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Abstract

The origin of the Hevea braziliensis tree was the Amazonian region in South America, particularly the
Brazilian jungle. The rubber expansion at the end of 19th century brought prosperity and determined
the borders of Amazonian countries. In spite of that, the Brazilian government has failed in
establishing a successful policy for improving the NR production in the jungle. However, rubber
plantations were successfully introduced recently near marginal areas of the humid forest in the
Amazon due to the absence of the fungus Microcyclos ulei. Both, extraction of wild rubber and
plantation have a key role in the maintenance of the forest health.

The market for dipping products is small but is growing very fast and is expected to follow this pattern
as the sanitary conditions are improved by the health authority. The history of the Brazilian NR
products industry is contemporary and is based on the policy of market protection and on the lack of
investments due to extremely high interest rates. As a result, the industry was not competitive.

It was concluded that, in order to cope with the future challenge, the industry is required to invest in
very modern technologies to produce first class goods with international acceptance. Latin America
would follow the world trend for nitrosamine and protein free products. The radiation vulcanization of
natural rubber latex could prove itself as a profitable solution and not only a quality solution. It was
also concluded that both wild rubber and rubber plantations in Brazil have their future coupled with
the future of a regional dipping industry. Moreover, the buildup of the dipping industry will be
beneficial to the protection of the humid forest and the recovery of degraded areas.

INTRODUCTION

The Brazilian NR (natural rubber) production was the biggest in the world from 1850 to 1910.
Nowadays, it is considered obsolete or it is completely unknown. This paper reviews the past and
present of NR industry in Brazil. It encompasses all NR industry, i.e., the native extraction, plantation,
solid rubber industry and in particular the dipping industry. The assessment of the future of the NR
industry is the first objective of this work. It also demonstrates that the Brazilian industries of dipping
products could overturn the trend of decline by applying the RVNRL (radiation vulcanization of natural
rubber latex) process. The final objective is to prove that NR industry could promote the care of the
forest and the recovery of degraded areas in the margins of the jungle.

PAST AND PRESENT OF NATURAL RUBBER IN BRAZIL

Natural Rubber Extraction

The Hevea brasiliensis was native to the America tropical region, particularly the Amazon basin,
where it is still found in the greatest natural concentration. The NRL (natural rubber latex) was known
from the pre-Colombian age for the production of kettles, clothes and footwear by the natives. During
the Colonial period, wild rubber had no importance for the economy, however it was explored together
with other natural products (nuts, fruits, fibers, etc) and they were the base of survival for the settlers in
the Amazon.
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After the invention of the vulcanization process by Goodyear in 1842 and with the expansion of many
kinds of industries, the NR industry started to be of utmost importance for the industrialized world. As
consequence, in 1860, the first intense exploration cycle started in the east Amazon region (Para state).
This boom was soon transferred to the inner Amazon jungle and at the beginning of the 20th century,
the central Amazon and west region, near Bolivia, were the source of NR. On that occasion, a border
conflict took place with Bolivia, which was soon solved with the cession of Acre territory to Brazil.

In 1874, while the Amazon region was experiencing the economic boom of NR, based on the extraction
procedure, Henry Alexander Wickman took 70,000 seeds of Hevea brasiliensis from the Amazon to
Kew Garden (Nadler 1976). Only 2,397 germinated, but enough to set up large plantations in Southeast
Asia.

Table 1 shows the increasing share of the oriental rubber in the international market (Mendes 1910;
Nadler 1976). The tremendous expansion of the Asian plantations was followed by the contraction of
NR extraction in South America. Before the World War II, the South American production was already
less than 3% of the total.

Table 1: Evolution of the market share of NR

Year Asia South America
(1,000 kg)

1905
1910
1914
1937

145
8,500
71,400

1,000,000

34,000
41,000
49,000
27,200

Natural Rubber Plantation

Many attempts were made to transform Brazil into a big producer of NR again. The first official
program started in 1906 and was improved in 1912 by offering a global solution for education, research
and transportation. The American company, Ford, began setting up big plantations in the Amazon
region in 1927. This project, Fordlandia, was ended due to uncontrolled problems with SALB (South
American Leaf Blight) plague caused by the fungus Microcyclos ulei. More recently the Brazilian
government introduced the PROBOR (Program for the Encouragement of Natural Rubber Production).
This program was conducted in three phases and was based on very low interest rates. Approximately
200,000 hectares were contracted, but only about 120,000 succeeded. Basically, it failed for the same
reason, i.e., the control of SALB was not achieved. Recently, however, private companies were quite
successful in establishing 85,000 hectares of plantations far from the Amazon (IBAMA 1991-1993).

