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 The physical strength of NR latex films is dependent to a large extent, on its state of 
chain entanglement and the extent of crosslinking of rubber molecules. Crosslink 

density of NR latex films rose with increasing levels of sulphur used in 

vulcanization.Under the electron microscope, crosslinked regions appeared as dark 
areas within the elliptical shaped rubber particles (intraparticle crosslinks) and as 

strands linking the rubber particles (interparticle crosslinks). Latex films prevulcanized 
at room temperatureshowed more interparticle crosslinks as compared with films 

prevulcanized at 60°C. In terms of physical strength, prevulcanization of NR latex films 

at 60°Cresulted inhigher tensile strength as compared with films prevulcanized at room 
temperature, indicating improved strength properties of the films. Curing and leaching 

treatments clearly improved the tensile strength and modulus of elasticity of latex films, 

whether they were prevulcanized at room temperature or at 60 °C. The reduction of the 
thickness of both PVRT and PV60 films from 0.18 mm to 0.08 mm decreased the 

stiffness of the films, but TS was comparable regardless of thickness, indicating a very 

good softness in thinner films in this study. Glove fatigue tests showed that NR latex 
gloves of greater thickness exhibited higher fatigue life cycles as compared to gloves of 

lesser thickness. The relatively weak areas of the latex glove were in its curved parts. 

For thicker gloves, tear was more frequently observed near the base of the second 
finger, whilst for thinner gloves, failure was more likely to be due to pin holes between 

the second and third fingers. Generally, there was no clear relationship between the 

strength properties and the fatigue life cycles of the gloves. However, for thicker 
gloves, changes in the number of fatigue life cycles that the gloves could withstand 

tended to be linked to changes in the EB %. 
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INTRODUCTION 

 

 The natural rubber (NR) industry has contributed positively to the Malaysian economic growth since 

the1950’s. The industry has featured strongly in the socio-economic development of the country, sustaining the 

livelihood of more than 200,000 smallholder rubber tapper families whilst the downstream latex product 

manufacturing sector provides employment to over 60,000 workers [11]. Thus, the importance of this industry 

in both rural and urban economic growth is very substantial. Malaysia is currently the world’s leading exporter 

of latex gloves, mainly to the United States and Europe, and accounts for about a 65 % share of the world’s 

glove market [4] Seventy-two percent of all gloves exported from Malaysia are made of NR latex. Even though 

NR latex gloves now face increasing competition from synthetic rubber (SR) products such as nitrile, neoprene, 

polyisoprene and vinyl gloves, NR latex remain the material of choice for many manufacturers and end-users 

because of its high strength, elasticity, good barrier properties, comfort, and “green image”[7,8].  

 The present trend in the industry is towards the production of much thinner NR latex gloves which are not 

only less costly, but alsoreduce fatigue stress of the user.  The current emphasis on thin gloves necessitates an 

investigation of the integrity of thinner films used in protection devices used in safety and health care areas. The 

quality of NR latexfilms during service and storage is currently tested by various physical strength 

measurements, such as its tensile strength (TS), elongation at break (% EB), and modulus of elasticity (M300) 

[2]. The standard test methods are normally carried out on samples cut from the palm area of the glove, and 

these samples are stress-tested to failure. Nevertheless, such tests do not impose dynamic stress/strain changes 

on other parts of the glove other than the palm area. These other areas that could behave differently under test 

are not routinely examined [5]. 
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 The objective of this study is to examine the relationship between physical measurements obtained from the 

commonly used standard test methods and the current test method currently developed at the Malaysian Rubber 

Board known as the glove fatigue test. The principle of the test is to inflate and deflate the glove continuously 

until the gloves lose their integrity through the formation of holes or tears. This study also examines several 

factors that may affect the physical properties of NR latex films such as the thickness of the film, 

prevulcanization temperature, storage of the prevulcanized NR latex compound, drying temperature, and 

leaching treatment.  

