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ABSTRACT

The influence of process variables such as ball milling time, concentration
and temperature of mould deaning, temperature, and time of prevulcanization
and final vulcanization on the quality of condoms and the pinhole rejection
rate have been studied . It was found that an optimum ball milling time of 72 h
improve condom properties and reduce pinhole rejection rate. Optimum
concentration of mould cleaning soap solution is in the range of 0.5-0.7 %
and its temperature 60 °C . Time and temperature of prevulcanization and
final vulcanization are interrelated in determining the final product properties.
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INTRODUCTION

NR latex condoms are widely used as a contraceptive
and as an effective barrier against sexually transmitt-
ed diseases . Presence of pinholes in condoms makes
them unsuitable for use . Therefore each condom is
electronically tested for the presence of pinholes and
only those which pass the test are further processed.
This leads to a considerable percentage of the produc-
tion being rejected . The important quality parameters
of condoms, as specified by WHO, are listed in Table
1 . When strict compliance to these specifications is
resorted to, further rejections are possible.

In the manufacturing process for condoms all
solid compounding ingredients are added to latex as
dispersion and water insoluble liquid ingredients as
emulsion . The particle size of the dispersions and

droplet size of emulsions should be comparable to
that of the rubber particles [1] . This is required for
obtaining a uniform distribution of the ingredients in
latex [2-5] . As condoms are manufactured by straight
dipping technique, the surface quality of formers have
a direct influence on the quality of condoms . The
soap solution used for cleaning the formers should
have adequate concentration . The temperature of the
cleaning bath also influences the degree of cleanliness
and the properties of condoms.

The time and temperature of prevulcanization
of the latex compound also have a direct influence on
the quality of condoms. The final vulcanization time
and temperature are of much importance as far as the
product properties and hence the overall quality of the
product are concerned.

In spite of the significant influence of the above
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Table 1 . WHO Specification for latex condoms.

Specification

	

~

	

Inspection level

	

Method

	

I

	

Limits

	

I AQL (%).
Critical specifications

Air Burst
volume (a)
pressure (a)
volume (b)
pressure (b)

Freedom from holes
Package integrity

G-1

G-t
80 condoms/batch
80 condoms/batch

G-1
S-3

ISO 4074-6

ISO 4974-8
ISO 4074-6
ISO 4074-6
ISO 4074-5

WHO Specs. 2.1 .3 (ii)

Minimum (L)
Wz/150
1 kPa
Mean (L): W21100
1 kPa
No leakage
Inflate 1 min

1 .0

1 .0
-
-

0 .25
2 .5

a) before oven conditioning and b) after oven conditioning.

Specifications based upon programme requirements
Width

Length
Thickness
Lubricant quantity and
viscosity
Package condition

and markings

S-2

S-2
S-2
S-2

S-3

ISO 4074-3

ISO 4074-2
WHO Specs . 2.2 .2 (ii)
WHO Specs . 2.2 .3 (ii)

WHO Specs . 2.2 .4 (ii)

53149 mm f 2mm (individual) ± 1 mm
(batch ay.)
1801170 mm minimum
0.08 mm t 0 .02 mm
450 ± 100 mg (of which 20-60 mg corn
starch powder) 200-350 centistokes
Free from defects

1 .0

1 .0
1 .0
4.0

2.5

General specifications
Latex

Bead
Shape
Texture
Colour
Clarity
Dressing and
compounding
materials"
Odour
Taste
Packaging
Workmanship'

Consumer packs
Inner boxes

Exterior shipping
cartoons

NIA

NIA
NIA
NIA
NIA
NIA
NIA

NIA
NIA
N/A
NIA

-

S-3

V .I.

V .I.
V .I.
V .I.
V .I.
V .I.
V .I.

V .I.
V .I.
V .I.
V .I.

-

V.I .

Natural rubber, no grit or discolouration,
no toxic or harmful substances
Intact and integral with condoms
Parallel-sided, reservoir tip
Smooth
No added colour
Translucent
Non-deleterious, harmless, non-irritant

Odourless
Tasteless
Laminate with metal 8 It minimum thickness
Condoms and packaging free from
defects; manufacturer to follow GMP

-

Contents ; marking ; materials;
construction; and workmanship; as
specified

0

0
0
0
0
0
0

0
0
0
0

_

2.5

VI) where this is shoran under 'Method', testing for the property is by visual inspection ; (WA) Not applicable (indicates that no spedic sample is taken for tis test),

and (•) Indicates that objective evidence is required that the specification is being adhered I0-
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process variables on the quality of condoms and the
extent of pinhole rejection rate, systematic investigat-
ions on these aspects have not been reported.

