CHAPTER1V

RESULTS AND DISCUSSIONS

In this research, amine crossl es were prepared by reaction of
neutralized epoxidised natura R) and amines. The compression
molding was used for preparin; e@rmme compatibility of amine
quantity, gel content, sm’ perat mpression time were

25% and 50% E I (T’rlazu;:ﬂ :‘ ber were obtained from a reaction
ount peracetic acid (7.2%

.- ,).-"

was maintained fOlE'ﬁ.S hours T’Ee ( ion of the reaction was

ﬂ CH3

peracetic acid

—mewmm

Scheme 4.1 The formation of epoxidesed natural rubber »
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Epox1d1sed natural rubber products were characterized by IR and NMR
Spectroscopies and percentage of epoxidation of ENR was calculated from
'HNMR.
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'4.1.1 "TH-NMR spectra [10]

The "H-NMR spectra of natural rubber and ENR were determined in CDCl3
as shown in Figure 4.1-4.3. The NMR spectrum showed the presence of a proton of
the epoxide group at 8y 2.68-2.69, methyl group adjacent to epoxide group at &y
1.28 [33]. The 'H-NMR spectrum of epoxidised natural rubber is shown in Figure
4.1. The percentage of epoxidation of ENR was calculated using the equation

AULINENTNEINS
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Figure 4.3 '"H-NMR spectrum of 50% epoxidised natural rubber
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4.1.2 Infrared spectra [10]

The IR spectra of epoxidised natural rubber and natural rubber are shown in
Figure 4.4-4.6. Table 4.1 provides the important peaks and their assignments.

Table 4.1 Infrared spectral data of natural rubber and ENR

Vibration
Assignments

cis-alkene (H-C=)
CH-aliphatic

265/ [
|C-O epoxy ring /.// l\\\\

From IR spect )] - cO par i f »‘ rubber, the cis-alkene

- ’ - .'
vibration of ENR at approximately 3040 cm '= : ' reased and indicated the
__% \

presence of a specific epoxide
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Figure 4.6 IR spectrum of 50% epoxidised natural rubber
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4.2 Preparation of membrane

The membranes were prepared by reaction of 25% and 50% ENR with
amines for investigating the effects of amine types, amines concentrations, curing
times and curing temperatures on membrane properties including mechanical
properties, solvent swelling and permeability. The p-phenylenediamine crosslinked
epoxidised natural rubber was prepared using Hashim’s method [30]. The p-

phenylenediamine compounding rubbers were cured at 120 °C under 24 N/cm? for

30 min to give p-phenylenedla.mmﬁ ¥” r sheets. Two linear aliphatic

amines, ethylenediamine ak enetrias ~were used. Linear amine
A —

crosslinked epoxidised gr were prgg modified Lye’s method

S v I isubchtenze their properties

were studied by varying the amin¢
TR
hundred of rubber). 'lBe amine cﬁ;é&’ rubber ts w epared for studying the

effect of amine andah

swelling of amine cros

properties, including tens1le strength, elongation and modulus and solvent swelling

were determmewE:l Tﬂﬂﬂ%{%ﬁﬁ?awew
q R mmm URIANYIAY



Table 4.2 The mechanical properties of amine cured ENR sheets with various

amine concentrations.

Tensile strength Modulus 300%
Amine concentrations (MPa Elongation (%) (MPa)

Amine Amine Amine | Amine | Amine Amine
crosslinked| crosslinked | crosslinke|crosslinke| crosslinke | crosslinked

(phr) 25% ENR | S0%ENR |25% ENR|50%ENR |25% ENR| S0%ENR
Ethylenediamine *
0% 0.8018
1% 0.998
2% 1.092
3% 1.0984
4% 1.1289
5% 1.2841
Diethylenetriamine °
0%
1%
2%
3%
4%
5%

p-phenylenediamine ©
0% wl,

19 quﬁ}s’g'

2%

3 AR B eV B

4% 14.22 14.71 | 968.2 | 964.6 1.1295
5% 13.57 13.92 | 973.5 | 967.5 | 1.1421 | 1.261
Note:

2 The membranes were cured at 105 °C for 10 min under 24 N/cm?.
® The membranes were cured at 110 °C for 10 min under 24 N/cm>.

