
Paper presented at the 2017 Special Materials Lecture organized by Materials Science and Technology Society of Nigeria (MSN) in conjunction with Raw 

Materials Research and Development Council (RMRDC) and Pan African Materials Institute (PAMI) on Thursday, 6th July, 2017. 

1 

 

POTENTIALS OF NATURAL RUBBER RESOURCES IN NIGERIA 
 

by 

Dr. A. I. Aigbodion 
Ag. Executive Director 

Rubber Research Institute of Nigeria, Benin City. 
aigbodionai@yahoo.com and aireguamen@gmail.com 

 

SUMMARY 

Rubber is a term applied to a wide variety of elastic substance produced from over 500 

plant species. Among them are Manicoba (ceara –Manihort glaziovi, Castilloa − 

Castilloa elastic), Fig – Ficus elastic, Mangabeira Hanlornia speciosa and Guayule –

Parthenium argentatum. The most outstanding commercial source of natural rubber is 

the plant, Hevea brasiliensis. It gives superior yield over other species of Hevea like 

Hevea camargoana pires, Hevea camporum ducke, Hevea guianensis Aubi, Hevea 

microphylla Ule, Hevea nitida Mart., etc. Although, Hevea brasiliensis is native to the 

Amazon forest, it thrives well in tropical rain forest (approximately between latitudes 6 
oS and 6 oN). Rubber plant is an economic perennial tree crop grown mainly for its latex 

which is processed into many consumer goods.   

Nigeria is now the fourth largest rubber producing country in Africa. In the 1970s, 

natural rubber (NR) used to be 3rd foreign exchange earner after cocoa and palm oil. It 

also provided employment for the rural population. The major resources of NR from 

which industrially useful raw materials and finished goods are produced are latex and 

ancillary products like rubber wood and rubber seed. NR is defined as a milky colloidal 

aqueous suspension of rubber particles (hydrocarbon). It occurs in nature as latex 

which is obtained by cutting the bark of the tree. It is a high molecular weight polymeric 

substance with viscoelastic properties. It is currently used in a wide range of products 

such as adhesives, pneumatic tyres, tubes, hoses, hand gloves, surgical gloves, health 

equipment and accessories, condoms, coatings and floor covering, vehicular CKDs and 

aeroplane parts, etc. A mature rubber wood could be used as timber and has been 

found suitable as source of furniture and other wood associated products. The oil from 

the seed is semi-drying and suitable for technical application such as binder in surface 

coating; while the cake left after oil extraction is suitable in the formulation of animal 

feeding stuff, etc. Also, NR business supports production of food crops like yam, 

cassava, plantain, maize, and pineapples, thereby contributing significantly to food 

security of the country in addition to being a major source of foreign exchange (cash 

crop). 
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1. Introduction 

Natural rubber (Hevea brasiliensis (Wild. Ex Juss.) Mull. Arg) is a low land humid 

tropics perennial plant that has been domesticated for its importance as the leading 

source of commercial rubber. Globally, the crop is naturally grown between latitudes 6 
oS and 6 oN- eco-region characterized by high annual rainfall with rainy days ranging 

between 170 and 200 days per year and optimum daily temperature of 26o – 28oC. For 

the actualization of its optimum potential, i.e, latex yield, early attainment of maturity and 

rapid diameter increment; the tree must not be planted at altitude higher than 400 – 500 

m due to low ambient temperature. Due to excessive roots, the plant requires a well-

drained deep soil for effective anchorage against wind. Compared to other tree crops, 

soil fertility (chemical) constraints is not a major limitation to rubber. Soils with pH range 

of 4.5 – 6.0 are known to be suitable for rubber tree. The gestation period of rubber is 

between 5-7 years with economic life span of 32 years, but may live up to 100 years of 

age or more (FAO, 2005).  

 

                       
 

Plate 1: Rubber plantation 

 

Natural rubber (NR) is a strategic material, as it cannot be replaced with synthetic 

rubber in some important industrial applications, due to its outstanding elasticity, 

resilience, flexibility at low temperatures, resistance to abrasion (scratch) and to impact 

and corrosion, facile adhesion to textile and steel and to its impermeability and 

insulating properties and ability to disperse heat. NR is a member of the family, 

Euphorbiaceae, being native of Amazon valley in South America, its original name of 

“caoutchouc” is still being used in some languages. Rubber found its way into Europe at 

about 1736-1743 and by 1820, Mackintosh produced the first rubber impregnated 
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fabrics after he patented the use of coal tar naphtha as solvent for national rubber. 

Mackintosh has now become a generic name for so many rainproof garments. 

 The molecular study of NR was first carried out by Faraday in 1826, who 

reported the molecular formula as C5H8. The most important milestone in the history of 

NR was however made by Charles Goodyear in 1839. He discovered that when NR is 

heated with sulphur and white lead, a material of far more superior properties than 

rubber was produced. This is vulcanization reaction. Staudinger and Fritsch found that 

un-saturation (double bonds) is necessary for sulphur vulcanization, since they were 

unable to vulcanize hydrogenated rubber.  

Rubber latex coagulates spontaneously a few hours after tapping, hence the use 

of ammonia as a preservative was discovered in 1853 and it has been in use since 

then. Ridlay in 1888, on the other hand, discovered the use of acetic acid for rubber 

latex coagulation and subsequent processing into coagulum and finally rubber sheets. 

The tyre industry is a major consumer of rubber; hence any discussion on NR cannot be 

conclusive without mentioning the development in the tyre industry. Dunlop in 1888 

developed the first commercially exploited inflated tyre.  

NR is currently used in more than 50,000 different products such as adhesives, 

tyres, surgical gloves, health equipment and accessories, condoms, coatings and floor 

covering, vehicular and aeroplane parts etc. A mature rubber wood could be used as 

timber and has been found suitable as source of furniture and other wood associated 

products. 

 

1.1 Global Production of NR 

The Para rubber tree initially grew in South America. When samples of rubber 

first arrived in England, it was observed by Joseph Priestley, in 1770, that a piece of the 

material was extremely good for rubbing off pencil marks on paper, as a result it was  

named rubber. South America remained the main source of the limited amounts of latex 

rubber that were much used in the 19th century. 

In 1876, Henry Wickham gathered thousands of Para rubber (natural rubber) tree 

seeds from Brazil to England where they were germinated in Kew Gardens. The 

seedlings were then sent to Ceylon (Sri Lanka), Indonesia, Singapore and British 

Malaya. Here the plantations were so carefully cultivated and managed and hence 

reducing the relative importance of Amazon rubber. Today, Asia is the main source of 

natural rubber, accountingfor over 90% of world production. The three largest producing 

countries are Indonesia, Malaysia and Thailand with over 70% of all natural rubber 

production (FAO, 2011). 
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Table 1:- Top ten rubber producing countries in the world 

Rank Country Production (metric 

tonnes) 

1.  Thailand  3,348,897 

2.  Indonesia  3,088,400 

3.  Malaysia  996,673 

4.  India  891,344 

5.  Vietnam  789,635 

6.  China  659,600 

7.  Philippines  547,861 

8.  Côte d’Ivoire  411,044 

9.  Nigeria  188,532 

10.  Sri Lanka  143,000 

      Source: Nisha Report August 2015 

 

 

 

 
Figure 1: Global natural rubber production (1998-2012) (Source: International Rubber 

Study Group (IRSG) 
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1.2. Production of NR in Africa 

Natural rubber production in Africa started between 1883 and 1905, while 

modern cultivation of natural rubber is over 50 years due to the effect of World War II 

which slowed down the process. Outside the Asia and Pacific regions, most natural 

rubber production occurs in Africa with Cote d’ivorie being the leading producer with 

