CHAPTER 1V

Results and Discussion

4.1 Preparation and purification of liquid natural

rubber

4.1.1 .De~ " rubber _content (DRC)

*

by the method
describéd previc found that the
percentage of 59.60 %. This

latex was used tag repa e Tt @ natural rubber.
4.1.2 _:f“"“__m,"q_;“vw_",m__“.,jchemlcal treatment

V. p X

. : LNR was prepared by the method called
 chenscn ﬂw 7 HH T BT § rremsmsoracine
oxygen system. ¢ This echnlque o Mos described
premﬂsﬂ’]ﬁ Wbies i NWQ’J BYABH:. smascate
that the reaction was dependent upon phenylhydrazine

concentration, temperature and reaction time. The study
was conducted by varying phenylhydrazine concentration
of about 4-15 % ( by wt of DRC ), reaction temperature

between 50-70 “C and reaction time between 0-100 h.
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The results showed the reduction of rubber molecular

weight from 200,000 to approximately 10,000.

In this investigation, the depolymerization

reactidn ﬁas carried out at 80 °c with the air flow

rate of 2-3 11ter/m1nute,
of 10 # (by wt of DR i
The results ar 4.1, and the plot

of molecular WQV 1 e saetion time 1is shown

henylhydrazine concentration

time of 0-30 h.

in Figure 4.1.

Lhat the reaction
time influenced t spolymerization. ‘The
molecular weight ;vaz' ex. decreased rapidly in
the first 5 hours ‘ jecreased slowly as the
réaotion time ; ;::::::::;_:_;________ru The reduction
in ﬁolecular Oy ﬁ' by fhis method

was in the ran%F of 140,000 ‘to a-orox1mately 10,000.

ﬂ‘lJEl’J“ﬂEWIﬁWEV]ﬂ‘i
Q‘W’mﬂﬂim UAININY
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Table 4.1 Molecular weight of LNR at different

depolymerization time

No EPhenylhydraZine],% Depolymerization Mvx10~>| Remark
( wt/wt of DRC ) |
1 141.6 |Non-
degraded
rubber
2 10 4 AN " 78.5
3 10'. AN\ 7.3
4 40 2qC s\ 33.0
5 10 = 23.0
6 10 P IO 18.7
7 ' [ NI W 16.2
Y )
8 V‘ 11510
1)

AUBANLNINGINS
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Fig 4.1 Plot of depolymerization time vs molecular weight of LNR
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The possible mechanism involved in the
depolymerization reaction of natural rubber was proposed

previously by Barnard et al. [ 23 1] as follows:
1. Oxidation of phenylhydrazine to. phenyldiimide

Ph-NH-NH, L s Ph-N=NH + H_O0

Ph-N=NH b -7 ; Ph-N=N+ + HOO®*

propagation

“Ph- + N
ll"

2

..‘ {)—1—1

Y,

ly _—

Ph+ + Ph-N=NHy,

AUEINYNTNYIN
- AadTaNIIngtay ™

termination

PhH + Ph-N=N°

=N »

Ph-N=N- + Ph- —_— Ph-N=N-Ph

Ph+ + Ph- ———>  Ph-Ph




3. Autocatalysed thermal oxidation of hydroberoxide

initiation
ROOH ~—————3 RO+ + +OH
RO+ + ROZ-' + H,O
propagation
RO, » LY\ A 5, ROOH + R:
R  ; 7 : 5 ROO-
termination
12RO + O

o,udatﬂnugqmgmjbwrg'm@nmmme ;

oxygen sys em

amaanimum'swmaﬂ

1n1t1at1on

Ph* or R« + O B Ph-0-0+ or R-0-0O-°-

2
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propagation

CH, CH,
l l
~CH,_-C=CH-CH,_~CH,~C=CH-CH_-

b. termoleculan reaction

: @,umwﬂmwmm

a.

