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4.1 RESULTS

4.2 EFFECT ON TENSILE STRENGTH
The samples were given reference numbers as CR-X-Y
CR is the Chlorinated Rubber
The values of X given as 10, 11, 13, 14, 15 & 17 show Chlorine concentration of
lOOOppm, 1150ppm, 1300ppm, 1400ppm, 1500ppm & 1700ppm respectively.
The values of Y given as 04, 08, 12, 16, 20 & 24 show the immersion times in
minutes.

Tabel 4.1 Tensile strength under different levels of chlorination.
Sample

Tensile Strength x 10"' MPa

NR

2.294

CR-10-04

2.961

CR-10-08

2.750

CR-10-12

3.071

CR-10-16

2.732

CR-10-20

3.243

CR-10-24

2.703

CR-11-04

2.769

CR-11-08

1.941

CR-11-12

3.175

CR-11-16

2.263

CR-11-20

2.805

CR-11-24

2.511

CR-13-04

2.421

CR-13-08

2.153

CR-13-12

2.617

CR-13-16

2.778

CR-13-20

3.009

CR-13-24

2.794
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1

Sample

Tensile Strength x 10 MPa

CR-14-04

3.013

CR-14-08

2.536

CR-14-12

3.162

CR-14-16

2.820

CR-14-20

2.908

CR-14-24

2.080

CR-15-04

3.024

CR-15-08

3.031

CR-15-12

2.637

CR-15-16

2.375

CR-15-20

2.703

CR-15-24

3.271

CR-17-04

2.919

CR-17-08

2.310

CR-17-12

3.123

CR-17-16

2.887

CR-17-20

2.662

CR-17-24

2.330

When analysing the results in Fig. 4.1 it can be noted that there is a cyclic pattern for
each chlorine concentration. Except for a few, all the other samples show an increase
in tensile strength than the unchlorinated sample. The minimum tensile strength was
19.412 MPa and highest was 32.707 MPa. For post vulcanised
tensile strength ranged

from

22

MPa to 38

film

samples the

MPa ( Blackley 1997). When

considering the chlorination time and chlorine concentration with the tensile strength,
the optimum level was found to be 1150 ppm chlorine concentration for 12 minutes.
The relevant tensile strength was 31.746 MPa. Although all the acidified chlorination
concentrations show a cyclic pattern, special consideration can be given to 1150 ppm
concentration since it shows an optimum tensile strength value.
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chlorine concnelrations

The tensile strength of the films increases with the increase of leaching time (Gordon
1951). The leaching causes the removal of non-rubber substances between the rubber
particles which comprise the film and improves interparticle integration.

The initial substitution

reaction disturbs

the stereo-regularity

of the

rubber

hydrocarbon. The ordered arrangement of the rubber hydrocarbon develops with the
increase of the substitution reaction. During this period, the cyclization reaction and
finally addition reactions obstruct the regular ordered arrangement of the forming
chlorine substituted rubber hydrocarbon. Depending upon the stereo-regularity of the
rubber hydrocarbon there is a variation in the tensile strength values.

The NR latex film showed a tensile strength value of 22.940 MPa of which ASTM
specification is 21 MPa. The tensile strength value increases with the increase of
leaching time (Gordon 1951). The 4 minute chlorination level shows an increase of
tensile strength. This can be due to efficient leaching as discussed earlier. There is a
decline in the tensile strength of the 8 minute sample. This can be due to the initial
substitution reaction which occurs on the film. It has been found that the substitution
reaction is the first reaction during the chlorination.

The ratio being 1 chlorine molecule per isoprene unit (Kraus et al. 1950).
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Hence the stereo-regularity of the polyisoprene structure is disturbed due to the
introduction of CI groups into the main chain. This causes a reduction in strain
induced crystallinity which results in a reduction of tensile strength.

There is a huge increase in tensile strength of the 12 minutes sample. The continuous
substitution reaction causes introduction of more CI groups into the polyisoprene
main chain. This gives a stereo-regular arrangement which increases strain induced
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crystalline structure on the polyisoprene main chain and further, better leaching at 12
minutes cause the higher tensile strength.