2,542,037 tons between 2003- 2012, followed by Nigeria with total production of 

1,714,180 tons. Details of African rubber production is as shown in Table 1. 
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Table 2: African Natural Rubber Production  (tons) 2003 – 2013 

 

 

 

Source: International Rubber Study Group (IRSG) 

Country/years 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 Total 

Cote d'Ivoire: 124502 136776 170089 178257 188532 203000 209524 235048 238717 256000 289563 312029 2542037 

Nigeria 142000 142000 158600 142500 143000 110424 145000 143500 143500 143500 149052 151104 1714180 

Liberia 107000 114500 111000 93500 120.8 84800 59500 62100 63000 63000 63500 63500 885520 

Cameroon 45892 54523 58689 61736 46807 53477 52321 54864 55500 56000 55605 55765 651179 

Gabon 8407 10500 12500 15000 16000 21000 17000 20000 21000 21000 22691 23161 208259 

Ghana 9200 9300 10000 10500 11000 16550 19134 20150 20185 20200 21440 22427 190086 

Guinea 10000 9000 10000 10500 13500 13900 13600 14000 15000 15600 15389 15897 156386 

Congo, DR 3541 4967 9762 5721 11787 11326 11326 11500 11500 12000 11701 11714 116845 

PN Guinea 4100 4600 5400 5500 7200 7900 7500 9000 9500 9500 63500 63500 197200 

Congo, Rep. 1264 1502 1617 1701 1800 1850 1900 1950 2100 2100 2219 2305 22308 

Central Afr. Rep 1055 1253 1349 1419 1076 1229 1340 1405 1450 1450 1494 1509 16029 
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1.3 Production Trend of NR in Nigeria 

Natural Rubber was introduced into Nigeria in 1895. The first estate was 

established  in 1903 in Sakponba in Edo State with the second plantation established in 

1907 at Adiabo in Cross River State by the then Natural Rubber and Oil Palm Plantation 

owned by the Niger Company Limited and Eastern Trade Cooperation Limited (for-

runners of PAMOL Nigeria Limited). From that period to the 1980s, the country 

experienced a steady increase in plantation development such that more than 200, 000 

ha were developed with a production peak of 113, 479 mt. Between the late 1980s to 

2006, the hectarage droped to 142,250. Investigation by RRIN revealed that the major 

decline was from the smallholder who contributed  more than 70% of the total hectarage 

under cultivation. The potentials for rubber development in Nigeria are very high, if only 

50% of  it could be exploited, the country can earn a significant revenue of not less than  

$2.86bn from export, generate employment for over 400,000 persons and develop the 

required boost in rural development and environmental conservation (NRAN, 2013). 

Over the years, there have been some national efforts and that of private 

organizations towards the development of natural rubber in Nigeria. These include; 

National Accelerated Industrial Crops Production Programme and the Presidential 

initiative on Rubber tree crops, by the Federal Ministry of Agriculture and Rural 

Development (FMARD) through Rubber Research Institute of Nigeria (RRIN) and Raw 

Materials Research and Development Council geared towards revamping rubber 

cultivation amongst the smallholder farms. Most recently the Common Funds For 

Commodities-CFC sponsored the development of enconomically viable rubber 

smallholders rubber project aimed at diversifying the income of smallholders rubber 

farmers in Nigeria. 

Rubber (Hevea brasiliensis) is an important economic tree grown in Nigeria. It is 

found in Edo, Delta, Cross River, Akwa Ibom, Abia, Imo, Rivers, Ondo, Ogun, Bayelsa 

and presently it has been introduced marginally in Taraba, Kaduna, Anambra, Enugu, 

Ebonyi, Osun and Ekiti State. About 150,000 ha are planted with rubber, out of which 

90,000ha are owned by smallholders and 60,000ha by estate owners (NRAN,2013). A 

renewed interest in rubber production in the late 1980s and 1990s following the 

improvement in the international price of natural rubber led to a proliferation of rubber 

processing plants. However, the production capacity of these factories is below 

optimum levels because, rubber cultivation in Nigeria is faced with numerous challenges 

which have resulted in its dwindling magnificence. This could be traced to the poor 

conducive environment where macro-economic and the agricultural policies are in 

disharmony, thus, resulting in-escalating costs of production and poor funding of 

agricultural developmental activities and price distortions. Other challenges militating 

against optimum utilization of rubber in Nigeria include: 
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 Tapping of over-aged and low yielding rubber trees 

 Slow rate of adoption of new technologies for yield improvement. 

 Inadequate supply of raw materials (latex and cup lumps) to the processing 

plants 

 The withdrawal of subsidies which increased production cost and substantially 

reduced profitability leading to reduction in size of farm holdings and enterprise 

 Non accessibility of improved planting materials 

 Poor adoption of intercropping system as an alternative income generation 

during the long gestation period of rubber 

  Accessibility of land 

 Poor handling of planting materials during and after supply 

 Lack of low imput processing plants/machines for rubber sheet production etc. 

 Poor infrastructure 

 Inadequate database for policy formulation and programme planning     

 Price distortions during devaluation of currency and unstable world market price 

for rubber products 

 Inadequate technology 

 Inconsistency and instability in macro-economic policies which do not engender 

confidence in the economy and tend to discourage medium and long term 

investments 

 Rural urban migration culminating in scarcity of labour 

 Inadequate funding both in quantum and release pattern 

 Weak agricultural extension delivery service resulting in ineffective modern 

exploitation/processing technologies and poor feedback mechanism  

 Lack of involvement of all stakeholders in programme design 

 Poor monitoring and evaluation and implementation 

 Inadequate research funding 

 

 

2. NATURAL RUBBER RESOURCES AND UTILIZATION: 

Rubber plant is an economic perennial tree crop grown mainly for its latex 

production. The latex is processed into many consumer goods. The main resources of 

the rubber plant are as follow: a) Latex, and b) Ancillary products like i) Rubber wood, ii) 

Rubber seed, and iii) Rubber leaves 
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2.1 Latex 

The Hevea tree is cultivated as plantation crop primarily for its latex which 

exudes from the bark of the tree upon cutting – a process referred to as tapping. Natural 

rubber occurs in nature as a milky colloidal aqueous suspension of rubber particles 

(hydrocarbon), usually referred to as latex (Linage, 1999) exudes from the bark of the 

Hevea tree when it is cut – a process known as tapping.  

 

 

 

 
Fig. 1: Tapping operation 

 

The dispersed phase is made up of isoprene units (Fig. 2). Therefore, natural rubber is 

known as polyisoprene. 

 

 
Fig. 2: Polyisoprene 

Composition of latex:- Normal latex contains on the average, between 30 – 40% 

rubber hydrocarbon, commonly called dry rubber content (d.r.c.) In addition to the 

rubber hydrocarbon, latex also contain non-rubber constituents such as lipids, proteins, 

carbohydrates and minerals which are present in relatively small amounts (Table 1). 
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Most of these non-rubber constituents are dissolved in the aqueous phase of the latex, 

while others may be absorbed at the surface of the rubber particles suspended in the 

latex. The composition of NR latex varies depending on various factors such as clones, 

season, soil conditions, fertilizer application regimes and tapping frequencies, etc. 

 

Table 3: Typical composition of Hevea latex. 

___________________________________ 

Constituents  (%)  

___________________________________ 

Dry rubber content  35 – 40 

Proteins   1.0  

Lipids    0.9 

Carbohydrates  1.0 

Minerals   0.5 

Water    55 - 60 

___________________________________ 

 

Despite their relatively low concentration, these non-rubber constituents have 

profound effect on the physical, chemical and mechanical properties of rubber. For 

instance, the colloidal stability of fresh field latex is believed to be due to the combined 

action of the lipids and proteins; while the mechanical stability of ammoniated latex on 

storage is accounted for by the release of fatty acids in the form of ammonium soaps. 