° The membranes were cured at 120 °C for 10 min under 24 N/cm?.



Table 4.3 The solvent swelling of amine cured ENR sheets with various amine

30

concentrations.
Amine Solvent swelling (%)
concentrations Hexane CHCl, EtOH Acetone Toluene
crosslinked | crosslinked | crosslinked | crosslinked | crosslinked | crosslinked | crosslinked | crosslinked | crosslinked | crosslinked

(phr) 25% ENR| 50%ENR |25% ENR|50%ENR |25% ENR| 50%ENR |25% ENR| 50%ENR | 25% ENR | 50%ENR
|Ethylenediamine *
0% 642.86 | 634.21 | 450.23 r 61.33 | 250.02 | 331.02 | 315.72 674.58 656.03
1% 593.57 | 579.64 3 | 4 6/ 362.15 | 332.05 501.24 502.43
2% 540.32 | 5314 375.62 | 359.14 497.83 483.44
3% 490.01 | 4 384.16 | 367.13 486.94 470.15
4% 482.53 38847 | 374.13 475.71 458.74
5% 479.78 71 39452 | 390.42 | 469.95 442.8
Diethylenetriamine .
0% 642.86 | 63 331.02 | 315.72 674.58 656.03
1% 591.5 5743 319.55 3149 498.29 487.32
2% 529.61 | 531.06 32458 | 321.84 472.1 461.05
3% 483.52 | 49033 341.06 | 336.44 | 46192 450.78
4% 451.03 3450.98 !55.29 341.29 440.3 43594
5% 429.81\( 3 359.41 421.59 401.2
Ip-phenylenediamine o L
IC
0% 642.86 631&21 450.23 | 447.83 &_6}'33 250.02 | 331.02 | 315.72 674.58 656.03

1¥a i ™
1% 1. 123 463.48 5 54 32 310.8 30894 | 461.54 454.89
‘ g
2% &.88 461.47 | 477.41 463.2 | 262.03 | 25847 | 317.48 | 315.87 435.11 42458
, | o (¥

- ARTNINTARARBARE - |
4% q 390.67 | 374.82 | 506.16 | 477.53 | 279.83 | 269.84 | 334.07 | 326.85 388.65 391.93
5% 385.24 368.7 511.48 | 481.24 | 286.55 | 274.64 | 346.5 334.15 379.92 387.72

Note:

® The membranes were cured at 105 °C for 10 min under 24 N/cm?.

® The membranes were cured at 110 °C for 10 min under 24 N/cm?.

° The membranes were cured at 120 °C for 10 min under 24 N/cm?.
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Fig 4.8 Tensile strength of the diethylenetriamine crosslinked 25% and 50%

ENR
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Figures 4.7-4.11 illustrated the effect of ethylenediamine,
diethylenetriamine and p-phenylenediamine concentration on the tensile strength
of amine cured rubber sheets. It was found that when ethylenediamine,
diethylenetriamine and p-phenylenediamine contration were at 1 phr the tensile
strength rapidly increased to about 14 MPa and when amine concentration of three
amines was at 3 phr gave highest tensile strength. The amine concentration of more
than 3 phr caused the slightly decreased tensile strength due to the increasing of
amine concentration in the compoundmg !system may affect gel formation and
structure of crosslinked rubber sheet. //‘

The effect of amines concentration on the d@ﬁon of the amine cured 25%
and 50% ENR sheets wnted "in Figure—s—4'._l2-4.16. The elongation

significantly at the conw ‘

of ethylenediamine, diethylenetriamine and p-
phenylenediamine between-5

The modulus 300% w

was found that increasing

re approximately 1000.
d./The résults are shown in Figured.17-4.20. It
.r,xce‘;mtra?gog; resulted in slightly increase of the

modulus 300% until 3 p ne concenfratlon These should the efficiency of

g f ke

usegl gncregsi'ng the stiffness of the amine cured

e ¥ 1Y

amines in crosslinking whi

ENR.