MATERIALS AND METHODS 

 

Compounding formulations: 

 Commercial grade high ammonia natual rubber latex (HA) of 60% total solid content (TSC) purchased 

from Getahindus Sdn. Bhd., Malaysia was used. All chemicals in the compounding formulations were of 

commercial grade, used without further purification. Fifty percent aqueous dispersions of sulphur, zinc 

diethyldithiocarbamate (ZDEC), zinc oxide (ZnO)and Wing StayL
®
 antioxidant were prepared by ball mill over 

72 hours. The compounding formulations with 0.25,0.75 and 1.50 phr sulphurcontent used in this study are 

shown in Table 1. 

 
Table 1:  Compounding formulations.  

Compounding Ingredient TSC  

(%) 

A 

(phr) 

B 

(phr) 

C 

(phr) 

HA natural rubber latex 60 100 100 100 

Potassium hydroxide solution 10 0.3 0.3 0.3 

Potassiumlaurate solution 20 0.3 0.3 0.3 

Sulphur dispersion 50 0.25 0.75 1.50 

Zinc diethyldithiocarbamate dispersion 50 0.5 0.5 0.5 

Zinc oxide dispersion 50 0.3 0.3 0.3 

WingStay-L® antioxidant 50 1.0 1.0 1.0 

 

Compounding procedure: 

 The vulcanizing agents were first mixed and stirred for five minutes. Stabilizers which are potassium 

hydroxide solution and potassium laurate solution were then added to HA latex, followed by the vulcanizing 

agents. After 15 minutes of constant stirring at 100 rpm, Wing Stay-L
®
antioxidant was added and the NR latex 

compounds were stirred for another 15 minutes. Next, the NR latex compounds were separated into two parts, 

one part prevulcanized at room temperature (PVRT) for 48 hours, and the other prevulcanized at 60 °C (PV60) 

for 2 hours and then cooled in a refrigerator (3°C-4°C) for 3 hours to stop the reaction. Following this, the PV60 

latex was left at room temperature (28°C-30°C)for another 43 hours to improve uniformity before being used 

indipping.  

 

NR latex film preparation: 

 A coagulant solution was first prepared by dissolving calcium nitrate in water at 10 weight percent. The NR 

latex compound was diluted to 30 % TSC with de-ionized water and stirred for 30 minutes. A clean dry glove 

former was immersed in a 10 % coagulant for 5 seconds before drying and dipping into the NRlatex compound. 

The former with a uniform layer of latex on it was carefully withdrawn. To produce two different thicknesses of 

films for this study, the dwell time in the dipping process varied was set at 5 seconds and 15 seconds to produce 

films with the target thicknesses of 0.08-0.09 mm and 0.18-0.19 mm respectively. The latex gloves produced in 

this manner were then subjected to leaching in warm water (60 °C) for 30 seconds before being cured and dried 

in a hot air oven at 110°C for 20 minutes. To study the effects of the leaching and the drying temperatures, films 

that were unleached or dried at room temperature were also prepared. All the NRlatex gloves were powdered 

with cornstarch before stripping and kept dry in desiccators until testing.  

 

Measurements of physical properties:  

 The physical properties of NR latex films such as tensile strength (TS) and Modulus (M300) of the test NR 

glove samples were determined according to ISO 37, using the 5565 Instron machine. The glove was cut 

according to ISO dumbbell type 2, and the dumbbell-shaped film was subjected to stretching with a crosshead 

speed of 500 mm/min until breakage. 

 

Accelerated ageing: 

 All test samples were heated in hot air oven at 100 °C for 24, 48 and 72 hours. Aged samples were then 

subjected to the measurements of physical properties.  
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Determination of crosslink density: 

 Crosslink density of NR latex films was determined through solvent swelling measurement and the Flory 

Rehner equation [1]. Three replicates of each test sample were prepared. The initial mass of each test piece was 

recorded. The test pieces were then immersed in toluene for 48 hours to reach an equilibrium state of swelling. 

