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TITLE CCMPETITION BE'lWEEN NAnrRAL AND SYNTHETIC 

RUBBERS 

Part 1 Price and Production of Natural and Synthetic Rubbers. 

Part 2 Processing and Service Performance ~f Natural and Synthetic 

Rubbers in Tyres ai;d Non-Tyre Applications. 

Part 3 Hew Forms of Natural and Synthetic Rubbers. Their Effec~ 

Qn the Comp~titive Po~ition of Natural Rubber. 

General Introduction 

Price, availability, processing cost and service performance are the 

components of competition. The three papers in this series will look 

at, in Part 1, the present position and future trends in price and 

availability of natural rubber and its synti1etic competitors; in Part 2 

th~ processing and service performance of NR and its competitors in 

tyres and non-tyre uses; in Part 3 th~ development of new forms of 

rubbers and the effect on the compeUtive position of NR. 

Both n~tural and synthetic rubbers have their sp~cial place; le some 

appHcatious need .the special properties of one or the other rubber. 

For many, indeed most applications, however, compositions can vary widely • 
and still give technically satisfactory performance. It is with this 

competitive area that these papers are concerned. 
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Part l Price anJ Production of Natural and Synth~ ic aubbers 

1 Introduction 

The major comretitors for NR are SBR, (styrene butadiene rubber) and to 

a lesser extent BR, (polybutadiene rubber) since these three rubbers 

supply virtually all the rubber for tyres, and since tyres consume 7rrt. 

of all rubbers. The price and availability of other synthetic rubbers 

are governed by the same factors which control the price and availability 

of SBR, ie oil price and competition for raw materials from oil. \'his 

paper therefore will deal mainly with NR and SBR, and will assume that 

other synthetic rubbers will follow the same price trends as does SBR. 

r 

Given normal industrial progress it is not possible that either NR or I , 
. I 

SBR can wholly supplant one another. The demand is huge, 3!ld, oil 

shortage or no, can be exp~cted to grow, albeit slowly, ov~r a considerable 

number of years. In this paper we shall look at the production 

capabilities and the likely relative prices of NR .ind SBR. 

2 Synt~etic Rubbers 

Historically, increased i~dustrialization has been linked with increased 

transport, not only freight transport but also cars as an integral part 

of improved living standdrds. It is to be supposed that this will 

continue, and that rubber tyred vehicles, prop~lled by whatever means, 

will continue to increase in numbers as world industrialization progresses. 

Since no forecast of future t~tal rubber supplies envisages that 

sufficient natural rubber will be available to satisfy total demand, the 

position on the supply of synthetic rubbers can be simply stated. That 

is that the supply will increase to meet the increased demand. Though 
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currently SR plants may be under-use~, if and when aemana increases 

the supply will increase also. It is to be expected too that the price 

of SR will be determined in good part by the price of oil. 

P'igs. 1 and 2 show the correlation over a rather short period between the 

production index for 1112nufacturing indus~ryl and consumption of 

total rubber and synthetic rubber. In developed countries the ratio 

of rubber consumption to industrial production index is almost constant, 

indicating that in these countries the industrial scene has changed 

quantitatively but not qualitatively. In developing countries on the 

other hand this ratio changes considerably between 1960 and 1977 

reflecting a qualitative change to a more industrialized scene. 

The changes in rubber consumption are closely pa~allelled by changes in 

the number of vehicles in the are~s concerned, as sho'Vll in Table 1. 

SBR is the major synthetic rubber because of its use in tyres together 

with Bil, tyres consuming upward of 60'7. of total rubber production. If 

other synthetic rubbers are developed which supplant SBR (or NR) as a 

major tyre rubber then no doubt their price and supply will be governed 

by the same factors as govern SBR supply. So far no 

competitor has emerged, though pericdic announcements are made that a 

new rubber has been developed to take over the tyre market. A more 

convincing one may have emerged in the recent Dunlop/Shell development 

of a rubber claimed to have both low rolling resistance and high ~et 

grip. 

3 Natural .!!!_b!!!_ 

Though in Brazil th• price of natural rubber may be artificially 

1 
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poss1biy cross iiniteci .SBR ciepenaiug on Liu: prnpc17ti.:s r.:quiro:;d ;:;f th.: filt 

substitute. Once lost to NR, this share of the market would be difficult 

to regain. A painstaking analysis has been made by the Malaysian Rubber 

Resea1~h and Development Board of the realistic r.iaximum market share 

which NR co;1ld obtain on technical grounds modified by certain economic 
4 

and political factors, Bnd this share is proposed to be 35 - 407. • 

Obviously to reach the required production will demand a major effort, 

and this effort is in fact being made, by new planting, by replanting 

with modern hi~h yielding trees which will mature early, by yield 

stimulation and improved tapping techniques. The contemplated advance 

demands major organization and expenditure which must compete with other 

demands for investment to improve the economy of the countries r.oncerned. 

All these schemes aust necessarily take in existing and ne~ small-holders 

who produce an increas!ng proportion of the total NR, and involve not 

only capital expenditure but also loan~, both long and short ~erm, to 

small-holders. The competition between NR and other crops is illustrated 

by the ~of area under rubbP.r to particularly palm oil, where there 

has been a decrease since 1963 of about 301. in area of Malaysian e3tate 

rubber, because palm oil has been judged to be a more profitable crop. 

In nev ptanting, Malaysia plans to bring in about 40,000 hectares pa? 

Thailand aims at a ~imiiar figure, and estimates that about 500,000 hectar~s 

are still available 5. Indonesia is engaged on large rehabilitation, new 

planting and replanting schemes to the extent of about a million hectares, 

and so on 5. 

Yield per acre has increased markedly as a result of clonal selection. 

Table 2 gives th~ yield per acre of various clones introduced in Malaysia 

1 
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and therefore fluctuates to a constderable extent. This is inherent in 

the way in which it is marketed, and there seems little possibility 

of any real change at the present time. Thi~ price fluctuation may be 

ameliorated in two ways, ie by long term contract directly between 

producer and manufacturer, as is increasingly occurring, and in the 

future by a price stabilization scheme whose operation still has to be 

pro~en. In the long term, the price of NR has been rather above that 

of SBll {Fig 2), reflecting the fact that NR possesses some valuable 

processing properties for which manufacturers are prepared to pay, and 

natural rubber interests no doubt hope that will continue to be so. A 

stable price a little above that of SBR would be profitabl~ to NR 

producers without offering too much incentive to manufacturers to 

convert to SR formulations, ~r to SR producers to develop new synthetic 

rubbers. 1 ven at a price below that of SBR, NR can be profitably 

produced at least by the more efficient estates and larger small-holders. 