J ' ’ " - - : t-r 2z fd
The mechanical propertles _ﬁl‘ amuEtured rubber membranes were
il ¥, i"'- R

investigated in vanoui amine concentrations. The ammfs could improve the

mechanical propertles of thea

: }n a limited range of
amine concentrations. 9@ optimum ethylenediamine, d1ethy1enetr1am1ne and p-
phenylenediamine concentration were 3 phr which the highest mechanical
properties for the membranes:

The solvent swelling of the amine crosslinked mémbrane'in non-polar solvent
(hexane and toluene) showed that increasing of afmine concentratlon resulted in
decreasing of the swellmg of thelmembrane. In contrast, the solvent swelling in
polar solvent was increased when increased amine concentration. The swelling of
the membrane in EtOH and acetone was slightly increased while the membrane
could swell in CHCl; and CH;Cl; more than in other solvent. Additionally,
ethylenediamine crosslinked ENR membrane was the highest percent solvent
swelling in CHCI3 and the solvent swelling of this membrane was nearly constant

at the amine concentration of more than 3 phr.
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4.2.2 Effect of curing time

The curing time of the membrane was another important factor.
Usually the production property depends on a period of curing time. In this work,
the curing time for preparing the membrane was investigated using 3 phr of the
amine concentration) 105 °C for ethylenediamine, 110 °C for diethylenetriamine
and 120 °C for p-phenylenediamine by varying the curing time to 5, 10, 15 and 20

minutes.

The mechanical prope s / ine cured rubber sheets were
observed to obtain the appropri: nes. Tables 4.4-4.5 illustrate
the effect of curing time on. the mechar f the amine cured rubber

membranes.

ﬂUEl’JV]EWI‘EWEﬂﬂ‘i
ama\m‘:mumfmmaa
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Table 4.4 The mechanical properties of amine cured ENR sheets with various

curing times*

Tensilt strength
Curing Time (MPa) Elongation (%) Modulus (MPa)
(min) 25% ENR | SO%ENR [25% ENR[S0%ENR|25% ENR|50%ENR|
[Ethylenediamine ®
B 1.097 | 1.0972
10 1.0984 | 1.0984
15 1.099 | 1.0989
R0 : 1.0993 | 1.0991
D5 98 9 \ 1.0998 | 1.0995
JDiethylenetriamine 5 | \
5 A 5 | o8 1.0974 | 1.098
10 1098 | 1.0997
15 1.0991 | 1.1002
2 1.0994 | 1.1012
D5 1.0999 | 1.1022
p-phenylenediamin
s \ 0979 | 1.1076
10 EIIS. 387] 10996 | 1125
15 24 | 1638 | 9754 | 9712 | 1.091 | 1.1281
=9 o/ ‘

AU I8 T e |

1641 | t649 | o o0 | 10917 | 11255

ammnm umfmmaﬂ

*all membranes were contained 3 phr of amine.

® The membranes were cured at 105 °C under 24 N/cm?.

° The membranes were cured at 110 °C under 24 N/cm?.
4 The membranes were cured at 120 °C under 24 N/cm?.
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Table 4.5 The solvent swelling of amine cured rubber sheets with various curing

times*
Solvent swelling
Curing Time (%
CHCl, EtOH
(min) 25% ENR [S0%ENR[25% ENR|50%ENR

FEthylenediamine .

5 | 34841
10

15

20

25

|Diethylenetriamine °

10

15

20

25

e ] ———

y:"__.

p-phenylenediam

S

Note:

*all membranes were contained 3 phr of amine.

® The membranes were cured at 105 °C under 24 N/cm’.
° The membranes were cured at 110 °C under 24 N/cm®.

4 The membranes were cured at 120 °C under 24 N/cm?.
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From the mec perties of ‘the amine cured ENR membranes in
various curing time, the i =- d elc gatic 1 increased with increasing

; e, from 5 to 15 minutes for
diethylenetriamine and p-phe en the time of curing was
o

increased to 10  mijnute  ethylenediam ind fto 15 minutes for

diethylenetriamine ar 1p-phenylenec h and the elongation
were decreased. The @du u cu@ rubbers were slightly

increased with 1ncreasm&.the curing time. T e optimum curing times were of 10

and 15 mmuﬁ }Jﬁj ‘ﬁée%ﬂln Y‘lﬂ:?ﬂ ﬁ)ber latex using
ethylenediaminey diethylenetriamine enylenediamine as crosslinking
agent, i Q(ﬂ}found to
highly % ﬁqﬁ ﬁﬁﬁ:ﬁiﬂﬁﬁtn m gltrﬁlla min for

ethylenediamine and diethylenetriamine but highly increase from 5 to 15 min and
slightly increase from 15 to 25 min for p-phenylenediamine. In addition, high
crosslinking membranes decrease swelling and retard permeability [25]. Thus these

curing times were appropriated for crosslinked condition.
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4.2.3 Effect of curing temperature

