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Abstract

Natural rubber (NR) obtained from Hevea brasiliensis is a polymer of very high molecular
weight, wide molecular weight distribution (MWD) and high amount of non-rubber constituents. Due to
the presence of non-rubber constituents, the physical properties of NR may fluctuate depending on
clones, season, maturation and planting process. Basically, NR has excellent physical properties for
serving as a general purposed elastomer, especially for high tensile and tear strength, as well as high
resilience.

First, the present work attempts to study the factor controlling the inconsistency in properties
of NR and the change in physical properties of commercial NR during storage. Second, the
elucidation of the mechanism of branching and gel formations by characterization the difference in
structure of each kind of rubber will provide the method for making high consistency NR. Third, the
preparation of highly purified NR, which is lack of allergic proteins, will be carried out. The processing
properties of the highly purified NR will be investigated to develop as a new starting material for
hypoallergic products. This finding will solve the allergy problems, which are the important problem in
NR products.

Thai commercial rubbers, STR 5L, STR XL and STR CV60, were separated into three paits,
j.e., outside, midside and inside. Among these three kind samples, STR 5L showed the largest
inconsistency in processing properties such as PRI, Py and Mooney viscosity. For the various zone of
rubber sample, the gel content of outer zone of STR XL and STR 5L after storage for one year had
lower value than the other zones. These might be due to the occurrence of oxidative degradation on
the outer zone of rubber bale. This zone was easily attacked with O, and ozone. On the other hand,
the gel content of STR CV showed the same value in all of parts. The hardening plasticity index, Py
increased for fresh NR {FNR} and deproteinized NR (DPNR) under low humidity condition in the
presence of P,Os;. On the contrary, the Py for transesterified NR (TENR) and transesterified DPNR
(DPTE-NR) was almost constant, even after storage. The FNR, CFNR, and DPNR showed a clear
increase in the gel fraction after the occurrence of storage hardening reaction. The formation of
crosslinking and branching during accelerated storage was presumed to be due to the chemical
bonding between the active functional groups in the long-chain fatty acid of phospholipids at the
terminating end of rubber molecules under low humidity conditions. Saponification of latex was carried
out with various reaction conditions of temperature, concentration of NaOH and reaction time to find
the appropriate condition for highly purified NR. The nitrogen content of NR after was significantly
decreased to 0.02% after saponification with 7% NaOH at 70°C for 1-7 hrs. The nitrogen content
decreased rapidly at the initial stage of reaction and slowly at 3-7 hrs for most of the reaction
conditions. This may be due to the slow decomposition of proteins on the surface of rubber particles
or the difficuity of removing very small amounts of decomposed proteins by centrifugation.
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Executive Summary

The present work attempts to study the change in physical properties of commercial NR during
storage and investigate the effect of protein and long-chain fatty acid esters, which are believed to link
to the rubber molecule, on storage hardening under various conditions. This finding will provide the
method “or making high consistency NR. The preparation of highly purified NR, which is lacx of
allergic proteins, was carried out. This finding will solve the allergy problems, which are the impc-tant

problem in NR product.

Thai commercial rubbers, STR 5L, STR XL and STR CVE0, were separated into three [ arts,
i.e., outside, midside and inside. Among these three kind samples, STR 5L showed the la gest
incensistency in processing properties such as PRI, Py and Mooney viscosity. For the various zo::e of
rubber sample, the gel content of outer zone of STR XL and STR 5L after storage for one year had
lower value than the other zones. rhese might be due to the occurrence of oxidative degradatica on
the oute~ zone of rubber bale. This zone was easily attacked with O, and ozone while, the gel cc itent
of STR CV showed the same value in all of parts. The hardening plasticity index, P, increase d for
fresh NR (FNR) and deproteinized NR (DPNR) under low humidity condition in the presence of :2,0s.
On the contrary, the Py for transesterified NR (TENR) and transesterified DPNR (DPTE-NR) was
almost constant, even after storage. The FNR, CFNR, and DPNR showed a clear increase in th2 gel
fraction after the occurrence of storage hardening reaction. The formation of crosslinking and
branching during accelerated storage was presumed to be due to the chemical bonding between the
active functional groups in the long-chain fatty acid of phospholipids at the terminating end of rubber
molecuies under low humidity conditions. Saponification of latex was carried out with varicus reaction
conditions of temperature, concentration of NaOH, and reaction time to find the appropriate condition
for highly purified NR. The nitrogen content of NR was significantly decreased to 0.02% after
saponification with 7% NaOH at 70°C for 1-7 hrs. The reaction at 3% and 5% NaOH showed a similar
tendency as 7%. The nitrogen content decreased rapidly at the initial stage of reaction and slowly at
3-7 hrs for most of the reaction conditions. This may be due to the slow decomposition of proteins on
the suiface of rubber particles or the difficulty of removing very small amounts of decomposed

proteins by centrifugation.
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1. 3anuUszad (Objective)

11 To investigate the facter controlling the physical change of various zones of special
commercial grade natural rubber, je., STR XL, STR 5L, STR CV60, during keep under
ambient condition.