The surfaces of the test pieces were then wiped with filter paper; subsequently the test pieces were weighed 

twice in a weighing bottle before they were placed in a vacuum oven to remove all the solvent and reweighed. 

 

Crosslinked rubber network visualization: 

 Test samples were first swelled to equilibrium with styrene, followed by polymerizing the styrene, then 

sectioning the embedded samples to obtain sections between 150 nanometers to 200 nanometers thick. The 

sections were then placed on the examination grids and subjected to staining with osmium tetroxide for one hour 

to reveal a rubber mesh structure under a transmission electron microscope (TEM). 

 

Gloves fatigue test: 

 The test involved inflating and deflating the glove using air pressure of 1 bar built up within 4 seconds, 

expanding the palmar area of the glovesby200 %, holding for 2 seconds and releasing the air slowly over 50 

seconds. The test equipment fitted with a pressure gauge allowing for continuous inflation and deflation of the 

glove and, for automatic stoppage when the glove develops a pin hole, tear or burst.  

 

RESULTS AND DISCUSSION 

 

Crosslink density of NR latex films: 

 Crosslink density of the films was determined from equilibrium swelling and using the Flory Rehner 

equation. As expected, a high level of sulphur introduces a high level of cross links formation between the 

rubber chains. Figure 1 shows that, the crosslinks densities of both the PV60 and PVRT films rose with 

increasing the sulphur contents. The leaching treatment and curing process were found to further increased the 

crosslink density in latex films as compared to films that were unleached or that were dried at room temperature 

(RT). Comparisons between prevulcanization at 60°C (PV60) and at room temperature(PVRT) showed that 

PV60filmsattained higher crosslink densities as compared with PVRT films. This implied that heating of NR 

latex with the vulcanizing agents in the presence of water together with non-rubber constituents was important 

to obtaining higher crosslink density. The highest crosslink density was 4.397 x 10
-5

gmole per gram of rubber 

hydrocarbon for the leached and cured PV60 films treated with 1.50 phr sulphur.  

 

 
 

Fig. 1: Effect of sulphur levels, leaching, and heating on the crosslink density of NR latex films. HL is leached     

and cured film; HUL is unleached and cured film; UHL is leached and dried at RT film; UHUL is 

unleached and dried at RT film. 

 

Microstructure of cross linked rubber network:  

 Cross linked regions in the PVRT and PV60 films were examined under the transmission electron 

microscope. The dark phases in the micrographs (Figure 2) represent the cross linked NR particles, whilst the 

light phases represent polymerized styrene. The individual cross linked NR particles were clearly visible as dark 

elliptical shaped areas. The cross linked regions also appeared around the NR particles section in between NR 
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particles (interparticles) as strands linking up the NR particles. This suggests that crosslinking occurs not only 

on the surface of the rubber particles but the vulcanizing agents can diffuse very far into rubber molecules where 

the crosslinking takes place. The results also show that PVRT films exhibited more interparticles crosslinks 

compared to PV60 films. Tinker and Jones [10] reported a relationship between crosslink density and  mesh size 

in the micrograph, i.e. a correlation between mean mesh size in the micrograph and Mc (number of molecular 

weight of network chains between crosslinks) from the stress strain measurement. In the present study, however, 

it was difficult to measure themean mesh size in the micrograph and, moreover, not only the crosslinking within 

the NR particles but also those between the NR particles should be taken into account. The TEM visualization 

technique in this study found homogenous intraparticle crosslinked regions in each NR particlesize in both 

PVRT and PV60 films, underlining the efficiency of the vulcanizing system. On the other hand, the micrographs 

also showed that a finer mesh structure was displayed when the sulphur content was increased, supporting the 

theory that the mean mesh size of NR particles decreased as the crosslink density of the NR films rose. It could 

also be seen that films of lower crosslink density absorbed more styrene than films that were highly crosslinked.  

 

 
 

Fig. 2: TEM micrograph of NR latex films showing intraparticle and interparticle crosslinks. 