The curing temperature of the membrane was another important factor.
Usually the product property depends on a period of curing temperature. In this
work, the temperature for preparing the membrane was investigated using 1 phr of
the amine concentration and 10 to 15 min by varying the curing temperature to
105, 110, 115, 120 and 125°C for ethylenediamine, diethylenetriamine and p-

phenylenediamine. :

The mechanical properties ' ning ed rubber sheets were observed to
obtain the appropriate tem perature . Tables 4.6-4.7 illustrate the
effect of curing temperature oi mechanical properties of amine cured rubber

membranes.

AU INENTNYINS
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Table 4.6 The mechanical properties of amine cured ENR sheets with various

curing temperature *

Tensilt strength
Curing Temperature (MPa) Elongation (%) Modulus (MPa)
Amine | Amine Amine d* Amine | Amine Amine L
crosslinkedjcrosslinked|crosslinked|crosslinked|crosslinked|crosslinked|
(°C) 25% ENR | 50%ENR |25% ENR | 50%ENR |25% ENR | 50%ENR
thylenediamine
105 997.6 993.2 1.0968 1.0970
110 1.0984 1.0984
115 1.0989 1.0990
120 1.0971 1.0975
125 1.0962 1.0964
[Diethylenetriam
105 1.0954 1.0961
110 1.0969 1.0972
115 1.0978 1.0987
120 974.3 1.0991 1.1002
125 973.6 1.0999 1.1014
p—phenylenediam}!e A
105 1.0958 1.0966
110 1.0968 1.0979
115 o 1.0974 1.1012
120 F 1.0996 1.1250
125 . 1101 1.1254
‘ — EJ 7
the:

*all membranes were contained 3 phr of amine.
® The membranes were cured at various curing temperature for 10 min under 24 N/cm?>.
¢ The membranes were cured at various curing temperature for 10 min under 24 N/cm>.

“The membranes were cured at various curing temperature for 10 min under 24 N/cm>.
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Table 4.7 The solvent swelling of amine cured rubber sheets with various curing

temperature®
Solvent swelling
Curing (%)
Temperature CHCl, EtOH

Amine | Amine | Amine
rosslinkedicrosslinked|

Amine
crosslinked |[crosslink

(°C) 25% ENR | S0%ENR
WEthylenediamine"
105 250.02
110 298.30
115 331.43
120 340.02

p-phenylenediﬁine'
447.83 | 261.33

o 18] | e

493 .41 ¢ =2§2.03
AR AP AN e B
q 125 538.16 516.53 295.83 269.84
Note:

*all membranes were contained 3 phr of amine.
® The membranes were cured at various temperature for 10 min under 24 N/cm?.
¢ The membranes were cured at various temperature for 10 min under 24 N/cm?.

“The membranes were cured at various temperature for 10 min under 24 N/cm?,
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2 600

< nm —®— 50-eth chloroform
c

%3; 400 ; Q —8— 50-dieth chloroform
(2]

*g 200 —&— 50-phe chloroforml
A 0 —*— 50-eth ethanol

—*— 50-dieth ethanol

—®— 50-phe ethanol

p-phenylenediamine. curing te perature e inereased to higher than

110 °C for ethylenediafmne;$26-"€-for-diethyier = ;e tensile strength and
' | r%m'ulcanized rubber were

slightly increased with increasing the curing time. The effect of curing temperature
. ¢ LY P

on solvent swe \i ?1 ﬂ;ﬂ ﬁeﬂﬂﬂyﬂh sed from 105 to

110°C and slight rease 16-1 for ‘e cinediamine and

diethylenetriamine but highl increaséd from 105 t6%120°C and s%increased

fom 120025 g bl o ek e e

crosslinke‘!i condition. The high crosslink decreased swelling and retarded

riated for

permeability [25]. Thus, the curing temperature of 105, 110 and 120 °C were used
as the optimum curing time for preparation of the compounded rubber latex for
crosslinking with ethylenediamine, diethylenetriamine and p-phenylenediamine,

respectively.
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4.2.4 The gel content.

