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Abstract

Water solubie pofymers (WSP) such as poty(vinyi akxihol). Poty(ethyiene oxide) etc. were 
mixed with radiation vulcanized iatex and their vutcanizate properties were studied in detail. 
Most of the potymers showed a drastic increase in tear strength with water soiubie poiymer 
content and a reduction in taddness of the vulcanized ftns. The properties of water sotubie 
polymer incorporated vulcanizates depend mainfy on the type of the pofymer biended into the 
latex. Addition of water sotubie polymer causes fast ieachirig of soiubie proteins from the films, 
which reduces the prolonged leaching commonly adopted for wbber vulcanizates. Water 
solut)le polymer incorporation improves tt}e ^eing prvperties of radiation vulcanized fSms 
and they were highly transparent

INTRODUCTION

When mbber is irradiated by high energy 
radiation, hydrogen atoms of the trunk chan, 
mainly of rnethytene groups « to the douUe 
bonds are Reeled and radkal sites are 
fom)ed and these radkai sites are combined 
into C-C crossfinks.̂  Heat vulcanizing 
ingredients such as sulfur, accelerators, 
benzoylperoxide and other peroxkles are 
known to have very fitlie effect on this 
reaction,̂  but it is possible that these 
ingredients acting as radkal acceptorŝ  
hinderthe radcais from combining with each 
other and thus retard the radlatkvi 
vuteanizatkn. Since the radiation 
vulcanization is carried out in the absence of 
sulphur and accelerators the products can 
be obtained uncorrtaniinated by poisonous 
residues, therefore the future of radiation 
curing kx)ks bright

Radiation vulcanized natural rubt>er latex 
(RVNRL) has many advantages over the 
conventional sulphur vulcanized latex, such 
ds at>sence of nitrosamines, very low 
cytotoxicity, good degradabilrty and low 
emission of' gases when incinerated.*'̂  
However, the technology has not yet been 
applied in indu^ on a large scale. The lack 
of interest of RVNRL in industry is due to 
the high initial investment and also due to 
its poor teciYwiogical properties such as tow 
tensile arvl tear stren^. Prooessing factors

such as leaching and drying can effect the 
quafities of tt̂ e iatex products. Tensile 
strength irKreases quite sharply on drying in 
heal The sharp increase in tensile stren^ 
on heating is due to the better fusk)n of the 
njbber partides and increased chain 
entangiement of the rubber molecules. 
Tensile strength also increases upon 
leaching of the latex films due -the better 
fusion of rubber partkries caused by the 
removal of the water soluble non̂ rubber 
components adsort>ed on the surfaces of 
the njbber p^des. These effects are also 
observed in tt)e conventionally pre­
vulcanized NR iatex* Though radiation 
vulcanized latex artdes are free from 
poisonous ingredients it is believed that 
some of the residual proteins can cause 
alergic reactions in humans. It requires 
several hours of leaching to remove the 
proteins complete from the products. 
Though tncorporafion of tnorgank: fiUers ike 
Sica and tak: can inaeases the modulus, 
such materials are of less importance. This 
is t>ecause ttie disposal of inorganic faier 
incorporated products is difficult due to the 
high ash content during indneration. In order 
to overcome the diffk:ulties assodated with 
vulcanized rubt>er films several methods 
such as grafting of monomers onto the NR 
chain, monomer coating, sensitization by 
new morxxners, predpitation of latex



proteins wtth different reagents arxf leaching 
of the vulcanizates w\ different solvents 
were employed"

In this paper organic fPters such as poly 
(virwl aloohol) PVA, poly (ethylene oxide) 
PEO etc. have been tried to Improve the 
technological properties erf radiation 
vulcanized latex. These water soluble 
polymers (WSP) are incorporated into the 
irradiated latex and their technological 
properties are studied in de^.