Table 2: Production of Natural Rubber in Brazil

YEAR

1985
1987
1989
1991
1993
1994

PRODUCTION
PLANTATION

5,811
8,078
13,757
16,863
34,526
39,726

(1,000 kg)
NATIVE

34,560
18,560
16,900
12,680
5,880
5,367

Table 2 shows the catastrophic breakdown of the native production. On the other hand, the tremendous
increase in plantation production compensates completely for the losses in extraction.
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Potential for Wild Rubber Extraction

The proximity of the end of native extraction is shown dramatically in Table 2.. It is called the
"bankruptcy" of the wild rubber extraction activities. However, it is important to notice that this was not
a consequence of the destruction of the jungle, , but just lack of economic motivation. As a result, those
settlers are coming to the big cities, causing a series of social problems.

In spite of that, the extraction activity is important for the protection of the jungle. The seringueiros
(wild rubber workers) have to take care of many hectares to get their rubber, they spend all day walking
in the jungle. Sometimes they are called the soldiers of the jungle. According to the Brazilian
Association of Natural Rubber Producers (Soares 1994), the only possibilities for the partial recovery of
wild rubber extraction is a conjugation of efforts or strategy with the goals:

• assure the permanency of the population and even relocate the one that left for the cities;
• increase the productivity and production of raw materials from the forest ( wild rubber, Brazilian

nuts, fibers, specific fruits and drugs) to enhance the life standard of the producers;
• promote the sustainable uses of natural resources from the forest and halt the increase in jungle

deforestation;
• promote a new Regional Land Distribution policy to avoid large internal migration;
• do not allow any potentially dangerous project without deep discussions with the organized

associations.

Regarding NR, the main objective of a future program would be the density increase of the native
rubber trees, aiming at the improvement in productivity and production. Table 3 shows the projection
done by Soares for the potential of native extraction, assuming the success of the proposed strategy. Of
course, this is a very optimistic projection, but could be feasible if the government acknowledges the
value of the native extraction, considering the strategic and environmental sides.

Table 3: Full potential for the production of NR in the jungle.

1.

2.

1.

hypothesis

actual density

100% increase

200% increase.

estimated population
of hevea brasiliensis

200 millions

400 millions

600 million

possible
prod uction/tr ee

2 kg/year

2 kg/year

2 kg/year

resulting production
(1,000 kg)

400,000

800,000

1,200,000

Potential for the Plantations

The efforts for the establishment of NR plantations were done in traditional areas of native tree. They
are very humid and hot, with a quite constant distribution of rain all over the year. However, the
development of SALB is prevalent in humid areas. More than 120,000 hectares were funded by the
government in these areas, however only 25% of the trees reached the maturity and with low production
level (Pinheiro 1996).

In order to escape from the SALB, private landowner start to cultivate in subtropical areas with very
promising results. Actually, the production of NR in Brazil is located mostly in Sao Paulo state and
Mato Grosso state. There are millions of hectares in this condition ready to be used for NR plantations
(Ortolani 1982). Others started to search in marginal areas of the jungle (escape areas) where there is a
dry season of 4 to 5 months, to avoid the growth of the fungus in the epidemic form.
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The most important escape areas are the marginal areas of the Amazonian jungle. These areas were
already devastated or are still under destruction. Data from LANDSAT satellites point out that from
1978-1988 the deforestation rate was 20,400 km2/year and decrease tol 1,100 km2/year in 1991. The
reduction was mainly due to the economical recession. Nevertheless, the deforestation is still as high as
3,000 ha/day or more than 2 ha/min. Small farmers (less than 100 ha) were responsible for the
destruction of about 30% of the forest, the rest was destroyed by medium to big farmers (Fearnside
1995). The successful establishment of rubber plantations in the area is already proved by the
establishment of very large NR plantations. In such way, NR plantation could help to stop the
destruction and recover degraded areas used for livestock (Pinheiro 1995).

Solid Rubber Industry

Since the establishment of the Brazilian automobile industry in the 50's, the country started to import
NR. Many attempts were made, as already seen, to cope at least with the internal consumption. Figure 1
shows the trends of the NR consumption and its production based on the new plantations. Both are
increasing, however the consumption is increasing even faster as a result of the automobile industry
boom in Brazil. The production is expected to at least double in the next 5 years from the current 1.5
million to 3 or 4 million. The growing consumption is a trend all over the world, contributing even
more to the present increase in interest for the rubber tree in Brazil.
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FIGURE 1. Production and Consumption of NR from 1985 to 1994

Dipping Industry

Brazil is producing about 4000 t of concentrated latex on a dry basis, however the installed capacity is
at least 5 times higher (Maia 1996). The NRL producers are shifting to solid rubber as the dipping
industry is undergoing a very deep crisis. The crisis is a result of the change in the market policy, from
total protection to open market.

