reaction temperature ;i 60°C

Reaction time 2 4 —-8hr
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From Figures 4.34a and 4.34b, it can be seen that as the reaction time
increases, there are increases in the percentage conversion, and percentage grafted
natural rubber. At the reaction time of 8 hr, it reaches a maximum percentage
conversion, percentage grafted natural rubber, and percentagc grafting efficiency,

thereafter they both slightly decrease. Through many experiences, we can conclude

that PMMA homopolymer is fi 'y/eadlly than the grafting to get the graft
copolymer.

Table 4.14 Effect o

eI ntage conversion, percentage

\

VneoD 20 %wt of MM : MA. mogp .‘ entration 100 phr.

grafting efficiency an ver at 60°C, K,S,0O4 1.0 phr,

8 10

Conversion (%) S 0908 85.1 84.7

QGrafting effieic | N 51.8
o

Graft propenﬁ

Grafted NR (%), & 63.8 o 67.2 70.8 63.8

~AUE NN |G | -
Free PﬂMA (%) €220 17.8 22.0
RTTIIVTINEAY
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Figure 4.34a Effect ol time on percentage free NR (), percentage free PMMA
(M), and percentage graftec I ) ‘ \ 0°C, K,S,0, 1.0 phr, VneoD 20 % wt

=7
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s .
s X I

ﬂu quwswawnﬁ
awwa N8

Time (hr)

Figure 4.34b Effect of reaction time on percentage conversion (®), and percentage
grafting efficiency (M) at 60°C, K,S,0, 1.0 phr, VneoD 20 %wt of MMA, and MMA

monomer concentration 100 phr



79

Up to this stage, the optimum condition for the preparation of grafted
natural rubber is found as follows:
a.) The concentration of CHPO 0.5 phr, the rubber content 100 phr, the reaction
temperature 50°C, the monomer coutent 100 phr, and reaction time 8 hr.

b.) The concentration of TBHPO 0.5 phr, the rubber content 100 phr, the

4.2.2 Types of Rg¢ : iator on Grafting of Natural Rubber
M.f" ¢

S, .‘..f_af" |

Graft copolymerizatic tSEW : j; hacrylate onto natural rubber particles

were prepared. »-VA———-_.—_, ------ 2 -_:I PA, TBHPO/TEPA, and
K,S,04/Na,S,0,, were G158 1S, -as _]l.lSt concluded above, for the

J H

preparation of the gra‘ﬁed natural rubber by the initiation system are shown in

Ta"‘e““‘ﬁ%ﬂ’%‘lflﬂﬂﬁwmﬂ‘i
’QWWMﬂim URIAINYAY
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Table 4.15 Effect of redox initiator systems on percentage grafting efficiency,

percentage grafted natural rubber, and percentage grafting efficiency at the optimum

condition.

Reaction properties CHPO TBHPO K,S,04
Conversion(%) 83.8 82.5 85.1
Grafting efficiency (%) \1\‘»\ ' ,//4/ | 74.5 61.1
Graft properties _:;::"‘___ | / B
Grafted NR (%) | © &5 70.8
Free NR (%) / ' 11.4
Free PMMA (% /A 72 17.8

%
100

80

60

40

[1K,8,0,

20

Y

NASNTUURTINGIAY

%conversion Y%grafted NR %GE

Figure 4.35 Effect of types of redox initiator on percentage conversion, percentage

grafted natural rubber, and percentage grafting efficiency at the optimum condition.
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From Figure 4.35, it can be seen that CHPO gave a highest grafting efficiency,
percentage grafted natural rubber, and percentage conversion. The CHPO was observed
to be more effective than TBHPO and K,S,0, for grafting methyl methacrylate onto
natural rubber. Because tne partitioning ability of the initiator between monomer-

swollen NR and aqueous phase is quite different, the graft property is indeed affected. It

The three itiati i“r‘, s, \CHp O/TEPA, TBHPO/TEPA, and
K,S,0,/Na,S,0,, were . . te the \\ copolymerizations of methyl
methacrylate onto na ber | - ¢ following plausible explanation is
suggested for the grafting o’T /z _, .

a.) Initi .j Hor
J

|ﬁuﬂqwﬂﬂswa1ﬂﬁ

CH3 —C—¢ C—0+ R'HN+HO(41)

aﬁqmnmumawmﬂa

| TBHPO
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CH3 CH3

C+
CH3 (8 (0] OH + R'HpN = CH3— C——O0 + RHN + Hy0 (4.2)

