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I n t r o d u c t i o n 

The natural rubber plant was first introduced to the South East Asia from its 
native South America when seeds sent by Henry Wickham were germinated in the Kew 
Gardens in UK and the infant seedlings were planted at Henarathgoda Garden in Colombo 
district in Sri Lanka in 1876. Hence, Colombo is known as the cradle of rubber plantation 
in the world. The commercial planting of rubber in Sri Lanka was started in 1883. 

In order to develop technology demanded by the growers a committee consisting 
of members of British plantation interests in this country was formed in 1909. This 
committee engaged a Chemist to study the coagulation of rubber thereby initiating 
research on rubber in 1909 in Sri Lanka. Hence, RRI Sri Lanka is the oldest rubber 
research institute in the world. 

Rubber product manufacture in Sri Lanka began in 1936 with the establishment 
of a tyre retreading facility. However, it is only during 1980's that me rubber products 
manufacturing sector began to expand. This could be attributed to the liberalization of the 
trade and investment in 1977. In order to promote this sector, rubber products 
manufacturing sector was recognised as a thrust industry by the government of Sri Lanka 
and is recognised as the target industry in the master plan for industrialisation and 
investment promotion prepared by the ministry of Industrial Development. Hence this 
sector is qualified for a package of special incentives offered to BOI companies. 

Today Sri Lanka is renowned to be the worlds' largest producer of industrial solid 
tyres; while in the examination and surgical gloves sector too Sri Lanka is the 4 t h largest in 
the world. Apart from that moulded and extruded products such as solid and pneumatic 
tyres, tubes, rubber belts, wide variety of automotive components, agricultural and other 
hoses, industrial flooring and mats and shoe soles are the major items produced by the Sri 
Lankan industry. Surgical, household, agricultural and examination gloves, balloons, 
Halloween masks, foam rubber toys are among the latex based product industries of the 
country. Latex based product industry attributes to around 35% of the local rubber 
consumption. 

As in the past, the aim to enhance the rubber industry by continuous development 
of the productivity of rubber plantation to cater to the fast growing needs of the value 
added rubber products industry. For this purpose plans are underway to extend the rubber 
plantations to non traditional areas in the country. 

Upgrading technology on raw rubber processing, promoting the premium grades 
of latex crepes manufactured exclusively by Sri Lanka for the food, pharmaceutical and 
infant toy industry to gain highest price payable from the correct end-users, developing the 
rubber product manufacturing industry by eliminating problems such as protein allergy, 
sulphur blooming and environmental pollution are the other aims of this institute which is 
the only institute of this kind in the country. In order to achieve these aspirations research 
is carried out in the areas of agronomy, processing and technology in cost effective and 
environment friendly manner. 

L.M.K. Tillekeratne 
Director 
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F o r w a r d 

Research and development activities are mandatory for the development of any 
industry. In the light of this situation to develop technology demanded by the growers a 
committee consisting of members of British plantation interests in this country was formed 
in 1909. Therefore, the origin of research on rubber in Sri Lanka goes back to that year. 
The committee initially engaged a chemist to study the coagulation of rubber. This activity 
was later expanded to form the Rubber Research Scheme in 1913, with Government 
providing 60% of the required funds and the balance coming from private subscribers. In 
1914, the Rubber Growers' Association, based in London, inaugurated the Rubber 
Growers' (Ceylon) Research Fund to provide further research facilities. The Ceylon 
Rubber Research Scheme and the Rubber Growers' (Ceylon) Research Fund amalgamated 
their work in 1920 and the Government continued to provide 60% of the funds. 

In January 1926 the Scheme leased 65 acres of land at Nivitigalakele, Matugama 
in the Kalutara District to further extend the Rubber Research Scheme activities on 
planting and testing of new clones. Later the Smallholdings Advisory Department was 
developed and was ultimately transferred to Colombo. This Department, apart from 
providing advisory services, helped smallholders by providing high-class planting 
material at subsidised rates. 

With the development of the industry the necessity to disseminate the technology 
developed to the growers was felt. Therefore, the Rubber Research Ordinance No. 10 of 
1930 incorporating the Ceylon Rubber Research Scheme- became operative. This 
ordinance provided provision to collect a cess of one-eighth cent per pound of rubber 
exported from the country and to utilize the funds for research work on rubber 
administered by a Board of Management. 

The 178-acre estate known as Dartonfield in the Kalutara District was purchased 
in 1933 and was converted into a Research Station with factories, laboratories and 
bungalows. The experiments laid down at the Research Station created great interest 
among the rubber planters and the out-come of such studies was disseminated through 
publications, visits to estates and meetings of District Planters' Associations. 

In 1942, a lease of 1,000 acres of land at Hedigalla in the Kalutara District was 
secured for the purpose of expansion of existing facilities for research. The Rubber 
Research Scheme was officially styled "Rubber Research Institute" in 1951 by the 
provisions of the Rubber Research (Amendment) Act. No. 30 of 1951. The work of the 
whole Institute was greatly expanded in 1953 with the introduction of the subsidized 
rubber replanting scheme. The original act of parliament was again amended by the 
Rubber Research (Amendment) Act No. 39 of 1987. 

As in the past this Institute, the oldest of its kind in the world, aims to enhance 
the performance of the rubber industry by continuous development and upgrading of 
technology on raw rubber processing, rubber products manufacture and agro-management 
taking into consideration the prevailing circumstances and also environmental issues. In 
order to fulfill these aspirations research and extension activities are carried out on all 
aspects of rubber cultivation and processing, in a cost-effective manner. 

Among the different methods adopted by the institute to disseminate the 
technology developed to the end users publications play an important role. Effective 
transfer of latest technology developed by the institute to the growers and industrialists is 
vital with the current level o f competition in the global rubber industry. VA Handbook of 

ii 



Rubber Culture and Processing' published in 1983 included the recommendation on both 
Agronomy and Processing. In 2000 'Handbook of Rubber, Volume 1. Agronomy' was 
published updating the institute policies on agromanagement of rubber plantations. This 
publication 'Handbook of Rubber Volume 2, Processing' gives the latest institute 
recommendations on raw rubber processing and product manufacture. 

A. Nugawela, 
Deputy Director Research (Biology) 
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P r e f a c e 

History of Natural Rubber 
Christoper Columbus in his expedition tour to America in 1493 has found the 

natives of Haiti playing with solid balls which bounced up into the air. The rubber used to 
make these balls was from Maxican rubber yielding tree, Castilla Elastica. By this time, 
people in Maxico and Guatemala had already discovered the tapping of latex from these 
trees which were made use of manufacturing water proofing garments and footwear at that 
time. 

When Columbus sailed back from the West Indies with the rubber balls to Spain 
in 1496, it was the first known presence of natural rubber in Europe and it was said of 
them that there was 'nothing comparable in the world to the way that the balls bounced'. 
Its first use in latex form was the discovery, by the Spaniards, of its ability to waterproof 
fabrics. However, since 1615 there was no means of stabilizing the latex, a thriving fabric 
proofing industry sprang up in Mexico with the latex coated fabric being exported. 

In 1818 Charles Macintosh, a British Scientist also discovered water - proofing. 
While seeking ways to exploit the waste products of the new.coal gasification process, he 
found that coal tar naptha was a good solvent for rubber. This rubber solution was then 
used as a waterproofing layer between two fabrics. Hence the "Machintosh'. 

Close on Macintosh's new process came Thomas Hancock;'s discovery of 
mastication in 1820. Hancock was using thin rings of rubber for elastic fastenings for 
gloves, shoes and stockings. This industry generated fresh cut edges of waste. Hancock 
developed a wooden masticator to shred the rubber. This was made from a cylinder of 
wood studded with teeth surrounded by a wooden frame also with teeth. He then found 
that these shreaded rubber could be turned into a homogeneous product by applying heat 
and pressure. Later models were properly engineered and Hancock used his masticated 
rubber to supply Macintosh's factory. He kept his process secret, but was forced to patent 
it in 1837. 

In this post - mastication/prevulcanization period, the rubber industry grew in 
Great Britain and a range of applications for rubber were developed covering the whole 
spectra of items from cushions and mattresses through bellows, hoses, (for beer engineers 
and fire-engines) to shoes and even early tyres. However, whilst rubber products were 
suitable in Britain with its relatively mild and wet climate, this was not so in the United 
States. Here excessive high temperatures or cold made Macintoshes and related products 
either sticky or rigid, resulting in loss of confidence in the US rubber industry and many 
factories were closed down. This failure of rubber to meet these temperature changes 
made Charles Goodyear seek modifications to it to avoid this defect. He tried a variety of 
chemicals and processes including magnesia, boiling in lime, bronze powder and nitric 
acid. It was actually Nathaniel Hayward who first introduced Goodyear to sulphur in 
1838 on, rather than in, the rubber. However, Goodyear fell upon hard times- both 
financially and domestically, so it was not until 1841 that he accidentally over -heated a 
mixture of rubber, sulphur and white lead, which led to the discovery of vulcanization, and 
a rubber which did not harden in winter and soften in the summer. 

Goodyear patented his invention on December 6 l h, 1842. Hancock, to whom the 
discovery of vulcanization is also often ascribed, came into the picture via William 
Brockendon (who is thought to have coined the name 'vulcanization'). Public opinion in 
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the US was still hostile to rubber, so Goodyear entrusted his idea to a Stephen Moulton 
who was returning to England to take his improved rubber to the now prospering 
Macintosh Company. Somehow Willaim Brockendon obtained samples of Goodyear's 
rubber and passed them to Hancock, who deduced from the bloom that sulphur was 
present. Thomas Hancock then discovered that strips of rubber immersed in molten 
sulphur changed character, and patented the process in November 1843, only a few weeks 
before Goodyear's belated English patent. 

The British rubber industry thus grew still further with the advent of 
vulcanization. This demand for rubber had grown quite significantly following John Boyd 
Dunlop's (a Scottish veterinary surgeon) invention of the pneumatic tyre in 1888. Whilst 
steam vehicles were too heavy for those, the early petrol cars were not, and the Michelin 
Brothers completed the 1895 Paris - Bordeaux car race on a vehicle fitted with pneumatic 
tyres. In the early days of motoring, tyres could cost $100 and cover only 750 kilometres. 
By the 1920s the cost was down to $30 and expected mileage raised to 21 000 kilometres. 
Aircraft tyres were first marketed around 1910, but the first pneumatic truck tyres did not 
appear until 1917 almost 30 years after Dunlop's invention. 

From then on, there was feverish activity in seeking new uses for rubber along 
with producing modified forms. Rubber in roads came about immediately after the war in 
1947, following developments by British Rubber Producers Research Association 
(BRPRA), the use of rubber in roads as rubberized bitumen gave better grip, a one - third 
improvement in the life of me surface. 

New material substitutes for natural rubber came thick and fast in the 1950s. 
There was Rubbone in 1952, the first form of liquid rubber that was widely used for 
prototype components, printers' rollers and textile machine parts after vulcanization. 
BRPRA also developed positively charged NR latex known as 'Tositex" which when 
applied on wool gave a waterproofing effect with improved wear properties and the 
elimination of 'balling up'. In 1954, Methyl Methacrylate grafted (MG) rubber was 
developed and MG '30' '40' and '49' became available based on the methyl methacrylate 
content. They are commonly used as adhesives. 

Then there were new uses that were developed. Perhaps most important of these 
was the use of rubber - metal laminated bearings for bridges. The first occasion these 
were installed - in place of the old roller bearings - was the Pelham Bridges outside 
Lincoln in 1957. Since that time all bridges around the world have rubber bearings to 
accommodate bridge deck movement, and the concept spawned the base-isolation of 
whole buildings against ground - borne vibration. In 1965 when Albany Court was built. 
It became the first building in the world constructed on rubber - metal laminated bearings, 
to isolate it from the St. Jones wood underground station built below it. 

The final development of base - isolation has been the design of rubber -metal 
laminated bearings to protect buildings against earthquakes and this is likely to represent a 
substantial new use of rubber in the 21 s t century. 

Another development in the late 1960s was the discovery that oil -extended 
natural rubber (OENR) had potential use in winter tyre treads which provided good ice and 
snow traction properties, better rolling resistance than synthetic rubber treaded tyre and 
has also been evaluated in all season tyres which were originally made out of synthetic 
rubbers. 

The 1970s and 1980s have seen new rubbers derived from natural rubber and 
further uses, all of which are known to readers today. In late 1970s Deprotinized Natural 
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rubber was introduced to give oil resistance, damping and low gas permeability, while 
Theremoplastic natural rubber (TPNR) joined the recycling and no - reject club. 

Work has continued to keep NR in the tyre industry where some 70% of rubber 
is consumed. NR is mainly used in the truck tyres, air craft tyres and off the road tyres. NR 
based compounds have now been developed which can give equivalent wear performance 
to synthetic rubber treads (SBR/BR) and in addition have lower rolling resistance and 
hence give better fuel economy. Finally the NR industry has learnt to live with SR. For 
majority of applications, blends tend to be used. 

And so to the future, NR production continues to climb, with 5.9 million tonnes 
produced in 1995. With a total world rubber consumption of 15.2 million tonnes, this 
represents 39% of the market. In the year 2002 world NR production has climbed to 7.1 
million tonnes while the Synthetic rubber production was 10.8 million tonnes. The low 
rolling resistance of NR, combined with high tack and low heat buildup, make it an ideal 
polymer for the tyre industry. The trend to manufacturing in the Far East, where 50% of 
NR is now consumed, has an ideal-bred bias to use home grown NR, whilst the latex 
industry also continues to grow. These developments envisage a bright future for NR. 

NR continues to save lives in the medical field as well. Surgeons gloves and 
examination gloves are now universally used to protect hospital workers, dentists and 
others in the medical field against AIDS. The market has risen dramatically since 1988, 
and for the most part consumers cannot imagine a better material for feel and grip. 

All the predictions for cars of the future, envisage the use of rubber in tyres, albeit 
their profile may change and their weight decrease. This together with tomorrow's world 
space shuttles and other aircraft landing on NR tyres, should see a bright future for the NR 
industry. 

