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ABSTRACT 

There has been a wide speculation of the protein allergy in powdered gloves. It has 

caused some countries to replace the natural rubber latex with synthetic lattices. The 

experiments have shown that chlorination is a good answer to the protein allergy 

problem in the production of powderless gloves. The level of chlorination varies from 

one manufacturer to another. There aren't enough research to prove the optimum 

chlorination level with regard to different physical properties. This research was done 

to fill this void. The research was focused on finding tensile strength and friction 

coefficients at various chlorination levels. Further analysis was done on surface 

topology and extractable protein content for selected samples. 

The films were prepared from prevulcanised natural rubber latex. The chlorination 

was done by using a solution of sodium hypochlorite with 1% m/m hydrochloric acid. 

The dried prevulcanised latex films were chlorinated at different concentrations with 

different immersion times. Tensile strength was checked for all the films by using 

Hounsfield H10KT Electronic tensile testing machine. Friction coefficient was found 

for all the films according to the ASTM standard. The surface topology was observed 

for selected samples from transmitted light of the OPTIPHOT-POL microscope. 

Finally extractable protein content was found from BCA enhanced protocol method 

for selected samples. 

The results showed that there is a cyclic pattern for the variation of tensile strength 

and friction coefficient with the time of chlorination. The chlorine concentration of 

1150 ppm was selected as a suitable concentration which showed better results. The 

chlorination time of 12 minutes was selected as a suitable time which gave better 

results. The surface topology of these selected samples revealed that the removal of 

excessive compounding ingredients, surface hardenings and surface cracks increase 

with the level of chlorination. These factors have an effect on the films. The surface 

cracks can cause leakage of the film. The extractable protein content reduces with the 

increase of chlorination level. However it is necessary to do an analysis from Fourier 

transform Infra-red (FTIR) spectrometer on the formation of different bonds during 

the chlorination reaction. Since the facilities were not available it was not possible to 
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perform the FTER test. 

The overall results showed that chlorine concentration of 1150 ppm at 12 minutes is 

the optimum chlorination level. However an efficient leaching system has to be 

performed to further reduce the extractable protein content of the films. The 

chlorination system can be further improved by using the chlorine gas system instead 

of the acidified Sodium Hypochlorite solution. 
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1.1 BACKGROUND 

Natural rubber latex is a natural occurring organic polymer. It is extracted by 

tapping the bark of the rubber trees. This latex contains the rubber hydrocarbon, 

which is called Cis 1,4 Polyisoprene polymer, and its monomer is Isoprene. The 

natural rubber hydrocarbon has unique inherent properties of higher tensile strength, 

green strength, flexibility, etc. Scientists all over the world are trying very hard to 

produce a polymer that can substitute the natural rubber. The efforts have not yet 

been successful. 

The concentrated form of the natural rubber latex is used in Dipped products, Foam 

products, etc. Dipped products manufacturing industries mainly involve with the 

production of gloves, balloons, baby teats, baby toys, condoms, etc. and Foam 

products manufacturing industries with cushions, mattresses, pillows, etc. 

The main consumption of latex is used for the production of gloves. There are 3 

different types of gloves available in the market in the form of surgical gloves, 

examination gloves and household gloves. Further the gloves are produced as 

disposable gloves and non-disposable gloves. The disposable gloves are used only 

once and non-disposable gloves are repeatedly used. Surgical and examination gloves 

belong to the disposable category, which prevent the body fluids and viruses 

contaminating the skin of healthcare workers. These gloves are used as powdered 

gloves. The powder is used for easy donning and removal property. Natural 

Since it is a natural occurring polymer, the NR latex contains many non-rubber 

substances. Mainly Carbohydrates, Proteins, Lipids, Ash (Trace metals Na+, K+, 

etc.). They are distributed in the rubber and aqueous phases. The composition of 

these varies between certain limits in the latex. The proteins help to keep the stability 

of latex. The dipped products manufacturing industries use the centrifuged 

(concentrated) latex, which has a very low protein content in the final product. This 

small protein content has created immense problems to the latex industry. There have 

rubber latex is the preferred material for the surgical gloves due 

flexibility, better protection from viruses, less cost, fit and feel comfort. 
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been suggestions that the available plant proteins can cause allergic reactions 

to some of the sensitized people. 

Although the risk of latex sensitivity to general public is small as 0 .5%-

4.0% there are several groups that face greater risks (Bader 1997). These groups 

include healthcare professionals, spinabifida patients, certain industrial workers who 

are using gloves and those who are generally prone to other allergies. These allergies 

mainly have the symptoms of tears, burning or itching eyes, swollen mucus 

membranes, dizziness, abdominal pain, contact dermatitis that show skin irritations 

and anaphylactic shock on the sensitized individual (Vance 1997). 

The NR latex allergies are mainly found in powdered gloves. This powder can 

absorb the protein from the glove inner surface. Thus it can create different medical 

reactions on human body. The cornstarch powder with the protein can disperse 

randomly. This airborne protein can induce peritonitis, inflammation of the throat, 

nose and lung membranes. It can act as a station for bacteria and infect the surgical 

wounds. Further the protein-absorbed powder can induce skin irritation on contact 

with human skin. Hence the powder has become a transfer agent for sedentary as well 

as aerosolized proteins (Vance 1997). 

There are more than 40,000 NR latex related products in the market. The biggest 

consumer is USA with 13 billion pairs of NR latex medical gloves imported per 

year. It is estimated that 10% - 20% of healthcare workers in USA have some form of 

NR latex allergy (Perrela 1999). Thus user friendly, natural agricultural product has 

begun to create problems in the society. The Food and Drug Administration (FDA), 

the National Institute of Occupational Safety and Health (NIOSH), the Occupational 

Health and Safety Administration (OHSA) and the Consumer Product Safety 

Commission (CPSC) are all involved in making regulations for NR latex. The OHSA 

has already issued a technical bulletin advising the workers to select NR latex gloves 

only when necessary and to choose low protein powder free or synthetic gloves. 

There are 140 lawsuits at present against glove manufacturers due to effects of NR 

latex allergy (Vance 1998). Hence stringent rules and regulations have been 

formed to curb these perils. All these factors have contributed to shrink the NR latex 
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glove market and to expand its rival synthetic glove usage. Still with all these 

drawbacks the NR latex glove is the popular choice among the glove users and the 

synthetics have not been able to make any match. 

There are some solutions to overcome the NR latex allergy. 

(1) Produce powder free gloves 

(2 ) Reduce the protein content of gloves 

(3) Use Guayule tree to extract latex 

There is an increase in demand for powder free gloves. Since powder is the transfer 

agent for protein the surface lubrication of the inner glove surface should be 

increased by some other means. It can be done by surface halogenation, treating with 

Silicone, coating the glove inner surface by a different polymeric material, which is 

bonded to NR latex film, and flocking. 

There are various experiments going on to reduce the protein content of NR latex 

gloves. This can be done by proper and thorough leaching methods, using double 

centrifuged latex by creaming the centrifuged latex, enzymatic treatments and 

radiation vulcanization. 

Guayule latex has been considered as an alternative to NR latex because of non

availability of allergens, which cause the latex allergy. Although it is not a wide 

spread plant, it promises commercial viability. Still Guayule latex is still under 

experimental stage. Hence it has not made any significant impact as a replacement. 

Surface halogenation is done to reduce the surface friction and surface tackiness 

which is associated with NR latex films. This is a popular treatment for latex dipped 

gloves. It gives easy donning, removal property and smooth pleasing feel. 

Halogenated rubber is harder than vulcanized rubber. The surface halogenations are 

done as chlorination, bromination and iodination. 

Chlorination treatment is considered as the best since it reduces surface 

friction and surface tackiness much more than the other halogens. Thus 

it gives a microtextured film. It has been found that chlorination 



reduces the extractable proteins and removes excess accelerators from the 

glove surface. The chlorination can increase the chemical resistance of 

the glove film. Unless it is not over chlorinated there is an 

improvement in the properties of the glove film without affecting the 

bulk properties. 

There are three basic surface chlorination systems, which can be applied, in 

industrial use (Blackley 1997). 

(1) By immersing in Chlorine water which is prepared by dissolving 

Chlorine gas in water. 

(2) By immersing in aqueous Sodium Hypochlorite solution, which is 

acidified by dilute HC1 acid. 

(3) By immersing in an aqueous solution of an organic chlorinating 

agent, which is Sodium Dichloroisocyanurate. 

From all these three systems Chlorine gas dissolved in water is the best 

system but to control the Chlorine gas it needs more expensive and 

better equipment. The process of chlorination by an aqueous Sodium 

Hypochlorite solution acidified by dilute HC1 is less expensive and it 

needs only simple equipment. 

According to the previous experiments it has been noted that there is 

a reduction in the surface friction of the glove surface due to 

chlorination. It has proven as Blackley suggested that the higher the 

chlorination level lesser the surface friction. M.C. Khew in his research 

has found that higher concentration levels cause surface cracks on latex 

films. He noted that with the increase of chlorination level more 

surface cracks develop on latex film. This is a big problem in chlorinated 

gloves because after a prolonged storage period there can be very 

small holes on glove surface which are not safe for use (Bader 1999). 

Some research have been done on reducing extractable protein from 

the glove surface by chlorination. The higher chlorination levels reduce 

more and more extractable proteins from the glove surface (Bader 1996). 

According to the chlorination levels there are some variations in physical 
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properties. Blackley pointed out that there are no significant research 

done on physical and chemical properties with different chlorination 

levels (Blackley 1997). 