Production of NR has increased enormously since the 1950s, and all Nil 

pr~ducing countries have major plans for further increases. Various 

forecasts have been made of growth in total rubber demand and of growth 

in NR demand, and some of these are shown in Fig .42. The mo~t conservative, 

by T 1l lliedl,3 forecasts at. NR. output of .'i. 3 million tonnes by J 990, 

requiring an additional area of one million hectares of mature high-yield~ng 

tre~s by that time. Such an increase ia feasible, and was in fact 

achieved between t 963 and 1973. Howe,•er, on this basis NR' s market share 

would be only 271., and this would encourage, indeed necessitate, the 

produ~ti<~ ?f synthetic rubbers to substitute for the shortfall of N'R. 

These syn~hetic ru~bers could be improved isoprenic types, or SBll, or 

1 

' 



over the yerrs, the latest yielding over 3000 kg/hectare. Replanting is 

a continual process as trees pass maturity and better trees become 

available. Tabl~ 3 shows the striking increase in yield of ~states and 

small-holdings since 1950, a consequence of replanting and i~?roved 

husbandry. 

Yield stimulation, which at first sight might seem tv be very suitable 

to small-holders' needs, has been particularly poorly taken up by small 

holder~. This technique ~alls for the applkci.tion of ethylene to the 

tapping cut, ~iberated from the com~ound Ethrel (2-chloro~thyl phosphoric 

acid), and can increase rubber yields b:· 50 - Bot with well nourished 

trees in tapping for more than fifteen years. In Malaysia in 1977 · 

65 - 70~ of estate area over fifteen years in tapping were so stimulated, 

but only about 2~ of small-holder area. There are several reasons. The 

cost of Ethrel, plus the five times greater cost of fertilizer to feed 

the tree, cannot readily be met by poor families. This is exacerbated 

by the system of inheritancr, leading to multiple ownership and 

consequent difficulty in arriving at a decision to spend or borrow the 

necessary cash. In addition Ethrel demands lon3er times to elapse between 

tapping and collection. Since many, or most, small-holders have other 

jobs, possibly at some distan~e from the plantation, they cannot ~fford 

to wait this longer time. Similar considerations apply to replanting. Since 

most rubber come• frm mu.llholders (Table 4) it ii particularly important to 
remedy thia situation. 
While Eth·.cel sttmuLacion is capable of increasing yields by the amount 

indicated, it is not in f3ct being so used at the present time6. Both 

estates and small-holders seek to maximize profit, and one component in 

the equation is the tapping teLhnique and the cost of that technique. 

!threl p~rfoxma best on trees tapped at less than lOot intensity, and 

1 
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estates have therefore used this technique to reduce tapping, and therefore 

tapping costs, while maintaining or only slightly increasing output. 

Small-holdeTs on the other hand, usin& family labo~r, will tap at higher 

iutensity, and therefore risk overta~ping and dry panels. Obviously, 

at unduly low NR pri~e there is little incentive to use Ethrcl, but at 

times of increased demand Ethrel will be a potent factor increasing yield 

and stabilizing price. 

The sum of all these endeavo~rs will b~ a rapio increase ia the amount 

of HR. available, and a figure of 10 - 12 million tonnes pa by the year 

2000, c::>mpared wi~h present production of about 3.5 million tonnes of NR 

and about 7 million tonn~' of synthetic rubbers. Even this h!gh 

postulated output of NR will not be more than 407. of total forecast 

demand for all rubbers, & factor which alone will seriously hinder greater 

uae in major applicatiou. 

Even if NR output grows, but demand for all rubbers lags IM!low the 

forecast, NR will still be in a strong posicion. Redu~ed codts of 

production by more efficient growing and tapping, and the realization 

that NR can ~e used more widely than at present should ensure that all 

the NR produced is sold at a reasonable profit. The technical aspect 

of HR. usage will b2 ~ur7eyed in Part 2 of this paper. 

' 



- 9 -

Part 2 Technical Merits o~ NR and SR 

Introduction 

The choice ~f natural or synthetic rubber, or a blend is based on aP 

assessment of price and performance in which processability as well 

as service life is taken into account. The major choice in tyres, and 

therefore in tonnage, is between NR and SBR, with or without 

polybutadiene. In non-tyre applications the manufactureL is faced 

with a wider range of required properties and wit~ a larger number of 

competing polymers - NR, SBR, polychloroprene, EPill, polyurethanes etc. 

Certain properties are comnonly required in various applications eg 

green strength, tack, adhesion, extrudability, reversion resistance, 

resistance to wear. tear and fatigue, oil and heat resistance, and this 

paper deals with NR's compE.titive position i.n terms of such properties, and 

of course re~uire special rubbers. In others the range Qf choice is 

wider, and different manufacturers ma~· reach different solutions in 

apparently similar applications. Table 5 illustrates the sort of 

choice which is being niade in tyre tl:eads in Europe and USA. 

The cost can figure differently to the manufacturer or the user. The 

custom mixer making retread compounds will think very much about the 

relative costs of NR and SBR. His customer, the retreader, will see 

the compound cost as one element in a larger equation of proce~sing 

cost, proportion of returns and customer acceptance. A transport fleet 

manager, the ultimate user, will be concerned with pence per mile and 

reliability, in which the initial compound cost is a very small part. 

The inteTplay between aJl these people will ultimately determine polymer 

usa~e. 

1 
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Processing 

Cold feed extrusion illustrates very well the behaviour of natural 

rubber !!. SBR in processing. As is well known, natural rubber compounds 

which have been rested after milling bec~me rapidly tough and difficult 

to p~~cess, but after for example a short time on the mill became much 

more proressable. This is a thixtropic effect and the toughening/softening 

stages ~an be repeated several tiMes. This is ~uite a serious 

disadvantage fo1 natural rubber, and for instance may reduce the 

proportion of NR in a compound to sot or 60~ purely because of extrusion 

(or calendering) requirements, though a higher proportion of NR might 

give better servir.e performance. 