Rubber industry in Sri Lanka - at a glance 
Natural rubber produced in Sri Lanka is a valuable resource for the rubber 

industry, as well as for foreign exchange earning through exports. The rubber industry in 
Sri Lanka is one of the five largest GVA sub sectors and contributed 6.5% of the total 
manufacturing GVA in 1995, being a typical resource-based industry backed by high 
quality NR produced in the country. In the year 2001, export of rubber products earned a 
foreign exchange revenue equivalent to Rs.17 billion while export of raw rubber 
accounted for Rs.2.5 billion. 

It is reported that in 2001, the country produced 86.2 thousand tonnes of NR, of 
which 54 thousand tonnes were consumed by the rubber manufacturing industries locally 
which figure reflects a significant growth in the industry over the two decades as it was 
only 14 tonnes of rubber consumed in the early 1980s. 

Rubber product manufacturing began in Sri Lanka way back in 1936 with the 
establishment of a tyre retreading facility. However, it was only during the 1980s that the 
manufacturing sector began to expand. Expansion was slow at first but gathered 
momentum in the early 1990s. The successful growth of the industry can be partly 
attributed to the liberalization of the trade and investment in Sri Lanka which began in 
1977. Very attractive incentives have been on offer for potential investors in export 
oriented projects. In 1997, in order to promote the sector, the rubber based manufacturing 
sector was named as a " Thrust Industry" by the government and thereby new investments 
in this sector qualified for special incentives. Most of the large scale industries are either 
direct foreign investments or joint ventures with local partners. 
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The rubber industry in Sri Lanka has the potential to be one of the world leading 
rubber product manufacturing countries due to it's production of top quality grade of NR 
with a very low level of proteins and production of high quality RSS as raw materials at 
relatively low processing cost. Wide variety of rubber products are manufactured by the 
rubber manufacturing sector in Sri Lanka. 

Moulded and extruded products such as solid and pneumatic tyres, tubes, rubber 
belts, wide variety of automotive components, agricultural and other hoses, industrial 
floorings, mats and shoe soles are major items produced by the Sri Lankan industry. Sri 
Lanka is renowned to be the world's largest supplier of industrial solid tyres. 

Surgical, household, agricultural and examination gloves, balloons, halloween 
masks and rubber toys are among the major products manufactured by the Latex product 
industries in Sri Lanka. Latex product industry has expanded significantly over the last 
decade and presently it attributes to around 35% of the local consumption of NR. 

W.M.G. Seneviratne 
Deputy Director Research (Technology) 
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C h a p t e r 1 

L a t e x c o l l e c t i o n * 

P.H. Sarath Kumara 

1. Intrcduction 
2. Composition of latex 
3. Utensils for latex collection 

3.1 Spouts 
3.2 Latex cups 
3.3 Buckets 

4. Time of collection of latex 
5. Preservation of latex 

5.1 Preparation and dosage of preservative solutions 
5.1.1 Ammonia 
5.1.2 Sodium Sulphite 
5.1.3 Washing soda 

5.2 Effect of anticoagulants on rubber manufacture 
5.2.1 Sheet rubber manufacture 
5.2.2 Crepe rubber manufacture 

6. Transportation of latex 
6.1 Tanks for latex transport 
6.2 Cleanliness of transporting vessels 

7. Post collection operations 
7.1 Preliminary straining 
7.2 Weighing 
7.3 Estimation of Dry Rubber Content (DRC) 

7.3.1 Metrolac method 
7.3.2 Trial coagulation method 

7.3.2.1 Estate method of trial coagulation 
7.3.2.2 The Chee method 

7.3.3 Laboratory methods for DRC determination 
7.3.3.1 Standard laboratory method 
7.3.3.2 Rapid laboratory method using air circulating oven 
7.3.3.3 Rapid laboratory method using microwave oven 

1. BSTRODUCTION 
Fresh latex from the rubber tree is a rather thixotropic neutral milky fluid 

of density around 0.98 g/cm3. The rubber hydrocarbon, chemically called cis 1,4 
polyisoprene, is in colloidal suspension in water as molecular aggregates of 0.5 to 
1.0 micron (1/1000 of a mm) diameter. In addition, latex contains proteinaceous 
and nitrogenous substances, carbohydrates, lipids, mineral salts, carotenoids, 
resins and enzymes. 

* Adapted from "A Handbook of Rubber Culture and Processing", 1983 
1 



2. COMPOSITION OF LATEX 
Being a natural product, the composition of Natural Rubber (NR) latex 

varies depending on many factors such as clone, season, soil conditions, tapping 
method and frequency, the age of the tree, etc. The typical composition is as 
follows: 

Component % by weight of latex 
Dry rubber 3 0 - 35 
Proteinaceous substances 1 - 1.5 
Lipids 1 - 2.5 
Sugar 1 
Inorganic ions 1 
Water 6 0 - 65 

It is believed that a rubber particle in fresh NR latex comprises a sphere of 
mainly rubber hydrocarbon, surrounded by two layers, the inner of phospholipids 
and the outer of proteins (Fig. 1.1). 

Protein layer 

Rubber hydrocarbon 

Phospholipid layer 

Fig 1.1 The structure of a natural rubber particle 

In addition to rubber particles, fresh latex also contains two other types of 
particles: bright yellow particles known as Frey-Wyssling particles which cause 
yellow discoloration of rubber and lutoid particles much larger than latex particles 
which contain carotenoids, acids, mineral salts, proteins and even rubber 
hydrocarbons. When fresh latex is diluted, these lutoid particles absorb water and 
become larger in. sjze eventually bursting and releasing the contents into the 
serum. The lutoids and their residuals coagulate more readily than rubber particles 
because of the acidic substances present in the particle. This fact is made use of in 
the fractionation process in crepe rubber manufacture. 



3. UTENSILS FOR LATEX COLLECTION 
3.1 Spouts 

Latex is channeled to the collecting vessel by means of spouts. Various 
types of spouts are in use. The scrap should be removed daily to keep the spouts 
clean Spouts are usually made of galvanized iron and are about 5 cm long. 

3.2 Latex cups 
Coconut shells are mostly used for collecting latex in Sri Lanka due to the 

low cost and their ready availability. They should be replaced by clean shells after 
they have become encrusted round the edges and outside with sticky scrap. Dirty 
cups are a source of infection, leading to precoagulation in the field and to 
fermentation and bubble formation in the factory. 

Cups should not be allowed to lie on the ground, as latex is bound to 
become contaminated with soil. Some spouts have hooks by which the cups could 
be hung when not in use. Cups can also be inverted on pegs placed in the ground 
close to each tree or hung on cup hangers. i 

Cups made out of plastic could also be used for collection of latex. Use 
of these cups may help to reduce the percentage of scrap, as it is easier to remove 
latex from these cups; these plastic cups are relatively cleaner than coconut shells. 

3.3 Buckets 
The collecting buckets most commonly used are of galvanized iron. 

Buckets should be adequately washed after use and they should be inspected 
before the tappers leave the factory. There is no difficulty in cleaning utensils 
used for collecting latex if this is done immediately after use. It is only when the 
latex is allowed to dry, that it becomes tacky and difficult to remove. Unclean 
buckets are a source of bacteria which by contaminating the latex increase the 
tendency for precoagulation and also affect the quality of the rubber manufactured. 

Careful attention should also be paid to the "kottu" or the small receptacle 
tappers use to facilitate the collection of latex. 

When the tapping cut on trees comes within 30 cm from the ground, there 
is likely to be an increase in the dirt content of latex. The dirt is splashed on to 
the trunk or into the cup during rain and is then carried through to the factory with 
the latex. 

4. TIME OF COLLECTION OF LATEX 
Latex should be collected as soon as possible after the flow has ceased, 

which may be 3 to 4 hours after the first tree is tapped. If signs of precoagulation 
are observed in latex, it is necessary to use an anticoagulant in the field. This fact 
must be borne in mind when divisional weighing sheds are built. 

The latex is poured from the cup into the collecting bucket and as much as 
possible is removed from the cup with the thumb. The use of lumps of rubber for 
cleaning out the cups should not be allowed, nor is it desirable to allow the cups to 
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be rinsed out with water. The tappers should not be allowed to leave the buckets 
standing in the sun as the heat increases the tendency for fermentation and 
precoagulation of latex. The rise in temperature of latex due to warming also 
appreciates the metrolac reading (see 7.3.1 and Fig. 1.3). 

5. PRESERVATION OF LATEX 
Latex from young trees and from trees of certain clones shows a marked 

tendency for precoagulation prior to arrival at the factory. This is indicated by 
visible clots in the collecting cup itself, clots in latex, coagulation during 
transportation and fermentation bubbles in the coagulum. Precoagulation mainly 
occurs in latex due to acid development by bacteria interacting with various non-
rubber substituents. In the presence of bacteria non rubber such as certain proteins, 
lipids and sugar are converted to acids. Low molecular weight volatile fatty acids 
such as acetic and formic acid generated by bacterial action on sugar results in 
precoagulation while formation of acids with the digestion of proteins and lipids 
helps stabilization of latex. 

Most predominantly a sugary substance present in latex namely 
quebrachitol is digested by means of bacteria in the presence of oxygen to form 
acetic and formic acid as follows; 

Bacteria 
Quebrachitol + Oxygen ^. Acetic acid + Formic acid 

Tendency for precoagulation is often particularly noticeable immediately 
after resting for wintering, tapping of high cuts and in wet weather. 

Latex to be used for manufacture of sheet or crepe rubber should be 
preserved with chemicals to prevent precoagulation until it reaches the factory for 
further processing. These chemicals used as short-term preservatives are known 
as anticoagulants. Preferred anticoagulants are sodium sulphite, ammonia and 
sodium carbonate. However, sodium sulphite is the most commonly used 
anticoagulant in Sri Lanka. 

A limited number of preliminary trials is usually desirable prior to the 
large-scale use of latex anticoagulants. The objective of these trials is to ascertain 
whether the anticoagulant chosen is suitable and to obtain some information 
concerning the amount of anticoagulant to be used at various stages, i.e., (a) in the 
bucket and (b) at the collection centre, as well as to train the estates' staff and 
some of the tappers in the procedures involved. Further, the quantity of 
anticoagulant to be used on an estate may not be the same throughout, because of 
variation in weather and clones. 

Latex used for manufacture of concentrated latex should be preserved with 
long-term preservatives. The most popular long-term preservatives are ammonia 
and a combination of ammonia with a secondary preservative such as TMTD/ZnO. 
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5.1 Preparation and dosage of preservatives 
Arnmonia is diluted to the required concentration as described in 5.1.1 for 

preparing the stock solution before addition to latex. These solutions could be 
kept for an appreciable period of time in storage if containers are kept tightly 
closed. However, stock solutions of sodium sulphite are not stable and should be 
made just prior to use, as sodium sulphite in solution loses its strength very 
rapidly. 

The stock solutions of ammonia, sodium sulphite and washing soda are 
prepared and used as follows: 

5.1.1 Ammonia 
Ammonia is available in steel cylinders containing about 68 kg liquified 

ammonia gas under pressure. The stock solution to be used as an anti-coagulant is 
prepared by bubbling 1 kg of ammonia gas carefully and slowly into 100 litres of 
water giving a 1 % solution. If ammonia is used as a long-term preservative, the 
stock solution is prepared by bubbling 10 kg of ammonia into 100 litres of water to 
obtain a 10% solution. Liquid ammonia can be obtained at concentrations ranging 
from 25 to 30% by weight. The bottle of concentrated ammonia intended to be 
opened the following day should be left to cool, immersed in a bucket of water the 
previous night, and the bottle should be opened with care and the operator should 
wear goggles. The stock solution is prepared by diluting 1 part and 10 parts of the 
liquid ammonia solution with approximately 24 or 29 parts of water to obtain a 1 % 
and a 10% solution respectively. Aluminium vessels are not suitable for the 
storage of strong ammonia solution. 

Ammonia as an anti-coagulant is added to field latex at 0.01 - 0.05% on 
latex. The addition of 100 - 500 ml of a 1% solution to 10 litres of latex gives this 
dosage. Ammonia is considered suitable as an anti-coagulant in the manufacture of 
sheet rubber, but not in the manufacture of crepe rubber as the resulting crepe may 
discolour. 

Field latex collected for High Ammonia preserved concentrated latex 
manufacture should contain an ammonia content of 0.4%. Addition of 4 litres of a 
10% solution to 100 litres of latex gives this concentration approximately. This 
concentration can be reduced to 0.2% by adding half the above dosage with a 
secondary preservative such as TMTD/ZnO added as a 25% dispersion. The 
dosage of TMTD/ZnO is 0.025% on latex. Addition of 100 g from the dispersion 
mixture into 100 litres of latex gives this concentration. The collecting vessels 
should be kept closed airtight to prevent the escape of ammonia from latex. It is 
recommended that latex be delivered to the centrifuging factory as early as 
possible. Failure to do so will increase the risk of Volatile Fatty Acid (VFA) 
formation in latex. Latex with high VFA No. is not suitable for concentration. 

5.1.2 Sodium sulphite 
The stock solution of 3.3% is made by dissolving 1 kg of the anhydrous 
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chemical in 30 litres of water. The addition of 150 ml of this solution to every 10 
litres of latex should give a sodium sulphite content of approximately 0.05%. The 
stock solution should be made up just prior to use. Sodium sulphite may not be 
effective if the tendency to precoagulation is marked. The recommended dosage of 
sodium sulphite is 0.05 - 0.15% on latex. There is no necessity to increase the 
dosage beyond the recommended levels, if correct hygienic practices are adhered 
to. Excess sodium sulphite retards the drying of sheet and crepe and leaves the 
surface of sheets tacky (or glossy) due to moisture absorption. 

Sodium sulphite, in addition to being an anticoagulant, prevents enzymatic 
discolouration of the latex resulting from (a) increased tapping intensities (b) 
tapping after the wintering period (c) new tapping cuts. 