The tensile strength begins to decrease at the 16 minutes chlorination. It has been
identified that a cyclization reaction occurs during the initial substitution. The acidic
behavior of the medium increases during the substitution reaction (kraus et al. 1950).
Gordon(1951) proposed the following cyclization reaction.
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Hence the cyclohexene rings disturb the stereo-regularity of the main chain where the
substitution occurs. This reduces the strain induced crystallisation and hence the
tensile strength.
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There is an increase in tensile strength of the 20 minutes chlorinated sample. This can
be due to further development of the substitution reaction where cyclization decreases
(Kraus et al. 1950). The stereo-regularity of the polymer chain increases and the strain
induced crystallinity also increases. This increases the tensile strength of the film.

The tensile strength decreases in the 24 minutes chlorinated sample. It has been
identified that there are addition reactions which take place with the substitution after
a certain stage (Blackley 1997).

In this stage, 1.2 molecules of chlorine react with one isoprene unit (Kraus et al.
1950).
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These structures disturb the stereo-regularity of the polymer chain. It decreases the
strain induced crystallization and the tensile strength.

When analysing the other concentrations the curves for the concentrations of 1000
ppm, 1150 ppm, 1300 ppm and 1400 ppm show an identical pattern. Hence it proves
the suggested theory. The curves for chlorine concentration of 1500 ppm and 1 700
ppm show a different cyclic pattern. The peak values occur slightly differently. This
can be due to higher chlorination level.

Finally, the relevant data proved that chlorine concentration of 1150 ppm at 12
minutes chlorination give the optimum tensile strength when considering the time
factor.
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4.3 EFECT ON SURFACE TOPOLOGY
The Fig. 4.1 and Fig. 4.13 revealed that chlorination at 1150 p p m for 12 minutes gave
the optimum results. Hence optical microscopic pictures were taken at 1150 ppm
concentration for different immersion times and different concentrations for 12
minute immersion time. There are shown in Fig. 4.2 to 4.8 and 4.9 to 4.12
respectively.
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Fig. 4.3 - P h o t o g r a p h of the surface of CR-11-04 sample obtained from
the optical microscope with 25 magnification.

m

f

Fig. 4.4 - P h o t o g r a p h of the surface of CR-11-08 sample obtained
from the optical microscope with 25 magnification.

58

Fig. 4.5 - P h o t o g r a p h of the surface of CR-11-12 sample obtained from
the optical microscope with 25 magnification.

Fig. 4.7 - P h o t o g r a p h of the surface of C R - 1 1 - 2 0 sample obtained from
the optical microscope with 25 magnification.

Fig. 4 . 8 - P h o t o g r a p h of the surface of CR-11-24 sample obtained from
the optical microscope with 25 magnification.
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Initially analysis was done about the topology of chlorinated samples at 1 150 ppm
with different immersion times. Compounding ingredients mainly accelerators can
remain on film surface even after thorough

leaching (Blackley

1997). The

unchlorinated PV latex film shows the agglomerated form of the accelerators as dark
patches by the transmitted light (Fig 4.2). The latex film can be seen in white.
Commercially leaching is done in two stages at higher temperatures where fresh
turbulent water run counter to the dipping line. Even after application of this efficient
leaching system, the excessive compounding ingredients remain on the film surface.
The unchlorinated PV latex film had undergone leaching for only 2 minutes in
running tap water. Hence a higher concentration of excessive compound ingredients
can be accepted from the film which is further proved from the photographs.

The photographs with increase of immersion time show the removal of more excess
compounding ingredients from the film surfaces. It has been noted that excess
compounding ingredients can be reduced by chlorination (Blackley 1997), yet excess
compounding ingredients remain on film surface even at 20 minutes immersion time.
The dark appearance of the film surface increases with the increase of immersion time
except in the case of the 8 minute sample which is a thinner film than the 4 minute
sample. Halogenated rubber is harder than vulcanised rubber (Blackley 1997). The
level of chlorination increases with the increase of immersion time. Thus the hardness
of the film increases with the increase of immersion time. The dark appearance is due
to the hardness of the film. Hence dark appearance of the film increases with the
immersion time.

