PREPARATION OF PHOTOSENSITIVE ELASTOMER FROM
LIQUID NATURAL RUBBER
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ABSTRACT

Photo-induced polymerization reaction had been widely interested by macromolecular chem-
ists and technologists because of the rapid chemical reaction and the ability to be carried in solution or
solid state at room or high temperature. In this work photocrosslinkable elastomers were prepared by
addition reaction of photosensitive acid onto epoxidised liquid natural rubber (ELNR). ELNR was
prepared by two step reactions: first natural rubber was depolymerized into liquid natural rubber (LNR)
by using O,/phenylhydrazine system at 60°C, then hydrogen peroxide and formic acid were added to
LNR at 55°C to epoxidise the LNR. The addition reaction of photosensitive acid such as acrylic acid,
methacrylic acid and cinnamic acid onto ELNR were carried out in CHCl3 at 80°C. The kinetic of
addition reaction was followed by titration of residual acid with 0.1M KOH. The acid grafted onto ELNR
was obtained by precipitation in methanol. The results showed that addition reaction of cinnamic acid was
slower than acrylic acid and methacrylic acid. The increase of temperature led to slight improvement in
the grafting efficiency. Furthermore, the molecular weight of ELNR had also influence on the rate of
addition reaction of acid. It was found that the reaction times of low molecular weight ELNR were shorter
than those of high molecular weight ELNR. Photocrosslinking study of cinnamated ELNR by ultra-violet

#radiation showed the rate of photocrosslinking, as followed by IR spectroscopy, to be dependent on
molecular weight, thickness and percentage of cinnamate grafted to the polymer chain.
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INTRODUCTION

The original of liquid natural rubber dated back to 1923 by mechano-chemical degradation of
solid natural rubber&:18, It found application in the field of adhesivess. The study of photochemical
depolymerization of rubber had been carried out by MRPRA, allowing short polyisoprenic chain with
carboxylic ends. Ozonolysis was another reaction that caused degradation of the rubber chain. Institut de
la Recherche Applique sur les Polymeres (IRAP) in France developed a method of preparation of LNR
based on oxidative degradation reaction of natural rubber in the latex state at a moderate temperature by
using phenylhydrazine and oxygen system. Pautrat et al. studied influence of different parameters of
oxidative degradation of natural rubber. They found that the molecular weight of LNR obtained was
effected by the following parameters : amount of phenylhydrazme rate of air flow, reaction time, and
temperature of the reaction.

P. Khunkamchool! repeated the work on preparation of LNR from latex phase and found further

that molecular weight of LNR was influenced by another two parameters : nonrubber constituents and
metal ions.
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The mechanism of the degradation had been generally proposed by Shelton!? as the followings
: oxidation of phenylhydrazine and the oxidative degradation of polyisoprenic structure.15,19

The reactions of natural rubber and other unsaturated polymers with epoxidising reagents had
been widely studied.10 In the field of natural rubber, the epoxidation could be performed by in-situ or
preformed peracids and NR could be applied in different physical state such as in solution or in latex state.
The chemistry of epoxidation of NR with preformed peracetic acid and in-situ performic acid had been
mostly studied.1 It was found that epoxidation of NR with peroxy acid in homogenous solution such as
chloroform and toluene and in latex occurred without mainchain fission or isomerization of the cis
configuration of isoprenic structure.9

However, it was known that secondary ring opening reaction of the initially formed epoxide
group could occur in the epoxidation of unsaturated low molecular weight compound.2! In the case of
epoxidation of natural rubber, it had been revealed that two distinct types of ring opening products were
obtained depending on the level of epoxidation.

Different parameters of epoxidation of natural rubber latex had also been studied such as
concentration of peroxy acid, latex or solid content, type of surfactant. In the strong in situ epoxidation of
natural rubber latex using formic acid-hydrogen peroxide3 with varying latex concentration from 60-20%
by weight, it was found that the extent of epoxidation increased by the increasing amount of formic acid
at a given peroxide concentration. But at high solid content, coagulation of the latex tend occurred.
However, it was agreed that higher epoxidation rates could be obtained at higher latex concentration.