MATERIALS AND METHOD

Radiation vulcanized films were preparki 
from the centrifuged latex obtained fmn 
Malaysia The latex was first diluted to 50% 
total solids with ammonia solution 
followed by 0.2 phr (parts per hundred 
rubt>er) of 10% KOH solution. The 
sensitizer, n*burtyl acrylate, (5 phr) was 
then added with constant stintig. The 
inradiation was carried out with y - r ^  from 
a Co*̂  source at a dose rate of 10 kGy/h for 
2h. The irradiated latex is then mixed with 
different water soluble polymers, as 10% 
solutions, in different proportions. The films 
were then cast on raised glass plates and 
air dried tfll transparent The dried fims were 
leached, in 1% ammonia solution for 24h an6 
post cured in an air oven at 80®C for lh. 
Poly (vinyl atcohd). PVA supplied by 
Kurary Co. Ltd., Japan, has a degree of 
polymerization of 98 - 99%. Poly (vinyl 
alcohol) wtth saponification 78.5 - 81.5 %  
was supplied by Nippon Gohsei Ltd.. 
Japan. Poly (ethylene oxide), PEO E-30 
(moi.wt3x10*-5x 10®ĵ and PEO E-160 (moL 
wt. 3.6x10* - 4x10̂  were supplied by 
Meisei ChemicaS Wor^ Ud. Japan. Water 
soluble polymer solutions were prepared in 
an autoclave at 120 ”0 tor 2 h. The tensile 
measurements were earned out using a 
tensile testing machine, Strograph-R1 
(Toyoseki Co. Ltd). The tackiness of the 
films was measured using a prot)e 
Tackiness Tester model TAG II (Reshca 
Co. Ltd.). Transparency of ttte fims was 
measured using a Direct Reading Hazemeter 
(Toyoseki Co. Ltd). IR studies were done 
using a FT1R-8100A machine (Shimadzu 
Corporation, Japan). An optical mkrosoope 
of Nikon Ltd. Japan, was used for the 
observation of surfaces. Protein 
nieasurement was carried out as per ASTM 
D 5712. The precipitated protein was 
redissdved in rrinimin volume of 0.1 N

NaOH and then analyzed using Pierce 
BCA method. For assessing the resistance 
to ageing of latex films, tensile test pieces 
were kept in an air circulated oven, 
maintained at a temperature of 100^ for 
24h. The tensile properties of these 
samples were determined 24h. after the 
ageing period and compared.with those of 
the original samples.

RESULTS AND DISCUSSION

Figure 1 shows the variation of tensile 
strength of two WSP namely, PVA and 
PEO (E-30) incorpaated RVNRL fUms.

Figure 1: Variation of tensile strength with 
water sofubfe pofymer.
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Figure 2: Variation tear strength with water 
soluble polymers.



Thoogh we have conducted oqperiments 
^  a number of pdymer solutions onjy 
b̂ Mortant resutts are shown here, tt Is 
ob^î ed that irrespective of the nature of 
ihe ooiymer. WSP incorporation deaeases 
the tenstte strength of RVNRL fiims. In the 
case of PEO E-30, for a WSP content of 6 
phr. TS remains more a  less constantafter 
^  'inrtial decrease. The initial decrease is 
due to the hindrance of strain crystallization 
of N R by the addition of WSP. Variation of 
tear strength with water soluble polymer 
content is also shown in Figure 2. Tear 
strength inaeases continuously with both 
tt)e polymers. Here the effect Is more 
pronounced in the case of PVA incorporated 
rVNRL films. The FTIR spectra of NR and 
WSP incorpaated NR showed that 
absorption at 3280 cm is considerably 
high (data not given). This Is due to the 
wesenoe of hydroxyl groups from PVA. 
^  shifting of this peak towards the lower 
wave number shows the possibility of 
hydrogen bonding. The continuous increase 
in tear strength with WSP may be due to 
hydrogen bonding between WSP arxJ NR. 
This also indicates that water soluble 
polymers are present in RVNRL films even 
after the long (24 h) leaching process.
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Blend Ratio (PEO E-30/PVA), phr

VariaHon of tensile strength 
Bnd tear strength ¥¥ith blends water soluble 
polymers.