1.2 AIMS AND OBJECTIVES 

This research is focused on the optimum chlorination level that gives less surface 

friction, surface cracks, extractable protein content and high tensile strength of a NR 

latex film, which will be useful to the NR glove industry. 
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CHAPTER TWO 

LITERA TURE R E VIE W 



2 . 1 NATURAL RUBBER LATEX 

Natural Rubber latex (NR latex) is extracted by damaging the cambium 

or the lactiferous tissues of the Hevea Brasiliensis tree. NR latex is a 

white milky fluid, which coagulates after a certain time period in the 

natural environment. 

Different useful products are made from both dry rubber and latex. NR 

has very good properties of flexibility, tensile strength, resilience, green strength, 

abrasion resistance, tear resistance and flex cracking. 

2 . 1 . 1 HISTORICAL BACKGROUND 

Natural rubber was first introduced to the world by Claude de la 

Candamine a French explorer in 1744 who visited South America and 

brought some samples for experiments . This material was named as 

rubber in 1770 by a well-known chemist Joseph Priestly. Its commercial 

developments began after Charles Mackintosh patented a waterproof 

raincoat from rubber. Its industrial recognition was identified when Charles 

Goodyear found the vulcanization of rubber in 1840. Soon the broad 

spectrum of rubber or latex applications expanded from pneumatic tyres to 

buttons. There are about 2500 plants that are known to produce NR latex 

(Vance 1997). 

Main NR latex extracting plant is the Hevea Braziliensis. Guayle, Balata and 

Guttar Percha are other plants apart from Hevea, which can produce 

rubber. 

2 . 1 . 2 . CHEMICAL COMPOSITION 

NR latex can be defined as a colloidal dispersion of a polymeric 

substance (dispersed phase) in an aqueous medium (dispersion medium). Since 
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it is a natural occurring substance it consists of various substances at 

different limits. 

A typical composition can be given as follows. 

Total solid content - 35% 

Dry rubber content - 33% 

Protein substances - 1 . 0 % - 1 . 5 % 

Lipid substances - 1.0% - 2.5% 

Sugar -1 .0% 

Ash (metal ions & other - 1.0% 

inorganic ions) 

Water, add up to - 100 

These substances are distributed between 3 major phases 

(1) Rubber phase - 3 5 % 

(2) Aqueous phase - 55% 

(3) Lutoid phase (bottom - 10% 

fraction) 

There are also some minor phases 

consisting of carratenoid pigments give 

1997). 

of which Frey- wyssling particles 

a yellow colour to latex (Blackley 

The protein substances are distributed among the 3 major phases in 

different chemical structures and concentrations. 

The protein component of the rubber phase occurs as an adsorbed layer 

around the latex particle. Its chemical behavior is identical to the 

a Globulin which is available in the aqueous phase (Blackley 1997). 

The aqueous phase consists of 2 major proteins, which are known 

as a Globulin and Hevein. a Globulin is a surface-active protein of a 



higher molecular mass 200 KD. It is adsorbed at air - aqueous phase. 

Although it is insoluble in distilled water it is soluble in neutral salt 

solutions, acid and alkaline solutions. It's Isoelectric point is at pH 4.8. 

Hevein has a low molecular mass of 10 KD and soluble in water at 

all pH levels. Its isoelectric point is at pH 4.5 (Blackley 1997). Hevein has 

been identified as one of the major protein allergens on human body. 

It has been identified from electrophoretic analysis that there are seven 

different proteins with various Isoelectric points available in aqueous 

phase of fresh NR latex. There is at least one nucleoprotein which is 

known as Hevea Riboneucleoprotein is present in the aqueous phase 

(Archer et al.). 

There are water soluble and insoluble proteins available in the bottom 

fraction. Hevein, which is a major allergen, is found in this fraction. 

2.1.3 STRUCTURE OF LATEX PARTICLE 

The latex particle consists of arrangement of different layers, as shown in 

Fig. 2.1 

Rubber Hydrocarbon 

Lipid 

Protein 

Fig. 2.1- Cross section of latex particle 
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The rubber hydrocarbon consists of Cis -1,4- Polyisoprene polymer, which 

has Isoprene as monomer. 

H C H 3 H H 

C = C - C = C 

H C H 3 H 

•C 

H 

IsoDrene Monomer 
H H 

Cis -1,4- Polyisoprene polymer 

Cis-1,4-Polyisoprene polymer has an average molecular weight of about 

106. The lipid layer consists of Phospholipids, which are strongly adsorbed 

around the rubber hydrocarbon, and there are some lipids, which are probably 

dissolved within the rubber hydrocarbon. The phospholipids consist of 

lecithin, which has a slightly positive charge. Since the proteins have 

slightly negative charge in the field latex there is an ionic attraction 

between the two layers. Hence it keeps the protein adsorbed around the 

latex particle. 

The polypeptide chains of the protein get an overall anionic charge in 

an alkaline medium (Proteinate anion). 

NH2 NH2 
+ 

N H 3 N H 2 

C O O C O O C O O C O O H 

At the Iso-electric point where pH has a value between 4.4 - 4.8 

protein gets an overall neutral charge (Protein Switterion) 

the 

+ 
NHa 

+ 
NHa 

+ 
NHa N H 2 

C O O COO COO C O O H 
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The protein gets the formation of an overall protein cation in an 

acidic medium (Blackley 1997). 

+ + + + 
NHs NHa NHs N -\3 

COO COO COO COOH 

2.1.4 NR LATEX PRESERVATIVES 

There are two types 

(1) Short-term preservatives 

(2) Long-term preservatives 

The short-term preservation is done in the field and long-term is done 

for storage and long transportations. The main preservative is Ammonia. 

2.1.5 CONCENTRATED LATEX 

The latex has to be concentrated before its use in the production units. 

It is done to 

(1) Reduce the transport cost 

(2) Many latex products specially the ones produced by dipping require the 

latex to have a higher pickup on the former. 

There are four methods to concentrate the latex 

(1) Evaporation 

(2) Creaming 

(3) Centrifuging 

(4) Electro decantation 

The most common is the centrifuging method. 
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During the concentration of field latex, DRC value is increased from 

33% to 60% and TSC from 36% to 62%. There are some harmful proteins 

available as non-rubber substances in NR field latex. This protein content 

can be greatly reduced by centrifuging. It can be further reduced by 

(a) Double centrifuging 

(b) Centrifuging the creamed concentrated latex 

(c) Creaming the centrifuged concentrated latex 

2.2 NR LATEX COMPOUNDING INGREDIENTS 

Although natural rubber has good physical properties they are not 

sufficient to fulfill the requirements of its products. Therefore various 

chemicals are added as compounding ingredients for NR latex. 

The rubber products should have high resilience, flexibility and tensile 

strength. Hence the rubber should be vulcanized. Sulphur is the main 

vulcanizing agent for NR latex. It is used along with Zinc Diethyl Dithio 

Carbamate (ZDC) as an accelerator and Zinc Oxide as an activator. These 

chemicals are used as dispersions for better mixing. The stability of latex 

can be maintained by using a solution of Potassium Hydroxide an 

emulsion o f Potassium Laurate. Fillers, Anti oxidants, Pigments and Flame-

retardants can also be used as other compounding ingredients. 

Petra Vance reported that excess amounts of accelerators and anti 

oxidants on NR latex gloves can cause chemical sensitivity and induce 

skin irritation or inflammation of mucous membranes (Vance 1997). This 

excess compounding ingredients can be removed by proper leaching 

methods and surface chlorination of the dipped products (Blackley 1997). 

2.3 LATEX PRODUCTS 

The latex based industries are mainly involved in the production of gloves, 

balloons, baby teats, baby toys, condoms, cushions and mattresses. They are 
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made by dipping, foaming, compression and hollow molding methods. There 

are more than 40,000 products and over 300 medical items, which are made 

by these methods (Vance 2000). Rubber masks and rubber balls are made by 

hollow and compression moldings respectively. The foaming methods are 

used for the production of cushions, mattresses and sponges. 

The dipped products manufacturing industries are mainly involved in the 

production of gloves, balloons, baby teats and condoms. These products have 

an increasing demand. After the formation of films on the ceramic formers 

by the dipping methods, it undergoes vulcanization. This can be done as 

prevulcanization or post vulcanization. Most of the industrialists prefer the 

post vulcanization system since it is practically easier. 

After stripping the vulcanized item it undergoes the leaching stage where 

excess compounding ingredients and water-soluble proteins are removed 

from the film surface. Some dipped products mainly gloves undergo 

flocking or chlorination to increase easy donning property. Chlorination is 

a very important step in the industry. It increases surface lubrication, 

chemical resistance and reduces the extractable protein content of the 

glove film. Most industries prefer the chlorine gas system for higher 

efficiency. Solvent roughening is done to gloves according to the customer 

requirement. The former cleaning is also an important stage of the 

production for the next batch. . '̂"TIT/8 

2.3.1 LATEX DIPPED PRODUCTS 

2.4 DIPPING METHODS 

There are three types of dipping methods. 

(1) Straight dipping process 

(2) Coagulant dipping process 

(3) Heat sensitized process 

14 



The straight dipping process gives latex films of very low thickness. 

Hence their extractable protein content is quite high. 

2.5 NR LATEX GLOVE INDUSTRY 

High quality NR latex glove is the best barrier protector against diseases. 

It can prevent transmission of body fluids and viruses from patient to 

healthcare personal (Fah 1997). United States of America imported 14.5 

billion pairs of medical gloves in 1998 and NR latex gloves account for 

more than 90 % of the total. It is due to higher flexibility, feel and fit 

condition of the NR latex glove (Vance 1999). 