N

q

ntramoleculd& reacti

AT nengy

CH, CH,
! | l
-CHZ-C=CH-?H-CH2-C=CH—CHZ-
0—o0*

e )

addition to double bond

62
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3
/
CH, CH,-Ce
| / \
~CH,-C=CH-CH CH-CH -
\ / ;
0—0

: \
1‘ \‘I
\-’on of hydrogen from

pouring molecules

-CH tqipu CH QH~CH, -

ﬂ'LlEl’J ﬂ%ﬂ%‘iﬂﬂ’lﬂ‘i
ARIANT ‘iﬂJ %2208 aﬂydropmme

to alkoxy radical

Fa

CH CH. ~C

3

Bl P

-CH,-C=CH-CH CH-CH, -
\ /

0—+—O.

|
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generally accepted decomposition

but not only reaction

CH,
|
~CH,-C=CH-C-H + +CH,-C-CH, + H-C-CH_-
I I I
0 0 0

”:‘Qf hydroperoxide

radical
eiv |

AUEANENIHENT
ARIAIN TN UBII N E e

but not only reaction

i i
—CHZ-C=CH—i-H' + +CH,-C=CH-CH_~
0
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Then the carbonyl group of LNR reacted ' with

an excess of phenylhydrazine to form phenylhydrazone end

groups.

CH, CH, H
I ‘ I I
~CH,-C=CH-C-H + C H,-NH-NH, ~CH_-C=CH-C=N-NH-C_H

R+ + ROO*

ROO: + ROO-

S 4
B Autooxidatioqlo
|

ﬂ‘lJEl’J‘VIEWIﬁWEI”I\ﬂ‘i |

C N-N-Ph ‘ +C- N— -Ph

mﬂmnimummmaﬂ

Phenylazoalkane
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+ +OH + N, + Phe

Inr the preparatlon process of LNR, Teric

anse. sl HSHBHEIN T WL TG o 1o rover

latex. order to obtain th e purlfledJ LNR, these

ﬂ Wlﬂ ﬁﬂ ﬁmeumrlqtmﬂ rl’aaﬂ appropriate
solvent had to be used to dissolve these two reagents
but not the\ LNR. From the experiments, it was found
that Teric 16A16 and phenylhydrazine would dissolve
completely in methanol while low molecular weight LNR

was also slightly soluble in methanol.
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Purification process was carried out

twice by dissolving LNR in about a tenfold volume
of toluene, filtered by means of suction filtration
and then precipitated from excess methanol. After
drying in an oven at 80‘°C for 18 : h, - the first

purified LNR was weighe and the percentage yield

was calculated. : d“'urification process was
performed wusing as above but a
mixed solvent of'———— acetc (371 v/v) was used

instead of pure _& LXe, ’n; ied LNR was dried
in an oven at T 15 nd consecutively  dried
in vacuo at 80 C’ 15, “k The oroduct was weighed

and the percentag & Q?"P“". lated. The results
4 |
DA

are shown in

that after each
purification St?ﬂr Er percentage yield
of LNR observed ‘especially the item which wused longer

depoly\merizﬂ% Eﬂf@?ﬂ E}% %’%ﬂﬂoﬂ ﬂﬁ was decreased

by about 13—5@ % in the figst purifdcation step, and about
14-50 ﬂxﬂﬂﬂsﬁcﬂﬁ mulwag megjr]ﬁeﬂ remarkable
deérease’in percéntage vield during the purification steps
of LNR obtained from using longer depolymerization time
was due to the fact that the longer the depolymerization
time, the larger quantity of lower molecular weight LNR

was obtained. This 1low molecular weight LNR is more
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.Table( 4.2 Weight and percentage yield of LNR after

each purification step.

LNR precipitated LNR precipitated

No Depoly-

: from MeOH/Acetone

merization C 871 NIV )

time, h
\\*"\-\_{! of LNR, g|% yield
N
1 B\ \ ' = -
2 77.4 86.0
3 T0.3 78.1
4 T2.0 80.0
15 ; 10 e g-*'" : | 68.1 T05T
6 15 = _____r1.8 + 7S 8+ 0 60.5 67«2
¥ 20 57.6 64.0
8 30 45.3 50.3
NS
2 illa
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soluble in~ methanol or methanol/acetoﬁe mixture than
high molecular weight_ LNR. The mixed solvent of
methanol/acetone was used in the second purification step
since we wanted to eliminate non-rubber constituents,
e.g. fatty acid, sterols, quebrachitol, all of which are

IR and 'H NMR spectra are

soluble in acetone [24

shown in Figure 4.2 an | “respectively.

