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I, INTRODUCTION

1. ﬂnrﬂ-tmumbfﬂnmldmlalmmwhmmlnﬁu“
diveniiying ot @ rapid rate. in this poper, published statistics ore analysed to indieste
Mmdhmwmmlmmhwwbmmllwymm
from notwol 1o synthetic rubbers. Mlmylsmysdupndmmmumd
synthetic polymer. bumhudonndmﬂnl&olymﬁd&ow.

© N._ACHIEVEMENTS

2. Corsidering the werid-wide coneumption fiyures for the rvbber industry o predused in
mmtmmahwmmmm. Figure 1 domanctvates the |
mmhmmmumuw. Untll the end of 1942
noturel rubber was used o5 the major polymer in the rubber industy being 53.12% of the
torel polymer. I wes srpesed during 1963 by synthetic rubber. Since thet Hime synthetic
Mh*ﬂmhmimrywtmmmcwwlmudm
polymers ond expansion of existing plant capacities until, in 1970, naturel rubber has beon
reduced to 39.20% of the total polymer used in the rubber industry.

3. ¥ isnot pousibie to obtain a representative picturs of the rubber industry, werld-wide,
wuhdowmmsmommsoﬂhmwdmm
different retics. Territoriel conditions, governmental regulations and tariffs con alter the
mbdmmlhmlcrwbummbn. The stote of scanomic development of &
Mymdnhﬁmthmwionmdmladmkmdumlm&w.

r-uol.u.-.mmnmm-mnmcmhwbum,m-bm 1
of economic development and in kilogrommes/per copita use of rubbe. |




TABLE 1,

Counry GNP par capita
£

Australic (1) 1210

Brazil @ 121 ()
Inde (@ .80
Jopan @ 7%
South Afries  (5) 310
U.K. © 79

U.S.A. @) 1292
Uo!oSr‘o Yo «’ m""&)

L

Note: = a. Gross domestic product per capite
b. Notional income per copite

.

¢. Estimated figure

' ' ’::n'n:: ! Kg. rubber i‘;mmck
consumed per capita to car tyres
85,927 6.72 1.5
122,093 1.32 1:25
118,279 0.22 1:1
779,000 7.5 1235
64,387 3.0 1.3
461,800 8.29 15 :
2,516,918 12.58 17
1,124,500 (c) 4.6 () 4 ()

R

4. Plotting the gross notional product per c: it versus the comumption of rubber per
caplo gives a reasonably straight |ine relationship as shown in Fig.2, with the exception
of Ausirelia. The letter could be explained by the extensive natural and agricviturol
resources and the low level of populotion for the size of the country. Both would tend to
exaggerate the gross national product per capita, The position of Australio could alse
indicote that there Is a great potential for expansion of the rubber industry in Austrolio
porticularly a3 the importotion of rubber goods ex the U, K. amounted to £4, 890, 000 in

1968 (9).




5. Tor the purpose of subscquent discussion it Is proposed to classify countries into
three categories -
a) The highly developed countries which have a high GNP and
a high rubber consumption per capita an example of which is
the U.S.A.
b) The countries with a low level of economic development,
e.g. India and Brozil.
¢) Countries which fall between these two exiremes, ¢.g. U.K.
ond Jopon.

6. Relioble stotistics for the rubber industries in the U.S.A., U.K., Jopan, brezil,

ond Indlo are available. Thess will the.cfore be used for further analysis.

This 1ist of countries contains cxamples where governmental resirictions Influence the
vsage of synthetic rubber. It aizo covers countries where there are lorge differences

in the rotio of truck to car tyre production. The truck tyre contains the higher propertion
of natural rubber.

7. Figure 3 gives the comumtion of synthetic expressed as a percentage of the folal
rubber used. (10) Several points worthy of 10te are apparent fro n this groph,

As would be expected from the state of economicdevelopment U.S.A. leads the field in
the percentage consumption of synthetic rubber with an estimated 77.51% synt hetic
rubber consumption for 1971. The Jopanese rate of conversion to synthetic rubber hos been
faster than the U.K. but in both cases the estimated percentage usage for 1971 appeers

%0 be lower than for 1970. India is ot a significantly lower level of percentoge synthetic
rubber usoge than the other countries. This could be porticlly explained by the fact,

o shown in Toble 1, that the mtio of truck to car tyres is 1:1. Brozil is in on interesting
siuation in that there has been a steady increass in the percentage of synthetic rubber
used since 1960, and it uses a higher level of synthetic material than its state of economic
development of ratio of truck to car tyres would indicate.  This will be dealt with in mere
detail loter in the paper.




