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ABSTRACT: The main aim of  this review is to explain the various aspects Thermoplastic elastomers (TPEs) which are class of 

materials that have industrial viability because of economic leverage that they offer by having the properties of cross linked 

elastomers without associated with costs of the chemical cross linking process. TPEs are two-phase in nature, a thermoplastic phase 

which accounts for their processing behavior and an elastomeric phase which accounts for their elastic nature. The elastomer particles 

should be cross linked to promote elasticity. The best way to pro- duce thermoplastic elastomeric compositions comprising 

vulcanized elastomer particles in melt processable plastic matrices is by dynamic vulcanization. The improvements in properties of 

blends resulting from dynamic vulcanization are numerous. This review paper covers the work being carried out from the last 20 

years in the field of Acrylonitrile Butadiene Rubber (Nitrile Rubber) and its blends. The position of NBR as the standard polymer 

for rubber goods that are ex- posed to oils, liquid fuels, and greases is likely to be depending very much on the fuels of the future. 

Attempts have been made the possibility of developing NBR and Ethylene-Methyl Acrylate copolymer (EMA) grades and processing 

methods and working out new and more suitable recipes endeavoring to ensure the continued use of this material in such applications. 
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I. INTRODUCTION 

 
Thermo Plastic Elastomers can be manufactured either by blending of two polymers, or by block polymerization process. In 

both cases the elastomer phase has no chemical interaction but some physical interaction occurs between the thermoplastic block 

segments and elastomeric domains. Simple blending of two polymers can only yield a technically adequate product if polymers 

based on the dynamic vulcanization principles. Oil-resistant thermoplastic elastomers that are prepared by the dynamic 

vulcanization of blends of nitrile rubber and polyolefin resin. In order to overcome the gross incompatibility of these two polymers 

a compatibilizing mechanism needs to be introduced and it is suggested that the production of a block copolymer from the two 

incompatible polymers would be one way of achieving this. 

, 

1. GENERAL CHARACTERISTICS OF NBR: 

 

The general characteristics of NBR are, Oil, fuel and grease resistance, Good processing characteristics, Variety of curing 

systems, Low permanent set, Good abrasion resistance, Low gas permeability, Moderate to good low temperature flexi- bility, 

Moderate ozone resistance, Moderate tack, Compatibility with polar thermoplastics (e.g. PVC, phenolics) 

Swelling Resistance: The good swelling resistance of NBR is, of course, restricted to contact with non-polar or slightly polar 

substances, such as mineral oils, liquid fuels with low aromatic contents, and greases based on mineral oils. Polar substances, such 

as esters and ketones, initiate strong interactions and cause severe swelling of NBR; the same applies to aromatic hydrocarbons. 

NBR is resistant to fuels containing aromatic hydrocarbons, only if the fuels do not contain more than about 50 % aromatics. If 

liquid fuels containing aromatics are additionally modified with alcohols, the resistance to swelling suffers a further drastic reduction. 
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Where contact with mineral oils is concerned the resistance to swelling does not merely depend on the oil’s viscosity and content of 

paraffinic, naphthenic, and aromatic hydrocarbons. Experiments with technical lubricating and hydraulic oils have shown that the 

resistance to swelling is also influenced by the types and amounts of additional additives, by the temperature and by the exposure 

period. These factors have been investigated systematically by Bertram and Brandt. It follows that a vulcanisate which has been 

found to resist certain technical lubri- cants will not necessarily resist others. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Resistance to Ozone:  

The ozone resistance of unprotected NBR is comparable with that of other diene rubbers. Unlike that of natural rubber and 

styrene—butadiene rubber, however, it cannot be greatly improved by including paraffinic hydro- carbons and antiozonants in the 

compound. In cases where increased thermoplasticity and reduced low-temperature flex- ibility are acceptable this difficulty is often 

overcome by blending PVC with the NBR. Although thermoplastic elastomers with other chemical compositions have already 

acquired considerable importance, no thermoplastic NBR is yet available. The state of development has been reviewed by Dunn et al. 

An interesting method of obtaining thermally or mechanically reversible crosslink sites has been proposed by Shen et al. and is 

described in several previous patents. The development of a technically satisfactory thermoplastic NBR is eagerly awaited. 

 

2. MODIFICATION BY BLENDING WITH OTHER POLYMERS: 

Blends of NBR with other rubbers or with thermoplastics or thermosetting resins have been known for several decades.  