5.1.3 Washing soda 
The stock solution is made by dissolving 1 kg of the powder in 60 litres of 

water. The addition of 300 ml of this solution to every 20 litres of latex gives a 
sodium carbonate content of approximately 0.025%. This anticoagulant may be 
suitable for smallholders due to low cost but it is believed that there is a risk of 
bubble formation, e.g. in RSS manufacture. 

The approximate quantities of anticoagulant used as a percentage of the 
weight of latex are given in Table 1.1. However, this material is not used 
commercially by the smallholder sector or estates. 

5.2 Effect of anticoagulants on rubber manufacture 
Excessive proportions of anticoagulants should not be employed as it 

may cause difficulties in removing the fraction and the consumption of acid for 
coagulation will consequently increase. 

5.2.1 Sheet rubber manufacture 
The use of washing soda or sodium carbonate as the anticoagulant can 

give rise to bubble formation in sheets manufactured due to chemical action of 
acid on the anticoagulant during coagulation. If bubble formation (pin head 
bubbles) in sheet is due to bacterial action, then sodium sulphite is preferable to 
washing soda as the anticoagulant. If sodium sulphite is added in the field or in 
the transportation tank as the anticoagulant, then it is not necessary to use any 
sodium bisulphite in the factory as excess of sodium sulphite or bisulphite retards 
the drying of sheets and leaves the surface tacky. Ammonia is the best 
anticoagulant for sheet manufacture. 

5.2.2 Crepe rubber manufacture 
Sodium sulphite is the best anticoagulant for crepe manufacture and if 

used in the field or in the transportation tank, the amount of sodium bisulphite 
used in the factory can be reduced accordingly. The use of ammonia is not 
recommended as it may cause discolouration in the resultant crepe. 
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Table 1.1. Quantities of anticoagulant used as a % of the weight of latex 

Anticoagulant Dosage in the field Dosage in the transportation tank Method of Preparation 
of stock solution 

Anticoagulant 
Recommended rate 
as a % of the 
weight of latex 

Approximate equivalent 
in ml of the stock 
solution per litre of latex 

Recommended rate 
as a % of the weight 
of latex 

Approximate equivalent 
in ml of the stock 
solution per litre of latex 

Method of Preparation 
of stock solution 

Ammonia 0.01 - 0.05 10-50 0.005 - 0.01 5 - 10 1 kg of ammonia gas 
in 100 litres of water 
or one part of strong 
liquid ammonia with 
approximately 24 
parts of water 

Sodium sulphite 0.05-0.15 15-50 0.03 - 0.05 10-15 1 kg of sodium 
sulphite in 30 litres of 
water 

Washing soda 0.025 15 .005 3 1 kg of washing soda 
in 60 litres of water 

N.B. When the anticoagulant is not used in the field, it is advisable to use the higher dosage specified above during transportation. 



Anticoagulants should be added to the latex as early as possible by 
adding to the collecting cups if possible. This is done by issuing each tapper with 
a small bottle containing the stock solution of anticoagulant. The bottle should be 
corked with a small hole in the cork, into which may be fitted a small spout. A 
few drops of the solution are shaken into the cup after the tree is tapped. In 
practice it is difficult to ensure this being done satisfactorily. Hence, it is 
advisable to add half the quantity of anticoagulant to the cups and the remainder 
to the latex collecting bucket. 

Sodium sulphite is added in the field as a freshly prepared solution of 
3.3%. If the latex collection vehicle arrives late at the factory, required dosages 
of sodium sulphite must be divided into 2 to 3 parts and added at different times 
as a freshly prepared solution; but increasing the dosage beyond recommendation 
is not effective at all. 

6. TRANSPORTATION OF LATEX 
Latex should be delivered to the factory as quickly as possible after 

collection, in order to avoid premature coagulation of latex meant for processing 
into sheet rubber, crepe rubber or TSR and to prevent VFA development in latex 
meant for processing into concentrated latex. 

It may be necessary to have latex collection centres at central places in 
different divisions or in individual fields in estates. The latex brought in by the 
tappers should be weighed and poured into transportation vessels, after the 
addition of a suitable preservative, for delivery to the main factory. 

The most convenient and economical method of transport of latex to the 
factory is by means of a bowser or trailer- mounted tanks. 

6.1 Tanks for latex t ransport 
Aluminium is the best material for the construction of tanks for latex 

transport. The essential feature is the provision of a large manhole so that the 
tank can be thoroughly cleaned each day after use. 

Iron tanks, if adequately protected, could also be used for transportation 
of latex. The best way to protect them would be to coat the inner surface with an 
inert material which will prevent latex from coming into contact with the metal. 
Suitable coatings are inert paints such as epoxy paints and bitumen-based 
emulsions. Chlorinated rubber-based paints which are more expensive have the 
advantage that they are white; this colour has a psychological advantage as an 
incentive to cleanliness. 

6.2 Cleanliness of transporting vessels 
After unloading latex in the factory, transporting vessels should 

immediately be cleaned thoroughly. If these transporting vessels are kept unclean, 
bacteria will develop within the vessel causing putrefaction which will ultimately 
result in contamination of latex with bacteria. The end result is that 
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precoagulation sets in and the crepe rubber manufactured with this latex may 
have streaks. Also the crepe rubber manufactured with latex highly contaminated 
with bacteria, though there is no visible precoagulation, may undergo 
discoloration. Collection of field latex in uncleaned utensils for manufacture of 
concentrated latex leads to a very high risk of VFA development beyond 
acceptable levels. 

7. POST-COLLECTION OPERATIONS 
7.1 Preliminary straining 

On arrival at the factory (or collection station), the latex should receive a 
preliminary straining through a sieve fitted with monel metal mesh of 40 mesh 
size, in order to remove lumps, bark shavings etc. Brass mesh is unsuitable for 
this purpose, owing to the deleterious effect of even minute traces of copper on 
the quality of the rubber. For this reason, there should be no equipment 
containing copper or brass which comes into contact with latex or rubber during 
its processing. Stainless steel is also very suitable but more expensive. 

7.2 Weighing 
In Sri Lanka, the tappers are paid a daily wage and a bonus for every 

additional kilogram of rubber over the specified norm brought in by them. The 
usual procedure is to pour the latex into a standard bucket and measure the-
volume in litres using a dipstick. Alternatively, the weight in kilograms may be 
taken by hanging the bucket on a spring balance. The bucket, dipstick and the 
spring balance must be stamped by the Weights and Measures Division of the 
Department of Commerce, Sri Lanka. The DRC of a sample of the latex is then 
estimated by the metrolac or by trial coagulation and payment to the tapper made 
according to the calculated weight of the rubber. T h e standard metrolac chart 
shown in annex I is used to estimate the amount of rubber brought in by tappers 
after estimating the metrolac DRC (Plate 1.1a). 

7.3 Estimation of Dry Rubber Content (DRC) 
The DRC of field latex is not constant. At the first opening of the 

tapping cut the DRC is high and in subsequent tappings it falls until it reaches an 
equilibrium. In very dry weather the DRC is high and after prolonged rain or 
flooding it drops. Intensive tapping systems and the use of stimulants usually 
depress the DRC. Metrolacs are used to estimate the DRC of latex for the 
payment of tappers and as a guide to dilution prior to coagulation. It should be 
realised that the DRC estimated by the metrolac is not as accurate as the DRC 
determined by the laboratory method. However, the use of the metrolac is the 
most convenient, rapid and reasonably accurate method for the estimation of 
DRC of latex in the field. It is also important that the correct metrolac chart 
recommended by the RRISL should always be used for the calculation of the dry 
weight of rubber in latex. The recommended metrolac chart is given in annex I. 

9 



7.3.1 Metrolac method 
The metrolac (Plate 1.1b) is a glass instrument which measures the 

density of field latex. The density of latex varies according to the amount of 
rubber present, and the instrument is graduated to give a direct reading of the 
rubber content of latex in grams per litre. 

The latex should be diluted with two volumes of water before making the 
estimation, as the metrolc does not move freely in undiluted latex. The 
assumption underlying the use of the metrolac is that the relation between the 
density and the DRC of field latex is consistent, irrespective of the source and 
dilution of the original latex, an assumption which is not necessarily correct. 
The reason for this is that latex is a heterogeneous mixture consisting of various 
substances having different densities and the composition of latex varies on 
different estates, because of .clonal, and soil variations. There is also a seasonal 
variation of the composition. 

The metrolac does not work in latices of certain clones with a tendency to 
incipient coagulation. In such cases, an anticoagulant should be added to the 
latex in the field. All readings of the metrolac should be taken after ensuring that 
the instrument moves quite freely in the diluted sample of latex. Froth on the 
latex surface and the angle at which the reading is taken will influence the results. 
Fine air bubbles in latex due to pouring, stirring or shaking will affect the density 
of latex and consequently the reading of the metrolac. The reading on the stem 
should be taken at the bottom of the curve (meniscus), i.e. on a level with the 
surface of the latex (Fig. 1.2). 

Incorrect reading 

Fig. 1.2. Correct reading of the metrolac 

It has been reported that the tappers resort to various malpractices to get a 
higher DRC for their latex. Adulterants such as starch and sap of certain plants 
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are sometimes added to latex by tappers in the belief that they would appreciate 
the DRC and in fact the free movement of the metrolac is hindered when such 
materials are added to latex thereby giving erroneous readings, but depending on 
how the metrolac is inserted into latex the metrolac reading may be higher or 
lower than the correct value. They also adopt various methods to increase the 
temperature of latex and it has a direct effect on the metrolac reading. Therefore, 
if latex is found to be warm, the DRC should not be estimated using the metrolac 
and it is better still to reject the latex. The variation of the metrolac reading with 
the temperature of latex having a DRC of 31% is shown in figure 1.3. 

Temperature of latex before dilution with cold 
water °C 

Fig. 1.3. Effect of temperature on metrolac reading of unstabilised field latex 

7.3.2 Trial coagulation method 
There are two methods of carrying out trial coagulation determinations. 

These two methods are suitable for use in estates. 

7.3.2.1 Estate method of trial coagulation 
The metrolac reading of a sample from the bulked latex is taken, after 

dilution with two volumes of water. Another sample of the bulked latex is 
diluted with one volume of water and 5 litres of it is poured into a coagulating 
pan. The measure is rinsed with 250 ml of water which is added to the latex. A 
second quantity of 5 litres of diluted latex is measured in the same way and 
poured into another pan. The latex in each pan is then coagulated by adding 500 
ml of a 1% solution of formic acid (made by adding 12 ml of 85% strong acid to 
1 litre of water) and stirring with a suitable paddle. When coagulation is 
complete, the coagulum is rolled either in a sheet roller or in a creping mill. In 
the latter case, care is required that none of the sample is lost; the rollers should 
be opened slightly to reduce the pressure on the rubber. After drying, the samples 
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are weighed together on an electronic top-pan balance accurate to 10 g. The 
combined weight represents the rubber content of the original undiluted latex in 
grams per litre. The accuracy of the trial can be checked by weighing the two 
sampli ; separately. If they differ by more than 10 g the test should be repeated. 

7.3.2.2 The Chee method 
A dipper calibrated to deliver 40+0.5 g of field latex is used. This is 

immersed slowly in a representative sample of latex. One dipper full of latex is 
drawn out gently and transferred to a coagulating dish. A mixture of 10 parts by 
volume of 10% formic acid and 90 parts by volume of methylated spirits is used 
for the quick coagulation of latex. The coagulum is fed through a pair of rollers a 
number of times at different gap settings. The coagulum is washed and pressed 
between blotting paper to remove as much water as possible, before it is weighed 
on an analytical balance. The DRC of latex is obtained by multiplying the wet 
weight of the coagulum by a factor determin -d previously by a trial experiment. 

7.3.3 Laboratory methods for DRC determination 
Three laboratory methods for the determination of DRC of field latex are 

described below. The second and the third methods are very fast but not as 
accurate as the first method unless tests are performed by experienced personnel 
with utmost care. 

7.3.3.1 Standard laboratory method 
A test portion of 10±2 g from a representative sample of latex, accurately 

weighed by difference, using a 50 ml weighing bottle, is poured into a petri dish 
having a diameter of 5 cm. The latex is coagulated using sufficient acetic acid 
and heated over a steam bath until a clear serum is obtained before it is pressed 
with a glass stopper to a thickness of approximately 2 mm. The coagulum is 
thoroughly washed and placed in a thermostatically controlled oven at about 
70°C. After drying, the rubber is cooled in a desiccator and weighed using an 
analytical balance. Drying and weighing procedures are continued until the 
coagulum is dried to a constant weight and the dry rubber content is calculated 
from the above data. 

7.3.3.2 Rapid laboratory method using air circulating oven 
A representative sample of latex in a cylindrical plastic vial (about 2 nil 

capacity) is weighed together with a glass dropper using an analytical balance. 
From the glass dropper, approximately 0.5 g of the latex is added drop-wise onto 
a glass plate and immersed in a mixture of five parts by volume of glacial acetic 
acid and 95 parts by volume of methylated spirits in a petri dish. The dropper, 
together with the balance of latex, is reweighed to obtain the weight of latex 
transferred. Pieces of coagulum on the glass plate are pressed carefully and 
washed with distilled water before it is dried in an air circulating oven. The dry 
film on the glass plate is rolled off and weighed using an analytical balance. 
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7.3.3.3 Rapid laboratory method using microwave oven 
Two to three drops of latex from a representative sample are carefully 

taken into a small petri dish (diam. 25 mm) and weighed on an analytical balance. 
A few milli-litres of 5% alcoholic solution of acetic acid are poured into the dish 
so that latex is completely covered with the coagulant. Press the coagulum 
carefully with a glass stopper till all the latex trapped inside the coagulum is 
completely coagulated and a very thin fdm of the coagulum is obtained. The film 
is carefully washed thoroughly in running water and dried using a microwave 
oven at medium power level for a period of 10 minutes initially. The film is then 
turned over and dried again in the oven for 5 minutes. Make sure that there are no 
white spots on the film. It is cooled in a desiccator before weighing and then the 
DRC is calculated. Carry out the procedure in triplicate. If the DRC calculated 
on three samples differs by more than 0.5% the procedure has to be repeated. 
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Plate 1.1. a Measuring and weighing of field latex at the factory; b Reading with the 
metrolac. 
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1. INTRODUCTION 
In Sri Lanka, Ribbed Smoked Sheet (RSS) is made mainly by small-scale 

and medium-scale producers and there are only a few estates that manufacture 
more than 1000 kg per day. 