8. The percentage of synthetic rubber usage can be further separated into the tyre cnd
non-tyre industries from facts available (10) fr U.S.A., U.K., Jopon ond Brazil.

The result of this omlysus for the period 1960 to 1971 is shown in Figure 4.

From this it can be seen thor the non-ryre industry uses a higher percentage of synthetic
rubber than does the tyre industry, |

This lsm_gbvlous for U..A. ond Brazil. In the case of U.K. and Japan it is only over
the last two or three years that the non-tyre industries have overtaken the tyre industry in
perceniage 5ynﬂwhc tubber usage  No relationship between the type of product produced
in the non-tyre mdustry and the percentage of synthetic used could be found as the industry
has such a wide variety of sub-industries with widely varying products having specialised
requirements. In the tyre industry, as already pointed out, there exists o roloﬂoml\lp
between the two ‘major products: truck and car tyres; the latter I:olng high in synthetic
ond the former high in natural content.  For a radial ply cor tyre oppfoxlmouly 60% of the
rubber is synthetic, for the cross ply cor tyre opproximotely 80%.

The comrespording figures for large truck tyres would be 15-20% for the radiol, and 20-25%
for the cross ply.  Figure 4 show; thot in the U.S.A., with a high level of cor tyre
production, the synthetic percentage is above the other countries. U.K. with its retio

of truck to cor tyres is apparently slightly lower in synthetic usoge thon it should be.

This could be portially explained by the impact of the rodial ply tyre in the U.K.

Jopan and in particular Brazil, are somewhat higher in synthetic usoge than their ratios |
of truck to car tyre would sugnest,

9. Tolook a little closer into the reasons behind these appurent deviotions in the
percentage of synthetic rubber consumed it is necessary to toke each country sepoarately

and compore the figures with local cond_iﬁons. .

Each country:, while manufacturing certain types of synthetic rubber moy need to import other
types. It is possible that if there is an excess of local synthetic nbber production some may
be exparted. The difference between the quantity of synthetic rubber produced and thot
exportod will be colled "retained production®.

Figure 5 shows the situation in the U.S.A. It con be sean thot the synthetic rubber industry




is self-sufficient and also that there is a relationship between the percentage of synthetic
used and the production rate.  Figure 6 demonstrates the same plot for the U.K.

The U.K, industry is not sel f~sufficient in polymer production and it imports substantlal
quontities of synthetic rubber and exports significant quontities of its own locally produced
moterials. . Again there is o relationship batween the percentage consumed and the quantity
produced. Japan on the other hand , as i'lustrated in Figure 7, imported synthetic rubber
for all of the 6U's and only in 1970/71 is there an indication of the Japanese industry being
self-sufficlant. Jopon also exports large quantitios of rubber and it is estimated thot for
1971 some 35% of its locally produced material will be exported. Figure 8 demonsirates the
situation in Brazil where production of local synthetic rubber commenced in 1961.  Initially
all the synthetic rubber consumed had to be imported and synthetics only occupied o low
percentoge of the total rubber consumed.  The synthetic production industry rapidly |
increased its output and reduced the quantity of rubber being importo&. Here the sitvation
was favourable 1o 9.rapid increose in the perccnﬁp of synthetic rubber consumed becoause
of several foctors: |

the government allocated the Iocnlly prcduced synthetic rubber to the industries to min!mllo
importations; only small quaniities of Malaysion notural rubber could be mporhd for
special strotegic opplications; the rest of the natural rubber re quircmtnts had to be

fulfilied by Brozilicr ixationally produced rubber which was infecior in quul!fy to the
Malaysian product and double the price; synthetic rubbers were roughly a third of the

price of the Brozilion nationally produced rubber. All these points spurred the rubber
industry inta using as high a quantity of synthetic rubber as possible, consistent with
acceptable product performance.  These factors explain why the Brozilion industry uses

a high percentage of synthetic rubber relative to its stote of economic development. |

A similer situotion of governmentol aliocation of locally produced synthetic rubber

occurred in Indio, ond this is shown in Figure 9. ~ As local production increased, imports |
decreused and synthetic usage increased. |

10.  Figure 10 illustrotes the percentoge consumpiion of synthetic rubber (10) vsed aver
the period 1960-1971 for the whole world.  Also plotted on this graph is the tonnage of
synthetic rubber produced and consumed which indicates a slight production surplus each yeor.




The percentage consumption of synthetic rubbers increased rapidly in the early 60's
ot a rate qf more than two percent per annum, but in the late 60s this hod dropped to
about one per cent par annum.

