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Abstract

Radiation vulcanisation is a process to produce preuulcanised natural ruhher(NR) latexfree oftoxic residual
chemicals. Some o fthefactors thatcontrol the efficiency ofvulcanisation ofNR latex bygamma irradiation are initial
molecularweighto frubber, green strength ofrubber, the amountofnon-rubberingredients presentand number
ofparticles in NR latex. Generally latex concentrate is storedp r about three weeks to achieve an improvement in
molecularweightand hencegreen strength. In this work an attemptis made to improve gel contentoffresh NR latex
by exposure to low doses ofgamma radiation followed by creaming oflatex to reduce the non-rubber ingredients.
The creamed latex is then vulcanised by exposure to gamma radiation in presence ofn-butyl acrylate as sensitiser.
It is observed that on exposure offresh NR latex to low doses ofgamma radiation there is an increase in gel content
favouring enhanced level ofvulcanisation. Due to concentration oflatex by a creaming process tliere is reduction
in non-rubberingredients thathelp information ofcoherentlatexfUms. Unlike centrifugal process, the numberof
smallerrubberparticles in latex aftercreaming is higherin creamedfraction. A Il thesefactors contribute to enhanced
mechanical properties ofRadiation Vulcanised Natural Rubber Latex (RVNRL). Itis observed thatRVNRL could
be more easily blended with synthetic latex because there isformation ofgraft copolymer and an enhancement in
colloidal stability after irradiation. On blending RVNRL with high styrene content styrene butadiene copolymer
latex (HSBL) the modulus increase depending on its concentration mainly due to the rigidity ofrubber present.
RVNRL ofimproved mechanical properties are obtained by using creamed NR latex that has higher gel content

and by blending RVNRL loith HSBL.

Introduction

Naturalrubberlatex (NRL) forms the raw material @mountofnon -rubberingredients present and

for the production different types of gloves, number of particles in NR latex.” Generally latex

foam, elastic thread, rubber band, balloon etc. For concentrate is stored for about three weeks to

this the latex needs to be subjected to a process @achieve an improvement in molecular weight

of vulcanisation. Latex is vulcanised either by and hence green strength. Both colloidal stability

compounding with sulphur and accelerators or by and green strength of rubber in latex concentrate

exposuretogammaradiation. RadiationVulcanized increase during storage. This is due to formation

NaturalRubberLatex (RVNRL) possessesseveral ©Of fatty acid soaps and micro gel. Ammonium

advantages over the sulphur vulcanized, such as $0aps formed due to reaction of ammonia with

the absence of nitrosamine compounds, better
transparency, very low cytotoxicity and lessrubber
proteins thatcauses allergic response .The main
drawbackisthelower modulus. Someofthe factors
that control the efficiency of vulcanisation of NR
latex by gamma irradiation are initial molecular

weight of rubber, green strength of rubber, the

hydrolytic products of phospholipids adsorb on
surface ofrubberparticle and leads toimprovement
in colloidalstability®. The formation ofmicro gelis
attributed to interactionofnon-rubbercomponents
that is proteins and phospholipids bonded to the
rubber molecules.® Due to formation of micro gel

the green strength of the rubber increases. The
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green strength can be increased by increasing the
gel content. The dynamic mechanical properties
ofthe films depend on the non rubberingredients

and gelcontent of latex.

The modulus and tensile strength can be improved
by using latex concentrate of higher green strength
as the raw material and by suitable leaching
operations. It is also possible to get improvement
in modulus by direct radiation grafting cum cross
linking of NR latex in presence ofamonomer like
methylmethacrylate (MM A) with MMA contentin
the range of 50-60 phr.* On the other hand direct
blending of RVNRL with up to 25 parts MM A
grafted naturalrubberlatex, showed only marginal

improvementin modulus.

If polymers of suitable polarity are mixed, the
blend is expected to provide enhanced mechanical
propertiesincluding modulus. The presentwork is
an attemptin this line and reports the use of high
styrene content styrene butadiene copolymer in
improving the modulus of RVNRL films prepared

from latex of higher gel content.

Experimental

High ammonia preserved field latex was obtained
from Pilotcrumbrubberfactory, RRII. High styrene
contentstyrene butadiene copolymerlatex (HSBL),
Ploilite SBL 2058, was obtained from M /s Eliokem
PvtLtd Mumbai, India (totalsolids content=2932
%,pH “11.3).The latex was subjected to acreaming

process using ammoruum alginate.