Epoxidation of low molecular weight polydiene was usually done in solution by dissolving low
molecular weight polymer in organic solvent and using organic peroxy acid. The epoxidation reaction in
aqueous phase would be beneficial in easy manipulation, low cost and less toxic. IRAP prepared
epoxidised liquid natural rubber (ELNR) by oxidative degradation of natural rubber latex into LNR then
continuously epoxidise of LNR with in situ performic acid as shown below:

h 0,/¢NHNH, h performic >=\ >ﬁ\
n m

acid

NR latex m<n epoxidised LNR

The obtained ELNR was simply characterised by spectroscopic method. 1H NMR spectrum
showed a peak at 2-3 ppm characteristic of C-H band of epoxide ring. The presence of epoxide group on
isoprenic rubber could be confirmed by the absorption peak at 870 and 1240 cm-! of epoxide group in IR
spectrum.

Addition reaction between epoxy resins and acrylic acid as a photosensitive molecule had been
widely studied.2.20T. Nishidubo!4 had used technical grade epoxy resins such as bisphenol type, propylene
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glycol type and phthalic acid ester type. The condition of the reaction was carried out at 100-110°C for 2
h by using triethylbenzylammonium chloride as a catalyst and monomethoxy quinone!213 as a
thermopolymerization inhibitor. They found that the degree of the three resins were 99.9 mole%, 99.4
mole% and 95.3 mole%, respectively. The addition reaction of methacrylic acid!? onto diglycidyl ether of
Bisphenol A was also carried at 110°C but using chromium di-isopropyl salicylate as a catalyst.

Polydiene modified by epoxidation reaction was another base molecule having epoxide ring
susceptible for fixation of photosensitive acid. The reaction between epoxidised liquid natural rubber and
methacrylic acid was studied by using four types of catalysts namely tetramethylammonium methacrylate,
potassium hydroxide, pyridine and triphenylphosphine. The condition of the reaction was 100°C at molar
ratio [acid)/[epoxide])/[catalyst] = 1:1:0.1 using p-methoxyphenol as an inhibitor. The yield of the addition
was 13.3% after 72 h of the reaction by using pyridine. Decker and H-Lexual8 found that addition reaction
of acrylic acid onto epoxidised rubber (ENR) or Epoxidised liquid natural rubber (ELNR) was completed
after 16 h by using a large excess of acrylic acid at 35°C.

MATERIALS AND METHODS
Material

Natural rubber latex (60% drc) was supplied by Institut de la Recherche Applique sur les
Polymeres (IRAP) and by Ansell (Thailand) Co., Ltd.

Method
Preparation of liquid natural rubber

A desired amount of natural latex (60% dry rubber content, drc) was diluted to 30% drcin a
beaker, then stabilised with 0.3 phr of Vulcastab LW. The latex was stirred at room temperature overnight
then transferred to a reaction vessel. After increasing temperature of the latex mixture to 60°C, amount of
phenylhydrazine (as listed in Table 1) was added dropwise. Air was passed through the latex at 2-3 I/min.
The reaction was allowed to stir at 60°C, for 24 h. At the end of the reaction, water was evaporated by
distillation. LNR was then dried under vacuum at 40°Cto constant weight. The product obtained was brown
viscous liquid and characterized by Infrared spectroscopy, H NMR spectroscopy. Molecular weight of
LNR was determined by viscosity measurement.

Preparation of epoxidised liquid natural rubber
The liquid natural rubber latex was diluted to 20% drc and the temperature of the latex was

decreased to 40°C. After neutralizing the latex with formic acid, a desired amount of formic acid was slowly
dropped into the latex and stirred at 40°C for 15 min. The temperature of the latex mixture was again
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increased to 55°C and 30% H,0, were added dropwise. The amount of chemical reagent used in this
experiment was shown in Table 2. The reaction was then allowed to stir at 55°C for 48 h. At the end of the
reaction, the mixture was neutralized with 30% aqueous sodium hydroxide and then the product was
coagulated by heating the latex to 85°C. The ELNR was dried in vacuum at 40°C. The obtained product
was brown viscous liquid. IR spectrum, TH NMR and 13C NMR of the ELNR were recorded. Viscosity
average molecular weight of ELNR was determined from depolymerization stage of natural rubber latex.

Molecular weight determination of liquid natural rubber

Molecular weight of LNR was determined by using viscometric method..The average

molecular weight (—I\Zv) of LNR was calculated from the following equation.

Il = kMv?

