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PREFACE 

This  report presents  a  compilation of  available data on 

trends  in the  rubber  industry  and  its  two major  segments, 

natural and synthetic   rubber,   and projects  volumes  and 

prices which may be expected  in  the decade  1970  -   1980. 

The  report touches  briefly on  the history of natural  rubber 

and of synthetic   rubber,   and  summarizes  the  technological 

aspects of the  various  rubbers  of   significance  tu  the 

purpose of this  report. 

The  activities  of   research  and development  organizations 

devoted to natural   rubber,   and  the steps being  taken to 

upgrade,   standardize,   and  extend  the uses  of natural   rubber 

are  summarized  and  the   impact  of  these  developments  considered 

in  the ten year  projections. 

Imports of manufactured  rubber  goods   into  the developing 

countries and  its  existing  rubber processing  industries  in 

those countries  are tabulated. 

Conclusions are presented regarding the probable  future  volume 

and price trends  of natural  and synthetic  rubbers,   and  related 

basic information  is   included  for use by UNIDO  and other 

United Nations  agencies with respect  to actions  that may be 

• M 
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taken in behalf of the natural rubber produrin 
" Producing countries 

of the world. 

in order to provide the gre.te.t practical ^^ ^ 

infection i„ the variou. ^^ ^  ^^ ^    ^ 

n.c....ry in .ome ces to «.. different gource, of ,„,„. 

«tion for ..parate exhibit.. Por ,Inple, the figur„ 

of "D^and- i„ Exhibit, , ana , repre8ent >new ^ oi 

rubber into con.u•i„„ countrie." for both nature! .„d 

.ynthetic rubber. where., the bleñkáatln  Qf .Coniu-ptlon 

by Mejor sector.- in Exhibit. 8A ,„„ „ ^^  w 

•ustión-. A. . r„ult, country totali M  .pproxiMt#ly 

the un but not identical. 

Kepeciel thanks are due tn »h_ »- «• aue to the Executive Office of the 

Int.rn.tion.! In.titut. of Synthetic Rubber Producer., 

the Corpora. Pl.„„ina offic. of ratR0ÏAL Inc  ^ 

their .t.ff. for „tóing av,iltól. „^ ^^ ^^ 

tion fro» their fil... .„d for th.ir „.^ ,ug9.,tioM 

regarding the report. 
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INTRODUCTION 

Natural Rubbar 

Rubber has been known since at  least  the  11th century,   and 

rubber latex has been used for practical  purposes,   such as 

waterproofing  of  clothing,   since  the  17th century.     During 

the  18th century  the French engineer  Fresneau made exten- 

sive studies  of  the rubber tree,   and   it  is  to him that we 

owe the  first  suggestions for  the use of drv rubber. 

By the middle of the 19th century,   following the discoveries 

of mastication by Hancock,   and vulcanization by Charles 

Goodyear,   the number and variety of  applications for rubber 

began to multiply.     Although   first   invented in  1845,   what  is 

now the rubber tire was not put  to practical use in bicycle 

tires until Dunlop reinvented the  device in 1888. 

Until approximately 1900,   all  rubber was  "wild rubber". 

Consumption rose   from 30 tons  in  1825  to  2670 tons   in  I860, 

and with tha discovery of vulcanization  it increased to 

8,000 tons  in  1870,   and to 50,000  tons  in 1900. 

mmmmrmm 
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.t.*«», i. t896 th. Britl,h ^ th# imvmio^ Qí 

Pi»t.tion. in c.ylon< Slnga[_ ^ Md ^ 

H«nry wickh«« in 1876. 

action of «uà ^ continu.d to incrMM up to 4 

Hi* point or eo.ooo to». ln 1910. .ft„ which ^ ^ 

•lowly d«cr«aÄ#d.    At  th.*   *< At th.t  ti».,  „o,. than  10#000 tQna ^ 

y.r v.r. co»ing fro-l plant.ti 

»  «na tro« th«n on world 
Pro-uetion of rubb.r ,0.r^ ,. ^ ^ ^ ^ 

TABLI A 

*>rid Con.u«ption of Rubber 

1900  -  1940 

Toni 

1900 
1910 
1920 
1925 
1930 
1935 
1940 

53,000 
103,000 
303,000 
563,000 
723,000 
955,000 

1,128,000 
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Ptvficgitp^ 9f gynthtUç Elastomers 

Production of a synthetic substitute  for rubber had occu- 

pied research workers   for many  years.     In 1913 a  "mathyl 

rubber" was developed   in Germany.     The Allied Blockade of 

Germany during World War I cut off Germany's supply of 

natural rubber,   and sevaral hundred tons of mathyl  rubber 

were made to help out   ths situation.     It was not very good, 

end was dropped as soon is natural rubber was again availabli 

Research continued after the war,   and several types of Buna 

rubber were  commerci ml i zed on a  small acale in Germany  in 

1936.    Around  1930 Thiokol and Neoprene had been commer- 

cialized in  the United States. 

With the advent of the Sacond World War and occupation by 

Japan of South last Asia, where most of the rubber planta- 

tions had be«n established,  the United States was  faced 

with craating rapidly  an industry capable of providing  a 

high tonnage of rubber.    The product chosen for this crash 

program was  s styrenm-butidiene copolymer, originally known 
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»• Buna-S  in Germany,   which wa« n,- * „ 
Y.   wnich was named GR-s  in the United 

State«,   and is now referred to as SAP       D    ^ 
t°  as SBR.     Production reached 

4.000 ton.   in  l942,   and  rose  to 700,000  ton.  in  l944 

When natural rubber  a.ain becanie available,   ^^ 

300,000 ton. in 1949. 

Production „f ».tur.i rutt,.r> whlch fc- ^ ^^ 

ton. in 1940.  dropp.d to below 25o ooo toM ^ ^ in 

1,451 *" by 1948'  th« ^"'"»O "n. auction rat. h.d 

•9-in o.«. «Uwd ,nd u ro># to over 2 ooo ooo tonj in 

»"•    .«„ thi. ,uMtlty w„ in.umci#nt to -Mt th# ^ 

-»- tor rubb„. ^c „„, „^ ^ ^^ ^ 

thi. ti».. 

m i«, .t i...t 8W of ,u ,ynth.tle rubb#r WM of tha SM 

typ., but „.op•., ^ nitru# md ^^^ rubb<ri 

— in u...    Ä. «,t ,lgniflc„t d.v.loplMnt of th# i9M>< 

"« b~„ «^«^ productlon of the Boctiita ^ ^ 

b.r.. poiyb»^.,., pol^OWl ^ 

«-.. rubo«. ,*r. .^. ^„^ by lMrnin9 how to controi 

"TSÄ'p^SÄ.*-not • "«- «*«. *t i. 
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the growth of polymers in a r«guiar fashion auch as is 

achieved by nature in the biosynthesis of natural rubber. 

On« of tha atareo rubbers,  polyiaoprene,   is almost a com- 

plete duplicate of natural rubber. 

Stero rubbers have been the  fastest growing group of products 

among all the rubbers, world* production having increased 

fro« 33,000 tons in 1961 to 862,000 tons in 1969. 

«Excluding chine and lästern Europe 

it In 

B 
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Since approximately one-half of the natural rubber is 

produced by smallholders, this explains the large amount 

of this type of rubber on the market. 

Properties of Natural Rubber 

Katural rubber, as it appears on the market, contains small 

amounts of nonrubber substances in addition to rubber hydro- 

carbon.  These materials, in spite of their low concentration 

relative to that of rubber hydrocarbon, have a profound effect 

on the vulcanization of the hydrocarbon and the physical 

properties of the resulting vulcanízate.  Since all of these 

materials may be presumed to have originated in the latex 

serum, it is to be expected that the method of preparation of 

the rubber will influence their amount and final condition. 