The im~~1tance will vary according to the type of extruder. In the 

worst case, of a r.3111 extruder, Table 6 shows the performLnce of unworked 

NR and SBR tread compounds, the latter extruding much faster. If however 

both comp~unds are passed through the mill two or three times to give 

light mastication without much breakdown, the position is reversed and 

NR. extrudes much faster. Some retreaders of high quality tyres, earthmover 

or aircraft, work like this. 

Developments in extruders h3ve ameliorated but not removed NR's 

disadvantagP. High intensity screws, and the pin extruder lately 

dcvelopeJ, give the results ty~ified in Fig 5. Such machines are becom~ng 

increasingly used in tyre and retread factories, will enable NR to 

retain its place in heavy duty treads. 

An interesting and potentially important observation is that in oil-extended 

compounds, the use of oii-extended NR masterbatch (eg 75 NR/25 oilino black) 

as made in Malaysia gives excellent ext~usion in the ram extruder (Fig 6). 

l 
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Green Strength and ~reen Adhesion 

In many composite articles i~ is essential that the rubber phase should 

have adequate strength in the unvulc~nized ~tate to allow manipulation 

in building pr?cesses. The best known example is in radial tyre carcasses 

where during infl~tion of the uncured carcass the cords must remain 

uniformly spaced and must not penetrate the carcass rubber. Natural 

rubber has excellent green strength and is almost universally used for 

this application. The reason is believed to be connected with the ready 

crystallization of NR on extension. SBR and ordinary synthetic 

polyisoprene have poor ~reen strength (Fig 7). Improvements are claimed 

for special PI rubbers, for emulsion SBRs containing crosslinks which 

are labile in processing, and for SBR contai~ing some polystyrene blocks 

in the polymer chain, but so f&r none has reached wide conmercial 

acceptance. 

Adhesion of unvulcanized to unvulcanized rubter is of importance in many 

articles besides tyres. Natural rubber is acknowledged the best, and 

even in some circumstances may be to~ good. A special requirement for 

tyre retreading, whi~h uses perhaps a million tons of rubber hydrccarbon 

a year, is adhesion of unvulcanized rubber to a vitlcanized buffed surface. 

Fig 8 sho1"s this green adhesion for blends of MR and SBR, where clearly 

there is a certain minimum proportion of NR which will secure good 

green ~dhesion. The importance of this is that it allows the tyr~a to 

be handled before c•Jring with less risk of ~eparation in the green state 

which might give riae to sepdration in service. 
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Cut growth and fatigue 

A property of fundamental importance in many applications is the growth 

of small cuts under repeated stress, and the manner in which a rubber 

resl>\lnds to difftrent levels of stress. At a sufficiently high stress 

the rubber will tear, and i~ this sense fatigue and tear are opposite 

extremes of the same process, cut growth. It is however illumi~ating 

to think of them as separat~ effects which arc of different importance 

in different applications, and will therefore affect the choice of 

rubber. This :s particularly useful in considering wear, as will be 

seen below. 

The cut growth behavicur of NR and black-filled SBR7is shown in Fig 9 

(th~ addition of filler does not substantially alter the behaviour of 

~). At l':>W tearing energies (low stresses), cut growth is mechano

::ltemical in nature, and SBR is superior to NR. At higher tearing 

energies a region of catastrophic tear is a9proached, and under these 

conditions NR is superior. An i~portant point is that under conditions 

where the stress is ~ coopletely relaxed during each stress cycle 

the fatigue life of NR is greatly improved, and this is of considerable 

impm:tance in many engineering applications. 

'ypical uses illustrating the relative fatigue performances are: 

a) s1dewalls of bias ply tyres, where SBR is used under conditions of 

low strain 

b) sidewalls of radial ply s1dewails, which operate at higher strains 

and demand more Nil 

c) rubber springs, where NR stands up to high teaTing energies without 

colastrophic failure. 

1 
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yulcanization 

Considerable strides have been made in improving both reversion resistance 

of natural ru~ber on extended cure, and its efficiency of vulcanization 

at high c~ring temperatures, thereby improving the performance of NR in 

such processe~ as continuous curing, injection moulding, and the curing 

of thick articles, including tyres. By decreasing sulphur level from 

the conventional 2.5 parts to about 0.3 parts or about 1.2 parts (the 

so called efficient vulcanization, EV, and semi-efficient vulcanization, 

S-EV, systems) with accompanying increase in accelerator level, reversion 

resistance is greatly improved as shown in Fig :h08, Recently a number of 

other imp-rovements have been reported, and some cf these, in addition 

to improving reversion, also inr.cease efficiency of cure at high 

tempecatures. Titese are as follows: 

l The use of a high stearic acid level in a semi-EV compound improves 

not only modulus reversion but also laboratory abrasion 

resistance (Table 7 ) on overcured samples9. The cause of the 

improvement ta~ not been investigated. It is likely to involve 

some tendency of the system towards an EV system. The high 

stearic acid level ~oes not adversely affect bonding. Truck tyres 

ha,·E: been built and rig tested up to 251. overload without failure. 

2 The use of a co-vulcanizing agent (Si 69, a tetrasulphide) as dn 

addition to a black-filled semi-EV compound (1,5 phr of sulphur, 

1.5 MBS iccelerator)lO,T~is is believed to act by slow 

co-vulcanization, replacing crosslinks lost by reverbion. In 

addition to improving reversion it also significantly improves 

efficiency of cure at high temperatures (Figs 11 and 12 ) • 

Other tetrasulphides do not act similarly. 

1 
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have developed pentachlorophenyl 

which are added to a semi-EV 

compound, and are thought to act as slow accelerators rather than 

co-vulcanizersl.1.Thesa are even more effective in improving 

efficiency of cure at high temperatures but at the time of writing 

are de~elopment products only. 

4 All the abov~ are improvements to an established sulphur system. 

A new departure has been the development of urethane crosslinking 

agents (trade name Novor)l2.These introduce a totally new type of 

crosslink which is thermally very stable and is almost inmune to 

reversion or to loss of efficiency or raising cure temperature. A 

valuable aspect is that they can be combined with sulphur systems, 

when pronounced synergism is found. This allows the proportion 

of both urethane and sulphur crosslinking agents to be reduced, 

while retaining valuable reversion resistance. A particular 

advantage is the retention of fatigue resistance after ageing (Fig. 13). 