There are uniformly spread tiny white spots on the micrograph of the 4 minutes
chlorinated film (Fig. 4.3). They gradually disappear with the increase of the
immersion time. The white spots are less hard areas which have less resistance to light
transmission. Chlorination of rubber is a mixture of reaction mechanisms. Due to this,
chlorination of rubber is not uniform along the film surface. There are differences in
levels of chlorination of the film. As previously discussed, the white spots are less
chlorinated less hard areas. These areas disappear with the increase of immersion time
due to higher levels of chlorination.

There is a marked difference on the film surfaces

which have been chlorinated for
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more than 12 minutes. Large, dark domains are formed which are broken in to darker,
smaller but higher n u m b e r of domains with the increase of immersion time. White
lines are formed, which widen at higher immersion times. A s discussed earlier, the
large, dark domains are the harder more chlorinated areas. There is a difference in
densities between the hard and soft areas on the film which leads to uneven shrinkage
( M . C . K h e w ). This is m o r e prominent with the increase of immersion time. Hence
surface hardening increases and surface cracks appear and widen with the increase of
immersion time. The widened surface cracks also get dark sports due to increase of
chlorination time.

Separate analysis w a s done about the topology of chlorinated samples with 12 minute
immersion time under different concentrations.

Fig. 4.9 - P h o t o g r a p h of the surface of CR-10-12 sample obtained from the
optical microscope with 25 magnification.
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Fig. 4.5 - P h o t o g r a p h of the surface of CR-11-12 sample obtained from the
optical microscope with 25 magnification.

Fig. 4.10 - P h o t o g r a p h of the surface of CR-13-12 sample obtained from
the optical microscope with 25 magnification.

63

Fig. 4.11 - P h o t o g r a p h of the surface of CR-14-12 sample obtained from
the optical microscope with 25 magnification.

The 1000 ppm sample (Fig. 4.9) shows dispersion of excess compounding ingredients
which reduces gradually with the increase of concentration. As discussed earlier,
higher chlorine concentrations show better leaching behaviour. Yet few excess
compounding ingredients remain even after 1500 ppm concentration.

There are tiny white dots visible at 1000 ppm. They gradually reduce in number at
higher concentrations. The white dots are less hard less chlorinated areas. At higher
concentrations these less hard areas become harder. This result is less number of
white spots with the increase of concentration.

The appearance of the film looks darker with the increase of chlorine concentrations.
The hardness increase along with the chlorination level at higher concentrations. The
harder surface gives more resistance to light transmission which results in darker
surface appearance.

Large, dark domains are formed which separate into smaller, darker but higher
number of domains with the increase of concentration. Further white lines also form
and widenat

higher concentrations. As discussed

earlier, different

levels of

chlorination along the film surface cause different hardness and density levels. This
leads to uneven shrinkage which results in surface cracks. These behaviours increase
with the concentration. Hence separation of domains and development of surface
cracks can be identified at higher concentration.

The above factors show that higher chlorination levels reduce excess compounding
ingredients from the film surface which confirms better leaching behaviour. Further
surface hardening increases and surface cracks appear which widen at higher
chlorination levels.
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4.4 EFFECT ON FRICTION COEFFICIENT

Table 4.2 Friction coefficient under different levels of chlorinations.
Sample No
NR
CR-10-04
CR-10-08
CR-10-12
CR-10-16
CR-10-20
CR-10-24
CR-11-04
CR-11-08
CR-I1-12
CR-11-16
CR-11-20
CR-11-24
CR-13-04
CR-13-08
CR-13-12
CR-13-16
CR-13-20
CR-13-24
CR-14-04
CR-14-08
CR-14-12
CR-14-16
CR-14-20
CR-14-24
CR-15-04
CR-15-08
CR-15-12
CR-15-16
CR-15-20
CR-15-24
CR-17-04
CR-17-08
CR-17-12
CR-17-16
CR-17-20
CR-17-24

