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 inio liquid natural rubber.(LNR)
by using=0,/phenylhydrazine system at.60°C, then hydrogen peroxide and formic acid wereadded to
LNR @t.55°C to epoxidise the LNR. The addition reaction of photosensitive acid such as acrylic acid,
methaerylic \acid and. cinnamic acid onto ELNR were carried out in CHClI; at 80°C' The kinetic of
addition reaction was followed by titration of residual acid with 0.1M KOH. The acidgrafted onto ELNR
was obtained by pregipitationin methanol. The results showed that addition reaction'ef cinnamic acid was
slower than acrylic.acid andmethacrylic-acid. The increase of temperature led to slight improvement in
the grafting efficiencysFurthérmore, the molecular-weight of ELNR had also influeince on the rate of
addition reaction of acidult was found thatthé reaction times of low molecular weight ELNR were shorter
than those of high molecular WeightELNR. Photocrosslinking study-of ciniamated ELNR by ultra-violet

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

Fhe original of liquid natural rubber dated back to 1923 by mechano-chemical degradation of
solid natural rubber8:18.It found application in the field of adhesivesS. The study of'photochémical
depolymerization‘of rubber hiad been carried out by MRPRA, allowing short polyisoprenic chiain with
carboxylic ends, @zorolysis was'another reaction that caused degradation-of thesfubber chaid. Institut de
la Recherche Applique sunlesPolymetes-(IRAP) in-France developed @ method of prépdration of LNR
based on oxidative degradationireaction of naturalsubber in the latex state at"a modefate temperature by
using phenylhydrazine andwexygen system. Rautrat e al studied=influence ofdifferent parameters of
oxidative degradation of natural Tubber.“Fhey. found that the.moléculafweight of LNR obtained was
effected by the following parameters : amount*of*phenyliydrazine, rate of air flow, reaction time, and
temperature of the reaction.

P.Khunkamchoo!! 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 jons.
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The mechanism of the degradation had been generally proposed by Shelton!9 as the followings
: oxidation of phenylhydrazine and the oxidative degradation of polyisoprenic structure.1519

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 appliedin‘different physical state such as in solution or in latex state.
The chemistry of epoxidation@f NR-with preformed peracetic acid and in-situ performic acid had been
mostly studied.! It wasfound thatepoxidation of NR with\peroxy acid in-homogenous solution such as
chloroform and tellené and in latexocturred without mainchain fission or isomerization of the cis
configurationf isopfenic structure.?

Howeéver, it was’known that secondary ring opening reaction of the initially, formed epoxide
group could eccirr in'the epoxidation of unsaturated low molecular weight compound:?! 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 studicd suchas
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 epoxidationeaction in
aqueotis_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:

E > \ ] 0,/¢NHNH; E > N\ ] performic >=\ > \
m
m<n

i, acid

NR latex 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'bafid"6f 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.220 T. 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!2!3 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 apother baséimelecule having epoxide ring
susceptible for fixation ofiphotosensitive-acid. The reactionbetween epoxidised Niguid natural rubber and
methacrylic acid wasstudied by uSing four types of catalysts namely tettamethylammonium methacrylate,
potassium hydrexide, pyridine and triphefiylphosphine. The'éondition.of the reaction was 100°C at molar
ratio [acid}/[epoxide]/[eatalyst] = 1:1:0.1 using p-methoxyphenol as an ifthibitor. The yield of the addition
was 13.3% after 72hof the reaction by using pyridine. Decker and H-Lexual8 found that addition reaction
of acrylic acid ento.epoxidised rubber (ENR) or Epoxidised liquid natural rubber (ELN RYwas 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 Anscll (Thailand) Co., Ltd.

Method
Preparation of liquid natural rubber

A'desired amount of natural latex (60% dry rubber content, drc) was diluted 10"30% dr¢'in a
beaker, thenstabiliscd with 0.3 phr of Vulcastab LW. The latex was stirred at room témperature overnight
then transferred to.a s€actionessel. After increasing temperature of the latex mixtureto 60°C, amount of
phenylhydrazine (as listed in Table.1) was added dropwise. Air was passed through the latexat 2-3 |/min.
The reaction was allowed to stirat 60°C; for.24 h:"At'the end.of the fecaction, Wwater was evaporated by
distillation. LNR was then'dricdunderVacuum at 40°€to constant weight. The product@btained was brown
viscous liquid and charactefized by, Infrared spectroscopy, 'H.NMR spectrosedpy. 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, 'H NMR and 13C NMR of the ELNR were recorded. Viscosity
average molecular weight of ELNR was determinedfromidepolymerization stage of natural rubber latex.

