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SUMMARY

This study explores the technological and economic aspects
of the competition between natural rubber and tﬁe syntheticé of
the general purpose class. The first part of the thesis reviews
the overall competitive positién of natural rubber and its future
praspects, The effec;ts of the structure of the rubber producing
industry (hatural and synthetic)? ecohomics of production,
characteristics of demand and some aspects of market;lng on the
;hort .and long term compefitive posi_tion ar‘é analysed. It is
concluded that natural rubber can remain competitive in all aspects
if, greater co-operation befweeﬁ the natural rubber producers can
be achieved to formulate a unified programme of production, research
and aevelopment and marketing.

In view of certain problems peculiar to Sri Lanka, the second
part analyses the state of fhe rubber industry in Sri Lanka in
respect of the changes taking place in other natural rubber' producing
- countries, the devélopments in the synthetic rubber industry and the
changing technological requirements of the rubber consuming
industries, The commer‘cial, economic and technical viability
of certéin projects }in Sri Laﬁka and the aréas for future research
at the Rubber Research Institute of Sri Lanka are briefly explored.
Since Sri Lanka is the largest producer of premium g‘r~ade pale
crepe rubber and in view of the declining demand for this rubber,
the competitive position of pale Ccrepe is studied in some detail and
some recommendations are included to improve its competitive

position. In view of the anticipated strong demand for natural
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rubber in the future, it is recommendead that Sri Lanka should

plan now to increase rubbep production at a faster rate by 1980's.
It is also concluded that it is desirable o produce ﬁwore special
purpose premium grades of natural rubber in Sri Lanka than

to produce more complex derivatives in the short

term and a long term approach towards producing powdered rubber,

liquid and thermoplastic rubber from latex is necessary,
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1. INTRODUCTION.

1.1 General .

Before World War TI natural rubber (NR) was a
unique material, As an agricultural producer, the
industry was mairly concerned with keeping the supply in
balance with the demand and, as far as possible, avoiding
any large scale fluctuations in price, Like other basic
rav materials the demand was highly sensitive to social,
economic and political circumstances. Any imbalance thus
created was inevitably aggravated by the six to seven-year
lag between planting and tapping. There were several
schemes which sought to control this imbalance and maintain
& reasonable and steady price; notable among thesevwere
the Stevenson Restriction Plan of 1922 and the International
Rubber Regulation Agreement of 1934, Under the stimulus of
high prices following these schemes, the search for synthetic
substitutes was revived in Germany and the U.S.A,

The importance of rubber as a strategic material
was realised during World War II. With the Japanese
~occupation of the Far East, a synthetic rubber (SR) industry
was rapidly developed, producing an inferior styrene-
butadiene rubber (SBR); arnd - ﬁew industry was born.
Although the technically superior NR was oncé again
available at the cnd of the War, it was not in sufficient
quantities to meet the rapidly increasing demand for rubbers.
Several important technical improvements in the early SBR

led to its establishment as an important rubber and is often



called the work-horse of the SR industry. The massive
research and development programmes thét followed the sale
of Government SR plants to private firms in the U.S.A. has
led to the establishment of the SR industry in an important
position, A constant search for new elastomers has
‘produced a variety of synthetic polymers to meet the varying
needs of the rubber fabricator. |

A different situation confronts natural rubber

today - its singularity as a general purpose rubber has
disappeared and it has become one - though still an important
member - of a large family of rubbers. The development of

stereo~regular rubbers and fhe commefcial production of the
synthetic duplicate of NR - Synthetié polyisoprene — in the
early sixties led to much speculation regarding the future
of NR. So far, the industry has survived the ever
increasing threat from the synthetics. This is proved by
the fact that every pound of NR produced since the end of
the War has been sold, and the consumption has increased
from 1.9 million tons in 1950 to just over 3 million tons
in 1970, Nevertheles#, the increase in NR consumption has
been achieved with a more than corresponding fall in average
prices. Although there has been a steady increase in the
consumption of NR, its actual share of the markets has been
rapidly decreasing from about 70% in 1950 to under 40% in
1970.

This raises the question: "Has the NR industry
a future?™

¥hile the SR industry has strengthened its

-2 .



competlitive position through several technological
innovations, as a well established producer the NR industry
has been slow in adapting itself to the changes in the
modern business operations. The most important single
fact about the economic background in which modern business
operates is the tremendous pace of technological, economic
and social change. In such an environment, "Established
producers are under frequent pressure to adapt themselves
to new demands and teéﬂnical methods. The way lies open
to the innovator and the business of the routineer becomes
. insecure." writes Allen.?t

This poses the gquestions "H§w can the NR industry
improve its competitive position, maintain a steady growth
and obtain reasonable profits for its products?" The two
most important functions of business management as argued
b& Drucker2 are marketing and innovation. This is
particularly true in the case of a chemical raw material
such as rubber which sells to a technically oriented market.
A three-fold approach is mentioned by Reubensaal> to meef

these changing markets and manufacturing patterns to enlarge

NR's markets and increase profits. Namely:
1. improve profit margins through cost cutting techniques;
2. improve inherent qualities and win back increasing

shares of existing markets;

3. enlarge consumption of NR through development of
completely new markets.

Several impo;tant developments are now taking place in the

broduction, marketing and processinco of NR to improve its
l ) S p o



competitive position; +these are discussed in subsequent

chapters,

Recent advances and technical progress in the NR

industry have come mainly from the Malaysian industry and its

research organisations in Malaysia (The Rubber Research
Institute of Malaya) and Britain (The Natural Rubber
Producers' Research Association). WVhile these advances

have vastiy improved the competiffve position of NR; only

Malaysia has exploited the advantages of these developments

on any big scale, Although the problems facing the NR
industry are basically the same in all producing countries,
there are some problems which are peculiar to each country
due to certain social, economic and political differences.
A vast amount of published information is
available on the technological and economic aspects of
competition between natural rubber and the synthetics.
Most of the information is published by the SR producers
of U.S.A. and is based on the American situation and is
often biassed towards the'synthetics. ¥hile those
published by the NR producers are largely based on the
Malaysian situation. No attempt has been made to study
the competitive prospects and the future of Sri Lanka
rubbers., Although a study of the overall competitive
position of NR gives some aspects of the competitive
prospects and the problems facing the NXR industry in Sri

Lanka, it does not give the whole picture. At the same

time 1t is Impossible to isolate the NR industry in Sri Lanka

and study 1t on its own.



This study endeavours to éxplore the technological
‘and economic aspects of competition between NR and the
synthetics. The first parf of this study reviews the
overall competitive position of NR and the second part is
mainly concerned with the competitive aspects of the NR
industry in Sri Lanka. Such a study of the present status
and future prospects is essential to plan the.short and long ’
term research strategy of +the Rubger Research Institute of
Sri Lanka. The second part looks at some specific areas

of research and development and explores the commercial,
economic and technical viability of such projects in Sri
Lanka . However, the lafex crepe manufacturing indugtry

and its future are discussed in greater detail in the second
part.

1.2 Competition.

Most competitive behaviour may be broadly viewed
as taking the form of: -

(a) pricing;

(b) product differentiation;

(c) innovation;

(d)_ promotional activity.4
This s%udy is essentially limited to competitive behaviour
under the above broad headings and attempts to explore the
- relationships between market structure and market performance.
The major elements of market structure considered are

(2) +the number and size distribution of

buyers and sellers;

(b) the characteristics of demand ;



(c) +the nature of price structure;

(d) +the marketing and distribution channels
utilised;

(e) +the geographical distribution of supply
and demand;

(£) +the conditions of eﬁtry into industry.

Similarly the elements of market performance that are

considered are
(a) price behaviour;
(b) capacity - output relationships;
(c) progréssiveness;
(@) the level of profits;

(e) selling expa-:ses.5

1.3 Types of Rubbers.

To study the competition between NR and the
synthetics, it is essential to consider those rubbers that
compete directly with NR and its end use applications.
Essentially NXR is a general purpose rubber, which finds its
main application in tyres and other general rubber goods.‘
Over 60% of all rubbers»aré consumed in tyre applications
and over 90% of all rubbers compete with each other in the
tyre and general rubber goods sector. The price,
performance (i.e. processability of elastomer as well as
the performance of the end product) and market volume are
inter-related. Natural rubber, styrene/butadiene rubber,
polybutadiene, butyl rubber, synthetic polyisoprene and

ethylene/propylene rubbers make up the bulk of the general

-6 -



purpose rubbers. Table (1.1) shows the production volumes

and average prices of these elastomers.
discussion would be limited to the above rubbers.

in recent times several plastics materi

Thus, the main

- However,

als such as polyvinyl

chloride (PVC), polyethylene, polyurethane, thermoplastic

;ubbers and other rubbers have replaced NR from several of

its traditional uses, and hence a brief discussion of these

materials is also included. At this stage a brief sketch

of the general characteristics and main areas of application

are outlined.

TABLE (1.1)

- rge Tonnage General Purpose Rubbers:

- Production and Average Prices

#*

Production Price (US g

(000 Tons) per ton)
Natural rubber NR 3,000 400-600
Styrene/butadiene SBR 4,200 380-550
Polybutadiene BR 800 420-580
Synthetic polyisoprene IR 400 450-650
Ethylene/Propylene EPM/EPDM 200 450-850
Butyl | IIR 300 570-700

.x<

Production figures are rough

estimates for 1971.



Natural rubber is perhaps the most‘versatile
general purpose rubber which can be suitably compounded for
a variety of applications. Due to its long history it is
still used as the reference material for the evaluation
of other elastomers. Its high resilience, high strength
and superior dynamic flexing properties make it most
suitable for highly demanding applications as in
engineering components and largeiéyres. However, it

suffers from poor resistance to weathering.

Stvrene/butadiene rubber is consumed more than

any other rubber and accounts for around 40% of all rubber
consumed. Its excellent wearing characteristics and
good wet-road holding properties make it most suitable for
passenger car treads, However, due to its low resilience
and poor fatigue performance it cannot be substituted for
NR in engineering applications and in large tyres.

Butyl-rubber is used mainly for applications where

low gas permeability is required and thus finds major use

in the inside of tubeless tyres and tubes. The rubber is
self-reinforcing and has better weathering characteristics
than NR. But it suffers from low resilience and difficulty
in curing.

Synthetic polyisoprene, which is almost a

chemical duplicate of NR has similar properties to NR and
finds similar applications. Due to low green stirength
and poor tack it is still considered inferior to NR in

many applications and often used in blends with \R.



Polybutadiene rubbers posscss high resilience

and are used in blends with NR and SBR. In general they

possess poor processing characteristics.,

Ethvlenefpropvlene rubbers have extremely good

resistance to OXygen, ozone and heat; but in general they

are not very compatible with other general purpose rubbers.

and are difficult to vulcanise,

The last three classes of general purpose rubbers
are sometimes called the second generation rubbers due to
their sterec-regularity. ¥hile ‘SBR has displaced NR in
several applications and established itself as a large tonnage
rubber; the above stereo-regular rubbers and some newer ones
offer the greatest competition to NR, However, amongst
these synthetic polyisoprene must be considered the most

serious threat to NR due to its near chemical duplicity.



2. RUBBER PRODUCTION INDUSTRY.

2.1 Natural Rubber Industry.
— =282 ubber Industry.

Today, the rubber plantations cover Just over
6 million hectares, of which about 5.5 million hectares
are in South-East Asia. Even at the depressed average ’
prices in 1971, the 3 million or so tons of ﬁR produced 7
were valued at over U.S, § 1,000 million. 92% of +the
vorld's supply comes from South-East hsia; with Malaysia's
44% share leading that of Indonesis (28%), Thailand (10.5%)
and Sri Lanka (4,5%). The rubber industry is vital +to
economic well-being and its contribution to the employment
in the rubber groving countries such as Malaysia,
Indonesia, Thailand, Sri Lanka, Liberia, Cambodia and
Vietnam is also vital; with the exception of India, Brazil
and Philippines, all NE producing countries export a very
large proportion of their output, The export of NR
accounts for a substantial share of export earnings in these
countries, It is estimated that aiound 2.5 million persons
are directly employed by the industry.6 Thus, NR production
has become an important industry to millions of people in the
developing countries, principally in South-East Asia. In
the words of Bateman7 "The plantation industry is involved
to a remarkable extent with those mulfiple factors, economic,
technical, commercial ang sociological; which are at the
heart of the day-to-day life in these regions and the hope

for the future.m

- 10 -
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2.1.1 Structure of the Industry.

2.1.1.1 Distribution.

The geographical distribution of NR production
is determined py two factors: climate and economics.

The production of NR is labour-intensive and wages may
constitute as much as 75% of the total cost of producing
the rubber. The necessary climatic conditions and cheap
labour co-exist in certain parts of Asia and Africa.

This places NR at a disadvantage over SR, for

(1) the days of cheap labour in these areas
are rapidly disappearing;

(2) the producers are separated from the consumers
by thousands of miles and the transportation
costs, which account for a conéiderable share
of the total cost of the NR, are increasing
steadily.

Table 2.1 gives the estimated planted area and
the current output in the major producing countries.
:Certain facts seem obvious from the table, for example
Malaysia's output which accounts for 44% of the total .is
produced from 34% of the total planted area for rubber.
¥Yhile Indonesia's plantations, which account for 33.4% of

the total rubber area, produce only 28% of the total output.

2.1.1.2 Plantations.

NR comes from two sources: smallholdings and
estates. In actual practice smallholdings are about two

or three hectares, cultivated by a self-employed peasant

- 11 -
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farmer, The distribution between estates and smallholdings

varies widely from country to country. In Thailand,

all of the plantations are smallholder~owned, while in

Vietnam and the Khmer Republic it is 100% estates, and in

most other countries it i1s somewhere between these two.

Historically, the smallholder has been associated with

the production of boor quality rubber and 1neff1c1ency. .

The efficient production of con51stent and good quality

rubber is essential for the well-being of the NR industry -

particularly as it is in competition with SR, which can be

very pre01sely controlled during production as reoards

quantities, quality, kinds and specifications in general.
Estates in general are well organised and managed

by professional managers, The larger estates in Malaysia

and Sri Lanka are largely European owned and run by agency

houses. This kind of ownership has its advantages, since

these foreign companies also have well established trading §

or marketing organisations in the major consuming countries.

However, this kind of ownership accounts for only 16% of |

the rubber plantations in Malaysia and 12% in Sri Lanka.

Unlike the SR industry, where the major rubber fabricatofs

have considerable ownership of SR plants, there is very

little vertical integration by the rubber fabricators in

the NR industry. Only about 7% of the NR production

fac111t1es are owned by rubber fabricators, a large

proportion of which is produced as latex concentrate.

- 13 -



2.1.2 Developments in the Plantation Industry.

2.1.2.1 Replanting.

Several important advances have taken place 1in
the plantation industry since the end of the War. The
most important step towards meeting the increasing demand
was the large scale replanting schemes started in Malaysia
and Sri Lanka . Mature uneconomic trees have Dbeen
systematically replaced with high yielding trees in these
countries, since the early 50's, Such well organised
replanting schemes did not start till the early 60's in
the other major producing countries ~ mainly Indonesia and
Thailand.

The establishment of superior planting material
is the most important single branch ofAresearch which has
benefited the industry. Several high yielding clones have
been developed since the original seedlings were introduced
into the rubber growing areas. The development of such
high yielding clones is important to meet the increasing
demand for NR and increase productivity and thus reduce
costs, Today, there are clones producing well over
3000 Kg/ha/year; this is a six to seven-fold increase
over the original séedling trees. In actual practice,
one cannot expect to achieve £his high yield on an average.
There are other secondary characteristics besides the yield
and a balance has to be struck between yield and secondary
characteristics - such as soil conditions, resistance to
diseases, etc, On the whole the average yields have
increascd tremendously and further moderate increases

can be expected over the next few years. The increase in




yields obtained from different clones over the years is

shown in figure 2.3 from Sekhar.8

A 4

Aston University

lllustration has been removed for copyright restrictions

Figure (2.1) Increase in the Average Yields over the

Years and the Performance of Contemporary

Clonal Types.

2.1.2.2 Smallholders.

The economic and political importance of the
smallholder sector can be appreciated by the fact that
4,152 million hectares of the total 5,950 million hectares
of the world rubber area are classified as smallholdings.
This accounts for just under 70% of the total planted area.
However, .the smallholder secior accounts for only about
50 of total NR output. This clearly shows the importance

of improving the smallholder industry and the potential
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from this sector. ¥hile the large estates have been quick

to exploit the advantages of replanting with high yielding

trees, modern methods of processing the latex and marketing;

the smallholders have been slow to adapt themseclves 4o the
changes in the plantation industry.
The typical smallholder is a self-employed

subsistence farmer and in most cases the farmer also

cultivates other crops - mainly-fpod crops. The reluctance

of these farmers to invest in costly replanting programs

or change to modern methods of processing is mainly due

s

to the uncertainty attached to the NR market. Historically,

the smallholder has played an important role in stabilising

the supply and demand situation. At times of low prices -

usually associated with low demand, these farmers temporarily

stop collection and processing of latex and concentrate on
food crops etc. Similarly, when prices are high they

increase the output to its maximum. In recent times,

continued low prices for NR has made several smallholders +to

look for more profitable and quicker cash return crops, like

oil-palm plantations in Malaysia.

¥ith the cloud of uncertainty surrounding the-
NR markets, it would be too optimistic to expect the
smallholders to invest in replanting or modern methods of
processing. Government subsidised replanting schemes have
been in progress for some time 1n most producing countries.
It is essential that all smallholder latex should be
processed in central factories under Government sponsored

or Government subsidiscd schemes. Such schemes would not

- 16 —



only help the smallholders 4o produce quality rubbers but
also give them sufficient time to concentrate on other
Crops as vell. Any over-dependence on rubber plantations
should be minimised and the farmers should be encouraged

to diversify into other crops.

2.1.3 Natural Rubber Production. | 7

NR output between 1950;55 was virtually static
due to the presence of large acreage of uneconomic
plantations. Following the replanting schemes of the
early 50's the output grew very gradually and at present
the growth rate is around 4% (figure 2.2). VWhile the
total planted area has remained virtually constant, the
production of NR has increased by over 509 since 1950,

The biggest increase in this period has come
from Malaysia as a result of a systematic and well
organised replanting schemé, Although the estate sector
. accounts for less than 40% of the total planted area over
half the production comes frdm this sector. This is not
surprising sihce over 90% of the planted area in the estates
have been réplanted with high yielding trees, while the
corresponding figure for the smallholder sector is.65%.
‘The present replanting and establishment of central
processing units in the smallhclder sector in Malaysia, will
make the smallholder sector the largest producer in
Malaysia. Thus a substantial increase in Malaysian
production can be expected before 1980,

In Indonesia, the second largest producer with

- 17 -
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about the same planted area as in Malaysia, the production
has been erratic (figure 2.3). The growth in the output
has been very small compared to Malaysia. Poor
organisation of the rubber industry and political
uncertainties have been the main cause for the slow
growth, Large scale replanting did not stért ti1l about
1963, even the replanted trees which account for about

25% are still not mature. Indonesia has the best
prential to increase NR output. The present signs
indicate a steady growth in output from Indonesia.

Amongst the.other countries, Thailand has the
largest planted area but the producti%ity is low. Because
of the presence of a 100% smallholder industry, production
increase is not likely to grow at the same rate as in
Malaysia unless large scale Government assistance is
provided.

Forecasting the future production volumes is
often made difficult by the changes in technical, economic,
social and political factors. Some estimates of NR
production in 1975 and 1980 are given for the various
NR producing countries in table (2.2), based on the present
growth rate and other factors such as area under small-—
holdings, presence of high yielding trees, etc. World
average of 1200-1500 Kg/ha/year is within the reach of the
plantation industry before the turn of the century and the
world NR output should reach 6 million tons per year by

2000 A.D.
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TABLE (2.2)

Estimate of World Natural Rubber
Qutput in 1975 and 1980 (1,000 tons)

Country 1975 1980
Malaysia 1,500 1,900
Indonesia ' ’ 950 1,200
Thailand 380 450
Sri Lanka 180 230
India 150 220
Africa 240 300
Others 150 200
¥World Total 3,550 4,500

2.1.3.1 Productivity in Plantations.

Being a labour intensive industry, most of +the
changes were in the intensification of long-term trends
towards greater efficiency. The productivity in
plantations has been increased steadily by replanting with
high yielding trees — this is of course a long term
approach - usually taking about 6 - 7 years between
replanting and tapping and reaching peak yield around the
12th year. The use of yield stimulants is an izportant
new development which is likely to short-cut thi

approach. The absence of a plugging effect 1is considered
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to be the reason for high yielding clones.9 Certain
ethylene releasing hormone type chemicals (such as
2-chloro-ethyl phosphoric acid - called 'Ethrel') have
been found to produce the anti-coagulant effect. The
use of 'Ethrel' has been found to produce spectacular

effects on the yield.lo

This introduces the possibility .
of enhanced tree productivity and‘gréafer flexibility of

NR supply would certainly seem within reach. The long term
effects of 'Ethrel' application on the productivity are not
yet known. Eonfinued application of the yield stimulant

is likely to shorten the»economic life of the tree.

However, 'Ethrel' could be profitably used on low yielding
uneconomic trees or during the period of declining yield.

The most important application would be to boost the yield

during periods of high demand.

2.1.3.2. Tapping and Collection.

During the years after the War, tapping costs
alone accounted for about 75-80% of the f.o.b. costs and
exercised a direct influence on volume output. Even today,
in a well managed estate with an average yield of about
1000 Kg/ha/year, the tapping and collection cost may account
for 50% of the total cost of peruction. This shows the
econohic importance of tapping and collection, és the means
of harvesting the latex crop in the NR industry. The aim
is to obtain as high a yield as possible with fewer tappings.
Increasing costs of labour are a real threat to the industry.

So far, increcased productivity has been tackled from three
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directions:
(1) high-yielding trees;
(2) 1mproved tapping systems;

(3) use of yield-stimulants.

In times of low prices and high costs of labour,
productivity per tapper is of greater significance than the
yield per hectare. Spectacular incrcases in the average ‘
yield as in the past 25 years are‘unlikely. Thus any future
improvements should be towards labour-saving methods.

Already several méthods are being studied to reduce the
number of tappings and Coliections. One method would be to
reduce the number of tappings and at the same time boosting
the yield using powerful yield-stimulants. Another method
being studied at present is to allow the latex to coagulate
éutomatically as 1t flows into a polythene bag and collect é

at infrequent intervals.ll’12

2.1.3.3 Processing of Drv Rubber.

Processing of NR is changing from an art into a
modern sclence. The NR producers have been aware of the
needs of the rubber fabricator and NR processing is becoming
consumer orientated. Although it is not possible to control
or alter the fundamental properties of the natural product,
it is possible to some extent to vary the properties of the
needs by certain
variations in the methods of processing. More research 1in

this area would be necessary to meet the varying needs of

[¢h

S

the fabricators. The most important 4

velopment in the
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processing of NR is the 'new process' rubber to technical

specifications and presented in a suitable form for the

fabricator.