Friction Coefficient
1.334
1.249
1.239
0.898
1.279
1.341
1.248
1.032
1.510
0.638
1.140
1.655
1.105
1.068
1.420
1.160
1.087
1.098
0.894
1.044
0.944
1.120
1.252
1.126
1.018
0.912
0.974
1.149
0.940
0.928
1.095
1.122
1.077
0.984
0.944
1.193
1.362

1.8

CN

Fig. 4.13 Variation of Friction coefficient o n c h l o r i n a t i o n t i m e for t h e s a m p l e s i m m e r s e d in
different c h l o r i n e c o n c n t r - h t i o n s

There were some practical problems associated with these findings. During the
friction coefficient test, it was observed that the object did not have uniform
movement on the latex film when it is at an angle. This may be due to different
frictional behaviors along the latex film.

The Fig. 4.13 was obtained after finding the frictional coefficients for different
chlorination levels on prevulcanised dry latex films. It can be identified that there is a
cyclic pattern for each curve with the increase of chlorination level.

This Fig. 4.1 and Fig. 4.13 which were obtained

for different chlorination levels

proved that the chlorine concentration of 1150 ppm gave the best results on each
occasion.

The analysis of the results obtained for frictional coefficients for different immersion
times at 1150ppm chlorine concentration revealed the following findings.

There was a reduction in friction coefficient of the 4 minutes chlorinated sample and
then it follows a cyclic pattern till the 16 minutes sample. Then it further increases in
the 20 minutes sample and finally it decreases in the 24 minutes sample.

Chlorination has been considered as a solution to increase the surface lubrication on
powder free gloves. Surface lubrication can be increased by reducing both surface
tackiness and surface friction. Though surface tackiness is a different property it has
some interconnection with surface friction. Surface hardening and surface roughening
are two different factors which contribute to the surface friction of a chlorinated
prevulcanised dry latex film. The more important factor from these is the surface
hardening ( Blackley 1997).

NR latex products have a certain level of excessive compounding ingredients on its
surface (Blackley 1997). According to the photograph obtain from the optical
microscope it can be assumed that excess compounding ingredients mainly ZDEC
remain on unchlorinated or less chlorinated PV latex film surface. They can be
identified as agglomerates or tiny dispersions of very small particles on the film
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surface. Most of these excessive compounding ingredients have

^
II
-C-

^
H
-C-

groups which can cause polarity on its structure. It can be assumed that these polar
groups create the H bonds which is required to give the adhesive property. This can
cause surface tackiness on the film surface and increase the surface friction. As
previously discussed under the topology of the latex films, the increased chlorination
levels reduce more and more excessive compounding ingredients on the surface thus
further reducing the surface tackiness.

The photographs from the optical microscope show that dark domains form during
chlorination. M.C.Khew reported that large dark domains form during chlorination.
He observed that the higher chlorination levels cause

the separation of large, dark

domains in to higher number of small, much dark domains. The topology of the
chlorinated PV latex films proves his suggestion. Halogenated natural rubber is harder
than vulcanised natural rubber, which causes surface hardening and reduce the surface
friction (Blackley 1997). Hence these dark domains are the hard highly chlorinated
areas on the film surface. The increase in chlorination levels create more and m ^ r

it.
hard surfaces which increase surface hardening and reduce the surface friction.

^

M.C. khew further reported from his optical microscopic observations that there are
surface cracks on film surface which widens during the increase in chlorination level.
He found that these surface cracks roughen the film surface and increase the surface
mean roughness. The photographs obtained at 1150 ppm chlorine content confirms
this suggestion since higher chlorination levels cause an increase in surface cracking.
This creates certain unevenness and it can be called as a microtextured film (Blackley
1997). This surface roughening can increase the surface friction.

Further chlorination causes

additional small, dark domains to form on widening

white cracks. These harder spots can reduce the surface friction. Hence these white
cracks creates complicated frictional behavior with the increase in chlorination level.