Modification by blending is undertaken to reduce costs, to improve the rheological properties of material, or to confer specific 

physical or chemical properties to the end product. The fundamental characteristics of the end product are deter- mined chiefly by 

the polymer which is present in the larger proportion of the blend. Thus a blend consisting mainly of NBR has, on the whole, the typical 

properties of NBR. A blend consisting mainly of a thermoplastic and containing only a small amount of NBR will have the 

fundamental characteristics of the thermoplastic, though certain of its properties (e.g. toughness) may have been substantially 

improved. The role of elastomers in rubber-modified plastics has been discussed at length by Dinges. The properties of all polymer 

blends depend on the effectiveness of the physical blending process; they also depend on whether the polymers are compatible or 

form a heterogeneous mixture, and therefore—in the latter case—on the morphology of the blend. Also of importance in the case of 

elastomer blends is the chemical process of crosslinking. This is very complex in heterogeneous blends because (i) different rubbers 

have different rates of cross- linking; (ii) the crosslinking system and plasticisers have different degrees of solubility in the various 

rubber phases; and 

(iii) the interactions between the rubber and filler differ according to the rubber concerned. 
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3. BLENDS OF NBR WITH OTHER RUBBERS: 

NBR/NR and NBR/SBR Blends:   

These blends have been used in the rubber industry for several decades— NBR/SBR blends for reasons of cost or to meet 

certain swelling resistance requirements and NBR/NR blends because they have more tack than NBR alone. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.1 NBR/CR Blends:  

NBR/CR blends are more resistant to ozone and fatigue than NBR alone, yet they retain good resistance to oils. They are, 

however, less resistant to ozone than NBR/PVC and NBR/EPDM blends. 

NBR/EPDM Blends: These blends, similarly to those consisting of NBR and PVC, are intended to combine the ozone resistance of 

EPDM with the oil resistance of NBR. NBR/EPDM blends lack a homogeneous phase because the difference in the polarity of the 

two materials is excessive. They are heterogeneous blends. With a view to obtaining a finer dispersion of the EPDM particles in the 

NBR they are mixed in lattice stage. It is not yet possible to assess the suitability of the re- sulting materials for their intended 

purposes. For good ozone resistance the EPDM must be dispersed as finely as possible. The blending conditions are therefore 

decisively important. In this connection Mitchell42 recommends that carbon black, plasticisers, and activators be added exclusively 

to the EPDM. Other authors43 recommend the addition of chemicals which have homogenising effects. Good resistance to ozone can 

be obtained with blends containing 30—35 % EPDM but in many cases, where resistance to swelling is important, the proportion of 

EPDM cannot exceed 20 %. Because of this waxes and anti-ozonants have to be included. The problems that arise from the different 

rates of crosslinking and accelerator solubilities have been investigated by many authors.41,44,47 The classical thiuramdisulphide 

vulcanisation systems, possibly supplemented by sulphur donors, give the best overall results. Long-chain alkyl dithiocarbamates are 

also recommended as special accelerators. Peroxide crôsslinking gives good ozone resistance but the overall property pattern is only 

moderately good because the NBR is overcured and the EPDM undercured. In principle, NBR/EPDM blends can be used to combine 

the swelling resistance of NBR with the ozone resistance of EPDM. 

3.2 NBR/BR Blends: Here again the differences in polarity make the polymer mixture heterogeneous. The inclusion of 10 % BR 

considerably improves the performance in the cold bending test (according to ASTM-D 736-57T). At approximately 20% BR the 

brittleness temperature is reduced considerably without the dynamic glass transition temperature being altered. Other effects of BR 

addition are an improvement of the flow behaviour in injection moulding and a reduction of the energy needed for extrusion. Certain 

adverse effects on the physical properties of the vulcanisates have to be accepted. 
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3.3 NBR/CIIR Blends: 

 These blends, too, are heterogeneous. Good resistance to ozone is obtained. Applications of these polymers are aimed at 

the automotive, domestic appliance, fluid power and industrial hose industries, and although still not performing as well as 

conventional NBR on compression set, they could also find use in certain seals and gasketing ap- plications. Without doubt this is 

one of the most interesting developments that has taken place in recent years and will surely be followed by further types from other 

manufacturers. 

 

4. BLENDS OF NBR WITH PLASTICS: 

Although small amounts of NBR are added to thermoplastic or thermosetting resins to improve certain properties of these, 

the following remarks are concerned mainly with blends in which the rubber predominates and which are processed and used 

similarly to rubber. 