Tl

AULINENTNYINS
RIAINTUNRINIAY
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4.1.4 Molecular weight determination of LNR

The molecular weight of LNR was determined
by viscosity measurement. The flow time of rubber
solution was measured at 25°C using Ubbelohde viscometer.

~ The ' concentrations of solutions were varied from

0.6 to 1.0 % (wt/v) flow times of pure

toluene were mentioned above.

molecular weight
( Mv ) was intrinsic - viscosity,
[q], of  the the Mark-Houwink

relationship :

cm viscosity, ([nl, was

obtained from t}e linear %ﬁprapolatlon the plot of

e SR R A% i riasre son
QRN IALIRYVINE 8 v oo

isoprene rubber in toluene at 25 C were 5.0 x 10 Py dL/g

and 0.67 respectively EZSJ;
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4.2 Preparation of Z—ethoxyethyl methacrylate

2-Ethoxyethyl - methacrylate (2-EEMA) was
prepared from the reaction of methacrylic ‘acid with
2-ethoxyethanol in - benzene using sulfuric acid as a

catalyst and phenothiazi
as inhibitors. The
| refluxing condltlo

nd 2,6-di-tert-butyl-p-cresol

&reactlon occurred under

0-CH,CH_OC_H_

CH,, C=0
I £I & l
CH,=C-COOH + OHC v >\ GH_=C-CH_, + H,0 (4.1)
Methacrylic 2- xfe b Ao .\, 2-Ethoxyethyl
.#- : F
acid - methacrylate
,,',:‘
he ‘ﬂj was removed as a
blnary azeotrope wlth benzene Thus he condensation
ﬂlum%wwmnimm by this
technique. he inhibitors syst also pxevented poly-

memaﬂ ‘moﬂamﬁm wm’lm En&l | N

amount of polymer was formed in the reaction flask
during the removal of benzene and the purification step.
This procedure gave more than 80 % yield of the desired
monomeric ester. The IR and NMR spectra of +this ester

are shown in Figures 4.5 and 4.6, respectively.
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Fig 4.5 IR (neat) spectrum .of 2~ ethoxyethyl methacrylate
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4.3 Preparation of graft copolymer of LNR

The grafting process bhy Lenka et al. [C171] was
used with some modification. In this method DMA/Cu”"

system was used as a initiator. Graft copoly-

merization starts between DMA and Cu”"

to form methyl which can abstract
a hydrogen atom \ber ckbone, and results in
a rubber macror - macroradical then

interacts with 0 \crylate (2-EEMA) to

produce graft co M 6 ism 1is suggested as
follows: \g:\

initiation

N,CH N/C“3 PN e g

Huﬂqwﬂﬂﬁwaﬁni

il mmmwmmﬁaﬁ_ e

“~CH

or

CH, _ CH,

[ 1
»CH
& & = e O O-CH= -
CH_-C=CH-CH_ =% C6H5 N\Cﬁi CH, (.3 CH-CH,

t
s s

(R ) R

3
&
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The initiation step can 'generally be represented

as:
ki
~CH
- _-'————9 .
CGHSN\CHg + NR NR
kl
NR _ NR-M -
where NR is
M is
propagation

——_—’ .

NR-M; o/ 20k NR-M

i a0

NR-M , - jj NR-M :
s UH ININTNENT .
RN URIANIAE,.......

In the preparation of graft copolymer of LNR

(My = 3.8 X% 104), appropriate conditions which can produce
high percentage yield of grafting were investigated.