They have been successfully evaluated in a large number of 

evaluations and have reached coumercial acceptance in a number of 

products, for instance engine mounts for hot environments. An 

interesting application is in heating pads for repair of earthmover 

tyrec, where NR/Novor is giving several times the life of the 

silicone rubber formerly used. 
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Wear and other properties of tyres 

Most rubber articles fail through wear, ie tyres, conveyor belts, shoe 

soles. It is well known, particularly for tyre treads, that if two 

rubbers are compnred under different conditions reversals of ranking 

may occur. Grosch and Schallamach in investigations of the mechanic 

dependence of wear have identified two abrasion mechanisms, fatigue 

failure and tensile, or ~ear, failure, which depend on type of compound 

and test conditions, ie pressure on the abrading surface, and 

tempera~urel.3. 

The effect of temperature on tread wear hes been investigated by Groschl4 

who found that the effect of speed, au.nner of driving and 

ambient conditions could be compounded i~to the P.ffect of one paraaieter, 

the temperature of the surface of the tyre, as shown in Fig 14 • At 

high tyre surface temperatures, where fatigue is more important, SBR 

and SBR/BR blends are superior to NR and NR/BR blends. At low tyre 

surface temperatures NR is superior. 

The effect of pressure as found by Grosch and Schallamachl3 is 

shown in Figl5 where reversals of ranking are observed when NB. and 

SBR are abraded on surfaces of different sharpness, ie different 

pressure on the rubber. On smooth surfaces SBR is superior, but 

with increasing pressure NR becomes sup~rior. 

These two effects are reflected in the use of Nil or SBR in different 

treads. Car tyre treads are normally synthetic rubber, because they 

operate under light loading ie fatigue conditions. The larger the tyre 

the greater the l~ad, and therefore the greater the use of NR in large 

truck tyres and even more in aircr•ft and earthmover tyres, to 

1 
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withstand tearing. Other factors su~h as heat build-up are obviously 

important. 

An important illustration of the effect of conditions on wear is 

given in Table 8 which gives the result~ of wear trials of winter 

tyn:s 15. 

These tyres were tested on hire fleet cars in Montreal, Minnesota, 

New England and Germany. Under the coldest conditions, Montreal, the 

WR treads were considerably superior, but in the more temperate conditio~s 

of Nmr England and Germany they were equivalent. Results such as these 

have led to the use of Nil not only in winter tyres (up to751. NR), but 

also in the more important of the new all-weather tyres, up tJ 30t Nil. 

The tyre tests mentioned above were run not just in the depths of 

winter, but on to May or June, and s~gge~t the possibility that general 

purpose car tyres could contain substantial proportions of Nil without 

loss in current wear standards in normal service. 

Conveyor belts with Nil and SBR covers have shown a marked superiority 

for NR in severe conditions including arc conveying in a steel works 

or coarse basalt in a quarry, Table 9. 

Other important properties of tyre treads are wet grip and groove 

cracking. In both res~ect oil-extended Nil/BR treads are as good as 

the usua 1 OESBll/61-. • 

A topic of current importance is energy consumption, &nd the effect of 

various factors, ie radial or bias-ply, inflation ~ressure and 

1 
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, _fl' "' , .. - •• ~#· 

has published data on the effect of construction and tyre pressure, 

sh<>Ying the considerably greater importance of the gasoline consumed 

in rolling the wheels than the petroleum equivalent of the rubber 

consumed in the life of the tyre. Data from his paper are contained 

in Table 10. If the SBR in the tread were replaced by NR, at similar 

compound composition, ie oil-e>:ten1ed to the san.e level, a saving of 

about 207. of the gasoline used ir. rolling the wheels would be expected. 

Since NR takes less ~nergy to produce (Tables 11 and 12) there 

would be a dual saving in energy consumption which would amount to 

about 37. of the gasoline used to move the £!!.· This wollld be a 

worthwhile saving on a large scale, though the pri7ate motorist would 

not notice it. Though wet grip would be reduced slightly, this would 

not be significant on the radial-ply tyre. In fact this replacement 

is unlikely to occur on a large scale simply because of supply, ~ut 

also because of the introduction by Dunlop and Shell of a synthetic 

rubber (u~disrlosed) claimed to hav~ good wet grip and low rolling 

resistance. 

. I 
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Fluid resistance and ozone resistance of blends 

As is well known, natural rubber does not take ~p water to any 

significant extent, but is not normally considered as an oil-resistant 

rubber. Two points can be made, first that in a thick article, the 

rate of diffusion of viscous oils is so slow as to be negligiblei6. 

and natural rubber is of course widely used in engineering 

applications where it is contaminated by oil, such as engine mounts, 

vibrating screen mounts, railway wagon springs and the lik~. Second, 

natural rubber can be blended with polychloronrene or ac~ylonitrile

butadiene rubbers to give useful compounJs l7,l8. For example up to 20% 

of NR may be substituted for polychlorop~ene with little if afiy 

adverse effect on properties which would reduce service performance 

(Table 13 ). At higher proportions of NR oil resistance is reduced 

(Fig 16 ) but water resistance is improved (Fig 17 ). Ozone resistAnce 

varies with hardness and with NR/CR ratio (Fig 18). 

Blends of NR with acrylonitrile-butadiene rubbers may similarly be 

made. Volume swelling and ageing is shown in Figs 19 and 20 • A 

20.NR/80 ABR blend may be used for most Cll applications except where 

high resilience is required (Fig 21 ). In many ABR applications such 

a blend may be used except where maximum oil resistance is required, 

and indeed the slight swelling shown by a 20 NR/80 ABR blend, against 

the slight shrinkage of loot ABR, may be advantageous in sealing 

applications. 

-1 
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Engineering Applications 

Rubber springs, bushes etc require adequate stren~th and fatigue 

resistaace, low cr~ep and compression set, and usuelly low hysteresis. 

As far as possible these properties should have minimal oepende~ce on 

strain amplitude, frequency of deformation, and temperature. 