11, Tuming now fo the types of s\mthetic rubber usod in the tyre and non-tyre industry,
the figures quoted for U.5.A. 10 give an indication os to where the expansion in
synﬁmicrubbu has taken place.

Tahle | Polow glves the breakdown for 1960 and 1970.

TA3LE || | ;

TYPE OF SYNTHETIC RUBBER USED IN U.S.A.

190 170

Tyre Non-tyre Tyre Non-tyre

quantity % quantity % quantity % quontity %

(tonnes) (tornes) (fonnes) (tonnes)
Styrene type 630945 92.516 287963 69.459 792362 65.491 4491  60.034
Butyl 46353 6.797 16281 3.927 68767 5.684 25061 3.392
Acrylonitrlle type 441  0.084 32225 7.773 98 0.008 060464 8.185
Sereoreguler - - - - 34437 28.468 65130 §.816
Others , 4246 0.623 78110 13.84) 4224 0.349 144594 19.537
TOTAL 681985 414579 1209888 738740

12, In 1960 the styrene based polymers were the maic;r synthetic polymers in use in the tyre
industry, but by 1970 the sterco regular polyisoprenc, polybutadiene and ethylene-propylene
pol ymers hodbtcom- significant.  The main contender of the stereo regulor types way poly-
butadiene, followed by polyisoprene.  Only minor quontities of ethylene-propylene pol ymer

were wsed. |t is interesting to note here that when polybutadiene polymers wer : First
Infroduced it was claimed that they were replacments for naturol rubber, wherecs, in fact
they have tended 1o replace the synthetic SBR's to o large extent with less influince on the
natwal rubber field. In the ron-tyre industries the stereo regular polymers have again
made inroods in areas previous!y dominated by the styrene polymer-, but the ethylene-




propylene polymers have perhaps also found opplications which were new to the industry.
New applications could also account for the increase in the percentage of acrylonitrile
and other speciality rubbers such as the polychloroprenes and fluorinated elastomers.

13. The conclusion which can be drawn from the statistics prepared so far is that synthetic
rubbers are increasing in consumption at a greater rote than naturel rubber, portly becowse
they can be used in opplications where it was not possible ta use naturol rubber and portly
becaue they have replac ed natural rubber, By virtue of the fact that the technology

ond ressorch associated w’ .1 the synthetic rubber production industry is so advanced, It Is
relatively sasy to produce a new polymer or to modify an existing one to meet the
requirements of a particular application.

i, TRENDS IN SERVICE CONDITIONS

14. The rubber industry is being asked to produce products which ars baing used for
incressingly arduous operating conditions.  This applies not only to the tyre industry but
also to the non-tyre sector. As examples: '

- Belting hos always operated under severe conditions carrying materials, which con be highly
abrasive such as quarry stone and cool, from point to point. New applications include moving
footpaths in air terminals and tronsfer of hot embers - of the order of 400-500°C - from o
furnace to o dump, '

- Mo is used in a wide range of severities from garden to sond blasting equipment.

- Roller covers need to resist the chemical attack of acids, oils and solvents.

= Tank lining moterials must resist the chemical attack of many liquids.

New applications ore being found with synthetic polymer for example floating tonks for
storage and discharge of north sea gos and oil.

- Seals are being applied to a variety of conditions for cxample sewage pipes requiring
resisiance to ageing, moisture and bacteria! attack, aviation ssols requiring resistance to
ozone, high and low temperatures ond aviation fluids.

~ Skirting for hovercraft requiring high tatigue resistance, the loose end of the skirt

oscillating at sound barrier speeds.




= Car tyres require the greatest wet-skid resistonce, the best abrasion resistance (porticularly
with the odvent of more abrasive roud surfaces such as the Shell Calcined Bauxite in epoxy
resin), greater uniformity for the more sensitive modern car, and higher speed capabil ity
with Increasing motorway constructions.

= Truck tyres have to contend with ever-increasing load-carrying capacities, higher wpeeds
and require greater uniformity, better road-hold and higher abrasion resistance.

= Alrcroft tyres are required for heavier airceeft, higher londing ond take-off speeds, low
temperatures from high altitude flying and, in the case of the verticol take-off and landing
military aircraft, high temperatures from the jot exhausts.

= Earthmover tyres need to accept heavier veﬂiclos, higher speeds, more orduous 'road’
surfoces and high ambient romperahhs of operation.

15. The tyre lndﬁctry will have to contend with many exotic forms of tronsport such o3
the developments in rail/train transport as mentioned in the 1970 I.R.1. Foundation Lecture
given by G.F. Morton (1 in which a pneumatic tyre may be used 1o anable trains to

negotiate higher gradients.