The parameters that were chosen to study are:
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4.3.1 Effect of reaction temperature
4.3.2 Effect of monomer concentration
4.3.3 Effect of CuSO, concentration
4.3.4 Effect of DMA concentration
4.3.5 Effect of type of copper salt

4.3.86 Effect concentration

4.3.7 Effect

4538
4.8.1 - temperature
‘u{tion was carried out
at six different / tenpe At ; ranging fron 40-100 °c,
keeping the concentra 18 : il 1 other reagents and
conditions results of . the graft

copolymerizat'; . are summarized bzr‘ Table 4.3, The
effect of grafting is shown
in.’ Figure--4.7. é perusal of the results indicates that

ar oo RUHGNEARG sioss oo

increasing eactlon teqperature from - 2, But when
wre réloflon] Bhindrhid s ket ﬂ&l’]@a&l the extent
of graftlng increases remarkably and reaches the maxlmum
value at 80°C. As the reaction temperature rises above

80°C the extent of grafting-on decreases.
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Table~ 4.3 Effect of reaction temperature on % grafting

No |Temperature, Wt of Wt of graft |« Grafting

<

G homopolymer, g copolymer, g

1 40 0.88 3.4
2 50 92 ‘8.3
3 60 92 7.8
4 70 93 9.4
5 80 54 81.5
6" 90 4. pod A 1.26 47.8
7 100 .20 A1.8
e Gel formation - . . pd i the reaction flask

ntage of grafting
w1th the 1ncreas1mg of reactlon temperature ranging fronm

s mayﬁﬂﬁe’mﬁl*ﬂﬂﬁlﬂ’}ﬂ Bieh tenperaturs

provide a 1 rger numberyg of melecules wmith greater
energy,q %ﬂﬁlﬂn im um;;]rq m\ﬂr] a &ligh diffu-
sion rage of monomer to the rubber matrix. The
adsorption of 2-EEMA on rubber is also increased with
temperature and therefore its complexation with rubber
enhances its reacﬁivity. At higher temperature the

formation rate of homopolymerization is favored and
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~the crosslinking reaction of the rubber chain can also
take place to produce gel that cannot dissolve in any
solvent. The similar result was also observed by
Lenka et al. [ 13, 15-17 3] when they investigated the

graft copolymerization of MMA onto natural rubber wusing

several redox systenm ‘inc i DMA/Cu”" system. IR
and 'H NMR spectra_ of & products are shown

ﬂ‘lJEl’J'VIEWIﬁWEI’]ﬂ‘i
QW’WMﬂ‘iﬂJmﬂ’TJWH’mH
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Fig 4.7 Effect of the reaction telperature on %* grafting.
The reaction of LNR (5.0 x 107" ¥) in CCl, with 2-EEMA
(7.5 x 107" W) using initiator which consisted of Cuso,
(2.0 x 10°° M) and DNA (2.0 x 10> M) in the presence
of comc H,S0, (7.5 x 10 " M) vas carried out at six

different temperatures for 30 h.
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4.3.2 Effect of monomer concentration

The effect of monomer concentration on the
extent of grafting was investigated by changing  the
monomer concentration within the range of 0.1 mol/L. to

2.5 mol/L and Kkeeping

concentrations of all other

%/The results are summarized

- omer concentration on

reagents and conditio
in Table 4.4.

reveal that as ion increases from

pefcentage of gr _‘(Jﬁf’?!.F‘!ure 4.12. The results

0.1 mol/L to "m '4h': »"\i? age of grafting-on
increases, and 1 "alue at the monomer
concentration o reafter it decreases.
The reason is that ."'er ~concentration, homo-
polymerization is d Vthanl grafting. So the

formation of ; -5 t;; ‘decteased.

AULINENINeINg
RINNTUUNININY
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Table 4.4 Effect of monomer concentration on % grafting

No [2-EEMA], wt of wt of graft % Grafting

mol/L homopolymer,g copolymer, g

8 9.2
9 28.9
10 53.0
(5) 81.5
2 68.1
12 18.%

AUEINININEINS
RINNIUUNININY
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Fig 4.12 Effect of [2-EEMA] on % grafting. The graft copolymerization

of LNR (5.0 x 10" M) in CCl, using redox initiator which
consisted of Cus0, (2.0 x 10°°M) and DMA (2.0 x 10~ ¥ in
the presence of conc H, S0, (7.5x10™" M) and 2-EEMA at six

different concentrations was carried out at 80 °C for 30 h.
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4.3.3 Effect of CuSO, concentration

The effect of CusSO, concentration on
the percentage of grafting was -studied by varying the
concentration of CuSO, in the range of 1.0 x 10°° mol/L

to. 6.0 x 10”7 mol/L while k

i

ing the concentrations of all
other reagents and r ?/ idit ions constant. The
results are summari Ta,'leﬂd the effect of cuso,

concentration on7 : \\n in  Figure 4.13.