[n] = Intrinsic viscosity4
k = 50.2x103ml/g

a = 0.67

[n] was determined from the intercept of the plot from Huggin equation as follow:

ol = ml+KRC
mn/ = Mml+kmec

N, and g, are relative Viscosity and specific viscosity, respectively. They can be determined
from efflux times.

Nr = % 0
t—t
Nsp = ( 0 )
to
ty = efflux time of pure solvent

efflux time of LNR solution at various concentration

-
I

Fixation of photosensitive group onto epoxidised liquid natural rubber.
Preparation of acid-catalyst stock solution

Stock solution was prepared by mixing catalyst and a photosensitive acid in chloroform at molar
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ratio of [catalyst*]/[acid**] = 0.1
Addition reaction of photosensitive acid onto ELNR

ELNR and acid-catalyst stock solution was mixed in chloroform at molar ratio of [acid] :
[epoxide] : [catalyst] = 1:1:0.1. The inhibitor, p-methoxyphenol, for homopolymerization was added to the
solution at the same mole percent as that of the acid. Total amount of the solution was 60 ml. The mixture
was heated at 80-110°C (as desired). Progress of the addition reaction was followed by sampling the
solution at different time interval and determined the amount of the residual acid by potentiometric titration
with standardised 0.1 M KOH. At the end of the reaction, the modified ELNR was recovered by
precipitation in excess methanol. The product obtained was kept in chloroform solution at room
temperature in the dark place. The modified product was characterized by FTIR spectroscopy.

Photocrosslinking reaction of the modified ELNR

The modified ELNR was dissolved in chloroform at 5, 10, 15 and 20% solution. Then it was
caston NaCl support by using coater. After evaporation of the solvent, the film was obtained. The thickness
of the film was determined from concentration of sample and type of coater. Thus four different films of
approximately 2.5, 5, 7.5 and 10 pm thick were obtained. The film irradiated by ultraviolet radiation.

The evolution of photoreaction was followed by IR spectroscopy in the case of ELNR modified

by cinnamic acid. The decrease of C = C of cinnamate at 1,637 cm-! was notified.
RESULTS AND DISCUSSION
Preparation of liquid natural rubber (LNR)

LNR was prepared by oxidative degradation reaction using O; and phenyhydrazine system in
the latex phase. As mentioned in previous work!l, the factors that influence on molecular weight of LNR
were amount of air flow, phenylhydrazine concentration, reaction time, temperature of the reaction,
nonrubber constituents, and metal ions.

In this work, all parameters were fixed except the amount of phenylhydrazine in order to
understand the relation of the amount of phenylhydrazine and molecular weight of LNR and to be able to

get a desired range of the molecular weight of LNR for the benefit of further reaction.

Two hundred ml of concentrated natural rubber latex was used as starting material for

* Catalysts used were Benzyltrimethylammonium chloride and pyridine.
** Photopolymerizable acids used were acrylic acid, methacrylic acid and cinnamic acid.
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degradation reaction. 0.71-4.07 x 10- moles phenylhydrazine was added and the reaction was carried out
at 60°C for 24 h. After evaporation of the water, LNR was obtained and its molecular weight was
determined by viscosity measurement, using toluene as the solvent at 25°C. The results are shown in
Table 3.

The obtained LNR was brown viscous liquid. The plot of Mv versus number of mole ¢ NHNH,
employed in the reaction, (Figure 1) showed that the extent of oxidative degradation depended on the
amount of phenylhydrazine but the rate was nonlinear. The Mv of LNR obtained decreased with increasing
amount of ¢ NHNH,.

The results of IR spectroscopy of the prepared LNR listed in Table 4, which showed absorption
band at 1,660 cm-1, the characteristic of carbon-carbon double bond. There were low intensity absorption
bands at 3,300 cm-! and around 1,700 cm-! representing some hydroxy group and carbonyl function,
respectively. TH NMR spectrum showed carbon-carbon double bond at 5.14 ppm (Table 5).

Preparation of epoxidised liquid natural rubber (ELNR)

The obtained ELNR product was brown viscous liquid. It had previously been summarized that
chain scission of the polyisoprene molecules did not take place during the epoxidation reaction?. In the
present study, ELNR similar assumption was made. Therefore the molecular weights of ELNR were taken
to the same as those of the starting LNR and the results are shown in Table 6.