 

Physical properties of NR latex films: 

 TS and M300 values of the NR latex film obtained from the glove samples are shown in Table 2. The M300 

values were increased when sulphur levels rose from 0.25 phr to 0.75 phr and 1.50 phr in both PV60 and PVRT 

films. Apparently, an increase of crosslink density resulted in a corresponding increase in the M300 value of the 

films. A previous study [7] has found higher crosslink density to be reflected in higher tensile strength, but the 

crosslinks might also favour strain crystallization of the rubber, contributing to its stiffness. This explanation 

posits that the strength of a NRlatex film would increase with increasing crosslink density until excess 

crosslinking retarded the extent of coalescence. In this study, the highest TS was demonstrated in the film with 

the highest sulphur level. This result suggested optimum crosslink density was attained at that sulphur content 

which favoured the formation of strong coherence in the film. The maximum TS arose at an M300 value of 

about 1.091 MPa and 1.274 MPa for PVRT and PV60 films respectively. A comparision of the M300 and TS 

values obtained from PVRT and PV60 films in Table 2showed that heating the vulcanizing agents in the 

presence of water and the non-rubber constituents in NR latex compound promoted better crosslink reactions 

and is, hence, one approach towards obtaining better physical properties of NR latex films.  

 Comparisons were made between cured and uncured films, and between leached and unleached films on 

their physical properties. Curing at high temperatures might initiate further crosslinking, known as post-

vulcanization. On the other hand, leaching treatment during the wet gel stage enhanced the physical properties 

of the films. It is believed that, up on drying, the non-rubber components, principally proteins which are 

adsorbed on the surface of rubber particles tend to prevent the effective coalescence of the rubber particles [6]. 

Hence, removal of the proteins by the wet-gel leaching treatment before curing provided better interaction 

between rubber molecules from the adjacent particles, resulting in a more coherent film. This study found that 

the leaching treatment improved the TS value of higher crosslink density films to a much greater extent as 

compared to the corresponding effect on lower crosslink density films. This might be due to more non-rubber 

constituents involved during cross linking reaction in higher crosslink density films; thus leaching of these non-

rubber constituents added to the coherence of the film. 
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Effect of film thickness on its stiffness and tensile strength: 

 The TS value of the NR latex film was calculated from the cross sectional area of the test specimen and the 

extent load value (stiffness) upon stretching based on ISO 37 (ISO 2005). In the present study, the load values of 

both PV60 and PVRT films upon stretching were recorded at various extents of elongation of the films to study 

the effect of thickness on stiffness of the films. The effect of film thickness on the load values of PV60 and 

PVRT films is shown in Figure 3 and Figure 4 respectively. Both figures show that the load increased gradually 

as the films elongated between 100 % to 500 %.  Beyond 500 % elongation, there was a sudden increase in the 

load. Hence, the effect of sulphur levels on stiffness of the films was recorded at the point 500 % elongation. It 

was clear from these results that films with higher sulphur levels exhibited higher stiffness. This might be due to 

the increased crosslinks density in the films. The reduction of the thickness of both PVRT and PV60 films from 

0.18 mm to 0.08 mm was accompanied by a decrease in the load values.  However, the TS was not as much 

affected by film thickness. These results show that, compared with thicker films, the thinner films provide better 

flexibility (which in turn would reduce fatigue stress of the hands of the user) without sacrificing its strength.  

 
Table 2:  Physical properties of thin (0.08 mm) and thick (0.18 mm) NR latex films. 