1.2 To investigate the effect of protein and long-chain fatty acid esters, which are believed

to link to the rubber molecule, on slorage hardening under various conditions.

1.3 To elucidate the mechanism of branching formation and storage hardening in natural
rubber.
1.4 To prepare the hypoailergenic natural rubber latex by saponification reaction.

Ld f o A J 1
2. nIaiiwaminsauTAr w1 (Experimental procedures)
2.1 Investigation of the factor controlling the physical change of various zones of special
commercial grade natural rubber during keep under ambient condition.

NR samples used for the present study were freshly prepared commercial grade rubber. They
were taken directly from NR producers located in the south of Thailand. The NR grades were STR
XL, STR5L and STR Cv60. STR 5L and STR CV60 were prepared from NR latex bales with extra
grades. During preparation process of samples, they were creped with continuous flow of water,

washing away the excess amount of some non-rubbers and metal salt. The other type was prepared
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by treated with 0.15% hydroxylamine hydrochloride. All rubber samples were keep under ambient
conditions and sampling time is 0, 1, 2, 3, 6, 9 and 12 months. The samples were cut into th.ee
zones hac about 5 centimeters in thickness, Each zones of NR were subjected to analysis for phys zal
properties.

Mooney Viscosity was carried out by Mooney viscometer (TECHPRO). About 25 g of he
rubber sample was divided inte two equal portions. The ter:perature of test was 100 ‘c+1°C nd
large rotor size was used to measure a shear viscosity at strain rate about 2 s . A rubber sample ‘/as
preheated at 100 °C for 1 minute followed by continuous shear for 4 minutes. Mooney viscosity * ras
obtained. Subsequently, the decay of torque was measure when the rotor was stopped. 'he
percentage of residual torque after rotor stop for 30 seconds defines as MR30.

The Wallace plasticity {P,) and plasticity retention index (PRI) of NR sample was determied
by using Wallace Plastimeter according to the standard test method. The rubber sample -vas
masticated through two-roll mills with the nipping gap of about 3-mm for twice times. The thickness of
the rubber sheet was between 3.3-3.6 mm. Six test pellets, 13 mm in diameter, were cut from €ach
rubber sheet by using the Wallace punch. The median of three pieces was taken as the Walace
plasticity (Py). The plasticity retention index is given by ihe percentage retention of the Walace

0
plasticity number after 30 minutes period of oxidative aging at 140 C.

PRI = P/ Py X100
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2.2 The effect of non-rubber components, such as, protein and long chain fatty acid ester on

storage hardening and elucidation of the mechanism of the branching and gel formations.

Fresh natural rubber (FNR) was prepared by casting freshly tapped NR latex on to a glass
plate followed by drying under reduced pressure. Deproteinized NR (DPNR) was prepared by
incubating fresh latex with 0.04% w/v proteolytic enzyme and 1% w/v sodium dodecyl sulphate (SDS)
at 3700 for 24 h followed by centrifugation twice. Transesterification of FNR was carried out by mixing
1% wiv toluene solution of the rubber with freshly prepared sodium methoxide at room temperature for
2.5 h under N, atmosphere. The resulting sclution was precipitated with methanol and precipitate was
dried under reduced pressure.

The six test pieces were cut from the double sheet with the Wallace punch. The thickness of
test pieces was between 3.2-3.6 mm. These were divided into two sets of three; one set of each for
the plasticity tests before and after accelerated storage hardening. The accelerated storage hardening
test was carried out by using standard test pellets of the rubber samples dried in preheated (to SOOC.

a 30 min) desiccators. Then, phosphorus pentaoxide (P,0s), sedium hydroxide {(NaOH), silica gel, and
distilled water were placed in each of the preheated desiccators. The desiccators were placed in the

oven at 609(3 at various times, ie., 1, 3, 6, 10, 22, 33, and 48 h. The change in plasticity value (& P)
was used as representative data to indicate the change in accelerated storage hardening. This can be

expressed as follows:
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Where P, is the median plasticity value of three storage tardening test pieces, Py is the mec:an
plasticity value of three non-storage hardening test pieces, and AP is the difference in plasticity uhits
between P, and P,.

The ge! content was determined by dissolving small pieces of rubbers, which was samplin j in
five differant positions for one sample, in dried toluene to give a concentration of 0.1 % weigh by
volume (:v/v) and kept in the dark without shaking or stirring for one week at room temperature. The
rubber sclution was centrifuged at 8,500 rpm for 20 minutes to separate the gel. The precipitatec gel
fraction vsas recovered and dried at 50°C and weighed to calculate the gel content.