On the other hand, the presence of metals like copper and manganese catalyze 

oxidation. 

 

Preservation of latex:- The non-rubber constituents in latex such as proteins are 

potential sites for latex destabilization as they promote microbial growth. As a result, it 

gets contaminated by micro-organisms on tapping and during collection. Under tropical 

conditions, these micro-organisms multiply rapidly, utilizing some of the non-rubber 

constituents in the latex leading to the production of certain acids such as formic acid. 

This is followed by the neutralization of the protective protein-lipid layer surrounding 

latex particles, causing destabilization of the latex and eventually coagulate it (Linage, 

1999). This process is generally called spontaneous coagulation, which takes place 

within a period of 5-9hrs after tapping. Hence, if latex is to be kept fluid for longer 

periods until it is ready for processing, bacterial activity should be suppressed. This is 

usually accomplished by the addition of chemicals called preservatives. These 

preservatives can be added to either the field latex or the concentrated latex. Various 

chemicals are used as preservatives of which ammonia is of prime importance. Latex 
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may be preserved or kept fluid by addition of ammonia solution which may be 

processed into concentrate, or coagulated by adding 5% acetic acid solution from which 

sheet rubber are produced. Ammonia, being a good biocide has several advantages; 

 Controls the proliferation of bacteria. 

 Neutralizes the free acids formed in latex. 

 Helps in the precipitation of heavy metals such as Mg2+. 

 Hydrolyses interfacial proteins and phospholipids, thereby making the latex 

stable. 

Ammonia at a concentration of 0.7-1.0% by weight of latex is added to field latex for 

preservation. This treatment preserves latex and maintains it in a stable colloidal 

condition. Also, during storage, the higher fatty acid esters present in latex get 

hydrolyzed into ammonium soaps. Ammonia fulfills most of the primary requirements of 

an ideal preservation and as a bactericide; it is effective at concentrations above 0.35% 

and mostly efficient if added to the latex as soon as possible after latex collection. Being 

an alkali, ammonia enhances the required pH for latex stability. Ammonia precipitates 

metal ions which could initiate the coagulation of rubber latex by forming insoluble 

compounds or complexes with them. For example, magnesium is precipitated as 

magnesium ammonium phosphate, provided that enough phosphate ions are present 

(Mathew and Claramma, 2000): 

 

Mg2+ + NH4+
 + HPO4

+
 + PO4

3-
 + 6H2O     MgNH4PO4 6H2O 

 

This precipitate, settles as sludge together with any other impurities which may be 

present. Copper ions in latex are also precipitated in ammonia by complex formation: 

 

Cu2+ + 4NH3
     Cu(NH3)4

2+ 

 

NR is basically collected from plantations as latex and field coagulum (scrap 

rubber). Generally, latex accounts for 70 to 80% of the crop, the rest being field 

coagulum. All forms of coagulated rubber obtained from the field are collectively known 

as field coagulum. This includes the rubber removed from the collection cup (cup lump, 

shell scrap or cup scrap), tapping cut (tree lace, panel scrap), tree trunk (dried rubber 

from latex overflow from the tapping cut) and from the ground beneath the collection 

cup (earth scrap). Latex can be processed into: Ribbed smoked sheet, crepe rubber, 

technically specified rubber (TSR), specialty rubbers, preserved field latex and latex 

concentrate. Field coagulum is processed into crepe rubbers or TSR. 
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Processing of NR:- Natural rubber is a high molecular weight polymeric 

substance with viscoelastic properties. 

In its natural form, NR is thermoplastic, i.e, softens and become tacky upon heating and 

brittle upon cooling. This temperature defect imposes severe limitation on the practical 

uses of NR as engineering material. Thus, it seldom finds any practical use in its natural 

form. Hence, the properties of NR are modified by incorporating chemical ingredients 

such as vulcanizing agents, fillers, accelerators, etc. to meet specific end-use 

requirements. This processing method is called compounding. 

 

2.1(a) Latex concentrate 

The production of NR Latex concentrate is carried out in a process called concentration. 

The process of latex concentration involves the removal of a substantial amount of 

serum (water and water soluble materials) from field latex, thus making latex richer in 

rubber hydrocarbon. Concentration of latex is necessary because of reasons such as 

preference for high dry rubber content (DRC) by consuming industries, economy in 

transportation and higher degree of purity. There are various processes of concentrating 

latex, of which four are of importance. These are: evaporation, electro-decantation, 

creaming and centrifuging. However, centrifuging and creaming are commercially used 

in the rubber industry for the production of latex concentrate. 

Creaming involves the mixing of a creaming agent such as ammonium alginate or 

tamarind seed powder with properly preserved field latex and allowing the latex to 

separate into two layers namely, the top layer of concentrated latex and a lower layer of 

serum. The serum is removed leaving the latex concentrate having about 50-55% DRC 

(dry rubber content), which is often tested, packed and marketed.  

Centrifugation involves the separation of preserved field latex into two fractions - one 

containing the concentrated latex and a lower layer of serum. Centrifuged latex, 

containing 60% DRC is today available commercially in two different varieties such as 

high ammonia (Max. 0.7% ammonia) and low ammonia (Max. 0.3% ammonia). The 

former is preserved solely with ammonia and the latter contains one or more 

preservatives besides ammonia. Areas of applications of latex concentrate includes 

foam products, dipped goods, adhesives, household industrial gloves, balloons, rubber 

bands while centrifuged latex is specifically used in the production of high technology 

medical applications such as condoms, examination gloves, surgical gloves, catheters 

etc.  
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Table 4: Typical composition of Hevea latex compared with that of concentrate 

__________________________________________________________ 

Constituents (%)  Field Latex  Latex Concentrate  

__________________________________________________________ 

Dry rubber content  35 – 40  60 

Proteins   1.0   -  

Lipids    0.9   - 

Carbohydrates  1.0   - 

Minerals   0.5   - 

Water    55 – 60  - 

Non rubber solid  -   2 

Coagulum content  -   0.05 

Sludge   -   0.10 

__________________________________________________________ 

 

Table 5: Quality specifications for NR concentrate 

 

Characteristics Type-HA 
 

Type-LA 

Dry rubber content, (% wt.), Min     60.0 60.0 

Non-rubber solids,  (% wt.), Max 2.0 2.0 

Coagulum content, (% wt.), Max 0.05 0.05 

Sludge content, (% wt.), Max 0.10 0.10 

Alkalinity as ammonia, (% wt. of latex)          0.6 Min 0.3 Max 

KOH number, Max 1.0 1.0 

Mechanical stability (Min.) 475 475 

Volatile fatty acid number, Max. 0.15 0.15 

Copper content (ppm of total solids), Max 8 8 

Manganese content (ppm of total solids), Max 8 8 

HA – High Ammonia,   LA – Low Ammonia  
  

2.1(b) Ribbed Smoked Sheet (RSS) 

Conversion of fresh NR latex into ribbed smoked sheets is the oldest method of 

latex processing. This method is widely adopted by rubber growers due to its simplicity, 

low cost of processing and the fact that small quantity of latex can be used for 
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processing. There are various types of raw rubber sheets such as RSS, air-dried sheets 

(ADS) and sun dried sheets, depending on the method adopted for drying.  The 

operations involved in making sheet rubber include sieving, bulking, standardization of 

latex, addition of chemicals, coagulation, sheeting process, dripping and drying. A 

commercial sheeting battery known as “Lohashippi” sheeting machine has proved very 

efficient in the commercial production of RSS. 

