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Preparation and Li
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Natural Rubber Having Epoxy Group

Dr. Warunee Klinklai'

Abstract
Highly deproteinized natural rubber having

epoxy group (LENR) was applied to transport

Li" as an ionic conducting medium. LENR was

prepared by epoxidation of deproteinized natural
rubber followed by oxidative degradation with
(NH, ) 5,0, and propanal. The resulting liquid
rubber (M 10*) was found to have well
defined termmal groups, i.e. aldehyde group and
o- B unsaturated carbonyl group, which is useful
for further chemical modification, without loss
of epoxy group. The glass transition temperature
(T ) and gel content of natural rubber increased
aerr epoxidation whereas they decreased after
degradation. LENR was confirmed to have a
potential application as an ionic conducting

medium due to high polarity and mobility,

necessary for a solid polymer electrolyte.

1. Introduction

Solid polymer electrolyte has been widely
recognized to be an important material to fabricate
polymer battery, because it provides an ionic
conducting medium through which Li" transports
effectively[1, 2]. For the polymer, it has been

essential to achieve low glass transition temperature,
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Natural rubber, isolate

brasiliensis, consists mainly of (:s_fio‘;n N
unit which can be chemically modified wit, ::z
acid or performic acid to introduce polar epox

group into the rubber(3, 4, 5]. In the previoy “Orkz
[5, 6, 7], the epoxidation of natura] :

excess amount of formic acid an(ll’u:t:r\jm
peroxide was reported to produce most;v ::njn
expanded and ring-opened secondary deﬁ\'ax'i\'es[;m
formed three-dimensional networks. Furthermore,
Tg of the epoxidized natural rubber rose from 204
K to 264 K, corresponding to the increase in the
epoxy group content from 0 to 75 mol-%[4].
The ionic conductivity of commercial epoxidized
natural rubber containing about 50 mol-% epoxy
group was relatively low, compared to polyether(8}
Thus, it is of interest to prepare liquid epoxidized

natural rubber having well-defined terminal groups

which are useful for chemical modifications
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Rubber samples used in this study were

patural rubber latex. Deproteinization of the

fesh

mbber W
g enzyme (KP-3939) and 1.0 wt %

as made by incubation of the latex with
0.04 W
i dodecyl sulfate (SDS) for 12 hrs at 305 K
llowed by centrifugation[10]. The cream fraction
s redispersed into 1.0 wt % SDS solution and
qashed twice by centrifugation.

Nawral rubber (NR) and deproteinized natural
qtber (DPNR), pre-cooled at 283 K, were
epoxidized in the latex state with fresh peracetic
«id (33 v/v % concentration) for 3 hrs at pH
5-6. After completion of the reaction, pH of the
slution was adjusted to 7.1 and a part of the rubber
was coagulated by adding an excess of methanol.
The rubber was soaked in water for a day and dried
inder reduced pressure at 303 K for a week[11].

The degradation of the epoxidized rubber
" carried out by incubation of the latex with
“monium  persulfate ((NH),S O,) and propanal
333K for 12 hrs[9]. The resulting latex was

“igulated with methanol followed by purification
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Fig. 1 - Schematic illustration of preparing ENR,

EDPNR, degraded ENR and degraded EDPNR.

Measurements of molecular weight and
molecular weight distribution of the rubbers were
made by a TOSOH size exclusion chromatography
(SEC), consisting of a TOSOH CCPD pump, RI-
8012 Differential Refractometer and UV-8011
UV detector. The flow rate of the mobile phase,
THF, was 0.5 ml/min.

The gel content was determined by swelling
the rubber into dried toluene under the dark for
a week. The gel fraction was separated by
centrifugation at 11,000 g for 30 min.

"H-NMR measurement was carried out by a
JEOL EX-400 NMR spectrometer at the pulse

repetition time of 7 sec for 45" pulse.
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sheet and dried under reduce pressure at 303 K.