 Physical properties 

 Tensile strength (Mpa) M300 (Mpa) 

Films Cured Uncured Cured Uncured 

 Leached Unleached Leached Unleached Leached Unleached Leached Unleached 

PVRT         

0.08mm         

0.25 S 13.350 11.325 9.026 9.709 0.761 0.748 0.750 0.718 

0.75 S 19.596 17.508 18.875 15.688 0.909 0.871 0.865 0.809 

1.50 S 21.290 18.361 17.972 16.361 1.067 0.908 0.957 0.912 

0.18mm         

0.25 S 15.921 13.134 11.054 12.466 0.818 0.784 0.734 0.729 

0.75 S 19.809 18.865 17.252 18.237 0.995 1.042 0.999 0.927 

1.50 S 23.021 21.313 18.570 19.592 1.091 1.040 0.989 0.984 

PV60         

0.08mm         

0.25 S 15.002 14.766 14.842 13.621 0.841 0.827 0.831 0.802 

0.75 S 21.764 19.943 18.984 18.808 1.104 1.073 1.093 1.012 

1.50 S 23.543 21.219 18.063 19.199 1.128 1.089 1.104 1.048 

0.18mm         

0.25 S 18.861 18.647 15.640 16.334 0.971 0.960 0.921 0.875 

0.75 S 22.809 19.518 17.698 18.518 1.129 1.100 1.070 1.058 

1.50 S 25.215 23.985 19.310 23.704 1.274 1.267 1.272 1.202 

 

 

 
 

Fig. 3: Effect of thickness on stiffness of PV60 films. 
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Fig.4: Effect of thickness on stiffness of PVRT films. 

 

Effect of ageing on NR latex films:  

 Ageing resistance is very important for NR latex films because of their thinness. The resulting large surface 

area to weight ratio renders them susceptible to oxidative reaction. Figure 5 shows the effects of accelerated 

ageing in the hot air oven at 100 ºC.  PVRT films that had been aged 24 hours tended to show higher TS than 

unaged films. This was probably due to enhanced rubber particle integration during the ageing process. 

However, no significant increment on TS values of PV60 films was observed. The TS of both PVRT and PV60 

films began to decrease after 48 hours, and loss of its integrity was observed after 72 hours of ageing. The 

decrease in TS of PVRT films was much higher than PV60 films, typically on films with higher sulphur levels. 

On the other hand, PVRT films demonstrated lower heat resistance compared to PV60 films. These findings 

could be related to the network structure of the films. As shown in Figure2, PVRT films exhibited more 

interparticle crosslinks as compared with PV60 films, especially with films having higher sulphur levels. As 

indicated by Loh (1982), the proportion of polysulphidic crosslinks in the network was observed to increase 

with high sulphur to accelerator ratio. This study thus suggests that the higher interparticle crosslinks in PVRT 

might possibly be polysulphidic chemical crosslinks that could explain the destabilization of NR latex films 

upon ageing. 

 

 
 

Fig. 5: Effect of ageing on M300 and TS of NR latex films. 

 

Effect of storage time of the prevulcanized NR latex compound on the physical properties of the films: 

 An understanding of the effects of storage of prevulcanized NR latex on film properties is important for the 

manufacturer to produce NR latex gloves of consistent quality. This study examined the effect of storage on 

prevulcanized NR latex compounds over a 30-day period. Figure 6 shows the effect of storage on TS and M300 

of NR latex films prepared from both PV60 and PVRT compounds.  
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Fig. 6: Effect of storage on M300 and TS of NR latex films. 

 

 TS and M300 of both PV60 and PVRT films were found to increase considerably over the first seven days 

of storage. The TS value achieved an optimum value after 14 days of storage. It seemed that the period allocated 

for the vulcanising agents to react with NR particles during the prevulcanization process (either at RT for 48 

hours or at 60°C for 2 hours) might have been too short for optimum crosslinking reactions. Thus, the 

vulcanising agents might have continued in its crosslinking reactions during the period of storage, even at RT. 

However, after 30 days of storage, the TS of PVRT films started to decrease, with the exception of those 

subjected to the 0.25 phr sulphur treatment.  The TS and M300 from this film were found to increase gradually 

over the period of this study. This suggests that prevulcanization crosslinking reactions of NR latex film at 0.25 

phr sulphur for 2 days at RT were not optimal, resulting in lower TS and M300 values in the early part of the 

study. The TS and M300 values of the films improved to about 40 % and 30% for PVRT and PV60 respectively 

after 30 days of storage. On the other hand, the decrease in TS after 30 days storage for films with 0.75 phr and 

1.50 phr sulphur content might be a result of too much crosslinking concentration in the particles or due to 

degradation of the NR latex as indicated by Sasidharan et al. (2005)and thereby, decreasing the ability of NR 

particles to coalesce or fully integrate. In PV60 films, no significant changes in TS were observed after 30 days 

of storage, except for the 0.25 phr sulphur treated films where TS increased gradually. The optimum M300 at 

the highest TS value in this study was achieved at 1.24 MPaby the PVRT film treated with 1.5 phr sulphur and 

stored for 14 days. 