Table 1. Raw rubber properties of un-irradiated and pre- irradiated

latex sample

Parameter Control (un-irradiated)
Before cream- After
ing creaming
Nitrogen con- 0.50 0.46
tent, %
Acetone extract- 3.53 4.25
ables,%
Initial plasticity 30 -
(PJ
Gel content,% 2

Sample (pre>irradiated)

Fig. 1. Gamma chamber 5000 cc

Radiationvulcanisationwas effectedby gammarays
using Gamma Chamber - 5000 cc. Natural rubber
latex(NRL)was collected exposed to low doses of
gamma radiation. The latex was then subjected to
a creaming process by using ammonium alginate
as the creaming agent. The creamed latex was
exposed to a dose of 15 kGy at a dose rate of 1.26
kG y/h using a gamma chamber 5000 cc.(Fig.l).
The creamed latex was compounded with 0.3 phr
potassium hydroxide as stabiliserand 5phr n-butyl
acrylate (n-BA) as sensitizer prior to irradiation.
Latex blends were prepared by blending NRL
and HKBL so asto have dry rubber contentin the
ratio 90/10, 80/20. The particle size distribution
of the latex samples were determined using
Malvern Zetasizer Nano Series(Nano S)particle size
analyzer. The quality of RVNRL was evaluated by
measuring the latex quality
parameters and strength of
RVNRL films obtained by

casting technique. Solvent

Before After
creaming creaming absorptionwasconducted
0.49 0.24 usingtoluene asthe solvent
and duration was 48 h at
342 4.19 room temperature. The
properties oflatex and dry
3 ) rubber films were carried
36 R out as per standard test

methods.



dry rubber) latex blends atdifferent shearrates

latex particles by reducing

the effective density of

Shtzar Ir)ate, Control viscosity mFa.s Sample viscosity niPa.s electric charge atthe particle
sec

Pure RVNRL  9(Vi0blend Pure RVNRL  9(yiO blend interface®. The particles thus
come together and coher

60 0.05 0.10 0.05 .09
lo(»ely.These agglomerated
120 0.05 0.05 0.05 .06 particles grow and form
180 003 003 0.03 03 clustersofrubber particles.

Results and discussion

1. Particle size distribution of latex

The particle size varies from about 100 nm 2000
nm for botti un-irradiated latex sample and
irradiated sample. The bimodal distribution is
unchanged but the amount of smaller particles
increase afterirradiation. After creaming for both
un-irradiated and pre-irradiated latex the particle
size decreases considerably. During irradiation it
is possible that some chemical changes take place
for the proteinaceous materials and this may be
contributing to reduction of size after creaming.
The reduction in particle size can be attributed to
removalofproteins presenton therubber particle.
The nitrogen content before and after creaming is

shown in Table 1. As observed the nitrogen content

decreases after creaming.

2.Creaming characteristics

It is observed that a higher level of creaming
is observed for fresh NR latex without prior
irradiation as observed by a higher level of DRC.
The smaller sized particles of latex increase after
irradiation and after creaming. Adsorption of

macromolecules of creaming agent promotes

Table 2b. Viscosity of 0.3 %

toluene

Shear rate (sec?’ Un-irradiated
60 35 55
120 3 45

180 25 35

(w/v) rubber solutions in

Pre-irradiated

These clusters grow until
their buoyancy is sufficient to cause them break
free from the network leading to creaming of latex.
However, smallerthe size ofrubber particles more
is the resistance to creaming. The pre-irradiated
latex has particles which are of smaller size and
hence creaming efficiency is slightly lower than

un-irradiated latex.

3. Flow characteristics(Haake viscometer)

The dataon flow characteristics of viscosity versus
shear rate of the pure RVNRL and blends with
HSBL in 90/10 and 80/20 proportions are shown
in Table 2aand thatofrubbersolutions atthe same

concentration is given in Table 2b.

For pure latex the viscosity is constant over
different shear rates and hence shows Newtonian
behaviour. For the blends the viscosity is slightly
higher and viscosity shows variation with shear
rate. At lower shear rates viscosity is higher and
decreases w ith shearrate forboth the latex samples.
The flow characteristics change on blending and
there is deviation from the Newtonian behaviour.
It is seen that the flow is non-Newtonian for the
rubber solutions as noted earlier®. The viscosity
decreases as shear rate increases. It is also noted
thatthe viscosity increases afterirradiation

and is attributed to gel formation.

4. Raw rubber properties

The raw rubber properties of rubber
obtained by pre-irradiation in comparison
w ith controlsampleis givenin Table 1.1tis

observed thatthe nitrogen contentremains
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Table 3. Mechanical properties of RVNRL

Properties Control
(Creamed FPL)
Gum strength, MPa 154
Modulus 300%, MPa 0.85
Modulus 500%, MPa 1.14
Tensile strength, MPa 22.0
El<»igation at break, % m 1379
Solvent swelling, % 230
(after 24 hours)
Tension set after 1 hour 10

at 300 % elcmgation

almost same after irradiation .But it decreases
aftercreaming for both radiated and imirradiated
sample. The decrease is higher for the creamed
latexthatwas sut®ected to apre-irradiation process.
Thereisanincreasein initial plasticity (P*)ofrubber
recovered from latex subjected to pre-irradiation. It
is also noted thaton exposure offresh NR latex to

gammaradiation gelcontentincreases.