The protection occurred on both sides. On the raw material side, the industry had to buy a percentage of
Brazilian NR in order to be allowed to buy imported NR with better price and quality. This was a
protection for NR producers but, of course, is prejudicial to the industry of goods. On the other hand,
the market protection was very effective, as the tax for importing foreign products was sometimes
higher than 100% when similar ones were produced in Brazil. Not only the market protection was
weakening all the industries in Brazil, but also the extremely high inflation and interest ratis during the
last 30 years. It was not worth investing in production and the factories became obsolete.
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The dipping industry in all South America is composed mostly of small and medium size industries and
they could not compete with foreign products. Most of them went bankrupt or stopped the production of
gloves, condoms and balloons and started to sell imported products using their trade name. However,
some medium size industries are still producing in all South America, but, as the market is increasing
faster than their investment capacity, they are also importing and selling using their trade name.

R&D Capabilities in RVNRL

The research on radiation chemistry of polymers started in Brazil at the end of the 70's with Dr. H.
Kadoi, researcher from Tokyo University, under a JICA cooperation program. The main subject was the
development of tetrafluoroethylene Polymerization induced by radiation. Others development subjects
were wire and cable crosslinking, heat-shrinkable tubing, PE foam, curing of coatings, polymerization
of styrene in wood base, Perfluoropolyether production by UV irradiation and others related subjects.
From 1990 to 95, some preliminary works based on Makuuchi's papers were performed. Presently,
some original work on RVNRL was started under Makuuchfs direct advice, as a result of the Brazilian
growing interest for RVNRL.

Such advanced technologies as Radiation Processing cannot rely only on technical assistance of foreign
companies, national support is necessary in many areas of knowledge. Fortunately, radiation processing
of polymers has already been established in Latin America. Table 4 shows the present status of the most
developed countries on radiation processing. Brazil, Argentina and Ecuador already have good groups
with capacity for research, operation, dosimetry and advanced maintenance in EB and gamma. Peru,
Cuba, Chile have good capabilities, but only in gamma.

Table 4. Radiation Processing capabilities in Latin America

Country source capacity Local application

1. Brazil 3 gamma
2 1,5 MeV EB

6 low energy EB
others

0.5tol . l06Ci
15 and 60 kW

unknown
gamma cell

industries industrial sterilization
IPEN plastics crosslinking

industries shrink-packing
IPEN research

2. Argentina
Co-60

producer
3. Ecuador

4. Chile
5. Peru
6. Cuba
7. Mexico

2 gamma
2 low energy EB

1 gamma
18MeVEB
I gamma
1 gamma
1 gamma
2 gamma
1 gamma

200k and 500 kCi
unknown

19kCi
5kW

40 k - 200 kCi
200 kCi
100 kCi

40 k and 60 kCi
800 kCi

government
industry
Institute

university

Institute
Institute
Institute
Institute

sterilization R&D
shrink-packing

fruit fly
R&D, services

R&D, services
R&D, services

tissue bank and food
food and sterilization

FUTURE OF NR INDUSTRY AND CONCLUSIONS

The previous items reviewed the NR industry from extraction to dipping. It was shown that:

• the extraction is almost disappearing;

• the plantations are increasing in the areas of escape from S ALB, but the increase is still small;
• the NR industry of solid rubber is healthy as a result of the fast growing automobile industry;
• the dipping industry has shrunk and they barely survive, but with no future so far.
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The dipping industry in all South America is composed mostly of small and medium size industries and
they could not compete with foreign products. Most of them went bankrupt or stopped the production of
gloves, condoms and balloons and started to sell imported products using their trade name. However,
some medium size industries are still producing in all South America, but, as the market is increasing
faster than their investment capacity, they are also importing and selling using their trade name.

R&D Capabilities in RVNRL

The research on radiation chemistry of polymers started in Brazil at the end of the 70's with Dr. H.
Kadoi, researcher from Tokyo University, under a JICA cooperation program. The main subject was the
development of tetrafluoroethylene Polymerization induced by radiation. Others development subjects
were wire and cable crosslinking, heat-shrinkable tubing, PE foam, curing of coatings, polymerization
of styrene in wood base, Perfluoropolyether production by UV irradiation and others related subjects.
From 1990 to 95, some preliminary works based on Makuuchi's paper? were performed. Presently,
some original work on RVNRL was started under Makuuchi's direct advice, as a result of the Brazilian
growing interest for RVNRL.

Such advanced technologies as Radiation Processing cannot rely only on technical assistance of foreign
companies, national support is necessary in many areas of knowledge. Fortunately, radiation processing
of polymers has already been established in Latin America. Table 4 shows the present status of the most
developed countries on radiation processing. Brazil, Argentina and Fxuador already have good groups
with capacity for research, operation, dosimetry and advanced maintenance in EB and gamma. Peru,
Cuba, Chile have good capabilities, but only in gamma.