The main factory operations involved are: 

i. coagulation of suitably diluted field latex and preparation of sheets 
ii. drying of sheets in smoke houses 

7 ' •: type of equipment required for the manufacture of RSS will depend 
mainly on the size of the crop to be handled. Basic requirements are receptacles 
for coagulation, machinery for milling and a smokehouse for drying. 

2. STANDARDIZATION OR DILUTK N OF LATEX 
The latex is diluted to a standard DRC by the addition of fresh clean 

water. The DRC of field latex is reduced to 12.5% by diluting with a sufficient 
quantity of water prior to coagulation (Annex II). Dilution also assists in the more 
uniform distribution of acid and other chemicals and reduces the incidence of 
bubbles in the final sheets; thus the viscosity of the latex is reduced and trapped air 
and any fermentation gases can escape to the surface more readily. 

The formula given below can be used to determine the quantity of water 
required to dilute the latex to reduce its DRC to the required level. 

V w = V f (df -1) 
d s 

Where V w = Volume of water required for dilution 
Vf = Volume of field latex 
d f = DRC of field latex 
d s = DRC of standardised latex 

For example, the volume of water required to standardize 350 litres* of 
25% DRC latex to 12.5% DRC latex is 

V w = 350 [ 21 - l ] 
12.5 

350 litres 

Certain clonal latices are prone to enzymatic discolouration resulting in 
the darkening of the RSS. This can be checked by the addition of a dilute solution 
of sodium bisulphite or metabisulphite at the latex stage prior to coagulation. The 
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normal dosage is about 50 g of the chemical per 100 kg of dry rubber, added as a 
1% solution. In the case of pronounced enzymatic discolouration this treatment 
should be carried out without any delay at the processing centre. Usually this 
treatment is not necessary in RSS manufacture but could be used effectively in the 
case of severe discolouration of certain latices. 

3. COAGULATION OF LATEX 
3.1 Receptacles 
3.1.1 Pans 

For small scale RSS manufacture, the latex is commonly coagulated in flat 
pans, each holding about 5 litres of diluted latex. Aluminium pans are widely 
used for this purpose. Pans made of plastic or thermoplastic natural rubber could 
also be used. 

The internal dimensions of the coagulating pans usually sold in Sri Lanka 
are 400 mm x 325 mm x 65 mm deep. For durability, pans of adequate thickt *,ss 
to resist bending or denting should be purchased. The standard 21-gauge meta: is 
recommended. 

3.1.2 Troughs 
Small-scale as well as medium-scale manufacturers use long troughs 

holding 22.5 litres of diluted latex. These are better than pans as they save a lot of 
handling. The troughs should be aluminium and the dimensions approximately 
1.5 m long, 0.3 m wide and 75 mm deep. Wooden troughs are also used, but they 
are difficult to clean. 

3.1.3 Tanks 
The only practical method of coagulation for medium - or large-scale 

manufacture (200 kg and over per day) is to utilize tanks in which vertical 
partitions, placed in position after the addition of acid to the latex, divide the 
coagulum into slabs of suitable dimensions for machining using a sheeting battery. 

In its usual form, the coagulating tank is constructed of aluminium and 
provided with aluminium partitions, which slide into grooves in the sides of the 
tank. Alternatively the partitions may be held in place by a frame which rests on 
the top of the tank. The coagulating tank could also be constructed with teak or 
other hardwood in which case the inside surfaces should be lined with aluminium 
sheeting. 

The standard size of a coagulating tank is 3 m long x 1 m wide. The depth 
depends on the size of the sheeting mill and ranges from 350 to 450 mm. In most 
cases the depth of diluted latex in each coagulating tank does not exceed 400 mm, 
so that the slabs of coagulum are approximately 350 mm wide. The capacity of a 
tank of this size is approximately 1000 litres. As each tank is fitted with 90 
partitions, there would be 91 slabs of coagulum. It would be preferable to have 
castors (wheels) fitted on to these tanks, so that they could be moved into position 
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close to the sheeting battery. Alternatively, if the tanks are immovable a central 
chute may be necessary to have the coagulum floated to the sheeting battery. 

A minor drawback in tank coagulation is the fact that the side of the 
coagulum which is uppermost in the tank is harder than the bottom. This is the 
result of natural consolidation of the coagulum owing to the buoyancy of the 
rubber, but the effect may be increased by the occurrence of anaerobic 
fermentation at the bottom of the tank, tending to make the lower part of the 
coagulum spongy. One side of the finished sheet is usually correspondingly 
thicker than the other, which should be corrected manually by hand pressing, as 
sheets of uneven thickness passing through the battery tend to tear. 

3.2 Coagulants 
Formic acid is the preferred coagulant used in RSS manufacture. Acetic 

acid could also be used but the concentration should be doubled as acetic acid is a 
weak acid compared to formic acid. 

3.2.1 Acetic acid 
Acetic acid is not favoured as a coagulant, as the rate of coagulation with 

acetic acid is rather slow and under certain conditions this gives sufficient time for 
the latex to ferment, causing discoloration of the coagulum and bubble formation 
in the sheets. The underside of the coagulum has a mucilaginous appearance 
which is especially pronounced in pan coagulation and the RSS may be found to 
be dark in colour. These defects may be prevented by using formic acid in place 
of acetic acid as the coagulant. It may be mentioned that formic acid also has 
antiseptic properties whereas acetic acid may stimulate development of bacteria. 
Acetic acid is not used in the rubber industry in Sri Lanka. 

3.2.2 Formic acid 
Commercial formic acid has a strength of about 85%. The quantity of 

formic acid required for coagulation where rolling is carried out on the day 
following coagulation is about 350 to 450 ml of strong acid per 100 kg dry rubber. 
If the sheets are to be rolled the same afternoon, the amount of acid is 
approximately 475 to 550 ml per 100 kg of dry rubber. The acid should be added 
in the form of a 1% solution. For the preparation of 1% solution, 1 part of the acid 
should be diluted with 84 parts of water. It has been found on numerous occasions 
that the quality of the RSS is considerably improved by changing from acetic to 
formic acid. The quality of the sheets can be improved to some extent if the 
coagulum is rolled the same evening and put in the smoke house for smoking the 
same night. 

3.3 Coagulation process 
3.3.1 Pan or trough coagulation 

The coagulant and latex should be mixed in Shanghai Jars or other 
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suitable vessels e.g. tanks lined with glazed tiles of a capacity not exceeding 250 
litres. After addition of the acid and thorough stirring, the latex should be 
distributed to the pans or troughs as quickly as possible in order to avoid 
premature coagulation. With good organization, distribution of the latex should be 
completed within 6 to 7 min after adding the acid. It is not necessary to continue 
to stir the latex in the mixing vessel while it is being distributed. This tends to 
make the latex clot more rapidly. It is preferable to have the pans arranged on 
shelves and to carry the latex to the pans in buckets, rather than to bring each pan 
to be filled. 

It has also been observed that sometimes clotting sets in before the 
distribution of latex is complete. In such cases smaller quantities of latex should 
be dealt with, or it may even be necessary to distribute the latex to pans before the 
addition of the acid. The pans are stacked one over the other in groups of 10 to 15 
(Plate 2.1a). It is essential to ensure that the pans are stacked in a true level, 
otherwise the coagulum will be uneven in thickness resulting in u ?ven rolling 
and the thicker end of the sheet will not dry and will therefore have to >e cut off. 

3.3.2 Tank coagulation 
The quantity of standardized latex is so adjusted that after the addition of 

the required quantity of diluted acid, the depth of the latex does not exceed 350 
mm. The acid is poured in and the latex thoroughly stirred with a wooden or 
aluminium paddle. Froth is removed (Plate 2.1b) from the surface and the 
partitions placed in position. When inserting the partitions they must be placed at 
random and not in a definite order. 

If the outlying divisions are not too distant from the main factory, it would 
be preferable to transport latex rather than the coagulum.' However, 
precoagulation, which is one of the primary causes of off-quality RSS, must be 
carefully controlled. In the event of precoagulation in spite of precautions taken, 
the only treatment is to remove the precoagulated rubber and to coagulate the 
balance of the latex as for normal RSS manufacture. The precoagulated rubber 
can be used in the manufacture of lower grades. If coagulum has to be 
transported, then the coagulated slabs may be placed one on top of the other, care 
being taken to ensure that not more than six slabs are piled over one another. In 
this method of transport the coagula may stick to one another and it may be 
difficult to separate the slabs. If this occurs rolling will not be satisfactory and the 
quality of the sheets produced will be adversely affected. This difficulty can be 
eliminated to some extent, if the slabs are first passed through a smooth sheeting 
mill with only a mild pressure applied, before transport. 

3.3.3 Removal of froth 
The mixing of coagulant and latex and distribution to pans produce a 

considerable amount of froth. If not removed, this causes pitting of the surface of 
the sheets when the coagulum is rolled. The froth is therefore skimmed off by 
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means of a suitable skimmer such as a piece of smooth board or aluminium or 
galvanized iron sheet of at least half the width of the tank or pan in length (Plate 
2.1c). 

3.4 Control of latex coagulation 
The amount of acid required for coagulation of latex is not a constant 

figure, but depends on various factors such as amount and type of anticoagulant 
used in the field, clone, weather, quality of the water used, distance to the factory, 
dilution, time of coagulation, etc., and may therefore vary from day to day. These 
factors make it difficult for the factory officer to determine daily the optimum 
amount of acid required for coagulation. Experience may enable him to estimate 
the required amount, but sometimes this may result in too much acid giving a 
hard coagulum which may cause difficulties in the milling of sheets or in too little 
acid resulting in a milky serum, entailing loss in rubber and liability to bacterial 
action. 

Both extremes, too much or too little acid, negatively affect the quality of 
the final product and reduce the No 1 percentage of rubber. A well-performed 
coagulation should give a clear or slightly opaque, yellowish coloured serum. 

The coagulation of field latex by addition of acid is due to a reduction in 
pH which results in equalization of the negative and positive charges on the 
proteins adsorbed on the rubber particle. The pH at which the negative charge is 
balanced by the positive charge is known as the isoelectric point of the protein. A 
medium having a pH higher than the isoelectric point is alkaline to that protein 
and the protein shows a negative charge whereas a medium having a pH lower 
than the isoelectric point is acidic and the protein shows a positive charge. The 
isoelectric point of the surface active protein on the rubber particles in field latex 
lies between pH 4.4 and 4.8. The latex coagulates in this pH range. 

Depending on the required hardness of the coagulum and the milling, viz. 
the same day or the following day, the suitable pH for coagulation is 
approximately between 4.4 and 4.8. In order to ensure a proper coagulation it is 
therefore desirable to control the pH of the latex during the addition of the 
coagulant. A simple and quick determination of the pH can be done by means of 
Bromo Cresol Green (BCG) indicator paper, which changes colour according to 
the pH, from blue through bluish green and yellowish green to yellow (Fig.2.1). 

Coagulation at pH 4.8 proceeds quite slowly, resulting in a soft coagulum 
suitable for RSS manufacture. The serum may be slightly milky and the colour of 
the BCG indicator paper will be bluish green. If the pH is lowered to 4.6 the 
serum will be clear and the coagulum would also be suitable for RSS manufacture, 
and the colour of the BCG indicator paper will be green. A lowering of the pH to 
4.4, giving a yellowish green colour to the indicator paper, produces a clear serum 
and a harder coagulum, not suitable for RSS manufacture. A blue colour indicates 
insufficient acid and a yellow colour indicates an excess of acid, not suitable for 
RSS manufacture. 
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pH pH pH pH pH 
below 4.0 4.0 4.5 5.0 above 5.0 

Excess of Slight excess Correct Insufficient Colour 
acid of acid amount acid reaction 

Yellow Yellowish Green Bluish green Blue 
green 

Fig. 2.1. Colour chart for BCG indicator paper for the determination of the optimum 
amount of acid to be used in factory coagulation of latex 

BCG test paper is best used by placing the surface of the paper strip over 
the latex, after removal of froth. One side will be coated with the latex and the 
colour indicating the pH will be clearly visible on the other side. Dipping into the 
latex will obscure the colour. If the latex is spotted on the indicator paper, the spot 
produced may vary in colour from the centre outwards and some difficulties may 
be experienced in deciding the correct shade showing the actual pH. 

4. MILLING 
4.1 Machinery 
4.1.1 Hand or power operated rollers 

Equipment consisting of one or more smooth rollers and marking rollers, 
operated by hand or power is suitable for handling crops up to a few 100 kg daily. 
The coagulum is rolled in the smooth rollers (Plate 2.2a) two to three times, the 
space between the rollers being altered after each milling and is then passed 
through the marking roller. 

This method is reasonably satisfactory for small crops, although the 
frequent adjustment of the rollers causes the parts to wear quickly and often there 
are differences in thickness of the sheets, which lead to uneven drying and 
smoking. It is preferable to pass the sheets through the machine in batches, so that 
the alteration of the setting of the rollers is reduced to a minimum. 

The rollers should be fitted with a water spray so that the serum is washed 
off from the sheet as it is squeezed out. This is also effective in preventing 
corrosion of the rollers. The width of the rollers should be about 50 to 60 cm and 
the diameter about 9 to 11.5 cm. The output obtainable from one smooth and one 
marking roller (hand operated) is 50 to 70 sheets per hour. 
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If hand-or power-operated sheeting mills are used for rolling coagulum 
prepared from tanks, there would be over-handling of the coagulum and this will 
result in a high percentage of cuttings and clippings in the finished sheets. 