In the experiment that with an
increase of CuSO o oupy 2.0 x 10°° mol/L,
the graft yield maximum at the

The increase initial state \njay‘

2+ n & i
of - Cu ions in the

bei associated with
vi"cinit.y of ru' € inducing asy formation of
rubber-—monomer he creation - of
methyl anilinome };yl radical by the . effect of cu”" ions

occurred rﬁ %EJ ’}%B%‘jw gu@f,ﬂ ‘jmolecules, thus

ass1st.1ng t.h ease of fogmatlon rubberumacroradlcals.
mréf&mawmmmm&mssed The
drop in graft yield at higher concentrations of Cuso,
could be attributed to many reasons such as the
termination of free radicals in solution by the interaction

between Cu”’ ions and homopolymer and/or rubber radicals.
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Table 4.5 Effect of CuS0, concentration on % grafting

No CLCusO,1, Wt of Wt of graft % Grafting

mol/L homopolymer, g copolymer, g

13 1.27 49.6
¢5)" 1.54 81.5
14 sl - 36 20 60.6
15 29. 50.8
i (=5
g
NR« + cu”" #‘Q‘%ﬁ roducts + Cu® + HY
A8
e ‘w"‘
In this  case, _the ‘g‘:r:d to act as a radical
trap. Furthern —_——— '.level of Tou™"3
ions may perturb Exe exe of mﬁomer with rubber.

Similar observationg, have also been noticed by Lenka

et al. in ﬂ“ﬂoﬂ%ﬁﬂnglqﬂﬁal rubber with
e pammnm SN o

E156].
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% Grafting

80.0
T0.0 F
60.0 |
500 F

40.0 |

. (7

1
0.0 I

Wuﬁiﬂﬁ%ﬁﬂmm
asmawnmumiwwﬁ’ﬂ“

of LNR 5 X 2-EEMA

a

(7.5 x 10°° M) and conc H_SO, (7.54x';0— M)
in the presence of DﬁA (2.0 x 107° M) and
Cuso , at six different concentratlons was carried

=1

out. at 80 ¢ . for. . 30 H.
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4.3.4 Effect of N,N-dimethyl aniline concentration

The effect of DMA concentration on the
extent of grafting was studied by varying the concentraﬂion
within the range of 1.0 x 10 > mol/L to 1.0 x 10-2- mol/L
and keeping the c@iﬁ/ of all other reagents and
reaction conditions nt. esults are summarized
in Table 4.6. Th of %ncentration vs the
. 7 % n- Figure 4.14. The

curve indicates ' e ‘gQnce: n of DMA increases

percentage of

from 1.0 x 10 ° L, the extent of

grafting also maximum at the

concentration of But when the
K = i T .

concentration of DMA is“hig he 0 x 10”° mol/L, it is

decreases. The

=N

reason is probablyg J;‘ in the DMA/Cu”

abStracts a hydrﬂlen atom from DMA

and generatFJJ ,m Ej;fjw qu%'éw Ejr]ﬂ?ws:
L AMIAINIUAMIIYIAY

system, a cu** iIl

-+

>
CGHS—N.( C H -N7

5
CH, 6 4
1° radical

At higher concentrations of DMA, a large quantity of
methyl anilinomethyl radicals which are generated can

undergo hydrogen atoms abstraction at high rates from




Table 4.6 Effect of the concentration of N, N—

dinethylaniline_ on -% grafting

No [DMA], wt of Wt of graft % grafting

mol/L homopoly L1 copolymer,g

=

16 1.0x10 .46 T2:2

-3

(5) 2.0x160 81.5
-3

17 4.0x10 52.0
-3

18 6.0x10 38.1
-2

19 1:0x10 19.7

the backbone

.hat more active

sites are geners ‘\‘ ith monomers to

yield higher pe nt.ag o srafted Qroduct. But when
higher conce tlgnﬂho DMA “was used in he systen,
a complex %M’- ﬂ ojm DﬂAﬂj’ch cu®" occurs
instead % \ﬁ ﬁﬂtzrq- ﬂon yields
1°rad10§i wh1c§i may 1nter ct 1t each other

other substances. This then depresses the reaction of

‘rubber, so the extent of grafting decreases. Similar

results have been observed by Lenka et al. [171].
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Fig 4. 14 Effect of ([DMAl on % grafting. he reaction of LNR