Determination of the crosslinking level was investigated using the gel
content method. The results are illustrated in Table 4.8 and Figure 4.68 — 4.70. It was
found that the gel content of the amine crosslinked ENR membrane was decrease
when the amine concentration increased. The results also showed that the amine

crosslinking was properly achieved at the amine concentration of 3 phr.

Table 4.8 The gel content of the determination of amine crosslinked membrane?®

oel content (%)

3 phr 4 phr 5 phr

[Ethylenediamine®

25%ENR 90 85 78

50%ENR 86 81 75
iethylenetriamine®

25%ENR 86 79 75

50%ENR 82 76 73

d

p-phenylenediamine
0,

DSHENR ) . ; 76 74
50%ENR | R . 73 70

|
Note: J

#all membranes were condlm 3 phr of amine.

s ﬂ(ﬁﬁ‘%’%ﬁqwﬁ

°The membmr@ were cured at 110 min under 24 N/cm?
4 The membranes were cured at 120 °C iﬁr 10 m

iR E Y i) (RBT
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amine concentration due to

4.2.5 Effect of Thickness

' uJ
The thickness of the apembrane was another important factor. In this work, the

thickness for pﬂ) ing from 0.1, 0.2,
0.3.041t00.5 ma. Eﬁﬂm nhmﬁd] p-phenylenediamine

propriate
s A SRS TR

ratio and select1v1ty of vulcanized membranes.
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Table 4.9 The effect of thickness of amine cured rubber membranes on

chloroform solvent swelling.

Solvent swelling membrane (%) Thickness (mm)

0.01 0.02 0.03 0.04 0.05

Ethylenediamine cured 25% ENR membrane 540.02 | 536.41 | 533.26 | 531.05 | 529.75
521.35 | 518.72 | 516.87 | 515.38

Ethylenediamine cured 50% ENR membrane

\

Diethylenetriamine cured 25% ENR me ,;_‘\n\\ 30 8.76 | 525.64 | 523.43 | 521.09

B

My, 5, '
Diethylenetriamine cured 50% ENR membrane| 520. £ 5.| 51548 | 513.92 | 511.94
p-phenylenediamine cured 25% ENR

membrane /(
p-phenylenediamine cured 509 /

membrane A 0.03. | 508.494:507.86 | 506.95 | 505.06

525.66 |+524.81 |.522.93 | 521.08 | 520.71

From the membrané propertic membranes in various

thickness, the % chloroformswellig decredsed when ¢ 8 ss increased from 0.01
to 0.05 mm for ethylenedian i ' =\~_ p-phenylenediamine. The
results indicated that the separat on efficic e adependent of the thickness of the
membrane. Then the thickness of ‘ A :I‘ d s the optimum condition for

preparation of the compounded rubt ot a inked with ethylenediamine,

1 1 1 mebonilanadioinine tocn i e 4
diethylenetriamine and p-pheiyienediainine i ]

——
AULINENTNEINS
RINNIUNRINYIAY
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4.2.6 Permeability of pure chloroform and pure ethanol [Johnson’s

method]

The permeability study was carried out in two bottles containing 50 g of
chloroform and 50 g of ethanol in each bottle. The bottles were covered with
membrane (thickness 0.01 mm) and crapped tightly with aluminium cap. After the
bottles were left for 1, 6, 12, 24 and 48 hrs at room temperature, the percentage of

permeability was calculated equation :

s lvent-confainifig bottle at various times x 100
Wt of solvent=CONTAifiing bottle at initial

Permeability (%) =

The results are showa

AU ININTNYINT
RINNIUUNIINIAY
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Table 4.10 The permeability of the amine crosslinked ENR membranes on pure

chloroform and pure ethanol®

Permeability of the solvent at various times

(%)

Membrane
1hr 6hrs 12hrs 24 hrs 48 hrs
CHCly CHCI; | EtOH | CHCI; | EtOH
lEthylenediamineb
25% ENR 100 620 | 842 | 554 | 79.5
50% ENR 100 645 | 863 | 582 | 81.0
[Diethylenetriamine®
25% ENR 100 628 | 92.1 | 59.0 | 86.4
50% ENR 100 67.1 | 942 | 61.6 | 89.0
p-phc:nylenediamined
25% ENR 100 748 | 94.8 | 69.5 | 90.1
50% ENR 100 78.1 | 96.6 | 72.4 | 92.0
Note:

®all membranes were Conta

® The membranes were cured at 105 °C for 10 min under 24 N/cm>.