Ph N Ph
CHPO TEPA )
2 - 2- -

W //34 + S04 + $20 (4.3)
The three r \ :\\‘:ﬂ \'\ ield the radicals, as shown in

reaction numbers 4.1°4. and III are represented as R’

in the proceeding o different ways. The pre-

existing polymer was a bagkb e, wh ¢ ;'. \ ndergo addition (through residual
double bonds) or abstraction (of labile hyr orm a grafting site.
SYaidias <2
ch» (A, £ ) C1i;
| 97 X I

]
queiIneminense ;
RINNIUANINE A S

CH2 s (4.4b)
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CH3 o
I . ) I I

CHy—=C C—OCH3 + R —> CH (IZ C OCH3 (4.5a)
R

CH3 o

L

OCH3 (4.5b)

C=—=CH CH2mwww

www CH?2: ".‘

HZW

MIANTUNRINEY



CH3 O CH3 O

l l
RCH—C—C—OCH3 + CHy= C——C — OCHj3

(4.6b)

ii.) Free iéal Grafting 1A V Rhmer onto Natural Rubber

U Ineningns,

AN TUAM NN

CHy—C—C—0CHs
1

Graft copolymer @.7)
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The abstraction pathway may be facilitated through the stability of
resulting allylic radical. It could have a very slow re-initiation rate coefficient with
other monomers. The addition pathway is the major route for propagation.

As mentioned above, the initiation of graft copolymerization by
K,S,04/Na,S,0, took place in the presence of VneoD as the grafting promoter.

Monterio et al. [29] proposed t step of the reaction is that the VneoD

isoprene to form radicals that are

J ‘ = .
n@dlcal terminators. The second is

the abstraction mechani ch VneoD radieals abstract hydrogen from the allylic

radicals add across the

unreactive towards the

position on polyisopr

CH3 (iH3
www CHp—C =—=CH—C : CHp—C —CH—CH2 " (4.8a)
VneoD VneoD

CH3

o l
Clh—C =—CH——CH ** (4.8b)

y
ﬂeﬂ’ﬁ ﬁ%ﬂ% ﬁpﬁ}zﬂﬁh the unreactive VneoD,

and thus providing more ﬁ'equenog,les for MMA monomer to graﬁ onto the natural

“QWIRNN I UAIAINYA Y
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CIH3 CH3 h)
I
www CHp—C==CH—CH "+  CHy=—=C—C— OCH

(4.9)

¢.) Terminafi

i
i
»

oA RER TR o o o

initiate the g of monomer or branching or crosslmkmg ].U’lls study, the grafted

w8 S H A e v s

The cr. sslmkmg can be possible occurred by recombination of two macroradicals.
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CH3 R CH3 R
mCHz—T L mCHz—T —CH —CH 2 www
Mg MMA
. — I
MMA R
MMA R

mcnz—T ——CH ——CH 2 e
MCHZ_T —CH —CHizg whws

CH3
i (4.10)
TH3 ' CH3 R
WCHz_T‘_ | lp CHy
o .
. |
- MMA
mlﬂ —C — CH—Gigmi W(LH— C ==CH——CHy»w
Py O

CHLZ
- 4.11)

..I
i

AR INENINGINT

QAN T NN INEA

MMA
www(CH —C =CH —CHpwww
wwwCH — C ==CH ——CHp www
| CH3
CH3
4.12)
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4.3 Characterization of Grafted Natural Rubber

4.3.1 Grafted Natural Rubber Morphology

In the graft copolymerization of methyl methacrylate onto natural rubber latex
with different initiator systems, U three different redox initiator systems,
CHPO/TEPA, TBHPO/TEP }Q ,. The grafting reaction occurred

largely on the surface o 1clq!

Figures 4.36-4. e grafted natural particles from
different redox initiato

studied by OsO, staini

=

surface of seed partieles in

T .
The initiator type influences on the morpholog of the graft copolymer. From

Figures 4.47 ﬁﬂi ﬁ E]w]?r natural rubber particles
initiated by ave = presence of nodules of MMA monomer on the
RN TN ﬂﬂ NPV i e

which &re generated onto the surface of natural rubber particle and continued to
propagate to form the outer layer. On the other hand, the surface of grafted natural
rubber particle initiated from K,S,0, and VneoD used as the grafting promoter is
smooth. Most of MMA monomers are polymerized in the microdomain at the surface

layer of natural rubber particle. Because the physical partitioning of the initiator
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c.)