Freshly machined and dripped sheets contain about 20% moisture. For the 

preparation of RSS, latex is coagulated into a thin slab of coagulum and rolled through a 

set of smooth rollers. The rolled/out sheets are usually dried to obtain sheet rubber. 

Depending upon the drying method, sheet rubbers are classified into two: Ribbed 

Smoked Sheets (RSS) in which sheets are dried with the aid of smoke and Air Dried 

Sheets which on the other hand an unsmoked sheets.  

Normally, sheets are dried in smoke houses due to notable advantages. It is 

quicker than sun drying and there are limited chances of oxidation (such as may be 

induced by ultraviolet radiation) provided temperature is kept within limit. Also, the 

creosote present in smoke houses adheres to the surfaces of the sheets and prevents 

mould growth on sheets. However, defects of one type or the other may appear in 

sheets either of microbial origin or other reasons. RSS is considered of lesser 

commercial value compared to crumb rubber since its quality is only assessed by visual 

inspection as compared to crumb with technical specification.    
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Fig. 3: Sheets hung on reapers placed in a smoke house 

 

      
   Fig. 4:  Ribbed Smoked Sheets awaiting bailing process 

 



Paper presented at the 2017 Special Materials Lecture organized by Materials Science and Technology Society of Nigeria (MSN) in conjunction with Raw 

Materials Research and Development Council (RMRDC) and Pan African Materials Institute (PAMI) on Thursday, 6th July, 2017. 

16 

 

2.2 Coagula-base resources 

Generally, latex can be processed into various forms such as crumb rubber, 

ribbed smoked sheet (RSS), Powdered NR, viscosity stabilized NR, oil extended NR, 

skim rubber, peptized NR, superior processing (SP) NR, low molecular weight NR 

(Akinlabi, 1994; SAR, 1998). 

 

2.2(a) Crumb rubber (Technically specified rubber) 

Crumb rubber is processed by first coagulating the latex by the addition of acids 

(formic or acetic acid) or by spontaneous coagulation. The coagulated rubber (coagula) 

is then cut into smaller units and washed several times to remove any dirt present in the 

rubber before drying the rubber in an oven at 75 + 50C for a period of 4hrs (Saver, 

1970). The oven-dried rubber will then be compressed with a pressing machine to give 

a baled crumb rubber of about 36kg in weight. These bales are later arranged in a Pallet 

to give a total weight of about 1,200kg and it is in this pallet form that the rubber is 

usually shipped and/or sold. 

 Technically specified rubber (TSR) is a modern form of marketable rubber and 

can be produced from latex, field coagulum or a blend of both. Prior to 1960s, raw 

natural rubber was marketed in conventional forms like sheet and crepe. NR in these 

forms was only graded by visual inspection (standards). The inadequacies of the visual 

grading system became more obvious with the development of synthetic rubbers. 

Synthetic rubbers were marketed in compact, uniform and medium-sized bales wrapped 

in low density polyethylene with technical specifications to suite requirements of the 

manufacturing sector. The disadvantages of NR marketed in conventional forms, such 

as multiplicity of grades, lack of technical specifications and poor presentation resulted 

in the poor presentation of NR and created stiff competition in the elastomer market. 

Hence extensive research and development work was carried out for processing NR 

into a form comparable to that of synthetic rubber.  Consequently, new methods of 

processing and presentation were developed to market NR in compact medium-sized 

blocks, wrapped in polyethylene and graded adopting technical standards. These are 

called technically specified rubbers.   
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Figure Production of TSR. a) Field coagulum; b) Field coagula in 

soaking tank; c) Pre-breaker; d) Crepe roller e) Hammer mill; f) 

Bailing press.  

 

 The technical certification scheme of NR has rendered guaranteed limits for 

contamination and basic raw rubber properties by laboratory tests, consistency in 

properties from batch to batch, and easier adaptation to consumer requirements based 

on products. The advent of automation and use of modern equipment in the consuming 

sector increased the efficiency of manufacturing process, reduced production cost, 

improved quality of the products etc., also demanding the use of quality raw materials.  

This has resulted in the preference and increased use of TSR. Technically specified 

rubbers are produced in almost all NR producing countries and are marketed under 

different names some of which are presented in Table KKK.  
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Table 6: Nomenclature of TSR by producing countries 

___________________________________________________________ 

Country     Nomenclature of TSR 

_____________________________________________________________________ 

Malaysia     Standard Malaysian Rubber (SMR)   

Indonesia     Standard Indonesian Rubber (SIR) 

Thailand     Standard Thai Rubber (STR) 

India      Indian Standard Natural Rubber (ISNR) 

Sri Lanka     Sri Lanka Rubber (SLR) 

Singapore     Standard Singapore Rubber (SSR) 

Africa      Standard African Rubber (SAR) 

____________________________________________________________ 

 

Africa rubber standard prescribes limits of properties for 7 grades of technically 

specified natural rubber. It defines certain conditions related to quantity control at the 

production end leading to the classification of rubber bearing the SAR mark. The 

standards were fixed by a scientific committee at Benin City (Nigeria) in December 

1996, and then submitted to the examination of a Technical Committee including factory 

managers of rubber processing companies who met at Yaoundé (Cameroon) in 1997. 

The standard African rubber (SAR) scheme was approved by Professional Association 

of Natural Rubber in Africa (ANRA) member companies represented by their Presidents 

and General Managers during the meeting of the executive committee in Yaoundé 

(Cameroon) from 3rd to 4th February 1997. The technical specification is presented in 

Table mm. 
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Table 7: Standard African Rubber (SAR) Parameters for Technical Specification 

 

CHARACTERISTICS/ 

PARAMETERS  

SPECIFIED LIMITS 

LATEX GRADES COAGULUM  AND FIELD 

GRADES  

 3L 3 3CV 10 10CV 20 20CV 

Dirt content retained 

on 45µm sieve (max. 

% wt./wt.) 

0.03 0.03 0.03 0.08 0.08 0.16 0.16 

Ash content (max. % 

wt./wt.) 

0.6 0.6 0.6 0.75 0.75 1.0 1.0 

Volatile matter (%) 

(max. % wt./wt.)  

0.8 0.8 0.8 0.8 0.8 0.8 0.8 

Nitrogen (max. % 

wt./wt.) 

0.6 0.6 0.6 0.6 0.6 0.6 0.6 

Initial plasticity (Po 

Min.)  

30 30 - 30 - 30 - 

Plasticity Retention  

Index (PRI, min.)  

60 60 60 50 50 40 40 

Lovibond colour 

(max.) 

6 - - - - - - 

Mooney Viscosity ML 

(1+4), 100 0C 

  50(±) 

60 (±) 

70 (±) 

 (1)  (1) 

Colour code Green Green Orange brown magenta red yellow 

Sources: SAR Manual No. 2 published by the Professional Association of Natural 

Rubber in Africa (ANRA), June, 1998. 
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Grading of Crumb rubber:- Rubber standard prescribes limits of properties for 7 

grades of technically specified natural rubber. It defines certain conditions related to 

quanlity control at the production end leading to the classification of rubber bearing the 

SAR mark. These conditions were fixed by a scientific committee at Benin City (Nigeria) 

in December 1996, and then submitted to the examination of a Technical Committee 

including factory managers of rubber processing companies who met at Yaoundé 

(Cameroon) in 1997. The standard African rubber (SAR) scheme of 1998 was approved 

by Professional Association of NR in Africa (ANRA) member companies represented by 

their Presidents and General Managers during the meeting of the executive committee 

in Yaoundé (Cameroon) from 3rd to 4th February 1997. The technical specification is 

presented in Table 8. 