In this paper the effect of ball milling time,
concentration and temperature of mould cleaning sol-
ution, temperature and time of prevulcanization and
final vulcanization on quality parameters of condoms
and pinhole rejection percentage have been studied.

EXPERIMENTAL

Materials
High ammonia centrifuged natural rubber latex,
whose characteristics are listed in Table 2, was used
for the study . Casein potassium oleate, ammonia, sod-
ium di-N-butyl dithiocarbamate (Nocceller TP, Ouchi
Shinko Chemical Industrial Co ., Japan), activated
dithiocarbamate (Setsit-5, Vanderbilt, USA), zinc
oxide, 2,2-methylene 4-ethyl 6-tert-butyl phenol
(Nocrac NS-5, Ouchi Shinko Chemical Industrial Co .,
Japan), sodium salts of polymerized substituted
sulphonic acid (Darvan No .1 and 2, Vanderbilt, USA)
and sulphur were of commercial grades.

Methods
Ammonia was diluted to 25 % and 1 % solutions,
potassium oleate and casein were used as 20 % and
10 % solutions, respectively. Dispersions of solid in-
gredients were prepared by ball milling . Ball milling
was carried out for 72 h to prepare a 50 % composite
dispersion of all solid ingredients except when the
effect of ball milling time was studied . Particle size
distribution of the composite dispersion was assessed
using a Malvern particle size analyzer. The ingred-
ients were added in the order given in Table 3.
Soluble ingredients such as Nocceller TP and Setsit-5
were directly added to latex and stirred well.
Prevulcanization of latex was done by heating the
compound at 55 °C for 8 h under stirring . In the
studies of the effect of prevulcanization on quality of
condoms, the time and temperature of prevulcaniz-
ation was varied . After prevulcanization, latex was
diluted using I % ammonia solution to a total solids
content of 48 % . Condom samples were produced by

Table 2. Characteristics of latex.

Appearance Clear milky white colour
without grey yellow

Total solids content (TSC)

(% by mass)
Dry rubber content (DRC)
(% by mass)

Non-rubber content (TS-DRC),
(% by mass)
Total alkalinity as ammonia
(in the aqueous phase)
(% by mass)

	

°
Viscosity at 25 °C (cps)
Mechanical stability time (s)
Volatile fatty acid number
Coagulum content
(% by mass)
Potassium hydroxide number
pH value at 25 °C

61 .5 (max)

60 (min)

1 .2 (max)

1 .72-2.30

150 cps (max)
1000 (min)
0 .04 (max)
0 .1 (max)

0 .5 (max)
10 .5-11

Zinc oxide viscosity (max .) : 20 % thickening at 25 °C,

5 min after addition of 1 phr zinc oxide.
22 % thickening at 25 °C, 60 min after addition of 1 phr
zinc oxide

Zinc oxide stability (s) : 12-210, 60 min after addition of
1 phr zinc oxide.

Zinc oxide heat stability time (s) : 250-350 at 90±2 °C,

60 min after addition of 1 phr zinc oxide.

straight dipping technique using glass formers.
Double dipped products were prepared and vulcaniz-
ation was done in an air oven at 80 °C for 30 min . For
the studies of the effect of time and temperature of
vulcanization on quality of condoms the parameters
were varied and the resulting products were analyzed.
After the final vulcanization, condoms along with the
mould were cooled to room temperature and stripped
from the mould using French chalk powder.

After 24 h conditioning the products were test-
ed for pinholes, tensile properties, burst volume and
burst pressure . Air and water leak tests were carried
out as per IS 3701-1985 [6] . Electronic testing was
conducted to detect pinholes . Burst volume and burst
pressure tests were carried out as per ISO 4074/6--
1984 [E] . Ageing was conducted in an air oven at
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Table 3. Compounding formulation.

