CHAPTER III

EXPERIMENTAL SECTION

nd purification of liquid

3.1 Studies on preparati

natural rubber

...--"[

3.1.1 DetepmTRdlAOD

‘uhhﬁégmhrubber latex content

(DRC) C 19 1
To 0 g, 20 mL of water
was added, with sti: ?\\mscetic acid solution

was added dropwisel yitlh CX ant stirring until the

latex became v1scou
coagulation, the=- 'ff""""“?“-““ﬂ*“*’“{i a hot water-bath
until the 'cleaiﬂ SE€

pieces of rubbery Jlump collected and washed

soveral ¢1afd ‘Llﬂ’.] AYRT HHANTe » ain she.

he rubber sheet was dllowed fe dry ingsan oven at

0x 2210 A U9 MR BTG o oo

temperature in a de51ccator. The rubber product was
weighed and % DRC was calculated .

% DRC

m./m_ X 100 R [

- (o]

where m initial weight of rubber latex in gram

o

m final weight of rubber sheet in gram

1

mass. To complete +the

All the small
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3.1.2 Method of preparation

The liquid natural rubber ( LNR ) was
prepared from rubber latex of 30 % DRC ( diluted from

centrifuged concentrated latex of about 60 % DRC ) using

X ﬂ, ure .
atex was added, with

stirring, Ter1:‘ﬁsﬂgfff ( _\g?ﬁmhof DRC ). The mixture

the equipment shown i

was stirred to and then allowed to

stand overnight oefore filtering into

a 500 nL react ‘as immersed in an oil-

bath at 80°C. lhydrazine was slowly

added, with stirri & : W lting latex . After a

ydrazine in the latex,

homogeneous dispersion .«

compressed al¥=—was __Dul S inbo the reaction mixture.

Fi
sac

The reaction wia

Hﬁlace for a required
period of time,gsthen the sypplied air was stopped. The

product @ uﬂq w&m ﬁ'w El‘ 'Jcﬂsﬁ methanol. After

he pr901p1tate settléﬁ the&s methanol®’solu
decanadw ”-l]ha qn;mtum leg m Elar] alﬂwed to dry
in an oven .at 80°C for 18 h. This LNR appeared as

a transparent and dark brown viscous liquid.



, MECHANICAL STIRRER

STIR
©2 ’ DENSER
STIRRER GRAND 'ﬁ v
" HEATER
XEACTION KETTLE L+ &
THERMOSTAT

=

A IMETINe

RTINS NATINE 1AL

Fig 3.1 Apparatus used for the preparation of

natural rubber.
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LNR with_ different molecular weight was prepared

by varying the depolymerization time as listed in Table 3.1.

Table 3.1 Preparation of LNR at different depolymerization

time

qmmnmumﬁwmaa

The c¢rude LNR was repurified to remove
the remaining latex stabilizer, phenylhydrazine, and sonme
non-rubber constituents such as fatty acid, sterols,

quibrachitol, etc. by dissolving LNR in toluenes then
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the rubber solution was filtered and precipitated
from excess methanol. The 1liquid was decanted of f
and the precipitated rubber was dried in an oven at
B0°c for 18 h.

-

the purified product, LNR

#ﬁing the same procedure

i i 4 solvent of methanol/
E—— ¢

acetone (3/1 Vly ad : of pure methanol.

The purified LN il owe dry in an oven at

In order to

was repurified once

80°C for 18 h an in an oven under
reduced pressure ‘f""l ON WY b The purified
LNR was weighe nd &/ % ercentage yield of the

product was

IR ( neat): 3050 ¢ m, Y)=C=H WA3950, 2850 (s, YCH,)
e ')
i

*H NMR (‘pCl Yebl. 70 { 8, 38, ~CH_~C(CH_ )CH-CH_ -~ )}

2.03 (s,ZHWH@%%-?wg‘I}iﬂlﬁ CH_-C(CH_)CH- CH -)

and . 5.20 ( s 1H,-CH_-C(£H,)CH- C

RIRNNIU llW]’J‘WEI']aEI

3.2 Preparat1on of 2-ethoxyethyl methacrylate

1660 ( m, ¥YC=C

The preparation method of Sittattrakul (201 was
used with some modification. A 1-L round-bottom flask

equipped with a Dean Stark trap coupled to a water-cooled
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condenser lwas charged with 84.4 mL ( 86.09 g, 1.0 mol )
of freshly purified methacrylic acid, 106.6 mL ( 99.13 &
1.1 mol ) of purified =2-ethoxyethanol, 2.0 g concentrated
sulfuric acid, 0.1 g ( 4.5 x 10" ® mol ) of 2,6-di-tert-
butyl-p-cresol, 0.1 g ( 5.0 x 10 * mol ) of phenothiazine
enzene. The mixture was heated