The designation of each grade was chosen taking into consideration the easy 

identification by buyers and consumers, the terminology being similar to that of the 

schemes of the main producing countries (Standard Malaysian Rubber, SMR, Standard 

Thailand Rubber, STR, Standard Indonesian Rubber, SIR, etc.). On the other hand, 

grades that are presently produced in very little tonnage such as CV 40 are eliminated. 

Also eliminated are grade of poor reputation (TSR50) and grade of which the structure 

is difficult to control (W.F.). The limits of parameters are similar to what exists in many 

African classifications on one hand and in SMR scheme and ISO 2000 on the other. 

Concerning the latex grades, three classes were accepted: 3, 3L, 3CV. The field grade 

are 10, 10CV, 20 and 20CV. For each of them, properties generally specified in other 

scheme (SMR or ISO) are maintained. Those properties are: dirt content, ash content, 

volatile matter, nitrogen, initial Wallace Plasticity (PO), Mooney viscosity (ML 1+4, 

1000c) for viscosity stabilized rubber, Lovibond colour for L grade and bailing colour 

code. Re-grading is authorized in some cases only for similar classes. For example 

grade 3L may be re-graded into 3 and vice versa, after analysis and provided all 

required conditions are fulfilled. Grade 3L, 3 CV and 3 should, in no case be re-graded 

into 10. Grade 10 may be re-graded into 20, provided all conditions required are fulfilled. 

Grade 20 should in no case be re-grade into 10.Grade 10 may be re-graded into 20 CV 

if all conditions required are fulfilled. 20 CV should in no case be re-graded as 10 CV 

(SAR, 1998). 

Grades of NR produced in very little tonnage such as CV 40 are eliminated. Also 

eliminated are grade of poor reputation (TSR50) and grade of which the structure is 

difficult to control (W.F.). The limits of parameters are similar to what exists in many 

African classifications on one hand and in SMR scheme and ISO 2000 on the other. 

Concerning the latex grades, three classes were accepted: 3, 3L, 3CV. The field grade 

are 10, 10CV, 20 and 20CV. For each of them, properties generally specified in other 

scheme (SMR or ISO) are maintained. Those properties are: dirt content, ash content, 
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volatile matter, nitrogen, initial Wallace Plasticity (PO), Mooney viscosity (ML 1+4, 100 
0C) for viscosity stabilized rubber, Lovibond colour for L grade and bailing colour code. 

Re-grading is authorized in some cases only for similar classes. For example grade 3L 

may be re-graded into 3 and vice versa, after analysis and provided all required 

conditions are fulfilled. Grade 3L, 3 CV and 3 should, in no case be re-graded into 10. 

Grade 10 may be re-graded into 20, provided all conditions required are fulfilled. Grade 

20 should in no case be re-grade into 10.Grade 10 may be re-graded into 20 CV if all 

conditions required are fulfilled. 20 CV should in no case be re-graded as 10 CV (SAR, 

1998). 

 

2.2(b) Crepe rubber 

Crepe rubber was one of the marketable forms before the introduction of 

technically specified rubber (TSR). Crepe rubbers are processed from fresh latex 

coagulum, field coagulum or cuttings of RSS. When any of these materials, after 

preliminary treatments is passed through a set of crepe making machines, crinkly, lace-

like rubber is obtained. This when dried is called crepe rubber. Processing into crepe 

rubber was one of the methods to upgrade low quality field coagulum materials such as 

earth scrap, shell scrap, tree lace etc. Very often, materials selected from different types 

of field coagulum are blended in appropriate proportions to make crepe rubber of 

desirable quality. Thorough soaking agitation, cleaning and machining are required to 

produce good quality crepe from field coagulum materials. Processing of low quality 

field coagulum into crepe rubber has been significantly replaced by TSR, since this 

yields better quality materials. 

 Crepe rubbers are classified into latex crepe (such as pale latex crepe and sole 

crepe) and field coagulum crepe such as estate brown crepe (EBC), based on the 

starting materials used. The latex crepe is of better quality compared with that from field 

coagulum. 
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Figure Crepe rubber production. a) Machining of latex coagulum; b) Final creeping of 

PLC blankets; c) Drying of PLC; d) Machining of field coagulum e) Grading of EBC; f) 

Packing of sole crepe; g) Bailing of EBC.      

 

3.0 NR Goods 

3.1 Latex Goods  

Latex in its fluid form finds application in adhesives, mattresses, car seats, 

baby feeding bottle teats, condoms, balls, shoe soles, rain boot, rubber bands, 

catheters, carpet underlay, paint, etc. 
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Plate 3: Condons and surgical hand gloves 

 

3.2 Solid Rubber Goods 

Products of solid rubber are pneumatic tyres, tubes and other automobile parts, anti-

vibration mountings, bridge bearing, transmission belts, drive belts, hoses, seals, foot 

wears, car mats, wire and cable insulators etc. 

 

      

    
 

 

 

 

 

 

 

 

 

Plate 4: Solid Rubber Products  
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3.3 Chemically Modified NR  

NR is quite sensitive to heat and oxidation due to the presence of the double 

bond on its chains. These inherent drawbacks of NR have limited its application in the 

industry. In efforts to extend its uses, various methods have been developed to modify 

its properties through physical and chemical means. The inherent incompatibility at the 

molecular level of polymers obtained from physical modification methods has been the 

main reason why chemical modifications of NR have gain interest among researchers. 

On chemical modification, modification of NR by bond rearrangement, grafting and 

attachment of new chemical groups onto the NR backbone have been reported 

(Azanam et al., 2002). These chemical modifications have not only been directed 

towards the enhancement of certain properties of NR, but also to introduce totally new 

properties not usually associated with NR, such as hardness, modulus, good oil, heat 

and solvent resistance, good aging properties etc. 

 

3.3(a) Epoxidized Natural Rubber (ENR) Products 

Oil seals and other products requiring contact with oil. 

 

 

 

 

 

 

 

  Plate 5: Oil seals 

3.3(b) Thermoplastic Natural Rubber (TPNR) Products 

TPNR replaces metals in numerous applications such as Auto bumpers, safety helmets, 

cases for batteries, house hold furniture, coat hangers, electronics appliance casings, 

general impact resistant products, etc. 

 

 

 

 

 

 

 

 

Plate 6: Products with rubber applications 
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3.3(c) NR nano materials 

NR has also been modified by using nanomaterials as fillers and antioxidants to 

enhance the mechanical (tensile strength, tear resistance, abrasion resistance, and 

tensile modulus), thermal, electrical and magnetic properties of NR. Recent advances in 

NR nano-fillers technology includes, nano-ZnO/NR composites, nano-cellulose/NR 

composites,nano-clay/NR composites, nano-lignin/ NR composites and 

nanocomposites of epoxidized natural rubber with magnetite  (Chunmei et. al., 2014). 

 

3.3(d) NR modified bitumen 

In road construction, the incorporation of rubberized bitumen into asphalt ensures an 

astonishing performance of asphalted roads – more durable. NR is an effective 

alternative to styrene-butadiene-styrene (SBS) copolymer in paving industry. 

 

 

 

 

 

 

 

 

Plate 7:    Rubberized asphalt used for road surfacing 

 

4. Ancillary products 

4.1 Rubber seed  

Rubber seed is considered as a by product of the rubber tree that is produced in large 

quantities annually and is allowed to waste on the plantation floor. Earliest use for the 

rubber seed was restricted to the field of propagation where it is used in raising rootsock 

seedlings for budding/grafting to produce improved and certified rubber planting 

materials. Large quantities of rubber seeds are usually wasted. 