There are two categories of Latex gloves. 

(1) Supported gloves 

(2) Unsupported gloves 

2.5.1 SUPPORTED GLOVES 

They are made by using a textile liner around the former at the dipping 

stage. The liner can be made from Kevlar, Nylon or Cotton according to 

the customer requirement. These gloves are mainly used for industrial 

applications. 

2.5.2 UNSUPPORTED GLOVES 

These are made without any supportive textile linings and categorized into 

three different types. 

(1) Surgical gloves 

(2) Examination gloves 

(3) Household gloves 

These are used as disposable and non-disposable gloves. Non-disposable 

Gloves are repeatedly used and disposables are used only once. 
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SURGICAL GLOVES 

These gloves are specially prepared as powdered and non-powdered. Non-

powdered gloves have reduced latex protein levels, which minimize the 

allergic reactions on human body. A sterilized surgical glove has a film 

thickness of 0.3 mm and it is used only in surgeries. 

EXAMINATION GLOVES 

These gloves are also prepared as powdered and non-powdered gloves. It 

does not undergo sterilization and has a film thickness of 0.2 - 0.3 mm. It 

is used in healthcare profession, food industry and laboratories. 

HOUSEHOLD GLOVES 

It has a film thickness of 0.3 - 1.0 mm. They are available as flocklined 

and unlined gloves. The thicker flocklined gloves are used in agricultural 

industries and thinner unlined gloves in domestic use. 

2.6 SYNTHETIC LATEX GLOVE INDUSTRY 

There are some properties, which can not be met by natural rubber eg. 

non-polar oil contact applications. Further to overcome NR latex allergy 

problem, synthetic polymers were introduced. Poly acrylonitrile, Poly 

chloroprene and Poly vinyl chloride are the main synthetic polymers used 

in the glove industry. 

Their comparisons are given in the following tables from Table 2.1 to 2.5 

(Kanchan et al. 2000). 

Nitrile glove is the best synthetic glove when compared to other 

synthetic polymers. It was able to over come many problems, which are 

associated with the other synthetic lattices. Health hazards associated with 
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raw materials and synthetic rubber wastes are main disadvantages with 

synthetic polymers. 

T a b l e - 2 .1 H e l i u m p e r m e a b i l i t i e s o f g l o v e m a t e r i a l s 

Materials Helium Permeability 

Tylac®68077 film (Nitrile)* 6.8 

Natural Rubber Film* 49.0 

Poly chloroprene* 20.0 

Poly vinyl chloride 24.2 

Permeability is in Barrers, where 1 Barrer = 10" 1 0 cm 3 (STP) - cm 
cm" - min - cmHg 

*Commercial glove samples 

Table 2.2 Comparison of glove materials used in the chemical glove 

market 

Nitriles Polychloroprene P.V.C. Natural Rubber 

Comfort Good Excellent Poor Excellent 

Cost Good Fair Excellent Excellent 

Barrier to hydrocarbons Excellent Poor Poor Poor 

Barrier to aromatics Fair Poor Poor Poor 

Barrier to polar solvents Poor Poor Poor Fair 

Barrier to acids /alkalis Excellent Excellent Good Excellent 

Table 2.3 Comparison of glove materials used in the general purpose glove 

market 

Nitriles Polychloroprene Natural Rubber 

Abrasion resistance Excellent Poor Poor 

Cost Good Fair Excellent 

Flexibility Good Excellent Excellent 

Durabilitv Excellent Fair Fair 

Puncture resistance Good Poor Poor 
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Table 2.4 Comparison of glove materials used in the product protection 

glove market 

Nitriles P.V.C Natural Rubber 

Electrostatic dissipation Good Excellent Poor 

Particulate shedding Excellent Poor Good 

Ionic Extractables Good Excellent Good 

Extractables Good Poor Good 

Comfort Good Poor Excellent 

Cost Good Excellent Excellent 

Table 2.5 Comparison of glove materials used in the medical 

examination glove market 

Nitriles Vinyl Natural rubber 

Comfort Good Poor Excellent 

Viral barrier Excellent Fair Excellent 

Cost Good Excellent Excellent 

Proteins No No Yes 

Puncture resistance Good Excellent Poor 

2.7 PROBLEMS WITH NR LATEX DIPPED PRODUCTS 

NR latex films are considered to be an effective barrier against 

transmission of viruses from patient to healthcare personal. It has been 

found that the NR latex film is a semi permeable membrane. 

Harry F. Bader [1997] a prominent rubber technologist reported that there 

is a possibility of HIV viruses to penetrate the NR latex condoms. He 

further concluded that it is 1000 times safer to use the condom 

protection. 
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The mainly occurring problem in the dipped products industry is the pin hole 

problem. This can cause leakages in the product. Hence the barrier protection 

behavior of the product can not be guaranteed. 

Pin holes can be due to foamy dispersions, agitation in latex, hot formers, speed of the 

formers, dirty formers and dirty particles in latex or too wet coagulant. 

The NR latex dipped products undergo discoloration due to higher Mg 

content and during storage of chlorinated gloves at higher temperatures. 

The Mg content of centrifuged latex should be kept below 5 ppm for 

quality products (Bader 1999). A properly ventilated storeroom at lower 

temperatures can reduce the discoloration due to chlorination of the gloves . 

The biggest problem with the dipped products is the donning and 

removal difficulty. NR latex films have high surface tackiness and high 

surface friction. Hence latex film surface lubrication is an important stage 

in the industry .It can be done by surface halogenation, using powders and 

silicones as lubricants, powderless surface treatments for surgical gloves and 

flocking (Blackley 1997). 

2.8 POWDER AS A LUBRICANT 

There are several types of powder, which can act as a lubricant. They 

include talc, mica, zinc stearate, lycopodium, starch and various starch derivatives. 

They can be applied as dry powder or aqueous dispersion. The powdered 

products cannot be repeatedly used because powder content reduces with 

the usage. Hence the powdered products are used for disposable items like 

surgical gloves and condoms (Blackley 1997). 

2.8.1 PROBLEMS ASSOCIATED WITH POWDER 

Initially talcum powder was used as a lubricant for NR latex gloves. Most 

talcs have some form of asbestos contamination. When asbestos was found 
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to be carcinogenic the FDA became involved with talc powder 

application. It suggested all manufacturers to prove each talc powder 

shipment as asbestos free. Since it is an unpopular and cumbersome task, 

starch became the replacement for talc (Vance 1997). 

The epichlorohydrin -cross-linked cornstarch is introduced as the lubricant. 

There are some disadvantages associated with the use of powder. The 

starch powder can act as a docking station for bacteria. The powders 

range in sizes from 7 to 30 microns in diameter. By comparison the 

polio virus is measured at 0.04 microns HIV at 0.12 microns, staphyloccus 

1 micron and tuberculosis at 3 microns. Hence there is enough space for 

the viruses to land on the powder particle surface (Vance 1997). 

The major disadvantage is the NR latex protein allergy, which associates with the 

powder It has caused a tremendous set back to the NR latex dipped products. The 

powder particle is considered as a transfer agent for sedentary as well as aerosolized 

proteins. The airborne protein bound powder particle has the ability to disperse 

randomly. It can disperse through the air with the explosive force compared to an 

uncontrolled sneeze. This airborne starch linked protein powder can induce. '1 

peritonitis, inflammation of the throat, nose and lung membranes. 

Special care should be taken with patients taking immunosuppresant drugs, neonates,^? 

burn, cancer and diabetic patients. Glove powder present in surgical wounds can 

increase the risk of infection through not only bacterial attachment, but also reaction 

to allergenic proteins (Vance 1997). A further disadvantage of free powder as glove 

lubricants is that any excess powder has to be removed after the glove has been 

donned. 

The airborne powder problem can be overcome by preventing the powder from 

leaving the glove film surface. This can be done by applying a powder with an 

elastomeric binder on glove inner surface. A typical treatment is a dispersion of 

epichlrohydrin -cross-linked cornstarch in a carboxylated styrene -butadine rubber 

latex (Blackley 1997). 
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The main concern is the bound protein of the powder particles remain on the glove 

inner surface . They had caused allergic reactions of various types ranging from minor 

skin irritations to death. 

2.9 LATEX ALLERGIES-

2.9.1 HISTORICAL BACKGROUND 

People had been using various NR latex products for many years without any 

problems. Its higher quality and lower cost were very attractive to industrialists than 

the synthetic lattices .The first case of latex allergy was found in 1979 (Vance 1997). 

The threat of HIV and Hepatitis A and C created many complicated problems in 

medical profession .There was a fear that viral transmission can take place from 

patient to doctor .Since NR latex films have better barrier protection properties its 

glove was the only savior of the healthcare personal at that time . NR latex gloves 

have saved the lives of many doctors and nurses for the past three decades. More and 

more NR latex gloves were made to match the increasing demand. Then the number 

of latex related allergies also began to increase . 

Some of the reported cases are given below. 

1. An asthma case was reported in 1988.A laboratory technician had suffered from 

asthma due to the contact of latex gloves [Seaton 1988]. 

2. A nurse suffered severe allergic reactions from hives , nasal congestion and asthma 

[Bauer 1993]. 

3. A midwife suffered hives, conjunctivitis and asthma due to the use of latex gloves 

[Bauer 1993]. 

4. A physician had several symptoms of eczema and respiratory problems during the 

use of latex gloves [Rosen 1993]. 