Increasingly, reproducibility of properties within close limits is 

being requiTed. Natural rubber can fulfill these total requirements 

possibly bett~r than any other rubber, though naturally there will be 

special circumstances which will require particular synthetic rubbers. 

To obtain reproducible modulus within say 5t of the mean mastication 

and mixing must be ~arefully controlled. By using viscosity car.trolled 

natural rubber such as SMR 5CV premastication can be eliminaterl, and 

uniform compound viscosity and vulcanizate modulus more easily achieved. 

NR ~an be compounded to low hardness and still retain excellent tear 

and fatiiue resistance (Table 14} 19. .Becaase of its low gla~s 

transition temverature (Table 15) its modulus is constant over a 

0 0 temperature range of -20 C to +100 C, and/or over a wide range of 

frequenciesl9. 

Low creep rate is important in many applications. Very low creep can 

be obtained by the use of low sulphur (EV) systems {see section on 

Vulcanization) in which all the added components &nd their reaction 

products are fully soluble in the natural rubber at room temperature, 

ie the operating temperature for most of such applications. In 

addition, such systellllS have reproducible modulus, good dynamic 

proptrties and better fatigue resistance than most other IV systems. 

In bridge bearings and similar applications NR's only current 
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competitor is polychloroprene. As shown in Figs 22 .. ind 23, the 

principal disadvantage of CR is in low temperature resistance and in 

water absorptiont giving increased creep. 

1 
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Part 3 

Introduction 

There are a number of developments in the rubber industry which pose 

a challenge for natural rubber. Injection moulding has become 

prominent in the last 15-20 years but has still to realise its full 

acceptance. Thermoplastic rubbers are beccming slowly more popular. 

Powdered rubbers and their possible proces~ing advantages have slill 

to make any major progress. All these change NR.'s competi-ive 

position in some way, and NB. must develop and be moclitied to retain its 

pla'!es in aD1' nev ecene which becOllles illlportant. 
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When the modern interest in injection moulding began, in the 1960s, 

it was assumed by some manufacturers that natural rubber would be 

unlik~ly to be usable in this technique because of the high curing 

temperatures involved. This is very far from being the case, and 

natural rubber is widely used, generally without requiring special 

compounding to meet injection moulding conditions. Most natural 

rubber compounds designed for ~,,mpression mo~lding and having a scorch 

0 time of ten minutes or more at 150 C can be satisfactorily injecti~n 

moulded provided machine controls are properly adjusted. Indeed, one 

advaitage of natural rubber is the substantial heat build-up at the 

injection stage, so that ~he compound arrives in the 1110uld at near 

mould temperature while being adequately safe in tae barrel. · 

It is good general advice that in adapting a compound for injection 

moulding ~corch safety should be ensured by adding cure inhibitor, 

then machine variables sho•1ld be set before further varying the compound. 

For example Fig. 24shows the effects of barrel temperature in a Rep 

machine in which the compound is plasticized by a screw, fed into a 

separate i;:ljection chamber then injected by ram through a nozzle into 

the mould. Fig.25 shows the effect of injection pressure or injection 

time and injection temperature. By proper selection of these and other 

machine variable.s it is' possible to arrive at the shortest mould time 

consistent with adequate resistance to scorch. Fig.26 gives an 

example. 

Choice of vulcanizing system is governed by required scorch resistance, 

and by the maximum rate of cure once the mould is filled. In many 

cases, especially for thin articles of uniform thickness, conventional 

'l 
sulphur systems are satisfactory up to a mould temperature of 180 C. 

l 
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For thick articles, and those of varying thickness, EV or semi-EV 

systems are generally satisfactory. The cure inhibitor, Santogard PVI 

(N Cyclohexyl thio-pbt:halimide, Ko;.1santo) is not very effective in EV 

or semi-EV systems, but scorch time can be adjusted by varying r&tio 

of primary to seconda1-y accele1ator. All sulphur systems lose 

efficiency at high temperatures (Fig. 27). This may be met by 

a. Increuing the level of all vuJ.canizing ccmr.:ionents (Fi~.28): 

b. In conventional. 117steJ111 by increasing the level of primary accelerator 

llig. 29); and 

c. Using a mixed lfovor/sulphur system ('F'ig.30). 
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'!'h~~nlAstic rubbers 

Tltere are ruany versions of thennoplastic rubbers, whose principal 

attraction of cocrse is the elimination of the vulcanization step ~nd 

the ability to be handled in plastics processing machinery. In 

principle a range of hardness is available either through variation of 

the polymer composition or througtl no~-mal compounding, addition of 

fillers, oils, resins, etc. Such compounding requires high shear 

equipment, eg int~rnal mixers or double screw compounding extruders. 

Of the four types of thermoplastic rubbers, two are cheap enough to be 

potential competitors with general purpose rubbers. These are the 

styrene block polymers, developed in the early 1960s, and the 

thermoplastic olefinics, in the early 1970s. The latter consist of 

physical blends of !Pail rubber and polypropylene in which the rubber 

phase is partially crosslinked. 

The various thermoplastic rubbers have competed with vulcaniza~le 

rubber and PVC in applications such as shoe ,oling, wire ~nd cable 

insulation, automotive components, and ~ome mechanical goods. Total 

tonnages are not large, about 200,000 tons in 1981, and their principal 

limitation is that at moderately high temperatures they soften. For 

example, sports shoe sole~ in strenuous sports such as squash may 

develop sufficient frictional heat to soften soles of styrenic block 

copolymers though satisfactory for less demanding sports. 

Natural rubber can be blended with crystalline polyolefins such as 

high density polye~hylene and/or isotactic polypropylene22, The blending 

is easily performed in internal mixers in which the temperature of the 

mix can be raised above the ~elting point of the polyolefin (165°C-175°) 

1 
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early in the mixing cycle. After blending the batch while still hr,t 

must be passed once through a mill to give a sheet 4-8 am thick 

suitable for granulating. 

In th~ blend the hard microcrystalline regions of the polyolefins 

play the part of crosslinks. A degree of light crosslinking of the 

rubber phase improves flow, shrinkage and surface finish, and this 

is accomplished by adding an organic peroxide in the mi:cing cycle 

sufficient to gel the rubber without impairing thermoplastic properties. 