(5.0 x 10”'M) in cCl, with 2-EEMA (7.5 x 107 M) in the
presence of conc H,S50, (7.5 X 10" *M) using redox initiator
vhich consisted of CuSO, (2.0 x 107" M) and DMA at five

different concentrations was carried out at 80 °c for 30 h.
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4.3.5 Effect of type of copper salt

The effect of. type of copper salt on
the percentage of grafting was studied by using five
different types of copper salt: anhydrous copper sulphate,
er

anhydrous copper chloride acetylacetonate, copper

acetate monohydrate a ; ide. The concentration

of all other reage#_'_. ﬁ were kept constant.
The effect of ty ! ‘ on the percentage

!

of grafting are T The curve of

% grafting vs shown in Figufe
4.15. The 'result i a ,‘_, a \ énion of copper
salt plays an impor ’ fim“‘ pe dentage of grafting.
The order of reactivi obey the following

sequence:

Cuso, > CuBr

zﬁ Cu(0AG) ,.H,0
ﬂ%ﬂ %%H‘iﬂ‘ﬁ%ﬁl TN guios 95w

salt have importants role _on t.he rcentage of
gram@ ma&m »¥{) wnmlﬂmﬂtemm
steps of graft copolymerization reaction. Since SO .

a

BE ., £1 acac  and OAc  anions have different sizes
and basicities, their abilities in controlling those

steps are different.
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Table 4.7 Effect of type of copper salt on % grafting

ARIAIN TN INNAY

No Type of Wt of Wt of graft|# Grafting
copper salt|homopolymer,g copolymgr,g
(5)| Anhy CuSO, 1.54 81.5
20 Anhy CuCl,___ 117 37.4
21 Cu(acac) 1.12 ‘31.4
22 [Cu(OAc),.H_ 1.03 By
23 CuBr A2 66.8

Y|

{

AULINENTNYINS
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4.3.6 Effect of acid concentration

The effect of acid concentration on the
percentage of grafting was investigated by changing

the acid concentration from 0.0 - 5.0 X 10”7 mol/L while

the concentrations of reagents and conditions

summarized 1in Table

4.8. The relat.ion % rm acid concentration

is shown in Fig indicate that the

were kept constant.

extent of grafti concentration and

becomes maximum of 7.5 x 10 " mol/L,
and thereafter
'\ﬂ

DA

"";Td o .
The inérease percentage of grafting

with an increase

.t'gn may be due to

the ability ofJacid & je/ auto-oxidation of

DMA via hydrogen”ELnded col eX formngon to yield amino-

foiiﬁiiﬂﬁiﬂﬂﬁﬂﬂ s - SENpAS
S LG RI R ek L N

sequently the graft yield decreases. Similar observations
have been noted - by Lenka et al. for the case of grafting
of natural rubber using Mn (III) acetylacetonate [141]

and DMA/Cu’’ redox system [171.
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Table 4.8 Effect of acid concentration on * grafting

No

ti'1, mol/L | Wt of Wt of graft|% Grafting

homopolymer,g |copolymer, g

24

(5)

25

26

30.1

81.5

51.4

33.9

AUGININTNYINS
MIANTUNNINGAY




% Grafting

100

80.0 |

70.0 }

60.0

50.0

40.0 }

30.0

20.0 |

Fi

(e}

AugAningsidang
RS0 sdiang Y >

in ccl, with 2-EEMA (7.5 x 10°" M)  using
redéx initiator which consisted of cuso,
(2.0 x 10°° M) and DMA (2.0 x 10”° M) in the
presence of conc H,S0, at four different

concentrations was carried out 80 °C for 30 h.
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4.3.7 Effect of type of solvent

%

The effect of type of solvent on %
grafting was studied by using four different types
of reaction medium: carbon tetrachloride, tetrahydrofuran,
‘? eping the concentrations