16.  As can be seen by this brief coverage of applications the rubber industry will Lave to
contend with ever increasing arduous conditions wherever s preducts are applied.

IV. ASSESSMENT OF SYNTHETIC POLYMERS

17. In this section of the paper some of the major polymers are briefly discussed in
relation to their advantages and disadvantages compored to natural rubber and some
indicotion of their applications is given,

18.  SBR's of the emulsion or solution types, being the major synthetic polymer used in the
Industry,should be considered first. .

SBR’s are somewhat more difficult to handle, have better obrosion, lower permeability,
bette: rood tmctaion; orc less rasilient, hove o higher heat build-up, suffer from “morching
modulus" but are more economical to use than naturol rubber. As shown earlier in the

»
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paper these have made ropid inroads into all areos of rubber products and new applications

P

are being found each year.

19. Pol ybutadienes have excellent abrasion resistance under high severlty condcﬂons,
poor wet skid remtonce poor tear strength, low heat bucld-up, dafﬂcuh procembullty,
high permoobllny, good occeptance of high oil and black levels, ond hove made rapid
gains in the tyre ﬁeld

20. Poiylsopranes are in the cotegocf of a true natural rubber roplocemonf

Considering the Ziegler catalysed polymers these could be used as a duract replacement for
natuwral rubber with only small differences in properties, but in genoml these materials are
expensive possibly due to the shortage of highly pure monomer which the Ziegler catalyst
requires. Onco this problem has been overcome there is no reason why they should not be
produced ot on economic price. The alkyl lithium catolysed polymers fall short in terms of
green sh'ength and geneml tensile properties when comparcd with natural rubber, but, being
more economicol to produce than the Z iegler moterial are widely used in the tyrﬁ and non-
tyre industries. In certain applications these polymers have the advanfoge of purity ond

freedom from foreign motter over natural rubber.

21. Ethylene Propylene pél}mers have the capability of being highly loaded with ol:l‘ ond |
black to produce very cheap compounds with good static resistance to ageing and are finding
many appl icetions in the non-tyre industry such as wcathersl‘ri:pi and hose. In the tyre field
they have many disadvantages which preclude their use in large quantities. They are likely

to only be used in sidewall application.

22. Butyl has been used for many years and this is likely to continue becouse of its
excellent heat ond weothering resistance. Haulogenation of the butyl may extend lts

penetration into inner linings for tyres.

. s' . )
23. Acrylonitriles have the odvantoge of being highly resistant to swelling fluids and find

many applications in the non-tyre industry where these properties are required.

ry
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24. Polychioroprenes find similar applications as acrylonitril as, being excellent in
resistance to certain organic swelling fluids and ageing. They are widely used in the
Aviation industry, in print rollers, and in special grade: of beiting,

25. Speciality polymers such as the fluorinated polymers, the polysulphides, and the
silicones, are only used in the non-tyre industry where the service conditions require
the speciol properties of these polymers.

V. THE INFLUENCE OF ASSOCIATED CHEMICAL INDUSTRIES

26, Use of natural or synrheﬂc“polymers cannot be considered in isolation without reference
to the carbon black or chemical industries. Most polymers need to be compounded together
with other materials to enable the rubber manufacturer to make full use of the desirable
propertius of a particulor polymer.  Over recent yeors significant advances have besn made
in carbon black developments, e.g. high structure blacks and blacks with high tint values.

in the chemical industry improved curative systems, e.g. EV systems, better retardation

of cure; cure systems which ars mora resistant to heat degradation e. g. the resin cure

system for butyl; better protective systems such as the poraphenylene diamines which encble

rubber to resist wodthering to a far higher degree, have been introduced.

All these advances have enabled the rubber manufacturer to use pol ymers under conditions
which hod previously been considered to be impracticable. Many development materials
are being brought onto the market each year which enable further conversion to synthetic
rubbers or extends the application of both synthetic and natural rubber.