  

 

 

    
Plate 8: Rubber Seeds    
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However, deliberate and diligent research into alternative economic use of the 

rubber seed has shown that the seed contains between 35 and 40% oil comparable in 

quality to linseed oil commonly used as binders in surface coatings. Rubber seed can 

be processed into oil and cake. An average production rate of rubber seed in Nigeria is 

found to be 287 Kg/ha/year. Therefore, Nigeria having an estimated 200,000 ha of 

rubber plantation has a potential to produce about 57,400 tons of rubber seed per 

annum. 1kg of rubber seed is currently been sold for N35/kg.  It is therefore estimated 

that a sum of N7,175:00 can be generated from one hectare of rubber plantation by 

farmer. Rubber seed can be processed into oil, cake and shell. 

              

4.1(a) Rubber seed oil:-Vegetable oils are used for edible and non-edible applications. 

In Nigeria, the current local production of vegetable oil is barely enough for edible uses. 

The problem is further compounded by competition from technical applications such as 

alkyd resin, epoxides, composites etc. Thus, the country resorts to importation to 

augment local supply. 

However, there are locally available sources that can be exploited for this purpose. 

Rubber seed is an example of unconventional source rich in semi-drying oil. It is 

obtained as a by-product of natural rubber production which can be used as technical 

oil.   

 

  

   
      Fig. 3: A typical triglyceride Structure of RSO. 

Plate 9: Rubber seed oil(RSO) 
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The rubber seed oil (RSO) is constituted of about 22.3 % saturated fatty acids 

comprising mainly palmitic acid (17.51 %), Stearic acid - 4.82%; and about 77.7% 

unsaturated fatty acids comparing of Oleic acid - 25.3%, Linoleic acid - 37.5% and 

Linolenic acid - 14.2%. It possesses characteristics resembling those of linseed oil 

commonly used in industrial applications. Recent estimation of potential production of 

RSO based on a world planted area of 9.37 million hectares with an average production 

rate of rubber seeds of 287 kg/ha/year, has been projected to give well over 1.08 million 

tons of RSO per annum. 

 

Table 8: Fatty acid composition and physico-chemical properties of RSO, soybean oil 

(SBO) and linseed oil (LSO) (Aigbodion et al, 2000 & 2005) 

_____________________________________________________ 

     RSO   SBO  LSO  

______________________________________________________ 

% Fatty acid  

C16:0, Palmitic   17.51  11  6 

C18:0, Stearic   5.45  4  4 

C18:1, Oleic   25.33  25  22 

C18:2, Linoleic   37.50  51  16 

C18:3, Linolenic  14.21  9  52  

 

Pysico-chemical properties 

Specific gravity (at 30 oC) 0.910 

Acid value (mg OH/g) 24.50    1 

Sap. Value (mg KOH/g) 211    175 

Iodine value (g I2/100g) 126  141  188  

 _____________________________________________________ 
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Table 9: Molecular wt. average and % concentration of fractions of RSO obtained by 

GPC (Aigbodion & Bakare, 2005) 

________________________________________________ 

Av. M. wt. Constituents  Concentration 

(Dalton)     (%) 

________________________________________________ 

249  ffa, MAG   20 

1,460  DAG    25 

9,066  TAG    45 

38,801 Trace of d.r.c.  <1 

________________________________________________ 

 

Rubber seed oil possesses potential in the production of value added products like 

alkyd resins, epoxidised RSO, biodiesel, polyurethanes, biocomposites, liquid soap, 

creams, etc. suitable for direct use as consumer goods or as semi raw materials for 

industrial applications.  

 

As binder in surface coatings:- RSO is suitable in the production of solvent-borne alkyd 

resins widely used as binders in surface coating as well as water-soluble alkyd resins 

for the production of low VOC and environment friendly coatings. They have unique 

properties of colour and gloss retention, film flexibility and durability, and good 

adhesion. They are also compatible with other film formers such as phenol 

formaldehyde resins and acrylics to form alkyd–acrylic hybrid systems that combine the 

technical benefits of alkyd and acrylic when used alone. Qualities of RSO alkyd resin 

and the heated treated derivative are given in the tables below: 
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Table 10: Quality of RSO alkyd resin and heated RSO (HRSO) compared with that of 

commercial alkyd resin 

________________________________________________________  

Parameter  RSO alkyd HRSO    Commercial alkyd 

______________________________________________________ 

Oil length (%)  50  -  50 

 

Specific gravity  

 (at 30 oC) 0.958  0.940  0.931 

 

Solid content (%) 60  74  65 

Surface dry (hr.) 4  3.5  4 

Dry through  18  24  18  

Colour   Dark  Dark  Golden  

   brown  brown  yellow  

______________________________________________________ 

 

 

Table 11: Comparison of performance characteristics of RSO alkyd resin and 

commercial grade resin  

___________________________________________________________________ 

Parameter    RSO   Standard/Commercial 

alkyd resin   alkyd resin  

___________________________________________________________________  

Driers  

(added individually     

0.36%  Co,1.42%  Pb   

and 2.61% Ca)    dried film  dried film  

 

Tough drying    4hrs   4hrs  

Tough drying / hard drying  18hrs   18hrs  

Gloss level    better   better  

 Test after 24hrs   okay   okay  

 Flexibility    okay   okay  

____________________________________________________________ 
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Table 12: Comparative Technical evaluation of RSO alkyd resin in paint formulation 

___________________________________________________________________ 

 Parameter    RSO   Standard/Commercial 

alkyd resin   alkyd resin  

___________________________________________________________________  

Oil length    Medium  Medium  

Specific gravity (at 30 oC)  0.958   0.931 

Solid content (%)   77   52  

Colour     Dark brown  golden yellow 

Glass pour:  

a) Aromatic solvent (toluene)  clear   clear    

b) 50:50 blend aromatic and  

alipahate solvent  clear   clear  

__________________________________________________________________ 

 

Table 13: Properties of the film of water-soluble RSO alkyds for environment friendly 

coatings (Aigbodion & Pillai, 2000) 

______________________________________________ 

     Alkyd resin 

    ______________________ 

Property    40% OL 50% OL 

______________________________________________ 

Colour    dark brown dark brown 

 

Specific gravity (at 30 oC) 0.940  0.940 

 

Viscosity (cps) 

60% solution (w/v)  638  113 

 

VOC (g/L)   308  338 

 

Dry through time (hr.) 24  24 

 

Pencil hardness 

 Scratch  2B  4B 

 Gouge  HB  3B 

_________________________________________________ 
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Epoxidised rubber seed oil (ERSO):- Epoxidised vegetable oils are used as 

plasticizer/stabilizer for vinyl polymers and in organic synthesis. Comparison of 

epoxidised RSO with commercial plasticizer, dioctyl phthalate (DOP) is presented in 

Table 15. Epoxidised low molecular weight NR with high Tg value, low resilience, high 

oil resisytance and high viscosity suitable for speciality applications has also been 

produced (Akinlabi et al, 2003 & 2005) 

 

Table 14: Performance of epoxidised RSO compared with dioctyl phthalate (DOP) - a 

commercial plasticizer 

________________________________________ 

Property   ERSO  DOP 

    40phr  40phr  

__________________________________________ 

Tensile strength (kg/mm2) 2.1  2.3 

Elongation (%)  280  250 

Loss of mass @  

100 oC (mg/cm3)  3.1  3.2 

________________________________________  

 

 

Table 15: Cure characteristics of NR modified with 10% each of RSO and ERSO 

(Aigbodion et al, 2000) 