t̂fther evidence for the presence of WSP 
In RVNRL films after the leaching can be 
seen tram the optî  photos of the surfaces 
and also from the enhanced ageing 
properties of WSP incorpaated films which 
will t>e discussed later. Since we found each 
Pptymer has rts own characteristic effect on 
^  physical properties of RVNRL films, in

order to get an optimum balance of almost aB 
properties we blended different WSP before 
adding the same into the RVNRL. The 
blends were prepared by mixing PVA and 
PEO (E-30) in different proportions. Figure 3 
shows the effect of TS and tear strength. At 
equimoiar compc^on these blends have a 
balanced variation in tensile and tear 
properties. PEO E-160. a high mdecJar 
weight poly (ethylene oxide), also showed 
the same effect (Figure 4). Due to the 
processing difficulties with PEO E-160 we 
selected only PEO E-30 for further studies.
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Figure 4: Variation of tensile strength
and tear strength with blends of water 
so/ubie polymers.

Figure 5 shows the variation in tensile 
strength with an equinrtdar composition of 
PVA and PEO E-30. These equimolecular

Figures: Variation of tensile strength
with blends of water soluble polymer̂



blends incorporated RVNRL fiims showed 
almost constant variation in tensile strengtti 
upto 6 phr of WSP content though It is less 
than the control sample.

Dipping tactories are lacing a serious 
problem with the tugh tack of the products 
from RVNRL latex and also from 
conventionally vulcanized latex. The 
addness is often too high to permit stripping 
of the products from the fbmier. The 
tackiness depends largely on the origin of 
the latex and seems unrelated to the deg[ree 
of cross&ntong. Surface chtorination, 
hydrogel coating and tap water immersion 
have been tried to reduce the tackiness of 
natural mbber fims.̂ '̂  tt is reported that tt« 
tran^arency, one of the advantages of 
RVNRL f3ms has been reduced due to the 
fonmatian of a thin layer of deposits on the 
fikii surface due to the dissolved 
substances in tap water*

Blend Ratio (PEO E-30/PVA), phr

Fbure 6. Variation of tackiness witt) blends 
Of water soluble pô n̂ers.

From Rgm  6 it can see that the tackiness 
of the vns decreased continuously with 
water soiut)te poiymer incorporation. 
TacUness of the samples having 4 and 6 
phr of WSP content is practically negbgibte. 
Th  ̂optical photographs of leached fiims of 
RVNRL and inoorporked RVNRL are 
given in Figures 7a and 7b. Figure 7a is 
the surface of NR ftn t>efore leaching and 
6b is the surface after leaching, h can be 
seen that the NR surface being smooth is 
very tacky. On the ccntrar o

Figure 7 (a). Optical photomicrograph of 
RVNRL (am before teaching ( X 40).

7b is tt>e optical photograph of 
RVNRL fHm incorpaated with *3 phr each of 
PVA and PEO £-30 after leachmg. This

Figure 7b. Optical pfiotomicrograph of 3 phr 
PVA and 3 phr PEO incorjxrated RVNRL 
fUm after leac^wg ( X 40).

surface is rough and possibiy, that is the 
reason for nork-tacky films with WSP mixed 
latex. The surfaces of 2 and 4 phr WSP 
incorporated films also showed rough and 
non-tacky surfaces (data not given).

We found that m b^ of WSP in to latex 
causes fast leaching of soluble proteins. 
The WSP mixed RVNRL fiims are leached 
lor drfferent extraction periods In distilled 
vrater and the soluble protein content are 
given in Table 1. Before leaching WSP 
incorporated fBms have an extractabie 
protein content of 3.30 mg per gram of 
rubber. However, after leaching for 5 
minutes 90% of the soluble proteins are 
leach^ away which results in a film with 
reskiual protein 0.35 mg and after 15 
minutes leaching there is rx) detectable



Tat)le 1: EFFECT OF LEACHING TIME 
ON EXTRACTABLE PHOTEIN

Leaching Time
fMin.)