Malaysian Rubber (SMR).

Conventional grades and new process rubbers are

produced from field latex and natural coagulum,

Figure (2.4) shows the different types of rubbers produced

from field latex and‘natural coagulum.

About 85% of dry

rubber is produced from field latex and in general the

rubber produced from field latex is consistent in quality.

The production of conventional grades of NR still account

for over 80% ¢ the total production.
N

The SMR type of

rubbers should account for around 25-30% of the total NR

output by 1975,

Of the conventional grades, smoked sheet

is by far the most important type and may account for as

much as 90% of these rubbers.

FIELD
LATEX

TREE

\Y/ \/
LATEX SMOKED NEW
LATEX CREPE SHEET PROCESS
Figure (2.

NATURAL
COAGULUM

The best known rubber of this type is Standard

7

4): Production of Different Tvpes of Natural

Rubber from Field Latex and Natural Coagulum.

T TR
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Processing of conventional grades of MR uses very
simplé, inexpensive and sometimes primitive equipment;
the process is slov, uneconomical and less flexible +to
accept different feedstocks or to produce different types
of rubbers, The rubbers produced are visually graded
accerding to the "Green Book" 15 There are 8 different
types based on the feedstocks and the type of preparation,
these are further subdivided into 35 grades based on
colour, dirt and visual blemishes. The absurdities of

this system are summarised by Batemanvl4

2.1.3.4 New P;ocess Rubbers

The need to produce gocd quality rubber faster,
economically and with some degree of flexibility arose to
improve the image of the NR industry. This along with <he
revolutionary technical grading system gave rise to the
introduction of new process rubbers. There are several
15, 16, 17

In principle

methods of producing theée rubbers, s

all these methods involve the conversion of the coagulum into
granular form either by mechanical means or using’a chemical
crumbling agent (castor oil). The granular form is more
suitable for easy washing and fast drying. The process can
be made continuous and automated to some extent, thus
reducing the excess labour involved in the conventional
meihodé. The final product is made into 331/3 Kg bales

and palletised for easy handling and storage., This process
offers several advantages to the consumer as well as the
+

producer. The main advantages to the producer being:



(1) suitability of the plant to accept

different forms of feedstocks such as
field latex, natural coagulum or
unsmoked and partly smoked sheet;

(2) flexibility of the process to extend
itself for the manufacture of oil-
extended master-batches and low.
viscosity rubbersg‘

(3) processing costs are minimal.lg’ 19

However, this suffers from two major disadvantages,
(a) high capita% costs compared to the traditional processes,
(b) minimum econémic size of.processing plant. Although .
this form of NR is being accepted as the best form of NR ‘
by the consumers, with the exceptionAof low viscosity
grades the premiums fetched by the equivalent grades over
No. 1 smoked sheet are either marginal or none at.all.

Thus there is no incentive to change from simple inexpensive
equipment to costly equipment. Even if the new process
rubbers do not fetch a premium over the equivalent grade

of smoked sheet, it is necessary to change over to new
process rubbers to improve the long term competitive
position,

The technical specification system, which is
based’on simple technological properties of some significance
to the consumers, is the main feature of the new process
rubbers. The essential features of this system are
summarised <in Table (2.3). This system reduces the number

of grades from 35 to just 6 main grades. Viz. SMR  EQ,
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Some Features of +the S\R Specifications’

TABLE (2.3)

20

Criterion

Dirt retained on
441 aperture
(Max, % wt)

Ash Content
(Max, % wt)

Nitrogen Content
(Max, % wt)

Volatile Matter
(Max, % wt)

PRI (Min, %)

Wallace rapid
plasticity - min.
initial value (Po)

Colour limit
(Lovibond Scale,
Max )

£Q 5L 5 10 20 50
0.02 0.05 0.05 0.10 0.20 0.50
0.50 0.60 0.60 0.75 1.00 1.50

| 0.65 0.65 0.65 0.65 0.65 0.65
1.00 1.00 1.00 1.00 1.00 1.00
60 60 60 50 40 30
30 30 30 30 30 30
3.5 6.0 - - _ _

This has eased some of the

problems of ma

from the multiplicity of grades.

ng arising

The most important

features of the technical specifications are dirt content

and plasticity retention index (PRI).

The di

rt content

gives a positive measure of a deleterious agent, while

PRI gives a measure of the susceptibility of =

oxidative degradation.

as mooney.viscosity and cure characterisiics,

Additional specificat

extent are within the conirol of the prcducers

|
N

—~1

he rubber to

icns such

which to som

, also need
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to be supplied. (CV and LV rubbers are viscosity
stabilised rubbers and cure rates will depend on the source
material and processing method), These two properties are
of prime importance to the compounder, So far, the
technical specifications have been mainly supplied with the
‘new process rubbers, These specifications can be easily
supplied for the conventibnal grades. Such specifications

would improve the image of smoked sheet significantly.

2.1.4 Production Economics.

It is often easy to be hypnotised by the conéept
of economies of é!éle. ¥hile it is true that considerable
economies in processing costs may be achieved by using
extremely large processing units, these are often offset
by other costs which increase with the size of the
processing plant. The bigger the central processing plant,
the greater is the catchment area supplying the central
factory and in turn the greater is the distance from
which the raw material feedstocks (mainly latex containing
about 70% water) must be transported. Additional expenses

are also incurred due to larger quantities of chemicals

being necessary to prevent coagulation during transportation.

It is estimated that no great savings could be achieved by
transporting latex of more than 10 tons of dry rubber
equivalentl per day19 to a central factory producing new
process rubber in Malaysia and probably less in Sri Lanka.
Bauer suggested as early as 1948 that, in view

of the simple equipment used for processing latex, large
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scele operations are severcly limited and centralised
factories for areas in excess of 2,000 hectares #re a
doubtful proposition.2l ¥hile this still holds good for
the production of conventional grades of NR, somewhat
higher areas are necessary for new process rubbers. The
results of Barlow and Kheong22 suggest an even small_..
holding for smoked sheet production, Their.results

show that little economy in scaie‘is achieved above

400 hectares while considerable cost reductions are
achieved with increase in yield per hectare.

Although né';efinite conclusions can be drawn
regarding the most economic size éf a rubber holding,
there is a minimum economic size for a processing unit,
Economic considerations such as minimum daily output,
capital cost and labour requirement are compared in table
(2.4) for the production of new process rubber, smoked
sheet and pale crepe in Sri Lanka. On the basis of
minimum latex required for the different processing units,
1t is possible to estimate the approximate area of a
rubber holding necessary to supply this quantity of latex

for different average yields. (Table 2.5).

TABLE (2.4) Some Economic Considerations of Processing

Latex, for the Manufacture of Smoked Sheet
23

Pale Crepe and New Process Rubbers

Type of Minimum daily Approximate Number of

Rubber economic capacity Capital Cost Emplovees pe
’ (in Kg) (UsS 8) ton of rubber

Smolied sheet 250 5,000 28

Pale crepe 2,000 125,600 18

New Process 10,000 400,000 4

- 29 -
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TABLE (2.5) The avproximate minimum area necessary Ho

supply field latex to central processing

unit at different average vield levels.

Minimum Daily Minimum area of holdings (hectares)
Capacitv of for different yield levels
Plgnt (%g) _(Eg/hectare/vear)’

500 1,000 1,500 2,000 2,500

250 (smoked sheet) 200 . 100 65 50 46

2,000 (pale crepe) 1,600 800 530 400 320

10,000 (new process) 8,000 4,000 2,700 2,000 1,600

This shows that extremely large plantations are
necessary for the economic production of new process
rubbers., However, this pro’.. =m can be overcome by the
establishment of central factories and the necessary latex
supplied from contiguous units or a concentration of smaller
‘estates or smallholdings. One of the biggest advantages
of new processes is their ability to accept both field
latex and coagulum. Thus, freshly coagulated field latex
collected from several pointé (this overcomes the problem
of transporting latex centaining 70% water) or natural
coagulum stored over long periods can be used as feedstocks.

A complete change—ovef to new process rubbers 1is
not likeiy to take place for several years. This is due
to fhe existence of a large number of small and segmented
plantations where good quality smoked sheet or latex crepes
are produced profitably. On purely economic considerations
it would not seem profitable to change over to new process
rubber production where good quality latex crepes or smoked

sheets are produced. But it is essential for the NR
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by n ]
1ndustiry to upgrade the low grades of conventisnal forms
1nto new process rubbers, Firstly, because these can be

converted to more consistent and better quality rubbers

,

by improveq washing of sgéps; secondly, the final product
is tcchnically Specified and presented in a form
acceptable to the fabricator.  And finally, in general

these rubbers fetch a premium over the equivalent grades

of conventional rubbers.,

2.1.4.1 Costs.

The cost of producing NR varies so widely that
the average cost éf production is of little significance,
Thgre is no common meaning for cost of production between
the sm;llholder sector and the estate sector. Of concern
to the smallholder is the highest possible cash return for
his efforts, To an estate, the cost of production has its
usual significance. The cost of p;oduction of smoked sheet
in a well managed estate, exclusive of return on investment,
replanting costs and export duties and cesses, 1s likely
to be anything between 8 - 14 U.S. cents per 1b. (7.5 to

13 pence per Kg), broken down as follows:

Field upkeep 11%

. . =Ae?

Tapping and Colleciion 52%

Management 10%

General Charges 13%

Processing, packing and despatch 147

g, P g p
100%
To this must be added about 4 - & U.S., cents ner lbh,

(3.5 = 5.5 pence per Kg) depending on the poert of origin

and the final destination, for export duties and cesses

freight, etc.




Considerable reductions in tapping and collection

costs may be achieved with increased average‘yields. It is

estimated that for every 100 Kg increase in the yield perhectare

per year, the estate costs of production are reduced by an

average of 1.5 U.S. cents per 1b. (1.4 pence per Kg).
. Thus a rise in yield from 500 4o 1000 Kg per hectare should

showva,lowering of 7.5 U.S. cent

2
Kg).<4

s per 1b. (7.0 pence per
This seems a highly optimistic figure. The

X .
results of Barpard<’ as summarised in figure (2.5) show

that the greatest Ltiuction in tapping cost is achieved up

to a yield of about 1000 Kg/ha/year.

o~
Cost of
tapping/Kg
index
i000L
500
] 1 2 ] >
500 1000 1500 2000
Average yield Kg/ha/year
Figure 2.5 Cost of tappine as a function of vield.
2.1.4.2  Profitability.
The production of NR is often considered less
capital intensive compared to the production of SR. This
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notion is disputed by Allen.26 He argues that the capital

costs per unit output of rubber may not be very different
from that requiréd for SR production. Due to the minimum
economic size required for a SR plant, the initial capitél
can be extremely high, In comparison a new plantation for
NR production can be established by gradually increasing
'the size and thus spreading the costs over several years.

A recent profitability study on replanting in
Malaysia, shows that the total capital can be realised over
the 36 year economic life of the tree, discounting at 1375.27
This is based on a ZbQO Kg/ha/year average yield and an
average f.o.b. price of 90 Malaysian Cents per Kg.

(12 - 13 U.S. Cents per 1b) for the smoked sheets. In
practice, even with the application of yield-stimulants,

it may not be possible to achieve the 2000 Kg/ha/year
average‘yield over the whole period. Past experience shows
that it is impossible to forecast the average price of XR.
Even when discounting at 8%, it takes about 18 years to
realisc the capital involved in replanting.

This raises serious doubts about the profitability
of investment in rubber plantations. In terms of possible
alternatives, it may be more profitable to invest in short
term cash crops like oil-palm or the much needed food crops
in these countries. Under these circumstances it 1is
unlikely that any large scale new plantations would be
except perhaps under state sponsorship. Although

open,

it may not:'be profitable to invest in large scale rTeplanting

or new planting; in terms of national economies, rubber

t of

o0

plays a vital role as a foreign exchange earner in mo
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the rubber producing countries,. While it is essential to
diversify;A in view of the dwindling raw materials situation
in the SR industry it is essential to increase the growth
rate of NR production, In future, greater assistance ip

the form of subsidies would be needed to maintain this growth

.in the rubber producing countries.
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[ .
2.2 Svnihetic Rubber Industry,

9]

The structure of the SR industry is in no way
similar to 1he NR industry's. The essential differences .
which bring out some important features in the short and
long term competitive position are listed below:
1. The industry is one of a few large scale
- ' sellers (0ligopoly). |
2. Large scale ownersﬁip by rubber manufacturing
industry and raw materials suppliers.
3. The geographic location and capacity of
SR plauts,
4. The minimum economic size of SR plantiand
capital investment.
It wvas estimated that 44% of +he free world's
SR capacity was owned by the rubber manufacturing industry
(mainly tyre manufacturers) and 42% by the petrochemical

industry.28

This kind of partial vertical integration of
SR producers, either back to raw materials, or forward to

end use, 1is a powerful stimulus to the development of

improved manufacturing methods and tailor made rubbers +o
suit end uses. The minimum economic size and high capital

investment necessary for a SR plant are often a barrier
for new entry into the indusiry. The geographic

distribution of SR plants is centred alternatively around

(1) raw material sources; (2) major consuming sources;

or (3) other factors such as intermediatie point for

. : R B A NPT : NS
economic transportation facilities, CGovernment incentives

N

J
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2.2.2.1 Svnthetic Rubber Production.

Vhlle NE output is growing at the rate of about
4% per year, the SR production has been increasing rapidly
at the rate of over 7% per year. Several changes in the
production trends have taken place in the SR industry.
. Till the end of the 50's, emulsion SBR was ‘the most
important class of general purpose SR; while neoprene,
nitrile and butyl were the important rubbers produced in
any large volumes. The new class of stereo-regular
elastomers - polybutgdiene, syﬁthetic polyisoprene,
ethylene/propylene<¥ﬁbbers and solution SBRs - were
introduced in the early 60's, SBR continued its growth
during the 60's and the present signs are that its growth
is slowing down. The share of the SBR output is declining
from 63% of total SR output in 1969 to 57% at present.
This decline is due to the increased share from the .
stereo-regular rubbers, This tendency is likely to
continue. At present about 90% of the SR production
facilities are accounted for by SBR (57%), polybutadiene (16%),
polyisoprene (8%), ethylene/propylene (4.5%) and butyl (4.5%).
Neoprene and nitrile account for a large proportion of the
rest.29

SR production has been dominated by North
American producers for a long time. U.S.A., still ranks .
as the leading producer but the growth rate is élowing down.
SR production in Japan has been growing rapidly and is
the second. largest producer. The countries of the

European Economic Community and the U.S.S.R. are the other
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important producers. Ilconomic nationalism and o{her

factors such as access to raw materials will in future

favour the Buropean producers. This would be an unfavourable
situation for the NR industry since the Buropean rubber
fabricators have in the past been consuming a larger

percentage of NR than their American counterparts.

2.2.1.1, Production Process.

MR industry is mainly concerned with the
finishing of fations, All SR production is concerned with
three main operations:

(i) production of monomers,

(2) polymerisation of monomers,

(3) finishing operations.

The first two operations are vitally important in the
manufacture of SR. These are characteristic of the
monomer or polymer produced in respect to production
technologies and associated economics. It would be

futile to attempt to describe the production process and
the associated economics for the range of elastomers and
each monomer associated with these. Some of the essential

features and their effect on the competition are discussed.

2.2.,1.2 Monomers.

The cost of monomers may accouni for as much as
50 — 60% of the total cost of the rubber.
of the monomers play an important role in the overzsll

economics of SR production. Monomers for all large scale

synthetic polymers are derived from petrelcum industry and
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this maikes the SR industry viriually dependent on the
petrochemical industry. Pigure (2.6) shows the family

of hydrocarbons derived from petrolecum oil for the manufacture
of SR's. Several routes are generally available for the
production of a hydrocarbon. The choice between these
~depends on facltors such as access to technology, economies
of scale, capital costs, the nature of feedstocks, the ¥
demand for by-products etc. Some of the essential -
monomers (mainly isoprene and butadiene) are produced

as coproducﬁ§ of ethylene during the cracking of naphtha
and gas-oil. The ratio of the different by-products are

in general determined by the nature of feedstocks énd
severity of cracking. Ethylene being an important starting
material for plastics and a wide range of intermediate
chemicals thus dictates the route to the other by-products.
Non-petrochemical routes for the production of monomers, via
alcohol produced by fermentation of natural products, are
considered uneconomic. However, petrochemical routes may
become more expensive as the oil supplies become scarcer.
This would favour a swing back to the alcohol route and

more to NR.

2.2.1.3 Polymerisation.

Fmulsion polymerisation accounts for the bulk
of SBR preduced. With increasing demand for stereo-
regular rubbers, the solution polymerisation process has
become more important. Emulsion process is somewhat
cheaper ;nd simpler than solution process. In emulsion

r u

1921
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process, the monomers are emulsified in wa
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emulsifying agents and the polymerisation is initiated

by catalysts. The resultant latex is similar to the natural
latex, 1s finished similar to NR. The latex can also be
used for oil extension or masterbatching.

In the solution process, the polymerisation is
carried out in organic solvents using "stereo-regular
caralysts", Two important classes of catdlysts are
used: ' e

(1) Ziegler qatalysts

(2) Anionic catalysts.

Solution p§lymerisation offers‘great versatility in the
manufacture of synthefic elastomers. The structure of the
polymer could be controlled to reguired levels by the

choice of catalyst systems and polymerisation conditions.
Several problems and difficulties arise during the solution
process from the use of these catalyst sjstems. One of the
main problems is the need for extremely pure monomers and
solvents. These problems are discussed by Duck and

Ridgewell. '

2.2.2 Production Economics.

Availability and cost of raw material feedstocks
for monomer production, production technology, economies of
scale, captive production, capital and operating costs,
return on investment etc. are some of the more important
factors which are likely to have a very strong influence
on the long—term-competitive prospects of all SR's. The
present short supply of styrene monomer has had a maxlked

effect on the price of SBRE. It is forecast that this
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shortaege of styrenc will exist in 1975.32 The shortage is

11
9

due to the short supply of benzene. Price increases in
the petrochemical feedstocks for monomer production will
affect the cost of monomer.

Several factors that are likely to affect the

oV}

. N .
price of the petrochemical feedstocks are summarised

below:
(1) Increasing dependerice of the U.S.A. on

eastern hemisphere for crude oil supplies;

Pt
N
Nt

The threat of an energy crisis;

—
VS
N

“Escalating crude oil price from the

OPEC settlement;

-
S

Increased freight rates.

2.2.2.1 Economies of Scale.A

"Economies of scale are reflected in a decline of
the production and distribution costs per unit output as
the plant is increased in designed production capacity and
1f at the same time it actually produces at the same

33

successively larger designed capacities". The scale of

a plant is increased to take advanitage of economies and 1o
meet the anticipated increased demand, 1his has often led

to excess capacity and higher costs or a tendency to increase

plant loadinzgs resulting in a lowering of price. This

[t}
)
J
i
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situation has often been experienced in th
and on the average, SBR planits have been operating around
80 -~ S0i: of their deéigned cabacities. Lconcmies of

cale existsfor monomer and SE production as in

production of most large volume chemicals. Considerable
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cost reductions have been achieved in the past 20 yeafs for
the production of a large number of chemicals by the intro-
duction of new technology and larger plants. The economies
of scale have become more important as changes in technology‘
have pushed the total average cost curve and the minimum
point to the right.

The minimum economic size of a SR ﬁlant in a
developed country is estimated to be around 40,000 tons
per year.34 This figure may be somewhat low for the
production of emulsion SBR in N. America, W. Burope or
Japan. Thé‘ﬁewer plants that have come into operation in
these areas are in excess of 100,000 tons per year output,
and often are a part of an integrated petrochemical complex
or partly owned by rubber fabricators or both. The average
size of a plant for the production of solution rubbers is
somewhat smaller. This may be due to the smaller demand
for these rubbers at presént and problems associafed with
solvent recovery. = Technological innovation and increased
demand is likely to increase the size of solution rubber
plants to achieve the economies of scale.

Economies of scale for monomer production via
petrochemical routes are quite critical. Butadiene and

isoprene obtained as coproducts of ethylene during the

cracking of naphtha and gas-oil are considered the cheapest .- -

route for these monomers in Western Europe. However, these
are only produced in small proportions. Thus, to obtain
economic quantities of the valuable coproducts at one
location, extremely large plants are necessary. About

15 per cent of butadiene can be expected as a coproduct of

— 42 -
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ethylen935 and in order to exiract 20,000 tons of isoprene
annually from the 05 fraction, it would be necessary to have
an ethylene capacity of €00,0CC tons per year.36 Although
the C5 fractions could be collected from several cracking
plants, any cost advantages of processing may be offset by

transportation costs.

2.2.2.2 Monomer Costs.

Monomer costs depend not only on the process of
manufacture but also on the overall supply and demand
position. pukcept isoprene, other monomers for general
purpose rubbers such as styrene, butadiene, ethylene and
propylene, find a market in the manufacture of non-rubber
materials — mainly plastics. Styrene market is dominated
by the polystyrcne demand and over 85% of the monomer is
used in polystyrene and ABS. Thus, any shortage in styrene
is likely to have an adverse effect on the cost of SBR.

The present shortage of the aromatic fraction for styrene
manufacture makes it impossible to quote a firm price for the
monomer. Since the cost of benzene accounts fdr about 40%
of the total cost of styrene, the future cost of styvrene

will be determined by the cost of benzene. Butadiene
demand is dominated by four rubbers — SBR (65%),
polybutadiene (24%), nitrile (4%) and chloroprene (3%).

The rest is consumed by ABS, Nylon 12 and other materials.
The cost of making butadiene in a 40,000 tons per year

plant by dehydrogenation is estimated to be around 10 U.S.

v

. -
Cents per 1b. at 20% return on investment and 105

-~

doprcciation,3{ But the cost of butadienc as a ccproduct




of ethylene is reported to be around 8 - 9_Cents/1b.35
Isopreng monomer for solution polymerisation is possibly
the most expensive among the three monomers in discussion.
Since at least seven established routes are available for
isoprene production, there is no single cost. The
required selling price at 20% return on investment and
10% depreciation was reported to be between 11} — 14 Cents/lb»
for a 20,000 tons/year plant and about 2 -~ 3 centé cheaper |
for a 40,000 tons/year plant.38 The present average price
of isoprene monomer is around 10fl2 Cents/1b. It is argued
that the cheapest route for isoprene is by acetonitrile
extraction of\the C5 stream, and is likely to cost slightly
less than 10 Cents/lb° " And this method also has additional
advantages, since useful byproducts are obtained along with
isoprene, which can be used as starting material for
monomers used in other synthetic rubbers. These are:
(1) cyclopentadiene for trans polypentenamer(TPP);
(2) cyclopentadiene for dicyclopentadiene and
ethylidene norbgéene which are used as
termonomers in EPDM;
(3) piperylene for propenyl norbornene which is
usedbas a ternonomer for EPDM.39
However,‘this method suffers from the fact that only 12-15%
of isoprene is present in the C5 stream. And thus, to
establish a plant for the extraction of isoprene, large
quantifies of C5 stream should be available at one location.
It is likely that large scale extraction plants would be
established in areas where a concentration of cracking

plants are available. This would of coursec, depend on

future NR prices.
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2.2.2.3 Polvmer Costs.