This addition is preferably made after the polyolefin has melted 

(indicated by recorder temperature or 811meter). A mix cycle in a 

stelilll heated inte~al mixer (eg K2A Intermix) is as follows for a 

wide range of F"'./PP/black combinations: 

0 minutes add bJqck, polypropylene, NR 

3 - 4 minutes add dicumyl peroxide 

6 - 7 minutes add antioxidant 

6.5 - 7.5 minutes dump 

Machine conditions fer injection moulding the blend are shown in 

Table 16. The minimum extruder, injection chamber and nozzle block 

0 temperature is 190 C. Injection pres!ure should be high enough to give 

the shortest possible injection time; and should be held long enough 

to prevent sin~ marks due to thermal contraction of material in the 

mould. Mould temperature should be high enoJgh to avoid flow patterns, 

usually 90-100°c. Table 17 gives typical physical properties of some 

blends covering a good range of modulus and strength. The major 

factor governing properties is the ratio of NR to polyolefin. General 

purpose Llacks add little to the properties of a peroxide modified 

1 
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mix, hut antistatic materials suitable for painting oy electrost~tic 

spraying can be made by adding conductive blacks. Weather and ozone 

resistance are excellent. Adhesion of paints requires simple 

surface chlorination, and is better the higher the proporcion of NR 

in the blend. 

These materials can be prepared by the rubber manufacturer, given that 

adequate mixing temperature can be attained. In large mixers, even 

unheated, this has been no problem. The main application is eeen to 

be in vehicle body components and in footwear, a stiff flexible 

0 component, suitable for a working range of -30 to +70 C. They have 

a small temperature coeff iclent in this range which makes these 

competitive with or superior to polyurethanes or EPill. 
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Powdered rubber 

General pur~ose powdered rubbers have been of interest for some years, 

for the possibility that they might offer cheaper or better processing 

by current or novel processing methods. Published results are conflicting, 

but in general they give little or no advantage in conv€ntional processing, 

ana only limited promise in the new continuous mixer extruders developed 

by Farrel Bridge (the MVX) and Werner-Pfleiderer (the EVK). In these 

novel machines, and also in injection moulding there is the possibility 

of using a comparatively light weight dry blender to mix powdered rubber 

with other ingredients, then passing the result to an injection moulding 

machine or to a continuous mixer extruder foll wed by a continuous curing 

bath. A particular advantage might be the ability to set up a relatively 

small operation, too small to use economically the conventio~al mixer 

and take-off arrange:aent. 

Natural rubber has particular disadvantages in this scheme. First, its 

natural tack is so good that agglomeration in tr~nsit or in sto~e is 

not easy to prevent. Second, if powdered NR is made in the producing 

country, the major consumers are so far away that freight costs on a 

bulky material are very high. If however powdered or fine crumb rubber 

were to be made and used in the producing country then disadvdntages 

would be minimized. It is possible to visualize a hypothetical set up 

where fine crumb is produced by one of the existing methods in a rubber 

pr0cesding plant ard would receive a minimal coating of talc, zinc 

stearate or other powder to keep the rubber particles separate while 

drying. The powder could then be passed irranediately to a d~y blender 

then to an internal mixer or mixer extruder to produce masterbatch for 

sa'e or for further processing on site. 
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In practice at present there 4re two forms of particuiate N°R available, 
23 

ie the spray-dried latex called 'Cru'>oe' and ·material made from bale 

rubber by granulation. 

Crusoe rubber is a fine powder of particle size 1007. less than 4 um, 

coated with fine silica as a partitioning agent. The premium is high, 

but it has gained limited conmercial acceptance in the field of solvent 

baRed adhesives and similar operations, where solution times are 

considerably reduced compared to the usual dissolution of chopped crepe. 

24 
Wheelans has investig~ted the granulation of bale rubber and its 

subsequent treatment by a number of techniqnes, and has costed each 

process. He estimates the cost of granulation as about £100/t, and 

~his of course has to be recovered in subsequent economy of processing 

some of his processing cost comparisons are given in the following 

Table 18. The figures given are those Judged most likely to be found 

in practice, and clearly show no advantage for powdered natural r••bber 

over bale rubber. Even in the most favourable case no advantage could 

be found. 

At present the only outlet for powdered or granulated generl&l purpose 

rubber appears to be in 1pec:!.al compounds which are for some reason 

di fficul t to mix, e.g. very hard compounda vbere heat history ~ be 

reduced by using powdered rubber in a contlououa mixer-extruder. 

1 
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:orm ·11sing a Banbury plus mill on a powder blender plus MVX. Wheelans 

works on a number of possibilities in terms of labour, mixing cycle 

etc, but Table 19 gives the most likely cost estimates showing that 

the Banbury is more economical. Note that the granulation cost is 

not included, and that even omitting this cost the Banbury using bale 

rubber is cheaper. 

Secondly, Wheelans calculated costs of producing a vulcanized extrud&te 

either by a Banbury/mill/cold feed extruder/LCM bath or by a 

dry blender/KVX/LCM bath where the extrudate from the KVX is fed 

straight through the LCM bath. In che best possible case, taking into 

account all the savings in building and aachinery costs, he estimates 

that the saving in production cost using ::be MVX only just compensates 

for the cost of granulation. 

Similar condHions will apply to SBR, though in this case the overall 

costs might be even less in favour of the powder route. 

1 
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Conclusions 

The most important conclusion is that there is no possibility that 

either NR or SR will exclude each other from the major markets, given 

any ~easonable estimate of the role of industrial expansion. The special 

properties of NR, and its ability to be produced at a lower cost than 

SBR, ensures its place in its present established uses, though it may 

be subject to some competition from eg special high green strength 

elastomers. The special properties of SBR will assure its place in car 

treads, but if prices rise too ~igh, NR could be used in substantial 

proportion with littlP. !oss in wear and grip, particularly in temperate 

climates, and with an advantage in rolling resistance which would 

outweigh any extra rubber or processing cost. Potential newcomers to 

the scene are the recently announced high grip/low rolling resistance 

tread rubber of Dunlop and Shell, and the possibility of injection moulded 

polyurethane tyres. The former will compete at least initially with SBR, 

and in tr~ck tyres is a completely undisclosed quantity. Polyu~ettane 

ty~es are likely to be introduced as tractor tyres in the next few years; 

published data is sparse, and their cost competitiveness with a modern 

radial tractor tyre is still to be established. Their greatest demerit 

appears to be in wet grip. 