The prepared ELNR was characterized by spectroscopic methods, namely:

- IR spectroscopy; The characteristic absorption bands of epoxide group was found at 870
cm-! and 1,240 cm-1. Since the olefinic band at 835 cm-! was also detected, the result indicated that
epoxidation of LNR was not 100% complete.

- THNMR spectroscopy; The spectrashowed the decrease of olefin proton peak at S.14 ppm
and the appearance of the methine resonance at 2.70 ppm due to the proton attached to the oxirane ring,

- IBCNMR spectroscopy; The spectra showed the characteristic chemical shift of the olefin
resonances at approximately 125 ppm and that of the oxirane carbon at 64.5 ppm.

Determination of epoxide content
Investigation on method for determination of epoxide content
It was found that the determination of ELNR could be done by several methods in order to find

the best method suitable for this work. Several trials were first carried out by using ELNR form IRAP,
symbolized as ELNR (F) which has Mv = 10,400 and epoxide content of 27%.
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- Byinfraredspectroscopy; ELNR (F) was cast as a film on NaCl cell and the IR spectra were
carried out. The characteristic band of epoxide group was shown at 870 cm-! and that of olefinic band was
at 835 cm-1. As the absorptivity of the two bands were different, it was not possible to calculate epoxy
content by absorbance ratio of 870 and 835 cm-1.

- By 1H NMR spectroscopy; ELNR (F) was dissolved in CDCl; and the tH NMR spectra
were recorded. This spectrum showed that the epoxidation level lead to the decrease of olefinic protons at
5.14 ppm, (-('3=CH) and the appearance of methine resonance at 2.70 ppm, (CH-O) due to the proton
attached to oxirane ring. Due to the occurrence of methine resonance at this resolution, epoxy content was
determined by the ratio of the integrated areas of the olefinic and epoxy methine protons, thus the
epoxidation level was calculated by the relationship :

A2.70

mole percent of epoxide = 100(
Asye + Ago

)

Ay 70 and As 14 were integrated area of proton attached to epoxide ring and proton attached to
C-C double bonds, respectively, the 28% epoxidation level of ELNR (F) was found.

- by 13C NMR spectroscopy; 13C NMR spectra were obtained from ELNR (F) dissolved in
CDCls. The epoxy content was determined from the peaks at 125 ppm due to olefinic resonance and at 64.5
ppm due to oxirane carbon. The ratio of the areas of these peaks were used to estimate the quantity of epoxy
group compared to the oxirane groups from the following equation:

A
mole percent of epoxide = 100( _64'5 )
Agis + Az, 1250, 1257

The 30% epoxidation was found.

- By titration method; The epoxidation level can be determined from the following
equation21:

The weight of oxygen (mg) = 1.6 AT

AT was the difference of the volume in cm3 of 0.1 M NaOH used to titrate the control and the
sample. By this method, 14% of epoxide content was obtained.

ELNR (F) received from IRAP contained 27% epoxide content. It was determined from a
calibration curve obtained by using both 1H NMR and IR spectroscopic methods. Table 7 shows epoxide
content determined in the present study by different methods. It was found that epoxide content obtained
by 13C NMR, H NMR spectroscopy were closed to the value of ELNR (F) obtained from IRAP.6.16

In the case of titration method, only 14% of epoxide content was obtained. The error of titration

o
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method might be due to the furanisation occurriﬁg during the addition of acid. Therefore a part of epoxide
groups were reacted with the acid.

In this work, TH NMR and 13C NMR techniques were considered to be the most suitable
methods for the determination of epoxide groups. But from the previous work, it had been known that the
error from 'HNMR and 13CNMR measurements were about +1.5% and +0.8% respectively. It was evident
that 1I3CNMR spectroscopy was the most suitable method for determination of epoxide content in this work.

Analysis of epoxide content of ELNR

Two prepared samples of ELNR were conducted to the analysis of epoxide content by means
of 13C NMR spectroscopy. Table 8 shows the epoxide content of ELNRs of the present study.

Fixation of photosensitive acid onto epoxidised liquid natural rubber

The objective of this reaction was to graft unsaturated carboxylic acid onto epoxide rings on the
chain of ELNR via eposide ring.