Very little published information is available
on the cost of manufacturing synthetic elastomers. These
costs are likely +to vary considerably depending on process
iechnolqu, plant size and location. However, certaiﬂ
generalisation; can be made on the costs of polymer
manufacture, The total cost of making thé solution ‘
polymer is more than that for tﬁe emulsion polymer.
Higher cost for plant, processing and catalysts are likely
to contribute to these higher costs. Monomer cost may
account jor,about 40 ~ 60% of the total cost. Some
economiesxare achieved by polymer manufacturers for bulk
purchase of monomers. |

It is doubtful if the smaller producers can expect
to make sufficient return on their investment at current
prices for the solution rubbers, especially operating below
100% capacity at times of over-production. It is likely
that the smaller plants may be operating near full plant
capacity at all times, However, the bigger firms with
larger plants can be expected to make sufficient profits
operating around 90% plant capacity. Such firms can
expect 1o achieve considerable economies via vertical
integration and plant size. The profitability of smaller
plants in developing countries is questioned by Lamberson.4o

In conclusion it may be said that three factors
influence manufacturing costs:

(1) plant size;

. {2) rawv materials;

and (3) technology.
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In the past 20 years inflation in wages and

-construction materials have been offset by technological

changes. Inflation rates have escalated and may continue
at high levels, The petroleum feedstocks that have

escaped inflation in the rast are now likely to be

" subject to the same pressures as other costs. It is

argued that the future growth of. the petrochemical

industry for the manufacture of olefins isllikely to

face problems such as availability and cost of raw

material feedstocks, industrial over-concentration with

its ecoloéiéal and labour problems, availability of capital
for investment and profitability.41 It would thus seem
optimistic to expect any drastic cost reductions in the
polymer manufacture, except perhaps to a small extent in
the case of the new solution rubbers. Here, the
increasing demand is likely to create bigger plants and
newer technology with some cost reduction. Cbmpetition
within the SR industry is fierce and smaller producers

will find it incfeasingly difficult to compete with large
scale manufacturers. High-cépital costs and size of plant
will remain a barrier to new entry unless drastic reduction

in cost can be achieved via new technology. The future of

polyisoprene rubber and to a smaller extent that of

polybutadiene and ethylene/propylene rubbers would of course

depénd en the price of NR,. Continued high price for NR
would act as a stimulus to develop these rubbers to even

bigger scale. The present cost of NR manufacture in an
.

efficient plantation would match that of any large scale SR.

- 46 -
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3. RUBBER CONSUMPTTION,
S wao U LI ON,

3.1 Rubber Demand.

The demand for raw rubber is derived from the
demand for various rubber products, The importance and thé
growth of rubber is closely related to the growth of the
car indust;y. Tyres alone account for over 607 of all rubb
consumption. In addition to the‘tyres several kilograms
of a variety of elastomers are used for various componénts
in the passenger car and other vehicles. The transportatio
industry aldﬁ; may account for over 70% of fubber consumptio
This makes the rubber industry virtually dependent on the
trahSportation industry'and naturally, the demand for
rubbers is closely related to the output of passenger cars,
buses, lorries, trucks and other forms of vehicular
transportation.

There is a multitude of rubber products, and it
is impossible to claséify these systematically into various
categories, Since tyre and tyre-products consume about
65% of all rubbers, rubber consumption is generally broadly
classified into the tyre and non—fyre sectors. Table (3.1)
brings out some of the more important clesses of products.
This leaves out a large number of important products due to
the lack of detailed statistics on the breakdown of rubber
consumption by end-products. This table gives an overall
guide to the use of the variety of rubbers. The choice of

ed later.

[

9]

the type of rubber in these applications is discus

.
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TABLE (3.1) An estimate of the breakdown of rubber

consumption into some product groups,

Product group Percentage of total

rubber consumption.

Tyres and tyre products 65.0
.Mechanical'and industrial goods - 13.0
Belting (3.0%)
Hose and tube | (3.0%)

Rubber. bonded components (2,0%)

Other (5.0%)
Footwear | 5.5
Latex foam-prodﬁcts 3.5
Latex carpet backing 3.0
Wire/cable covering .1.5
Adhesives 1.0
Other miscellaneous goods 7.5

100.0
3.2 Consumption Trends.

The demand for rubbers, being dependent to a
large extent on the motor car and other consumer goods,
will therefore depend to some extent on the economic
conditions prevailing in the major consuming countries,
It is shown that the rate of growth of rubber consumption

is closely related to the growth of GNP in a developed
42

country.

The total rubber consumption is growing at
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an annual rate of about 6-7%, while NR output is growing

only at the rate of about 4% per year.

The consumption trends vary quite considecrably j
from one country to another. Thus, the rubber consuming |
areas are divided into four main groups depending on
market volumes, similarities in technological and economic

development and geographical distribution. These are:

(i) U.S.A.
(ii) Western Lurope.
(iii) Eastern Europe and China.
(iv) Rest of the World.
The rest of the world group includes Japan which, is the
second largest consumer of all rubbers after U.S.A. and
hence a separate discussion for Japan is included.
Although NR consumption is increasing at about
4% annually, its share of the total rubbers has decreased
from 48% in 1960 to 34% in 1970.  There is a definite §
downward trend in the share of NR;but this is not as marked
as in the period between 1965-T70. Extrapolating this trend ;
to 1975, NR should maintain a market share of about 30-32% i
(Fig.ﬁ.l). Table (3.2) reveals some interesiing :
characteristics of the nature of rubber consumption in the

different country groups.
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TABLE (3.2) Market Shares of World Rubber Consumption

i
% of total % of total % of total !
rubber SR NR :ﬁ
confumption consumption consumption 1ﬁ
U.S.A. 35 43 20 !
¥. Europe 30 30 30 .; f?
U.K. 5.9 5.6 6.3 |
France 5.4 5.4 | 5_3 ﬁj
Germany 7.0 7.4 6.4 g;
Italy 3.8 4.1 ' 4.0 ' Eg
E.Europe & China | 10 4 22‘ ;f
China 2.4 ' 0.6 5.5 g;
Rest of the World 25 23 28 t
Japan 11 12 11

100 100 -100

) U.S.A., which accounts for 35% of all rubber consumption,
uses only 20% of the total NR output. ¥hile Eastern Europe
and China, which consume 10% of all rubbers, use about 22%
of the total NR consumption. - In W. Europe and the rest of

the world groups the distribution is more even. Such

extremes are obviously due to the availability of SR

production facilities within each country. This tends to )

Suggeét that in U.S.A., large scale usage of SR up to the

limit of technological substitution, may be the result

of captive' consumption of SR and availability of SR

<t n vt
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from a home based industry. The lack of SR production
within the socialist block of countries is the reason
for these countries to depend to a greater extent on

NR. Any large scale establishment of SR production

facilities in these countries would have an adverse

effect on NR,

!
K
]

The percentage of NR used in U.S.A. has ' !

decreased énd has almost levelled off around 23% (Fig. 3.2)
in the last 4 or 5 years. This levelling off has taken
place even with large scale increase in the consumption of the
stereo—rubbers. This tends to suggest that the limit of
technological substitution may have been reached in U.S.A.
The increase in the stereo-rubber conéumption has taken | ?
place at the expense of SBR rather fhan NR. There is

a similar tendency to use decreasing share of NR in

¥W. Europe ana the Rest of the World group (Figs. 3.3 and

3.4). At the same time the actual NR consumption is

growing steadily and faster than in U.S.A.  There are
‘ lafge fluctuations in the rubber consumption in the
socialist block of countries and the reliability of the

statistics is questionable. It is safe to say that while Sl

NR's share is decreasing, this decrease is now slowing L

down.
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he amount of NR or any other elastomer that goes

into a tyre varics considerably from one country to another

or within a country from one consumer to another, The

amount of a particular rubber that goes 1nto a tyre will also i

depend on the type of tyre and tyre technology. In general

higher proportions of NR are required in heavy duty tyres
than in psssenger car tyres, And a radial-ply tyre will ‘

require more NR than a cross~p1y.tyre. There iélno

i
|
i
|
!
3
I
|
1

published statistics on the use of various polymers in the

. - S . ,
variety of tyies and tyre-products manuractured. However,
there are some statistics on the use of the various rubbers
in the tyre sector as a whole in U.S.A, It is thus possible
to analyse the consumption pattern in U.S.A. in some detail,

Although it is dangerous +to extrapolate these trends to

other developed rubber consuming countries, past experience

shows that the trends in U.S.A. follow in ¥. Burope and
Japan to some extent at a slower rate.

It is estimated that about 687 of NR consumed in |
U.S.A. goes into tyres, of this around 40% is used for'truck,
bus, tractor and aeroplane tyres while the rest is used in
passenger car tyres. In the tyre sector in U.S.A. the
share of NR has decreased from 3 % in 1960, and has almost |

levelled off around 24% since 1968. But the actual 2?

consumption in the tyre sector has increased from 300,000 tons .
to 400,000 tons in the same period. The corresponding P

. . N . et
decrease in the share of SBR is even greater, from 655 +to

Just over 50%, The stereo-rubbers in the same pericd have $

made substantial gains, increasing their share from 27 to 20%. ;‘
[

This increase has taken place at the expense of SBR riore than i




NR. There is a similar tendency in other major consuming

countries (Fig. 3.6), but the NR/SR ratio is much higher.
This may be due to:

(1) The major tyre manufacturers in the U.S.A.
are also some of the‘leading SR manufacturers
and hence a large volume of SR finds a captive
market ;

(2)7 Large scale SR production in U.S.A., which makes
the rubber consuming industry to be less dependent
on(imported NR.

It is clear from fig. (3,6), that there is a definite
tendency for the share of NR in tyres to be levelling off

in the.last four years. This tendency may be due to several
reasons:

(i) the lower prices of NR during the last few
years compared to the stereo-rubbers;

(ii) technological limit of substitution by
synthetics,
(iii) non-availability of sufficient quantities of

stereo-rubbers.

All these are inter-~related to some extent. The lower

price of NR in the past has discouraged any large scale

production of synthetic substitutes for NR such as

Synthétic polyisoprene and polybutadiene.

In the non-tyre sector, the performance of NR
has been even worse. Its share has not only decreased
rapidly but also decreased in absolute quantities in some
countries mﬁinly in ¥. Europe. In U.S.A., NR consumption

. . A
in this sector has virtually levelled off around 20%, while
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in other developed countries this is still falling off
(fig. 3.7). This tendency is almost inevitable, since

NR was originally the only elastomer which had the desirable

properties for the fabricator. Now, there are a large number

of '"tailor made' elastomers which are technologically and
economically more suited for some of these rubber products.

It is in this area where more attention is necessary from

the NR producers for new developments and innovations.
In tyre applications NR,would continue to find its place |
without mucﬁ/offort from the producers due to its I
technological qualities compared withithe non-tyre

applications,
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3.3 The choice of Rubbers .

Competition amongst rubber products manufacturers
is severe and in such a business environment the outlook for

increased profits will depend on the industry's ability

to iImprove itls productivity,

Materials play a vital role

in the economics and productivity in the manufacture of an

A i85 ¢

At s ok Rl At e A ke L n MR A R e

end-product., Firstly, because the Tavw materials cost
constitute a very high proportion of the total cost inputs.
Secondly, because the processability of materlals place basic
physical constr? nts on the manufacturing process and so

determine the level of other inputs ~ machinery, manpower

and money,

The whole manufacturing process can be considered
25 a sequence of technical operations in the conversion of

raw materials into final products, and the total cost would

be the summation of the individual operations. Thus the choice
between alternative rubbers is not merely a choice based on ;”i
the raw polymer'cost or technological requirement to produce

a marketable end-product. The cost of the raw polymer is only
the starting point. The form in Mthh the rubber is received,

the ease of handling and warehousing, suitability of the

physical form for automation, processability, the amount of

oil-extension it will stand, ability to blend with other

polymers, etc. are all factors that w1ll determine the I §

ultimate cost. It is not only a question of whether an

elastomer can be used to make something, but also whether ) i

it can be made economically. There has been a certain

amount of ecrosion of the rubber markets by plastics in some

i

traditional applications. This has occurred despite

R A T e
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superior material cost position. The problem ha
higher cost of processing rubbers characterised b
high investment and low throughput.

Bearing these basic facts in mind, the
tactics of the rubber manufacturers should be to
changing economic and technological nceds of  the
fabricators. Several approaches are being made
raw material suppliers, machinery manufacturers =
consumers to meet the changing needs of the proce
Some of the aéproaches are outlined below and are
in detail later,

(1) To produce completely new elastomers ta

to meet the individual needs of the pro

(2) To produce physical or chemical modific

s been the

y high labour,

research

meet the

rubber

by the

nd rTubber
ssor.

discussed

ilor made
cessors.

ations

of existing polymers to reduce processing costs

such as powdered rubbers, liquid rubber
viscosity rubbers.,

(3) To develop completely new techniques of
procéssing, which overcome some of the
existing costly operations.

(4) Development of new processing machinery
automation and continuous processing.

The SR manufacturers have made significant advanc

s or low

for

es which

have enhanced the image of their product in the eves of the

consuner.

o
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3.4 Manufacturine Technolocav,

It is essential to look at the basic processes
required to convert raw rubber into finished product'to
identify the cost centres and technolégical problem arecas.
In general there are four basic stages of operations in
the processing of dry rubber into finished products. _ ;
These are: _ 7 1

(i) .initial preparation of‘the raw rubber;
(ii) mixing of the polymer with various.processing
ingredients;
(iidi) shaping;

(iv) wvulcanisation.

Raw rubber from warehouse

\Z

Initial preparation

Mixing

AV

Shaping

N

Vulcanisation

Finished product

0y
.

Figure (3.8) Sequence of Operations necessarv to convert

raw rvubber 1nto finished products.
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The seguence of operations are shown in fig. (3.8). Each
of these siages can be sub-divided into other possible
operations depending on the raw rubber and the final product. :
Eech of these operations are considered in greater detail and
wherever possible the basic differences between NR and the i
\‘
1
synthetics are discussed. Possible alternatives and present

developments are also discussed. i

3.4.1. Initial Preparation.

Init.al preparation is necessary to get the raw
rubber into a condition suitable for mixing. Bekema43 has

compared the initial processing steps of NR with that of SR.

NR requires four additional steps:
(i) cleaning bale surfaces; !

(ii) hot room treatment to thaw the crystallized rubber;
(iii) ©bale cutting for efficient handling; H

(iv) plasticizing to reduce initial high viscosity.

Packing of NR in smaller polythene wrapped bales

and palletising the bales has overcome the deficiencies of |
) handling problems, bale cleaning and cutting. Crystallization ;
at low temperatures resulting from the highly regular molecular

structure of NR, can be minimised by introducing a small degree

’ of i1somerisation. But this must be optimised with the loss
in raw lack which takes place with reduced crystallisation.

Some methcds of introducing a minor degree of isomerisation i

: o . . 44, 45, 46

One method uses a thiol acid for
the treati-eont of the latex and this may be the most economically

Teasible method and needs further investigation. ;

o
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Plasticising by premastication or using

peptizers - chemical agents which promote the breakdown -
is a costly operation and also destroys the desirable high
molecular weight,. The high initial viscosity of NR
arising from storage hardening and high molecular weights
has been overcome to some extent by the introduction of

47

viscosity stabilised rubbers. Storage hardening is ;

inhibited by the use of hydroxylamine in the constant

|
1
i
1
)
!
t
i
1

viscosity grades, where the viscosity range of 55-65 is

48

produced. This range is suitable for the elimination of

the pre—maétlcation stage, with the retention of the high
molecular weight. Since this method of producing a

viscosity stabilised rubber does not work with some clonal

types, a method using mineral oil as a physical plasticiser !
and a peptizing agent has been proposed.49 Since the

peptizer has a positive effect on the molecular breakdown

this method must be optimised with the loss in physical |
. 1
properties of the final product. !
j i
SK !
NR | ”
WAREHOUSE WAREHOUSE 2
Conventional !
\ Grades b
’ N A4 ;I
CLEANING ) . . - }
New Process cv i
Graces R Ruboer
HOT ROOM
i -
N
BALE
CUTTING
N, :
New Pracess | |
PLASTICISATION '
) CV
J, Rutter Y/
BANBURY BANBURY ‘
) 3
Figure (',3.9) Model of Primarv Processing Operations. i
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A model of the primary processing operations ~
showing the main cost centres ave compared for MR and SR

in fig. (3.9.) This shows the additional steps necessary

for conventional grades of NR and how these have been

overcome 1n the new process rubbers.

3.4.2  Mixing. .

This operation is necessary to obtain a good

dispersion of the various processing ingredients - carbon
black as fill=r, 0il as extender or processing aid,

i
vulcanising and protective agents, This operation can be
very costly requiring large internal mixers or two roll

mills and consuming considerable amount of pover. Some of

these-ingredients can be easily disPerSed in the latex during
the rubber manufacture and produced in the form of master— i
batches. Already oil extended and carbon black masterbatches §
are produced by.many SR producers. The future trend would

be, for the rubber manufacturers to produce such masterbatches

including other processing ingredients to close specifications

of the fabricator. Thus, avoiding the costly operations in

} the consumers' factory. This would be a saving on capital

equipment, reduction in the number of inventory stations and
saving on factory area. The SR producers are in a better
position to develop such innovations: especially since some
large scale SR manufacturers are also the menufecturers of
other raw materials and consumers of rubber. . This is a
stimulas to develop such masterbatches to suit the fabricators

necds, In addition, the gecographic location of large scale

SR producers, raw materials suppliers and rubber fabricators :
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makes 1t possible for all three to work closely with each

other. 01l extended or carbon black masterbatches are also

possible to be produced by NR producers but, these may not

be economically feasible. Since most of the oil and carbon

black has to be imported and then re—exported in the form

of masterbatches, and the output from the NR processing units

may nct be sufficient

properties,

Anq(“er approach to overcome the excessively costly
mixing operations is to produce powdered rubbers which can be
compounded in the dry form similar to PVC or liquid rubbers

whlch would not require heavy mixing equipment.

3.4.3. Shaping.

The shaping operations can be of several types
depending on the final product. The common operations are:
(i) Calendering;
(ii) extrusion;

(iii) compression, transfer or injection moulding.

(iv) manual building operations.
In all these operations the rheological properties of the
cbmpoundéd rubber are essential in the economics of
production and quality of products. The synthetic polyQ
isopreﬁe in general has superior flow properfies to NR and this
may be due to the crystallizability of NR and its broad
molecular wvelght distribution. Injection moulding is
likely to replace compression and transfer moulding in the
future, for increased productivity. Synthetic polyisoprenec

Will replace NR to a large extent in such processes due to
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its better flow properties, Thus, it is neccessarv to

investigate fully the nature of the {low properties of NR.
In the manual buillding operations NR possesses superior

green strength and raw tack. These properties have often ;
dictated the choice of NR over synthetics. But this situation
may not last very long as the SR producers have often overcome

such technological problems and continued rescarch efforts ‘

may produce solutions to these shortfalls.

3.4.4 Vulca! _sation.

’

Conventional vulcanisation methods using sulphur
or peroxide curing systems are expensive, The temperature

and time are critical to obtain optimum physical properties

of the products. NRE is a fast curing rubber due to the ;
presence of non-rubber materials present in the latex.

The curing characteristics depend on the clonal type and the

method of manufacturing the rubber. This is often a
disadvantage due to the batch to batch variation in NR
~and it is necessary to test each batch. This has been over-—

come in some NR grades where some curing characteristic is

introduced as a specification. By the proper choice of the

processing NR latex it should be possible +to

4y

methods o
produce AR with desirable curing characteristics. NR is
usually vulcanised at 140°C and accelerated curing at higher
? tempefétures 1s detrimental to the final product. This is

an inherent weakness in the polyisoprene chain, which is a

o ML vy

disadvantace of both NR and IR, compared with octher general

f purposec rubbers.

Any polymer which does not reguire any vulcanisation

L2 YT
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at all or less expensive alternative curing system or process,

will find considerable applications 1f the desirable properties

can be achieved. Several curing systems using sulphur or ;

sulphur donors or peroxide are available for specific 5
applications. Curing systems which enhance the final

product properties Or processing characteristics are likely

to improve the use of existing polymers for sfecific product
applications, One such system.is‘the urethane cross~linking |

system to NR, which improves the dynamic properties of the
50 '

vulcanisate, Thermoplastic rubbers that overcome

,
vulcanisatior and liquid rubbers which require an alternative

curing process are discussed in detail later.

3.5 Market Distribution. » : | |

The fabricators' choice of elastomers is based on

technical and economic considerations. The elastomer usage i

1s split into three groups, based on these considerations:

(i) where a particular SR would be used for its :
technical qualities;

(ii) where NR would be used at any price for its

technical qualities; |

(iii) where the choice is open and largely based on

price and aveailability. b

There is no sharp division in this distribution and tends to
vary from country to Cbuntry and often blends of various rubbers
are used to obtain the optimum properties. Some of the
important technological properties, new developments and

@pplications of NR are compared with the more important ?

. . \ 1
general purpose rubbers. These help to identify the areas ;




of technological ccmpetition, the inherent advantages and

disadvantages, to plan for future research and development.

3.5.1 Natural Rubber.

NR is considered the most versatile gengral purpose
rubber. Its easy processability and good balance of
physical properties such as, high tensile strength, crystalli:
sation on stretching, resistance +to dynamic flexing, high

resilience and low heat build up make it suitable for very

; -
/

} (. . . . . .
demanding applications such as engineering and industrial

components, Superior green strength and raw tack are

useful and important properties where manual buildiné oper-
ations and good adhesion to a substrate are necessary as in
the tyre. Some of the disadvantages of NR are the
inconsistency in properties, crystallisation at low

temperature which requires thawing, high initial viscosity

which requires plastication and poor resistance to weathering.

During recent years, the NR industiry has recognized

the varying needs of the consumers and has taken some steps

to meet them. It is impossible to meet the requirements of
every type of consumer. However, some of the essential
general requirements are already being met. Since over 60%

of the NR goes into tyres, most of these developments have

been directed towards this markez. One such development is

the tyre rubber. A tyre manufacturer for reascns of economics,

bl

blends a mixture of grades of NR, to obtain the optimum .

Processing &nd product properties. The tyre rubber in

. P . - . ,_/l
effect, is a blend of field coagulan (30;), unsmoked sheet (30%)

. . " It + oy
and co-coagulated latex-oil mixiure (4C7) 10 obtain the
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required propertios.51 The success of this innovation would
of course depend on the economics. Although it would be
possible to produce such a rubber profitably and at a selling
price attractive to the tyre manufacturer, in a free market
system it is impossible to fix a price which is determined by
the supply and demand. This would remove the present
flexibility in the choice of various cheaper érades.