5. A nurse suffered several symptoms of itchy eyes,asthma and skin 

rashes during the use of NR latex gloves (Rosen 1993). 

6. Mrs. Green a radiology technician claimed to have developed 

debilitating latex sensitivity through occupational exposure. She informed the 

judicial court that the glove manufacturer Smith and Nephew of England 
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was negligent in taking the proper precautions to reduce the protein 

levels and to notify the public of the risk. She was awarded $ 1 million 

as damages (Vance 1998 ). In the late 1980 ' s fifteen complaints about 

latex related allergies convinced the FDA of serious risk potential . The 

FDA alerted all registered hospitals doctors and independent medical 

institutes of possible negative reaction to latex protein exposure . Two 

months later a letter was issued to all registered medical device 

manufacturers in which voluntary hazard labeling and latex protein 

reduction methods were suggested. 

This new problem in the glove industry brought rapid responses by its 

manufacturers . Ansell a large medical device manufacturer published a 

brochure "source to surgery" in 1992. It relates research findings and 

company efforts to reduce latex protein content in medical gloves. There 

were big companies like Ansell, Baxter, Johnson and Johnson and Safeskin 

which pioneered for the funding of researches in medical institutions 

such as John Hopkins , Mayo clinic and the Gutheri institute . Suddenly 

the latex allergy problem drew the world wide attention . There are about 

500 pending cases of latex protein litigations (Vance 1998). There have 

been great number of articles from western mass media which portray the 

NR latex gloves causing more harm than good . There is hardly any 

discernible coverage of the immense benefits of these gloves. 

2.9.2 CHEMICAL BACKGROUND 

Natural Rubber Latex contains proteins about 1.0 -1.5 %. It is available in 

the outer cover of the latex particle and in the dispersion medium .There 

are not less than 250 proteins found in natural latex (Vance 1997 ). The 

major component of the adsorbed protein around the latex particle is 

probably identical with the a globulin which is dissolved in the serum 

(Blackley 1997). The serum contains multiplicity of poly peptides and 

amino acids . The free amino acids comprise 0.1 % of the field latex . Some 

proteins are soluble in water and some are insoluble . After the centrifuging 
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most of the proteins are removed along with the skim latex . The centrifuged 

latex contains a protein content of less than 1 % . Ammonia which is added 

during the preservation of concentrated latex causes the hydrolysis of the 

proteins to form polypeptides and amino acids which some of them are soluble 

in water (Blackley 1997). 

The final product contains many soluble proteins and insoluble proteins 

which are tightly bound around the latex particles . During the leaching 

most of the soluble proteins , excess accelerators which are available on 

glove surface are washed away Still there are some extractable soluble proteins 

remain with the glove inner surface (Ratnayake et al. 2001 ). 

There is high surface friction and tackiness on the glove inner surface . A 

corn starch powder is used to increase the surface lubrication of the glove 

.Researchers examined all aspects of latex skin interaction . They hypothesized 

that the human sweat inside the latex gloves enable the extractable protein to 

solublise and absorb on the powder particle . The powder is the transfer agent 

of the proteins (Vance 1997 ). This protein absorbed powder is involved in 

various allergic reactions in human body. 

Dr. Donald Beezhold of the Guthrie institute conducted a research on transfer 

of extractable proteins from powder and powder less gloves after an identical 

leaching system. He reported that powder free glove transferred less protein to 

the wearerfVance 1997). The allergen is considered to be the residual water 

extractable proteins present in the latex products (Ratnayake et al. 2001). 

Dr. Donald Beezhold a prominent protein researcher at the Guthrie Institute 

identified that out of 250 different proteins present in NR latex 50 to 60 

proteins have been noted as offending to allergy prone individuals (Vance 

1997). 

Properties of some of the major allergens are given in Table 6 ( Palosuo 

1995,Beezhold et al. 1995; Ylitals et al. 1998 ) 
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The use of Ammonium hydroxide as a stabilizer in latex cause some problems 

where it breaks the long chain polypeptides into smaller chains There smaller 

chain molecules can penetrate the skin to form allergic reactions in human 

body (Vance 1997). Further, excess accelerators which were not dissolved during 

leaching can create allergic reactions on contact with the skin. 

Table 2.6 Properties of some NR Latex proteins 

Protein 

(KD) 

Role as NR latex Allergen Molecular mass 

Hevein(Hey b6.02) A significant allergen 14 

Rubber Elongation Factor 

Ref: (Heyb l ) 

Major allergen 14.6 

Prohevein(Hey b 6.01) Major allergen 20 

23/27 K D Protein 

(Hey b3) 

Significant allergen 

in spinabifida 

27 

Hevamine Unimportant allergen 30 

46KD Protein A significant allergen 46 

2.9.3 MEDICAL BACKGROUND 

NR latex glove is considered to be a good barrier protector against viral 

transmission. During the 1980's the threat of AIDS and HIV positives 

increased causing a higher demand for the gloves. The demand outpaced the 

supply leaving the manufacturing practices become looser and the important 

process of leaching was eliminated or reduced .Thus leaving the glove uses to 

face the risk from latex proteins excess accelerators and other chemicals. 
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There are three different types of reactions to natural rubber latex . 

I. Irritant contact dermatitis 

I I . Allergic contact dermatitis (Type IV delayed hypersensitivity) 

I I I . Latex Allergy (Type 1 immediate hypersensitivity) 

I. Irritant contact dermatitis 

This occurs due to contact of glove or its powder and show the symptoms of 

itching drying and cracking on human skin . Although it is not an exactly 

allergic reaction the latex proteins can create allergic response once it moves 

inside the skin through the developed cracks (Hees et al. 1991). 

I I . Allergic contact Dermatitis 

It is Known as Type IV delayed hypersensitivity. This is mainly due to 

excess accelerators or antioxidants . The other latex additives also can induce 

these allergic reactions (Conde - Salazar et al. 1993 ). It shows the symptoms of 

rashes, itching, cracking and eczematous dermatitis. 

I I I . Latex allergy - Type I -Hypersensitivity 

It occurs when the human body contacts with a foreign protein . The body's 

immune system reacts by forming an antibody called lgE . This may be due to 

direct contact or inhalation of airborne proteins absorbed powder. The 

symptoms may be in the form of Urticaria , Itching Conjunctivitis , Rhinitis , 

Wheezing, Asthma and Anaphylactic shock (Axelsson et al.1987). 

It has been noted that the latex allergy people are prone to other plant 

proteins which are available in some fruits and vegetables . Through exposure 

to fruits and vegetables one's immune system could be sensitized or 

desensitized to allergens exist in the plant proteins. Hence Asians who eat 

fruits such as bananas , papaya and pineapple make less complains about the 

awesome latex allergy (Vance 1998 ). 

Dr. Yalamanchi Lao at New York Methodist hospital observed that some 

commercial fruit drinks molecules contain cross reactive proteins that may 

induce a reaction to latex in some people. 

25 



The FDA documents 27 confirmed latex related deaths in the past 20 years 

.They are mainly due to anaphylactic shock (Vance 2000). In USA the risk of 

latex sensitivity to the general public is less than 1% and healthcare workers 

often quoted to be around 1 6 - 1 7 % (Fah 1997 ). There are certain high risk 

groups in the society who are prone to the allergy. They are spinabifida 

patients, atopic patients ,Healthcare workers and rubber industry workers. Some 

European countries are using medic alert bracelets to warn the public about the 

user's latex sensitivity. 

2.9.4 IMPACT ON GLOVE MARKET 

United States of America is the major glove user in the world . It had 

imported 14.5 billion pairs of medical gloves with an import value of over $ 1 

billion in 1998. NR latex gloves account for more than 90 % of surgical 

gloves and approximately 80 % of examination gloves (Vance 1999). It is 

mainly due to NR Latex gloves better barrier properties , durability, comfort 

for the user and cost effectiveness. 

During the last few years the U.S. medical glove market has changed 

drastically. In 1992 approximately 84% of all medical gloves in the U.S.A 

were powdered latex gloves and only 8% were powder free products. In 1997 

synthetic and powder free gloves have captured the majority of the market 

(70%) the powdered glove share has declined to about 30%. This was mainly 

due to reports about latex protein allergens (Perrella 1999 ). 

The only advantage of powdered gloves over the others is its cost 

effectiveness. If the cost of powder free gloves continues to drop and latex 

protein allergy continues to be an issue, the powdered glove market will 

decline further. The synthetic glove market can be reduced and more powder 

free gloves may be introduced in future. The synthetic materials are also not 

harmless materials. Vinyl chlorides, Polyurethane raw materials and 

Acrylonitriles are considered be Carcinogenic materials (IRRDB 1998 ). The 

energy requirement to produce materials are very much less about 16 GJ / tonne. 
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For NR latex when compare to synthetics range from 108 to 174 GJ / tonne 

(Fah 1997). It can be argued that some extra energy may be required to 

process the latex to gloves this is insignificant when compared to synthetics. 

Unlike the synthetics , NR products are biodegradable by chemical and 

biological reactions. Biological reactions are mainly due to Actinomycetes such 

as nocardia. Since the Natural rubber has the environmental friendly green 

image it can be assumed that the market for synthetic rubber will decline 

and powderfree gloves will have a higher demand . Hence more research 

on powder free gloves will be a great benefit for the natural rubber 

industry. 

2.10 SOLUTIONS TO LATEX PROTEIN PROBLEM 

2.10.1 POWDERFREE TREATMENTS 

INNER COATING BY ANOTHER POLYMER 

Since latex protein is the trouble maker its contact with the human skin 

has to be obstructed by another polymer or a blend of polymers . The 

coating should have the same extensibility like the natural rubber film. 