 

 

4.1 NBR/PVC Blends:   

Blends of NBR with PVC were developed to have combined properties of the ozone resistance of PVC with the cross-

likability and oil resistance of NBR. With PVC it is possible to have two distinct types of blend ratios, firstly that where the PVC 

predominates and the resultant blend is processed as a thermoplastic and secondly that where the NBR predominates and the blend is 

subsequently processed as a vulcanizable elastomer. This second type of blend ratio was initially developed as a means of improving 

the ozone resistance of nitrile rubber, where it was used mainly as a competitor for polychloroprene rubber. The amount of PVC 

present in the blend can vary up to 50 parts, but to have any measurable improvement in weathering properties, at least 25 parts of 

PVC must be present in the blend. Nitrile rubbers have a range of NBR/PVC blends available, some of which are mechanically 

prepared, though most are manufactured from latex blends. 
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4.2 Blends of NBR with Polyamides (PA): 

Despite the similarity of the solubility parameters, pronounced crystallisation and hydrogen-bridge bond formation by the 

polyamides (PA) prevent NBR/PA blends (6-PA, 6, 6-PA) from forming ho- mogeneous phase. Tolstukhina and Kolesnikova86 found 

that the benzene resistance of gelled blends was considerably improved, but at the expense of the resistance to abrasion and elongation 

at break. It is assumed that the NBR is crosslinked by the polyamide. 

 

Ozone Resistance : 

NBR vulcanisates are only moderately resistant to ozone. The ozone resistance can be increased ef- fectively by blending 

the NBR with PVC or EPDM. If, for technical reasons, this is not possible all that can be done is to add large amounts of p-

phenylenedimines or the- non-staining antiozonant AFD (which is based on enol ether) together with waxes. No explanation has yet 

been found for the fact that antiozonants have so little effect in NBR vulcanisates. Grades with low acrylonitrile contents can be 

given more protection than those containing large amounts of acrylonitrile. 

 

II  PROSPECTS AND CONCLUSION 

 

In some of its applications Nitrile Rubber has been replaced by other special rubbers that are superior to it in individual respects, 

or in combinations of several properties. Thus acrylate, silicone, and fluoro rubbers have already been used for a number of years for 

many types of shaft oil seal, which were formerly made with NBR. The change was dictated by higher engine temperatures and 

speeds and alterations to the composition of lubricating oils, together with longer guarantee periods and intervals between oil changes. 

Even the use of NBR for certain rubber parts which come into contact with liquid fuels has been replaced by that of epichiorohydrin 

polymers, which offer more favourable combinations of resistance to swelling, low-temperature flexibility, and resistance to ozone. 

It is here, above all, that the future of NBR will depend very much on the fuels of the future. On the whole, however, the position of 

NBR as the standard polymer for rubber goods that are exposed to oils, liquid fuels, and greases is unlikely to be seriously challenged. 

In those applications where the goods are only just equal to the demands made on them, NBR manufacturers and the rubber industry 

are endeavouring to ensure the continued use of this material by developing new grades and processing methods and working out 

new and more suitable recipes. 

 

REFERENCES 

[1] Hofmann, W., Rubber Chem. Technol., 36, 1963, 1. 

[2] Coran,P., Plastics And Rubber International, 2, 1967, 117 

[3] Brown, H. P., Rubber Chem. Technol., 36, 1968, 931. 

[4] Dunn, J. R., Coulthard, D. C. And Pfistfrer, H. A., Rubber Chem. Technol.. 51, 1978, 389. 

[5] Shen, M. C. And Eisenberg, A., Rubber Chem. Technol. 43, 1970, 95. 

[6] Bertram, H. H. And Brandt, D., Rubber Chem. Technol., 45, 1972, 1224. 

[7] International Institute of Synthetic Rubber Producers, The svnthetic Rubber Manual, 8th Edition, 1980. 

[8] Nordsiek, K. H., International Rubber Conference, Munich, September 1978. 

[9] Yelland, P., Plastics And Rubber International, 2, 1977, 67. 

[10] Evans, C. W., Iri Second Annual National Conference, Blackpool, 1974. 

[11] Bryant, C. L., J. Inst. Rubber Md., 4, 1970, 202. 

[12] Hallenbeck, V. L., Rubber Chem. Technol., 46, 1973, 78. 

  [13]. Jones, R. H., Walker, J. And Went, R. J., 4th Australian Rubber Technol. Convention, 1977. 

[14] Kline, R. H. And Miller, J. P., Rubber Chew. Technol., 46, 1973, 96. 

[15] Meyer, G. E., Kavchok, R. W. And Naples, F. J., Rubber Chem. Technol., 46, 1973, 106. 

[16] Horvath, J. W., Grimm, D. C. And Stevick, J. A., J. Elastomers And Plastics, 7, 1975, 337. 

http://www.ijcrt.org/