As already_seen, statistics indicate that the performancé

of NR in the tyre sector has been much better than in the

non-tyre sector, ¥While it is true that the competitive

position of NR in tyre applications should be strengthened,

it is also necessary to win back or find new applications for

NR in the non-tyre sector.‘ This would require 'tailor made'
grades of NR for specific applications,

Several conventional low grades of NR are still
produced in large quantities and have certain merits?2
Especially since they satisfy the needs of many fabricators
and offer a certain amount of flexibility in the choice
during market fluctuations. One of the ﬁost important
innovations of the NR industry is the presentation of
technically specified new process rubbers of the SMR type.

Although this has improved the image of NR tremendously, it

is argued that this is producer orientated rather than being -

consumer orientated and some improvements to the existing

53

scheme are suggested. These are:
(i) to improve consistency and uniformity of
quality within a grade;
(ii) include some means of indicating the quantity
of coarser dirt which is detrimental to the

rubber;
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(iii) improve packaging,
(iv) include some means of indicating the hydrocarbon
content of the rubber.

Any chemical or physical modifications to NR, to

produce a tailor-made rubber will not be economically feasible

unless this modification is carried out in the latex stage

‘before coagulation. Any modification to the dry rubber will

involve additiocnal costs over the cost of processing the
latex. Any s h modifications can be made by the synthetic

rubber producers during the polymerisation stage more

economically.

0il extension of NR (OENR) was investigated and
54

found quite successful as early as 1954. The problems of

presenting the CENR on a commercial scale were not overcome

55

till the introduction of the new process rubbers. OENR

56

has been found to be suitable for passenger car tyre treads
and particularly in winter tyres.57 It is doubtful 1if any
economic or technical advantages can be achieved by the
addition of o0il in the plantations rather than in the
fabricators' factory. Although it is possible to produce
01l extended carbonvblack masterbatches in the plantations,
the economics seem uncertain unless cheap carbon black and
0il are available in the producer countries.
Viscosity—stabilised NRs are available on a
commercial scale with a Specified low mooney viscosity level.
The CV rubber is the most popular amongst the newer rubbers
as it can be used similar to SRs without pre-mestication and

L oa

. . . T ( -
savings in processing costs of up to U.S.p 30.00 (£12.00)
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per ton may be achieved over conventional grades.59 Several

peptized rubbers with low viscosity have been available for o

some time but have not been commercially successful. Other

special forms of rubbers are discussed later.

3.5.2 Svnthetic Polvisoprene.,

Synthetic polyisoprene (IR), due to its chemical
identity with NR, is perhaps the only existing synthetic 7
elastomer that could be technically interchangeable with NR.

However, NR still remains su

perior to IR in some properties
{

and so far has remained cheaper than IR, Two types of IR I
afe commercially available. One is produced using a lithium
alkyl type of catalyst and has a linear structure with 92%
cis 1,4 content (Shell type). The other uses a Ziegler--
Natta type of catalyst system and has a slightly branched
structure with about 96% cis content (Natsyn type).

NR, in comparison is very much similar to the Natsyn type

but possesges a cis content of over 98%. Some of the
desirable properties of NR, such as green strength and raw

tack are due to this high cis content. The difference in

vulcanisation and weathering properties are due to the presence

of non-rubber constituents of NR, mainly proteins and naturally
.. 60

occurring antioxidants. IR generally possesses uniformity
in quality and slightly higher resilience than NR. The
Shell type of IR has completely different processing
characteristics to NR and cannot be considered a technical
substitute for NR. IR, due to its resilience, particularly'

the Shell t&pe, has to some extent penetrated into some of

the main applications of AR, namely in the truck and other




heavy duty tyres. Since IR lacks in green strength and
raw tack it is almost alvays blended with NR, especially
in tyres to obtain the desirable processing characteristics
and product properties. The exlsting disadvantages of IR
are likely to be overcome by the research efforts of +the
producers and would.eventually become completely inter—
éhangeable with NR. Already some modificd techniques

of compounding IR to overcome its éeficiencics in green

strength and raw tack are available.6l

3.5.3 Stvrene Butadiene Rubber (SBR)

Emulsion SBR has remained the most popular SE for
several years. With the large scale introduction of the
newver solution rubbers, SBR is likely to lose its present
share oL’the market, Developments in polymerisation
techniques and 0il extension up to about 307% by weight
without loss in quality made it suitable for passenger car
tyre treads with its superior tread wear and road holding
properties. In general o0il extended NR has better overall
properties but the steady price of SBR has made it a tread
rubber where heat build up is not a major problem. Unless
an acute shortage of SBR develops, 1t is highly improbable

that NR will replace it in passenger car treads.

3.5.4 Polvbutadiene (BR).

Three types of solution BR are commercilally

A\

available, with cis 1,4 content of 40, 92 and 96%. The

(%)

difference in cis 1,4 content result from the different

catalyst svstems used. This rubber posses

]

- 1 o
es high

resilionco, good low temperature performance and resistance




to groove cracking. It was originally developed as the
ultimate rubber to replace NR. However, it is seldom used
alone and is used in blends with NR and SBR. It has poor
processing characteristics such as low tack and greenA
strength, poor mill breakdown behaviour and poor curing
gharacteristics. Tts main weakness is. its low tensile
which limits its use on its own or in moderate levels in
tyre treads. It is reported that even with high
regularity, it is unlikely to achieve the desirable ténsile
properties, since a cis-—trans reversion takes place during
sulpﬁur vulcanisation.62 It would continue as =a function
~modifier for SBR and NR in tyre treads and in some engineering

applications,

3.5.5 ~ Fthvlene/Propylene Rubber.

There are two types of ethylene/propylene rubbers.
One is a copolymer of just ethylene and propylene (EPM)
and has the structure of saturated polyisoprene chain.
The other contains a third diene monomer for normal Sulphur'
type vulcanisation (EPDM). These rubbers have exceptional
resistance to ozone, oxygen and heat. The EPM is not
compatible with the commén general purpose rubbers and
requires peroxide type of curing. Thus, it cannot be
covulcanised‘with the other general purpose rubbers usihg
conventional sulphur curing systems. This is a serious
disadvantage and is overcome to some extent in the EPDM,
by introducing up to about 107 of a diene monomer. The
termonomer élnys a vital role in the overall economics

and the technical properties of this rubber, Thus, to a

1




large extent the fulure of EPDM will depend on finding a

)

O
I
©

suitable cheap termonomer. At the existing price, it cannot
become a gereral purpose rubber but only find specialised
applications where superior weathering resistance is
necessary. It tends to replace butyl rubber rather than

NE.

3.5.6. Other Rubbers.

Solution SBR is gaining popularity as a general
purpose rubber mainly in tyre tread applications. Solution-
polymerisation in general offers a high degree of control
of the microstructure of the polymer and thus gives fise to
a range of polymers with varying properties.63 Solution SBR
is faster curing, has higher resilience and superior fatigué
resistah!e than emulsion SBR. The basic principle of SBR
is that it combines some of the desirable properties of
emulsion SBR and solution BR in one polymer.64 Thus, it
replaces the SBR/BR blends in tyre treads and should
evehtually overtake emulsion SBR in terms of consumption,

Several other elastomers with interesting
characteristics which hold promise as general purpose
rubbers are reported. Two of the more important rubbers of
particular importance are the 'Alfin' rubbers and
1,5 trans polypentenamer (TPP). "The 'Alfin' polybutadiene
and SBR are reported to have desirable properties to be used

65

in tyre treads. These rubbers can only find application.
in blends with theo existing large tonnage rubbers such as

eémulsion SZR and NR. TPP, which is prepared by the ring

Opening polvrerisation of cyclopentene is reported to have
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superior green strength than NR. ¥ith its superior green
strength it would replace NR in radial tyres. However, the

heat build up is claimed to be too much to replace NR in

truck and other large tyres,62

3.5.7. Thermoplastic Rubbers.

Thermoplastic rubbers combine the eésy process-— K
ability of thermoplastic materials and 'rubberiness' in one
polymer. These rubbers are a first step in fundamentally
changing the character of the rubber industry from its
conventional processing methods. The complex, labour
intensive and expensive vulcanisation is abolished with such
materials, They can be produced in a wvay similar to common
thermoplastic materials, and do not require vulcanisation
or fillé*; but possess the general characteristics of a vulcan-
ised general purpose rubber. The common thermoplastic material
is a linear block copolymer of the A-B-A type. Where A is
a common thermoplastic block polymer, such as styrene, and

B is an elastomeric block polymer, such as butadiene or

isoprene. In the styrene/butadiene block copolymer, at F
I

ambient températures a two phase system of polystyrene domains

in a polybutadiene matrix is present. The polystyrene

domains are connected by butadiene chains. Thus, an elastomeric

network is formed where polystyrene domains act in a way

similar to chemical cross-link and filler particles as in

fig. (3.10).



Thermoplastic
domain (4)

Elastomeric Segment (B
o

Figure (3.10) Model of A — B _ 4 Block Copolvmer.

Although the thermoplastic block copolymers are
solution polymerised, they are totally different from the
conventional solution polymerised counterparts as in SBR.
While conventiohal solution SBR is a single phase, random
copolymer exhibiting one glass—~transition temperature (Tg)
around —4000, the thermoplastic SBR is a two phase, block
copolymer exhibiting two Tg's around ~70°C ana +90°c

corresponding to the polybutadiene segments and 0ly-

o

by
-+

of the

i

styrene domains respectively. The limitation

Present thermoplastic rubbers are, like most common

b
thermoplastic materials, that they cannot be used at

elevated temperatures . Howevor, 1t is likelv that the

v

-
No
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polymer chemists will be able to exploit this concept to

push the temperature of applications above the present

limits. Another important weakness arisés from the nature

of the 'cross-links',  Since thesec are cssentially physical
cross—links, the material cannot be used for demanding
applications and is susceptible to attack by organic solvents.
It is likely that some of these deficiencies ;ay be improved 7
by the use of completely different.monomer systems or other
methods,; but not overcome completely. At present, the
thermoplastics are mainly used in adhesives and other
injection moulded or extruded goods.

If some degree of thermoplasticity can be introduced
along the chain ends of a NR polymer, leaving an elastomeric
segment in the middle, the resulting polymer may be expected
to exhi%;t some thermoplasticity in a vay similar to the
block copolymers of styrene/butédiene. This would require
a method of chemically modifying the polymer selectively
along the chain ends. Cyclisation of NR to produce a
thermoplastic material is quite well known and this ﬁay be
one way of introducing the thermoplasticity. Another
approach would be to introduce some pendant groups along the
polymer chain which could form ionic domains at ambient
temperatures énd allow easy processing at elevated
temperatures. One such approach is already reported to
produce a thermoplastic polybutadiene.66 In this method,
thioglycollic acid is introduced as a pendant group per

hundred double bonds and the acid groups are converted



into metal salts as shown below:

HSCH,,coon

2
(=CH,-CH = CH-CHy-) (—CH2~CH—CH2—CH29~)H
SCH,CO0H

NaOMe

—CH. -CH-CH__CH__
( CH,-CH CH, CH, )n

'SCHZCOONa.

The --SCH2 COONa groups act as ionic domains in 2 poly-

it is doubtful if the product

would have the desirable physical pr

butadiene matrix,. However,

operties due to the

nature of the jionic domains, vhich differs froz the thermo-

plastic @ aains present in the block copolymers,

Another approach being investigated by the NRPRA

1s to modify NR +to produce a thermoplastic rubber by cross-

linking it into a network with special ¢ross-links, which

'close' at ambient temperatures and 'open' at elevated

temperatures. Thus providing a reversible transition

from an elastomer at 1ow temperature to a plasiic at

higher temperature as shown in fig. (3.11)6‘




1L} cLosed OPEN ~I——11

! , Figure (3,11). Model of NRPRA's Reversible Cross-Links.

It is likely that the NRPRA cross-linking may involve a

reversible covalent bond. This would require some reactive

pendant groups along the polymer chain and a chemical cross—

linking agent which acts reversibly - cross-linking at low

temperatures and 'opening' at elevated temperatures.
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3.5.8, Liguid Rubbers
High capital investmcnt, considerable manpower

requirements and low througt

processing methods of converting dry rubber

into finished
products can be overcome by the use of liquid polymers,

A_liquid rubber would enable casting, potting or injection
moulding. ¥ith liquid rubbers, the rubber ihdustry could
‘be streamlined similarly to the plastics industry and
increase productivity, Liquid rubbers can be of two types.

One is a Jow molecular vweight polymer of the e
vhich can be cross—linked by existing methods. There is
no great advantage in using this type of polymer sinée:

(1) +the existing sulphur type or peroxide type of
vulcanisation is necessary;

(2). the molecular weight of the polymer may not be
high enough to produce a strong vulcanisate with
the usual properties.

This rubber can only find limited applications
in producing soft, flexible vulcanisates. The main
advantage of this rubber is, that it does not require heavy
mixing equipment,
 The other type of liquid rubber seems rore
promising. Here the liquid polymer has reactive chemical

groups on the polymer chain which facilitate cha

or cross-linking, Three types o

b

such liquid polvmers are

6GR
- 0O
ible,

pos

o]

Type (1) Ligquid polymers with flexible backbone

containing terminel and internal grcups.

The terminal groups provide sitoes

9

[N
o
F

[
8]
w

i

tpuls associated with conventional

xisting rubbers




chain extension and the internal groups

for cross—~linking.

Type (ii) Liquid polymers containing reactive internal
functional groups exclusively and cross-linking
is by these groups.

Type (iii) Liquid polymers containing reactive terminal
groups only, In this.case chain extension and ~

¢cross-linking are carried out using a tri-

functional or poly-functional agent.

The most common liquid folymers are lthe polyurethanes.
They offer a wide range of properties depending on the main
chain and the cross-linking agent. The urethane elastomers
are produced as castable, millable or thermoplastic materials.
The castabie_polymer goes into products which are hard-wearing
such as cast tyres for fork-lift trucks, shoe heels etc.
Urethané foams and components for the motor car industry are 5
some of the other products. An elastic fibre based on
urethanes called 'Spandex', permits the use of finer deniers

due to its high modulus and toughness. This has the potential

of replacing NR latex thread and cut -thread in garments. The
urethane elastomer cannot be used as a general purpose rubber
due to its high cost and Yow resistance to heat build-up.

Some technological improvements to increase service performance,
developing reinforcing fillers and enginecering certain
processing improvements along with cost reductions are

69

anticipated. This is likely to increase urethane's
market share in non-tyre applications.

In the above urethanes, the main chain is a
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pelyether or a polyester, Hydroxyl, bromine or carboxyl

erminated liguid polybutadienes are commercially available.

These can be chain extended and cross-linked. Similar

hydroxyl terminated polymers can be produced by ozone :

depolymerisation of NR and hydroxyl groups can be introduced

by epoxidation along the chain, A technical and economic

study of the commercially available liquid rubbers concludes

that, the existing premiums of these rubbers over the

corresponding dry raw rubber is much larger than any savings

. . 0
1n processing costs.7 The future of the liguid rubbers depends

on several factors, the mosgt important being the production of

a general purpose type with the properties similar to the

existing general purpose rubbers at the right price. Fire-

j stone Rubber and Tyre Company has announced a process to manu-
facture cast cordless tyres. Using a chain extendable and

cross~linkable liquid rubber.7l This is probably a butadiene

prepolymer with reactive groups. The economic advantages of

such a process to the fabricator are obvious. If such a

revolutionary process is a commercial success, the consequences

will be considerable. It is highly unlikely that such a

process will be used for making medium or large tyres.

3.5.9 Powdered Rubbers.,

Powdercd rubbers based on nitriles or high-styrene

SBR have been known for some time. A precompounded NR

. is also commcercially available. A free-flowing powdered

tigated
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economic advantages are achieved by the use of thesec rubbers.73

These include:

(i) Short mixing time coupled with improved

dispersion of black;

(ii) Lower labour costs;
(iii) Lower consumption of power; . ;
(iv) Fewer rejects; ' i !

(v) Possibility of automation;

(vi) Increased productivity with low additional !

capital investment.

However, the Du Pont Delphi study concludes that very little

savings is achieved in the miXing of powdered rubber and most
of the savings are achieved in the veighing areas. The
same study also suggests that the powdered rubbers could carry

a premiﬁm of about 3 U.S.Cents/1b. over the bale form. The

development of a dry blending technique in a way similar to the

dry blending and processing of PVC would be advantageous.

Powdered rubbers in solution applications such as adhesives
would be easier to dissolve. : : j_ﬂ
The preparation of powdered rubbers would require

I the precipitation of latex in a powder form and the resultant

! powder must be prevented from sticking together. This would
~ require the co-precipitation of a compounding ingredient with
the rubber. The tackiness of NR may be a serious problem in
forming a powvdered rubber in this way. A starch xanthide
filled elastomer which is prepared as a powdered rubber and
wvhich cun bd processed directly to a cross—linked reinforced

elastomer vithout the addition of any other ingredients 1is
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recently reported. The rubber is prepared by

coprecipitation with a starch xanthide. The rubber latex
| is dispersed in starch xanthate solution ang the mixture
is acidified under oxidizing conditions when the
coprecipitation of rubber and starch takes place.- Such a
method would be economically feasible to be produced in the

rubber producing countries,

3.6 Products.

) As far as products are concerned, very few original
major nevw uses of rubbers have been developed since the large
scale introduction of NR and the products are virtually the

) same as a half a century ago. The tyre has remained the
|

( most important outlet for rubber, consuming over 60% of the
' total output. This situation is unlikely to alter in the
} foreseeable future. Here NR has retained its position as
{ the principal elastomer in heavy duty tyres and the irend
; ﬁo change from cross-ply to radial-ply will favour the use

75

| of NR even in passenger car tyres. In the radial tyre,
the superior green strength of NR would be reguired in the
topping compounds to prevent breaking during shaving. The
NRE compounds are self reinforcing and th
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[ results during the stretching. In the pon-iyre products

®

refore give good
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the rubber industry has lost a considerable shars to other

materials: mainly to plastics. Due 1o the availability
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To examine the possible areas for future product

innovations, Allen has divided the present renge of non-tyre

products into four loosely defined groups:

77"

Group (1) products which require a small proportion of rubber

combined with other materials. The incbrporation
of a small quantity of rubber enhaﬁces some |
property of the other material. Use of rubber in
bitumen in road surfacing, rubberised gypsum
plaster and the use of rubber latices in soil
stabilisation are some of the major areas in this
group. These applications will only be able to
take very small quantities of rubber as the
increase in the product performance may not be
sufficient to account for the higher costs. Even
if rubber is used in this group of products, cheap
emulsion polymerised synthetic elastomers would

take a bulk of the market share.

Group (ii)products which require only a small degree of

rubberiness. This .is, of course, the area where

" rubber is likely to lose completely to thermo-

plastic materials. Already, several products
have gone over to thermoplastic materials like
polyethylene, plasticised PVC, polyvinyl acetate,
urcthanes etc. These products include garden
hose, cable and wire covering, shoe soles etc.

In addition to the obvious advantages in
p;ocessing economics, these materials also offer
visual appeal. The development of thermoplastic

rubbers could regain some of the markets already

lost,
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Group (iii)

Group (iv)

products which malke Tull use of the basic

attributes of rubber and which have been made

of rubber since the product firg came into use.

This group contains a large number of traditional

rubber products, such as latex products,

industrial and mechanical products, motor car

components and a variety of consumer goods.

The competition between the various types of

rubbers in this area 1s severe and NR is Likely
to lose further to various tailor made polymers
except where its exceptional properties are

desired, Although this group is possibly the

biggest in terms of volume consumption of‘rubber,
there is &ery little likelihood of a fas% growth.
products in which rubber replaces scme other way
of performing a function. he products represent
new uses for rubber, making full use of its
technical and cconomic assets. Applications in
this group fall mainly into engineering
applications. In this area a potentially large
outlet for rubber exists. The elastic and
strength qualities of NR can be fully exploited
with significant advantage over some traditiona
matefials. Already, NR is finding large scale

use in bridge bearings, anti-vibration

mountings, elastic suspensions in trains and

other vehicles, shock absorbers, rubber bumpers

in passecnger cars and several other engineering

: : 738 forms of nrodio
applications. In terms of product

i
oo
0

|
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performance, IR also has similar properties

and can compete with NR in such applications.

»

|

3.7 Competition and Future Trends.

So far, no new large scale outlet of the size of
the tyre market has appeared for rubbers. This has directed
most of the attention towards the tyre market in terms of

processing technolo

wr

y a2nd raw materials development. No

0Q

revolutionary process has appeared for the existing raw
materials. All developments in machinery have been to
improve mixing efficiency and mill room productivity.
These developments suggest thdt the existing rubbers in
the solid form are likely to continue For several years,
The choice of a rubber for an end-product
application is governed by three factors: price,
processability and product performance. So far, no new
rubber or rubber in a more suitable physiéal form has been
developed at the right price and product perfor@ance of the
existing general purpose rubbers, which short cuts the |
existing processes with considerable cost reduction. The
powdered rubbers, thermoplastic rubbers and liquid rubbers
hold promise for the future. It has been pointed out that
the existing powdered rubbers are mainly special purpose
rubbers and require most of the conventional processing
stepsnwith little cost reduction. The alternative to this
would be the development of a powdered rubber which can be
dry blended similar to PVC and processed similar to the
thermoplastics. If thermoplastic or liquid rubber is

developed as a general purpese rubber for tyres, the

-~ 90 -
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conseguences will be considerablec:
(1) The industry which produces tyre reinforcing

materials, rayon, nylon, polye} .er and steel

cord will have to look for alternative

markets;
(2)  Almost the entire carbon black industiry will

have to close down; | .
(3)' Large scale obsolescence of costly equipment;
(4) Necessity to develop new processing equipment;
(5) The SR industry must reorientate to meet the

rawv materials development;

(6) The virtual disappearance of the XNR industry.

It is highly unlikely that any large scale
change over to such a material would take place unless
drastic reductions in cost can be achieved. However, in
the non-tyre applications this may have a considerable
effect on the existing general purpose rubbers than in
the tyre application. It is possible that Firestone's
cast tyre could be used in a moderate scale on small
bassenger cars after 1980, but it is not likelv to be
used for making larger i{yres.

Thus, the tyre industry will ccntinue to depend

on the few existing general purpose rubbers and the prgsggtr
processing technology. It is, of course, a Utopian drean
of the polymer chemist to produce a Singlevelastomer wvhich
would satisfy the nceds of every rubber fabricator, 1in ‘
terms of price, processability and product properties.

XR Ls perhaps the only elastomer which comcs close to

meeting all these requirements, But it hes saveral in
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weaknesses and any attempt to improve one such weakness

results in deterioration of some other desirable property

or increases the cost. NR being the only\,eneral purpose

rubber in existence for over 50 years, the rubber technologist

has learned to overcome most of thesc problems by the proper

choice of compounding techniques to exploit the full assets

of its properties. ' Y

-

Since there is no sihgle elastomer which satisfies
all the needs of the fabricator, often a blend of two or more
elastomers are used to obtain the optimum processability,
product properties and cost. In this respect, NR and SR
tend to compliment rathef than compete with each otﬁer.