Ingredients phr

Centrifuged NR latex 100
Ammonia 0.28

Potassium oleate 0.02

Casein 0.02

Nocceller TP 0.2

Setsit-5 0.5

Zinc oxide 0.9
Nocrac NS-5 0.5
Sulphur 1 .5

Darvan No. 1 0.045

Darvan No. 2 0.045

70 °C for 168 h. Tensile strength, elongation at break
and modulus at 500 % elongation were determined
using a Zwick universal testing machine model 1474
according to ASTM 412 (80).

RESULTS AND DISCUSSION

Effect of Ball Milling Time
It was found that as the ball milling time increased
particle size decreased up to 72 h and then it margin-
ally increased. The specific surface area also increas-
ed up to 72 h and then decreased as is shown in Table
4. The exact reason for the slight increase in particle
size beyond 72 h ball milling is not clear . Probably,
under conditions of prolonged ball milling there is a
tendency for reagglomeration of particles . During the
course of ball milling, there has been a steady change
in the particle size distribution towards the lower
range as is clearly indicated in Figure 1 . Table 4 also
indicates that pinhole rejection percentage was maxi-
mum for the highest particle size dispersion and it
gradually decreases with decreasing particle size . The
percentage of condoms having pinholes was 55 when
the ball milling time was 1 h while it was only 10
when the ball milling time was 72 h . In the case of
tensile strength, burst volume and burst pressure a
gradual increase was observed up to 72 h ball milling
and a slight decrease beyond that point . It was

Figure 1 . Effect of ball milling period on particle size.

reported [7] that size of sulphur particles is of great
importance for the cross-linking reaction . The high
tensile strength, modulus and burst volume obtained
at 72 h ball milling could be attributed to the optimum
level of cross-linking obtained by the fine particle
size dispersion of sulphur and other ingredients.

Effect of Mould Cleaning
When different concentrations of mould cleaning
soap solution were used, it was observed that as the
concentration of soap was increased from 0 .1 to 0.7 %
tensile strength showed a slight increase while burst
volume and burst pressure improved considerably. It
was also observed that pinhole rejection percentage
was reduced from 12 .50 to 8 .75 when the soap
concentration was increased from 0 .1 to 0 .5 and then
it increased to 10 for a concentration of 0.9 %. It
reveals that an optimum concentration of soap can
reduce the quantity of rejected condoms by ensuring a
cleaner mould . However, excess of soap can have an
adverse effect as well. Presence of dust, dirt, grease
etc ., on the mould surface can produce pinholes or
weak spots in latex film . With thorough cleaning of
the mould using an adequate level of soap, this can be
minimized and latex pick up becomes uniform and
this may be the reason for the improved burst volume
and other properties observed as is shown in Table 5.

A higher amount than the optimum level of
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soap might cause frothing of latex which could lead to
more pinholes . It may be noted from Table 6 that the
efficiency of mould cleaning increased when the
temperature of the bath was raised from 20 to 60 `C
as is evidenced by the values of pinhole rejection rate
and other properties . All the strength properties of
condoms improved steadily with increasing tempera-
ture of mould cleaning bath. A higher temperature is
always helpful in removing grease from mould sur-
face and a grease-free mould is more uniformly wett-
ed by the latex compound leading to better properties.

Effect of Prevulcanization
As the prevulcanization time was increased from 4 to
12 h the pinhole rejection rate increased and a maxi-

mum was reached at 10 h of prevulcanization.
Modulus at 500 % elongation and tensile

strength increased with increasing temperature of pre-
vulcanization and a maximum value was obtained at
10 h (Table 7). But it was noted that ageing resistance
decreased as the prevulcanization time meecased at is
evident from Figure 2a. Retention of properties after
ageing was adversely affected as the prevulcanization
time was increased . Burst volume and burst pressure
were maximum at 6 h of prevulcanization . However,
retention of these properties after ageing was poorer
with increasing the prevulcanization time.

The temperature of prevulcanization also has a
significant influence on the properties of condoms.
Table 8 indicates that pinhole rejection rate increases

Table 4 . Effect of ball milling time of composite dispersion on quality of condoms.