___________________________________________________________________ 

Characteristic    NR NR+10%RSO NR+10%ERSO 

___________________________________________________________________ 

Scorch time, t2 (sec.)   150  195   195 

Optimum cure time, t90 (sec.)  270  360   375 

Maximum cure, Lf (dNm)   57.5  49.8   52 

Cure rate (s-1)    0.83  0.61   0.56 

____________________________________________________________________ 
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Table 16: Mechanical properties of NR vulcanisates modified with 10% each of RSO 

and ERSO (Aigbodion et al, 2000) 

____________________________________________________________________ 

Characteristic    NR NR+10%RSO NR+10%ERSO 

____________________________________________________________________ 

Hardness (Shore A)   28  24.5   27 

CLD x 104 (mol/gRH)  3.481  1.364   1.371 

Tensile Modulus – 300% (MPa) 1.9  1.8   1.8 

Elongation at break (%)  990  1,160   1,150 

Tear strength (kN/m)   30.98  31.18   34.12 

Thermal stability index, T50 (oC) 384  382   381 

Activation energy, Ea (kCal/mol) 42.5  45.8   45.8 

____________________________________________________________________ 

 

Biodiesel production:- The fuel potential of RSO and its methyl esters are shown in the 

table below: 

 

Table 17: Fuel potential of RSO and commercial diesel fuel 

__________________________________________ 

Fuel type   Fuel potential (MJ/L) 

__________________________________________ 

RSO     40.14 

RSO methyl ester   45.67 

Commercial diesel   44.95 

__________________________________________  

 

4.1(b) Rubber seed cake:- The cake  left after oil extraction (deffated cake) is suitable 

in compounding animal feeding stuff and could as well be used as soil amendments for 

crop production. The rubber seed cake also offered many research opportunities.  
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Table 18: The proximate (g/100gDM) and gross energy (Kcal/kg) composition of Rubber 
seed cake 
______________________________________________________________________ 
 
Parameters   RSC   PKC   GNC 
_____________________________________________________________________ 
Dry matter (%)   90.77    91    - 
Crude Protein (%)   14.37     14   51.46 
Crude fibre (%)     3.70     23    4.21   
Ash (%)      4.43       6    6.04 
Ether Extract (%)   16.87       8    5.28 
Gross Energy (Kcal/kg)      2,141.01         1,760    - 
______________________________________________________________________ 
RSC = rubber seed cake); PKC = palm kernel cake; GNC = ground nut cake (All 
deffated) 
 
Table 19: Utilisation of feed diet containing defatted RSM and commercial feeds to 
layers 
______________________________________________________________________ 
 
Characteristics    Defatted RSM  Commercial feed diet 
______________________________________________________________________ 
Wt. gain over 70 days   0.20   0.10 
Egg production per bird/day  0.30   0.31 
Wt. of eggs (gm.)   52.23   52.28 

% albumin    53.30   53.42 

% yolk     36.30   36.36 

% shell    10.33   10.21 

______________________________________________________________________ 

RRIN, 1995 

 

4.1(c) Rubber seed shell:- Conversion of rubber seed shell into high value activated 

carbon which has the potential for use as fillers for NR and polymer compounding  

 

4.2 Rubber Wood 

Wood is an important material used in furniture industries, combustion for energy, 

building products, and the pulp and paper industry makes it challenging to supply all 

users with the quantities of wood needed at reasonable cost hence the need for other 

sources of wood.  Rubber (Hevea brasiliensis) is one of the major plantation crops in 

Asia and West Africa with an estimated global planted area of 9.7 million ha of rubber 
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plantations (FAO 2010). The tree is primarily grown for latex production and has been 

report to give rubber wood volume of 968 million m (Balsiger et al 2000).   

Rubber trees are usually cut down and replanted after the economic lifetime of around 

25–30 years. Studies have shown that rubber tree plantations are contributing 

significantly to the source of wood in Malaysia, Thailand, Cambodia and India in recent 

times (FAO 2010). However, the wood is usually burnt off or mainly used as source of 

fire wood in other rubber producing country in Africa (such as Nigeria, Cameroun, Ivory 

Coast etc) rather than been used in any technical application. Utilization of rubber wood 

will enhance the profitability of rubber production in Nigeria.  

 

Table 20: Comparison of properties of rubber wood with those of other timbers in 

tropical rainforest ecosystem in Nigeria (at 12% moisture level) 

______________________________________________________________________ 

Species     density             Static Bending      Volume 

(Kg/m3) MOR  MOE  Shrinkage  

(N/mm2)  (N/mm2) (%) 

______________________________________________________________________ 

Rubber wood (Hevea brasiliensis) 570     66   9,240  11.5 

Apa (Afzelia africana)    823   136   6,313     7.6 

Ita (Celtis mildbraedii)  732   149   7,088   12.2 

Iroko (Meliceae excelsa),  650     90  5,765    9.1 

Mahogany (Khaya ivorensis),  525    94  8,192  12.9 

Obeche (Triplochiton scleroxylon) 372     30   3,937    6.9 

______________________________________________________________________ 

MOR = Modulus of rupture; MOE = Modulus of elasticity 

 
Rubber wood as source of nonofibers: Cellulose nano-fibers have shown great potential 
in many applications such as biomedical, electronics, packaging, nanocomposite, gas 
barrier films and optically transparent functional materials etc. Studies carried out in 
RRIN have shown that cellulose nanofibers with very high aspect ratio can be readily 
prepared from rubber wood through chemical treatment and fibrillation. 
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Rubber wood nanowiskers        Rubber wood nanofibers 
 

Fig. 4: Isolated rubber wood nanocellulose 
 

4.3  Rubber leaves:- Organic matter for fertilization 

 

5. Biogas from rubber processing effluent:- Effluent from rubber processing can be 

digested to yield biogas for heating purposes thereby serving a good source of 

renewable energy. The slurry obtained after digestion has potential for application as 

biofertilizer. 

  

Table 21: Composition of biogas from rubber processing effluent 

____________________________________ 

Component   % 

____________________________________   

Methane   65 

Carbondioxide  30 

Hydrogen Sulphide  2.5 

Ammonia & water vapor 2.5 

____________________________________ 

 

The mixture of gases burns with a blue flame and has heat value of 500-700 Btu/ft3. It 

can be used directly in gas burning appliance for heating cooking and other domestic’s 

uses. A rubber factory operating at a capacity of 2MT/day will provide a biogas yield of 

40m3. A litre of gasoline in the equivalent of 1.87m3 of biogas. At the current price of 

gasoline, production of biogas from rubber effluent will constitute additional source of 

income. Sri Lanka, Malaysia and India are currently using biogas generated from rubber 

factory effluent. 
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6. Food resources from rubber production 

   

6.1 Rubber based intercropping 

The gestation period before rubber attains maturity age ranges from 5 – 7 years. 

In Nigeria, rubber plantation environment before canopy closure has been found very 

supportive to the growth and yield of wide range of arable crops. This contributes not 

only to the income, but to the nutrition of the farming family. Some of the arable crops 

that may be intercropped with rubber are yam, cassava, melon, maize, ginger, 

pineapple, etc. Plantain and banana particularly cooking banana can also be 

intercropped with rubber.  

 

Table 22: Rubber based crop system component crop yield across different states in 

Nigeria (Esekhade et al., 2014). 

 

State Component crop of rubber Yield ( t/ha) 

 

Edo 

Rubber + Cassava 

Rubber +Yam 

Rubber +Maize 

28.03 

5.10 

2.30 

 

Delta Rubber +Cassava 

Rubber +Plantain 

Rubber +Pineapple 

15.60 

5.35 

1.20 

 

Ogun 

Rubber +Maize 

Rubber +Water melon 

Rubber +Cassava 

2.50 

3.68 

27.12 

 

Akwa Ibom 

 

Rubber +Cassava 

Rubber +Telferia 

Rubber +Cocoyam 

Rubber +Okra 

 

11.22 

8.00 

14.70 

0.85 

Kaduna Rubber +Yam 

Rubber +Maize 

Rubber +Pepper 

Rubber +Bitter leaf 

 

6.80 

3.54 

0.98 

0.69 
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After canopy closure, shade-tolerant medicinal or high value crops may be used. 