In addition, the latex from which the rubber is obtained may 

vary because of seasonal, climatological, soil, hereditary, 

and other biological conditions, with the result that the 

nonrubber portion of rubber has a variable composition. 

*o obtain uniformity in natural rubber compounds from the 

standpoint of day-to-day factory processing, it is necessary 

for the rubber manufacturer to test and blend the rubber he 
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uses on  the basis  of  its  physical properties and rate  of 

cure.     If  this  is not done,   serious  difficulties both  in 

factory  processing and  in nonuniform  products will be   en- 

countered. 

Types  of  Natural Rubber Available -  RMA Specifications 

Natural  plantation rubber has been classified by  the  Rubber 

Manufacturers Association   (RMA),   representing  factory  consumers 

in the U.S.A.,   as  to types  and grades.     The type refers   to the 

kind of preparation given  to  the rubber.     The grade refers 

to arbitrary  subdivisions  or classifications  in a given  type 

based  on  the  quality.     Quality  is  determined by visual   examina- 

tion and depends  on color,   cleanliness   (freedom  from dirt, 

bark,   and other foreign materials),   freedom  from blemishes, 

and general  uniformity.     Definite grading  standards have been 

established  for 9  types  oí   plantation  rubber,    other grades 

of rubber which appear on  the market  are not bought  or   «old 

on a  standard contract but are considered on the basis   of 

representative samples   from the lot under consideration. 
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The standard  types  and grades are: 

Ribbed Smoked Sh«»gi-B 

Nothing  but ribbed smoked  sheets of rubber can be used  in 
making  these grades,   cuttings,   block,   or  frothy sheets    or 
other scrap,   air-dried sheets  or smooth sheets^ ^is! 

NO.   IX RSS:  Superior  Quality Ribbed  Smoked Sheets 

No.   2     RSSs  Good Fair Average Quality Ribbed Smoked 
Sheets 

No.   3     RSS:  Fair Average Quality  Ribbed Smoked Sheets 

No.   4     RSS:  Low Fair Average Quality   Ribbed Smoked 
Sheets 

No.   5     RSS:  Inferior  Fair Average Quality  Ribbed 
Smoked  Sheets 

Thick PalP rrm« 

These grades must be produced  from the  fresh coagula  of 
natural  liquid  latex under  conditions where all processes 
are carefully and uniformly controlled.     The rubber is 
creped out   in  thickness corresponding  to the type sample. 

No.   IX:   Superior Quality Thick Pale Crepe 

No.   1   t   Standard Quality Thick Pale Crepe 

Mo.   2   t   Good Pair Average Quality Thick Palish 
Crepe 

No.   3   t  Fair Average Quality Thick Off-Color 
Palish Crepe 
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Thin Pale Crepes 

These grades must be produced from the  fresh coagula of 
natural liquid latex under conditions where all processes 
are carefully and uniformly controlled.     The rubber is 
creped out to produce crepe in thickness corresponding  to 
the type sample. 

No.   1:  Standard Quality Thin Pale Crepe 

No.   2:  Good Fair Average Quality Thin Palish 
Crepe 

No.   3:   Fair Average Quality Thin Off-Color 
Palish Crepe 

IState Brown Thick Crepes 

These grades are made from lump and other high-grade rubber 
scrap generated on rubber estates.    Tree bark scrap,   if 
used,  must be precleaned to separate the rubber fro» the 
bark.     Power wash mills are to be used in milling these 
grades  into a  form of crepe of thickness corresponding  to 
the type sample.    Use of earth scrap,   smoked scrap,   and 
wet slab is not permissible  in the preparation of Estate 
Brown Thick Crepe. 

No.   IX:   Clean Thick Light  Brown Crepe 

No.   2X:  Clean Thick Brown Crepe 

No.   3X:  Brown to Dark Brown Thick Crepe 

J 
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Estate Brown Thin CrPp?a 

These grades are made from lump and other high-grade rubber 
scrap generated on rubber estates.  Tree bark scrap if 
used, must be precleaned to separate the rubber from the 
bark.  Power wash mills are to be used in milling these 
grades xnto a form of crepe of thickness corresponding to 
the type sample.  Use of each scrap, smoked scrap, and wet 
slab is not permissible in the preparation of Estate Brown 
Thin Crepes. 

No. IX: Clean Thin Light Brown Crepe 

No. 2X: Clean Thin Brown Crepe 

No. 3Xî Brown to Dark Brown Thin Crepe 

TMcK Blanket Crepes (Ambers) 

These grades are manufactured on power wash mills from wet 
slab, unsmoked sheets, lump, and other high-grade scrap 
generated on estates or small holdings. Tree bark crepes, 
if used, must be precleaned to separate the rubber from the 
bark. Earth scrap is not permissible in these grades. The 
rubber is creped out to produce crepe corresponding in 
thickness to the type sample. These grades were formerly 
described as Remilied Thick Brown Crepes. 

No. 2: Clear Thick Blanket Crepe (Amber) 

Ho. 3j Clean Thick Blanket Crepe (Amber) 

Mo. 41 Clean Thick Blanket Crepe (Amber) 
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Thin Brown Crepes 

Theoe grades are manufactured on power wash mills from wet 
•lab, unsmoked sheet, lump, and other high-grade scrap 
generated on estates or small holdings.  Tree bark scrap, 
if used, must be precleaned to separate the rubber from the 
ba-k.  Earth scrip and smoked scrap are not permiss ble in 
these grades.  The rubber is creped out to produce crepe 
corresponding in thickness to the type sample. These grades 
were formerly described as Remilled Thin Brown Crepes. 

No. 1: Clean Thin Superior Light Brown Crepe 

No. 2: Clean Thin Light Brown Crepe 

No. 3: Clean Thin Brown Crepe 

No. 4:  Thin  Brown to Dark   Brown Specky  Crepe 

Flat Bark  Crepe 

This material  is  produced on power wash mills  out  of all   types 
of  scrap  rubber,   including  earth   scrap. 

Standard Flat  Bark Crepe 

Hard  Flat  Bark Crepe 

Pure Smoked Blanket Crepes 

Standard Quality  Pure Clean Smoked Blanket Crepe.     This   ,  
is made by milling on power wash mills  smoked rubber derived 
exclusively from Ribbed Smoked Sheets   (including blocked 
sheots) ,   or Ribbed Smoked Sheet Cuttings.   No  other  type  of 
rubber shall be used,   and no nonrubber material shall be added, 
Rubber of this  type is clean,   firm,  tough,  and retains  an 
easily detectable smoked sheet odor. 
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Technically Classi fi ?rt py^^y 

Technically classified, or T.C., rubber is natural rubber 
which is tested by the producer and marked on cíe baïe to 
indicate,   in addition to  its regular market  grade\  wither 

clrcLs:"'  medlUm'   °r  faSt CUrÍng-     "*" ^  -" corred 

1.     A  red circle   indicates  slow curing,   low modu- 
lus  less   than 427 psi.   for No.   1  RSS   (in ACS-1 
test recipe,   cuied 40 minutes  at  260° F) 

A yellow circle indicates medium curing, 
medium modulus  between 427 and  711 pti.  tor 
No.   1 RSS   (in ACS-l   test  recipe,   cured 40 
minutes at 260© F) . 

3.     A blue circle   indicates   fast curing,   high 
modulus  greater than  711  psi.   for No.   1 RSS 
(in ACS-1   test   recipe,   cured   k)  n mutes at 
260O F) 

T.   C    rubber can be ordered in the ordinary  way  through   the 
regular trade channels  in  the New York and other world markets 
The basis  of sale is  the RMA grade 

Btft  Ule»   for  Maturai   M*P7T 

Prior to the advent of synthetic  rubber, natural  rubber was 

used  for all rubber purposes.    Since synthetic rubber became 

available,   some of the uses of natural rubber have been  lost 
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to synthetics, either because synthetic does a better job, 

or because they are lower in price, or for both reasons. 