Figure 4.36 Transmission electron micrographs of grafted natural rubber latex; MMA
100 phr; TBHPO 0.5 phr; 50°C. a.) 4 hr (x 30,000), b.) 6 hr (x30,000), c.) 8 hr

(x45,000 ), and d.) 10 hr (x30,000)
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d.)

Figure 4.37 Transmission electron micrographs of grafted natural rubber latex; MMA
100 phr; CHPO 0.5 phr; 50°C. a.) 4 hr (x 30,000), b.) 6 hr (x30,000), c.) 8 hr

(x45,000 ), and d.) 10 hr (x16,500)
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Figure 4.38 Transmission electron micrographs of grafted natural rubber latex; 60°C;
K,S,0, 1.0 phr; VneoD 20 %wt of MMA; and monomer concentration 100 phr
a.) 4 hr (x 45,000), b.) 6 hr (x45,000), c.) 8 hr (x45,000 ), and d.) 10 hr (x45,000)
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radicals between the polymer (NR) and aqueous phase may contribute a significant

difference to the surface morphology.

4.5.2.1 Locus of Polymerization

- Partition n the agus hase could take place.

The three initi cms c The oil soluble initiator, CHPO or
TBHPO, was employed é atitine (1 1¢ rate of producing primary radicals
, is higher than the kd of TBHPO,

- e

3x10” (s 'Y in benzene at 130 C.[30] Cons atly, CHPO generates more radicals than
those of TBHPO. The hydroperoxide radical ~om CHP “,,n TBHPO partitions strongly
into the organic phas f lhe amine (TEPA) prefers to

remaining in the aqueous phase, mltlatmg the polymerization at the rubber/water

interface. [1ﬂ 1& ﬁc{}%ﬁmmf} O/TEPA is shown in

Figure 4.46.

ammmm UANAINYAY
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H H
[ [
Hzr(\/l’l\/\,’/\/N\/\NH2
y H
A tetraethylene pentamine
medocker {soluble in water)

R-O-OH
NR

(soluble in the
organic phase)

latex particle in water

i @natural rubber latex in the bipolar

Now, TB eous phases. On other hand,

CHPO is insoluble i phobicity. The partitioning of

CHPO or TBHPO be bber and aqueous phase will be

significantly different. radical concentration generated

AT T
L ".-"“;'f‘ir"""--_.‘ .fl’

is soluble in both 5ganic and
i

both monomeric andElymeri m
is a waterssoluble initiator, the aS:O generates its radicals in the

oon B I LA INELT

U

grafti ﬁf}im takes place stu gis Ifate system, the
e AN 2]

jthe rubber particles, the
iﬂ&. Thas for the é‘su
:lnllnﬂall-lu icles to result in

To conclude, the partitions of CHPO, TBHPO, and K,S,0, between the

a lower grafting yield.

monomer-swollen natural rubber and the aqueous phase are quite different. Such

difference yields the different percentages of grafting efficiency.
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It is well known that the graft copolymerization yield both graft copolymer and
homopolymer. In this study, the homopolymers could be poly(methyl methacrylate) and
ungrafted natural rubber. The nature of the monomer is a very important factor in
producing the desirable extent of graft copolymer. Methyl methacrylate monomer has
the highest water solubility, 650 mmolL".[26] Therefore, the poly(methyl methacrylate)

nucleation in the aqueous place quite easily, especially when the

hydrophilic K,S,0; initiat ignificant number of radicals in the

aqueous phase is geéausﬁ of@nt locus of polymerization, a
decrease of grafting i 1 \h%gr phase is resulted in when

th ophobic nature of CHPO initiator
than in aqueous phase. In other

words, more grafting ¢ ngrization. bber are found (see Table 4.15)

ution of the graft copolymer

was determined by Gel-Permeation Chromatography C), using chloroform (HPLC

grade) as anﬁmw ﬁ%‘ﬂ %:Wﬂﬂiﬂ/?) of the grafted natural

rubber were afialyzed by compann§ with the standard calxbratlon curves of polystyrene

m“ﬁﬁ‘@ﬂ‘ﬁ‘ﬂﬁ‘fﬁ’ﬁﬂ"’ﬁ% NYIRE

The weight average molecular weight (Mw) is related to the weight of the

individual molecular as represented by the Equation 4.13.