Intercropping will provide revenue for the farmer during and after the gestation period of 

the rubber. It also promotes the development of alternative livelihood options through 

the production high-value agro forestry tree crops and mini-livestock in matured 

plantations. The rubber agro forestry system contributes immensely to food security and 

income opportunities. Rubber agro forestry enhances resilience and farmers are in a 

better position to minimize crop failures and environmental shocks. Generally, it 

contributes to the overall well-being of the farm families. 

However, despite the advantages of rubber agro forestry with regards to high 

returns and diverse benefits as an incentive to cultivate rubber, little institutional and 

legal frame work has been done to promote rubber agro forestry on a wider scale in 

Nigeria. The comparative advantage of rubber agro forestry over the traditional system 

is shown in table below: 

 

Table 23: Comparative advantage of rubber agro forestry over the traditional system 

 

SN Rubber agro forestry system Traditional rubber system 

1 Optimal use of land space due to 

intensification and diversification of the 

system. This has a positive effect on the 

range of products obtained 

Minimum use of land space due to 

monoculture system which is not 

intensified with diverse crops. This 

has led to restricted product options 

2 Seasonal spread of labour reduced 

susceptibility to market crashes 

High labour cost during maintenance 

due to the presence of weeds 

3 Early returns on investment from income 

obtained from the inter-rows during the 

immature phase 

Delayed returns on investment 

4 Diverse employment options Restricted employment opportunities 

5 Bio-diversity conservation and 

enhanced ecosystem services 

 

 

   
Plate 10: Rubber + Plantain Cropping System 
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Plate 11: Rubber + Cassava Cropping System 

  

 
Plate 12: Rubber + Pineapple Cropping System 

 

Table 24: Cost and benefit analysis of 1ha rubber inter crop components 

 

Cropping 

systems 

Total costs of 

production (N) 

Total derivable 

revenue  year 

1 (N) 

Profit margin 

year 1 (N) 

RUBBER + 

PLANTAIN 

400,000.00 500,100.00 109,100.00 

RUBBER 

+CASSAVA 

344,000.00 544,000.00 200,000.00 

RUBER 

+PINEAPPLE 

344,000.00 424,000.00 80,000.00 

 

6.2 Rubber Based Agro-forestry System 

Agro-forestry is a collective name for land use systems and practices in which woody 

perennials are deliberately integrated with crops and/or animals on the same land 

management unit. The integration can be either in a special mixture or in a temporal 

sequence. There are normally both ecological and economic interactions between 

woody and non-woody components in agroforestry". 



Paper presented at the 2017 Special Materials Lecture organized by Materials Science and Technology Society of Nigeria (MSN) in conjunction with Raw 

Materials Research and Development Council (RMRDC) and Pan African Materials Institute (PAMI) on Thursday, 6th July, 2017. 

39 

 

In Rubber-based Agroforestry, rubber is deliberately planted along side with other forest 

crops and mini-livestock to increase the income base of the rubber plantation, thereby 

attracting more farmers especially the smallholder rubber farmers to rubber production.  

Economic Benefits of Agroforestry 

Some of the benefits of Agroforestry systems are: 

It increases plantation productivity,  

It increases farm income of rubber plantation. 

Carbon sequestration. 

Some Rubber-Based agroforestry systems adoptable in rubber plantations and the cost 

benefits are as follows: 

 

Table 25: Cost and benefit analysis of 1ha rubber agro forestry systems 

 

Cropping systems Total costs of 

production (N) 

 

Total derivable 

revenue at 

maturity (N) 

Profit margin at 

maturity (N) 

RUBBER + 

IRVINGIA 

345,000.00 7,400,000.00 7,055,000.00 

RUBBER + 

AFRICAN PEAR 

345,000.00 2,590,000 2,245,000.00 

 

Rubber + Irvingia  

 
Plate 13: Irvingia seeds 
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Rubber + African Pea 

 
Plate 14: African pear fruits 

 MIXED FARMING AFTER CANOPY CLOSURE 

Rubber + Bee Keeping 

 
Plate 15: Bee keeping under matured rubber plantations at Iyanomo 

Rubber + Snailery  

 
Plate 16: Snail Rearing under Mature Rubber  

Rubber + Rabbitry 

 
Plate 17: Rabbit Rearing under Mature Rubber 
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Table 26: Cost and benefit analysis of rubber mixed farming  

 

Cropping systems Total variable 

costs  (N) 

Total derivable 

revenue  year 

1 (N) 

Gross margin 

year 1 (N) 

RUBBER + BEE 

KEEPING 

25,000.00 157,000 132,000.00 

RUBBER + 

SNAILRY 

75,000.00 450,000.00 375,000.00 

RUBER + 

RABBITARY 

154,000.00 1,024,000.00 870,000.00 

 

 

7. Future trends in NR production  

The International Rubber Study Group (IRSG) forecast a steady global rise in 

demand and prices of natural rubber in the coming years with expected market growth 

at an annual rate of 3.1%. Production in Africa is to increase significantly to meet 

anticipated shortfall in supply. Of course, the potential is particularly greater in Nigeria 

because of her huge resource base. 

It is noteworthy that the natural rubber industry has evolved slowly through the 

years to become principally an industry for the smallholders. Available statistics indicate 

that small farm participation in the natural rubber industry ranges from about 70% in 

Malaysia to over 95% in Thailand. It is perhaps relevant to note that it is the small 

farmers who, in spite of the serious competitive and subsequent price pressures of the 

past four decades, have contributed significantly to the increase in supply in the far-east 

Asia. Unfortunately, smallholders in Africa in general and Nigeria in particular do not 

play much role in rubber production compared to their Asian counterparts. Hence, to 

make any positive impact in increasing its natural rubber production, the smallholder 

sector must be given special attention in the following areas: 

- Rehabilitation of Old plantation areas 

- Establishment of Databank on Nigeria’s Natural Rubber 

- Establishment of New Plantation 

- Development of outgrowers scheme 

- Formulation and Sustenance of a viable Smallholders Farmer’s Cooperative 

- Environmental and ecological sustainability. 

-  

-  
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8. Conclusion 

 There is no doubt that natural rubber constitute a reservoir of resources, the latex 

and the ancillary products (seed and wood) and their derivatives, with very strong 

economic potential as primary raw materials or semi-finished raw materials for a 

number of industries. In fact, NR has no known viable alternative in some applications. 

Adequate harnessing of the potentials of NR resources is capable of transforming the 

Nigerian economy thereby offering a viable alternative to crude oil as foreign exchange 

earner. Regrettably, NR production in the country is mainly for export with a small 

fraction consumed locally. The situation is further worsened by the exit of Michelin and 

Dunlop, the two major local consumers of NR produced in the country. Prices are 

determined by international market forces, therefore, farmers seldom get the desired 

monetary value for their efforts. Scrapping of Rubber Board in the 80s seems 

detrimental to the industry. Intervention by government and relevant stakeholders is 

needed to restore the industry.  

Furthermore, adequate attention should be given to research to develop 

technologies and innovations that would boost production and utilisation of resources of 

NR, i.e. research should be given prominence through proper funding of the Rubber 

Rubber Research Institute of Nigeria to be properly equipped to discharge its statutory 

mandate. 
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