4.1.2 Batteries 
A battery consists of three or four pairs of smooth rollers and one pair of 

spirally grooved rollers mounted as a unit in line-ahead formation (Plate 2.2b). 
The rollers are geared together and the speeds and settings are so adjusted 

that the coagulum passes through the machine without tearing or backing up and 
emerges as a finished sheet. The rollers are provided with water sprays. These 
rollers may be from 60 to 75 cm in width, and 15 cm in diameter. Power 
requirements vary from 5 to 7 HP. The type of battery suitable for medium-scale 
producers would be the four-roller sheeting battery, which has an output of 
approximately 300 kg per hour. 

4.1.3 Grooving of marking rollers 
A suitable pattern for the rollers of the marking machine consists of spiral 

grooves, always cut in the same direction, at 45° across the face of the rollers. The 
grooves should be 3 mm in width and depth and square cut, with 3 to 4.5 mm 
between the grooves. 

4.1.4 Care and maintenance 
Rollers should be thoroughly washed each day after use. It is also 

desirable to wipe the rollers with a cloth moistened with a dilute solution of 
washing soda (20 g per litre of water) in order to remove any acid which remains. 
The rollers should then be thoroughly rinsed to remove all traces of soda solution 
and dried as far as practicable. 

Grease or oil for bearings should not be used in excess, since contact with 
grease or oil causes deterioration of the rubber. However, lubrication should be 
done frequently for smooth operation of the rollers. 

Worn parts of machines should be replaced and rollers re-machined 
periodically. Worn machines make rubber of inferior appearance and are likely to 
lead to problems in the smokehouse owing to uneven drying. 

4.2 Rolling process 
Preliminary hand rolling produces a firm coagulum, which is easier to 

work on the machines, but it is not an essential operation. The coagulum should 
be placed on a table between two reepers which are nailed down leaving a space 
slightly wider than the coagulum. The coagulum is then hand - pressed down to a 
thickness determined by the height of the reepers. 

If the coagulum is pressed by hand, it should be done carefully and 
uniformly. Suitable manipulation assists in preventing thick edges in the finished 
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sheets. Heavy kneading is not recommended and is likely to lead to uneven 
drying. 

The rate of drying is mainly determined by the thickness of the sheets. 
This should correspond to a dry weight of 200 - 225 g per 900 cm 2 . The average 
thickness of sheets after smooth milling should be 2.5 mm. 

4.3 Washing of sheets 
The sheets must be well washed during milling and should be soaked in 

running water for a short time after milling. Hand operated mills should be fitted 
with water sprays at their nips. There should always be plenty of water on the 
mills. 

5. DRAINING OF SHEETS 
The dripping time of the sheets should not exceed 3 hours. Wet sheets 

may be allowed to drip either by hanging them on reepers, preferably in a draft in 
the shade (Plate 2.3a) or by stacking them in suitable piles on a sloped platform. 
The floor of the platform may be made of 5 cm reepers that will allow the surface 
moisture to drain off quickly. The slope of the wooden platform may be about 
45°. If a tunnel type smoke house is available, dripping can be done on trolleys 
keeping them in the verandah of the smokehouse. This is the most efficient 
method of draining sheets as further handling of the dripped sheets is avoided. 
The wet sheets should be inserted immediately after dripping into a warm smoke 
house and a smoking temperature of 48° - 54 ° C must be obtained shortly after 
insertion. Undue delay in transferring the sheets to the smoke house or in getting 
the temperature of the smoke house to 48° - 54° C will lead to the development of 
rust on the sheets. 

6. SMOKING AND SMOKE HOUSES 
The purpose of the smoke house is firstly to dry the sheets and secondly to 

enable the sheets to absorb creosotic and other antiseptic substances which have a 
preservative effect on the rubber. These substances prevent or retard the 
development of mould and other microorganisms. The smoke also has an 
antioxidant effect and it dries the sheets at a high temperature without making 
them sticky as would otherwise be the case. The antiseptic value of the smoke 
varies according to the way the wood is burned. A hot bright fire produces a light 
pungent smoke deficient in antiseptic substances, whereas a smouldering fire 
produces a heavy smoke, giving the sheets a somewhat unattractive appearance 
and leads to problems with reeper marks. 

A smoke house should be located at least 15 metres from any other 
building. Failure to observe these limits could lead to a considerable increase in 
insurance premia on neighbouring buildings. 

The two most common faults encountered in the construction of smoke 
houses are, (1) failure to seal the space between the ceiling and the roof, and (2) 
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failure to provide good drainage on the floor, e.g. in tunnel type smoke houses at 
the cool end of the smoke house. The former fault allows moisture to condense on 
the ceiling from the humid smoke house atmosphere. This moisture then absorbs 
dark coloured substances from the smoke and drops from the ceiling on to the 
sheets causing dark sticky stains. This problem can usually be eliminated by 
sealing the space between the ceiling and the roof near eaves, or by having a fairly 
large clearance between the ceiling and the roof. The other fault is difficult to 
rectify in a finished smoke house; therefore, care should be taken during 
construction to see that drainage is sufficient. When wet sheets warm up after 
being placed in the smoke house, several litres of water are eliminated from the 
rubber within a few hours by "sweating" and dripping. Drains should convey this 
water outside the smoke house as quickly as possible. 

6.1 Types of smoke houses 
Basically there are two types of permanent smoke houses used in Sri 

Lanka viz: 

(1). Smoke houses operated by internal pit furnaces or trolley box 
furnaces 

(2). Smoke houses operated by external furnaces 

6.1.1 Pit-fired smoke houses 
This type of smoke house is mainly recommended for small crops i.e. 160 

- 360 kg and plans of such type smoke houses are available at RRISL. Smoking 
can be completed in 5 to 6 days. The pit-firing system consists of a central pit, 
usually inside the smoke house. This type of furnace has the disadvantage of being 
difficult to clean out and to stoke. There should be a minimum space of 2 m 
between the fire and the nearest sheet. A baffle plate of heavy gauge metal or 
galvanised iron slightly larger in size than the mouth of the pit should be fixed 
about 25 cm above the pit so as to spread the smoke and heat. 

6.1.2 Trolley box furnace type smoke houses 
This smoke house known as the Rubber Research Scheme (RRS) type, 

comprises a building of two or three storeys, including the furnace room at ground 
level. Heat and smoke are generated in a fire trolley on wheels which can be 
drawn on to a verandah for replenishment. This method of firing minimizes dust 
in the smoke house. 

The walls may be constructed of stone, brick or cement-sand bricks, with 
or without a steel frame. Weather boarding and corrugated iron sheets are not 
favoured owing to the risk of side draughts interfering with ventilation. The roof 
may be of tiles, or corrugated asbestos or galvanised iron sheets. It is important 
for the top storey to be effectively sealed except for an adjustable ventilator. 
Doors and windows should fit well. 
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Ventilation to the furnace room is provided by vent pipes spaced at 
intervals round the wall. They should extend well into the building so that the air 
is directed towards the fire trolley and bends should be fitted outside the wall to 
prevent a direct draft through the building on windy days. A smoke outlet with a 
sliding shutter is provided at the apex of the roof. 

The smoking racks are arranged so that the sheets are hung at right angles 
to the passages (Plate 2.3b). Round "reepers" of 2.5 cm diameter are arranged 
loosely extending 3.5 cm into the passages, so that the sheets can be moved by 
rotating the reepers. "Reepers" are spaced 7.5 cm apart from the centres and 
hanging space is provided on the basis of 500 g sheets rolled to standard 
dimensions. "Reepers" of arecanut or jungle wood are fairly satisfactory if they 
are allowed to season for some time before use. "Reepers" need removal at least 
once a month for washing and drying as by usage they get impregnated with 
serum substances and smoke deposits which will result in defects of the finished 
smoked sheets. Hence it would be preferable if there is a stock of extra reepers for 
the smoke house. Passages of liberal width and shuttered windows are provided in 
the hanging lofts. It is essential to minimise the inconvenience of handling the 
sheets as far as possible and to have ample light for rotation and removal of sheets. 

Smoking can be completed in 5 to 6 days if the sheets are of standard 
thickness, free from thick edges and if the period for changing sheets, etc., is 
limited to about 4 hours daily. The temperature should be maintained at 48-54 °C 
in the hanging lofts. 

6.1.3 Smoke houses operated by external furnaces 
The capacity of smoke houses which have been operated by pit-fired 

furnaces can be increased by replacing the internally fired pit furnace with an 
external furnace (Plate 2.3c). Plans of such type of smoke houses with external 
furnaces and capacities ranging from 1000 to 1600 kg are available at the RRISL. 

6.1.4 Tunnel type smoke houses 
This type of smoke house consists of a tunnel-like building designed for a 

daily output of 500 kg and is about 12 m long, 2.5 m wide, and 5 m high (to the 
eaves). A light rail track is laid down in the centre of the building and the sheets 
are hung on four trolleys, which completely fill the building. Smoking is 
completed in 4 days and each trolley holds a single day's crop. The sheets are 
hung on a trolley direct from the rolling mill and after a period of dripping and 
surface drying, the trolley is pushed into the smoke house at the cold end; it should 
be then moved daily towards the hot end after introducing each day's trolley from 
the cold end. 

The smoke house is heated by means of an outside furnace located at the 
side of the building near the end at which the finished sheets emerge and the 
smoke from the furnace passes through a flue which runs the length of the 
building between the rails, with outlets under the centre of each truck. Efficient 
smoking depends mainly on correct smoke house temperatures. Experience has 
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shown that the temperatures during the 4 - day drying cycle should be 48°C - 52°C 
on the first day, 52 °C - 54 °C on the second, 54° - 57 °C on the third and 57° - 60 
°C on the last day. These temperatures can usually be obtained in the tunnel type 
smoke house by setting the smoke outlets (in the floor) fully open at the cool end 
and one eighth open at the hot end, with intermediate settings for the outlets in 
between. Similarly, the settings for the roof ventilators are three quarters open at 
the cool end and fully closed at the hot end, with intermediate settings for the 
ventilators in between. These settings are given as a starting point; when trying to 
obtain the correct temperature they may require small adjustments after trial. A 
recording thermometer allows a close check on temperature fluctuations in the 
smoke house, but indications on maximum and minimum thermometers are 
sometimes sufficient. 

The roof may be of tiles, asbestos or galvanised iron sheets. Effective 
internal sealing must be provided. The furnace comprises an outer casing 
consisting of brick walls, with a top of reinforced concrete. This shell encloses a 
brick arch tapering down towards the flue, which forms the furnace proper. Heat 
radiated from the outer surface of the furnace arch is collected by a stream of air 
which passes between it and the outer shell, and hence into the flue, where it 
mingles with the smoke from the fire. The front of the structure is closed with a 
face plate which is bolted on and carries a furnace door and two adjustable 
ventilators one on each side, to supply air between the fire arch and outer case. 
The important features of this design are, firstly, only heated air passes into the 
smoke house and secondly, the inner walls of the furnace do not become so hot 
that insufficient smoke is produced. 

A minor drawback, which has been noted locally, arises from the fact that 
there is a greater day - to day variation in crop here than in Malaysia. The result 
of a day without crop (owing to rain) is an empty trolley and this upsets the 
adjustment of ventilation and temperature. A similar but less pronounced effect is 
found when one or more of the trolleys are only partially filled. If large crops are 
being handled the difficulty can be overcome by providing two or more smoke 
house units, so that the number in use can be regulated according to the crop. 
Otherwise the sheets should be spaced out on the trolleys as evenly as possible and 
the ventilators regulated as required. 

The tunnel type smoke houses though more costly to build, have the 
following advantages over the Rubber Research Scheme (RRS) type smoke 
houses: 

• They need less labour for operation 
• They have a shorter drying cycle and are nearly continuous in operation. 

RRS type smoke houses have to be operated at a lower temperature and 
the heating operation has to be stopped each day to change the sheets 

• The temperatures are more easily controlled. Hence tunnel type smoke 
houses should be an economic proposition for an estate turning out over 
500 kg of RSS per day. 
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6.1.5 Modified RRS type smoke house 
This smoke house comprises a building of three storeys including the 

room at ground level. The trolley box furnace of the RRS type smoke house has 
been replaced with an external brick furnace and underground flues. The trolley 
box and furnace room have been converted into an additional smoking space 
giving an approximately 50% increase in capacity. Plans of three-storeyed smoke 
houses are available for a range of capacities from 750 kg to 3500 kg at the 
RRISL. This type of smoke house is unsuitable for sites with a high water table, 
since the furnaces and flues are below ground level. 

6.2 Operation of smoke houses 
6.2.1 Ventilation 

The primary purpose of smoke-curing of rubber is to dry the sheets and 
efficient ventilation should be provided in order to carry away the moisture as 

• quickly as possible. If it is generally realised that each wet sheet placed in a 
smoke house contains approximately 175 g of water and that at a temperature of 
48°C its removal requires at least 1.8 cubic metres of dry air, there would be less 
tendency to imprison the saturated smoke in smoke houses. In a smoke house 
containing 3000 sheets, a minimum air flow of 1000 cubic metres per day is 
required if the sheets are to be dried in 5 days. This figure is based on the 
assumption that the air is dry when it enters and completely saturated with 
moisture when it leaves the smoke house. In actual practice the flow of air 
required would be more than double this figure. On the other hand, nothing is 
gained by excess ventilation, since the time of drying is mainly governed by the 
rate at which the moisture diffuses from the interior of the rubber to the surface. 
All that is required is sufficient air movement to ensure evaporation of the 
moisture as it reaches the surface. Restricted air movement leads to trouble with 
"rust" and other defects. Excessive ventilation is wasteful of heat and smoke. 
Ventilation depends on the rate of air flow into the building and the rate of air 
flow out of the building. This should be controlled by regulating the rate of 
outflow of the smoke at the apex of the building. There is then no disturbance of 
air flow when the doors are opened for stoking the furnace or for other purposes. 
If, on the other hand, the air inlet is restricted, opening of the doors will lead to a 
sudden rush of air through the building: The air inlet space at the base of the 
building should amount to approximately 0.2 square metres per 100 cubic metre 
capacity of the building, and the air outlet space in the roof to 0.2 square metres 
per 200 cubic metre capacity. The outlets should be capable of adjustment by 
sliding shutters or other means. Plans of the RRS and tunnel smoke houses make 
suitable provision for ventilation. The above notes may, however, be of use in 
connection with existing buildings. Great caution is necessary in making 
alterations since, for example, an increase in bottom ventilation without restricting 
top ventilation would lead to an increased draught and the risk of fire with certain 
types of furnaces. 
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6.2.2 Furnaces 
Modern smoke houses are heated either by means of a fire trolley which 

can be withdrawn for stocking (RRS type) or an external furnace. With either type 
of furnace it is important that ventilation of the fire should be separated from the 
main ventilation of the smoke house, i.e. it should be possible to increase or 
decrease the amount of air passing through the building, without influencing the 
fire in the furnace. 