Table 4. Radiation Processing capabilities in Latin America

Country source capacity Local application

1. Brazil 3 gamma
2 1,5 MeV EB

6 low energy EB
others

0.5tol . l06Ci
15 and 60 kW

unknown
gamma cell

industries
IPEN

industries
IPEN

industrial sterilization
plastics crosslinking

shrink-packing
research

2. Argentina
Co-60

producer
3. Ecuador

4. Chile
5. Peru
6. Cuba
7. Mexico

2 gamma
2 low energy EB

1 gamma
18MeVEB
1 gamma
1 gamma
1 gamma
2 gamma
1 gamma

200k and 500 kCi
unknown

19kCi
5kW

40 k - 200 kCi
200 kCi
100 kCi

40 k and 60 kCi
800 kCi

government
industry
Institute

university

Institute
Institute
Institute
Institute

sterilization R&D
shrink-packing

fruit fly
R&D, services

R&D, services
R&D, services

tissue bank and food
food and sterilization

FUTURE OF NR INDUSTRY AND CONCLUSIONS

The previous items reviewed the NR industry from extraction to dipping. It was shown that:

• the extraction is almost disappearing;

• the plantations are increasing in the areas of escape from SALB, but the increase is still small;
• the NR industry of solid rubber is healthy as a result of the fast growing automobile industry;
• the dipping industry has shrunk and they barely survive, but with no future so far.
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All these conditions constitute themselves a fertile ground for RVNRL. The dipping industry although
not comparable to the solid rubber industry, is becoming more important every day, as gloves and
condoms play an important role in sanitation and human welfare. Moreover, the dipping industry can
play a key role in the Brazilian environmental dilemma, i.e., the forest should be maintained healthy
and protected from devastating projects and at the same time needs of the inhabitants should be
considered. The NR industry can help to solve the dilemma if certain conditions are met:

1. The rubber plantation in the escape areas is proved to be resistant to SALB and economically
feasible without any government help. The plantations are very demanding in labor and this work
force is not seasonable.

2. Presently, the wild rubber extraction is not economically feasible by itself in most places. However,
the government can organize the production system and in some way reward for the environmental
service.

3. Close to the end of the 20th, century the raw material production without any kind of
industrialization process is not conceivable. The dipping industry has flexible scale and can be
regional, so it can be established near wild rubber extraction centers or rubber plantations.
Moreover, the consumption of the dipping products is increasing exponentially all over the world.

However, the only route to reverse the shrinking process of the Brazilian dipping industry and even to
become competitive in international markets is to invest in new technologies that will cope with the
future requirements for the goods, i.e., safe for the environment and human health. RVNRL has such
qualities, products can be made very pure, in a clean environment (Makuuchi and Markovicl991).

The RVNRL can clearly contribute to the success of the dipping industry in the Amazon and it can
produce a chain reaction effect for the environment protection; first by promoting the wild rubber
extraction with government support; second by stimulating the investments in plantations in degraded
areas of the jungle, third by offering a better option than extraction of wood for exportation.
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QUESTIONS & ANSWERS, and COMMENTS

Session I Part I :

Ql Ong Eng Long

Al Chyagrit Siri-Upathum

Q2 Ong Eng Long

A2 Alumanda Dela Rosa

What are the ageing properties of RVNRL prepared using tBHP as a
co-sensitiser?

The ageing properties were not tested.

How does the irradiation dose used for the preparation of RVNRL
affect the thermal degradation of RVNRL films?

The rate of thermal degradation of films prepared from latex
irradiated at doses greater than 15 kGy tended to be higher than
films prepared from latex irradiated at doses of less than 15 kGy.
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QUESTIONS & ANSWERS, and COMMENTS

Session I Part 2 :

Ql Willfried Bez What are the types and levels of preservatives used in the NR latex?

Al Wan Manshol The latex does not contain TMTD-ZnO as preservatives.

Q2 Marga Utama What is the type of sensitiser and the level used in the preparation of
RVNRL, and how long is the standing time before irradiation?

A2 Wan Manshol The sensitiser used is n-butyl acrylate at 5 pphr, and the latex is

left to stand for 6 hours prior to irradiation.

Q3 Feroza Akhtar What stage of latex processing is used to mark the age of the latex?

A3 Wan Manshol The age of the latex is taken from the time when the field latex is
collected.

Q4 Makuuchi What are the changes taking place during the six-month storage of

NR latex concentrate?

A4 Wan Manshol There is an increase in the mechanical stability time of the latex.

Thomas During storage of latex, the phospholipids break down to form
fatty acids.

Makuuchi The tensile strength of RVNRL films prepared and tested at
TRCRE Japan tended to be greater than 30 Mpa while those in
the latex producing countries tended to be less than 30 Mpa. This
observation may well be related to the effects of latex maturity.

Wan Manshol The optimum maturation period of latex is about 3 weeks, and if
it is longer than this, it will require a relatively higher irradiation
dose for maximum tensile strength.