Molecular weight detefmination of-liquid natural rubber

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

molecular weight (ﬁv) of LNR was calculated from the following equation.

] = 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:

nwé
In n%:

nrand ng, are relative Viscosity and specific viscosity, respectively. They can be determined
from efflux;times.

[l +kn}2C

[n] + k)2 C

- t
0 = X,
t-tg
Nsp = ('—)
to
to = efflix.timeof puresolvent
t = effluxtime of LNR solution at various-concentration

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;psmethoxyphenolyfor homopolymerization was added to the
solution at the same mole percent@s thatof the acid. Total amountof the'88lution was 60 ml. The mixture
was heated at 80-110°C (s desired). Progtess of the addition teaction was. followed by sampling the
solution at different time interval ahdidetermined the amount of the residial acid by petentiometric titration
with standardised 0.1-M KOH. At the-€nidwof the"féactionytlic-modified ELNR wasecovered by
precipitation n €xces§,_methanel..The product obtained was kept ‘in,_chloreform™solutiony at room
temperature in the dark place. The modified product was characterized by FTIR spettroseopy.

Photoerosslinking 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 um 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 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!1, the factors that influence o rolectilar weight of LNR
were amount of air flows phenylhydrazine concentration, reaction time, tempétature of the reaction,
nonrubber constitients, and metal ions.

In this work, allsparameters were fixed éxcept the amotnt of phenylhydrazine in order to
understand the relation of the amountof phenylhydrazine and.melecllapwei ght of LNR and to be able to

get a desired range of the molecular weight of ENR*ferthe™Bencfit 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 brewnviscous liquid. The plotof Mv versus number of mole  NHNH,
employed in the reaction, (Figure-1) showed that the extent of oxidativeidegradation depended on the
amount of phenylhydrazine but therat€ wasnonlinear. The Mv of IINR obtaineddeereased with increasing
amount of $ NHNH,.

The results'ef IR speetfoscopy of the prepared LNR listed inFabie 4, whichshowedabsorption
band at1,660 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 groupiand earbony! function,
respectively. 1H 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. Ithad previously been summarized that
chain scission of the polyisoprene molecules did not take place during the epoxidation reaction®. In the
present study, ELNR similar assumptionwas 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-1 and.1,240 em-1. Since the olefinic band at 835 cm-! was also detected, the result,indicated that
epoxidation of LNR was not 100% complete.

- HNMR spectroscopy; The spectra showed the decrease of olefin proton peak at 5:14 ppm
and the appearahcesof the.methine resonance at 2.70 ppm due to the proton attached t¢' the oxirane ring.

- %, 13C NMR spectroseopys The spectra showed the eharaeteristicChemical 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%.

J. Natl. Res. Council Thailand, 1993, 25(2)



34

- 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.(E).was dissolved in CDCl; and the tH NMR spectra
were recorded. This spectrum showed'that the-epoxidationlevel Ieadtothe decrease of olefinic protons at
5.14 ppm, (-C'=CH) and the'appearance of mething réSonance. at 2.70 ppm,(€H-O) due to the proton
attached to oxirane ring. Du€ to the occurrence of methine resonange atithis resolution,epoxy content was
determined by the tatio of the integrated-areas of.the olefinic_and epoxy methine ‘pretons, thus the
epoxidation level'was ealculated by the'relationship :

A2.70

mole percent.of epoxide = 100(
Asia + Az

)

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

A64.5 )

mole percent of epoxide = 100(
Ags + A1242, 1250, 125.7

The 30% epoxidation was found.

- (" By'titration method; The epoxidation level can be determined from thé following
equation2k;

Theweight of exygen (mg) =1.6 AT

AT was the diffcrence of the volumesin cm30fi0:1 M NaOH"sed0 tiffate 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 'H 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, TH 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
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method might be due to the furanisation occurriné during the addition of acid. Therefore a part of epoxide
groups were reacted with the acid.

In this work, 1H 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 'H NMR and 13C NMR measurements were about +1.5%and +0.8% respectively. It was evident
that 13C NMR spectroscopy was the most suitable method for determinationof epoxide content in this work.

Analysis of epoxide content of ELNR

Two prepared samplesof ELNR were conducted to the analysis of epoxide content by means
of 13C NMR speétroscopy. Table 8 shows the epoxide content of ELNRs of the presentistudy.