6.2.3 Fuel 
Rubber and jungle wood are suitable for smoking. Wet or green wood 

causes the sheets to have a glossy or greasy surface and reduces the drying 
capacity of the air. It is permissible to add a small proportion of coconut husks, 
paddy husks or shells of rubber pods to the fuel, but the appearance and smell of 
the rubber may suffer if large quantities are used. 

About 0.5 to 2.0 m 3 firewood are needed to smoke 500 kg of rubber 
assuming a 6 - day smoking period. About 0.5 - 1 kg of firewood is needed to 
smoke 1 kg of rubber. 

6.2.4 Temperature and temperature control 
The temperature in smoke houses of the RRS and similar types should be 

maintained at 48° - 54°C. The temperature should not be too low, as the rate of 
diffusion of moisture through the rubber is largely governed by the temperature. 

Every smoke house should be provided with a maximum and minimum 
thermometer, which should be so enclosed that it can be read but cannot be 
tampered with. 

A more efficient method of temperature control is provided by a recording 
thermometer, with the dial placed outside the smoke chamber. This instrument 
provides a continuous temperature record and thus indicates whether the smoke 
house is being operated at maximum efficiency. The 8-day type of recorder is 
most suitable for estate use. 

The work in the smoke house should be organised in such a way as to 
ensure its continuous operation for at least 20 hours a day and the temperature is 
maintained constantly within the range of 48° - 54°C. Prolonged drying due to 
part-time operation of the smoke house or reduction of the recommended drying 
temperature, is an important factor which leads to defects. Sometimes, the work 
in the smoke house, such as turning over the sheets, removal of dry sheets and 
insertion of the wet sheets is unduly held up until late in the afternoon. Firing 
should be done on a little and often basis, i.e. to and two to three logs of firewood 
every few hours and refrain from stoking the ovens except only once or twice a 
day. 

7. UTILISATION OF SUNLIGHT FOR DRYING OF SHEET RUBBER 
It was a belief among rubber technologists that exposure of raw rubber to 
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direct sunlight causes deterioration in quality causing tackiness. However, recent 
experimental results indicate that sun drying of ribbed sheet rubber for three to 
four days for complete dryness will not adversely affect the physical or 
vulcanizate properties of the rubber, but in order to eliminate mould contamination 
of the sheet rubber, smoking in a smoke house for one to two days is 
recommended. 

After milling the coagulum through smooth and diamond mills 
respectively, the ribbed sheets could be hung in an open area where sunlight 
directly falls on to the sheets. Drying is continued for two or three days under 
direct sunlight and then the sheets are smoked in a smoke house for one or two 
days continuously. It is advisable to turn the sheets everyday to prevent tackiness 
caused by over heating certain areas of the sheets. Final smoking in the smoke 
house will give a honey-brown appearance to the sheet and protection from mould 
growth on the surface. However sun-dried sheets may be more susceptible to 
mould contamination than smoked sheets. 
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Plate 2.3. Draining and smoking, a Dripping of sheets; b Racks inside the smoke 
house; c External furnace of a smoke house. 
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C h a p t e r 3 

P a l e c r e p e a n d s o l e c r e p e * 

W.M.G. Seneviratne and P.H. Sarath Kumara 

1. Introduction 
2. Required latex characteristics 

2.1 Yellow discolouration 
2.2 Enzymatic discolouration 
2.3 Discolouration on storage 
2.4 Hardness of rubber 

3. Factory operations 
3.1 Bulking of latex 
3.2 Prevention of enzymatic discolouration 
3.3 Standardization of latex 
3.4 Fractionation of latex 

3.4.1 Manual method for fractionation of latex 
3.4.2 Aeration technique for fractionation of latex 

3.5 Latex in settling/coagulating tanks 
3.6 Bleaching with water - soluble rubber bleaching agent 

3.6.1 Toxicity of water soluble mercaptan and handling precautions 
3.7 Coagulation of latex 

3.7.1 Coagulants 
3.7.1.1 Formic acid 
3.7.1.2 Oxalic acid 

3.7.2 Mixing coagulant and removal of froth 
3.8 Milling of rubber 

4. Blanket crepe manufacture 
4.1 Machinery 

4.1.1 Grooving of rollers 
4.1.2 Gear ratios 
4.1.3 Washing rollers 
4.1.4 Smooth rollers 
4.1.5 Blanketing rollers 
4.1.6 Speed of rotation of rollers 
4.1.7 Care of machinery 

4.2 Milling procedure for blanket crepe manufacture 
4.2.1 Maceration 
4.2.2 Smooth rolling 
4.2.3 Blanketing 
4.2.4 Cutting of blanket crepe 

5. Thin crepe and sole crepe manufacture 
5.1 Machinery and milling 

* Adapted from "A Handbook of Rubber Culture and Processing", 1983 
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5.2 Inspection and preparation of dried laces for lamination 
5.3 Lamination 
Drying of crepe laces 
6.1 Drying characteristics of crepe rubber 
6.2 Drying systems for crepe rubber 

6.2.1 Natural air-drying 
6.2.2 Warm air drying in conventional drying tower 

6.2.2.1 Drying operation 
6.2.2.2 Boiler and the radiator 

6.2.3 Forced air-drying 
6.2.4 Vacuum air-drying 

Grades of crepe rubber, specifications and applications 
7.1 Latex crepe - Food and pharmaceutical grade 
7.2 Latex crepe - Adhesive grade 
7.3 Latex crepe - General purpose grade 
7.4 Latex crepe - Low nitrogen grade 
7.5 Latex crepe - Unfractionated unbleached 

1. INTRODUCT ION 
Latex crepe is the purest form of natural rubber available in the market 

and Sri Lanka is the world's leading producer of pale and sole crepe for the export 
market. Sri Lankan crepe has a high level of cleanliness unsurpassed by any other 
grade of NR. It is manufactured in the plantations under clean, hygienic and 
carefully controlled conditions. 

Pale crepe is mainly used in non-black applications and the vulcanisate of 
pale crepe has excellent tack, green and hot tear strengths. 

Pale crepe does not contain any leachable chemicals and the protein level 
naturally present in rubber is reduced to a minimum during the production of this 
grade. Hence latex crepes (thick and thin grades) are speciality grades of rubber 
made, inter alia, for the manufacture of 

1. Pharmaceutical and surgical rubber appliances 
2. Rubber components used in contact with food 
3. Infant items and toys 

Due to its white colour and high solubility, latex crepe is widely used in 
the adhesive tape industry too. 

Sole crepe is an improvement of thin lace crepe rubber to be used in the 
winter shoe industry; because, plantation sole crepe provides the best grip on icy 
surfaces. It is also best for the manufacture of soles for those who are sensitive to 
static electric currents generated between the ground surfaces and the shoe sole. 

In addition to that, sole crepe is now becoming popular in the fashionable 
shoe industry around the world. 

In the processing of rubber latex into latex crepe, latex is strained by 
multiple passes through sieves of different mesh sizes to remove extraneous dirt 
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and micro-coagula prior to subsequent operations. Crepe rubber is manufactured 
using either fractionated or unfractionated latex. Very often the fractionated latex 
is bleached to obtain maximum clarity. The latex coagulum is washed thoroughly 
during creping to remove serum substances and dried under controlled conditions 
over a period of time lasting 3 - 4 days at a temperature of 34°C in drying towers. 
The light colour of latex crepe is a result of systematic and controlled production 
methods adopted in the processing factory and plantation. Emphasis is usually 
placed on yield per hectare when selecting clones for planting. Yet pale crepe 
producing estates must also look into the colour of the clonal latices to give the 
best results from crepe manufacture. 

2. REQUIRED LATEX CHARACTERISTICS 
Field latex to be used for the manufacture of pale crepe preferably should 

have the following characteristics: 

o should be relatively free from yellow pigments - high content of yellow 
pigments in latex results in yellow discolouration in processed rubber. 

o should not have a marked tendency to undergo enzymatic discolouration, 
o should be free from amines or other compounds which cause darkening of the 

finished pale crepe known as storage discolouration. 
» Should have reasonable hardness after processing into crepe form. 

2.1 Yellow discolouration 
Latex contains carotenoid type pigments which are yellowish in colour 

and this yellow pigmentation is usually a clonal characteristic. For crepe 
production the latex should preferably be predominantly white and hence latex 
should be obtained from clones that have lower percentages of yellow pigments. 
In the case of clones with yellow coloured latex, a higher percentage of fraction 
has to be removed in crepe manufacture. 

When upward tapping starts in old trees, when trees are first opened up 
and the interruption of the normal tapping cycle often yields latex containing a 
higher percentage of yellow pigments. Increase of yellow pigments in latex could 
also be seen for about two weeks before or after the wintering period. 

In practice, most of the yellow pigments in latex are removed with the 
yellow fraction during the fractionation process and the remaining pigments in the 
white fraction are bleached by means of a bleaching agent. 

2.2 Enzymatic discolouration 
This discolouration of rubber is due to the conversion of naturally 

occuring phenols and aminophenols into coloured compounds by enzymatic 
oxidation. 

Enzymes of the polyphenoloxidase type catalyse the combination of 
phenols and aminophenols naturally present in the latex with oxygen from the air 
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to give orthoquinones. These orthoquinones then react with naturally occuring 
amino acids and proteins present in latex, giving coloured compounds resembling 
melanin. Reduced melanin is tan in colour while oxidised melanin is black. The 
latex is coloured grey, brown, or black due to enzymatic discolouration. 

The tendency for discolouration is also more pronounced in latex 
collected after few days rest, collected during rainy weather or from high tapping 
cuts. Intensive tapping and tapping just after yield stimulation too cause severe 
discolouration due to an enzymatic reaction. 

When sodium bisulphite or sodium metabisulphite is added to the latex to 
prevent enzymatic reactions taking place in processed rubber usually appears as 
greyish in colour. This effect is minimised if sodium sulphite is used as an 
anticoagulant in the field since sodium sulphite too has a similar action to sodium 
bisulphite. It may be mentioned that the latex of clone PB 86 which has been a 
very popular clone in Sri Lanka, is not prone to discolouration. Bulking of latex 
obtained from clone PB 86, with that of latex from other clones susceptible to 
discolouration, prior to coagulation would minimize discolouration which would 
otherwise be observed if latex from other clones are coagulated separately. 

2.3 Discolouration on storage 
Compounds of the amine type, which occur naturally in the latex and are 

carried through to the final pale crepe, are said to react slowly with metal ions 
such as magnesium and calcium to give brown discolouration during storage. The 
use of oxalic acid as a coagulant or as a part of the coagulant prevents this type of 
discolouration. Use of purified water free of C a 2 + and M g 2 + ions eliminates the 
problem entirely. 

2.4 Hardness of rubber 
The hardness of rubbers prepared from different clones varies 

considerably. The harder the rubber, the more satisfactory it is for preparing pale 
crepe. At the same time a very hard rubber is not desirable from the consumer's 
point of view. 

The variation in hardness is not necessarily due to difference in molecular 
weight because intrinsic viscosity and hence the average molecular weight of 
rubbers from different clonal and seedling sources are bound to be very similar. 
Difference in "hardness" may be due to differences in amounts of fats, resins, gel 
and naturally occurring reactive groups rather than to small differences in the 
basic rubber molecule. Gel content is relatively high during the first few tappings 
after opening. Subsequently it falls to a low level and is not normally subject to 
further variation. The gel moves into the first fraction during fractionation. The 
gel does not upset vulcanization, but can interfere with dissolution of rubber in a 
solvent. Another reason for the variation in hardness is the fact that crosslinking 
occurs naturally to a greater or lesser extent, depending on the number of reactive 
groups in the rubber molecule and on storage conditions. 
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3. FACTORY OPERATIONS 
3.1 Bulking of latex 

Field latex is collected in bulking tanks which are usually of rectangualr 
shape and their capacity should be more than the total volume of the highest daily 
crop that is anticipated and the volume of water to be added in the standardization 
process. 

The depth of the tank should not be more than 1.2 m; otherwise a longer 
time would be taken for the sediment in the latex to settle to the bottom. The tank 
should not be too wide, preferably not be more than 1.8 m; otherwise a thorough 
mixing of latex to obtain a satisfactory homogenisation cannot be carried out 
efficiently. The tanks may be built out of brick, or concrete with inside and 
bottom lined with white glazed tiles (Plate 3.1a). Cement - lined tanks are also 
used, but they are liable to corrosion by acid water resulting in contamination of 
latex with impurities. The outlets should be fitted 2.5 cm above the bottom of 
each tank and they should be provided with detachable plugs which are usually 
made out of cork. 

3.2 Prevention of enzymatic discolouration 
When latex is bulked in bulking tanks, sodium bisulphite or sodium 

metabisulphite is added as early as possible as a freshly prepared solution to the 
latex to prevent enzymatic discolouration in the pale crepe rubber. Sodium 
metabisulphite is preferable to sodium bisulphite as it contains more sulphur 
dioxide as active ingredient. Sodium metabisulphite and sodium bisulphite should 
contain about 64% and 61.5% sulphur dioxide, respectively. However, sodium 
bisulphite can be used in place of sodium metabisulphite. The maximum quantity 
of sodium metabisulphite required is 500 g per 100 kg of dry rubber; but a lesser 
quantity may be sufficient depending on the quantity of the field latex. If oxalic 
acid is used instead of formic acid as the coagulant, the dosage of sodium 
metabisulphite could be reduced to almost half, as oxalic acid also inhibits 
enzymatic discolouration. 