The rubber products for which natural rubber is preferred 

are those where these properties are necessary: 

High Resilience 

Low Hysteresis 

Low Heat Buildup 

A study in 1954, based on U.S. statistics for the years when 

it was necessary to use as little natural rubber as possible, 

found that these uses represented about 27% of total general 

purpose rubber usage (not including latex).  The products 

for which natural rubber is preferred include heavy duty 

tires for trucks, buses and airplanes, and certain types of 

mechanical goods and drug sundries. 

Concurrently, products for which general purpose synthetic 

rubber is preferred to natural rubber include passenger car 

tire treads, retreading materials, mechanical goods such as 
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Th* properties which make any rubber useful  are: 

Elasticity 
Flexibility 
Strength 
Toughness 
Impermeability to water and air 
Resistance to cutting,   tearing and 

abrasion 
inertness to  the deteriorating effects of 

the atmosphere and many chemicals 

Th. processing characteristics which make rubber highly 

valuable as a primary raw material  are: 

Base of blending with powders and oils 
used in compounding 

Plasticity of the compounded stock 
It is thermoplastic until cured 
Building   -tack" of uncured rubber,   which 

makes relatively simple the  fabri- 
cation of a composite article  from 
many separat,   pieces. 

Ease of curing by vulcanization 

Prior  to the advent  of  synthetic  rubber,   naturi     rubber was 

u-d for all rubber purposes,    considerable  research had 

b~n don. on the synthesis of rubber begxnning   in i860,   but 

•«tort, to make possible production of synthetic rubber, or, 
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an  industrial  scale,  were encouraged in  1910 because the 

rapidly increasing demand caused by the commercial  de- 

velopment of the motor car was  not being met by  the  small 

volume  of imported  rubber,   as  the plantations were  then 

only  in their early stages,   although,   as mentioned  above, 

the Germans did develop a  "methyl  rubber" which was  later 

abandoned. 

Subsequently,   prior  to World War II,   efforts were expended 

on producing synthetic rubbers with use characteristics 

superior to those of natural  rubber,   e.g.   "Neoprene",   with 

its  resistance to weathering  and attack by heat,   oils  and 

a great number of  chemicals;   and nitrile rubber,   which 

exhibits  a high degree of resistance to attack by oils, 

both  at normal  and elevated temperatures.     Following World 

War II   came the polyacrylate rubbers with their excellent 

resistance to sunlight,  ozone,   and sulphur-bearing oils 

at high temperatures;  butyl  rubber with its  impermeability 

to air,  which made  it the  "inner tube rubber";   Hypalon 

(sulfonated polyethylene) with its complete resistance to 

•- ¿ "" • -   ' ***-• ** ' -•«*•• -   _ 
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cone. weather resistance. heat ^.^   ^ ^ 

and a high order of resiqfsn^  *. 
oxiaizing chemicals such 

as nitric acid.   sulfuric acid/   etc_ 

facture* with 3ynthetic rubbef „ , partiai ^ ^ 

replacement  for naturai   ,„v,k 
natural rubber.     2iere_areiUn_fact^no 

applications wh^ra natural   r-„v,K Ura]   rubber ""«+ nrrnjjiMjj^ 
22£Í^^^l-^2í!3-   but    there   are   some   products 

which can only be „ade satisfactory with one of ^ 

".P.=iauy rubbed 9uch as „eoprene. nitrile. Hypalon. etc. 

»>e forced use of SBR rubbers during World „ar „. espe- 

cially in tires (whlch for more ^ ^ ^^  ^ 

represented by far th« m»-; "x  iar tne major use of niv»v,«».\  J e or rubber), demonstrated 

- wholly practical value of this rubber for passenger 

car tir... tte fact that SBR can be „^^ ^ ^ ^ 

nUCh " 2K °" °0nt^ in o« -terbatch... wlth corra._ 

Ponding reduction in Pri„ p.r ^ mak„ ^  ^^ 
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even more attractive to the tire manufacturer.  Furthermore, 

the processing of synthetic tread stocks requires roughly 

33% less milling time because the plasticising step for 

natural rubber is eliminated. 

Thus the use of natural rubber in passenger car tire treads 

has probably been lost forever, except for a thin layer of 

natural rubber cement which must be applied to the surface 

of the coated fabric of the tire to overcome the major 

defect of most synthetic rubber stocks - lack of "green 

tack" - and obtain satisfactory green adhesion in assem- 

bling the tire. 

On the other hand, natural rubber has certain qualities 

much superior to SBR.  These are high resilience, low 

hysteresis, and low heat build-up.  in heavy duty tires 

for airplanes, trucks and buses,these qualities are of 

paramount importance, and in this field natural rubber 

continues to hold a major position. Even here, however, 

the superior abrasion resistance of SBR carbon black stocks, 

and their outstandingly superior resistance to tread crack- 

ing, have led to their incorporation with natural rubber in 
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the treads of these tires.    Furthermore,   use of synthetic 

rubber in carcasses of larger truck tires  is being studied. 

*e SBR rubbers have also taken over the  field of industrial 

product, and mechanical goods  to a large extent.    Because 

these polymer, are synthetic,   fabricators can deliberately 

introduce variable, to achieve desired end product proper- 

ties.     Furthermore,   various formulations of the synthetic 

rubber, are available  "off the  shelf from a number of 

private producers.    Por example,   there are no less than 

18 distinct Neoprene.,   and 3 Hypalon. available,  each with 

•pacific end use or processing characteristics. 

lndu.tri.l product and mechanical goods application, where 

natural rubber ha. advent,,., over the .ynthetic. are 

largely limited to dipped good,   (glove,.  ,pparel and baUoonl) 

where better tear re.i.tance queliti., have enabled natural 

latex to retain a .ub.tantial .hare of the marxet;  thread. 

«We the natural latax product wear, and w..he. better 

than that ««!. „ith conp.tillg material.;  „„ a<Jh„lveg> ^^ 

natural latax, i. preferred 2 to 1 in the United Stat... 
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EXHIBíT   2-1 

INTERNATIONA!, n.r^r^j^ 
Fn _INNATURAL AND fïv&Fuv* 

DEVELOPMENT AND TPATYF 
ssi^i^^Si RUBBER 

NORTH  AMERICA 

UNITED  STATES 

irffi;?fVî!ï*^« of  Synth," r  rubber  PrnH,.„„ 
New York,  New York   10020 
Managing Director:     Ralph Lamberson 

Sinclair Petrochemicals,   ine 
Lyondell Plant,   P.   o.   Box  777 
Channelview,  Texas  77530 

Nftuffl Rubber Burean 
la Atterbury boulevard 
Hudson,   Ohio  44236 
President s.  T.   Semegen 
Director,  Public  Relations: 
S.   R.   Dubrowin 
1108 16th Street,   N.   w. 
Washington,   D.   C.   20036 

EUROPE 

ENGLAND 

Institution of the  Rubber Industry 
4   Kensington Palace  Gardens  
London W.8 
Director:     L.   R.   Mernagh 

International  Rubber   Research and Dr .-< Io-mei^   P M 
19  Buckingham Street ~~~— M  
Adelphi,  London W.c.   2 
Secretary:     George-   M,jri in 

€ i 
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EXHIBIT 2-2 

Rubber Growers' Association 
Plantation House 
1015 Mincing Lane 
London, E. C. 3 
Chief Executive Officer: 
Secretary : 

W.G.G. Kellett 
M. D.  Eyles 

Rubber Industry Standards Committee 
2  Park Street 
London, W. 1 

?ULbeL Se°retariat. Infi. Organization for Standardization 
¿  Park Street • 
London, W. 1 

Secretariat of the Infi. Rubber Study Group 
Brettenham House 
5-6 Lancaster Place 
London, W. C. 2 
Secretary:  P. F. Adams 

FRANCE 

Union des Planteurs de Caoutchouc 
3 Square  Pétrarque       ~ ' 
Paris 16 
Secretary General:     R.   Fabre 

SuUitA 

sovra AFRICA 

institution of the m^w T^.r^    . South African 
Transvaal Branch:  P.  o.   Box 131,   Alberton 
Natal Branchi  P.  o.  Box 2013,   Durban 
Eastern Province Branch,  P.  o.  Box 862,   Port Elizabeth 
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EXHIBIT 2-3 

AfilA 

IffilÄ. 