Extractable Proteins 
(mg/g)

0 3.30
5 0.35
10 0.20
15 Not detected
20 Not detected
25 Not detected
30 Not detected
35 N ot delected
40 Not detected

protein in ttie films. However in the case of 
RVNRL films with out WSP it takes 2 h to 
leach 97% of soluble protein ” After 24 h of 
leaching the residual protein content is 
50ug. This means that water sdufc>)e 
pcMymers in RVNRL tadlitates the fast 
leaching of soluble proteins. A possible 
reason for this fast leaching ts that soluble 
proteins have more affinity towards water 
soluble polymers than tt>e rubber 
hydrocartxYi. When water soluble polymers 
are mixed with latex the soluble protein 
fomis complex with WSP, from there it goes 
into the water during leaching. Since WSP 
incorporation causes fast leaching of latex 
proteins, the prolor>ged leaching time of latex 
products can be reduced considerably. This 
will reduce the loss of natural antioxidants 
present in natural mbber latex

The transparency of the RVNRL films is 
also imporbnt in the medical field as these 
matenals can be used as endoscopic 
balloons for internal examinations. The 
transmission of Ng-Yag laser through tt)e 
balloon is higher (98%), than that of the 
sulfur vulcanizate (65%). The balloon is thin 
and transparent enough to perform 
endoscopic examinations and laser 
treatment throoghit" The high transparency 
of the balloon is also favourable fa laser 
treatment to prevent acddental burning and 
destruction of the optical laser tip. It is found 
that the transparency of the fims depend on 
the type of the WSP incoporated into the 
RVNRL The RVNRL fSms mixed with 75.5 
to 81.5% saponified PVA has low haze and

Polymer concentration (Rhr)

Figure 8: Variation of Haze with water 
soluble polymer content

high transparency. The results are shown in 
Rgure 8. Though tt>e reason for the low 
haze is unknown. It is possibly due to the 
fomnation of a co^ex of WSP with the 
non<rubt>er components, which impart haze 
to natural rubber fam.

The ageing properties of WSP incorporated 
RVNRL are shown in Rgure 9. As C-C 
bonds have Ngher bond energies than C-S 
t>onds. the heat stability of the RVNRL fSms 
is superiato that of a sulphur vulcanizate 
However the ^eing properties of the 
radiatkxt vulcanizate is deteriorated by 
leaching with amnonia solution compared to 
those of the sulfur vulcanizate. One of the 
reasons for the poor ageing properties of

CO

Blend R atio (PE G  E-30 : PVA). phr

Figure 9: Variation of tensile strength
after aging at lOCfC of RVNRL fSms with 
water soluble pofywer.

the radiation vulcanizate is the absence of 
dithiocart)amates that function as strong



antioxidants. However. WSP incorporatecl 
RVNRL films show better age^ resistance. 
A five fold increase in tensile strength is 
obtained with the addition of 4 phr of WSP 
(Fî re 9). Another reason for the pqor 
resistance to themnakuidative degradation 
of leached RVNRL latex is due to the elution 
of natural antioxidants present in it'̂ . Since 
water soluble polymer Incorpacated 
vulcanizate requires only few minutes of 
leaching retenticn of some amount of natural 
antioxidants is possible. The saturated 
backbone structure of these polymers also 
contrd}utes towards the high themal ageing 
resistance of WSP incorporated fikms.

CONCLUSIONS

Mixing of water solut)le polymers such as 
PVA and PEG E>30 ^  the irracfiated 
natural rubber latex will increase the tear 
stren^ while tensile strength shows onty a 
small decrease. InadatiQn increases the 
soluble protein content in the serum phase 
where as that in the njbber phase 
deaeases. WSP inoocporated RVNRL has 
a fast leaching rate of solut>le proteins and 
the films are almost tree of soluble proteins 
after 15 minutes of leaching at room 
temperature. WSP is found to be retained in 
the rubt>er film even after the long leaĉ iing 
in water which imparts better ageing 
resistance to the rut>ber fSms. The surfaces 
of WSP incorporated RVNRL films t>eing 
rough have very low tackiness and a few 
minutes leaching in water will resutt in 
surfaces which are not at all tacky. 
Transparency of the racfiation vulcaniz^ 
films can be increased by the addition of 
suitable water soluble polymers into the 
latex. Addition of PVA (78.5 to 81.5% 
saponification) was found to produce highly 
transparent RVNRL filmsL
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