VI. TRENDS

27. Fiom the statistics ovoiloblenm the growth rate per annum of the rubber industry
can be calculated using the consumption of rubber expressed as a percenfage increase over

the previous year.  Results of such caleulations ore given in Table 11,
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TABLE 1l

Yeor Rubber consumption metric tonnes % Growth
1960 3,947,500 . -
1961 4,140,000 4.8
1962 4,495,000 8.5
1963 4,702,500 4.62
1964 Lo 5,115,000 8.77
1965 5,495,000 7.43
196 - : 5, 950, 000 8.28 .
1967 SRS 5,947,500 -0.04 .
1968 S 6,830, 000 14.84
1969 o 7,435,000 - : 8.86
1970 NS 7,617,500 . 2.45

28. Thess calculations give an overage rote of growth per annum for 1960-65 of 6.085%,
for 1965-70 of 6.88%, and for the whole period 6.87 %. Using this figure of 6.87% p.a.
the forecast of rubber consumed in 1980 would be 14.75 million metric hennes per annum

ond gives a picture as shown in Figure 11,

29. Uhing the same method of calculation for the breakdown of natural and synthetic
rubber givesthe growth rate per annum as shown in Table 1V.
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TABLE |V

Growth Rate per Annum for Natural ond Synthetic Rubber
Year NR SR

Consumption % Growth. Consumption % Growth

1960 2097500 - 1850000 -
1961 2162500 3.5 1975000 6.5
1962 2257500 | 4.5 2237500 13.0
1963 2265000 0.5 2437500 9.0
1964 2290000 0.75 2825500 16.5
1965 2422500 6.0 3072500 9.0
1966 2590000 7.0 3360000 9.5
1967 2500000 -3.3 3447500 2.5
1968 2847500 13.5 3982500 15.5
1969 2982500 5.0 4455000 12.0
1970 2952500 0.5 4625000 3.5

30.  This gives an averaga percentage growth rate per annum over ihe whole period
1960-70 of 3.80% for natural rubber,and 9.70% for synthetic rubber.

'Jaing these figures and those obtained in the forecast for the total industry the consumption
of natural and synthetic rubber can be coleulated, For 1980 nearly 11 million mefric |
tonnes of synthetic and 3.75 million metric tonnes of natural will be consumed.

The growth of consumption is illustrated in Figure 12 for both classes of polymer.
From this it can be calculated thot by 1980 synthetic rubbers will constitute approximately
75% of the total rubber produced in the werld.

31. Table vgives the percentago growth rate of the tyre and non-tyre industries for
U.5.A., U.K., Japon, ond Brazil, celculated on the consumption of rubber used,




TABLE v

% Growth Rate for Tyre and Non-tyre Industries

Yeor U.S.A. U.K. Japan Brazil

P

Tyre  Non-tyre  Tyre Non-tyre Tyre Non-tyre  Tyre Non-tyre

1961 .75 1.52 -1.83 -3.94 22.03 9.30 -3.93 6.02
1962 1.7 14.04 3.4 3.07 13.29 13.23 12,90 27.16
1963 1.4 475 3.05 7.52 15.91  1.35 ~2.50 9.77
1964 10.87 7.54 9.60 12.21 12.64 15.24 2.68 9.0

1965 9.03 1.85 6.39  3.65 2.20 2.65  -11.52 -14.87
1966 8.08 6.87 3.3 3.9 11.62 20.47 24.44 357

1967 6,11 -1.05 -0.50 1.15 23.05 13.24 8.16 8.83
1968 21,17 104 12.83 10.04 19.60 14,26 15.59 35.92
1969 7.18  3.33 2.59 45.62 17.09 13.1 -1.76 -3.33
1970 -8.3 -0.14 1.48 5.06 13.51 10.95 14,12 16.61
Average per annum |

508 4.89 4.05 4.9 15.09 11.38 5.82 13.09
32. This table indicates the average percentage growth rate of the Tyre and Non-tyre
industries. For the U.S.A. and the U.K. thore is little difference batween the two

industries, but for the other countrics there aro significant differences.

Vil. CONCLUSIONS AND AREAS OF DEVELOPMENT

33. From the information presented it is apparent that synthetic rubber is increasing in
percentage consumption over the natural product, and this trend is cxpcted to continve since
as newer synthetic polymers are developed further applications will be opened up.

However, it is considered thot aven with this growth in synthetic rubber consumption there will
always be a place for natural rubber,

34. Moadifications to the natural product are possible and the advent of such .odifications
as network bound antioxidants (12) and improved curing systems to resist high temperature (13)
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may improve the position of natural rubber over that predictad.
Further work aimed along these lines are necessary if natural rubber is to take o bigger share
of the rubber industry market.

35. Trends and developments in the syntheric tubber field may further inc-ease its share of
this market. Such items as thermolastic ruhbers, transpol ypontenamer and Mﬂn cotal ysed
SBR or IBR may significonily alter the role of synthetic rubbers and leod to new aress of
development for rubbers which can replace the natural variety,

38. Refinements in synthetic polyisoprene manufacture ore perhops the ares which Is mest
likely to bite into natural rubber usage, particulorly If it offers cost savings ot o sable
price level.
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Predicted Growth Rate
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