Sodium metabisulphite rapidly decomposes when exposed to air, 
particularly under tropical conditions, resulting in a decrease of the sulphur 
dioxide content and consequently a drop in activity. It is important that sodium 
metabisulphite used is of good quality. The use of poor quality sodium 
metabisulphite may cause brownish or greenish discolouration to appear on both 
bleached and unbleached crepe. If the chemical is found to have been deteriorated 
during inspection it should be discarded. 

Sodium metabisulphite should be in powder form and if hard lumps are 
found, it indicates deterioration. The containers have to be kept tightly closed in a 
dry place and should not be left open unnecessarily. 

3.3 Standardisation of latex 
In order to maintain uniformity in the appearance and the quality of the 

37 



prepared crepe, it is recommended that the latex be diluted to a standard dry 
rubber content. Standardization of latex is carried out while the latex still in 
bulking tanks. Mixing of chemicals into latex also becomes easy when latex is 
standardised, as it reduces the viscosity of latex. Where a fraction is not taken it is 
recommended that the latex be diluted to a standard dry rubber content (DRC) of 
15%. When a fraction is taken, the level of DRC after standardisation varies 
depending on the method of fractionation. If the manual method using a paddle is 
employed for fractionation, the latex is first standardised to a DRC of 21.5%. 
Fraction formation is subsequently controlled with further dilution of latex to 15% 
DRC. If the aeration method is employed for fractionation, latex is diluted to a 
standard DRC of 15%. However in the manufacture of sole crepe rubber even 
further dilution of latex would be accepted to maintain better colour of the final 
production. Annex II could be used as a guide to calculate the amount of water 
required for standardization of field latex. 

3.4 Fractionation of latex 
Fractionation or partial coagulation consists of coagulating the latex in 

two stages and obtaining first the yellow fraction and then the white fraction. The 
normal procedure is to add sodium bisulphite to the latex, standardise the latex, 
allow the yellow fraction to coagulate without the use of any acid, and obtain as 
low a percentage as possible of the yellow fraction (about 10%). No definite rule 
can be laid down as the fractionation depends on the conditions on the estate such 
as the type of clone, the nature and amount of anticoagulant used, and the weather. 
The percentage of yellow fraction should not normally exceed 12%. 

Two techniques could be employed for fractionation of rubber latex 
namely (i). Manual method using paddle 

(ii). Aeration technique 

3.4.1 Manual method for fractionation of latex 
After standardization of the field latex to a DRC of 21.5% and the 

addition of sodium bisulphite, the latex should be stirred briskly for two 20 -
minute periods with an interval of about 1 0 - 1 5 minutes midway. While stirring, 
it will be necessary to dip one's hand into the latex occasionally in order to 
ascertain whether the yellow particles are forming. If the particles of yellow 
rubber in the latex are visible on the palm of the hand, the latex is allowed to 
remain undisturbed for about 10 minutes and is then stirred gently until the yellow 
particles form into clots. But if at the end of the period of mixing particles of 
yellow rubber are not visible on the surface and on the palm of the hand, stirring 
should be continued for about another half an hour. The process is continued until 
the fraction is formed. 

In practice, if it is found that the percentage of yellow fraction is high, 
further dilution to a DRC of 175-150 g per litre should be carried out immediately 
after the yellow particles appear. The formation of clots in such circumstances 
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will take a little longer. Hence the latex will have to be stirred gently after 
standardization until such time as the yellow particles form into clots. 

3.4.2 Aeration technique for fractionation of latex 
Field latex is standardised to a standard DRC of 15% after the addition of 

sodium metabisulphite. Compressed air is passed through the latex for 10 minutes 
at 20 minute intervals by means of a set of perforated pipes immersed in the latex. 
Aeration of latex with compressed air agitates the latex briskly resulting in 

t coagulation of less stable particles which have a higher percentage of yellow 
pigments. These coagulated particles emerge to the surface of the latex and could 
be removed with the froth formed during aeration. Aeration is continued at 20 
minute intervals until no tiny coagulated particles appear with the froth formed 
during this agitation. This method gives the first fraction with the highest 
percentage of yellow pigments in it, and thereby reduces the loss of good rubber in 
the first fraction as would be experienced when employing the first method of 
fractionation, the manual method. 

Coagulation of the residual latex, after taking a fraction and straining 
through a 60 mesh sieve, usually produces a pure white crepe. Removal of the 
fraction must not be delayed, or the white latex in it may be spoilt, resulting in a 
slightly streaky appearance in the finished product. If a bleaching agent is added 
into the white latex after straining through the 60 mesh sieve, then only the 
remaining carotenoids in the white fraction will be bleached. Fractional 
coagulation has the disadvantage that it is time consuming and it results in 
converting only part of the crop into first quality crepe. The fraction removed will 
be processed into latex crepe No. 4 or an off grade. 

3.5 Latex in settling/coagulating tanks 
After the process of fractionation the latex is allowed to flow into the 

settling/coagulation tanks through a 60 mesh strainer. These settling/coagulation 
tanks should be situated at a lower level to that of bulking tanks enabling latex 
from the bulking tanks to flow into them by gravity. Addition of bleaching agents 
to bleach the rubber and to coagulate the rubber prior to milling are carried out in 
these tanks. 

These are usually masonry tanks lined with glazed porcelain tiles (Plate 
** 3.1b). Aluminium or epikot resin coatings are also suitable for lining these tanks. 

Polypropylene or polyvinyl choloride sheet-lined tanks are unsuitable because of 
the adhesion of the coagulated rubber to the plastic sheeting, resulting in difficulty 
in cleaning the tank. Coagulating tanks can be conveniently constructed in units 
holding 2000 - 3000 litres of latex. Aluminium partitions positioned by means of 
a frame resting on the top of the tank may be provided to divide the coagulum into 
slabs of about 7.5 cm thickness. The depth of the tank should be such that the 
slabs of coagulum are of appropriate width to suit the grooved creping mills, e.g. if 
65 cm mills are used, the width of the coagulum should be 57.5 - 60.0 cm. If the 
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mills are only 37.5 cm wide, it is preferable to prepare slabs double the required 
width and to cut them before milling. 

3.6 Bleaching with water-soluble rubber bleaching agent 
Bleaching agents are added to latex in settling/coagulating tanks to bleach 

the carotenoid pigments, a naturally occurring material in rubber latex. 
Oil-based tolyl mercaptan known as RRI-7 was the only rubber bleaching 

agent used in the crepe rubber industry before 1985. This has been modified to 
make it water soluble and free of the foul smell and this is commercially used now 
as a 35 - 40% aqueous solution marketed under four different trade names, viz. 
Nexobleach new formula, Rupepa, RPA- 4 and Polybleach. As it is water-soluble 
no emulsifier is needed for this new bleaching agent unlike for the previous oil-
based tolyl mercaptan. 

The stock solution is prepared as follows: 

10 parts of water soluble sodium paratoluenethiophenate (35% solution) + 
190 parts of water = 200 parts of stock solution (5%), or, 

If the oil soluble chemical is used for bleaching, 10 parts of the bleaching 
agent + 1 part of the surfactant mixed with 189 parts of water make the 
5% emulsion. 

About 2-3 litres (100 g - 150 g from 35% solution) of either of these 
solutions are required to bleach 100 kg of dry rubber to obtain the desired 
bleaching effect. Normally lower dosages are recommended for white and 
fractionated latex and the higher dosages for yellow and unfractionated latex. 

For the manufacture of bleached crepe, two different methods have been used. 
i. Bleaching without fractional coagulation. (UFB) 
ii. Fractionation and then bleaching (FB). 

Taking into account the different conditions prevalent in estates, the choice 
of the better method and the amount of bleaching agent to be used, have to be 
decided by each estate individually. In order to determine the process needed to 
follow, it is important to conduct small-scale trials. On the basis of the results 
obtained from these trials large-scale manufacture can be done. 

The amount of tolyl mercaptan or its sodium salt required for bleaching is 
very small. The bleaching effect depends on the inherent properties of latex and 
on the method of bleaching, but the amount is generally 0.035- 0.05% of sodium 
salt of mercaptan calculated on dry rubber. Since the mercaptan has a tendency to 
react with the rubber molecule leading to chain break down which softens the 
rubber and increases tackiness, the upper limits shown above must not be 
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exceeded. In most cases the amount required for a good bleaching effect will be 
much lower than the upper limit. On the basis of the above calculation about 
0.120 kg of the 35% solution of mercaptan would be sufficient to bleach 100 kg of 
rubber and the estates could maintain adequate stocks of the bleaching agent based 
on this dosage. Keeping large stocks for over 3-6 months will give bad results as 
the shelf life of the bleaching agent is a maximum of 3-6 months. 

3.6.1 Toxicity of water soluble mercaptan and handling precautions 
Risks involved in handling of the water soluble bleaching agent are very 

much less than the oil based bleaching agent as the former is an aqueous solution 
and there is no vapour emanating from the dissolved chemical. However, contact 
with the skin should be avoided and workers who handle the bleaching agent 
should wash their hands thoroughly with soap and water immediately after the 
operation. 

3.7 Coagulation of latex 
After the addition of bleaching agent to latex, acids are added to coagulate 

the rubber in latex. 

3.7.1 Coagulants 
Formic acid is the best coagulant for coagulation of latex. However, 

under special circumstances, especially when the hardness of the water used for 
processing is high, coagulation with oxalic acid is recommended either partly or 
entirely in sole crepe manufacture. However, in Sri Lanka no estate use this 
material even for sole crepe manufacture. 

3.7.1.1 Formic acid 
Coagulation is achieved by the addition of formic acid at the rate of about 

3.5-4.5 ml of 85% strong acid per kg of dry rubber. The acid is added as a 1% 
solution with brisk stirring. In order to obtain a 1% solution, one part of 85% 
formic acid is diluted with 84 parts of water. 

3.7.1.2 Oxalic acid 
The amount of oxalic acid required for coagulation is about 550 - 750 g 

per 100 kg dry rubber, added as a 2% solution. Sometimes this dosage may have 
to be increased, depending on the amount of anticoagulant present in the latex. As 
the crystalline oxalic acid is not very soluble in cold water, it should be dissolved 
first in 10 parts of warm water and then diluted with cold water to a concentration 
of 2%. Oxalic acid should not be dissolved in metallic containers but in glass jars 
or in plastic vessels. It should be handled carefully as it is corrosive to the skin. 

It has been observed that an improvement in colour and colour holding 
properties can be obtained if oxalic acid is used in place of formic acid. The 
discolouration of crepe on storage caused by metal ions can be prevented by the 

41 



use of oxalic acid as a coagulant or as part coagulant. Oxalic acid acts as an inhibitor 
of enzymatic action, and reduces the chance of discolouration. When oxalic acid is 
used as the coagulant, the dosage of sodium bisulphite or metabilsulphite could be 
reduced by half. There are indications that, at least in certain cases with white latex, 
removal of a first fraction might be unnecessary when oxalic acid is used. For estates 
having white latex it may be suggested that small-scale trials be carried out with 
oxalic acid, without removal of the first fraction. If the results are satisfactory, it 
could be used on a large scale. This would be an economic advantage if the 
percentage of latex harvested daily from young rubber areas and intensively tapped 
areas is very small and the price difference between No. IX and No. 1 grades is small. 

3.7.2 Mixing coagulant and removal of froth 
The latex should be thoroughly stirred for several minutes during and after 

the addition of the diluted acid. Since the retention of froth (which usually forms in 
latex due to stirring) will tend to cause streakiness of the processed crepe, it should be 
removed after mixing of acid into latex. After removal of froth, partitions may be 
placed in the tank at suitable intervals in order to break up the coagulum after 
complete coagulation. 

3.8 Milling of rubber 
After the latex is coagulated, coagulum from the coagulation/settling tanks is 

removed and processed into the following grades of rubber depending on the 
availability of machinery and according to customer requirements: 

• Blanket crepe rubber 
• Thin lace rubber 
• Sole crepe rubber 

Milling rollers such as macerator mills, diamond or spirally grooved mills 
and smooth mills are commonly used in Sri Lanka to manufacture the above grades. 
However, the number and the type of rollers required vary depending on the type of 
rubber to be manufactured (Plate 3. lc). 

4. BLANKET CREPE MANUFACTURE 
4.1 Machinery 

The types of machinery required for the preparation of blanket crepe are: 
• Horizontally grooved rollers for washing and breaking the coagulum (Plate 3. Id) 
• Smooth rollers for preparing the thin lace (Plate 3.2a). 
• Horizontally grooved rollers for blanketing: rollers used in Sri Lanka at present 

are usually 65 cm in width and 35 cm in diameter, with internal water cooling. 
But some smaller mills are still in use. Large machines are to be preferred as 
they are more economical in power consumption and labour requirements due to 
higher outputs. 
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The efficiency of crepe rollers varies according to the tendency of the wet 
rubber to slip and this tendency mainly depends on the surface texture of the 
rollers. The most suitable material for crepe rollers is hard, close-grained cast 
iron, which tends to roughen with use and grips the rubber well. Chilled iron 
tends to become smooth with use and increases the tendency to slip. The best 
output is obtained with cast iron rollers. Chilled iron is preferable for blanketing 
mills. 

The rollers are adjusted by means of a large screw set at each side of the 
machine. In many modern machines the screws are of steel, and this material 
should be specified when ordering. 

The machine should be set up a few centimeters above the general floor 
level of the factory. The area round the machines should be tiled with glazed tiles 
set in acid proof cement. The floor should slope slightly so that waste water flows 
towards suitably placed drains. 

Machines should never be allowed to run without rubber between the 
rollers unless the rollers are well separated. 