Institution of the p^ber industry 
Leelie Hou.e,  19 Chowringhie 
Calcutta 13 

- Indian Section 

MALAYSIA 

Malayan Rubber n^ a^ 
natural Rubber Building 
P. 0. Box 508 
Kuala Lumpur 
Controller of Rubber Restaren & Chai 
Dr. L. Bateman n of the Boardi 

A 

h: 

IM 
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EXHIBIT 3-1 

PUBLICATIONS RELATED TO NATURAL AND SYNTHETIC RUBBER 

NORTH AMERICA 

UNITED STATES 

Adhesives Age 
loi west 31st Street 
New York, New York 10001 

Chemical & Rubber Industry Report 
Business and Defense Services Administration 
U. S. Department of Commerce 
Washington, D. C. 20025 

Fabricoater - Haartz-Masonr Inc. 
Watertown, Massachusetts 

Journal of Applied Polymer Scifmrp 
605 Tnird Avenue       " — 
New York, New York 10017 

60b Third Avenue 
New York, New York 10017 

Natural Rubber News 
Natural Rubber Bureau 
1108 Sixteenth Street, N.W. 
Washington, D. C. 20036 

Proceedings of the International Institute 
,, , . _ ~      for synthetic Rubber Produrr«; 
45 kockcfeller Plaza     ~ zz±± 
New York, New York 10020 

Rubber Age 
101 West  31st  Street 
New York,   New  York   10001 

Rubber Chemistry and  Technology 

University of Akron 
Akron,   Ohio  44304 
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Rubber Digest and Mewl»-—, 
P•   O.   Box  4265  
Atlanta,   Georgia 

Rubber Formulary 
2Ô11 Adeline Street 
Oakland,   California  94608 

Rubber Red Book 

m^sHm ììl^eIÌCan ind Can'ai- «•"*« Industrie,) 
New York,   New York 10001 

Rubber World 
¿3Û  Third Avenue 
New  York,   New York  10017 

MEXICO 

ECfr Y P"»"•'  F"—no M,t. ij-u 

EUROPE 

ENGLAND 

g^SSÜXjf*"'- ""^   ,0£ the RUbb« "udy croup) 
5-6  Lancaster Place 
Strand,  London,   W.C. 

Plastics and Rubber Weekly 
bavxs  House,   M/Tl High Street 
Croydon,   Surrey 

4°k"??„°5   th!   ]n*"¥n¥\•   Of  the   Rubber   TnH,„fry 
4 Kensington Palace Gardens    ^ ^ 
London, w. 8 

Proceedings of the Institution of the Rubber Industry 
4 Kensington Palace Gardens     " L 

London, w. 8 

Polymer Age 
25 Lloyd Baker Street 
London, W.C. 1 
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EXHIBIT  3-3 

Plastics Rubbers Textiles 
25 Lloyd Baker  Street 
London,  W.   C.   1 

Transactions of the  Institution of the  Rubber Indu«try 
4 Kensington Palace Gardens * 
London,  W.   8 

Rubber Abstracts,  Rubber and Pl»m-i^  Research 
Association of Great BrltäTrT"  
ühawbury,   Shrewsbury,   Shropshire 

Rubber and Plastics Age 
25 Lloyd Baker Street 
London,  W.   C.   2 

Rubber Developments 
19 Buckingham Street 
Adelphi,   London,   W.C.   2 

Rubber Journal 
bavis House,   69/77 High Street 
Croydon,   Surrey 

Rubber Statistical Bulletin 
Brettenham House 
5-6 Lancaster Place 
Strand,  London,  W. C.   2 

sasJ^ff.1;'1 New"(of the Rubber study Grou'" 
5-6 Lancaster Place 
Strand, London, W. C. 2 

Rubber Trends 
27 St. James Place 
London, S. W. 1 

Soviet Rubber Technology 
c/o Maclaren (,  Sons 
Davis House 
69/77 High Street 
Croydon, Surrey 
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EXHIBIT   3-4 

FRANCE 

Paris 

Paris 16 

GERMANY 

1 Berlin  52 

KolloidZeitchrjjft 
Holzhofall«35  
Darmstadt 

Kunststoff« 
*olberg«r«traese 22 
Munich 27 

?ì*?!t<.und «*"*•»>»* 
27 Karl-tt«ine-âtrasse 
Leipzig w.   7031 

ITALY 

L'Industria dell« Gn— 
Via Cesar« Battisti 21 
Milano 237 

SPAIN 

Barcelona 

SOVIET UNION 

Kauchuk i R«»ln»  (sovi«t Rubber Technology) Moscow 
Bnglisn translation available in united States  from 
Palmer Publishing Co.,   Inc. 
101 West 31«t  Street 
New York,  New York 10001 
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EXHIBIT 3 - 5 

ASIA AND OCEANIA 

AUSTRALIA 

Australian Plastics  and Rubber Journal 
28  Chippen  Street 
Chippomdale,   Sydney 

CEYLON 

Planter's  Chronicle 
Colombo 

Quarterly Journal  of the Rubber Research Institute 
of Cevlon 
Agalawatta 

INDIA 

Indian Rubber Bulletin 
57-B  Free  School  Street 
Calcutta,   16 

Planters  Chronicle 
United Planters  Asan 
Glenview,   Coonoor 

of Southern India 

Planters Journal  and Agriculture«^ 
13  Ezra Mansions 
Calcutta   1 

Rubber and  Plastics  ftge 
Manu  Mansion 
16 Old Custom House, Road 
Bombay 1 

Rubber and  Plastics   Digest 
640,Double  Story 
New   Rajinder Nagar 
New   Delhi   '> 
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In carpet backing, including high density flowed-on foam, 

scrim lamination, and separate under-carpet cushions, 

natural latex is maintaining a 41% position in the United 

States,  in overall latex use, natural rubber has main- 

tained a 28 - 30% position for the last few years in both 

the U.S. and U.K. 

Steps to Broaden Natural Rubber's Acceptability 

Quality 

One of natural rubber's deficiencies is its greater suscepti- 

bility to oxidation in comparison with many of the synthetics 

Numerous additives have been used to help offset the break- 

down which oxygen causes, but all of them eventually leach 

out of the product during service. 

Recently the Natural Rubber Producers' Research Association 

has developed a technique for adding to the rubber mix an 

organonitrogen additive which is converted during vulcani- 

zation to a new type of anti-oxidant that actually becomes 

I' 
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part of the rubber molecule - permanently »locked in«, and 

impossible to wash out. 

Among the many benefits to natural rubber possible through 

this new anti-oxidant are extended life for car tires, «ore 

durable carpet backings, and latex thread that can be dry 

cleaned. 

Rubber products are no different from all other product, 

manufactured in the more developed countries, where «npha.i. 

i. placed on continual improvement of the product and economy 

in manufacture. The.« requirement, are automatically re- 

flected in demands by the manufacturer for better quality 

and more rigid adherence to performance specification, in 

raw materials. 

One rea.on for the great growth in use of synthetic rubbers, 

•ntirely ..ide from the fact that the quantities of natural 

rubber available were insufficient to meet the total demand, 

i« that the synthetics are made by rigidly controlled pro- 

cess., which result in uniform qualities and performance 
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characteristics,   both of which can be  varied  to  ,H>et  custom 

requirements  of  the  trade.     Furthermore,   any  shipmeitj  which 

do not meet specifications  can readily be replaced   from pro- 

ducers'   local  stocks,   or  if necessary   from another  supplier. 