3. Results and Discussion

3.1 Epoxidiation of NR and DPNR

Figure 2 shows signals characteristic of

hyl, methylene and unsaturated methylene

DPNR, epoxidized
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Table 1 shows gel content (c
epoxy group content ( X_ ) for mﬁe')’ Tgan
rubbers. The higher the :;g(y grou o
higher was gel content and T . The iicrc: "‘er.n .
content may be attributed tf) any sidease ln.g(
that occurred during epoxidation[13, 14::[]::
as a ring—-opening of epoxy groups, to form a thr

dimensional network structure[1,5,15]

Table 1 Characteristics of ENR, DPNR, LENR and LEDPNR

Specimens 5

p Mn/ 10 MW/Mn epoxy/ mol % oA C /W%

r 4 gel

NR 3.37 7.45 2

— - 212 8.9

LENR2 0'3 ReH 11 (9.6)" 222 (221)* 0(12)

LENR3 0.28 e 29 (28) 238 (235) 0 (48)

23 4.53 43 (38) 250 (245) 0 (61)

DP

LEE:NRI S - - 213 -
0.5

LEDPNR2 " 42 3.58 4.4 (3.9) 217 (217) 0 (27;

LEDPNR3 ; %03 19 (16) 228 (228) (s
0.31 4.4 0 (17

45 39 (33) 045 (244)

* The values i
S In pare
parentheses are the data for the epoxidized natural rubber.
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Easmmem. Figure 3 shows typical SEC curves
;-;r ¢ degraded EDPNR (EDPNR-deg), in which
jirbution is unimodal and symmetrical. From
jecurve, average molecular weights of degraded
R (ENR-deg) and EDPNR-deg were estimated,
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Table 1.

) | | s ¥

3 4 5 6 7
log M,,

Fig.3

= GPC curves of LEDPNR; LEDPNRI1

(_ _), LEDPNR2 ( ) and
LEDPNR3 ( _ _ _).

')'ISH'IS3H')HSSUH1HFI§ Suvha 73

The M
n

dcgradullon, and the molecular weight distribution

decreased significantly after

Was narrowed, as indicated by tth /M values,

n
These are consistent with the prevnous results

obtained for NR and DPNR after degradation[9].
Since we adopted the oxidative degradation with
peroxide to epoxidize the rubbers, as well as NR
and DPNR, most of the chain scission reactions
should occur at the double bond of isoprene units,
in accordance with the manner proposed in the
previous paper{9]. This implies that the liquid rubber
from EDPNR may have well-defined terminal units,

but one from ENR may not,

"H-NMR spectrum of LEDPNR2 is shown
in Figure 4. Two signals appeared at 9.4 and 9.8
ppm after degradation, except for isoprene units and
€poxy group, without any other signals. These were
assigned to aldehydric protons of the OL—B'
unsaturated aldehyde and aldehyde attached to a
methylene group of the terminal units, respectively.
This is a strong evidence showing that LEDPNR2
is a liquid rubber having well-defined terminal units,
as in the case of LDPNR[9]. However, these signals
were not clearly found in the spectrum of LENR.
This may be due in part to the presence of non-
rubber components that produce by-products through
side reactions. Furthermore, after degradation, an
increase in epoxy group content of ENR and EDPNR
was also confirmed, as shown in the 'H-NMR
spectrum. The estimated increase in epoxy group
content is shown in Table 1, being less than 5%,
which is attributed to a side reaction of peroxide
used in the present study. The resulting rubber is,
thus, confirmed to be a telechelic liquid EDPNR,
having 51dehydc, ketone and O(—B unsaturated
carbonyl groups at the terminal of the rubber chain,

without any loss of epoxy group.
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Fig. 4 - 'H-NMR spectra of LEDPNR2.

The decrease in molecular weight and increase
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because the active micro—Brownian
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weight suppressed the increase in Tg with
increasing epoxy group content.

The resulting liquid EDPNR was applied
to a medium to transport Li* as a solid polymer
to fabricate Li-polymer battery. A typical

electrolyte
plot for a mixture of LEDPNR2 with

Cole-Cole
LiTFSI salt is shown in Figure 5.
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Fig. 5 - Cole-Cole plot of LEDPNR2/LiTFSI
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4. Conclusion

The liquid epoxidized natural rubber was
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