///100 °C for 12 h . The

durlng the ref luxing

and 250 mL of purified

to reflux in an

by-product, wate

period in a yﬁ.!ﬂ'-::

ab ‘%\Hig ., After cooling to
room temperatufe, o Ve \%h~f \;Toved by a rotary

eVaporator. The with 5% sodium

bicarbonate so

paper, then , “wikh \ ater. The organic extract

was dried over sulphate, filtered and

distilled under to give 127 g (0.8 mol)

of colorless l'A : 0) mm Hg )
e '
T WCH, 7, 1780 1 =y,

i

Jc=0 ), 1640 ( m, yc e 3. 1240 1040 ( s, Yas and Ys,

o IR INY T
ARAIATA U TN oo,

1a8: "« s, 8H, CH_.~-C(CH,)-COO-R ), 3.83 ( q, J . = 7 Q.. Hz,

2H, R-O-CH,-CH, ),k 38.63 ( t, 2H, R-0-CH,-CH,-O0-CH,_-CH_ ),
4.26 ( t, 2H, R-0-CH, -CH,-O-CH_-CH_ ), 5.55 ( m , 1H,

H CH_), 610 ¢ my TH CHO )
N ! Noo A
COOR ‘ H COOR
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3.3 Preparation of graft copolymer

3.3.1 General procedure

Graft copolymer of LNR and 2-ethoxyethyl

L’ prepared by solution poly-
y‘&is shown in Figure 3.2.
,—J

methacrylate ( 2-EEMA )

sulphate ¢ 8.0.. hg,

[

mg,. 2.0 X 16 .M Iy

\Y‘
2.0x10 7 M), N,N-di pdll \g
concentrated sulfari :t
10 mL purified ¢ i ig

a solution of liqui éh f M}E:\

7.5 x 100" M) and
ion flask was added

+8515 £,5.0 x 10 P

2

in 15 mL purified @ ly® purified 2-ethoxyethyl

methacrylate ¢ 2.966%;3@?2}5;; M ). The mixture was

stirred under WoRitrogen &L Foom _—tefperature for -1 h
L)

e

before it was mr ; %1 bath at 80°C
for..:30 . h  with sk1rr1ng wh " t.he flow of nitrogen

contln@uy@qugnﬁwg@ﬂ‘j

resulting mlxture wasf allowed to ceol to room

vomperdifll G i3Sk ddilhn] B4 EL) &Elfouowed.

In order to find an appropriate condition for
grafting, a series of reaction - mixtures were set up
by varying composition .of reagents and catalysts and

reaction conditions as 1listed in Table 3.2.
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Fig 3.2 Apparatus used for the preparation of graft

_copolymer.
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Table 3.2 Composition of reagents, catalysts and
reaction conditions for the preparation

of graft copolymer.

Items Composition / reaction

conditions

=]
[N
1
r
o
=

3. N,N-dimethyl 3 - 1.0x10 M
4. Copper salt & ‘f 4 3\_ 1077 - 1.0%10”" M
5. Conc H_SO, 0.0 - 5.0x10°° M

6. Temperature

7. Time B W 5 - 60 h

8. Type of cogﬂr -qgus copper sulphate,
.|, anhydrous copper chloride,
ﬂum‘nw WA 1ecosonnce.
copper acetatig monohydrate
QWW\“Iﬂ‘imﬂJ 11 VL) Q8.
9= Type of solvent carbon tetrachlpride,

toluene, chloroform and

tetrahydrofuran
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3.3.2 Separation of homopolymer

The resulting mixture was diluted with
a small amount of purified carbon tetrachloride and then

filtered. The homopolymer was separated by adding

15-20 minutes before the

sé by decantation. The
41,3 tural rubber. The

by dissolving it in

the filtrate dropwise into excess hexane and the
solution was centri ”

precipitated pro
aecantation v
homopolymer pro
carbon tetrachlori was precipitated
from excess product was dried
in vacuo at was characterized

by IR and NMR

IR  ( YOH, ) 1780 (- B,
"y;‘.'r s
s/C=0 ), 1240, TOA4C %, C-0-C ), 1160  and
: i 1
1120 em . { 83 b, C=0-C )

‘a o/
AUYINYNINYING
"H WMR (cclp: 84.20 C t, 6H, -CH,-C{CH,)-COOCH CH,~
ocx REA NI TN TN DR G . o5
¢ m, 4#, R-CH,-CH,-O-CH_-CH, ), 4.13 (s, b, 2H, R-O-CH_-

CH,-0-CH_-CH_ )
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3.3.3 Separation of grafted natural rubber ’

The combined decantate was evaporated
to dryness by using a rotary evaporator and the
residue was consecutively dried in vacuo at 40°C for

24 h. The unreacted

remaining in the grafted
natural rubber can by twice‘ soaking the

crude product with ’ ] é(ture of methanol/H_O

(3/1 v/v) at 407 ut.ion was separated
.by decantation a € ‘r~”t.- s dried in vacuo at
460°C  for- 24 afted copolymer was
weighed and c “and NMR spectroscopy.