Ball milling Av particle Av . Specific Pinhole Modulus at Tensile Elongation Burst Burst pressure
time (h) size (pm) surface (m2lcc) reject. (%) 500 % (MPa) strength (MPa) at break (%) volume (L) (kPa)

1 14.12 4 .62 55 7.5 16.1 750 17 .9 0 .7

24 2 .48 6 .86 47 7 .7 17 .0 774 18 .8 0 .8

48 1 .21 10 .39 26 8 .0 19.2 786 29 .9 1 .0

72 0 .50 15 .56 10 8 .5 20.9 799 31 .8 1 .4

120 0 .70 12 .81 10 8 .5 19.5 788 30 .9 1 .2

Table 5. Effect of concentration of mould cleaning bath.

Concentration Pinhole Modulus at 500 % Tensile strength Elongation Burst volume Burst pressure
of soap solution (%) rejection (%) (MPa) (MPa) at break (%) (L) (kPa)

0 .1 12 .5 7.7 19 .9 760 30 .5 1 .0

0 .3 10 .0 7.9 20 .1 765 31 .0 12

0 .5 8 .7 8 .0 20 .9 790 3 .18 1 .4

0 .7 8 .7 8 .1 21 .0 799 34 .2 1 .4

0 .9 10 0 8 .0 20 .8 798 35 .0 1 .3

Table 6 . Effect of temperature of mould cleaning bath on quality of condoms.

Temperature of Pinhole Modulus at 500 % Tensile strength Elongation Burst volume Burst pressure
bath (°C) reject. (%) (MPa) (MPa) at break (%) (L) (kPa)

20 12 .5 7.9 20.0 754 28 .9 0.9

30 12 .5 7.9 20.1 785 30 .4 1 .0

40 10 .0 8.0 20 .9 791 31 .8 1 .4

50 10 .0 8.2 21 .4 781 33 .0 1 .4

60 8 .75 8.2 21 .7 788 33 .5 1 .2
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Table 7 . Effect of prevulcanization time (temp : 55 °C).

Prevulcanization Pinhole Modulus at 500 % Tensile strength Elongation Burst volume Burst

time (h) reject. (%) (MPa) (MPa) at break (%) (L) pressure (kPa)

4 7.5 8 .0 18 .8 789 33.8 1 .2

fi 8 .7 8 .0 19 .4 811 33.9 1 .4

8 10 .0 8 .0 20 .9 798 31 .8 1 .4

10 12 .5 8 .1 21 .1 813 30.9 1 .4

12 12 .5 8 .4 21 .0 810 30.8 1 .4

steadily with increasing prevulcanization temperature .

	

pressure passes through a maximum at 50 °C . Tensile

Modulus at 500 % elongation, burst volume and burst

	

strength was found to decrease marginally with

6

	

8

	

10

	

12
Period of prevulcanization (h)

t----

90 -	 A

10

	

20

	

30

	

40

	

50
Period of final vulcanization (min)

110

(a)

	

(c)

60

(b)

Figure 2. Effect of process variables on retention percentage of properties .

	I	 1	 I	 i
70

	

80

	

90

	

100
Temp. of final vulcanization (°C)

(d)

	1	 1 _

50

	

55

	

60
Temp . of prevulcanization (°C)

45 65

110-

50-
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increasing temperature of prevulcanization . Ageing
resistance also decreased when the temperature of
prevulcanization was increased (Figure 2b).

During prevulcanization of latex both cross-
linking and main chain scission of rubber take place.
Although cross-linking reaction is predominant
during the initial stages chain scission may become
comparatively more significant when the reaction is
carried out for a longer period and/or at a higher
temperature . Strength properties in general, improve
as the extent of prevulcanization increases.

However, after the maximum cross-linking has
taken place, any further increase in temperature or
time or both causes reduction in strength properties

on account of chain scission reactions. It is also worth
noting that as the vulcanization of latex takes place
within the individual rubber particles, the surface
hardness of the particles increases during vulcaniz-
ation . This reduces the chances for interparticle
fusion, which is one of the factors contributing to the
strength of films prepared from prevulcanized latex.
Therefore, in order to achieve maximum strength it is
essential to optimize time and temperature of pre-
vulcanization . The exact reasons for the adverse
effect of time and temperature of prevulcanization on
pinhole rejection rate are not clear. It is possible that
the viscosity of the latex compound increases during
prevulcanization . A higher viscosity of the latex

Table 8 . Effect of prevulcanization temperature (time: 8 h).