Depending upon the level of compounding ingredients, surface hardened areas and
surface cracks on the film, there are variations in the friction coefficient values.
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The unchlorinated

prevulcanised latex dry film shows agglomerates of excess

compounding ingredients which cause unevenness and hence increase the surface
friction. Apart from

that

these

excess

compounding ingredients can create

surface tackiness which further increase the surface friction.

The 4 minutes chlorinated sample shows equally dispersed excess compounding
ingredients which reduce surface unevenness and surface friction. The removal of
excess compounding ingredients reduce surface tackiness and surface friction. Hence
there is a total reduction in the surface friction.

The

8 minutes chlorinated sample shows removal of more excess compounding

ingredients which reduces surface tackiness and surface

friction. The excess

compounding ingredients are randomly dispersed which cause surface unevenness
and increase the surface friction. Thus

there is an overall increase in the surface

friction.

The 12 minutes chlorinated sample shows the formation

of harder chlorinated

domains which increase surface hardening and reduce surface friction. The excess
compounding ingredients are further reduced which reduce the surface tackiness. So
there is a huge reduction in the surface friction.

The 16 minutes chlorinated sample shows hardening of chlorinated areas which
increases surface hardening. The excess compounding ingredients are further reduced
and the surface tackiness decreases, but white patches have formed which are the
surface cracks. These cracks create surface roughening and increase the surface
friction. The overall result is the increase in surface friction.

The 20 minutes chlorinated sample shows separation of hard domains due to surface
cracking. Although there are surface hardened areas and less excess compounding
ingredients which reduce surface friction, the surface cracking has caused an overall
increase in the surface friction.

The 24 minutes chlorinated sample shows further development of dark domains even
on the surface cracks due to higher chlorination. This creates more surface hardening
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on the film. Although there are surface cracks which increase the surface friction,
further development of surface hardened areas evenly on film surface and more
reduction in excessive compounding ingredients cause an overall reduction in surface
friction.

The friction coefficient increased according to the following chlorine concentration
order, which were chlorinated for 12 minutes
1150 ppm<1000 ppm< 1400 ppm < 1500ppm <1300 ppm
An analysis was done with the photographs which were obtained after 12 minutes
chlorination at the given concentrations.

The observations for 1150 ppm sample revealed that there are less agglomerates and
dispersion of excess compounding ingredients. This reduces the surface tackiness and
surface friction. Slightly darker domains formed increase the surface hardening and
reduce the surface friction. These two factors had caused the lowest

friction

coefficient to the 1150 ppm sample.

The 1000 ppm sample shows a higher concentration of agglomerates of excessive
compounding ingredients which increase surface tackiness and surface friction. The
hard dark domains have not developed as in the 1150 ppm sample. Hence it has the
next highest frictional coefficient.

The 1400 ppm sample shows less excessive compounding ingredients thus reducing
surface tackiness and surface friction, White cracks formed cause unevenness, surface
roughening and increase the surface friction. Hence white cracks give more frictional
impact than the dark domains formed and excessive compounding ingredients. Thus
it has the next highest friction coefficient.

The 1500 ppm sample shows less excessive compounding ingredients which causes
reduction of surface tackiness and surface friction. Although there are hard, dark
domains forming which reduce surface friction, there are large number of white
cracks forming, which increase surface roughening and surface friction. Hence it has
the next highest friction coefficient.
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The 1300 ppm sample shows more excessive compounding ingredients which
increase the surface tackiness and surface friction. The white cracks have begun to
form which cause surface roughening and increase the surface friction. The hard dark
domains formed reduce the surface friction, but its impact is less. Hence 1300 ppm
sample shows the highest friction coefficient.

It can be observed that curves for chlorine concentrations of 1000 ppm, 1150 ppm,
1300 ppm, 1400 ppm and 1500 ppm have nearly identical patterns, but show slight
variations according to the level of chlorination.

The 1700 ppm chlorine concentration shows an abnormal curve which can be due to
over chlorination. This can result in poor age resistance of the product and it is not
economical.