In this work acrylic acid, methacrylic acid and cinnamic acid were chosen. It was known that
these acids had been widely employed in autocurable polymer system because they had good ability in
absorption of UV energy. In the first stage, fixation of the three acids onto ELNR (F) were tried, then
different parameters of the fixation reaction of acids onto ELNR (F) sample, such as catalysts and
temperature of the reaction were investigated. After that, the optimum condition was taken for the fixation
reaction of photosensitive acids onto ELNR-1 and ELNR-2 starting material.

Addition of photosensitive acid onto ELNR (F)

- Addition of cinnamic acid onto ELNR (F); The completion of the reaction took over 80 h.
The cinnamic function grafted onto ELNR (F), symbolized as C-ELNR (F) was recovered as viscous brown
liquid and'light-sensitivc, it could undergo photocrosslinking reaction when exposed to the light. C-ELNR
(F) was therefore kept in chloroform in the dark place. Percent conversion of the reaction calculated from
the residual acid concentration obtained from titration was 16%.

- Addition of methacrylic acid onto ELNR (F); After 80 h the modified product from this
reaction symbolised as M-ELNR (F) was recovered. The M-ELNR (F) was partially soluble in chloroform.
It showed that some photocrosslinking was occurred. Methacrylic function grafted on ELNR (F) was
therefore more light-sensitive than C-ELNR (F). Percent conversion of the reaction was 18.

- Additionof acrylicacid onto ELNR (F); After 80 h, the modified product from this reaction
represented by A-ELNR (F) was obtained and kept in chloroform solution in the dark place but it was light-
sensitive and could be kept for a few days. Percent conversion of the reaction was 18.
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Characterization of the addition products

The modified ELNR (F) was characterized by IR spectroscopy. The results are shown in
Table9. IR spectrum ofthe products showed the appearances of carbonyl peaks at 1,726 cm-! for cinnamate
groups, 1,728 cm-1 for acrylate groups, and 1,720 cm-! for methacrylate groups. Besides the C=0 stretching
peak, the photosensitive rubber that reacted with cinnamic acid also showed C=C stretching vibration of
cinnamate group at 1,637 cm-1, and = CH, deformation at 1,408 cm-! of acrylate group.

Photocrosslinking of modified ELNR by ultraviolet (UV) irradiation

It was well known that under UV irradiation the cinnamic function could undergo
photodimerization which was dued to the reaction between two carbon-carbon double bonds. The IR
spectrum of the sample showed that decrease of carbon-carbon double bonds absorption at 1,637 cm-! the
mechanism of the photocrosslinking of the photosensitive elastomers could be presented as the reaction
between carbon - carbon double bonds of cinnamate function.”

Kinetic studies of photocrosslinking reaction

Prepared ELNRs containing cinnamate functions were used to study the kinetic of
photocrosslinking under UV irradiation. C-ELNR-1-9, C-ELNR-2-7 and C-ELNR (F)-7 contain 9, 7, and
7% fixation of cinnamate function on its chain, respectively. Each of these sample dissolved in 15%
chloroform solution was cast on NaCl cell with the aid of a 50 um with wire bar coater. After evaporation
of the solvent, solid film was obtained. The thickness of the film was calculated from the sample
concentration and type of wire bar coater, thus a film of 7.5 um was obtained. The film of photosensitive
elastomer was placed under 10 W mercury lamp (at the distance of 10 cm) for UV irradiation at different
times. By using IR spectroscopy, an absorption band at 1,637 cm-! due to carbon-carbon double bonds of
cinnamate group of each sample was followed. Percent conversion of crosslinking reaction was
determined by the following equation:

- A
% conversion = é—‘————" x 100

Q

A
Ag

Absorbance of carbon-carbon double bonds at irradiation time t
Absorbance of carbon-carbon double bond at irradiation time 0

It was found that the rate of photocrosslinking was fast at first. The progress of photocrosslinking
was decreased at longer time and the reaction was not 100%. This might be due to the fact that the reaction
was carried out in solid state, after partial crosslinking the molecular chain was fixed, therefore the
possibility of cinnamate functions to move close each other was less effective.

C-ELNR-1-9 had slightly higher rate of photocrosslinking reaction. This might be due to its
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lowest molecular weight among the three samples. However the rate of photocrosslinking was not much
different. Considering that the molecular weights of ELNR-1, ELNR (F) and ELNR-2 were 7,000, 10,400
and 23,000 respectively, it might be concluded that molecular weight of ELNR had little effect on the rate
of photocrosslinking.