In the complex scene of non-tyre uses natural rubber has lost some 

important markets with little hope of regaining tnem, and is all the 

time under pressure as a general purpose rubber from a variety of 

synthetic rubbers which each have their own special attributes. For the 

many arplications which demand wear and tear resistance, green strength, 

resilience or low temperature resist3nce NR is still the best choice. 

Nr..'s ~eat resistance has been substantially improved and blends with 

oil resistant polymers have been readily acceptable in an increasingly 

cost conscious market. 

l 
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Powdered rubbers do not seem to be of wijespread advantage, but 

continuous mixing and injtction moulding may make use of them in a 

relatively s!llall factory where conventional large scale mixing cannot be 

economically installed. Thermoplastic natural rubber/polypropylene 

bl~nds are well suited to cur~ent and future applications for a general 

purpose material of this type. Both thermoplastic and powdered rubbers 

shoul•i be considered in a rubber producing country which is expanding 

its manufacturing indu~try. 
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Figure 13 
eomp.rison of initial and aged tension fatigue p«
lonnance giva? by • com1entio11al $ulphur -"' an 
80120 Navor/sulphur sysf8m. (The mutettHltch 
used for both .tyStems contanect SRF black, 5; 
ptDCNll al, 1~.5 parts phr) 
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Figure 16 a 
Voluml! swelling in ASTM No 1 at 
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Figure 16 b . 
Volume swelli!1g in ASTM No 1 oil 
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Figure 18 Time to first 
Ozone resistance of NR/CR crack, hours 
blends: Variation of time to 

first crack with hardness 
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Fi9ur• 20 Retention of 
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Figure 21 Dunlop resilience t20°C) z 
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Figure 24 
Dtpnuitnct oj injtction chanrbc mix rtmptraturt 
(Q) and injtcrion r~ptraturt using a 3·Smm 
tfo:=lt ( [j) im txtruder and injtction 
cham~r jaLktr umptraturt 
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Figun 25 
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Table 1 Correspondence between rubber consumption and vehicles in use 

1965 1970 1977 

Rubber 
consumption 4825 6850 9125 

World in 'OOOt 

No. of vehicles 178 233 362 in millions 

Rubber 
consumption 64 122 276 

Brazil in 'OOOt 

No. of vehicles 
1.8 3.0 7.5 h millions 

Rubber 
consumption 141 186 278 

Canada in 'OOOt 

No. of vehicles 
6.6 8.1 12 in millions 

Rubber 
conaump ti on 378 779 1010 

Japan in 'OOOt 

No. of vehicles 
6.5 17.6 31.4 in millions 

-- I 
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Table 2 Evolution of planting materials through breeding 

Period 
Type of planting Yield 

material (kg/ha/yr) 

1920s Unselected 560 

1930s Pil B 84 975 

1940s - 50s PB 86 1120 

1950s RRIK 501 1460 

1960s BRIM 600 2350 

1970s RRIK 703 3360 

Table 3 Proportion of high yielding material and yield 
per hectar~ per year on Peninsular Malaysian 
estates and smallholdings, 1950-77 

Proportion of high 
yielding material Yield 
replanted and new- (f.3/ha/yr) 

Ye~r planted ('7.) 

Estates Small- Estates Small-
holdings holdings 

1.950 10 1 570 465 

1955 24 8 550 432 

1960 48 29 758 437 

1965 68 54 953 590 

1970 89 63 1189 752 

1974 95 80 1389 929 

1975 95 82 1300* 940 

1976 95 85 1.500 1040 

1977 95 87 1550 1100 

*This figure is affected by the National Crash Programne 
introduced in late 1974 through 1975 to raise the price of 
rubber. (For details, see Lim S C, 'Towards an equitable 
international trade in natural rubber', Malaysian !lubber 
Review. 1976, l, (1), 13. 

l 
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Table 4 Proportion of smallholder in rubber 
growing countries 

Country 
Total area under 
rubber ('000 ha) 

Malaysia 2002 

Indonesia 2369 

Thailand 1374 

1 

Smallholding 
7. of total area 

67 

78 

95 



Tyre 

Car, general purpose 

Car, all weather 

Car, winter 
(USA) 

Car, winter 
(Europe) 

Truck 24. 5" 

- 62 -

Polymer 
Range 

NR 

SBR 

BR 

NR 

SBR 

BR 

NR 

SBR 

BR 

NR 

SBR 

BR 

NR 

SBR 

Bi 

TvT'~.:;; -.,, - - -

Tread 

0 

55 - 100 

0 - 45 

0 - 30 

45 - 80 

20 - 25 

0 - 40 

30 - 70 

30 - 40 

0 - 75 

0 - 100 

0 - 25 

55 - 100 

0 - 30 

0 - 20 

Sidewall Belt 

45 - 80 100* 

0 0 

20 - 55 0 

45 - RO 100* 

0 0 

20 - 55 0 

40 - 70 100 

0 - 30 0 

30 - 50 0 

40 - 70 100 

0 - 30 0 

30 - 50 0 

45 - 60 100 

0 - 35 0 

20 - 45 0 



Table 6 

HB./SBB. 
B.atio 

100/ 0 

80/20 

60/40 

40/60 

20/80 

- 63 -

Effect of ratio of NR to SBR on rat~ of 
extrusion of oven heated and freshly 
milled tread mix (V 60) in a Barwell 

c 
extrudei:-

Throughput kg/min 

Oven heated Freshly milled 

11 25 

16 22 

16 17 

13 13 

10 12 

I 
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Tebl~ 7 !!feet of !t~er!c ~c!d !n !!!.!!!nte!~!~g ebre!!n?? 
resistance of an overcured semi-EV NB. tread mix 

Stearic acid 0 l 2 

Optimum cure 
at 150°C 10 11 11 

Laboratory abrasion 
rating. Control c- 100) 
is 60m cure with 2 parts 
stearic acid 

(a) optimum cure 106 106 120 

(b) 60 min cure 72 86 100 

l 

4 6 

13 14 

128 125 

115 120 
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Table 8 

Wear rating of NR vs SBR in winter tyre treads 

NR compound is an oil-extended blend of NR and 

polybutadiene. SBR compound is a conmercial product. 