4.1.1. Grooving of rollers 
Horizontal grooving is common in Sri Lanka. While probably less 

efficient than diamond grooving for breaking down the coagulum, it has the 
advantage of being easier to re-cut, and allows the machine to be used for 
blanketing if required. 

The grooves should be approximately 3 mm wide and 3 mm deep and 
12.5 mm apart. A groove of U section is preferable to a square cut or V groove. 

4.1.2 Gear ratios 
Most batteries have an increasing differential along the battery from 

washing rollers (macerators) to smooth (finishing) rollers. The gear ratio of the 
macerator may be at 18/21 whereas that of the finishing rollers are usually about 
17/32. The underlying principle appears to be to roll out the coagulum gradually. 
It is claimed that a high differential on the macerator produces a lace material 
which has to be doubled at a later stage, causing unnecessary machining and 
resulting in a tough coarse rubber passing to the finishing rollers. A high 
differential is essential on finishing rollers if a close texture crepe is to 'be 
produced. 

4.1.3 Washing rollers 
If only one machine is used, a gear ratio of 18:21 is suitable. If two 

machines are used one should be geared 17:32 and used for breaking down the 
coagulum. The other should be geared 18:21 and used for final rolling. The 
quantity of water used for these mills is about 500 litres per hour. 
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4.1.4 Smooth rollers 
A gear ratio of 17:32 is recommended for smooth rollers. This produces 

crepe of smoother texture than what is obtainable with even speed rollers. Water 
consumption of these mills is about 750 litres per hour. 

4.1.5 Blanketing rollers 
If a separate machine is reserved for blanketing, the rollers should be run 

at equal speeds. 

4.1.6 Speed of rotation of rollers 
For rollers of 35 cm diameter, the speed should not exceed 1 8 - 2 0 

revolutions per minute (rpm) for wet rolling and 15 (rpm) for blanketing. These 
speeds refer to the faster moving roller. The smooth roller must run at a slow 
speed (around 13 rpm) to produce better lace with less perforations. 

4.1.7 Care of machinery 
Rollers should be thoroughly washed each day after use. It is also 

desirable to wipe the rollers with a cloth soaked in a dilute solution of washing 
soda (20 grams per litre of water), in order to remove any acid which remains. 
The rollers should then be thoroughly rinsed to remove all traces of soda solution, 
and dried as far as possible. 

Grease or oil for bearings should not be used in excess, since contact with 
oil causes deterioration of the rubber. It would be preferable to use nylon bearings 
for smooth rollers. 

Worn parts of machines should be replaced. Worn machinery produces 
rubber of inferior appearance. 

4.2 Milling procedure for blanket crepe manufacture 
4.2.1 Maceration 

The coagulum should be divided into slices not exceeding 7.5 cm in 
thickness (preferably by the use of partitions in the coagulating tank, or by cutting 
to the required size). Five rollings in the grooved roller, under a good water spray, 
are sufficient to wash out serum substances and bring the rubber to a suitable form 
for passing through the smooth roller, provided the machine is in good mechanical 
condition. Four rollings may be sufficient if the first two are done in a mill with 
17:32 gearing. 

The output of the machine depends largely on the thickness of the milled 
rubber. The breadth after the final rolling should be such that the blanket can be 
fed into the smooth roller without tearing. 

4.2.2 Smooth rolling 
The rubber should be passed once through the smooth roller (Plate 3.2a). 

The smoothness of the finished crepe with minimum perforations depends partly 

44 



on the texture of the roller surface, partly on the gear ratio, and partly on the speed 
of rotation of the machine. 

The thickness of the crepe must be regulated according to the drying 
facilities available. For unassisted air-drying, a thickness corresponding to a 
weight of 600 g per sq meter (dry rubber) is suitable but it may be increased to 675 
g per sq metre, where conditions are more favourable. For warm air drying, a 
thickness corresponding to 750 g per sq metre is satisfactory. 

In order to obtain the maximum output from the machine, the full width of 
the rollers should be utilized. The hoppers should not overlap the edges of the 
rollers by more than 4 cm. If the rollers are worn, the full width cannot be utilized 
and hence it is economical to have them re-machined. 

4.2.3 Blanketing 
Preferably, a separate machine situated in the packing section of the 

factory should be reserved for blanketing. If one of the macerator rollers is used, 
it must be dried thoroughly before blanketing is started. 

It would be necessary to have two well planed pieces of wood securely 
fitted to the two sides of the rollers to restrict the feeding width to approximately 
52 cm. This in practice will result in a finished product of 55 cm in width. The 
reason for such a restricted feeding width is that while obtaining the correct width 
in the process of passing the laces through the mill, uniformity in width 
throughout the length of the rolled blanket is ensured. 

Each estate will have to use its own system of preforming the crepe laces, 
before blanketing, to obtain straight edges. As a general guide the following 
procedure may be adopted: 

i. Dry laces in mat form are spread on a low table after sorting for colour 
and dirt contamination. About seven of these mats are placed one over the 
other to overlap and folded to form a long strip of laces of three layers. 

ii. The above preformed strips are passed through the blanketing mill once to 
get a resulting blanket of 2 - 2.5 cm thickness. These mats are allowed to 
cool for at least 5 hours, and then rolled a second time with the roller nip 
adjusted to get a final mat of 2 cm thickness of the finished product. It is 
essential that the rollers are efficiently and adequately water- cooled when 
blanketing is carried out. 

4.2.4 Cutting of blanket crepe 
The standard size of blanket crepe specified by the brokers is not more 

than 46 x 60 cm and not less than 44 x 55 cm. It is desirable that one standard 
size is always maintained between these limits. The method of cutting blanket 
crepe is as follows: 

The blanket crepe is piled on a special table to a suitable height and cut by 
means of a cross cut saw, with the teeth removed, and the blade well sharpened. 
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An alternative method is to use a large knife, dipping the blade in a bucket of 
water frequently. Only two or three blankets can be cut at a time by this process. 

5. Thin crepe and sole crepe manufacture 
5.1 Machinery and milling 

When manufacturing thin pale crepe or sole crepe, it is essential to have 
spiral or diamond-grooved mills in addition to grooved and smooth mills. The 
spirally grooved mill (Plate 3. Id) will produce a far superior wet blanket with a 
much more even texture and a minimum of perforations. With a close woven wet 
blanket the final lacing in the mills is made easier, resulting in a superior grade 
sole crepe lace or thin crepe lace, compared with a similar product that has not 
been milled through spirally grooved rollers. The approximate number of millings 
necessary for blanket crepe, thin crepe and sole crepe manufacture is given in 
Table 3.1. Generally, the macerator has heavy grooving, the intermediate 
machines a lighter grooving and the finishing machines are smooth. The grooves 
are often 2.5 mm wide (and deep) but may be as much as 4.0 mm wide, 
intermediate machines usually have grooves about 1 . 5 - 3 mm in width and 
gearing with a differential of 1:1.5. 

Table 3.1. Approximate number of millings and gear ratios necessary for crepe 
manufacture 

Type of mill Type of roller Process of manufacture and Gear ratio 
Surface grooving Number of mill passes 

Blanket 
crepe 

Thin pale 
crepe 

Sole 
crepe 

Macerator Horizontal 5 4 4 1 1.25 
Diamond roller Spiral - 3 7 1 1.5 
Smooth roller Smooth 1 1 2 1 1.8 
Blanket roller Horizontal 2 - - 1 1 
Laminator Smooth - 2 2 1 1 

5.2 Inspection and preparation of dried laces for lamination 
After drying, the laces are wound on spindles (Plate 3.2b) and transferred 

to the laminating tables (Plate 3.3b) for inspection and removal of any specks of 
dirt and any other defects such as wrinkles and small holes. Lamination of sole 
crepe laces should be avoided under humid conditions as this may lead to 
"splitting". Mould could also set in. To facilitate handling of laces, frames for 
supporting the spindles may be used at the starting end of each laminating table. 
The laminating tables have smooth wooden tops (Plate 3.3b). Their length should 
be in multiples of 90 cm which is the stardard length of the finished product, with 
30 cm in addition sometimes. 
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At both ends of the table four galvanized iron spikes, two at each end, are 
firmly fixed at the edge. It is to these spikes that the sole crepe laces are fixed into 
position. Two lengths of the laces are spread on the table and the corners fastened 
on to the spikes without undue stretching. 

Each lace is examined for dirt particles which are removed by cutting 
with a pair of scissors, lengthwise (Plate 3.3c). Thereafter each lace is built up 
one over the other to the required thickness to obtain the finished product 
following the above procedure. Finally a hand laminator is rolled over the stack of 
laces to keep the lamination intact. 

5.3 Lamination 
The hand-laminated sole crepe is now passed through a power driven 

laminator (Plate 3.3d). There are two types of laminating mills: the larger 55 cm x 
30 cm mills can press the rubber more efficiently but are more expensive; the 
smaller 60 cm x 15 cm laminators are also used satisfactorily. If corrugated sole 
crepe is to be manufactured, a separate mill is required in which one of the rollers 
is horizontally grooved. The speed of the rollers of the laminator should be even 
and should be 10 - 12 rpm. It is important to ensure that the pressure applied is 
adequate: if not, it would be possible to separate the plies at a comer of the sheet 
with a fine nail, and the consignment will be heavily penalized when tendered for 
auction. The usual remark by brokers to indicate this defect is "splitting". On the 
other hand, too much pressure will cause "ruts" on the surface and will give the 
finished sole crepe an uneven appearance. The output rates of laminating mills 
will depend on the thickness of the sole crepe manufactured. The relationship 
between the thickness and the output rate for two rollings is approximately as 
follows, for laminating mills 55 cm x 30 cm, working at 12 rpm: 

Thickness Output 
9 mm 3/8" 460 lb/hour 200 kg/hour 
8 mm 5/16" 355 lb/hour 175 kg/hour 
6 mm VA" 310 lb/hour 140 kg/hour 
4.5 mm 3/16" 220 lb/hour 100 kg/hour 
4 mm 5/32" 200 lb/hour 90 kg/hour 
3 mm 1/8" 150 lb/hour 70kg/hour 

The thickness is finally checked with a pair of calipers after cutting the 
edges using a template. The cut edges are reprocessed into sole crepe or blanket 
crepe. 

6. DRYING OF CREPE LACES 
Crepe rubber in the form of laces is dried either in natural air or warm air. 

Warm air drying is essential for quality latex crepe manufacture. 
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The drying of sole crepe laces is similar to that of pale crepe laces except 
that in the case of sole crepe laces, warm air-drying is carried out and usually 
single laces are hung for drying instead of mats. For both latex crepe No. IX grade 
and sole crepe, natural air-drying of laces in a loft is not permitted. 

6.1 Drying characteristics of crepe rubber 
The initial moisture content of the crepe laces after final smooth milling 

lies in the range of 12 - 20%. The drying of laces takes place in two stages: 
(1). Constant rate period 
(2). Falling rate period 

During the constant rate period the moisture level drops to about 3% and 
in the falling rate period further drops from 3% to an average moisture content of 
less than 0.5%. The falling rate period occupies about 85% of the total drying 
time. The variation of moisture level in rubber laces during drying at 34°C is 
shown in Fig.3.1. 
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Fig. 3.1. Variation of moisture level of crepe laces during drying at 34°C 

6.2 Drying systems for crepe rubber 
The drying systems for crepe rubber can be categorised into 4 types: 

(i). Loft drying - Natural air drying 
(ii). Warm air drying in conventional drying towers 
(iii). Forced air drying 
(iv). Vacuum drying 
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6.2.1 Natural air drying 
Natural air drying of crepe rubber could be done in the loft with no 

difficulty in fine weather. Laces of average thickness (dry weight of 600 g per m 2) 
usually dry in 4 to 6 days. But in wet weather, drying slows down and as a result, 
surface mould is liable to develop on the rubber, leading to a product of dull or 
mottled appearance. In extreme cases the mould spores can be seen as a cloud of 
dust when the crepe is shaken. Contamination of the surface of crepe rubber with 
mould is particularly liable to occur in Sri Lanka owing to high relative humidity 
and the long wet seasons in the main rubber growing districts. It is not uncommon 
to see fungal spots of various colours developing on the rubber when drying is 
slow. Furthermore, for the manufacture of latex crepe No. LX, loft drying is not 
recommended. 

Crepe should not be considered dry until all "virgin" spots have 
disappeared. Small moisture spots dry out to a certain extent during the blanketing 
process, but there is a danger that they may remain and cause fungal spots to 
develop in the rubber after packing. The dry crepe should be taken out in the 
afternoon from the drying tower and made ready for blanketing on the following 
day. The moisture content of the crepe is then lower than it is in the early 
morning. 

As a preventive measure against growth of microorganisms in the drying 
loft, the entire loft including all the wooden constructions, walls and floor should 
be sprayed with a 1% solution of formalin (commercial liquid formalin has about 
38% formaldehyde). The factory floor and utensils should be disinfected 
periodically, once or twice a week. 

6.2.2 W a r m air drying in conventional drying towers 
Most commonly, warm air drying of crepe rubber is done in a drying 

tower (Plate 3.2c), which is a multi-storey building warmed by a boiler-radiator 
system (Plate 3.2d). The source of heat is a slow combustion fuel stove. The 
number of radiators and their capacity will depend on the weight of the rubber 
handled by the drying house. Ventilation of the building is by natural upward 
draft. No electrical power is required and the requisite temperature can be 
maintained day and night. 

The temperature of the building is kept at about 34 °C. Crepe laces of 
recommended thickness can be dried in 3 days, almost irrespective of the 
prevailing weather conditions, provided that the correct temperature and air flow 
are maintained in the drying house. The product has the characteristics of natural 
air-dried crepe. 

6.2.2.1 Drying operation 
Crepe laces are hung in the drying house (Plate 3.3a) in the form of "mats' 

(1.8 m long and 0.9 m wide) which are made by wrapping the wet crepe on to a 
rotating drum (Plate 3.2a) of the squirrel cage type (90 cm wide and 65 cm 
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