Earlierreports show thatproteins getdegraded on
exposureto gammaradiation®” Consequently there
is a decrease in nitrogen content after creaming
as low molecular weight nitrogenous materials
go into serum fracHort and an increase in acetone
extractable fraction in the rubber. NR molecules
arepresumed to belinked with phospholipids and
other groups that associate with protein to form
crosslinking by intermolecularhydrogen bonding.
Itisexpected thatbranchingof NR molecules occur
due to the phospholipid groups present in the
molecules. Thus, these crosslinks make it possible
to form three dimensional network structures in
NR®. This cross Unking along with otherlikely cross
links formed in presence ofgamma radiation lead
to anincrease in gelcontent. An increase in for
irradiated samples can be due to formahon of gel

during irradiation.

5. Mechanical properties of RVNRL
5.1.Pure RVNRL

The gum strength of NR increases after pre

Saoiple(pre-iiradiat’
ed creamed PPL)

irradiation. This is attributed to the
increase in gelcontentasshown in
Table 3. The enhancementin green

strength due to enhancement of

3.0
entanglementand gelformation is
11 reported earlier
1.6 RVNRL films prepared after
re-irradiation showed a higher
25.32 P ¢
modulus, tensile strength and
1283 lower elongation at break and
170 tension set (permanent set- Table
3). The hysterisis loss is higher for
6 thecontrolcompared w ith sample;

consequently tension set is also

lower for the sample. A higher
cross linking is obtained after pre-irradiation as
observed from solventswelling.
It is expected that during pre-irradiation
several changes take place. This includes chain
entanglements, micro gel formation and partial
removal of proteins. All these changes contribute

to enhancementin mechanical properties.

Modified RVNRLcanbedirectlyusedforproduction
of latex based household gloves (Fig. 2).

5X Blends of RVNRL with HSBL

On blending RVNRL with HSBL (90/10 based

on dry rubber content) the modulus increased

Fig. 2. Household gloves made from radiation
vulcanised latex



Parameter Control RVNRVHSBL
(based on drc¥*)
90/10 8<Vv2D 9(yio0
Modulus 1.83 2.56 2.08
300%, MPa
Modulus 3.64 5.02 4.24
500%, MPa
Modulus 8.18 9.72 9.14
700%, ,MPa
Ter\sile 18.18 12.89 2551
strength,
MPa
Elongation at 910 805 1055

break (%)

significantly (Table 4). Further improvement in
modulus was obtained after pre-irradiation. The
tensile strength was only marginally reduced by
adding HSBL. When the proportion of HSBL was
increased from 10to 20 % in the blend, the modulus
increased sharply and the vulcanizate became
hard and more plastic natured. The increase in
modulusismainly due totherigidity of the styrene
butadiene copolymer.® Latex of higher modulus
can be used for production of latex based product

like elastic thread.

Conclusion

The green strength of NR latex increase after

exposing fresh latex to low doses of gamma

radiation and is attributed to gel formation.
RVNRL prepared from latex of higher gel content
has a higher tensile strength and modulus along
w ith better dynamic properties like higher
elastic modulus, lower hysterisis loss and lower
permanent set. The flow characteristics of the
latex change after blending RVNRL with low
proportion of HSBL and the latter becomes more
non Newtonian. The tensilestrength and modulus
of RVNRL films increase significantly after
blending RVNRL prepared from latex exposed to
small doses of gamma radiation ,with 10 parts of
high styrene contentstyrene butadiene copolymer

latex (HSBL).
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Carbon Black/Silica Master Batch From Fresh Natural Rubber Latex

Or. Rosamma Alex, Dr. KK Sasidharan, Dr. Thomas Kurien, Dr. Arup Kumar Chandra

process for production of carbon black/silica master batches with enhanced mechanical
?rties has been developed- The unit operations in the process are the preparation of filler
Uin presence of suitable surfactant, addition of the slurry to the fresh natural rubber latex
?r stirring, coagulation of the mixture by the addition of acid, dewatering of the coagulum,
___drying to obtain filler incorporated NR, The competence of the new technique was
listablished by comparing the characteristics of carbon black/silica incorporated NR by miil
I’\Imng process (control). The mechanical properties of the vulcanizates obtained from the latex
tSuage and dry rubber Incorporated mixes were evaluated. The effect of ageing on the
' #lechanical properties was also studied. Mixed filler containing master batch prepared by the
f
‘ «ew process showed good cure characteristics as compared to the dry rubber incorporated mix.
mechanical properties like tensile strength, modulus, tear strength, abrasion resistance and
hardness were superior for the vulcanizates prepared by the new method. The heat build - up
wtues were considerably low for the latex filler master batches. Comparatively better ageing
resistance was also recorded by these vulcanizates. The silica filled mixes showed comparatively
tery good mechanical properties in the absence of any coupling agent. The improvement in
mechanical properties shown by the silica/carbon black master batches over the conventional

miil mixed compounds was attributed to better filler dispersion evidenced from the result of

Mler dispersion data.