(

s, CH, ), 1740 <« s,

1050 ( s, sJas and Vs,

¢=0-¢ ¥, 1170k ;4___;;:h L:_____,_‘;t,fsso cm™ " ( m,=C-H )
— <]

"H NMR (c.pl 612“(m, @, R.C(CH ) -CO0-C_H -
ﬂumwmwmm@ k1w
{ &y . Bl B HCH CH ~C(CH,¢=CH-R ),.2.06 ( d, 2, R’ ~&H- C(CH,
ci- m’ilﬁm BLsbl 13 b %ﬁﬂ%iﬂo&léﬂ%o cu -k, ).
4.03 s, b, 2H, R-R”-C00-CH_-CH_-O-CH_-CH_, ) and 5.03

/s

i
( s, b, 1H, R’-CH-C(CH_)CH-CH_-R )
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The extent of grafting was calculated from the

following equation:

% grafting = weight of graft copolymer - weight of LNR x 100

weight of LNR (3.2)

3.4 Characterizatio the products

o= SR T | " molecular ﬁeight

determination of

In 25 g of purified LNR

was dissolved in ed toluene and then

filtered through funnel into a 25 mL-

volumetric flask. he #H; f{_f' as filled to the mark
with purified Ttoduene and _LROrOughli) 'mixed. 13 mL of
V. )

this rubber sozﬂtl- eiu'into an Ubbelohde

viscometer whichy . was set vertically in a 25°C
—mco.neterﬂuﬂmwswtanfwmm the

reEulred for the solutsion to fglow from the

e VA RINIDUURIIN YR Lourea. e

average of three measurements was taken as the flow

time (t) of polymer solution. The flow time of pure
solvent (t_ ) was determined in a similar manner. The
other measurements at lower concentration of Trubber

solution were made by : dilution method. 2 nnlL -of
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purified toluene was added into the first ‘solution
in the viscometer and then mixed thoroughly After

allowing the solution temperature to be equilibrated,

the flow time of +this solution was measured. This
procedure was performed again on three other
concentrations. For' of the polymer solutions

studied, the specifi ( n_, ) was calculated.

==
‘-—F-.F

\ﬁég\;:rp = 0 was performed.

To obtain [p] of n_,/¢ vs c¢ and
linear extrapolation

83

The molecular \\\:§ be calculated by

using the Mark-Houwir

adhesion testing

Standards, " Rubber-
based adhesiv:;‘l~ (15, 521-2587 (3084 £223] method of
testing was I sﬁﬁength by stripping
method ( peeling Qfst )  wa sed in this ihvéstigation.

ﬂﬁﬂ?ﬂﬂﬂﬁﬂﬁﬂﬂ‘ﬁ

(a) Prepagation of, test spgplmens
A group of .5 strips of aluminum
sheet, 150 X 25 x 1.6 mm, was polished with a wire brush
and then was washed free of dirt and o0il by cérbon
tetrachloride. After the aluminum  sheet was dried

thoroughly, the test adhesive was applied by brushing
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to form a film of about 0.025 m& in thickness. A
312 x 25 mm medium-textured cotton-duck was bonded
together with the adhesive-applied aluminum sheet after
allowing the surface-drying of thé thin film. The
specimen was pressed and rolled before 1t was
The cutting process was
[&yocedure was followed.
» ﬁE@

test specimens.

’\\

clamped to a tensi f 4 e and the other

allowed to age for 24
performed and then

Figure 3.3 a shows

side was turned bac ) to -the assigned

point of the cotton-duck: rated in Figure 3.3 b.

f@

and clamped. T -";.',,:;;;;;..,-......,.=-:---:-:—“ ganired for three

Y

2
i
s

points in every Ziﬂm -eimmen was measured

with the rate of 59 mm/mlnute omitting mm in the
rirsi ana +ff UL INYNY wemm The  average
he three measurements was expressed the force

in newﬁal WA UAURIANEARY vt o

the other four samples in the group and the average
of the five measurements was taken as the adhesion

strength in peeling of a sample.
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Fig 3.3 Test specimens for adhesion strength in
stripping method : a. preparation of a group
test specimens, b. a test specimen
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