Prevutcanization Pinhole Modulus at 500 % Tensile strength Elongation Burst volume Burst
temp . CC) reject . (%) (MPa) (MPa) at break (%) (L) pressure (kPa)

45 8.75 7 .8 21 .0 799 32 .3 1 .3
50 8.75 8 .0 20.9 811 32 .0 1 .4

55 10.0 8 .0 20.9 792 31 .8 1 .4

60 11 .2 7 .9 20.3 787 30 .1 1 .3

65 12.5 7 .8 20.3 778 29 .8 1 .3

Table 9 . Effect of final vulcanization time (temperature : 80 'C).

	Vulcanization

	

Pinhole

	

Modulus at

	

500 % Tensile

time (min)

	

reject . (%)

	

(MPa)

	

IM

10

	

8.75

	

84

20

	

10 .0

	

8 .4

	

2

30

	

10 .0

	

8 .0

40

	

10 .0

	

7 .9

50

	

10 .0

	

7.9

Table 10 . Effect of final vulcanization temperature (time : 30 min).

	Vulcanization

	

Pinhole

	

Modulus at

	

500 % Tensile

	temp. ("C)

	

reject. (%)

	

(MPa)

60

	

10 .0

	

8.0

70

	

10 .5

	

8 .0

80

	

10 .0

	

8 .0

90

	

12 .5

	

7 .8

100

	

12 .5

	

7 .8

e strength Elongation Burst volume Burst
Pa) at break (%) (L) pressure (kPa)

20.9 890 30.6 1 .4

1 .0 800 32 .1 1 .4

20.9 798 31 .8 1 .4

20 1 765 28 .1 1 .3

18 a 764 26 .8 1 .1

e strength
MPa)

Elongation
at break (%)

Burst volume
(L)

Burst
pressure (kPa)

21 .3 813 30.0 1 .4

21 .3 800 32 .4 1 .4

20.9 798 31 .8 1 .4

20A 789 31-5 1 .3

19.9 785 30.4 t2
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causes more air entrapment leading to increased
pinhole formation.

During ageing also both cross-linking (post-
curing) and chain scission take place . As the cross-
linking reaction has already been completed and all
the vulcanizing ingredients fully used up, further heat ,
treatment can cause only chain scission leading to
drop in strength properties.

Effect of Final Vulcanization
In the manufacturing process condoms are subjected
to a final vulcanization at an elevated temperature for
a predetermined time. Tables 9 and 10 show the effect
of time and temperature of final vulcanization on
properties of condoms . It is observed from Table 9
that 20 min is the optimum period for vulcanization at
80 °C. Properties such as modulus, tensile strength,
burst volume and burst pressure attain maximum
values in minutes . Beyond this period, most of the
properties drop . Ageing resistance also decreases
significantly beyond this period.

From Table 10 it is noticed that 70 'C is the
optimum temperature for final vulcanization of
condoms if the duration is fixed as 30 min . Strength
properties attain maximum values at this temperature
and then decreases at higher temperatures . Pinhole
rejection rate was found to increase with higher temp-
erature of final vulcanization . It is possible that the
microlevel air bubbles expand and burst at the higher
temperatures leading to larger number of pinholes.

The accelerators used in the compound are
dithiocarbamate type which give a peak cure . Also the
latex used was already prevulcanized before the dip-
ping process. Therefore, the longer final vulcanization
time and higher temperature might be causing rever-
sion and this could be the reason for the sudden
decrease in tensile strength and burst volume values
especially after ageing (Figures 2c and 2d) . It is an
established fact that the amount of combined sulphur
in rubber vutcanizate is a linear function of heating
time [8] . The rate of reaction between rubber and
sulphur also depends on the temperature at which the
mixture is heated . Hence the variation in strength
properties noted at higher time and temperature of
prevulcanization and final vulcanization could be due

to the difference in combined sulphur content and a
higher cross-link density.

CONCLUSION

Properties of condom improve and pinhole rejection
rate decreases as the ball milling time of the
composite dispersion increases, the optimum period
being 72 h . Particle size of the ingredients decreases
considerably during ball milling.

Optimum concentration of mould cleaning soap
solution is in the range 0 .5–0 .7 % and its temperature
60 °C.

Time and temperature of prevulcanization and
final vulcanization are interrelated in determining the
final product properties. Prevulcanization of 8 h at 50
'C and final vulcanization of 30 min at 70 °C appear
to be optimum.
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