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 goad 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 fixafion reaction of acids ento 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)

- __rAddition of cinnamic acid onto ELNR (F); The completion of the reaction'teok over 80 h.
The cinnamicfunction grafted onto ELNR (F), symbolized as C-ELNR (F) was recoveredas viscols brown
liquid and'light-scnsitivc, itcould undergo photocrosslinking reaction when exposed o the light. C-ELNR
(F) was therefore kept il chloroformin the dark place. Percent conversion of th€reaction calculated from
the residual acid eoncentration.obtained from titration was 16%.

- Additiomof'methacrylicacidionto EENR (F); After 80'h the modified product from this
reaction symbolised as M-ELNR(Fywas recovered. The M-ELNR.(F) was®artially soluble in chloroform.
It showed that some photocrosslinking"wasweccurred..Methaerylic function grafted on ELNR (F) was
therefore more light-sensitive than C-ELNR (F). Percent conversion of the reaction was 18.

- Addition of 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. IRspectrum of the products showed the appearances of carbonyl peaks at 1,726 cm-1 for cinnamate
groups, 1,728 cm-! foracrylate groups, and 1,720 cm-! for methacrylate groups. Besides the C=O stretching
peak, the photosensitive rubber that reaeted'with cinnamic acidialse,showed C=C stretching vibration of
cinnamate group at 1,637 cmalyland =-CH, deformation at 1,408 cm-1.of aceylate group.

Photocrosslinking/of modified ELNR'by ultraviolet.(UV) irradiation

It was well_known that under UV irradiation the cinnamic function could undergo
photodimerization whigh.was dued to the reaction between two carbon-carbon double bonds. The IR
spectrum of thessample showed that decrease of carbon-carbon double bonds absorptionat 1,637 cm:! the
mechanism of the photocrosslinking of the phetosensitive 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 atdifferent
times. By using IR spectroscopy, an absorption band at 1,637 em-! 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, - A
% conversion .= ——"0 +« 100

A
Ao

Absorbanee of carbon-carbon doublé bonds atdrradiationtime t
Absorbanceef.carben-carbon double bond.at-irradiation time 0

Itwas foundthat 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 fixedon.the elastomeric chain, it was found that
7% or 9% of cinnamate groupihiad slightly effect on the rate of photocrosslinking. The irradiation time for
complete crosslinking wias quite long(100 min). This mightbe because of low intensity light source used.

Effect of filmthickn€ss on the rate-of photocrosslinking reaction

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

Filmspecimen 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'T due (0
carbon-carbon double bond of cinnamate group by using FTIR spectroscopy. The results were shown in
Rigure 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 pm thickness of
film sample. But only 60% of photocrosslinking was obtained inthe case of 10 um thickness of filmsample.
It wasevidentthat by using the same source of UV irradiation, the thinner of the sample was moreeffective
than the thicker one because the photocrosslinking was occurred at film's surface.

CONCLUSION

Bpoxidised 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 natutal rubber inJdaféx phase using redox system (of phenylhydrazine and oxygen then
epoxidation reaction was‘aghieved by ‘addition of formic acid.and*hydrogen peroxide.

Determination of epoxide contentomElLNRwasobtained 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.
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Table 1. Amount of phenylhydrazine used in this experiment

Experiment Amount of Amount of
number latex (ml) ¢ NHNH,
(x101) (mole)

1 200 4.07

2 200 3.56

3 200 2.75

4 200 .98

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 (10) (10-) (10-1)
(ml) (mole) (mole) {mole)
ELNR-1 300 2.30 8.15 4.08
ELNR-2 300 1.53 8.15 4.08
Table3." Effectof the amount of phenylhydrazine () NHNH,) on molecular weight (Mv) of LNR

Amount of Molecular weight
¢'NHNH, of LNR
(x10").(mole) (Mv.) (x109)

4.07 34

3.56 4.0

275 7.1

1.53 82

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

¥ (emt)

=C-H stretching
C-H stretching

(e

L

CA
Table6. E (!./n@;h

)

S LT

ELNR-1
ELNR-2

3,028

2,870

TJ du 72, 0
1,372 O)

() P
o "1
(4 4
N .
v emi sh_‘
'y J
»
SR b G
"~ s
J ‘1 éﬁ
y/

1olecules

7,000
23,000
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Table 7. Data of epoxy content determined by different methods

41

Method IRAP 1H NMR 13C NMR Titration
% epoxide 27 28 20 14
content

Table 8. Data of epoxide-content determined by.?C. 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-)
O-H stretching 3,500
C=0Q' 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
acrylateigroups
=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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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 uym, 8 5 um, ¢ 7.5 um,
A 10 pm)
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