In case of the amounts of cinnamate functions fixed on the elastomeric chain, it was found that
7% or 9% of cinnamate group had slightly effect on the rate of photocrosslinking. The irradiation time for
complete crosslinking was quite long (100 min). This might be because of low intensity light source used.

Effect of film thickness on the rate of photocrosslinking reaction

This effect was carried out in order to study the effect of thickness of coated film on the rate of
photocuring. The photocrosslinking reaction was carried out with ELNR (F)-11.

Film specimen for UV-irradiation was prepared by coating on NaCl cell for infrared analyses.
Different film thicknesses were prepared including 2.5, 5, 7.5 and 10 um. UV irradiation was carried out
at room temperature at the distance of 4 cm from a mercury lamp (10 W). The photocrosslinking rate of
cinnamate group was determined by the intensity change of the infrared absorption at 1,637 ¢cm-! due to
carbon-carbon double bond of cinnamate group by using FTIR spectroscopy. The results were shown in
Figure 2.

The result showed that, at first the rate of crosslinking was high but the slope decreased with
photocrosslinking time. Almost 100% of photocrosslink reaction was obtained with 2.5 um thickness of
film sample. But only 60% of photocrosslinking was obtained in the case of 10 um thickness of film sample.
It was evident that by using the same source of UV irradiation, the thinner of the sample was more effective
than the thicker one because the photocrosslinking was occurred at film's surface.

CONCLUSION

Epoxidised liquid natural rubber (ELNR) could be prepared by epoxidation of depolymerized
natural rubber latex with in situ performic acid. The reaction procedure was carried out by preparing
depolymerized natural rubber in latex phase using redox system of phenylhydrazine and oxygen then
epoxidation reaction was achieved by addition of formic acid and hydrogen peroxide.

Determination of epoxide content on ELNR was obtained by the aid of 13C NMR spectroscopy.
Cinnamic, methacrylic, and acrylic acids were used as photosensitive acids to fix onto ELNR
via epoxide ring. It was found that the addition reaction of cinnamic acid was slower than methacrylic acid

and acrylic acid. This might be due to the steric effect of bulky phenyl group so it had less mobility than
the others.
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Photocrosslinking of ELNR containing cinnamate group was carried out as solid film on NaCl

support under UV irradiation. It was found that the rate of photocrosslinking depended on percentage of
photosensitive groups, film's thickness and molecular weight of elastomers.

A R

© PN e

1.

12.
13.
14.
15.
16.
17.
18.
19.
20.
21.

REFERENCES

Bac, N.V., Terlemezyan, L. and Mihailov, M. J. Appl. Polym. Sci., 1991, 42, 2265-2973.

Le Blaninvaux, F., Madec, P., Madec, J. and Marechal, E. Polym. Bull., 1985, 13, 237-244.

Bradbury, J.H. and Perera, M.C.S. J. Appl. Polym. Sci., 1985, 30, 3347-3364.

Brandrup, L. and Immergut, EH. Polymer Handbook. 2nded., 1975, IV-7.

Brosse, J.C., Boccaccio, G. and Pautrat, R. Proceeding UNIDO Symposium on Powdered, Liquid and Thermoplastic Natural
Rubber., Phuket, 1981, 195.

Burfield, D.R., Lim, K.L., Law, K.S. and Ng, S. Polymer, 1984, 25.

Encyclopedia of Polymer & Engineering. Photopolymerization, 1988, 11, 203.

Furkawa, J. and Yamashita, S. Polymer Chemistry of Synthesis Elastomer. Part II, 1968, 843-866.

Gelling, LR. J. Natl. Rubb. Res., 1991, 6(3), 184-205.

Jian, X. and Hay, A.S. J. Polym. Sci. Part C : Polym. Chem., 1990, 28, 285-288.

Khunkamchoo, P. Study of the Preparation of Liquid Natural Rubber and Its Chemical Modification. A Thesis Submitted
in Partial Fulfilment of the Requirements for the Degree of Master of Science, 1983.

Levy, L.B. J. Polym. Sci., Polym. Chem. Ed., 1985, 23, 1505-1515.

Levy, L.B. J. Polym. Sci. PartA : Polym. Chem., 1992, 30, 569-576.

Nishidubo, T., Imaura, M., Mizuko, T. and Takaoka, T. J. Appl. Polym. Sci., 1974, 18, 3445-3454.