Marketing 

Historically natural rubber has been sold b: >H,^ md  qrades, 

type referring to the kind of preparation, dr>.J ,,a.i,. (quality) 

being a determination only by visual examination bas,-d on 

established criteria for color, cleanliness (fi,Kiora from 

dirt, bark, and other foreign materials), freedom £lom blem- 

ishes, and general uniformity. 

Up until 1965. when Malaysia established a technical gradvn, 

and presentation scheme, designated the Standard Malaysian 

Rubber (SMR) scheme, and developed new procès^ ,at.tnods 

to allow natural rubber to be processed in blocK fon, there 

were no technical specifications for natural luubcI,  Since 

the introduction of SMR grades, technological research at 

It 
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The Rubber Research Institute of Malav* K * 
<-• or Malaya has developed rub- 

bers offering constant viscosity low „<- 
cosity, low viscosity, superior 

processing properties, and oil Bu„lif uu extension, as w#»i i aa ., « as weii as various 
special purpose rubbers. 

Obviou.ly th... a.v.lotraent. and ,tMdardï wui be of 

little value unless all rubber ->^~ ^ 
rubber shipped conforms to it. labeled 

specifications.  To guarantee the integrity of the ,MP 
«jtity ot the SMR grading 

"»-. t.chnictl   control ov#r procMjin9 and ^^ ^ ^ 

ci- by „,, und.r th. overeU >upervijion of ^ ^^ 

Rubber Export Board. 

Sin« 1965, .hi,«.»t. o£ Udmlc.ll, .«.ci,..,,  t ' "Pecified natural rub- 
t»r ft» M.Uy.i, „.„ „..„ „ ,hown ,n Tabi# B 

TABLE p 

Shipment, of Natural Rubber from Malaysia 

1965 
1966 
1967 
1968 
1969 
1970 

1965-1970 
Total RuhbTr 

Tons 

919,200 
965,500 
990,300 

1#114,300 
1,292,000 
1#586,000 

S*» *"**>t r 
Tons 

699 
8,573 

23,576 
81,497 

138,715 
224,281 

.1 

.9 
2.4 
7.3 

10.7 
14.1 
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In  1969 Indonesia,   presently the second largest natural 

rubber producer,  took steps to eau lata Malaysia in producing 

technically specified rubbers,  designated SIR,   identical  to 

the SMR grades.     It was expected that Indonesia would  ship 

about 150,000  tona in 1970,   and it  is considered not   im- 

possible that Indonesia may be able in the near future  to 

supply store technically specified rubber than Malaysia. 

Uniform  »reaentation 

In 1970 the Association of Natural Rubber Producing Countries 

(AMRPC)  was  founded by Ceylon,   Indonesia, Malaysia,   Singapore, 

Thailand,   and Vietnan.     (These countries account for more 

than 85* of world production) .    The association is open  to 

all natural rubber producing countriss,   and the ultimate ai« 

of the organisation is to have central  regional markets   for 

all  rubber produced by member countries,    other countries 

which have already shown interest are Cambodia,  India,   Ivory 

Coast,  Liberia,   and Migsria. 

Acceptance of the technically specified rubbera by consuming 

industries has been snthusiastic.   and in October 1970 the 
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Rubber  Trade A„ocUtion of 
r*   (RTA)   unanimously 

»Pproved an mt.rn.tion.l Con 

'or trading technically 
•pecified rubber, between producer, and ,„ 

*    aUCer' and «<e rubber trad. 
- » w„x  ...ct  te.ting  Uboratori„ in fhe ünued 

Stat" ÌCC,PtÌble t0 - —- -tract. COM„ittee 
representing the Mai*,,-- 

M.1.V«« Rubber Exchmge,   the Rubb^ 

A«ociation of Singapore,   the Rubber Trad. » • 
r Tr*d« A"°ciation of 

New York,   and the Ruhw ,.    .. 
Rubber Trad. A..oci.tion o, Lo„do„. 

'" '-.  l971 th„ lBt„.tl0Ml 
"•* «•••«ch and Dévelop- 

pant Board   fTDor.ni 
(IRRDB)  WM «cheduled to mmmt  ln f,    , "•*t  in Ceylon  to dis- 

CU8.   "Technical Speci fi «-»••< »Hecxrication« and H«U r»~     i •na New Development« in 

Proce«3ing Method«  in con.u»-. „ c°n«vu»er Countrie«".     it  i« the 

opinion of mmtomt org.niz.Uon. Qf 

»..        , IRRDB that  « Standard 
Natural Rubber   íSNPI   ..«.     , 

°' —tfi«»o„. wiU re.ult Uar 
«••  for.goin, «ov.. by th. 

iruoDer producing countrie«. 

Produce m 

eduction ot t.c„„ie.lly mtmAIM 

"' «ft... but for w.Uhold. *"       n0t di,flCUU 

Vil!   K. C"'tm   PrOC«"^ .ill. U1 ^ n«c«««ary. 
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In Malaysia  in  1970,   20 new processing factories had  come 

into ijeing,   and 12 more were under construction.     For   the 

smallholders   (who produce  about  50% of Malaysian  rubber) 

the Malayan Rubber Developments Sendirian Berhad   (MRD)   - 

a non-profit  company under  the Malayan Rubber Fund Board, 

organized  to bring smallholders the benefits of estate 

processing  - was operating  4 central  factories,   4 more 

were on  the drawing boards,   and many more were under con- 

sideration. 

In December  1970,   the Malaysian Rubber Development Corpora- 

tion Berhad was formed as  a private commercial  venture 

dedicated   to setting up factories that will enable small- 

holders  to produce rubber  for processing into SMR.     Funding 

is provided by the Federal Government, Malayan Rubber Fund 

Board,   State Governments,   and commercial institutions. 

In Indonesia,  where over 70% of the rubber  is produced by 

smallholders,   the Indonesian government has contracted for 

12 plants  to produce technically specified natural rubber» 

and 5 additional plants will be built for private interest». 
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«P.c.ty e 200 ton./month! . ,iBU,r 
P "lth 

for «„*., ,nd . 100 ton 
PUnt h" ^ ord.re<J 

Ceyxon. '      th Plant h" """ «*«- for 

There .pp.«.  t0 b. no 

—1 -—-i- .nd control,  quality"   T      Pr0Per t,0h" 

=h«r.=t.ri.tlc.    c.„ b '       nh,rent ,nd  *»<•-o*it~* 

In a crumb rubber nianf » 
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PAST  AND   FUTURE TRENDS 

Natural  and Synthetic Rubbers 

The uses and trends  in  consumption of natural and synthetic 

rubbers are so intermingled that in this  section we discuss 

the  rubber industry as   a whole as well  as  in  its separate 

parts. 

Statisitcs of past performance for both natural and syn- 

thetic rubber will be   found in the Appendix  in Exhibits  4, 

5,   5A,   6,   7,   8,   8A,   9,   and  9A. 

Production and Demand 

Natural Rubber 

Actual production of Natural Rubber for  the  years  1960 to 

1970   is  shown in  Exhibit  4.     It will be   seen  that world 

production  increased  about  45% during  the decade,  while 

that  of Malaysia  increased more than 60%.     The greatest 

progress was in India where production  increased 2601 from 

25,000 metric tons  in  1960  to 90,000 metric tons in 1970, 

thus making it the fifth largest producer,  having passed 

Viet  nam,  Cambodia,  Nigeria and Liberia. 