4.5 EFFECT ON EXTRACTABLE PROTEIN CONTENT

The BCA enhanced protocol method was used to find the extractable protein content
since it is easier and less complicated. Further most manufacturers prefer this method
because protein content up to 50 pg /g can be detected. It has been identified that the
macromolecular structure of proteins, number of peptides and the presence of

four

amino acids (Cystenine , Cystine, Tryptophan and Tryosine) are reported to be
responsible for color formation with this method (Wiechelman et al. 1988).

The graphs obtained for tensile strength and surface friction at different chlorination
levels showed that 1150 ppm chlorine concentration at 12 minutes immersion time is
the optimum chlorination level. Hence extractable protein content was checked for
samples which had undergone chlorination at 1150 ppm with different immersion
times. Protein content was further checked for samples which were chlorinated at
different concentrations for 12 minutes immersion time.
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Table 4.3 Extractable protein content at 1150 ppm chlorine
concentration
Chlorination Time
(Minutes)

Protein Content (Micrograms/gram of
rubber)

0

1050.678

4

856.951

8

804.466

12

763.817

16

736.742

20

712.287

24

671.887
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Fig. 4.14 Protein Content Vs Chlorination Time

The unchlorinated prevulcanised dry latex film shows an extractable protein content
of about 1050 ug/g which is quite high when compared to unchlorinated glove film
which has an extractable protein content of about 50-100ug/g. The glove films usually
undergo a very thorough leaching process where they face high temperature
turbulance of fresh water which run counter to the dipping line for a longer period of
time unlike the unchlorinated prevulcanized dry latex film which was leached by
running tap water

for 2 minutes. Since the prevulcanized dry latex film had

undergone less leaching it shows a higher extractable protein content.
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running tap water

for 2 minutes. Since the prevulcanized dry latex film had

undergone less leaching it shows a higher extractable protein content.

It can be found from the Fig. 4.14 that higher the chlorination time the lesser the
extractable protein content. The higher chlorination times removes more water soluble
proteins and water insoluble proteins from the film surface. Hevein which is a major
4

allergen has a low molecular mass of l x l O Daltons and dissolves in water at all pH
levels. There are some proteins with higher molecular weights like a Globulin which
do not dissolve in distilled water but dissolve in neutral salt, acid or alkaline solutions
(Blackley 1997). The acidified chlorinated medium help these proteins to solublise
more easily than the distilled water. These proteins include a Globulin and some
major allergens. Hence higher chlorination times make more proteins to dissolve in
the medium. This reduces the extractable protein content with the increase of
chlorination time.

Table 4.4 Extractable protein content at 12 minutes chlorination time
Chlorine Concentration
(ppm)

Protein Content
(Micrograms/gram of rubber)

1000

890.123

1150

763.817

1300

626.146

1400

514.139

1500

511.882

1700

339.617
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Fig. 4.15 shows a gradual reduction of the extractable protein content with the
increase of chlorine concentration for an immersion time of 12 minutes. The higher
ionic concentration dissolves more and more water soluble and insoluble protein from
the latex film as discussed earlier. Hence higher chlorine concentrations cause a
reduction in the extractable protein content.

These findings are industrially important. The efficient double leaching system can
reduce the extractable protein content to about 50ug/g. These are all water soluble
proteins. Yet there are water insoluble proteins which solublise in human sweat.
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Human sweat is a salt solution. The dissolved protein absorbed around the powder
particle can cause the allergic reaction on contact with human skin (Vance 1997).
These types of proteins can not be removed by the double leaching system. As
discussed earlier they can be removed by neutral salt, acidic or alkaline medium.
Further these high molecular weight proteins can undergo disintegration in the
presence of ammonia which was used as a preservative to form water soluble low
molecular weight proteins (Vance 1997). They can act as allergens. Hence reduction
of water soluble and water insoluble proteins are necessary requirements to avoid the
protein allergy problem. Double leaching system alone do not fulfil this requirement.
Hence chlorination is a good solution to reduce both water soluble and insoluble
proteins.
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