The use of rubber blends in tyres is a typical example.

The compound compositions differ according to the part of

the tyre for which they are intended and the application for
which the tyre is designed. The rubber blends in the
different regions have to meet different physical requirements
during the service life of ﬁhe tyre. Most of the rubber is
found in threv regions: the carcass, the tread and the
sidewalls.

Since tyres accbﬁnt for the bulk of rubber
consuméd, it is essential to analyse the usage trends in
this sector. In the passenger car tread a blend of SBR
and BR is used and little or no NR is used. The carcass
1s thé main strength of the tyre and the compound must providé
good bond to the reinforcing materials, low heat build up and
good heat dyrability. NR mects most of these requirements
and thus, this is the main region in the passenger car

tyre where NR is used. Here, 1t is blended with both
J b




~

SBR o BR +to improve <on ; .
SBR and BR to improve some Tinal properties and reduce cost

o o s . - ; .
In the radial-ply tyre, the requirements of the compound cre

more stringent and hence a greater proportia of NR is usecd

o

In the sidewall compound, very little AR is used except in
the radial tyres. In the larger tyres NR is used in much

larger proportions.

Although there are differences between NR and .

IR in the raw polymers and processing characteristics, the

vulcanisate properties are virtually identical for both
polymers. Thus these two rubbers compete primarily on

processing and cost basis. So far, NR has excelled in

‘both aspects. Despite these advantages, IR has been used

in blends with NR in tyres. This can only be explained in
terms of captive consumption and price stability. If the
present high priceé.continue, greater amounts of substitution
of NR will fake place by IR, BR and solution SBERs. The

future trend would be to produce polymers which would have

[o¥]

the combine

<D

effect of the physical blends. Already the
solution SBR is an example of this type of elastomer which
possesses the desirﬁble properties of emulsion SBR and BR

in one polymer. It is, of course, possible for ihe polymer
chemist to produce an elastomer with the regquired final
properties, but any such new elastomer to be used as a general
purpose rubber must be considerably cheaper or possess some
processing advantages over the existing rubbers
Thus {ihe present general purpose rubbers are lixely to conilnue

unless a considerably cheaper elastomer with scme processing

advantage iz found,




3.8 Some_Aspects of the Marketing of Rubber.

To operate a successful business, it is necessary
to plan its development to keep the corre@ balance between

its present market and its potential markets; present

production and future production, To do this successfully

. 1t is necessary to identify the customer, establish what

his needs are, anticipate the changes in the needs and

meet the constantly changing needs. The role of marketing

in a highly technically oriented rubber industry is vital
and the success of the SR industry is often attributed to
its modern methods of marketing, Marketing of NR is in
no wvay similar to that of SR. ¥hile SR is marketed as an

industrial raw material direct to its consumers, NR is

"traded' similar to most commodities.

3.8.1 Price.

From a competitive viewpoint, an important aspect
of performance is the price behaviour of the industry.
Like most commodities, NR is traded via the international

commodity markets, from a large number of producers to a-

large number of consumers. The NR market displays most
of the features of perfect competition. Under these

conditions the price of NR cannot be fixed and must accept
the market price. Historically, NR pricés have borne
litfle or no relationship to production costs. The supply
of NR has been relatively inelastic in the short term,
largely due to the 6-7 year waiting period between planting

and tapping. Although supply and demand position is the

- 94 -




primary fector which influences the price, large
fiuctuations in price occur which are subject to the

v

o

agaries of the commodity market. The price instability
can be frustrating for e consumer to establish a2 cost
price for his end product well in advance.

The most important single factor affecting the

long term price of NR, is the general econormic conditions

- . . .\‘ -
in the consuming countries vhich influence the purchase of

consumer goods particularly automobiles. In the past,
several other factors have also affected the price of

NR: * political disturbances in the producing countries,
strikes in the consuming industries, large scale burchase
by socialist countries, barter agreements, stockpile
releases, international monetary problems, shortage or
overproduction of SR, etc, The price instability is
often speculatory, There is no trend in the movement of
price and thus, it is impossible to forecast the price
movements, (fig. 3.12).

Before the introduction of stereo-regular

elastomers, NR commanded a fairly substantial premium over

SBR which was a technically inferior substitute for NR
in several applications. ¥ith the emergence of +the

sterco-rubbers, especially IR, have tended to present NR

o

with an effective ceiling price. This hes had a

stabilising effect on the price of NR and it

N

long term
price will be closely related to that of IR, The lower

price of NR in the past fow years has avoided large scale

substitution by IR and other sterco-ru

has decreased gradually and has failed tc enjoy any degre

S
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of price inflation over +the years, meanwhile SR producers
have meintained relatively stable prices by reducing

costis. However, the SR production costs are likely to

rise faster and any price rises of SR would also favour

NR.

3.8.2 Natural Rubber Marketing.

The transfer of SR is usually carried out
directly from the producer to the consumer by a technical
salesman at fixed prices. The marketing of MR is much
more complex, The supply lines are longer and the variety
of grades and types of rubbers, produced by a large number
of producers of varying types in several countries are
eventually brought to the consumer, by different channels.
The rubber may pass from the producer tb the consumer via
several 'middlemen'. fhile most estates are able to
operate fairly well in the international markets through
agency houses or in some instances directly with the
ultimate consumers, the smallholder does not have the
ability to do so. The smallholders' rubber usually passes
via a greater number of 'middlemen' in the long chain of
market operators before reaching the export market. In
this way, it is doubtful if the smallholders get maximum
returns for their product. This and the poor quality
rubber associaled -ith the smallholders can only be overcome

T

by the establishment of central processing units for

.

smallholders' latex. These cenlral precessing units will

the consumer

« i
O
~+

play an important role as dircct =zales

will become very important in the future.




One of the biggest problems of the present
system of marketing NR, is the speculative nature of the
markets and therefore prices are unstable. The wild
fluctuations in prices are considered a bigger problem
than the absolute prices by somé consumers. The
instability of the prices in the past have induced many
consumers to seek substitutes for NR, even though these
have been technically undesirable. Large fluctuations
and unrealistically high prices will act as a stimulus
for the SR producers to increase IR production facilities
and improve the existing synthetic isoprene rubbers to
match NR in technical qualities. These devglopménts
would tend to keep the price of NR down. It is likely
that IR would be developed as a complete technical
substitute for NR and when this happens, the two rubbers
would compete purely on price and marketing support
offered by the producers. It is therefore necessary to
markef NR as a modern industrial raw material in the
future.

Although there are several deficiencies in the
present system of 'trading’ NR, a great weight must be
attached to some advantages, notably the inherent
mechanisms for: - |

(i) buyin any producers' rubber, in any quantity

virtually at the point and time of(production;

(ii) financing stocks in the producer-—consumer
pipe-line;

(ii1) hedging against price movement.
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The N markets have served their customers admirably in
the past, but what part they can play in a highly
competitive technically oriented market in the future

is questionable, In a technically based,competitive
industry, close interaction between producer and consumer
is essential especially when the rival materials whose
market entry and encroachmen+t are delibera%ely fostered in .
just this manner. The produciﬁg industry is nov

becoming increasingly consumer orientated and several
innovations are being directed towards end-use., Any

nev developments such as the viscosity stabilised rubbers,
tyre rubbers etc. must bypass the existing commodity
market and be presented direct to the consumer at fixed
prices with the usual marketing support. Any marketing
system developed must be such that it gives full benefit
to the producers, particularly the small ones.

Technically and theoretically, a marketing
system similar to that of SR seems the most attractive and
the best. In practice many obstacles rmay impede its
effect. There are several basic differences between the
SR and XR industries which, make a similar system a
prac£ica1 impossibility. SR originates mainly from the
consuming countries themselves, there are a relatively
small number of large SR producers and it is ecasy to adjust
the supply and déﬂand, In Cdmparison, AR is produced by

Fa

a large number of producers of all sizes in varyving ‘

92}

qualities in several countries thousands of miles Trom the
or a marketing s

to that of the SR, it would be necessary for all XNR




producing countries to get together, pool their financial
resources, and organise an effective scheme that would be
acceptable to all producers. The problems of organisation
and cost will be enormous. Unless this system replaces
the existing system completely, it is unlikely tq be
successful.  Although a changeover to this system is
most desirable it is a practical impossibility in the
forseeable future.

An élternative arrangement is to seek some
form of agreement between the producers and consumers
to minimise the impact of fluctuations in supply and
demand. Under normal conditions such a scheme is
beneficial to both buyer and seller, as it invariably
fixes the price bracket. Thus, the producers can treat
the lower limit of the bracket as a guaranteed selling
price and plan their output accordingly. Simiiarly,
the consumer can cost his own output according to the
upper limit. For the successful operation, the scheme
would require adequate stocks to be held in both producing
and consuming countries, Several organisational and
cost problems exist. A11 NR producing countries must
get together an? form a single organisation which would
be responsible for the operation of the scheme. The
multiplicity of grades must be reduced and only one
internationally agreed specification must be arrived at.
The Tin Council agreement 1s often quoted as a model of
this system. One of the main advantages was that the
scheme was self-financing, as the margin belween the

upper and lower limits was sufficient to cover the stocli—
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holaing and administrative costs involved., The

scheme

. R . Y roxs - Fa P
worked perfectly well for some time until e demand

outstripped the supply and there was insuy stocks b

to meet this demand . The result was a fr market

ce

where

the prices reached a fore realistic level . The position ’

of NR is more complex,

2

it is a bulky raterial nd is

h

liable to undergo deterioration‘during storing which would

require constant rotation of stocks.

In view of the many problems, alternative

an

system can be adopted on a smaller scale without much

delay. This

would require a mechanism by which a producer

Or a group of producers or an agency house would deal

directly with the consumer, completely by-p2ssing the

commodity market,
of contract between

system is developed

This of course would rejulre some form

the producer and consumer. Whatever

1t must meet the following basic

requirements:
(1)
(2)

Supplies must be easily available;

n

ed and

Rejections must be speedily replac

remedial measures must be promptly implemented;

@]
j—
w
o

Credit facilities must be

(3)
(4) Adequrte technical data should be supplied;
<
(5) Consistency in standards must be assured;
(6) After sales technical service nust be provided;
and
(7) A mechanism must be available to co-~unicate .
+ specific technological regulirerents of the

consumer to the producer,
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3.8.3 Marketing Support.

The rubber market is highly competitive and
demands a high level of technological competence of its
suppliers. Technology is therefore a prime resource
for any supplier. The present system of marketing NR
does not have the mechanism to commiaicate with the
technologically oriented consumers and transmit the
industry needs to the producers-or to be able to solve
the consumers’ problems. Technical and after sales
service has become an import feature of the SR industry.

The technical differences between NR and TR
are narrowing down, prbmotional and technical service
aspects would play an impoftaﬁt role in improving the
competitive position of XNR. At present, some technical
service and promotional activities are carried out only
by the Malaysian producers through the Malayan Rubber
Fund Board offices throughout the major rubber consuming
areas. VWhile this kind of service has benefited the
NR industry as a whole, compared with any SR of equal
volume output, this may be only a small service.
Although there is some co-operation between the NR
producing countéles, this has not gone f#r enough to
improve NR's competitive position. In future a single
organisation of all NR producing countries would be
necessary to bring about co-ordination of production and
marketing in order to maintain a stable and fair price.
The form;tion of the Association of Natural Rubber
Producing Countries in 1970 is the first step towards

achicving this goal. It is also necessary for all NR
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producing countries to pool their financial resources to

establish a single research organisation that would be
<O O

responsible for all research and development in the use

of NR and customer service.




4. CONCLUSION.

The future of NR, will dependﬁlargely on its
guality, cost and price. The demand for NR will continue
to increase at the present rate of around 3 to 4% per year

but its share of the total rubber market will continuc to

decrease to around 25%,

continue to bhe in‘large tyres., Large scale change over
to radial tyres in the U.S.A. and other countries will
favour the demand for NR and at the same time the price of
NR would be more favourable to the producers, It is
doubtful if NR output in the next few years would be
sufficient to meet the increasing demand for all rubbers,
NR will continue to lose its market share in the non-tyre
sector to a variety of new 'tailor made' polymers. The
growth in the absolute consumption of NR in this sector is
not likely to be very much.

¥hile the quality and preseﬁtation of NR has
improved by the introduction of new process rubbers with
technical specification, these improvements hgve taken
place on a small scale.

The quality and consistency of

the SRs are superior to those of NR. Thus, it would be

necessary to improve the quality of the lowver gradeS”off"z‘5f'”'f

NR, especially those produced by the smallholders. Therer
1s no general purpose SR which matches NR in its product

performance and processability except perhaps the high cis’
polyisopréne‘ However, the SR producers have the ability

to produce polymers to suit the fabricators' requirements.

While it ig impractical and uneconomic to alter the inherent
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properties of NR, it would be nccessary to produce more
consumer oriented forms, especially for non-tyre

applications. Low viscosity rubbers, tyre-rubber, oil

extended NR, superior processing NR, pale crepe, sole

crepe, etc. are some of the move promising consumer oriented

grades of NR. The SR producers have the ability to produce Hl

1

any 'tailor made' elastomer to suit the end use, but the .

acceptance of any such pclymer for any product application

would depend on the cost.

Scme of the most efficient NR producers can

profitably produce NR at a cost below that of isoprene

or even butadiene monomer. Production costs in well
managed estates planted with high yielding trees can be
around 10 US cents/1b. Labour costs account for about

50% of the total production costs and in the lcng term

labour costs will outpace any economies achieved via
increased estate productivity. However, in the short
term lebour costs can be offset by replanting with the
highest yielding clones, use of yield stimulents and
labour saving methods. In the SR industiry, cost of

— =4 ~ )
monomers may account for as much as 50 of the total cost

" N~
L

of manufacturing the polymer, while about 207 may be in

the form of financial costs in the form of plant

depreciation and provisions for working capital, Scarcity

of petrochemical raw materials and inflation in raw

material costs. will have a marked effect on the cost of

)
SRs in the future. Further reductions 1n ih2 cost of SR

produciion via economics of scale as in the past 20 yvears

>
=
jovs

is unlikely and higl tes of inflation of cacital will

%Y




influence the operating costs. Thus, the SR producers
are facing a major escalation of costs which will be
faster than in the NR industry.

The price of NR in the consuming countries is
important when considering price competition with the

synthetics. The synthetic rubbers have had a depressing

effect on the price of NR and in the long term, the price  ~’

of high cis polyisoprene will place a ceiling on the price
of NR. So far, no cheap route has been found for isoprene
monomer production and hence high cis polyisoprene would
continue at a price of about 22 - 23 US cents/1lb. or even
higher. A more realiétic price for NR would be around
this price range. The low price of NR in the past few
years has held the price of synthetic polyisoprene down
and has discouraged large scale production of polyisoprenec.
The f.o.b. price paid for the rubber in the producing
countries is important when considering the profitability
in the plantations. While a large number of efficient
producers can expect a modest profit at an f.o.b. price of
about 12-13 US cents/1b., this may not be an attractive
price for the smallholders or small inefficient estates.
An f.o.b. price of 15 US cents would be ; more realistic
price for the producers and adding about 5 US cents for
various cesses, freight, handling and agents charges; the
priéé of NR in the terminal markets would compare
favourably with that of poly isoprene. The present
shortage of SBR has pushed the price of NR to a record
peak since the Korean War. The total rubber production

may not be sufficient teo meet the increasing demand
o




for rubbers unless new SR production is available. In

the long term, with the petrochemical raw materials getting

scarcer and inflation rates rising faster in the Western

countries, 1t would be necessary for the \R producers

to increase production. With the diversification programs
taking place in the producing countries, the increase in
production must be expected from high yielding trees and
yield stimulation rather than by opening new plantations.
!

It would be necessary to avoid any large scale - ’i
fluctuations, obtain reasonable prices for NR and meintain

steady growth. This can be achieved if all NR producers

get together to form a single organisation and pool their

financial resources to strengthen their research efforts

and market NR as a modern industrial raw material. i
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5. THE RUBBER INDUSTRY IN SRT LANKA.
5.1, Ceneral

The structure of the indusiry in Sri Lanka is

very much similar to that in Malaysia, However, the

indusiry has failed +to keep abreast with the pro

g
.

ress n

g
the Maleysian industry, Rubber production in Sri Lanka
has failed to match the growth in other major producing

countries. The types and grades of rubber produced have
not changed since the beginning of the industrv
Although replanting has bheen 1in progress since 53

actual planted area in Sri Lanka has decreased from

275,000 ha. in 1960 +to 230,000 in 1970.

The reasons for the failure of the rubber

indus

b

ry to achieve better growth and to keep abreast

with other NR producing countries in terms of modernisation
are not hard to find. Development in the private sector
has been lacking due to the threat of nationalisation of
estates and lack of foreign investment. Sri Lanka has

an acute balance of payments problem as a result of the
declining price of traditional export commodities and

the increasing price of imported food and other items.

Thus priority is given for the production of food and
import substitution. Althougﬁ rubber is second only

to tea 2s Sri Lanka's principal source of foreign exchange,
which accounts for over 16% of the total foreign exchange
earnings, the industry is given low priorit
doveloyaaﬁt, Thus, any development in the plantation

industry must be achieved without the use of extensive




s
foreign exchange. Therefore the rubber industry must
concentrate on techniques of improving quality, increasing
efficiency and the development of premium grades of rubber

without the use of expensive or sophisticated equipment.

5.2, Structure of the Tndustrv.

Sri Lanka has a planted rubber area of

230,000 ha of which 112,500 ha are classified as estates
and 117,500 ha as smallholdings (holdings below 4 ha).
Between 1953 and 1972, 122,000 ha have been replanted with
high yielding clones.79 The average yield in 1970 was.
690 Kg/ha/year, which éompares favourably with the

700 Kg/ha/year of West Malaysia, However, the average
yield dropped to around 600 Kg/hé/year in 1971 and 1972,
due to the internal disturbances and poor climatic

conditions. Table (5.1) illustrates some important

features of the rubber holdings in Sri Lanka. The most

TABLE (5.1). Some_features of the rubber holdings
' in Sri Lanka (1968)80

Size of holding Registered Average arca DPercentage
(ha) area *  per holding of high
’ ' (ha) (ha) . yilelding
trees
Below 4 84,400 0.6 42
4 - 40 62,000 10.7 52
40 - 200 59,000 89.0 60
200 and over 62,000 365.0 60
ALl holdings 267,000 1.8 50
e
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important factor illustrated by the table, is the
presence of a large number of smallholdings with an
average area below 1 ha and thesc account for over 30%
of the total rubber area. These are highly unecocnomic
due to the high labour intensity and are also associated
with the production of inconsistent and poor quality
rubbers., The Malaysian study of Barlow and Kheong
concludes that the most economic size of a family

holding is around 3 ha.22 On the other hand

, large
scale estate production is not essential for efficiency,
although some economy in processing can be achieved.
However, even for the production of smoked sheet thch
requires the smallest processing unit, the minimum daily
production should be 250 Kg. This would require latex
from about 100 ha of rubber holdings with an average yield
of 1000 Kg/ha/year. Therefore it is necessary to
establish central processing units to process latex
produced by all holdings below 100 ha. ¥hitelaw and
Perera recommended in 1947, that the Government should
establish central factories to cater for 1000 - 2000 ha.
of rubber holdingé to manufacture smoked sheet, latex
crepé and concentrated 1atex.81 Due to the fragmented
nature of rubber holdings in Sri Lanka, the economics of
operating central factories to cater for large areas are
a doubtful proposition. But it would be possible to

+

establish smaller central factorles where contiguous

rubber holdings are available.
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5.3 Rubber Production.

Rubber production in Sri Lanka is largely ﬁ?

confined to the three main types: ' it
(1) Smoked sheet (RSS) B
(2) Latex Crepe (including sole crepe);

(3) Scrap crepe.,

New process rubbers are produced in two factories on a

small scale. Production of latex concentrate continues

on a small scale for local consumption and export of NR N

latex ceased in 1968, The production and the growth of

various types of rubbers in Sri Lanka are shown in table il

(5.2) and fig. (5.1). The sharp decline in 1971 and i

1972 are largely due to the internal disturbances and

poor climatic conditions. Sole crepe production in +this

period has increased with the decline in pale crepe ‘ i :
production, However, total latex crepe production has
maintained its growth, This is a result of the very
high premiums obtained for sole crepe over pale crepe
whereby some pale crepe producers switched over to sole
crepe pfoduction. | If factors such as climatic conditions,
political influences and price are favourable, the upward
trend in the rubber output between 1960 to 1970 will ‘
continﬁe. |

Some important features of rubber production

in Sri Lanka are shown in table (5.3), which shows the

distribution of various types of rubber produced under

different holding sizes. Latex concentrate and latex

Crepe are largely produced by large estates in excess
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of 200 ha. While medium and smallholdings (below 40 ha )
produce only smoked sheet and scrap crepe. This shows
the degree of sophistication and economies of scale
associated with latex and latex crepe proddction. The

fragmented nature of rubber holdings and the production

.of latex crepe in large estates, have special significance

in the establishment of neW process factories or other
developments to upgrade the quality of rubbers in Sri

Lanka. These are discussed later.

5.4. Future Developments.

Several possibilities exist for future

developments in the rubber industry in SribLanka. These

can be broadly classified into three categories:
(i) Continue production of existing forms
with improvement in quality, presentation
and efficiency.
' (ii) Production of consumer oriented forms of
NR already available commercially or
completely new forms or both.
(iii) Production of chemically modified forms
. of NR.
However, the commercial, economic and technical viability
of each’project must be critically analysed. Market
demand, changes in the rubber fabricating industiry,
innovatlions in the SR industry and developments in the
other XNR producing countries, are some of the external

factors that have to be considered first. Secondly,
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internal factors such as the availability of caepital,

- n >

nt, rew materials and other economic, social and

,_,
’.J

by
¢

equ?
political factors need consideration. In Sri Lanka, these
facters are much more critical than the external factors.
Any new projects must be considered under one main
condition - lack of foreign exchange. Thus, priority will
be given to projects that are likely to save foreign
exchange by import substitution or those products which
are likely to earn extra foreign exchange, like the premium
grades of rubber. |

New developments can be further classified
into short, medium and long term projects. The short
term projects are those Projects that are likely to
increase the Shorf term revenue through premium grades,
jmprovement of the quality of existing grades, improving
the image of the existing grades, cost reduction through
increased efficiency and increasing the outputi of any
existing types to meet the anticipated market needs. These
projects in general will make use of existing eguipment and
technology without excessive additional expenses. Thus,
in the short term it would be nrecessary to increase
productivity in the plantations and eveluate the future
of scrap crepe, smoked sheet, latex and latex crepe.
Since Sri Lanka is the largest producer of premium grade
latex crepe and the production of latex crepe acccunts for
a third of Sri Lanka's rubber production, the position of '
latcex crepe is discussed in detail separately.