V 

Exhibits 6 and Chart 6A show the production of natural rubber 

by principal grades,   i.e.  sheets, crepe and latex,  as well 
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»  the new standard graded Iubber   (principauy standard 

Malaysian  Rubber)       PVKíKJ«.   C •     HXhibit   6 also  show,  tha avera9e pricea 

for each year at which th. principal  type, of „„       , 
f       «-ypes of natural   rubber 

ha.e  sold over the decad. of th.  60'..    Because ,H 
Because  the  price of 

neural  rubber has fluctUated widely.   each ^ ^ ^ 

M9h.   low.   and average price  for ^  ^ ^ ^ 

».ntative of th. prlc. tr.nd 
natural    rubber»,  while 

production of natural  rubb.r h..   • 
rubber ha,  incr.a..d 45% over the 

decade,   price* have fali«„  .-__ .,..,. fro. , hlgh of S1 M1 p#r ^ c 

ton in 1960 to a low of „75 i„ i970 .. , ^  Qf ^ 

*» recently ..tabli.h.d Standard Malays Rubbar ha. 

9.in.d acceptance rapidly. „„ proauction „„ ^ ^ 

arable headway,  xhi. ,ubj.ct ,. ^ ^ ^ 

«•tail in iat.r seoUonï o£ ^ ^^ 

Synthetj,. Pvv>-lr 

auction of synthetic „ubb.r t. .„^ ,„ ^^ , 

A breakdown by type i. „MM,  0„ly ^ ^ ^  ^ 

«d Canada-. Exhiblt 5A ,how, synth#uc Rubber piant 

'Se. Exhibit 7 for world Total ..ti....  v 
a rot.l e.ti««te» by type of rubber 
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capacities by type of  rubber for each country and by 

regions of the world.     Exhibit 5B shows the  total Synthetic 

Rubber capacity for each  company in each country. 

Of particular significance  is  the fact that while capacity 

in North America  increased only 75% from 1960  to  1971,   and 

there  is  a planned increase  in capacity of   less  than 6% to 

1975,  Western Europe has   increased its capacity by over 

500% fron»  1960 to 1971,   and has  scheduled an additional 42% 

to  1975. 

Hot only has Japan increased its capacity from almost nothing 

in 1960  to 942,000 metric   tons  in 1971,  with an  increase of 

one   third  scheduled  for  1975,  but the number  of  companies 

involved has  increased  from two to twenty-five — almost 

as many as  there are  in  the United States  —  although their 

current individual capacities are generally  smaller.  However, 

according  to present plans,   by 1975 Japanese Synthetic  Rubber 

Co.  will be the largest synthetic rubber company in the world, 
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surpassing  Goodyear by  12%m 

Estimated  capacitv nf   *-i_ 
Pacity of   the  Centrally pian„  ., 

xy banned Country*  >, 
increased  80% durino  th- ,, 

nj   the  deca«3e of  the 60's  and 
for a   further in-rease   ^f     , ^heduled rease   oí  almost 80* a„   • 8U% again  by   iq7s       ^ 
than half of this   i n„ °re 

tnis   increase  i«?   i „ *.v ls   l" the U.S.s.R. 

MiMt   7A and  7E  ^  «-e productlon o£  synth 

principal types fot  lhe ""•«-" rublwr by 

P       ^   for  f°ur  of  the genera!   „ 
c,     ^ general purpose   rubbers       , t- 
*>nould  be  noted that    **, 

nat'  aereas  the prices of trices  ot  natural   I-,,KK 
quoted  in  FVhiK ^ rubber 

EXhlblt b  "e »ct«l  transaction  orio 
«ubbar Exchange    the " •  the 

9  '   the PriCes °f ^thetic „Lber are ^ 
Published prices for-     • "r.ctly 

prices for smgle deliveries ir  , 

tactically an .  , 
* aU -1« °i  abêtie rubber ar«.  in   lar,,r 

quantities  and  ar. m^ 
nd  are made at  negotiated prices.     ^r,h_ 

iarge quantities of cacti h•re' 
SynthetÍC  rUbb-  -   •»"««led 

«tra-company transactions at-   •   * 
tr       „ at lnt«nally determined 
transfer prices. 

Reference  to the table of nH 
xe of Prices will show win« H 

between U s       Pr      >. d"crePancies u. b. ,   French and u K    ~~< 
U*K-  pric«'  »nd also that u.s. 
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price, for S-Type rubber and for polybutadiene ha 

Mined constant  throughout th 

the French and U.K. 

prices quoted. 

ve re- 

e period«,     it is iikely that 

Pricos are more reaUstic than the U.S. 

<* P-rticUr interest in Exhioit ,  is ^ ^ ^ 

«* th. stereo-regular grouP of rubbers.   in which we „.„. 

»exuded not only polyisoprene.  and poiybutadiene.  but 

•I- ethyUne-propyUne powers which are aiso solution 

istics much closer to <-H• 
hOSe °f natUral r"bber than styrene 

butadiene,  and one of which    „„i. • 
„.,      , P°ly-oPrene,   „eariy duplicate, 
natural rubber    ha«« «,u 

er.   have shown renarle 9rowth.  startlng  tran 

nothing in 19SQ    ^„J 
9' and SUrpassing in — an the specialty 

rubbers as a  group by 1967. 

rctiona   intn   f1 _Fut\ 

the total use of rubber w. ^ 
two      There di8t^uxshlng between 

•    There are m•y different perform, 
Performance requirements  for 

«ne m 1963. 
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r«bb.r product.. hut i» t„. la.t alwly.u ^ of ^ 

«n b..  ana una« .xtr„. ciro-t«« are Mtl.fl- in 

r~.on.bl. a.g„. by eith.r „^ ^ ^^ ^^ 

Paat Trfnd.« 

Th« growth of world rubbar con.,»,.^ 
nuawr consumption ovar th. l.«t thrat 

quarters of a cantury (•«« Tabl# c mt%A - 
jr  t  •• TSDI« c and chart c)  has be#n 

Ph.no».«.!. with . growth ,.t. of U.W «,» 1902  t0 19„ 

'oiicwa * . ,.* r.t. of growth frai i92s to mi ^ 

6.8% fro» 1947 to 1970. 

Fr« 1915 to 1949. with th. „caption a, „nly four yMri 

««2.  1937.  1938 .„a 1942),   ^ „^ sutM ^^ ^ 

«..n half or th. tot.1 „*„., ,upply. „,. iv#rag# c<wpouni 

growth r.t. i„ „.s. co».„pti„„ fro, 1907 to 1925 „„ „ fi< 

which inclue . ,lx yMr „.^ ir<M lfu to ms whM th4 

9rowth rat. wa. alaoat 27« a y«ar. 

Suh.^.„t to 1925 th. „.,.  growth „t. arow#d to nm 

=-pou„a .„,„.! wt. of Als% tnm im to w7o    wtwB ^ 
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1100 
1901 
1902 
1903 
1904 
1905 

1904 
1907 
1901 
1909 
1910 

1911 
1912 
1913 
1914 
1915 

1914 
1917 
1911 
1919 
1920 

1921 
1922 
1923 
1924 
1925 

1924 
1927 
1921 
1929 
1930 

1931 
1932 
1933 
1934 
1935 

CONSOMPTION OP ALL KUBBIK 

1900 - 1970 

is) (000 Metric Toi 

U.S.A. 

21 

M»t of World 

31 
23 29 
22 21 
24 33 
24 39 
27 43 

29 44 
29 41 
33 42 
40 50 
43 59 

42 40 
57 45 
53 79 
«3 59 
100 42 

119 49 
150 75 
142 75 
219 99 
209 93 

110 102 
307 103 
324 121 
334 139 
394 149 

372 140 
379 224 
444 251 
475 342 
312 340 

341 331 
342 340 
419 419 
470 
500 

445 
455 

22*21 

52 
52 
50 
57 
45 
70 

75 
77 
75 
90 
102 

102 
122 
132 
122 
142 

197 
225 
237 
317 
302 

212 
410 
452 
472 
542 

552 
405 
495 
917 
722 

492 
702 
437 
135 
95S 
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193« 
lf37 
193« 
mi 
1940 

1941 
1942 
1943 
1944 
1943 

194« 
1947 
1949 
1949 
1130 

1931 
1952 
19S3 
19S4 
19SS 

193« 
19S? 
1930 
19S9 
1940 

1941 
1942 
1913 
19C4 
1945 

1944 
19«? 
194t 
1949 
1970 

P*0.A. 