Wear loss of SBR 100 Location Rating Wear loss of NR x 

Montreal in winter 127 

Europe in winter 100 

Texas in suumer 60-70 
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Table 9 Service performance of cover compounds on sectional 
conveyor belt carrying iron ore 

l 
Ranking of 

Rubber 
Wear rating resistance to 
of cover cover/carcass 

separation 

NR 100 1 

OENR (2ot oil) 90 2 

OENR ( 33't oil) 67 2 

SBR. 1500 82 1 

OESBR. 1712 62 3 

1 
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Table 10 

Tyre 5.60 x 13 Bias 165SR13 Radial 

Tyre inflation pressure KP a 160 240 

TyTe life assured 45000 80000 

Petroleum equivalent of 

rubber worn away kg 7.6 4.9 

Gasoline to move car kg 1071 750 

Gasoline to ro 11 whee ls kg 214 97 
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Table 11 ~~y Content of Some Synthetic Rubbers 

CJ/tonne 

Polychloroprene 144 

SBR 156 

EPilt 170 

Polyurethane 209 

Butyl rubber 209 

Table 12 Natural Rubber: Components of Energy Content 

Fertilizers and other chemicals 

Processing 

Transport 

GJ/tonne 

5 

3 

5- 8 

13-16 

1 
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Ta~le 13 Vulcanizate properties of 1004 CR and a 20 NR/80 CR blend 

Black loading phr 

Tensile strength MN/m
2 

Tear strength N/an 

Resilience, Dunlop, t 

Volume swelling, 7d/20°C, % 

in water 

in ASTM No 1 oil 

in ASTM No 3 oil 

Ozone resistance, 50 pphm 

at 40°C. Time to first 

crack, hours 

100 CR 

40 

22.0 

37 

71 

2.2 

O.l 

l.6 

48-72 

20 NR/80 CR 

40 

19.5 

22 

71 

l. 3 

0.4 

1.9 

'14-48 

I 
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Table 14 Hardness, tear and fatigue of some NR compounds 

Hardness IRHD 39 50 60 78 

Tear resistance, KN/m 11 11 13 7 
(split strip test) 

Fatigue resistance 
Kc to failure. Ring 271 146 98 105 
fatigue test 



- 71 -

Table 15 Glass transition temperatures of NR and 

~etic rubbers 

Rubber T oc 
_&__ 

cis BR -105 

h"R - 70 

Butyl - 65 

EP[I( - 58 

SBR - 60 

CF. - 49 

1 
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Injection moulding conditions vith the IEP B431C machine 

Extnder barrel temp 0 c 
0 Injection chasher temp C 

0 Nozzle block temp C 
Back pressure 
Screw speed, rev/min 
Screw drive pressure, 

line, MPa (psi) 
Injection pressure l, 

line, MPa (psi) 
material, MPa (psi) 

Injection pressure 2, 
line, MPa (psi) 
.. terial, MPa (psi) 

Injection speed 
Nozzle diameter, l1lll 
Mould dimensions 1 11111 

Mould volume, cm" 
0 Mttuld temperature, C 

Cycle tiMs: 
injection 
injection presaure 1, hold time 
injection pressure 2, hold time 
cooling 

total• 

200-220 (390-430°F) 
200-220 
190-210 (375-4lo0

r) 
none 
80-180 

4-6 ( 580-870) 

10-14 ( 1450-2030) 
111-156 (16 100-22 600) 

9-10 (1300-1450) 
89-100 (12 900-14 500) 
ux 
3.5 
260 x 260 x 2 
135 
90-110 (lJ5-230°r) 

Seconds 
3 
2 
5 
3-30 

13-40 

-11Excludin1 mould opening and closing and stripping times 

Table 17 

Properties of NB./PP and NR/PP/PE blends 

Parts by ni1ht 

Nat~ral nbbe~, SMll 5L 65 60 50 40 65 60 
Polypropylene, MFI 20 35 40 50 60 17.5 20 
High density polyethylene, 

MFI 5.5 l - - - - 17.5 20 
Dicumyl peroxide 0.39 0.36 0.30 0.24 0.39 0.36 
Antioxidant2 l l l l l l 
Mouldin& properties 3 Tensile strength, MPa a4 11.0 13.6 16. l 19.8 14.4 15.0 

b 10.0 10.6 14.8 16.7 12.6 13.0 
Elon1ation at break, t a 65 55 60 115 55 55 

b 405 330 475 540 400 465 
Fl~:.tur3l modulus, MPa, at 

23 c • 400 500 620 880 JOO 440 
b 2.00 240 370 580 140 220 

70°C a 150 160 240 300 90 15C 
b 70 80 130 210 llJ 60 

-30°C a 1200 1400 l900 2 J fl() 750 1100 
b 600 750 1100 1650 400 600 

Flex mod at -30°c 8.2 8.9 8.1 7.4 8.8 8.l Flex mod st +709 C 

1 ea Di-Cup & (Hercules) 

50 
25 

25 
0.30 

l 

20.0 
14.8 

40 
495 

620 
380 
200 
120 

1550 
850 

7.5 

2 2,2-Hethylene-bia-(4-methyl-6-t·butylphenol) ei Antioxidant 2246 (Anchor) 
3 &&dial direction 
4 Tan1ential direction 

I 

4" 
30 

30 
0.24 

l 

21.0 
14.0 

60 
495 

840 
580 
290 
190 

2100 
1550 

7.5 
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Machine Output Productlon Cost 
£/t 

F80 Banbury 

3 miu mix cycle with 1000 11 tre/h 750 
s ond stage. 

Using b&le rubber 

3 MVX 134/120 Each 
machines 300 Utre/h 807 

2 MVX 240/150 Each 
machines 500 Utre/h 788 
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Table 19 Processing cost (excluding cost of 
granulation) for product of unvuicanized 
strip by conventional Banbury/mill using 
bale rubber and by MVX concinuous 
lllixer/extrudu using crumb Mil 

Process Cost £./t 

Banbury F80 using 
3 llin cycle with 158 
second stage 

3 MVX 1.34/120 
300 L/h 173 
One aan each 

2 MVX 2t.0/150 
500 L/h 154 
One llaD each 

/} 

! 
I 
I 
( 

1 
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