Other short or medium term projects should

include new process rubbers, low viscoslity rubdors, tyre
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rubber and other consumer oriented forms of NR. The
medium to long term projects should include physical or

chemical modifications of NR and creatiﬁg new markets by

technological innovations,

5.5. Scrap Crepe.

The scrap crepes have found a small market ’

as low grade NR in the past. Th;s situétion is changing
with the consumer preference for the equivalent technically
specified SMR grades. The production of scrap crepe 1in

Sri Lanka has declined with the improvement in the efficiency
and quality of productlon. A very large proportion of the
Scraps are produced by small and medium holders. These
scraps are more suited for the manufacture of ﬁew process

rubber. The quality of the scrap rubber can be upgraded
in such a process due to the ease of washing. The lower
cost of processing and the higher price for equivalent low
grades of new process rubbers should also favour this
change. The main advantages to the consumer are the
technical sPecifications, considerable improvement in the

consistency of quality and better presentation.

5.6. Smoked Sheet.

Although the new process rubbers are considered
to be more consumer oriented, smoked sheet still has a
strong demand, particularly from the small and older

rubber fabricators. Technologically, there is little or

no diffevence between RSS and the SMR grades.
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ESS may possess a higher antioxidant activity since, excessive

weshing of the crumbs in new process rubber production tends

to remove some of the naturally occurring antioxidants.

[}

However, the technical specifications and +the form of

presentation make the SMR grades more atitractive to the

_consumer,

Several factors which are peculiar to Sri Lanka,

make it desirable to continue production of RSS. Namely :
(i) The presence of a large number of small and

segmented holdings which are not suitable
for large scale production of new process
rubbers.

(ii) The large estates in Sri Lanka profitably
produce premium grade latex crepe, good
quality RSS and some latex concentrate.

(iid) The new process rubbers in general have
demanded little or no premiums over the
equivalent grades of RSS,.

(iv) Over a third of Sri Lanka's rubber output
is sold to China under a bilateral +trade
agreement. Under this agreement, China
pays a premium for RSS 1 over the prevailing
Singapore price; this is usually well above

the price of eguivalent SMR grade

S.
(v) The high cost of capital eguipment and the
lack of fowveign exchange to purchzse the .
‘necessary machinery and eguipment fer

new process rubber production,




Under these conditions there is no incentive to change over
from RSS production to new process rubber production at
present. However, in the long term, the competitive
Prospeéts of NR will be improved considerably by large
scale change over to new process rubbers.

‘ The present bilateral trade aoreement with
Chlna 1s favourable only to the producers of RSS 1. In a 7 |
well managed estate factory around.90% of the RSS can be
produced as RSS 1, while in small and ‘medium holdings

only about 20% is produced as RSS 1.82 To obtain maximum

revenue from the small and medium holdings, it would be

necessary to upgrade the RSS produced. This can be‘done

effectively by organising groups of small and medium holders
to process their latex in central processing units. All
low grade RSS 4 and other scraps must be reprocessed as new
process rubbers,

The image of smcked sheet can be improved
considerably by introducing some form of technical
specifications similar to the SMR specifications and

presenting the rubber in a more attractive form. This

would require the RSS to be packed in small polythene S
| wrapped.bales and palletised forAeasy handling and storage. g;
It is estimated that a saving of £7 per ton is achieved in the t
total cost of handling, shipping, warehousing etc. from the

port of origin (Singapore) to the end user's factory in

England; by using palletised form of NR over the conventional

large bare~back bales of RSS.83

.

) With the existing equipment for the production

of RSS, i¢ may be possible to alter the processing methods
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to produce scme consumer oriented forms of
needs furither investigation. It has been found ihat latex

can be coagulated using some bacteria and ihe resulting

84

J

)

rubber 1s faster curing and possesses high £

ensile strength,

.
(

24
This rubber would find a small market where high tensile
strength 1s required, The use of acids or bacteria for i
the coagulation of latex results in the coagulestion of not
only the ruEber hydrocarbon but also the proteins present

in the serum. The presence of proteins increase the heat

build up properties in the rubber. Low protein NR is

useful in applications where high resilience and low heat

build up are required as in large tyres and engineering
applications. An economic and practical method of
coagulating the rubber in the latex without the simultancous |

recipitation of proteins needs to be investigated. The i
o

(6]

use of papain as a coagulant has been found to give rise
1 2 1 - 85 R 4

to a rubber with low protein content. Ancther method

being used in Malaysia makes use of some enzymes to break

. . 86 . 3
down the proteins before coagulation. The coanstant o

viscosity grade of NR is produced only in the new process

forms, methods of producing a low viscosity grads of RSS

without the use of peptisers needs 4o be invesiigated.
5.7. Latex Concentrate. |
The demand for NXR latex in the world —arkets ;
l
has been increasing steadily. The consumpticn of XR latex’ i
i
has incressed from 160,000 tons in 1961 to al=mezt 270,000 tons é
i
In 1071 (fig. 5.2). The strong demand is also reflected |
by {he high price of latex concenirate in the lssz: 5 Vears

!
[o—]
e
(@

!




oT no’ advantage over SBR latex.

during this period, latex concentratoe has fetched an average

premium of around 20% over the RSS 1 price. NR latex is

used mainly in carpet backing, foam products, dipped goods,

adhesives and latex threaqd. It is only in the dipped goods

application that NR latex has considerable technical
superiority over the synthetics, due to its good tear
resistance and high tensile strennth

only for a small share of the latex market and the bulk of 1t

is used in carpet backing and foam, where it possesseslli@tlg

Under these conditions, NR

latex will have to compete mainly on lower price, It is

predicted that the NR output will be insufficient to ﬁeet
the rapidly growing demand.87 This would encourage further
substitution. SBR latex has already found large scale
outlet in the carpet industry and foams. Thus, it would be
necessary to increase the output of NR latex and reduce the
price in the World Markets,

Around 15,000 tons of rubber in the form of latex
concentrate was produced annually between 1951 - 56 by
Dunlops Ltd. in Sri Lanka for export. Following the barter
agreement with China, the price of field latex in Sri Lanka
was weli above the world price and Dunlops were forced to
close down their latex concentration plant. Sri Lanka
ceased to be an exporter of latex concentrate since 1968.

An important fecature of the latex concentrate production is
the large scale owvnership of the production facilities by {he
final Consuﬁors_ It is unlil sely that foreign investors would
be encouraged to set up such concentration plants in Sri

Lanka and hence any new production facilities must bo
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expected from the Government or local firms. The
present production of latex concentrate in Sri Lanka is
around 700 tons per year and the total capacity is

estimated to be around 1,500 tons per year.88 The

latex producers, who are also the consumers in Sri Lanka,

. have maintained an artificially high price of latex within
the ccuntry by maintaining their output well below the | 7
total capacity. This has alsb resulted in the slow
growth of the latex goods manufacturing industry.

Past experience shows that it is possible to
produce latex concentrate in Sri Lanka on a large scale
for export and local consumption. Latex production
offers some degree of flexibility as regards to supply
and demand. During periods of low demﬁnd the latex can i
be used for dry rubber production or used in applications
locally, where NR latex would be otherwise considered too
expensive such as in latex~bitumen road surfacing, soil
stabilization, latex-cement mixes etc. NR latex also
offers some possibilities of minor chemical modifications
to meet specific demands of the consumers. It would be j
desirable to produce latek with minor modifications to meet

! specific needs of the smaller markets such as dipped goods,

latex thread and adhesives. These possibilities are i

discussed later.
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6. LATEX CREPE,

6.1 Introduction.

Latex crepe is a special purpose, high quality
premium grade NR. Due to its light colour and high level

of cleanliness, it is used as a special purpose rubber and

finds a limited market. It is gencrally used where light .

or bright colour and cleanliness are important in the

finished product, e.g. in the manufacture of surgical and

pharmaceutical goods, cut thread, adhesives, adhesive tapes,

chemical derivatives of NR and a variety of coloured
articles. Sri Lanka is the largest producer of high
quality latex crepe, producing about 40,000 tons annually.
This accounts for about 65% of the World's production and
the rest being produced by Malaysia. The future of latex
crepe 1is threatened by increasing substitution by the
synthetics and some new grades of NR. Thus, it was
necessary to explore the competitive position of latex
¢repe and recommend necessary action to ilmprove its
competitive prospects.

Latex crepe has generally commended a substantial
premium over smoked sheet. The export of latex crepe
(including sole crepe) accounts for around 30% of the
overall exports of rubber from Sri Lanka. The export
earnings from these rubbers was around 407 of the total
export ecarnings from rubber in 1971, The price of
latex crepe has been most unpredictable, the price
lucztuations are more marked than for smoked sheet,

ral censumers stavted leoking for cheaper alternatives




wvhen the price was

synthetics such as

polyurethanes, thermoplastii

ability to compevte with la
Already, a targe

have been lost to plastics

synthetics and other grades

is taking place. The SMR
colour are able to compete
due to a lower price, tech

presentation and technical

In secme applications several

Tex crepe purely on price

number of traditional markets

and scme substitution by the
of NR (viz. SMR 5L and EQ)

grades with a slightly inferior

with the crepes. This is mainly

nical specifications, better

service offered by the

Malaysian producers. SHR which is being produced
specificaliy to compete with latex crepe, and IR offer the
greatest competition to crepe.

Although synthetic substitutes have been
available since the mid-sixties, only very slight
substitution had taken place previously. And this too

on a temporary basi when the price of crepe was too
v ) by

high. | The present switch over by many consumers from
crépe to other materials both synthetic and natural, scems
to be a more pe;man :nt one. This tends to suggest that
the use of latex crepe is based to scme extent on
historical reasons rather than technical or ecogdmic
reasons. The ccmmercial, economic and technical
Tequirements of the consumers have changed significantly.
Hovever, the producers have not chanced the meihods of ’

production, presentation or improved the product

technically since the start of the industry.

R O

AT




It is often said that, very litile communication
between the NR producers and cconsumers exist. To

effectively meet the wide and varying needs of the

consumers, it is necessary to identify the consumers and i
their requirements. With this in mind a brief survey

of the different industries, which consume crepe, in the.

U.K. was carried out.

6.2. Supply and Demand.

|

The total exports of pale crepe from Sri Lanka ' |

and Malaysia increased from about 50,000 tons in 1960 to
around 63,000 in 1968, Since 1968, the increase in the

exports was virtually zero. This shows the declining

demand for pale crepe. However, the exports of sole
crepe during this period, increased from around 10,000
tons to 22,000 tons (Fig. 6.1). The exports of sole b
crepe from Sri Lanka increased from 500 tons in 1960 to
3,000 tons in 1971. There is a certain amount of
flexibility in the supply of latex crepes. Latex crepes

are produced by large estates and some of these estates

have the facility to switch over from pale crepe to sole i

crepe and vice-versa, depending on the price of the

product. The substantially higher premiums obtained for
sole crepe has made several producers to change over to sole
crepe production from pale crepe. This has resulted in

a shortage of pale crepe and pushed the price to unusually

et T

high levels. As a result the consumers have changed over 1

to substitutes.
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The supply end demand situation has been oftlen
disturbed by the large scale sale of pale crepe to the
Eastern European countries under barter agreccment from
Sri Lanka.  These unusually large scale purchases have
had adverse effect on the price. Since pale crepe 1s a
special purpose rubber with a limited demand, any
supply — demand imbalances would have a ma?ked effect
on the price. The demand for ﬁéle crepe is likely to
incréase around 1,000 to 1,500 tons annually, if the
price remains favourable. It is likely that more
producers of pale crepe would change over to sole crepe
production, Thus, it would be necessary for Sri Lanka
to establish new processing facilities to increase the
production of pale crepe to meet the anticipated demand.
Due to the economies of scale associated with pale crepe
production, it would be necessary to establish central

factories to process smallholders' latex.

6.3. Characteristics of Consumption.

There are a large number and variety of products

made from pale crepe. There is no published statistics

on the use of crepe in the various end products. However,

these products can be broadly classified into three

groups, namely:

1. Products reguiring solution process. These
include mainly adhesives and acdhesive tapes.
Crepe is also used as a starting material for
the manufacture of chemically modified forms

of NR.
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2. Light coloured translucent products., This group
includes very special products which require
freedom from toxic compounds and smell. The
products include surgicals or pharmaceuticals and
products that are likely to come into ccntaci with
food.

3. General rubber products reqﬁiring pastel shades,
This group contains a large number of consumer
goo@s and components which require visual appeal.
These include bathing caps, hot water bottles,
elastic thread, white wall of tyres, etc.

In solution processes, lowcis IR has found
large scale acceptance as the starting material for
chemical modification, particularly in the manufacture
of chlorinated rubber and rubber hydrochloride. The
malin reasons being: (i) freedom from gel, (ii) consistgncy
in quality (iii) no initial mill break down is necessary
since the polymer can be produced to the required

molecular weight, and (iv) relatively low and stable

price. In adhesives and pressure sensitive tapes XNR is
still preferred over IR. However, several types of
adhesives are available for specific uses. In pressure

sensitive adhesive tapes, pale crepe is still considered
the’best polymer available, due to its good surface tack
pecl adhesion and cohesion. This is one of the :ajor
applicatigns of pale crecpe in adhesives.

The main disadvantages of using crepe in

Pressure scnsitive tapes are:




(i) high cost of polymer and the price variations;
(ii) the polymer requires premasticaticn for the

elimination of problems arisin

0Q
iy

rom gel and

for easy dissolution in the solvent;
(iii) the solubility of the polymer is low to give
the required viscosity (i.e. low solid content

. . . |
in solution); |

(iv) the solvent recovery 1is expensive and only

about 85% of the solvent is recovered. ' ‘

These problems may drive the consumers to
look for alternative processes or polymers. Polymerisation
in situ or liquid polymers which can be chain extended
and cross-linked via reactive groups may fird some
applications, Thermoplastic rubbers or ethylene vinyl

acetate may be used as hot melt coatings. Already some

|
block copolymers of styrene/butadiene are used 1in
adhesives due to higher solubility.

In pharmaceutical applications the cleanliness
of the polymer is the main criterion. The articles are
usually hand built ard the cost of the polymer does not
matter very much. Although the high cis IR has the

necessary product properties, there has been very Jlittle

substitution by other elastomers in these apnlications.

The main disadvantage of IR is its low green strength and

raw tack since, most of these articles are hand build. . %,

<

It is in 1ibhe general coloured rubbher products that

1 ¢repe finds a large market. Competition besiveen various
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rubbers in this market is high. The main advantage of
crepe in these applications is its light colour. In
addition to this, it also possesses all the technical
advantages of NR. Thus, other light coloured grades of
NR, mainly SMR EQ and SMR 5L have the ability to compete
.with crepe. These rubbers have the advantage of being
technically specified and in general are lower in price.
Already some substitution of cre?e by these rubbers is
taking place where colour is not so important.

W¥here colour is more importént,.both types of
IR are used in blends with crepe to reduce cost and
improve flow properties of the compound, particularly
in injection mouldings, extrusions and where intricate
shapes are required. The low-cis IR cannot be used as
a complete substitute for crepes, since this regquires
completely different processing techniques. Changing
compounding and processing techniques in a factory can
be costly and a large number of the smaller factories do
not have the facilities to fully test new compounds
before changing over. However, the high-cis IR is
somewhat better than the low-cis IR and closely resembles
pale crepe in most properties. Its main disadvantages
are poor green-strength and hot tear resistance. As a
result of this large number of rejects take place in the
factory. Thermoplastic rubbers and common thermoplastic
materials have replaced pale crepe in some of the

traditionhl applications. Urethane elastic fibre competes

(>

with cut elastic threcad despite the generally higher costs

T 3 . . . . - 1
fhis is duc to the finer denier fibre that can be
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produced from urethane elastomer.

At bresent, the main disadvantages of pale crepe
in all applications are its high price and price variation.
The pre-mastication necessary for NR puts it at a

disadvantage over tho synthetics. Thus, it would be

.necessary to produce a low viscosity crepe for some

applications. The batch to batch variation in curing

characteristics and other properties is a serious defect

with all the grades of NR. This is inevitable since pale

crepe and other grades of NR originate from a large number

of sources, There is no single standard method of

processing these rubbers and there are differences in +the
guantities and nature of non~-rubbexr constituents arising
from the clonal differences. These are largely
responsible for the inconsistency in properties. Pale
crepe 1s visually graded according to the "Green Book"
and in most instances, they are still presented in large
bare back bales; while the SMR grades are'technically
specified, presented in small polythene wrapped bales and
usually some technical service is provided. Unless some
of these deficiencies of pale crepe are overcome, it will

continue to lose its market share.

6.4. Technical Specifications.

Some technical propertices of a large number of
pale crepe samples from different estates in Sri Lanka were
compared with the correspending propertics of some samples

of SMR SL and SMR Q. These tests were essentially
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limited to somec of the more important SMR tests which are

»

of special significance to the consumers of crepe. The

results are summarised in table (6.1).

Table (6.1). gomparison of some of the SMR tyipe

Specificati- 5 of Crepe, SMR-EQ and SMR 5L,

Criterion Pale Crepe Pale Crepe SMR EQO SMR 5L
1l x, 1 &2 3

Dirt (retained on

44y sieve)

(% wt) 0.15 0.15 0.20°  0.50
Ash (% wt) 0.10-0.15 0.10-0.20 0.50 0.60
Nitrogen (% wt) 0.20-0.25 0.25-0.30 0.65 0.65
Colour (Lovibond

Unit) 2.5 - 3.5 3.0 - 4.0 3.5 6.0
Volatile matter ‘

(% wt) 0.2 -0.28 0.25-0.35 1.0 1.0
Wallace plasticity 50 50 30 30
Cure indicator
(MR 100 value) 5.0 5.3 6.2 6.0-75

Although there were variations in the prceperties

of the samples from different origins, these were relatively

small, The biggest differences in the bProperties were
observed in the lower grades of crepe, The averagse

dirt content of all grades of crepe (lX, 1, 2

less than 0.15%, compared with 0.2 of SMR £0 z-4 C.37 of

SMR 5L, The initial Wallace plasticity of

cra20e was




than these of SMR grades but there was

rénce in the molecular welight or molecular

A significant difference in the

ccular welght ang molecular weight distribution wvas

observed between the
- The crepes exhibiteg

disiribution, The difference in the mill break-down

behaviour was clearly illustrated by the molecular welght
and molecular welght distribution_of samples subject to

various degrees of mill break-down (fig. 6.2). It was

erage molecular weight and distribution ss

that of Natsyn 2200,

Even after break—down, the crepe

contained a substantial amount of high molecular welght

component., 25 discrete passes of crepe gave a similar

distribution as that obtained for Natsyn after 10 passes .

The initial high molecular welght is a disadvantage Since,

the crepe woulg require bPre-mastication, However, during

compounding, Natsyn would tend to break down faster giving

a weak vulcanizate, Crepe is always used ip non-black

products where very little reinforcement is pProduced by

the fillers ang the strength of the vulcanizate is mainly

produced by the high moclecular weight of the polymer,

The main differences betweep pale crepe and the
SMR grade

S, Were in colour, nitrogen content, volatile

matter and vulcanization behaviour, These properties may
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2all be dinter-related and give rise to some of the
important properties of crepe. The colour and nitrogen
content are due to the non~rubber constituents present in !

NR. Thesec are variable according to the source and meihod

of processing the latex. Three factors affect the colour
.of NR.

(i) The yellow colour in NR is due to the presence o

89

of carotenoid type of pigments.

(ii) The tendency for the latex to darken is due
to the oxidation of the naturally occurring
phenols by enzymes of the polyphenol oxidase

type,go

(iii) Discolouration of the dry rubber during

storage is thcught to be due to the slow
reaction of metal salts such as magnesium

with free amine type compounds.

Precautions are taken during the manufacture of pale crepe

|
»
L
i
|
1

to minimise colour defects arising from these factors.
The higher grades of crepe (lx, 1 and 2) arc lighter in
colour than SMR EQ.(Z.B ~ 3.5 Lovibond units compafed

with 3.5 for SMR EQ and 6.0 for SMR 5L) but Natsyn 2200

[ is even lighter than pale crepe 1x (2.0 Lovibond units).
| :
The freshly prepared pale crepe is very much lighter in E

colour and some storage discolouration may be taking

place.

The nitrogen content arises, largely as a

result of the presence of naturally occurring proteins g

in NR. The proteins tend to absorb moisture and can
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cause deterioration of vulcanized products. The SMR

6]

rades possess a much higher nitrogen and moisture content.

—

t is claimed that the differences in scorch time, cure
time, modulus, heat build-up and hot tear strength between
NR and high cis IR are due to the presence of the naturally
occurring proteins. It is also suggested that the proteins
are chemically bonded to NR and that these Eombined proteins
are largely responsible for the formation of gel in NR.92
Thus, the presence of proteins in NR can be both an
advantage as well as a disadvantage depending on the end
use. In solution applications, gel is a disadvantage and
the removal of the proteins could improve the rubber in
such applications where low heat build up is necessary,
the removal of proteins would improve the resilieﬁce and
at the same time moisture absorption will be minimised.
The main advantages of the presence of proteins

are the fast cure, high modulus, hot tear resistance and

the anti oxidant activity they impart to the rubber. In

non-black compounds, the cure behaviour of the raw rubber

is important. The cure behaviour of raw rubber is specifie
using a cure indicator in the SMR scheme. This makes use

of the relaxed modulus (Kgf/cmz) at 100% elongation

>

(MR 100), determined using the ACS 1 test mix (ziven below) - —

cured for 40 mts at 140°C.

ACS 1 Mix

Rubber 100

* Zinc Cxide &
Stearic Acid 0.5
Sulphur 3.5
Mevcaptobenzthiozole (MBT) 0.5
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Three categories of vulcanization behaviour within the
SMR scheme have been established. These are designated

MOD 5, MOD 6, MOD 7 and denote:

Category MR 100 range (Kgf/cm2)
MOD 5 4.5 - 5.49 (slow cure)
MOD 6 5.5 — 6.49 {medium cure)
MOD 7 6.5 —-7.49 (fast cure)

The technical significance of this parameter, 1is thé
decreasing scorch time, décreasing time to optimum cure
and increasing maximum modulus is generally exhibited for
several formulations with increasing MR 100 value.
According to this classification the lighter
grades of crepe (1x and 1) were found to be slow curing
with MR 100 value of 5.00. These grades were very
consistent in the cure behaviour and this was confirmed
by the Monsanto Rheometer plot. The Monsanto Rheometer
plot of the cure behaviour of the rubbers are summarised in
fig. (6.3). The low grade crepes (No. 3), were slightly
faster curing and less consistent. The cure rate was
comparable with that of Natsyn 2200. The SMR grades were
medium>tb fast curing and were inconsistent in their cure
behaviour. The MR 1060 value for SMR EQ was around 6.2
while that for SMR 5L wasAin excess of this value. The
slow cure behaviour of crepes is a disadvantage to the

rubber fabricator in general rubber goods.
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6.5. Production Process.