304 
332 
444 
404 
«42 

793 
401 
49C 
723 
012 

103« 
1141 
1007 
1003 
1279 

1233 
1201 
1311 
1233 
1333 

1439 
1409 
1307 
1133 
1303 

1334 
1740 
1793 
1909 
2000 

2240 
2191 
2310 
2009 
2430 

(continued) 

**9t  Of Iteri 

471 
335 
524 
534 
510 

540 
492 
427 
421 
334 

337 
723 
971 
1000 
1230 

1323 
1321 
1443 
1574 
1724 

1900 
2041 
2270 
2403 
2791 

3022 
3239 
3429 
3090 
4107 

4400 
4030 
3109 
9700 
OHO 

ÎQtti* 

1042 
1107 
970 

1130 
1171 

1134 
•92 
923 

1143 
1144 

1492 
1144 
2050 
2044 
2500 

2557 
2402 
2005 
2117 
3279 

3340 
3531 
3450 
4110 
433« 

4574 
4915 
5322 
5««3 
«195 

071« 
«701 
7007 
0305 
0910 

!2ä£a«    **ÌMifllr mtwnwtioiMrt ft**,, ttoiy 

I>«m«lly Mtiaatcd. 

Sgtfiti    •l»oliidliif mima,* China. 
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period,   however,   the average growth rate va« 4.4% from 

1925 to 1941,  3.0% fro». 1946  to 1960,  and about 4.7% 

during the I960*«. 

The influence of the united State. in world rubber con- 

sumption ha. been particularly marked.     The U.S.  continue, 

to be the large.t con.u»er of mbber,  but We.tern Europe 

a. a Whole will surpass  it  in 1971 or 1972. 

Re.t   Of   th»  |ftrM 

Looking at con.umption in the re.t of the world, we find 

that the long range growth rat. ha. average* 8.2% per annum 

over the entire period 1902  to 1970. 

in the year, before World War II growth w«. rather .por.dic, 

but fro«. 1920 to 1930 con.umption rose steadily at the 

average rat« of almost 14% a year.    Since World War II  con- 

sumption has again grown steadily with an average rate of 9.0% 

from 1948 to 1960 and 8.2% fro. 1960 to 1970. 

Total a.h^r y,a7f 

In predicting the future coure« of rubber consumption w. have 
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first projected tha total usaga of rubbar in «ach major 

ragionai gagnant of tha narkat, i.a., U.S., Naitarn 

Europa, Japan, othar davalopad trass of tha world, and 

tha davaloping araaa - Latin Africa, Asia and Africa. 

Na hava notad that tha growth rata in tha U.S.A. ha« 

raoantly baan 4.7% a y aar. In viaw of pradictad growth 

in GMT of about 7% and in tira production of about 5% 

ovar tha dacada of tha 70's, wa aatinata tha growth in 

rubbar consumption will continua at 4.7« a yaar during 

tha naxt tan yaar a (axeapt for short tara fluctuations). 

Likavisa, wa hava notad that thara haa baan a vary strong 

growth rata of about 1.21 a yaar in tha rast of tha world 

ovtsida tha U.S., and that this is a continuation of a 

long tarn trand fron ltOO through 1970. Bacausa of tha 

70 yaar history of that avaraga growth rata and tha axcap- 

tlonally snooth continuation of tha 1.2« rata ovar tha 

dacada of tha fO'a, (Saa Chart C), wa would aaa no raaaon 

to axpact that rata to diminish within tha naxt tan yaara. 
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If J.p.n i. tr..t.d ..p.r.t.ly.  th. r.t. of growth during 

th. I960-, for th. r..t of th. world  (.xc.pt th. U.S. .nd 

J.p.„)i. 7.6*.      lt i. of p.rticul.r iatmmt to note 

th.t in th. v.rio». .„».»t. 0f th.    r..t of th. world» 

th. growth r.t. h.. b..„ clo.. to th.t .v.r.,. - w..t.rn 

Europ. with 7.6*. «..t.r» ïurop. 6-25  (lMt five yMr<)_ 

I-ti„ »-.rie. 7.4*. A.i. .„d Afri«   (Cvloping,  8.2*. 

J.P.H i. th. r«l .xcption, with . growth r.t. of 13, 

ov.r th. l..t t.» y„r. - „.rly „ Mgh „ thi growth 

r.t. for th. world .xc.pt U.S.A. b.tw..„ i,20 .„o 1930. 

«»... growth „t.. „. „ot .»rpri.ing, b^.u.. ,u th.„ 

r^ion. „. l.„tng th. „.s- in UMg# of rubb<r   M it 

WU b. y„,. b.for. «.^ wlu Mtch up ^ ^ o s 

P« c.piu con.»ptlo„ of .bout 30 lb.. p.r p.„on. 

«>.th.r it b. i» dw.iop^ or d„.loping countri... highw.y 

tr.».port.tio„. both prlvt. .„d public, .r. i„cr„.i„g 

«Pidly. .„d thi. will r«.i„ th. Ut9nt „It oi tht i^t 

"iHc.t for Mny y«„.    »»-ti,. „,.. ,ueh „ tootVMZ 

-t.rproof product.. .,* .ou* good. fer ^ „„„.^  ti- 
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belting, ho«*« and cabla« for industrial us«, will probably 

hav« at laast aa rapid a rate of growth from the relatival/ 

•Mil current base in developing countries as is occurring 

in the »ore industrialised areas of the world. 

rtrctntaqt of munì Rubber ysffl 

The relative percentage use of natural rubber ha« been de- 

clining ateadily in every country of the world. (See Table D). 

A plot of the percentage of natural rubber uaed in the United 

States (See Chart D)shows a continuous smooth decline (except 

for the Korean War period) from the first days of synthetic 

rubber availability after World War II, and shows an un- 

mistakable leveling off at about 20%. It is of interest to 

note that after natural rubber again became available, the U.S, 

picked up natural rubber usage at a point apparently roughly 

equivalent to where it might have been had synthetic rubber 

become available without the advent of World War II. Every 

other country has a similar declining curve of natural 

rubber usage, although each is at its own stage of that 

decline. 

ft; 
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mcmn NATURAI. ««»• 

1939 - 197Q AMD PROJgÇTBp TO iqtft 

U.8.A. 
521t_ofJorld 

1939 
1940 
1941 
1942 
1943 
1944 
1945 

1946 
1947 
1941 
1949 
1950 

1951 
1952 
1953 
1954 
1955 

1956 
1957 
1958 
1959 
1960 

1961 
1962 
1963 
1964 
1965 

1966 
1967 
1961 
1969 
1970 

1975 

1910 

Source 

99.1 
99.5 
99.3 
95.4 
64.1 
26.5 
13.2 

26.7 
50.1 
5«.7 
Sl.l 
57.2 

37.4 
36.0 
41.4 
49.4 
41.5 

39.2 
36.1 
SS.6 
34.1 
30.7 

27.9 
2«.9 
2S.9 
24.9 
2S.0 

24.7 
23.1 
23.5 
22.1 
22.2 

21.0 

20.0 

97.6 
90.0 
•7.5 
•0.3 
71.0 
59.0 
47.9 

52.7 
76.1 
•3.0 
•2.7 
•2.6 

•1.3 
77.7 
77.5 
76.3 
73.9 

70.4 
67.9 
«1.3 
64.3 
SS.5 

57.2 
55.2 
52.5 
41.7 
46.2 

45.5 
43.2 
43.6 
41.0 
39.0 

31.0 

26.0 
Dnrivod 
(London) Xntomatlon«! Rubbor Study Group 

«uwpoan ChoBio«! fem.      P 
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Chart D 
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Th. «„po.it. curve of percentage N4turai  ^r ^ 

for th. R..t of tt. World   (See etart D)  showj a ^^ 

correlation with th. „.s.  curve.   following u ^^ 

but traila it by a .lowly increa.ing Ug ^     ^ 

1965,   and 14 year« in 1970. 