Mw = Z(MiWi)/ZWi (4.13)
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Where Mi = Molecular weight of the polymer of fraction i
Wi

Weight of the polymer in fraction i

Il

And i Fraction number (from 1 to x)

The number averaged molecular weight (Mn) is dependent on the number of

molecules having each discrete

ted by Equation 4.14.

{/,-

——— (4.14)

. ﬁ'actlon i

The Mw and g ~ v1de an index for the range of

molecular weight distrib

(4.15)

Tableﬂ ﬁﬂ?ﬂﬁm meﬁ?olecular weight (Mw),

number averaged molecular welght (Mn), and polydlspers1ty (Mw/Mn) for natural

Wﬁ&@'ﬁﬁ‘fﬁ‘mﬂ"ﬂ YR B = 50

CHPO 6r TBHPO 0.5 phr for 8 hr, at 60°C with K,S,0, 1.0 phr for 8 hr in the absence

of methyl methacrylate monomer, respectively.
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Table 4.16 The gel content, Mw, Mn, and Mw/Mn at various initiators and

concentration. (in absence of methyl methacrylate monomer)

Gel content Mn/10° Mw/10° Mw/Mn

NR 50.8 3.5 12.1 3.5

- U 3.6 3.5
> / 3.8 4.4
__J

21 &7

*NR/CHPO 65.1
*NR/TBHPO 66.

’NR/K,S,0,

*Polymerization was carrig - P | ' 'hr PO 0.5 phr; rubber content 100 phr;

50 °C; and time 8 hr.

l’Polymerization was carri ontent 100 phr; 60 °C; and time 8 hr.

From Table 4.16, it i + om a eompz ison of the untreated natural rubber
with the natural rubberstire ith 24 redox initiators, CHPO/TEPA,

the absence of methyl methacrylate. The value
¥ -
inifiators. The decreased in Mw

Y

otions of rubber to form the low

i il
molecular weight ‘ tions. To prepare the graft “copolymer a high yield, the
" »
degradation mﬁﬂ ﬂvﬁfﬂ mmission of natural rubber
molecules willjresult in the format;gn of unstable molecules, which can react together
=9 o/
via iZation, ‘ 1&3%&"? Mﬂl eight of rubber
A RTRIFI TN TN TN
molecule. The gel contents of natural rubber stirred with CHPO and TBHPO were

increased comparing with the untreated natural rubber but the gel content of the natural

rubber stirred with K,S,04 was reduced.
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Table 4.17 The gel content, I\7[n, IVIW, and Mw/Mn from the optimum condition at

different redox initiators.

Initiator Gel content Mn/10° Mw/10° Mw/Mn
‘NR/CHPO 65.1 3.6 3.5
"NR/TBHPO | 44
*NR/K,S,0, 2.7
"NR/CHPO 1.6
°NR/TBHPO 2.4
’NR/K,S,0, 2.9
All are in the absenc
All are in the presenc

Table 4.17 show 2 gel content, weight average molecular
weight (Mw), number average me ular weight (Mn), and polydispersity (Mw/Mn) of

JJ’ and K,S,0,/Na,S,0, at the

optimum condition. jl gel ¢ i vme increased in the presence of

I
MMA monomer whera, compared with those without the MMA monomer. The gel

content and ﬂvu %ﬂ’a %uﬁ]% ‘ﬁww ﬂn’%ﬁ%mg the redox initiator of

CHPO/T EPA%he lower Mw of grafted natural bber 1n1t1atedqlzy K,S,04/Na,S,0,, is

found befane] 683 ﬂ%@.}«&}%’}’a b rohif] deponstrste that e

CHPO?F EPA initiation system was justified to be the most appropriate radical initiator

for the graft copolymerization of methyl methacrylate onto natural rubber.
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4.3.3 Effect of glass transition of the grafted natural rubber.

In this study, the glass transition temperature (Tg) was measured by differential
scanning calorimetry (DSC). Figures 4.40-4.33 show the DSC thermograms of the

natural rubber and grafted natural rubber. The DSC thermograms were measured at the

From DSC therm rubber and graft copolymers with
different initiation sysw —63 to —65 C. There is no shift
in the glass transition t : atural rubber in all graft copolymers. The Tg

is affected by size ~chains. The majority of these polymers has a

relatively few graft i ufficient fect the free volume available to the

P>
=2
O,
Dl
Lo}
=%
o
=.
=
>
b
=
oo
o
De
oo

0.10 1

60 L 100

INSTRUMENT: - Dynamic

3 NETZSCH DSC 200 SAMPLE: T000 16.820 mg MOCE: e
FLE: TERATO000.DAT REFERENCE: EMPTY 0.000 mg RANGE: -1 w *CN0.07200°C

g 1453 SENS-FILE: SENSO1.SNS SEGM:
DATE/TIME: 20.02.02 10:58 CORRFILE: CRUC: P&\ Al prerced id
LABORATORY: STREC REMARK: ATMOS: N2.10;
\TOR: SOPA CORR: O0C/RZ500 WV