No significant changes have taken place in the
manufacture of crepes in the last 25 years or so. Most
of the changes have been in the improvement of efficiency,
drying . techniques.and colour, According to the "Green
Book", latex crepe must be prepared from freshly coagulated
field latex, The dry rubber is graded No.hlx, 1, 2 and ;
3 according to differences in fine shades of colour by
visual examination, Although colour and other visual
defects are the main characteristics of crepe, in a
competitive and technically oriented market it would be
necessary to modify processing ﬁethods and grading system
to suit the end use requirements. As already seen, the

pale crepe market can be broadly divided into three groups.

The first group requires an extremely clean and extremely

light coloured rubber free from gel for solution applications.

The second group requires a similar rubber (the presence of
gel does not matter) for pharmaceutical applications.

The last group requires a clean, light coloured and
reasonably fast curing rubber for general rubber products.
It is possible to alter the processing methods to meet these
end use requirements.

Latex crepe is manufactured from field latex
which is relatively free from yellow pigments and other
compounds which cause discolouration or darkening of the
dry rubber. The most common clone used for the manufacture
of crepe in Sri Lanka is PB 86. This is considered the

. 9
best available clone for optimum colour and hardness.

i
i
g
it
i
i
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Since wlmost all the ¢repe produced in Sri Lan!

a 1s Trom
this clone, ithere is a certain degrece of censistency

in quality of the dry rubber; but at the sare time,
there 1s no single standard method for the manufacture

of crepes and this tends to give rise to some of the

differences in the technological properties of crepe.

The flow chart showing the various stages in the manufacture

of crepes is shown in fig. (6.4)] The threc important

w

teps which affect the properties of the rubber

significantly are: fractionation, bleaching and
coagulation. The yellow fraction containing a large

proportion of non-rubber constitutents is sometimes
removed by preferential coagulation. A substantial
quantity of rubber containing the gel and some useful
products such as the naturally occurring anti-oxidant

i . . . 94
and proteins are removed in this yellow fraction. The
fractionated or unfractionated latex 1s strairned and
bleached using xylyl mercaptan. It is claimed that
bleaching with xylyl mercaptan also reduces the gel
95

content. The advantage of the rubber produced from

unfractionated latex is that it contains the naturally
occurring anti-oxidants and other non-rubber constituents
which accelerate or activate vulcanization.

The rubbers produced from fractionated bleaéhod
latex and fractionated unbleached latex can be marketed
as special grades for solution applications a:nd
pharmaceutical products respectively, The yellow fraction

ruvher can be sold as a low grade, fast ¢.vinz 21d hich

i
|
|
i
|
\
|
|
i
|
H
!
i
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BULKING & DILUTION
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(6.4) Flow Diagram for the Production

of Latex Crepe.
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tensile rubber. The rubber produced from unfractionated

and bleached latex can be marketed as medium or fast curing

1

light coloured rubber for-gene‘al coloured goods. The ?;
same rubber can also be used for the manufacture of sole |
crepe. Since the presence of proteins in large quantilies 1
.can give rise to some undesirable properties, it would be
worth exploring some method of partial removal or break- 5
down of the proteiné without fréctionaﬁion. One approach
would be to use some enzymic method of deproteirisation.

A possible system of manufacturing and grading crepe for

specific end-use applications is schematically shown in

fig. (6.5).
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|
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:
N
YELLOW ¥
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Fig. (6.5) A Possible Svsterm of MapuZac-aris- and i
Gradinge Crepe for Svocific I-d-is= L
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6.6. Scme Aspecis of the Marketing of Crene,

<0 a technically oriented and highly competitive
pmarket, 1t is necessary to market pale crepe to technical
specifications. Any technical specifications for crepe
must highlight its speciality properties in addition to the
technical broperties of other grades of NR.  As already
seen, the SMR specifications give some useful character—
iStics of the rubber to the conéumer. As an extlra clean
and light coloured rubber, some indication on the size of
dirt and colour must be included in such a technical
specification scheme. An additional dirt 5pocification
would require the measurement of dirt using a smalier

sieve than the present 44p aperture sieve. The main
problem regarding the specification of colour using the
Lovibond scale is the change in colour that takes place
between production and consumption in the factory. Any
colour specification would be meaningless unless the problem
of storage darkening can be fully overcome. A cure
indicator similar to that of the SMR scheme vould also be

of use to many consumers.

Although the present sheet form is considered the
most desirable form of crepe rubberAby mos t Consumers;
since it is easy to examine these sheets for colour, dirt
and other visual defectsy At present a large proportion
of érepe is still presented in bulky unattractive bales.

It is necessary to improve packaging to create a new

imagce, Ideally, crepe should be packed in small polythenec

coated paper bags and palletised for conveniont handling,

storage, ote,
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The most serious problem facing crepe in the
future 1s its high price and price fluctuaiion. Unless
this is controlled, the consumers will continue to
substitute cheaper and more price stable materials even
with some sacrifice in quality. The price fluctuations in

the past have been largely due to the imbalances in supply
‘and demand. As a speciality rubber with a limited demand,
the price is very sensitive to clianges in the supply and
demand situation, The price of all grades of NXR follow
the price movements of smoked sheet. Thus, it is almost
impossible to stabilise the price of crepe without
stabilising the price of NR as a whole. However, the
price premium of crepe over smoked sheet also fluctuates
and this can be controlled to some extent if, the right
marketing system is developed.

Crepe is sold to an extremely large number of
consumers of all sizes in various parts of the World from
a few producers mainly in Sri Lanka and Maleysia. - An
effective marketing system should ideally, incorporate all
the producers in Sri Lanka and Malaysia into a central
organisation which would be responsible for co-ordinating
the production and marketing of crepe. In practice it may
be impossible to inélude the Malaysian producers. However,
it

e crepe,

—

since Sri Lanka is the largest producer of =na
1s possible to establish such a central organisation in
Sri Lanka. The central organisation should be in the form

of a consortium of all crepe rubber producers znd the

that 1t

1921

Government of Sri Lanka. Past experience show




is almostl impossible to forccast the demend for crepe wilh
any accuracy. To cnsure a coentinuous supply of the rubber
at a reasonably steady price, it would be nccessary to

stablish a bufler stock. It would be impossible to fix

(4]

the price of crepc when other grades of NR fluctuate

freely in a free market, However, a minimum price must

be established based on the cost.of production and all
producers must be guaranteed this minimum price. A
ceiling on the price cannot be fixed due to the fluctuation
of the price of smoked sheet. But if substential stocks

4

are held, the price can be held down to some extent at
a fair premium above the RSS price by releasing sufficient
guantities from buffer siocks.

A central organisation will also help to establish
better communication betwcen the producers and consumers.
At present very little technical service is provided by
the producers of crepe and practically no promotional

activities are carried out. Due to the very large number

of consumers all over the World, it is a practical

impossibility to provide adequate technical service to

all consumers. It would be necessary to utilise the

existing services provided by the Malaysian Rubber Fund

Board (MRFB). Therefore it would be necessary to

negotiate with the MRFB to usce their facilities to provide
technical service to crepe rubber consumers.

.

6.7. Conclusion.

The use of pale crepe is largely dependent on




historical reasons rather than technical or cconomic
reasons, Duc to the long experience in the use of NR,
several consumers of crepe arc reluctant to substitute
synthetics, even when they are technically and economically

possible. ~This is particularly true in the numerous small

manufacturing industries. However, this tendency will

gradually change with the increasing amount of technical
services ﬁrovided by the SR prod;cers. Already partial
substitution of crepes by synthetic polyisoprene, SMR 5Z
and SMR EQ takes place, particularly in larger industries.
It is unlikely that the growth in the consumption of

pale crepe will match the 4% overall growth of NR
consumption. Unless crepe is produced to specific
requirements of the consumers and marketed as a modern
industrial raw matérial at a stable and competitive price,

it will continue to lose a considerable share of its

markets.
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BASZD ON NATURAL HUBBER .

7. SPECTALITY RUBBERS AXD RUBBER DERIVATIVES
A

NR>priées have often been depressed by an over
supply caused by the production of SR in excess of the
demand . Therefore to meintain a fair price and increase
the revenue derived from the export of NR in’ the producing
countries, it would be necessary to:

(i) prcduce modified forms of NR to meet the specific
‘Tequirements of the rubber fabricator to create
new and increased demand
(ii) produce completely different materials by-
modifying NR;
(iii) find new outlets for NR in +the producing countries

for use during periods of low demand;

and (iv) explore possibilities of manufacturing finished

goods for local consumption and export.

Several possibilities of introducing simple

or more complex modifications of NR are well Known. Simple

physical modifications include the production of crumb rubbers, |
0il or black masterbatches, powdered rubbers, depolvmerised g
rubbers etc. Chemical modifications can be introduced by

classical organic reactions involving isoprene units such

as addition to double bond, substitution at active methylene

group and halogenation. More complex modifications such
as graft copolymerisation, cyclisation and oxidative

depOlymorisation are also w211l known,

oy

For major modifications, NR may be inconvenient

and expensive, In these medifications, none of the

|
—
(2
!




inherent advantages of NR are required or retained and
hence there. is no real advantage in using NR over IR,

In fact the SR may be more suitable for such modifications
since, it is a much 'cleaner' rubber which does not
contain excessive non-rubber materials which can

interfere with the chemical reactions and the polymer

can be produced to the correct molecular weight and
molecular weight distribution to suit the process. There
is no great economic advantage in modifying NR in a
producing country like Sri Lanka except perhaps if this
modification can be.achieved in the latex sfage using
simple and inexpensive equipment . Minor modifications

to NR wvhich do not alter the inherent properties of NR
significantly but produce rubbers to suit the specific
requirements of the rubber fabricators are more promising
than more complex modifications. The commercial,
economic and technical prospects of producing various
modified forms of NR in Sri Lanka are discussed in this

chapter,

7.1. Phvsical Modifications.

Simple modifications such as 0il extension,
carbon black masterbatches, viscosity stabilised AR, etec.
can be produced in Sri Lanka. These forms are more

conveniently produced using the new process methods than

.

by traditional methods. However, thesc forms are produced

from [icld latex and as already discussed, the establishment
of 2 large number of central faclories to produce new process

rubbers from field latex in Sri Lanka is doubtful. Since




carbon black and o0il are imported raw materials the
economics of mixing these in the producers' factory for
export is a doubtful proposition.

Viscosity stabilised rubbers which do not
require premastication in a way similar to synthetic
rubbers have become increasingly popular and will greatly ' ,
improve the competitive position of NR. At present almost
all the viscosity stabilised rubbers are produced by
Malaysia. These are produced from field latex and are
sold - to SMR type specifications in two classes:

(a)  CV rubbers in which storage hardening is
inhibited by the addition of hydroxyl amine
hydrochloride;

(b) LV rubbers in which storage hardening is
inhibited and 4 parts per hundred rubber
of non-staining naphthenic o0il for easy
processing in the consumers' factory.

These rubbers are usually produced with a Mooney viscosity
in the range of 50-75 units. In Sri Lanka, it would be
more profitable to produce the viscosity stabilised grades
in the existing new brocess factories. It would also

be worthwhile exploring the possibilities of producing

these rubbers from natural coagulum.

T.2. Powdered Rubber.

.Powdered rubbers have been known for some time,
but {heir use has been largely limited to adhesives due

to the problems of particle re-agglomeration. Interest

=}
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in powdered rubbers has been revived for use as general

purpose rubbers, The trend to use powderod rubbers wil]
increase by the end of 1970, It is therefore necessary

for the NR producers to investigate meihods of producing
a free flowing NR powder from latex, to keep ebreast in

the technological racc .and to meet the anticipated demand.

The existing methods include grinding at low temperatures,
Spray drying, flash drying and particle encapsula’tion.96
The last three methods make usc of latex and 211 these
methods use some king of rartitioning agent to prevent
particle re—agglomeration,

The smaller +the particle size the greater
will be the amountvof partitioning agent reguired and
excess of this can be undesirable., Grinding methods of
‘producing powdered rubber and zinc stearate 2s <he
partitioning agent have been found +to give the best
results.97 A long term‘approach towards procducing a
powdered rubber from field latex in Sri Lanka is
necessary, Due to the high raw tack of AR, it would be “%
necessary to contain large amounts of the partitioning 4
agent such as zinc stearate in the latex for flash or
spray drying. The technique of encapsulation sese=s more
Promising and already, starch xanthide eéncapsulation is
fairly well established.
7.3. Chenical Modifications, ’
.31, B{ndlpg Pendant Groups.,

Methods of binding simple pendant crouns tco the
Poliery chain in the latex silate tthount alterine the main

I
N
i;-}
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properties of NR, hold promise in introducing antioxidants
or some groups which could be subsequently used for cross—
linking the rubber by non traditional methods. Methods
of introducing pendant groups to the polymer chain are
also important in producing a thermoplastié NR with a
"reversible exchange cross—link, Two methods of attaching
pendant groups are available: .

(a) addition to double bond ;

(b) substitution at active methylene group.

Esters of mercapto acids HS(CHZ)n COOR have
been added to NR 1atex,98 It may be possible to hydrolyse
the ester and produce a vulcanisate at the same timé, using
& dibasic metallic oxide, containing ionic cross—links of
the type -c00©® 12 @ Goc _ |

This introduces the possibility of producing
a latex of the type similar to the carboxylated SBR latex
for use in carpet backing. However, thiol compounds . in
general act as peptisers and further investigation would
be necessary. Another possible method of introducing

carboxyl group is by the substitution of maleic anhydride.99
CH

3
\\C = C

Peroxide : /// \\

Maleic anhydride —> ~~~~CH, ~?H’V”J\”“T
?H $H2
C Co

The introduction of the acid groups-is likely to interfere

with the stability of NR latex. It is desirable to
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produce & MR latex with veactive pendant groups which iz
could be cured using some chemical agent withouti the
use of sulphur or other traditional methods.

of

97}

These methods also provide some rean
binding antioxidants on to the polymer to produce leach
resistant antioxidants. Latex with bound antioxidant
will be particularly useful for use in latex thread for use
in garments where unbound antioxidants are likely to De
leached during laundefing. If the methced of binding
these antioxidants are.economic, dry rubber with bound
antioxidants can also be produced for speclel applications
where the finished product is likely to come into constant
contact with water or other fluids which can extract the
unbound antioxidants. Binding phenot:ic type antioxidants
via a vinyl group or a thiol ester are two of the possible

methods.

7.3.2, Graft Copolvmers.,

Polymerization of vinyl monomers can hbe carried
. . . . . 100
out with the rubber as a solid, in solution or as latex.
Several common vinyl monomers have been successfully

free radical

W)

graft copolymerised on NR in the presence of

initiator to produce a compound with the folleowi

=
o]
0Q

structure:

P I‘ubbcr AT

vinyl polymer

r.—l

Ui

S
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A polymer-modified rubber containing equal parts of NR

and polymethylmethacrylate is commercially produced

in Malaysia from field latex under the name Heveaplus MG 49;
other Heveaplus materials containing less polymethyl

methacrylate are also manufactured.lOI

The average
composition of Heaveaplus MG 49 is claimed to be 80%

gfaft polymer, 10% free polymethylmethacrylate and 10% ’
free rubber. In latex form or-in solution it is used

as an adhesive for rubber/PVC, rubber/textiles, rubber/
leather, etc. The dry rubber can be blended with
ordinary NR and processed in the vwual way. The
Vulcanizates have excellent physical properties at high
hardness levels, good flow properties and good electrical
properties. They can be used in the manufacture of rigid
mouldings. The manufacturing methods of Heaveaplus MG

are well established and it can be produced in Sri Lanka

on a small scale for local consumption and exports.

7.3.3. Cyclized Rubber.

Isomeriéation of NR in the solid form, in
solution or latex by the action of strong acids or Friedel~
Crafts.catalysts to produce a cyclic structure have beeﬁ
knoewn for several years.102 Several methods of producing

the cyclized rubber are reported and the physical form S

and properties of the product also depend on the method

S

of preparation.lo3 Cyclized and partially cyclized NR

have been used for shoe soling, hard mouldings, adhesives,

104, 105

printing inks and surface coatings. Cyclized




rubber behaves 1n a way similar to high-stvrene SBR and

-

has replaced »v in shoe solings and hard mouldings for :

o

economic reasons. Thus, cyclized wubber finds only a
limited market. In Sri Lanka, cyclized rubber may be

produced at a higher cost than high styrene SBR as a
substitute for the imported high styrcne SIR.

7.3.4, Superior Processine Rubber.

Pre-vulcanized NR latex and partially cross-—

I

linked superior processing (SP rubbers) grades of NR are

~

marketed as special purpose rubbers. These can be

i
produced using simple inexpensive equipment and chemicals |
in Sri Lanka. Pre-vulcanized latex is prcduced by |
vulcanizing the centrifuged latex using a dispersion of

106

sulphur and zinc diethyl-dithiocarbo mate at 70°C

g5}

The pre-vulcanized latex is used for ithe menufacture of
very thin dipped articles. SP rubbers are produced by

coagulating and processing in the normal manner a mixture

o AT . 107 o B o
of NR latex and pre-vulcanized latex. 5P rubbers are .
designed to assist rubber manufacturers in processing
operations and 1s similar to the SBR that kzs been partially i

cross-linked with divinyl benzene during the polymerisation

stage. The unvulcanized compounds hzve censiderable ¥
i

. i

dimensional stability and are used to greatest advantage :
in extrusion processes. A limited demand for these b
¥

AN

peciality grades exist for the produciion 27 extruded

.

crticloes and since these fetch a hich

<
O“

conventional grades of NR, the producticn =7 SP crepes and

D . "~ : P Sty @ o e e
o2 swoxsed sheets in Sri Lanka seem promising,
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7.3.5. Chlorinated Rubber and Rubber Hydrochloride.

Chlorinated rubber is produced by the chlorination
of NE or IR and is largely used in chemical and water
resistant paint formulations, printing inks and adhesjives.
Similariy rubber hydrochloride is produced by the hydro-

chlorination of isoprene rubbers and is used as a strong,

flexible and moisture proof film for wrapping. The basic -
raw materials - NR, chlorine and HC1 are freely available

in Sri Lanka and thus it should be possible to producec
these derivatives in Sri Lanka, However the economics

of producing these materials in Sri Lanka for export seem
doubtful, These are produced as speéial purpose plasticsI

materials and find a very limited market. As there are

a very few well established producers the entry into the
markel is extremely difficult unless they can be produced i
considerably cheaper or with improved properties or both.
Economies of scale would not permit the production of |
these derivatives solely for local consumption since
the local demand is only a few tons per year. However,
if satisfactory products can be produced starting from
field latex using simple inexpensive eguipment, it may be
possible to produce these materials on a small scale tp
meet the local demand. 7. 'ﬂ
Although several patents and literature aré
avdilable on the use of latex as the starting material for
the manufacture of chlorinated rubber and rubber.hydroch—'
loride, none of these methods are used for thelOS’ 109

commcercial production of these materials, In actual




i

practice low cis-IR is preferred to NR due to ihe low
gel content, frecedom from excessive non-rubber materials
consistency and uniformity of properties and the availabilitiy
of the polymer in the correcct moleculszy welght te give the
desired final product properties. Commercially,
chlorinated rubber is produced by the direct chlorination
of isoprene rubber in an inert solvent at about 80°C.

It is claimed that the product with about 687 Ci content
is the most stable material, while products with less
than 65% Cl are susceptible to degradation.l“o So far
methods involving the direct chlorination of NR latex
have failed to produce a satisfactory produc: as regards
to stability and solubility. To produce a materizl with
the desired solubility it is necessary to use large
quantities of a peptiser to break down the NR in lates.
It is also necessary to use fractionaicd 1

excessive non-rubber materials *to avoid interference

during chemical reactions. Similar care is also necessary
for the hydrochlorination of NR in latex. Thus, zthe
technical and economic prospects of producirg ithese
derivatives from latex in Sri Lanka see~ doubzful. It is

claimed that there is only negligible diffevrencs between

chlorinatea polyisoprene, chlorinated Dclvezhyvliane and
chlorinated polypropyvlene and hence tha chezrest base
material would be used increcasingly o preduce The
chlorinzted polymor.lll '

.
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- shortage of some of the essential general phrpose rubbers;

- prepared to meet the changing needs of the rubber

CONCLUSIONS, -

The present strong demand for NR and high
prices will continue in the next few years due to the

current shortage of styrene monomer for SBR. Unless

~new SR production facilities are avallable to meet the

this trend_may continue for longer periods. In the long
term, with the threat of an energy crisis more real than
ever and the rapid escalation of raw materials and other
costs in the SR industry, the a?ailability and costs of
SRS seem unfavourable. Under these conditions, the NR

producers must plan now to increase the output of NR at

a faster rate than at present in the 1980's. Even in the
short term, unless NR prices are brought down by increased
production, the high price of NR will act as a stimulus to
establish new IR production facilities and other sterco-

rubbers such as TPP. The NR industry must also be |

fabricator especially with a strong trend towards liquid
rubbers, powdered rubbers and thermoplastic rubbers in the
future. j
The development of the rubber industry in Sri _,;_‘,J ﬁ@
Lanka is given low priority due to the lack of foreign
exchange. This may be a short-sighted policy of the
Government of Sri Lanka since, the rubber industry may
become a very important source of foreign exchange in the'
long term: Firstly, because NR will occcupy a more

important position among the general purpose rubbers and
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the prices will be generally high.

Sccondly,

dustry will be declining due 1o over

However, with the limited funds available for

of the rubber industry, the industry

in Sri La

because
supply.
development

nka must

concentrate on projects that are likely to increase the

export revenue in the short term.

These <hou

1d include

the upgrading of the gquality of existing grades and

increasing the output of premium grade rubbers such as

latex crepes

, latex concentrate ctc.

which can be

produced using existing equipment or simple inexpensive

equipment.

In the medium term it would be necessary

to produce consumer oriented forms of NR such as new

rocess rubbers, viscosity stabilised rubbers, super
b J E

j

or

processing rubbers, graft copolymers of NR etc. The

techrology of producing these rubbers are alre

established and the demand for these rubbers is promising

ady well

A long term approach towards producing powdéered rubber,

liquid rubber and thermoplastic rubber from NR is essential

Yo meet the changing demands.

it is desireble for the industry in Sri Lanka to concentrate

on speciality grades of NR rather than produce conventional

smoked sheets.
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i
affect the competitive position of Sri Lanka rubbers and .
further investigations are necessary to overcome these |
defects. .
|
i
; |
i
:
I
é
i
i
i
i
{
i
;
.
|
- 160 -




REFERENCES .

Allen, G.C. 'The Structure of Indusirv in Britain'

Longman (1970).

Drucker, P. 'The Practice of Manacgement.'

Reubensaal, C.F. Changing Markets and Manufacturing
Patterns in the Synthetic Rubber Industry.

I.I.s .R.P, Conf., Munich (1972).

Savage, C.I. and Small, J.R. 'Introduction to

Managerial Economics.' Hutchinson University

Library (1970).