Kavalir & Anderson described a process in which latex dipped gloves are 

coated with a blend of a rubber latex and a resin latex. Many types of 

resin lattices including Polyacrylates , Polyvinyl acetate polymer with an 

aqueous dispersion of Polyvinyl butyral can be used . The rubber / resin 

ratio is taken as 55 /45 m/m (Blackley 1997). 

Another process was described by Esemplare & Beeferman in which the 

glove was treated by another latex . The latex can be either a Vinyl 

chloride -alkyl acrylate copolymer or a Vinylidene chloride- alkyl acrylate 

copolymer . The copolymer can be carboxylated with acrylic or 

methacrylic acid to an extent of 5 % mole / mole (Blackley 1997). 
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A NR latex glove can be treated with an elastomeric material in the 

form of a blend of an aqueous dispersion of an ionic Polyurethane and 

a second polymer is a synthetic latex which is compatible with the 

ionic Polyurethanes. 

Gazely suggested a system of three components . First is a carboxylated 

synthetic latex having a minimum film forming temperature not less 

than 10 °C. Second is natural rubber latex which has a minimum film 

forming temperature not greater than 10 °C . Third is Polyvinyl alcohol 

which is a water soluble hydroxyl containing polymer . The function of 

the first component is to reduce tack and provide dry lubricity , the 

second is to provide adhesion and the third is to improve adhesion with 

wet lubricity. 

Gorton's system also included a blend of three components . First is a 

NR latex modified by graft - copolymerisation with a stiffening monomer 

such as Methyl methacrylate, second is a latex of an acrylic polymer 

and third is a latex of an acrylonitrile containing rubber. Additionally the 

system may contain a quaternary ammonium surface active substance and 

a Polysiloxane .(Blackley 1997). 

FLOCKING 

Flocks of cotton or other fiber is applied to the inner lining of the 

glove. It gives a very pleasing feeling when the glove is worn and 

facilitate easy donning and removal of the glove. Hence powder treatment 

is not required . 

SURFACE HALOGENATION 

It is done to increase the surface lubrication . The glove surface is 

allowed to react with one of the halogens. The halogenated gloves gives 

smooth surface of pleasing feel and easy to don and remove . Thus 



powder treatment is not required . It has been noted that halogenation 

improves the chemical resistivity of the glove film. It is assumed that a 

layer of halogenated rubber is formed by reaction between the halogen 

and the olefinic double bonds of the rubber macro molecule. Halogenation 

can be done in the form of chlorination , bromination , iodination . These 

different halogenation systems can cause discoloration of the latex film . 

Chlorination has found to be the least discoloring system among the 

halogens (Blackley 1997). 

Roberts conducted an investigation into the comparison of frictional 

properties for different systems . The glove materials were subjected to 

Iodination , Bromination , Chlorination , dusting with starch , Gazely's hydroxyl 

system and treatment with concentrated sulphuric acid . The greatest 

reduction in friction was given by Gazeley's system . Starch was 

approximately effective as Chlorination . Concentrated sulphuric acid 

treatment was less effective than starch but better than Iodination or 

Bromination . These scientists assessed the relative importance of surface 

roughening and surface hardening in reducing surface friction . They found 

that of these two factors surface hardening is more important (Blackley 

1997). 

It has been noted that protein transfer can be effectively eliminated by 

washing hands after removing the gloves and it reduces skin irritation . 

This is good for short donning period but not for long donning periods 

and for Type - 1 - hypersensitivity (Vance 1997 ) . 

It is better to have good leaching systems where extractable proteins and 

residual accelerators are removed . The turbulance of water , freshness of 

HEALTH PRACTICES 

2.10.2 PROTEIN REDUCTION METHODS 

PROPER LEACHING METHODS 
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water, temperature and time of leaching are important factors . The water 

flow must run opposite to the direction of the dipping line , so the 

products have always clean and fresh water during the leaching . High 

temperatures are preferred for powdered gloves and low temperatures for 

chlorinated gloves (Bader 1996 ). 

It has been found that some industrialists prefer the double leaching 

system which reduces the extractable protein content to about 50 ug/g 

and which is very successful. 

DOUBLE CENTRIFUGED LATEX 

The centrifuged latex has a non rubber content of about 1.3 % . The non 

rubber content can be brought down to about 0.4 - 0.6 % by using 

double centrifuged latex or creaming the centrifuged latex . The protein 

content also reduces along with the non rubber contents . Hence the 

double centrifuged latex can be used for the industrial uses where less 

protein levels are required (Bader 1997 ). The disadvantage of this is the 

extra cost for the latex . 

ENZYMATIC TREATMENT 

There are about 1500 different enzymes available . They can be used in 

the pure form or as co-enzyme combinations to break the protein chains 

thus solubilising remaining itinerant peptides and amino acids, Jaworek 

patented a process in 1997 by which biologically active proteins such as 

hevein could be bound to an enzyme in an aqueous phase. Final result 

was that the reduction of the protein level . 

Stanley Pulsiner identified a process from which long insoluble protein 

chains were broken to small soluble protein chains by adding amino 

acids and binding a hydrophilic substance to the proteins. 
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Pulsiner's process was further developed by Jack Trautman. He patented a 

process by which latex proteins were neutralized by treating with 

protease and pepsidase enzymes. Finally latex proteins were degraded to 

peptide fragments and amino acids that are non-allergenic to humans and 

water soluble (Vance 2000). 

In one experiment NR latex was treated with a proteolytic enzyme for 

up to three days and compared with a control non treated latex . The 

serum fractions from both samples were taken and analyzed for proteins 

using gel electrophoresis ( SDS- PAGE) . It revealed that a large reduction 

in the amount and size of proteins in the 200 to 10 KD range , 

suggesting efficient enzyme degradation of the proteins (Vance 2000 ). 

Further when RAST inhibition was used for measurement of latex 

protein Allergens , the enzyme treated latex had greater than a 95 % 

reduction in allergen content compare to the control latex . ELISA test 

method also observed the same results. Hence proteolytic enzymes can be 

used effectively to digest NR latex allergens and to reduce the 

measurable latex antigenic protein content by 95 % (Perrella 1999). 

If the enzyme treated NR latex to be successful in the glove market it 

must have market appeal , reasonable cost , broad implementation , 

conformance to a standard and appropriate system to maintain quality 

and reliability . Frank W. Perrella of Tillotson Healthcare attempted in 

1998 to make enzyme treated protein reduced latex for commercial use 

in medical glove industry. Some medical gloves are still made by this 

process at Tillotson group. There are some problems associate with these 

enzyme treated protein reduction methods which are difficult to control 

the enzymatic reactions , maintain the consistency of the product and lack 

of previous relevant data . If these problems can be solved then the 

enzymatic treatment will be a good remedy to the latex protein problem. 
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RADIATION VULCANIZATION 

There are insoluble proteins around the latex particle. These proteins have 

high molecular weight and long molecular chains . It has been noted that 

after irradiation, there is an increase in extractable protein levels . This is 

mainly due to breaking of the long molecular chain proteins into smaller 

molecular chains by irradiation. The irradiation is done by using CO 6 0 . 

There is one reported case where soluble protein free latex was prepared 

by irradiation . A concentrated (centrifuged) latex was vulcanized by 

irradiation and then it was again centrifuged . The cream was separated 

and laid as a film and a portion of the serum was taken out . Both 

these samples were tested for extractable protein content . It was found 

that no detectable extractable proteins available in the cream because of 

the breaking of long molecular chain proteins into short molecular chain 

extractable proteins which increases the protein content in the serum 

(Varghese et al. 1999 ). Yet there can be a very small amount of undissolved 

proteins available in the cream. It was further developed recently where 

the soluble protein in radiation vulcanized latex is reduced more 

effectively by combined treatment with Poly Vinyl Alcohol (PVA) and 

centrifugation compared to individual ( PVA addition or centrifugation ) 

treatment. PVA was used as a water soluble polymer (WSP). It was found 

that low molecular weight ( LMW ) water soluble polymers ( WSP ) is more 

effective than high molecular weight (HMW) water soluble polymers ( WSP ) 

for the reduction of soluble proteins in RVNRL. Hence addition of water 

soluble polymers of poly vinyl alcohol or poly vinyl pyrolidone which 

have molecular weight less than 10 followed by centrifuging and 

leaching the dried rubber films for 20 minutes produces a more effective 

protein reduction method (Ratnayake et al. 2001 ). 

Although radiation vulcanization is a very good solution to latex allergy 

it is not commercially viable . Hence it is limited only for research 

activities, but not for commercial purposes . Further there should be a 

reasonable level of protein to keep the latex stabilized and to keep the 
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good properties . Higher reduction of proteins can create unwanted 

problems . 

CHLORINATION TREATMENT 

It has been proven that Chlorination reduces the surface friction, surface 

tackiness and increases the surface lubrication. Thus it is considered as a 

good answer for powderfree gloves. Further, it can reduce the extractable 

protein content from the glove film. The extractable proteins and residue 

accelerators can be effectively cleansed from the glove surface by 

chlorination (Vance 1997). Hence chlorination does a dual function by 

increasing the surface lubrication and decreasing the extractable protein 

content. Further it can be applied to industries in mass scale and it is a 

commercially viable process . Hence chlorination stands as the best 

commercial viable system for the production of high quality powderfree 

surgical and examination gloves. 