RS 5
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—&— eth-50% ENR in CHCl4

—8— dieth-50% ENR in CHCl,

—&— phen-50% ENR in CHCl3

Permeability (%)

—>— eth-50% ENR in EtOH

—¥— dieth-50% ENR in EtOH

60| —@— phen-50% ENR in EtOH

% Permeability of ¢ ol
et __,J

penneablhty‘:glrough the memb tg decrease with increase

L.

2. Permeability of Jhe crosslinked 25‘V NR was more than the crosslinked

50% e]# “%Bﬂﬁdw E{ ﬂ] ﬂl%etnamme and p-

phenylénediamine ecreased respectively due to the differences in the

(AN e

crosslinks in the membranes [31]

Comparison of permeability in term of permselectivity, it was found that the
crosslinked membrane using ethylenediamine, diethylenetriamine and p-
phenylenediamine as crosslinking agent showed chloroform permeation was more

than ethanol permeation through the membrane.
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4.2.7 Permeability of chloroform and ethanol mixture

The permselective properties of membranes were determined by solubility
and diffusivity of the permeating components in the membrane. Because both
sorption and diffusion phenomena are dependent on the composition of the liquid
mixture, permeation characteristics of membranes are usually strongly influenced

by the concentration of mixed solvent [27]. Thus, permeability of chloroform and

Table 4.11.

I

AU ININTNYINT
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Table 4.11 The permeability of the amine crosslinked ENR membranes® on

chloroform and ethanol mixture

Permeability of the solvents at various times (%)
Membrane

1 hr 6 hrs 12 hrs 24 hrs 48 hrs

CHCI; |EtOH| CHCL,; | EtOH | CHCI; | EtOH | CHCI; |EtOH | CHCI; | EtOH

Ethylenediamine ®

ICHCI; : EtOH (75:25)

25% ENR 55 45 51 49

A\
75

75

50% ENR 57 43 53 47

ICHCI; : EtOH (50:50)

25% ENR 38 62 35 65

50% ENR 39 61 36 64

CHCl; : EtOH (25:75)

25% ENR 18 82 16 84
50% ENR 20 80 18 82
[Diethylenetriamine °

CHCI; : EtOH (75:25)
Iy

25% ENR I 59 | 41 | 57 | 43

50% ENR 61 39 59 41

(CHCI; : EtOH (50:50)

25% ENR F E] e 50, 40 60 38 62
50% ENR ! Py u 42 58 39 61
ICHCl; : EtOH (25:75)

MY KT WNENBH w | o | -

9
50% ENR 25 | 75 | 25

22 78 20 80

p-phenylenediamine ¢
ICHC]; : EtOH (75:25)
25% ENR ' 75 25 75 25 75 25 65 35 63 37

50% ENR 75 25 75 25 75 25 68 32 65 35




Permeability
(%)
Membrane
1hr 6 hrs 12 hrs 24 hrs 48 hrs
(CHCI;|EtOH| CHCIl; | EtOH [ CHCIl; | EtOH |CHCILs| EtOH | CHCl; | EtOH
|CHCl; : EtOH (50:50)
25% ENR 50 50 46 54 42 58
50% ENR 50 50 47 53 44 56
|CHCI; : EtOH (25:75)
25% ENR 24 76 24 76
50% ENR 25 75 25 75
Note:

all membranes were cQ

® The membranes we

concentration.

with increasing ethanol

thereby in(;rea31 ﬂﬂ ﬁy‘wwﬁ%’weﬂﬁﬁ Qﬁethanol molecules,
waaﬁﬂ‘im URIANYIAY
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