Mason, E.S. The Current Status of Monopoly Problem

in the United States. Harvard Law Review, LX11

p. 1265 (1972)

Allen, P.W. 'Natural Rubber and the Svnthetics.'

Crosby Lockwood, p. 76 (1972).

Bateman, L.C, Natural Rubber - a Changing Industry

in a Changing Commonwealth. Address to the Roval

Commonwealth Socictv (1968).

Seikkhar, B.C. Closing Address. Planters' Conf.

Kuala Lumpur (1971).

- 161 -

L
}
i




10.

11.

12,

13,

14,

15.

L6,

Polybag Collection Trial in Bahan Estate

Southorn, W.A, Physiology of Latex Flow.

J. Rubb, Res. Tnst. Malavsia, 21

, pP. 283 (1969)

Anon. New Vay o Hypo Natural Rubber Yicl

Chem. Week. Aug. 5th (1970).

Southorn, W.A., Latex Collection in Disposable Bags

and the use of fxpanded Plastics Rainguards.

Planters' Bull. R.R.I.M. 104, p. 156 (1969).

Collier, H.M. and Morgan F.A.

e

Planters' Bull. R.R.I.M., 104, »; 173 (1969).

'International Standards of Quality, and Packing

of Natural Rubber Grades!'. International Rubber

Quality and Packing Conf. Brussels (1969).

Bateman, L.C, The Coépetitive Prospects of NR

Over the Next Ten Years. I.R.S.G. Svmposium,

Washington (1962),

Graham, D.J. and Morris, J.E., New Process and

the SMR Scheme. Planters' Buil. R.R.I.M., 99,

p. 200 (1968).

Smith, M.G. Recent Aspects of Block Natural
Rubber Production by Mechanical Methods. J. Rubb.

Res. Inst, Malavsia, 22 (1), p. 78 (1969).

!
o]
)

7

TR ST YT




17.

18.

19.

20.

21,

22,

23,

24,

o
A

Morris, J.E. Heveacrumb Process.

J. Rubb. Res. Inst. Malavsia, 22 (1), p. 39 (1969)

Bateman, L.C., . The Significance and Prospects of

"New Process" Natural Rubber. I.R.S.G. Svmposium,

Sao Paulo (1967).

Bayne, J. and de Jong, P. Current Trends in

Processing of Natural Rubber. Rubb. Bd. Bull

10 (3/4), p. 154 (1969).

Watson, A.A, SMR Specifications Revision - 1970,

NR Tech: " -, Rubb. Dev., part 4 (1970).

Bauer, P.T. 'The Rubber Industrv' Harvard University

Press (1948).

Barlow, C. and Kheong, C.C. Towards an Optimum
Size of Holding. J. Rubb. Res. Inst. Malavsia,

21 (3) (1969).

Nadarajah, M, Private Communication.

Campbell, H.A. The Competitive Prospects of NR

Over the Next Ten Years. I.R.S.G. Svmposiun,

Washington (1962).

Barnard, D, et al. Rubler, Natural,

Enevelopaedia of Polywmer Scisnce, Vel. 12 o,

(1270).

- 163 -

R



27.

28,

29.

30.

31.

32,

33.

e
RN

Allen, P.VW, Natural Rubber and the Svnthetics.

Crosby Lockwood, p. 120 (1972).

Ng Choong Sooi. Profitability of Investments in

Replanting and New Planting. R.R.JT.M. Planters'

Conf., p. 1 (1972}.

Rowzee, E.R. Synthetic Rubber Growth Problems.

Rubb. and Plast, Age, 48, p. 586 (1967).

Reubensaal, C.F. World Synthetic Rubber.

Rubb. J. 152 (9), p. 34 (1970).

Anon. 'Not From Trees Alone' British Association

of Synthetic Rubber Manufacturers, p. 18.

Duck, BE.W. and Ridgewell, B.J. Synthetic Rubbers

Part II, Chemy. Ind. March 1, p. 254 (1969).

’

Bergeron, J.L. Raw Materials For the Synthetic

Rubber Industry. 9th Meceting of the I.I.S.R.P.

Cannes, (1968).

Bain, J.S. 'Barriers to New Compneiition' Harvard

University Press (19356).

Lamberson, R. The Bconomics of Establishing

Synthetic Rubber Facteries in Developing Countrics.

IN1DO Conf., Baku (1969)

!
)__1
N

!

(AN T T it e



36.

37.

38.

39.

40,

41.

Gowers, A.C. and Ridgewell, B.J. Butadiene Demand

and Supply in Western Europe. 63th A.J.Ch.E

National Meeting, Houston (1971).

Fowler, R. and Barker D. Isoprene Monomer

Production., "Advances in Monomer Production"

Symposium. Southampton College of Technology (1971).

Stobaugh, R.B. Butadien.Int. Hvdrocarbon Processing,

46 (6), p. 149 (1967).

Stobaugh, R.B. Isoprene. Int. Hvdrocarbon

Processing, 46 (7), p. 149 (1967).

Duck, E.VW. The Economic and Technical Prospects

for Synthetic Polyisoprene. Rubb. J., 155 (3),

b

p. 32 (1973).

Lamberson, R. Quoted in Eur. Chem. News, July 6

b

p. 8 (1973).

Silsby, R.I. and Ockerbloom, N.E. Can COlefins Meet

70's Needs? Int. Hvdrocarbon Processing 33 (3)

p. 83 (1972).

Allen, P.W. Rubber in 1970. Rubb. J. 146 (8).

p. 28 (1964).

- 165 -~

toF TN 2o s e




43.

44,

45.

46,

47, -

483.

()
(@]

Bekema, N.P, Consumer Appraisals of Natural
Rubber. J. Rubb, Res, Inst. Malavsia, 22 (1)

p. 1 (1969').

Cuneen, J.I. et al. Cis-Trans Isomerisation of

Polyisoprene. Trans. I.R.T., 34, p. 268 (19583).

Cuneen, J.I. and Shipley, F.W.

Cis~Trans Isomerisation of Polyisoprene

J. Polym. Seci., 36, p. 77 (1959).
Cuneen, J.I., Swift, P.McL. and Watson, W.F.
Cis-Trans Isomerisation of Polyisoprene,

Trans. I.R.I., 36, p.17 (1960).

Anon., Viscosity Stabilised Standard Malaysian

Rubbers. SMR Bull. No. 8.

Sekhar, B.C. Inhibition of Storage Hardening in

Natural Rubber. Nat. Rubb. Res. Conf.; Kuala

Lumpur (1960).

Naedarajah, M. and Narangoda, H, Easy Processing

Natural Rubber. J.I.R.T., 7 (3), p. 117 (1973).

Baker, C.S.L. et al. Urethane Cross-Linking of

Natural Rubber. Int. Rubb. Conf., Rrigchton (1972).

L LT e e et e




52.

53.

U
(S}

57.

Ut
0s]

Bateman, L.C. Recent Developments Bearing on NR's

Positi.n as g Tyre Rubber. 2nd Asse~blv of the

I.R.S.G.

Morris, J.E. and Nielson, P.S. Properties of Low

Grade Rubbers (Estate Brown Crepe). Nat. Rubb,

VRes. Conf., Kuala Lumpur (1960).

Heal, C.J.A,. A Consumer's View of SMR, J.I.R.T,

)

7 (3), p. 108, (1973).

Van Amerongen, G.J. and de Decker,  H.C.J. 0il

Extension of Natural Rubber. 3rd Rubb. Tech. Conf.

Cambridge (1954).

Sekhar, B.C, Malaysian NR - New Presentation Methods.

R.R.I.M, Kuala Lumpur (1967).

Anon. OENR in Tyre Treads. XNR Tech. Info. No. 929,

N.R.P.R.A. (1966).

Anon. OENR.in VWinter Tyres. -NR Tech.- Info.

No. 101, N.R,P.R.A, (1968).

Shipley, F.V. Preliminary Study of 0il-Extended
CaTbon Black Masterbatches from NR latox,

JLR.I,, 1

, P. 149 (1967).

!
}_..d
(@)
~1
!

4iLe At s i



60.

61.

62.

63.

64,

65 .

66.

67.

Allen, P.W. et al. Analysis of Primary Processing
Costs: Influence of Viscosity-Stabilised SMR.

J.I.R.I., 5, p. 26 (1971)

Bristow, G.M. et al. Comparative Properties of
Natural Rubber ard Synthetic Cis-poly-isoprenec.

J.Rubb. Res. Inst., Malavsia., 22 (2) (1969).

Hamed; P. and Valkexr, L.A, Comparative Properties

of NR and Cis-1,4 polyisoprene. Rubb. World, 16 (4),

p. 51 (1971).

Krol, L.H. Developments in General Purpose Polymers.

I.R.I. Jubilee Conf., Leamington Spa (1971).

Krol, L.H. Solution Elastomers Step Ahecad. i

Rubb, J. 150 (12), p. 20 (1968).

Collingwood, J.A. Synthetic Rubber in Europe.

Rubb. J, 152 (9), p. 60 (1970).

Sato, T. Alfin Blends Improve Tyre Treads.

Rubb. World, 162 (4), p. 95 (1970). e

Duck, E.W., and Locke, J.M. Synthetic Rubber,

Part I1Y. Chemv. Ind., March 3, p. 236 (1969).

N.R.P.R.A. Annuel Revort, 31 p. 26 (1970)

(@)
oo
|

T psarres



68, Furukava, J, et al.

—

Liquid Rubbers in 'Polvmer |

Chemistry of Svathetic Elastomers' Ld. Reanedy, J.P.
~Aemistry of Svathe 3

and Torngvist, E. Interscience (1968).

69. Anon. Technology Revolution in '70s to Fill Rubbers
Pot of Gold. Rubb. World., 161 (5), p. 54 (1970).

70, Daniel, T.J, et al. Liguid Rubbers for Reinforced
Rubber Products. A Technical and Economic

Assessment, RAPRA .

T1. Alliger,'G, et al., Firestone's Cordless Tyre.

Rubb. World, 164 (3), p. 51 (1971).

72. Engel, F.E. Trends in SR Development, Rubb, Age.,
105 (3), p. 25 (1973).

73. Vardle, H.A. and Sercombe, M,G, Economic ;

Advanteges of Powder Rubber Mixing. Polvr,

I
Q
0]

.4 (54) p. 62 (1973).

T4. Bagley, E.B. and Dennenberg, R.J. Starch

Filled Elastomers. Rubb. Age., 105 (6) p. 41 (1973). i

;!
g
- ) . 3
5. Mullins, L. Developments in NR. I.R.IT. Jubilee Conf gq
i
Leamington Spa. (1971). 1
{
i
&t
76, Dreyfus, B. and Toullec, L. Raw Materini Requiverents |
3 ; }
for Trre Compounds in thoe 70's. PLRLT, Jubilen Dand

Leamington Spa (1671).

TS M o R




7.

78.

79.

80.

81.

82.

83.

84.

85 .

Allen, P.W, "1980 - and Beyond in the World Rubber"

N.R.P.R.A,

Mullins, L. Developments in the Industrial Use of

N.R. Polvm. J. (Singapore), 1, p. 27 (1970).

Anon. Rubber 72.

John, Keel's Annual Survey. p. 14. -

Anon. The Production of Rubber in Sri Lanka.

Rubb. Trends, 55. p. 2 (1972).

Whitelaw, E.¥. and Perera, S.F.E. Report of the
Commission of the Rubber Industry in Ceylon.

Ceylon Sessional Paper 18, p.191 (1947).

Veerabangsa, M.T. and Hansen, S. National Economic

Planning Programming Project. R.R.I.C. (1970).

Dunlops, Purchasing Division, London.

Private Communication.

Satchuthananthavale, . et al.
Possibilities of Biological Coagulation in Raw

Rubber Manufacture. R.R.I.C. (1971).

Nadarajah, M. et al. Papain as a Coagulant for

Notural Rubber Latex R.R.I.C. Preprint (1973).




86,

37.

- 88.

89.

90.

91.

93,

91,

Anon. N.R.P.R.A. Annual Reports (1972.

Anon. Natural Latex in the U.S. and U.K.

Rubb. Trends, March 1971.

Nadarajah, M. and Balasingham, X.

a Central Factory for Latex in Sri Lanka. R.R.I.C,,

Preprint (1973).

Morris J.E. Sole Crepe.

Planters' Bull., 74, p. 155 (1964).

Proposals for

Anon. Defects in Sheet Rubber - Discolouration.

Planters' Bull., 63, p. 163 (1962).

Morris, J.E. and Sekhar, B.C.

>

Recent Developments in the Production and Processing

of Natural Rubber in Malaysia. Int.

Washington (1959).

Gregg, E.C. and Macey, J.H. "The Protein !

Rubb. Chem. and Tech., 46 (1) (1973)

Ong Chong Oon. Production of SMR EQ.

R.R.I.M. Planters' Conf. (1972).

Rubb. Conf.,

Movris, J.E. The Effect of Tapping Svst

1

Rubber Properties. Planters' Bull,

p. 249 (19635),

R.

-




95.

97.

98,

99.

100,

101.

102.

103,

104,

Nadarajah, M. et al. Some Suggested Improvements

in the Grading of Pale Crepe. Indian Rubb.

Manufacturers' Assn, Tech. Seminar, Bombay (1971).

Picket, W. Polymer Development in the 1970's.,

Rubb. Age., 103 (6) p. 69 (1971).

Byrne, P.S. and Schwarz H.F. Powdered Rubbers.

Rubb, Age, 105 (7), p. 43 (1973).

Cuneen, J.I. et al. New Methods of Cross Linking

Natural Rubber. J. App. Polvm. Sci., 3 (7), p.11,

(1960).

Smith, G.E.P. U.S. Patent 2,626,932 (1949).

Allen, P.W. Graft Polymers from Natural Rubber in

'"The Chemistrv and Physics of Rubber-Like Substances'

kd . Batéman, L.C. p. 97. Maclaren and Sons Ltd. (1963)

NE Tech. Info. Sheet No., 9, N.R.P.R.A.

Fisher, H.L. Ind. Eng. Chem. 19 p. 1325 (1927).

Naunton, W.J.S. 'The Avplied Science of Rubber!

Edwvard Arnold, p. 90 (1961).

Nt. Tcch. Info. Sheet No. 8, N.R.P.R.A.



105,

107.

103.

110,

111.

MR Tech. Info. Sheet No., 17, N.R.P.R.A.
NR Tech. Info. Sheet No. 23, N.R.P.R.A.

NR Tech. Info. Sheet No. 5, N.R.P.R.AL

I.C.. Farbenind. British Patent 390,097 (1937).

Van Amerongen, G.J. Chlorinated Rubber irom Latex.

Ind. Eng. Chem., 43, p. 2535 (1951).

Stern, H.J. 'Rubber, Natural and Svnthetic!,

Maclaren and Sons Ltd., p. 52 (1963).

Hohne, H. and Nordt, H. Some Recent Findings on
Chlorinated Polymers. Plast. Paint Rubb., 14 (7)

p. 70 (1970).

- 173 -




IMPLICATIONS FOR THE RUBRBER RESEARCH INSTITUTE

(SRI LANKA)

Natural Rubber Output

The short term styrene shortage for SBR and the long term
gffect of the dwindling raw materials situation and rapidly
rising costs in the SR industry will favour NR in the future. The
NR industry in Sri Lanka must exploit this situation to achieve
the full benefits, The plantation industry must therefore plan
immediétely to take the necessary action o increase rubber
production in Sri Lanka systematically and at a faster rate than

at present. A three way approach is suggested for this purpose:

(i) Immediate increase of the rubber cutput by the
extensive use of yield stimulants., Particularly, on trees
which have past the peak yield or on trees which are con-
sidered uneconomic and are about to be cut down for
replanting.

(ii) Faster rate of replanting uneconomic plantations with
high yielding clbnes; maintaining the clones suitable for
pale crepe and wherever possible to replant with high
yielding clones suitable for latex concentrate.

_@ii) Investigate the possibilities of opening new plantations
where land which is Su.itable_ only fo;ﬁ rubber plantations
is available. .
A thorough investigation of the use of yield stimulants

on the local clones is urgent since, yield stimulation has the



)

poténtial of increasing the rubber cutput in the short term and
also gives a certain amount of flexibility as regards to the supply
of NR from Sri Lanka, Although the long term effects of yield
stimulénts on the tree are not yet known, an economic assess-—
ment of the use of yield stimulants is necessary. One likely
effect of yield stimulants is to shorten the economic life of the
tree. The e€conemic study must assess the break even point
where the decrease in the life of the tree is likely to be offset
by increased output in this time.,
Latex

Sri Lanka, as a\small producer of NR must concentrate
on pr‘émium grades or specialily gradeswhich are likely to
increase the export revenue. One such br*emium grade is. latex
concentrate. The demand for total latex is increasing at about
10~-11% per year. The present styrene shortage for SBR latex
has already increased the demand for NR latex. The price of
NR latex and the profit margins will remain very favourable to
the producers. There is a need to incr-eaée the latex concentr‘ate“
production in Sri Lanka immediately. The initial increase in
the production of latex could be around 2,000-5, 000 tons annually,
The economics of producing Iatéx based goods in Sri Lanka
~ for export seem favourable since, tr‘ahspor‘tation and storage of

NR latex (containing large quantities of water) is expensive.

Pale Crepe
Pale cre, 2 in the future will compete with its substitutes

mainly on price. In the short term EPDM and low cis~polyisoprene




()
are likely to remain price Competitive in thoe very small area
of applications while nigh Cis-polyisoprene is likely to continue
to be more expensive, However, in the long term all synthetic
substitutes will become more expensive, Therefore, the light
coloured grades of SMR will continue to remain competitive
with pale crepe in several "lessspecialised" areas of applications
(Chapt. 6. Section 3). It is therefore necessary to bring down
the price of pale crepe immediately by increasing the output,
The short term styrene shortage for high styrene SRR and PVvC
for soling material will favour the demand for sole crepe and
thus it should be possible to increase the sole crepe producticn
immediately without seriously affecting the output of pale Crepe,
Pale crepe production in Sri Lanka could be increased at the
rate of about 2,000-3, 000 tons per year to about 50,000 tons
initially.

Large fluctuations in price of crepe is one of its big
disadvantages, The present system of Marketing and the imbalance
in supply and demand are responsible for such price fluctuations.
An alternative system of marketing the crepes must be investigated.,
A possible systém is to organise all crepe rubber producers in
Sri Lanka into a single organisation with Government participation.
This céhtr‘al agency would be responsible for coordinating pro-
ducfcion and m_aff???_ti’“g (Chapter 6. Section 6).

Although production of crepe to suit the end use requirements
is desirable, it is not too urgent (Chapter 6, section 5). However,
the improvement of the form of presentation and some form of
technical specifications for pale crepe are quite important

(Chapter 6., Section 4).




General Purpose Rubbeprs

Wherever new process rubber production facilities are
available, these should be used first, to up grade the low grade
smoked sheets (RSS4 and lower grades) and scrap crepe.
(Chapter 5. sections 5 and 6). Secondly, where latex is likely
to be used as the feedstock for new process rubbers it is desirable
to produce consumer oriented premium grade block rubbers.
The most profitable of these rubbers is the CV rubber. The
viability of producing CV rubber, tyre rubber and oil/black
masterbatches must be explored. It is also desirable to produce
tyre rubber and oil/black masterbatches on a pilot plant scale
and the economic and technological viability of producing these
rubbers investigated in collaboration with the Tyre Corporation,
since these rubbers are likely to become commercially popular
soon,

Due to the fragmented nature of rubber holdings and the
presence of a large number of small holdings in Sri Lanka,
smoked sheet production is likely to continue for several years,
It is therefore desirable to improve the packing and presentation
of smoked sheet and to provide some form of technical specifica~-
tions for RSS. (Chapter 5. Section 6).

Chemically Modified Rubbers

Among the chemically modified forms of rubber, materials
with minor chemical modifications are more promising than
complex modifications., However, cyclized rubber is an exception,

There will be a shortage of high styrene resin rubber for soling
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and other uses, Therefore, cyciized rubbalr has good chance
o7 commenrcial success i.rﬂrmedia‘u:ly. Unless a breakthrough
in the production of a technically acceptable product from latex
is achieved within the next few months, commercial production
of this material by well established methods must be investigated.

A limited dem'and for some chemically modified forms
of NR latex exist. It is desirable to produce some of these
materials on a small scale within the next 2 or 3 years, These
incilude prevulcanised latex and superior processing pale crepe
from the prevulcanised latex, Heveaplus MG latex and
Heveaplus MG dry rubber and a low protein GV type of rubber.
It is important to set up a pilot plant to produce Heveaplus MG
latex as early as possible since, the same process methods and
technology for graft copolymerising other monomers and grafting
various pendant groups will be similar. Grafting of other monomers
and varioué pendant groups will become increasingly important,
(Chapter 7, sections 3.1 and 3.2).

L.ong term research in the graft copolymerisation of other
monomers and attaching pendant groups such as antioxidants and
cross linking agents in the latex stage is necessary.

Technical Service

Since only a limited amount of applied research in the use

of pale crepe is carried out by the Malaysian Producers, possibilities

.

of establishing some technical service and further applied researcnhn

in collaboration with the Malaysian Producers must be investigated.

If Sri Lanka establishes large scale latex concentration facilities
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for export, a limited amount of development work in the use of
latex in Sri Lanka must be carried out. Although latex con-
centrate may be considered too expensive at present for soil
stabilisation for agricultural purposeé, prevention of soil
erosion, latex/bitumen road surfacing, paper coating, etc. in
Sri Lanka; it is likely that there would be periods of low dermand
and outiets must be found for the surplias latex. Thus, there is
a need to fully investigate the use of iatex in these areas.

Complex Modifications

Even in the long term, the economics of complex

modifications of NR seem doubtful. A long term approach

- towards producing a powdered rubber and thermoplastic rubber

from field latex can be investigated, It is not desirable to produce
chlorinated rubber or rubber hydrochloride in Sri Lanka.

Government Control Regulations

Currency and exchange regulations, uncertainty of
supplies resulting from bilateral trade agreements, poor
packaging and shipping arrangements are some of the factors
that have placed the NR produced in Sri Lanka at a disadvantage
over NR produced in other countries. The stringent currency
regulations and the "red-tape'’ associated with it makes it almost
impossible for a dealer or consumer to get any refunds for any
substandard deliveries., Large scale buying by the Eastern
European countries under bilateral agreements in the recent years
hawe made the supplies uncertain, particularly in the case of pale

crepe. Poor packaging and shipping arrangements have in the past
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resulted in the consignments of rubber picking up dirt, tea dust
etc and has also resulted in long delays. The port of Singapere
and some ports in Malaysia have container handling facilities

to reduce cost of freighting and reduce the long delays. Such
container handling facilities are not available in any of the ports
of Sri Lanka. There is an increasing tendency to change over
to centainerised shipping of cargo. Alil these problems have to
be carefully studied and necessary steps should be taken to

improve the competitive position of Sri Lanka rubbers.,
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