2.11 CHLORINATION 

2.11.1 HISTORY OF CHLORINATION 

The increase of surface lubrication has been considered as a good answer for powder 

free gloves. It has been found that surface halogenation increases the surface 

lubrication. From the different halogens, chlorine is the most widely used. 

G.F.Bloomfield (1943 and 1944) has done some initial research. G.Kraus & 

W.B.Reynolds (1950), Gorton , Pendel , Bratby and Vanderbilt did some important 

researches to expand the chlorination process (Blackley 1997). 

2.11.2 CHLORINATION SYSTEMS 

The latex film surface can be Chlorinated by three different ways. 
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1. By immersing the film in an aqueous solution of an organic 

Chlorinating agent. 

2. By immersing the film in Chlorine water prepared by dissolving 

Chlorine gas in water 

3. By immersing the film in an aqueous solution of Sodium Hypochlorite 

acidified with hydrochloric acid. 

All these systems give a rapid reaction . Their reaction mechanism is 

assumed to be the same for all three systems, but no proper 

investigation has been done ( Blackley 1997). 

AQUEOUS SOLUTION OF AN ORGANIC CLORINA TING 

AGENT 

The most widely used organic chlorinating agent is N- Chloro Sodium 

dichloroisocyanurate.lt is also known as Sodium 1,3 - dichloro-5-triazine-

2,4,6 ( l H , 3 H , 5 H ) - t r i o n e . o~Na + 

N N CI 

O 

This is a readily available safe chemical which is mainly used as a 

disinfectant for water. The chemical behavior of this as a Chlorinating 

agent has not been investigated much. It can be used with or without 

acid. As an acid hydrochloric is the preferred one. Blackley suggest that 

the reaction is the hydrolysis of N- CI bond to give hypochlorous acid 

(Blackley 1997). 
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N CI + H 2 0 NH + C10H 

/ 

The hypochlorous acid then reacts with HC1 which has been added thus 

generating Chlorine. The ratio at which Chlorine becomes available from 

Sodium dichloroisocyanurate for reaction with the rubber surface depends 

upon the kinetics of the hydrolysis of the N-Cl bonds (Blackley 1997). 

Chlorine gas is available as an industrial gas in pressurized cylinders. In 

large scale manufacturing operations the Chlorine solution is prepared by 

passing Chlorine gas from the pressurized cylinder into a tank of water 

until saturation . The tank should have glass lining or constructed from 

stainless steel . When the water is saturated with Chlorine it is 0.56 % 

by weight. The Chlorine level has to be reduced to the required level 

by diluting with water. Then the product is immersed in the solution for 

a particular time for the Chlorination . Vanderbilt suggests that 0.15 % 

Chlorine solution for 4 Vi - 7 Vi minutes immersion time and Bratby's 

system is 0.08 % - 0.12 % solution for 1 5 - 3 0 minutes, but most 

industrialists do this according to their own prearranged systems . Finally 

the products are washed and dried (Blackley 1997). 

The disadvantage in this system is difficulty in handling the Chlorine 

gas. Hence expensive high quality machines are required for this process. 

Further, Chlorine is a toxic gas . Thus any area of a factory in which 

gaseous Chlorine is used must be provided with effective ventilation and 

extraction equipments . 

CHLORINE GAS SOLUTION 
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SODIUM HYPOCHLORITE WITH HYDROCHLORIC ACID 

Sodium hypochlorite is commercially available in solution form . This is 

available under Chlorox brand name . Chlorination by this method is 

simple and convenient . Pendle and Gorton recommended a 7.5 % m/m 

solution of Sodium hypochlorite to which 1 % m/m of concentrated 

hydrochloric acid is added ( Blackley 1997). 

NaOCI • N a + + O C P 

H2O + ocr • HOCI + 0H~~ 

NaOCI + H2O • HOCI + NaOH 

In presence of HC1 

HCI • H + + C I -

HOCI + H + + CI ~~ • Cl 2 + H 2 0 

In addition to molecular Chlorine the solution also contains Hypochlorous 

acid , Hypochlorite anions , Chloride anions and Hydrogen ions . The 

equilibrium constant ( H+ ) (CI-) ( ClOH ) / ( C12 ) is ca. 3 x 10"4 mol 2 

dm"6 at 25 °C . The total Chlorine concentration in Chlorine saturated 

water under atmospheric pressure and at normal ambient temperature is ca. 

0.08 mol dm"3 (Blackley 1997). 

From this total Chlorine half is present as free Chlorine the remainder 

is present as Hydrochloric acid and Hypochlorous acid . Hypochlorous acid 

is a very weak acid (Pka = ca. 7.5 at normal ambient temperature ) . The 

Hydrogen ions derived from strong Hydrochloric acid can suppress the 

ionization of Hypochlorous acid . Thus the concentration of Hypochlorite 

anions is very low and this anion does not involve in any chemical r 

eaction. The vast number of different ions available in the medium 
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It appears that Chlorine can react with the rubber macromolecule in 3 

different ways . 

1. Addition reaction 

C = C + CI2 c—c 

CI CI 

2. Substitution reaction 

C H2 + CI2 • CHCI + HCI 

Then due to the formed Hypochlorous acid there will be another 

addition reaction which gives a chlorohydrin formation (Blackley 1997). 

C = C + HOCI • C - C 

This chlorohydrin formation reduces the thermal stability of the product. 

Blackley suggest that analogy with the reaction between simple olefins 

and Chlorine in aqueous media indicates that chlorohydrination may be 

the principle reaction. 

Kraus et al. (1950) reported that chlorination at 30 C occurs in three 

stages . In the first stage substitution occurs almost to the extent of one 

Chlorine molecule per isoprene unit. In the second stage it was found 

that 1.2 molecules of Chlorine react both by substitution and by 

addition. Finally when 2.2 molecules of Chlorine per isoprene unit have 

reacted the addition reaction ceases and all further reactions occurs by 

substitution. Some cyclization can take place in the early stage of the 

chlorination concurrently with the initial substitution . Cyclization is 
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partially prevented by an increase in the addition reaction . Substitutive 

chlorination is catalysed by Oxygen and peroxides . The addition 

chlorination is catalysed by ultraviolet light. These findings were obtained 

by chlorinating the natural rubber in solution form and Blackley suggests 

that it can also be applied to natural rubber latex. 

Disadvantage of this system is the thermal stability and ageing property 

of the product is poor. It gives more discoloration to the latex films 

and surface tack reduction is not as efficient as Chlorine gas . 

2.11.3 OTHER FACTORS FOR CHLORINATION 

The immersion time depends on the sulphur content of the compound 

formulation . A sulphur concentration of 1.50 - 1.75 phr require less 

Chlorine treatment when compare to sulphur concentration of 0.25 - 0.35 

phr which need high Chlorine treatment. To reduce the immersion time 

for low sulphur content goods a higher concentration of Chlorine water 

can be used . 

Another factor to be considered is the ratio of total surface area of the 

latex goods to the volume of Chlorine water present in the tumbler. 

This assures that sufficient Chlorine water is present for the reactionf^N^~^^> 

After the Chlorine treatment the Chlorine water has to be discharged 1 , r ^ / i r ^ <r' 

and always a fresh solution has to be used for the next batch . ^ 

Finally the Chlorinated product may have slight acidity and (o neutralize 

a 1 % ammonia solution can be used to wash the product. Then it is 

rinsed with water and dry in warm air tumbler at 40-46°C to complete the process. 

2.11.4 ADVANTAGES OF CHLORINATION 

This process is one of the best systems since it does a dual function 

as a powderfree treatment and a protein reduction system. It is simple, 
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cheaper, viable, less time consuming and can be done on large scale. The 

other processes can not be implemented practically. 

2.11.5 DISADVANTAGES OF CHLORINATION 

The products have brittle surfaces , poor thermal stability , poor ageing 

properties and undergo discoloration . There can be leakages on glove 

surface due to surface cracks under long storage period . Chlorine is a 

toxic gas which is a health hazard for the workers and people around 

the vicinity . Further it can contribute to the Ozone layer depletion 

creating more environmental problems .There have been less researches on 

Chlorination with the available data. 

2.11.6 EFFECT OF CHLORINATION ON PROPERTIES 

(1) It has been noted that there is a reduction of extractable proteins 

after the Chlorine treatment . More reduction of extractable proteins occur 

due to higher Chlorine treatments. 

(2 ) The surface friction and surface tackiness decrease after the 

chlorination thus increasing surface lubrication. 

(3) The tensile strength also varies according to the level of chlorination 

(4) It has been found that surface cracks begin to develop after a 

certain level of Chlorine concentration . Higher Chlorine concentrations 

show a higher amount of surface cracks which cause leakages thus 

damaging the gloves barrier protection property. 

The industrialists do the chlorination treatment under different levels 

according to their requirement . Thus the standard of the quality of the 

gloves varies . There has not been a research conducted to find the 

optimum chlorination level for the NR latex dipped gloves . Hence it is 

an urgent requirement to conduct a research on latex film surface 

chlorination to safeguard the NR latex industry from the protein allergy 

and other problems . 
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CHAPTER THREE 

METHODOLOGY 
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Centrifuged concentrated low ammoniated latex was brought with given 

specifications. The specifications were further confirmed by tests done at the 

University of Moratuwa. The concentrated latex was prevulcanized by using a 

standard formula. The prevulcanized latex films were prepared by using glass 

plates and a shim. After drying the films at room temperature for 72 hours 

the films were leached for 2 minutes in running tap water. Then they were 

again air dried for 72 hours before chlorination. The films were chlorinated at 

different levels by standardized bleaching powder of Sodium Hypochlorite 

and 1% m/m HC1 solution. Then films were again leached in running tap water for 2 

minutes before air drying for 3 days. Tensile strength was found by using an 

electronic tensile testing machine for all the samples and their relevant data were 

recorded. Surface friction test was carried out with all the samples. A glass plate and a 

match box were used for this test. Friction coefficient was checked for all the films. 