Pchelintsev, V.V. and Denisov, Y.T. Polym. Sci. USSR., 1985, 27(6), 1255-1270.

Perera, M.C.S., Elix, J.A. and Bradbury, I.H. J. Polym. Sci. Part A: Polym. Chem., 1988, 26, 637-651.

Rao, B.S., Madec, P.J. and Marechal, E. J. Macromol. Sci. Chem., 1987, A24(7), 719-733.

Ravindran, T., Nayar, G. M.R. and Joseph, D. J. Appl. Polym. Sci., 1988, 35, 1227-1239.

Shelton, J.R. Rubb. Chem. Tech., 1983, 56 (3).

Steinmann, B. Polym. Bull., 1989, 22, 637-644.

Vernekar, S.P., Sabne, M.B,, Patil, S.D., Patil, A.S., Idage, S.B., Avadhani, C.V. and Siearam, S. J. Appl. Polym. Sci., 1992,
44,2107-2114.

3, aua. nn. 98 ¥, bdad, bE(w)



39

Table 1. Amount of phenylhydrazine used in this experiment

Experiment Amount of Amount of
number latex (ml) ¢ NHNH,
(x10-') (mole)

1 200 4.07

2 200 3.56

3 200 275

4 200 1.53

5 200 1.01

6 200 0.71

Table 2. Volume of chemical reagent used in preparation of ELNR

Experiment Amount of ¢ NHNH, HCOOH H,0,
number latex (101) (10-1) (10)
(ml) (mole) (mole) (mole)

ELNR-1 300 2.30 8.15 4.08

ELNR-2 300 1.53 8.15 4.08

Table 3.  Effect of the amount of phenylhydrazine () NHNH,) on molecular weight (Mv) of LNR

Amount of Molecular weight
¢ NHNH, of LNR
(x10-1) (mole) (Mv) (x10)

4.07 34

3.56 4.0

2,75 7.1

1.53 8.2

1.01 10.6

0.71 19.5

J. Natl. Res. Council Thailand, 1993, 25(2)
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Table 4. Significant IR absorption bands of LNR

Vibration ¥ (em-t)

=C-H stretching 3,028
C-H stretching

CH, 2,960, 2,870

CH, 2,925, 2,850
C-H bending

CH, 1,375

CH, 1,465
C-H wagging 835
C=C stretching 1,660
hydroxy group 3,300
carbonyl group 1,700

Table 5. Data from tH NMR spectrum of LNR

Proton Chemical shift (d)
(ppm)
-CH, and -CH;, 1-2.5
H
| 1
—C=C 5.14

Table 6. Experimental data of molecular weight of prepared ELNR estimated from LNR molecules

Experiment Molecular
number weight
(Mv)
ELNR-1 7,000
ELNR-2 23,000

7. @uN. nn. 390 7., bXabd, b& ()
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Table 7. Data of epoxy content determined by different methods

Method IRAP 1H NMR 13C NMR Titration
% epoxide 27 20 14
content

Table 8. Data of epoxide content determined by 3C NMR spectroscopy

Experiment H,0, Formic acid Epoxide content
number (mole) (mole) (%)
ELNR-1 0.8157 0.4079 20
ELNR-2 0.8157 0.4079 18
ELNR(F) - - 27=

a = reported by IRAP

Table 9. IR absorption of carboxylated liquid natural rubber

Vibration Y(cm-1)
O-H stretching 3,500
C=0 stretching of
acrylate groups 1,728
methacrylate groups 1,720
cinnamate groups 1,726
=C stretching of 1,637
cinnamate groups
=CH, deformation of 1,408
acrylate groups
=C  rocking of 1,280
cinnamate and acrylate
groups
=CH, wagging of acrylate 970
groups

J. Natl. Res. Council Thailand, 1993, 25(2)
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Molecular weight (10-3)

2571

207

157

1071

Mole of phenylhydrazine (10-1)

Fig. 1 Plot of the phenylhydrazine concentration and molecular weight (Mv) of LNR
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Fig.2 Plotof % crosslinking by UV irradiation of different ELNR thickness and % concentration
of ELNR solution (w/v) (light intensity: 13.4 x 102 uw/cm?) (O 2.5 pm, 8 5§ pm, ¢ 7.5 pm,

A 10 pm)
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