&:onstant . The results

e sults indicate that

toluene and chloroform

are summarized
the extent of g '-- v dependent on the type

of solvent. The the sequences:

and misibility o "Phase. From Table

4.9, the solubllxmy parameters o rubbem and CCl, are very

clans Compﬁwﬂ?}/] W%{W}Iﬁﬁf  so a‘r"ubber

molecule shéuld expan ost to the highest

solublth-?f.aﬁﬁimm cmﬂ I}iﬂfBe'] ﬁ“ﬁ the rubber:

matrix and can interact w1th rubber molecules easily. THF
and toluene have almost equal solubility parameters,
and therefore they yield about the same percentage

of grafting. The solubility parameter of CHCl, is
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Table 4.9 Effect of tpye of solvent on % grafting

No Type of Wt of wt of graft |# Grafting

solvent homopolymer,g copolymer, g

(solubility

parameter)
_(5y|cel, (17.8) 54 81.5
27 |THF (18.6 93 9.7

28 |Toluene 7.5
(18.2)
29" |cHC1,(19.4) 1.4

%

gt Gel form‘ "’ action medium.

Solubility paralﬁters of natura rubbJﬂ and 2-EEMA are 16.0

=0 g 091 SN

Solubility parameter see

PIAATUAMINYAE
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significantly different from rubber, so it yields the
l'10west extent of grafting. In addition, gel formation is

observed in this reaction medium.

o \7Z
1l

Auginensngns
RINNTUNNINGIRY
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4.3.8 Effect of reaction time

The effect of reaction time was investigateq
by changing the reaction time in the range of 15-60 hours

while keeping the concentrations of all other reagents

ffect of reaction time on

& 4.10 and t.he curve of
ing %ated in Figure 4. 16

\\ 0 hours the extent of
\\
3 ﬂ n reaction time apg
j’\\\;\\

and conditions constan

L grafting are summ
reaction time vs
The results sho
grafting increa
becomes maximum Of 30 hours. A further
increase of reagtién/ti ;i '}¥ s | decreases in the extent
of grafting. Th | _f y; .;“' "to an increase in
homopolymerization d/or gel formation which
possibly could ta.-w?i  e/ : r*acﬁion at longer

reaction times _—_ of . grafting 1

depressed.

ﬂumwﬂmwam‘s
ama\m‘im NWI’WIH’IQ d




105
Table 4.10 Effe;:t of reaction time on % Qrafting
No [Reaction, Wt of Wt of graft |% Grafting
' h homppolymer,g. copolymer,g
30 15 35.0
31 25 48.4
(5) 30 81.5
32 35 80.5
33 45 58.8
34 60 49.2

=

- Aueinenineins

I

 AMANNTAUNIINNEY




- 40.0

1086

% Grafting

80.0

70.0 |

60.0

50.0

30.0 f

0.0

50 55 80

0 15 20.Eﬂ 25— o | |
e o HUEININ NN n
A AN T Ry

> using redox initiator which consisted of
Cuso, (2.0 x 107° M) and DMA (2.0 x 107" M) in the presence
of conc H,S0, (7.5 x 107" M) was carried out at 80 °C.

for six different reaction time.




4.4 Adhesive property of the grafted products’

The adhesive property of the grafted

natural rubber with 40 % and 50 % grafting was

by ‘the method described previously [221. These

products were prepare NR with viscosity

molecular weight . The results

measurements ar 'j"”~ g - 11.

Table 4.11 Ad | 'ope]  ‘ : \\\M fted products

TRTRHTI O TN
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liquid

mneasured

grafted
average

of the

No ﬁé ng strength
o= ' N/25 mm )
Vo
1* %,_” B ———
2" | Iﬂ 50.0 _
RN Thes@ uﬂtlﬂatnjaﬂ Hc:lﬂ ‘jgrafted LNR  with
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}he 'result indicates that as the percéntage

of grafting increases, the peeling strength decreases.
This- is due to‘ the fact that as the rercentage of
grafting increases, the softness of the grafted chain

increases. So the adhesion power of the grafted

product decreases.

v
I - i

~ Augineninens
RIAINTAUNMINGAE

’
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