The degree of crosstinking of NR was determined by the solvent equilibrium swelling me:od.
The modified Flory-Rehner equilibrium swelling equation was used for determining the mole.ular

weight o. the primary chain segment between crosslinks (M., as follows;

Vo= %M o= - n(1V) + VY, XV P VelVe - = Vi2)]

Where V is the crosslink density per gram of rubber, M, is molecular weight betyeen
crosslinks, V, is the volume fraction rubber, ) is the Huggins interaction constant, P, is the density of

rubber, V, is the molar volume of solvent, and D, is the density of solvent. The volume fraction (V,)

was calculated from the reciprocal of the degree of swelling;
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Where Q = (weight of sol in network) X [,

(weight of network) Ds

2.3 Preparation of hypoallergenic natural rubber latex

Appropriate reaction conditions were studied for the decomposition of proteins in NR by
saponification of latex with NaOH. The effect of concentration of NaOH, reaction time and reaction
temperature was analyzed from a viewpoint of residual nitrogen content and stability of latex during
the saponification reaction. Field latex (FL-latex) and high ammonia latex {HA-latex), provided by
Thaitex Co., were diluted to 30% DRC and incubated with NaOH (1-7 %w/v) in the presence of a
surfactant (Triton X-100, 0.2 %w/v) at 50-70 °C for 1-7 hrs. Decomposed protein in saponified latex
was washed by centrifugation. Cream of saponified latex was dispersed in distilled water to make 30%
DRC and then coagulated by 10%w/v formic acid. The resulting rubber was washed and dried at 50°C
for 2 days. Nitrogen of saponified NR was determined.

The nitrogen content was analyzed by a Nitrogen Analyzer (Leco instrument, FP 528) with the
sensitivity of 0.001%. High purity oxygen (98.99%) and helium gases {(99.99%) were used as the

combustion and carrier gas, respectively.
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3. WA L6iTU (Results)
3.1 Investigation of the factor controlling the physical change of various zones of special
commercial grade natural rubber during keep under ambient condition.

STR 5L and STR XL showed increase in gel content and Mooney viscosity. On the contrary,
STR CV showed lower gel content and constant Mooney viscosity. However, PRI value of STR CV
was highest comparable to thase of the other samples. From these three Kinds of samples, STF 5L
rubber atier storage for one year showed the largest inconsistency in processing properties suci as
PRI, Py #nd Mooney viscosity. For the various zones of rubber sample after keeping, the gel cortent
of outer zone of STR XL and STR 5L had lower value thaii the other zones. These might be du 2 to
the oxidztive degradation occurred on the outer zone of NF. bale. This zone was easily attacked with
C, and czone. On the other hand, the gel content of STR CV showed the same value in all of pars. It
may be due to the hydroxylamine reacted at aldehyde group in rubber samples and the crosslink

reaction wouid be inhibited.

3.2 The effect of non-rubber components, such as, protein and long chain fatty acid ester on

storage hardening and elucidation of the mechanism of the branching and gel formations.

Storage hardening was significantly increased in the case of FNR, CFNR, and DPNR when
accelerzted under low humidity conditions, On the other hand, storage hardening did not proceed in
the casc of TENR and DPTE-NR. The fatty acid ester groups the most importance role in causirg gel

formation and storage hardening of rubber under low humidity, and proteins have no effect on the
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storage hardening of rubber. The molecular weight between the crosslinks of gel fractions of the
sample after the storage hardening test was about 10" and high in gel content. This implies that the
crosslinks structure of samples after stored under low humidity conditions is composed of hard gel or
chemical crosslinks between the rubber chains, It can be concluded that storage hardening in FNR,
CFNR, and DPNR rubbers should be due to the crosslinking reaction between the active functional
groups containing fatty acid ester groups that might be linked to rubber chains and some chemical
crosslinks between the rubber chains. There is no hardening of rubber samples under high humidity
conditions. The plasticity index of TENR and DPTE-NR with increased storage time showed negative

AP. This indicates that the storage hardening of any kind of the rubber samples was inhibited under

high humidity.

3.3 Preparation of hypoallergenic natural rubber latex

Saponification of latex was carried out with various reaction conditions of temperature (50, 60,
70°C), concentration of NaOH (1, 3, 5, 7 %wl/v), and reaction time (1, 3, 5, 7 hrs). In the saponification,
NaQH can react with proteins in the latex to decompose into short-chain peptides. The decomposed
compounds will dissolve in water phase and be removed by centrifugation. In this experiment, the
saponified HA-latex was centrifuged to remove decomposed oligopeptides and to find an appropriate
condition for getting the nitrogen content less than 0.02%.

The nitrogen content of the rubber from starting material (HA-latex) 0.268% decreased to

0.019-0.020% after saponification with 7% NaOH at 70°C for 1-7 hrs. The reaction at 3% and 5%
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NaOH showed a similar tendency as 7%. The reaction at 50 °C was not strong enough to decompuse
proteins a' a level of the nitrogen content lower than 0.03%. The nitrogen content decreased rapidlv at
the inilial stage of reaction and slowly at 3-7 hrs for most of the reaction conditions. This may be due
to the slow decomposition of proteins on the surface of rubber particles or the difficulty of removing
very small amounts of decomposed proteins by centrifugation. Although the use of high concentre .ion
of NaOH and higher reaction temperature gives the rubber of low nitrogen content, these condit ons
could cause coagulation of the latex during saponification which will result in stopping the

saponification reaction.

4. WNVEN1FAO L HaWIAR (Future works)
4.1 Elucidation of the mechanism of branching formation and storage hardening in natura! rubber,

4.2 Preparation of hypoallergenic natural rubber by sapenification reaction.
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