 

Fatigue properties of NR latex gloves in relation to film thickness: 

 NR latex gloves may tear, puncture or form a hole by movements of the hand and fingers while in use. 

When this happens, the gloves cease to function as barrier devices that protect the user from cross-

contamination. Therefore, it would be useful to estimate the barrier performance of the NR latex gloves during 

usage. The principle of the fatigue test was to flex the glove by inflating and deflating such that the gloves 

underwent stretching and relaxation repeatedly. As air filled the glove during the test with strain crystallization 

of rubber starting at > 200 %, the glove started to loses its integrity due to fatigue stress. In this study, it was 

clear that thicker films exhibited higher resistance to fatigue stress as compared to thinner films. This might due 

to the greater extent of coalescence of the rubber particles during the formation of thicker films. However, the 

huge difference of fatigue life cycles between thicker and thinner films shown in Figure 7 was unexpected. 

Figure 8shows the failure behaviour of NR latex gloves subjected to fatigue stress. The majority (80 %) of 

failure for the thinner films (0.08 mm) was due to pinhole formation at the crotch between the 2
nd

 and 3
rd

 

fingers, whilst for thicker films (0.18 mm), the gloves were bust and tear was observed at area near the base of 

2
nd

 finger. 

 Such fatigue failure behaviour affected the life cycle of the glove. This study suggests that the life cycles of 

NR latex gloves fatigue failure might not be governed only by the strength properties of the glove but also the 

shape of the glove.  In this connection, the relatively weak areas of the glove were in the curved parts of the 

glove. For the thinner glove, pinholes appeared between the fingers, typically at the crotch between the 2
nd

 and 

3
rd

 fingers because this was the weak area of the glove. For thicker films, the glove was able to resist the 

pressure for a certain number of cycles but would then bustnear the base of 2
nd

 finger because there was a huge 

gap between 1
st
 and 2

nd
 finger. A zigzag pattern was observed at the bust area of the glove and this can be relate 

to the variable sizes of rubber particles as shown at Figure 2that may influence the nature of the fracture. 
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Fig. 7: Fatigue life cycles 

 

 
 

Fig. 8: Fatigue failure behaviour of NR latex gloves. 

 

 Generally, there was no clear relationship between the strength properties and the fatigue cycles of the 

gloves (Fig. 7). However, it could be seen thatfor thicker gloves, changes in the number of fatigue cycles that 

the gloves could withstand tended to be linked to changes in the EB %.The fatigue life cycles of the gloves also 

tend to increase with the increased of sulphur levels used during vulanization in this study. The reduction of 

thickness of both PV60 and PVRT films from 0.18 mm to 0.08 mm significantly decreased the EB % of the 

films. The highest fatigue life cycles and EB % appeared at glove treated with 1.5 phr sulphur. A comparison 

between PVRT and PV60 films showed that glove prepared using PVRT attained higher fatigue life cycles and 

EB %. Figure 9 shows that, after 30-day of storage of the prevulcanized NR latex compound, the EB % and 

fatigue life cycles of the gloves made using PVRT latex compound were decreased. The changes in EB% and 

fatigue life cycles of the gloves made using PVRT may be due to additional chemicals reaction during storage. 

However, no significant changes in gloves made using PV60 latex compound was observed. 