After analyzing the physical properties of tensile strength and surface friction, it was 

observed that 1150 ppm Chlorine concentration with 12 minutes immersion time gave 

the optimum result. Hence samples were selected which had under gone chlorination 

at 1150 ppm concentration at different immersion times and different concentrations 

with 12 minutes immersion time. The protein content was checked for all these 

selected samples by using BCA enhanced protocol method at the RR1 Sri Lanka. The 

topology of the selected samples were observed by using the optical microscope. The 

formation of dark domains and surface cracks were identified and their pictures were 

taken. 

3 .1 SPECIFICATION TEST 

Low ammoniated Tetra Methyl Thiurum Disulphide/Zinc Oxide preserved 

concentrated latex was obtained from S&G factory at Horana. The specifications are 

given in annex. 1. 

In order to verify the specifications the required tests were done at the University of 

Moratuwa. The results are given in annex. 11. 
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3.2 PREPERATION OF PREVULCANIZED LATEX FILMS 

3.2.1 COMPOUND FORMULATION 

The prevulcanised latex compound formulation shown in table 3.1 was 

obtained from the literature ( Blackley 1997). 

Table 3.1 Prevulcanised latex formulation 

Dry 
formulation 

Phr 

Wet 
formulation 

Phr 

6 0 % NR Latex L A - T Z 100 167 

20 % Potassium Laurate 0.26 1.30 

1 0 % Potassium Hydroxide 0.25 2.50 

50 % Sulphur 1.00 2.00 

5 0 % Z D E C 2.00 4.00 

5 0 % ZnO 0.20 0.40 

Potassium Laurate was used to stabilize the latex. It was prepared by allowing Laurie 

acid to react with KOH at 75 °C and was available in the form of an emulsion. 10% 

Potassium Hydroxide was prepared and the dispersions of 50% S, 50% ZDEC, 50% 

ZnO were separately prepared in slurry form. Their formulations are given in annex 

3.The prevulcanized latex was prepared at the RRI Sri Lanka. 
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3.2.2 PREVULCANIZATION OF LATEX 

First the Potassium Laurate emulsion was added to NR latex followed by 

Potassiam Hydroxide dispersions of Z n O , ZDEC and finally Sulphur. Then 

the mix was heated in a water bath at 60 °C for 3 hours . The quality of 

prevulcanised latex was inspected by the chloroform coagulation test from 

time to time till the required level .Small dry crumbs were obtained when 

it came to the needed prevulcanised stage .Then the latex was allowed to 

mature for 40 hours. 

3.2.3 PREPARATION OF FILMS 

The required number of latex films was found to be thirty six. Hence to 

lay the latex films 36 glass plates were cut according to the following 

dimensions 

Length - 25 cm 

Width - 25 cm 

Thickness - 0.30 cm 

For the laying of latex films an applicator bar ( shim ) was made by fixing 

very thin Aluminium strips on both ends of a glass rod . A strip had an 

average thickness of 0.20 mm . 

For the preparation of films a required volume of latex was strained through 

a mesh sieve and allowed to fall on to a glass plate. Then the shim 

was pushed along the glass plate leaving an uniform wet latex film . It 

was the first time that this type of efficient system was adopted to lay the 

latex films. This process was done for all the thirty six glass plates . Then 

the plates were kept on a flat uniform surface and allowed to dry in 

air for 72 hours . Thus latex films with a very uniform thickness were 

obtained in a very short time period . There were other methods where 

latex films were obtained without any uniformity in thickness and so 

much time consuming. Due to those reasons the other methods were not 
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used. The dried films were leached in running tap water for 2 minutes & then they 

were again air dried for 72 hours. 

3.3 CHLORINATION OF LATEX FILMS 

For the chlorination procedure a glass tank was made with following 

dimensions. 

Length - 35 cm 

Width - 35 cm 

Height - 35 cm 

First a study was done about the chlorination of water at the National 

Water Supply and Drainage Board, Ratmalana . The selected chlorinating 

agent was standardized bleaching powder consisting of Sodium Hypochlorite. 

The tests which were done for the bleaching powder by the Chemical 

department of Water Supply Board revealed that 100 g of this powder 

dissolved in 100 g of water had 67.7 g of available chlorine content . The 

Chlorine was found to be available in the form of Cb , HOG , OC1 , 

C l ~ 

The chlorination process was done at the Chemical Engineering laboratory 

of the Moratuwa University. First a 1% m/m diluted HC1 solution was 

prepared by using a standard HC1 acid which contained 0.37% of HC1 . 

Hence the standard H Q 2 g was diluted with 72 g of distilled water to 

obtain 1% m/m diluted HC1 acid of 74 g .After the calculations it was 

found that 2.056 g of 1% m/m HC1 acid had 200 ppm of Chlorine 

content. This weight of 1% m/m diluted HC1 acid was taken as a 

constant weight in each of the chlorination processes. 

For the preparation of 1150 ppm Chlorine content the balance 950 ppm 

was given by dissolving 2.8064 g of NaOCl bleaching powder in 2 liters of 

water. Thus 2 liters of NaOCl solution was prepared and it was allowed 

to react with 1% m/m diluted 74g HC1 solution . Then the total solution 
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was transferred to the glass tank and a glass plate with the latex film 

was kept in the Chlorinated solution for an immersion time of 24 

minutes. During this period the tank was kept tightly closed by a larger 

glass plate . After the required immersion time the glass plate was 

removed and the latex film was leached with running tap water for 2 

minutes . Finally No.l was marked with Tipex on the other side of the 

glass plate for reference and allowed to dry in air for more than 72 

hours. Each latex film was subjected to Chlorination in the same way 

for immersion times of 20 , 16 , 12 , 8 and 4 minutes . Then they were 

marked No.2 , 3 , 4 ,5 and 6, respectively . For each immersion time a fresh 

Chlorination system was used at 1150 ppm Chlorine content. 

During the preparation of Chlorine contents of 1300 ppm , 1400 ppm , 1500 

p p m , 1700 ppm and 1000 ppm solutions a Chlorine content of 200 ppm was 

given by 2.056 g of 1% m/m HC1 solution and the balance Chlorine 

contents were given by weights of 3.250 g , 3.545 g , 3.840 g , 4.431 g and 

2.363 g of NaOCI bleaching powder respectively .These weights were 

dissolved in 2 liters of water and allowed to react with the prepared 

diluted HC1 acid to obtain the required Chlorine concentrations . For the 

chlorination six different immersion times were selected. Altogether 

chlorination was done at various levels for 36 samples . After leaching 

the chlorinated films they were given reference numbers. 

3.4 MEASURING OF TENSILE STRENGTH 

For the tensile strength, the latex films had to be cut according to the 

standard dumb bell shape usingacutter. l t was a difficult thing because 

the film stuck to the cutter blades. Finally, overcame the problem by 

placing a portion of the latex film between two pieces of smooth paper 

and cutting it with the dumb bell cutter .Since the results were 

considered in duplicate, two test pieces were prepared from each latex 

film. Their thicknesses and widths were checked at three different points 

by the Wallace Thickness gauge and ruler, respectively. Then the tensile 
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strength was found using the Hounsfield H10KT electronic tensile testing 

machine for each test piece. 

It was a very tedious process because the test pieces slipped at the 

grips. Hence several wasted latex films had to be kept between the 

test piece end and the grips. Maximum force was noted down for each 

sample. The tensile strength was found for 36 Chlorinated and raw 

samples in duplicate for better accuracy. 

3.5 MEASURING OF SURFACE FRICTION 

For the determination of surface friction, a simple procedure was adopted. 

A glass plate of length and width of 91.52 cm x 15 cm was used 

with a small match box which had a smooth surface. Latex films were 

cut into sizes of length and width of 20 cm x 4 cm . Each sample was 

kept between a folded smooth paper for better surface protection . A 

sample was taken and its inner surface was pasted along the glass plate 

. During this process air bubbles entrap between the latex film and 

the glass plate . Hence it was done very carefully. One end of the glass 

plate was kept at a fixed point and the small box was kept on its 

smooth surface along the rough surface of the latex film. 

Gradually very slowly and carefully the free end of the glass plate was 

lifted until the box slips along the latex film . Then the vertical height 

of the other end of the glass plate was taken . This was a very time 

consuming process . Each sample took more than 20 minutes for a result and 

the readings were taken in triplicate for better accuracy. This surface 

friction test was done for all the chlorinated and raw latex films. 

3.6 ANALYSIS OF SURFACE TOPOLOGY 

For the observation of surface cracks an OPTIPHOT-POL Microscope was 

used. This facility was obtained from the laboratory of the Material 
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engineering Department of University of Moratuwa. Each selected sample was 

cut very carefully into length and width of 6 cm x 4 cm without 

stretching to avoid surface damages . 

The objective magnification and photo eye piece were adjusted at 5X . 

Hence the overall magnification on the negative was 25X . The 

photographs were taken at the sharpest stage by adjustments for each 

selected latex film . For each of the relevant samples, the frame number of the 

Optical Microscope was noted. The photos were obtained after washing 

the negatives from a studio. 