Figure 4.40 DSC thermogram of natural rubber.
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Figure 4.42 DSC thermogram of grafted natural rubber from TBHPO initiation.
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Figure 4.43 DSC thert grﬁ' aﬁ ral rubber from K,S,Oq initiation.
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4.3.4 Functional Groups in the Grafted Natural Rubber

[

M.

The modiﬁ
monomer was characteg d by FT-IR anﬂ)\]MR FT-IR and NMR are used to study

funtional gﬁm%%&m NEINT
waaﬁmmamn NYIRE

The grafted natural rubbers were prepared from different redox initiators,

¥
Y Wion with methyl methacrylate

CHPO/TEPA, TBHPO/TEPA, and K,S,04/Na,S,0,. The functional groups in the
grafted natural rubber were confirmed by FT-IR technique. Figures 4.44-4.47 show the
infrared spectra for natural rubber and grafted natural rubber. The assignments of IR
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absorption peak are given in Téble 4.18. The FT-IR spectra of natural rubber exhibited
the characteristic absorption bands of the C-H stretching vibration in aliphatic C-H
band at 2975 cm’', the C=C bending vibration at 842 cm and the C-C stretching
vibration at 1245 cm’'. The new peaks in the spectra of grafied natural rubber appeared

at 1736 and 1153 cm'l due to the carbonyl groups (C=O stretching) when methyl

methacrylate was grafted on the 'f r backbone. This confirms the occurrence
of grafting reaction. N /

) eristic 2""- e FT-IR spectra of the grafted

Table 4.18 The impo

natural rubber

Natural Assignment of functional

Rubber CHPC l : \\ group

Wave number | Wave numb F Wave nul ‘ 1 Wave number
(cm’) (em’) v
842 C=C bending, weak
1245 C-C stretching, weak
2975 C-H stretching, strong

C-O-C stretching, strong

C=0 stretching, strong

AANITUANINGAY
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Figure 4.45 The FT-IR spectrum of grafted natural rubber initiation by CHPO.
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Figure 4.46 IR spectium of grafted natural rubber initiation by TBHPO.
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Figure 4.47 The FT-IR spectrum of grafted natural rubber initiated by K,S,O,.
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104

b.) Characterization by 'H-NMR

The grafted copolymers of grafted natural rubber were characterized by NMR.
The grafted natural rubber samples were dissolved with CDCI,. Figures 4.48-4.50 show

the 'H-NMR spectra of grafted na er. The assignment is given in Table 4.19.

The 'H-NMR spectra of grafted natur: ibited the signal of OCH, protons of
methyl methacrylate at a i =CH proton of isoprene at about

5.1 ppm, and the signal at'about 1-2 ppm.

Table 4.19 The important sig f the grafted natural rubber.

Initiators Assignment

-OCH,

5.10 C=CH,

ﬂumwﬂmwmm

;365 OCH,

Qﬁﬁﬁﬂﬂimmﬂﬂﬂmﬁ‘ﬁ

K,S,0, 3.57 -OCH,
5.09 C=CH,
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Figure 4.48 The 'H-NMR $pecirum of grafied natutal rubber initiated by CHPO.
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Figure 4.49 The '"H-NMR spectrum of grafted natural rubber initiated by TBHPO.
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Figure 4.50 The / Epovirg ’\\‘\\ jatural rubber initiated by K.,0,.
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The graft cop “‘h 4:,‘ by “C-NMR. The grafted

natural rubbers were g,solved with CDCl The C- [R spectra of grafted natural

o e ) 351 Ut it e i

show the s1gnamof C=0 of MMA‘at about 178 pm the s1gnal of OCH, of MMA at

e R P 0 LSRN YRS B v

occurrelacc of grafting polymerization of MMA onto natural rubber.
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Figure 4.51 The “C- \i\ il rubber initiated by CHPO.
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Figure 4.52 The “C-NMR spectrum of grafted natural rubber initiated by TBHPO.
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Figure 4.53 The "C"NMR spec grafted natural rubber initiated by K,S,0,.
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