 

 
 

Fig. 9: Fatigue life cycles after 30-day storage of the prevulcanized latex compound. 
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Conclusion: 

 This study confirmed that raising the sulphur levels in the compounding formulation consistently increased 

the crosslink density of NR latex films. Under the electron microscope, the crosslinked regions of the rubber 

particles appeared as dark elliptical-shaped areas while interparticle crosslinks appeared as strands around the 

NR particles.A comparison between latex films prevulcanized at room temperature (PVRT) and those 

prevulcanized at 60 °C (PV60) showed that crosslinks density, M300, and TS were higher in the latter, 

suggesting thatheating of NR latex with the vulcanizing agents in the presence of water together with non-

rubber constituents during the prevulcanisation stage was important in obtaining better physical 

properties.Curing and leaching treatments generally improved the physical strength of both PVRT and PV60 

films, implying the occurrence of crosslinking also at the dry stage. The reduction of film thickness from 0.18 

mm to 0.08 mm decreased stiffness, as indicated by a lowering of the load upon stretching, but TS was 

comparable regardless of thickness, indicating a very good softness in thinner films in this study. TS and M300 

values of both PV60 and PVRT films were found to increase over the first 14 days of storage. After 30 days of 

storage, TS decreased in PVRT films, but not in PV60 films.Accelerated ageing at 100 ºC in a hot air oven for 

24 hours tended to show higher TS when compared with unaged films, but after 48 hours the physical strength 

of the films decreased. In the majority of cases, fatigue failure for thinner films (0.08 mm)was due to formation 

of pinholes at the crotch between the 2
nd

 and 3
rd

 fingers, whilst for thicker films (0.18 mm), tearing was 

observed near the base of the 2
nd

 finger. However, thicker films were able to sustain higher fatigue life cycles 

compared to thinner films. 

 

ACKNOWLEDGEMENT 

 

 This study is part of a Master research project. The authors are grateful for the financial support and 

facilities provided by the Malaysian Rubber Board and University Technology MARA for the duration of the 

work. 

REFERENCES 
 

[1] Blackley, D.C., 1997. Polymer lattices science and technology. London: Chapman and Hall. 

[2] ISO., 2005. ISO 37: Rubber, vulcanized or thermoplastic Determination of tensile stress strain properties. 

Geneva, Switzerland: International Organization for Strandardization   

[3] Loh, A.C.P., 1982. Further investigations of the prevulcanization of natural rubber latex. Master, The 

North London Polytechnic, London .  

[4] Low, Y.K., M. Abdul Kadir, 2010. Trends in global rubber glove trade. Paper presented at the 5th 

International Rubber Glove Conference and Exhibition, Kuala Lumpur.  

[5] Ma'zam, M.S. 2002. Fatigue resistance of medical gloves. Journal of Rubber Research, 5(2): 65-83.   

[6] Porter, M.R., W.S. Wong, 1989. Factors Influencing the strength properties ot prevulcanized and 

postvulcanized latex films and of bulk rubber vulcanizates. Paper presented at the Polymer Latex III 

International Conference London.   

[7] Roslim, R.,  M.Y. Amir Hashim, 2010. Effect of filler on physical properties and surface morphology of 

natural rubber latex films. Journal of Rubber Research, 13(2): 125-138.   

[8] Roslim, R., M.Y. Amir Hashim,  P.T. Augurio, 2012. Natural rubber latex foam. Journal of Engineering 

Science, 8: 15-27.   

[9] Sasidharan, K.K., R. Joseph, S. Palaty, K.S. Gopalakrishnan, G. Rajammal,  P.V. Pillai, 2005. Effect of the 

vulcanization time and storage on the stability and physical properties of sulfur-prevulcanized natural 

rubber latex. Journal of Applied Polymer Science, 97(5): 1804-1811. doi: 10.1002/app.21918  

[10] Tinker, A. J.,  K.P. Jones, 1998. Blends of natural rubber. London: Chapman & Hall. 

[11] Tuan Muhammad, T.M., 2009. Rubber plantation and processing technologies (1st ed.). Kuala Lumpur: 

Malaysian Rubber Board. 

 

 