3.7 DETERMINATION OF PROTEIN CONTENT 

The protein content tests were done at the laboratory of the Department 

of Polymer Chemistry, Rubber Research institute, Ratmalana . The BCA 

enhanced protocol method was selected since it is a standard method at 

the RRI Sri Lanka. This was a very sensitive test . Hence to avoid protein 

contamination a pair of new Nitrile gloves and a clean scissor were 

used during the cutting of latex films. First all the selected samples were 

cut into length and width of 1 cm x 1 cm. For cleaning of the glass ware, 

Pynol liquid detergent was used because other cleaning agents interfere 

with the BCA enhanced protocol method . All the glass tubes and the beakers 

were twice washed thoroughly with Pynol and water. Then they were 

filled with boiling water and kept for 10 minutes. Thereafter each of the 

above glass ware and two 10 ml pipettes were washed with acetone and 

allowed to dry for 10 minutes in normal air . Again they were washed 

with acetone and repeated the same. Finally, they were twice washed 

with fresh distilled water and dried in an oven at 130 °C for 3 hours to 

complete the washing procedure. After that they were allowed to cool a t ^ 

room temperature. A ? ^ 

About lg of small pieces which were cut from a latex film was 

weighed by an electronic weighing balance and put into a beaker. The 
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weight of latex film was noted and distilled water of ten times of 

that weight was taken into a pipette and transferred to a beaker 

with the pieces of latex film . The beaker was kept tightly closed 

by a polyethylene film and a rubber strip . A price tag roller was used 

for marking purpose . This process was adopted to other selected latex 

films starting from the raw to Chlorinated samples . A batch of 4 

beakers were prepared and placed tightly fitted on the shaker for 2 

hours to remove the water soluble proteins from the latex films. 

During the shaking time reagents were prepared . The arrangement was 

to take 2 readings each from the 4 samples and the control sample . 

Hence for each of the 10 tubes, 20 ml from reagent A and 0.4 ml from 

reagent B was used. Micropipettes with disposable syringes were used to 

measure these volumes. The reagents A and B were mixed together in a 

small beaker and 2 ml of reagent mix was transferred to each of the 

10 tubes by using the micropipette . Then 100 ul of distilled water was 

added onto the 2 control samples. According to the reference numbers of 

the latex films all the tubes were labeled . 

After completion of 2 hours shaking at room temperature, the beakers 

were taken out and transferred 100 ul from each to their relevant 

tubes in duplicate by the micropipette. A fresh syringe was used 

throughout the entire process to measure the volumes from the 

micropipette. Each tube was tightly covered with a thin Aluminium foil 

and they were kept in the water bath for 30 minutes. 

During the 30 minutes the Spectrometer was prepared and an equal 

number of valves were cleaned for each of the tubes in the water 

bath. The valves were first washed with distilled water and then with 

Ethyl alcohol. Then they were again washed with distilled water and 

allowed to dry in air. 

After completion of the 30 minutes the tubes were cooled and from 

each tube a small portion was taken to a valve to take 2 readings 
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from the spectrometer. Portions were taken from each tube. The entire set of 

readings has to be taken within 10 minutes time for better accuracy. 

The same procedure was adopted for the other selected latex films and 

their relevant readings were taken from the spectrometer. Their protein 

content was found from the graphs and reported with the relevant sample. 
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CHAPTER FOUR 

RESULTS AND DISCUSSIONS 
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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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Sample Tensile Strength x 10 1 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 film samples the 

tensile strength ranged from 22 MPa to 38 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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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). 

H CH 3 H H 

C — C = C — C — + CI 2 

H H 

H CH 3 H H 

C C — C C — + H C I 

H CI 

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. 

CH 2 

/ 
CH 

-CH 2-C 

CH 3 

CH 2 

/ 
CH 2 

CH 2 

\ 
C-CH 3 

CH-CH 2 — 

+ H CH 2 

CH 2 \ 

fast 

protonation 

CH 2 

C-CH 3 

C-CH 2 -

-CH 2-C 

CH 3 

CH, 

-CH 2 -C + 

H + 

Slow 
deprotnation 

CH, 

C-CH 3 

CH-CH, 

Fast 

transfer 

CH, 
CH, 

CH, 

C -CH, 

CH-CH 2 

-CH 2-C 

CH 3 

Cyclohexene ring 

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). 

c = c; + ci 2 • x c - c x 

/ \ / \ | \ 
Cl CI 

C = C + HOC1 • C - C 
/ \ / , ,\ 

Cl OH 

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 ppm for 12 minutes gave 

the opt imum 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 -Photograph of the surface of CR-11-04 sample obtained from 

the optical microscope with 25 magnification. 

f 

m 

Fig. 4.4 -Photograph of the surface of CR-11-08 sample obtained 

from the optical microscope with 25 magnification. 
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Fig. 4.5 -Photograph of the surface of CR-11-12 sample obtained from 

the optical microscope with 25 magnification. 



Fig. 4.7 -Photograph of the surface of CR-11-20 sample obtained from 

the optical microscope with 25 magnification. 

Fig. 4 .8-Photograph 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 number of domains with the increase of immersion time. White 

lines are formed, which widen at higher immersion times. As 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.Khew ). This is more 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 was done about the topology of chlorinated samples with 12 minute 

immersion time under different concentrations. 

Fig. 4.9 -Photograph of the surface of CR-10-12 sample obtained from the 

optical microscope with 25 magnification. 
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Fig. 4.5 -Photograph of the surface of CR-11-12 sample obtained from the 

optical microscope with 25 magnification. 

Fig. 4.10 -Photograph of the surface of CR-13-12 sample obtained from 

the optical microscope with 25 magnification. 
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Fig. 4.11 -Photograph 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 Friction Coefficient 
NR 1.334 

CR-10-04 1.249 
CR-10-08 1.239 
CR-10-12 0.898 
CR-10-16 1.279 
CR-10-20 1.341 
CR-10-24 1.248 
CR-11-04 1.032 
CR-11-08 1.510 
CR-I1-12 0.638 
CR-11-16 1.140 
CR-11-20 1.655 
CR-11-24 1.105 
CR-13-04 1.068 
CR-13-08 1.420 
CR-13-12 1.160 
CR-13-16 1.087 
CR-13-20 1.098 
CR-13-24 0.894 
CR-14-04 1.044 
CR-14-08 0.944 
CR-14-12 1.120 
CR-14-16 1.252 
CR-14-20 1.126 
CR-14-24 1.018 
CR-15-04 0.912 
CR-15-08 0.974 
CR-15-12 1.149 
CR-15-16 0.940 
CR-15-20 0.928 
CR-15-24 1.095 
CR-17-04 1.122 
CR-17-08 1.077 
CR-17-12 0.984 
CR-17-16 0.944 
CR-17-20 1.193 
CR-17-24 1.362 
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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 H 

- C - - 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 

allergen has a low molecular mass of lx lO 4 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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CHAPTER FIVE 

CONCLUSION 
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5.1 FINAL CONCLUSION 

Chlorination has been considered as a good answer to the protein allergy problem. Its 

ability to reduce the surface friction, remove the non rubber substances and protein 

are the main advantages. This research shows that according to the level of 

chlorination there can be complex results with regard to tensile strength, friction 

coefficient and surface topology. Hence careful consideration should be given to 

select the optimum chlorination level. 

According to Fig. 4.1 and Fig. 4.13 optimum tensile strength and friction coefficient 

are given at 1150 ppm chlorine concentration at 12 minutes chlorination time. Optical 

microscopic pictures prove that there are no surface cracks visible on the surface. 

Extractable protein content is also quite low at this point. However an efficient 

leaching system should be adopted to further reduce extractable protein content. 

Hence chlorination at 1150 ppm for 12 minutes can be taken as the optimum 

chlorination level. 

The industrialists prefer the chlorination at 1150 ppm for 4-8 minutes. By analyzing 

Fig. 4.1 & Fig. 4.13 it can be identified that it is a good chlorination level, but 

optimum value is the suggested chlorination level since higher chlorine concentrations 

can cause surface cracks with poor ageing properties. 

It can be assumed that the acidified medium has helped the cyclization reaction which 

distributed the stereo regularity during the initial substitution reaction. This can be 

avoided to a certain extent by using chlorine gas system instead of acidified Sodium 

Hyporchlorite. Further, chlorine gas system prevents the chlorohydrine formation 

which reduces the thermal stability of the product. 

5.2 FUTURE RECOMMENDATIONS 

The chemical reactions which occur during the chlorination can be found out by FTIR 

Spectrometer. This can confirm the proposed mechanism which was brought forward 

by this research. It can be used to eliminate the chlorohydrin reaction which reduces 
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the thermal stability of the product. 

Poor ageing is a big problem with the chlorination products. This research can be 

focused to find the optimum age resistance and its relevant chlorination level. 

The temperature of chlorination can have an effect on the reaction rate. The present 

research was done at room temperature. Hence this can be expanded by varying the 

chlorination temperature to obtain a further optimum point. 

The amount of sulphur used has a direct effect on the chlorination reaction rate. The 

present research can be broaden by changing the amount of sulphur in the 

prevulcanised latex. 
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ANNEXURES 

Annex 1 

Dry Rubber Content - 60% 

Total Solid Content - 61.5% 

Volatile Fatty Acid Number - 0.03 

Alkalinity - 0.20 

Mechanical Stability Time - 980 seconds 

Magnesium Content - 1 OOppm 

Annex 11 

Dry Rubber Content - 60.43% 

Total Solid Content - 61.81% 

Volatile Fatty Acid Number - 0.03 

Alkalinity-0.19 

Mechanical Stability Time - 1005 seconds 
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