By u.i„g , tr.„d corr.l.tion t.chni,u. it i. po..ibl. to 

predict ouit. accurately for ,»y yMr in ^ futur< ^ 

prooabl, perenta,, which Natural Rubber will ,„,„ „ 

total uaage.    B»«^ any dr„tlc ^^ ^ ^^ ^^ 

«ce. for a particular typ. o£ rubber,   tM. ^^ ^ 

b. .pplled to a„y country or regio„ oy .pettina th. c„rr.„t 

P«c.nt.g. of N.tur.1 Rubb„ u.,g. on th. „..t.r our«.  a„a 

Pectin, th. u..g. pattern forward .long th. M.t.r curv.. 

" i. by thi. trend correlation ».thod that t„. individual 

=on.u»ption 0f ^„.i and ,ynthetic rubb#r for Mch ri9ion 

n«. b..n predicted, after havin, fir.t ..«„ted the total 

rubber co^u^ption for 1975 ,nd 1980 „.^ m ^ ^^ 

growth rate.  «,. r.t.. w. „,„. ^ „. „ ^ ^ ^ ^^ 
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12% to 1975 and 10% to 1980 for Japan; and 7.5% for the 

Rast of th« World. 

End Product Usage 

Statistics for both natural and synthetic rubber usage 

in tires and in non-tire products, as reported regularly 

by eight countries, (See Exhibits 8A ar.d 9A), show that 

in each country natural rubber is now used to a greater 

extent in tires than it is in non-tire products. This 

is undoubtedly due to the fact that the rugged demands 

of over-the-road motor truck tires still require the 

superior low-heat-buildup characteristic of natural rub- 

ber. Few, if any, other rubber products have such a 

stringent requirement. 

lie see no reason for any dramatic change in this situation 

except the strong possibility that the new stereo rubbers 

may meet some of these requirements satisfactorily, espe- 

cially if available at a lower price or with more consist- 

ent quality than natural rubber. 
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gWMttMffli between tortor- 

The -in fact to be faced i, that ,11 rubber, are in 

direct etiti« with eacn other      certa.n speciai^ 

rubber, have le., competition than other. bee.«,, of 

their very .pecific propertie. .uch a. re.i.tance to de- 

terioration fro» oil.  or heat,  or oxygen,  or Mone, or 

their air permeability,  .tc.    The« char.ct.ri.tic. ,r. 

or ,uch importance in certain application, that the 

•pecific rubber.,   .„ch .. „.„„«„.,  ^^ ^^ 

nitrii.,  butyl,  etc.  co—nd premiu» price.. 

A. the ability to —t .pecific reouire».„t. of an end 

product beco«, »ore „..ny «»parable „on, rubber.,  the 

price diff.r.nti.1 decrea.e. or di..PP„r. .„tir.ly. 

Thi. ha. been the undeniable trend in the price of natural 

rubber which i. i„ dir.ct co-petition principally wlth oil. 

«tended SBR.    Soiutio„ typ. butadiene rubber. o„. of the 

"«er«, regular" rubber., ha. Md. lnro.d, m SBR   ^ in 

i.ct .c«. .i«..bl. c.p.citi„ for produci», „ul.ion SB« 

h». been converts to .olution type butadiene polyer 

Production.    Ih. prie, of butadiene rubber h» b«„ 
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somewhat higher than SBR Type 1500, but it is making 

inroads on both SBR and natural rubber usage. 

Polyisoprene, although not the newest synthetic rubber,is 

beginning to invade the market for SBR, butadiene rubber 

(BR), and natural rubber as its price comes down.  The only 

deterrent to price reduction of isoprene rubber is the cur- 

rent high cost of the isoprene monomer. When and if a 

breakthrough occurs in cost of producing isoprene, the price 

of polyisoprene rubber will drop to the point where it will 

be in direct price competition with natural rubber, butadiene 

rubber and possibly even oil-extended SBR. 

Prices 

It should be expected that prices of all general purpose 

rubbers, including the stereo rubbers, will continue to 

decline because of capacity pressure on the market, it is 

generally felt by knowledgeable persons in the »ynthetic 

rubber industry that prices will declino to the neighbor- 

hood of 16 US* a pound (US$350 per metric ton) for straight 

SBR (1500 grade), which will mean about US$280 per ton for 

'"* 
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oil-«ctend.d SBÄ  (1712 grad.). 

-T. i. th. íurth.r po..lbiUty of a drop in ^ ^ ^ 

polyi.opr.n. ^.r to „,. vlcinity of u ^   <WWM ^ 

-trie ton,   if . technic>1 brMkthrough im iehiwa in 

produci«, th. i<opr.n. „onaMr it iwr cojt thit ^ ^ 

-Men it i. now „v.iUbl..    ^ ^ txp9iimc9 with ^^ 

-la .U9Ur for th,t ^„^   ^^ ^ co>pMiM in 

ftP» 1-v. .„nounou d*^ of nrw ^.^ ^^^ 

.xtr.ction fchnoiooy.  .nd th. In.tltute of thyti^ , 

Ch-ic.l «....«h cui», to h.v. d.v.lop^ . proc... whlch 

«in .v.»t„.ny „*. it po..ibl. to pioduci Uopr#M <t B 

co.t of 60y.nAilo (7Í p«r pound). 

*r. B.  c. Sekhar,  Director of th. »..KV. tor ot th« »ubber  k,>se,irch Inititut« 
or »U». i. r^ort«, to „,„. „^   in an ^  ^ ^ 

1» April l970.th,t .«ici.„tly produce „tml „^ ., 

c«p.titiv. with ^„i,,^, .t th. co,t of th# isoprMw 

Mono»«r it««lf. 

Our f„rw.t. of prob,bl. prlcM for th# priBcipii      ^ oi 
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Exhibits 6 and 7, and ara plotted in Charit 61 and 71. 

Tha aynthatic rubbar induatry i a anticipating conaidarabla 

growth in rubbar uaaga and alraady hai plana for,  or ia 

building capacity aufficiant to »aat all foracaat conauaption 

aatiavataa. 

Exhibit 5A .how. plannad capacity of 10,26* million «atrio tona 

at tha beginning of tha yaar 1975.     fhia will naad to oparata 

at only 87% of capacity in ordar to fill our projactad 

worldwida daatand for aynthatic rubbar in 1*75.   (Saa Exhibit f) 

Malayaian production of natural rubbar ia axpactad to in- 

craaaa 500,000 tona in tha n.xt fi*. y#sar..    indonaaia. 

Thailand and Ceylon alao axpact to incraaaa thair production. 

If dona on a lika acala to that of Malaysia,  l§75 would aaa 

natural rubbar av.iUbl. to th. axt.nt of ovar 4 .illion tona, 
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-h.r... forac.at CM^tlon of „.,„., nbbtt it oniy 

3.5 Billion toni.   ¡s«. Exhibit 8) 

«.«.  It i. .pp.r.„t th.t [npttitlM ln th# ^^ 

indu«try My fore« eric, „n  ». , prie „.11 b.lov pr...nt or proj#ctÄl 

I.V.I..    M t„  str.lt. T1... Mld ln in edUoriji ^^ 

7.  »70.    „tt.r rubb.r ,t th# loWMt ^^ co!t 4> 

th. only fon.ul. for th. pUntition indu<tryi> ^^ 

«*Mbit. . .M , .h« th. actual „„.„a ior „^ >nd 

.ynth.tic rubb« by r„i0„. .„, eoilIltriMf  „^ ^^ 

th. D.V.10P«, countri.a .no th. o.v.loping ^^   ^ 

th. y„r. i,60 to 1,70. with projection, of <Mni ^ 

-Jor r„io»al .^».„t. .M k#y inau.trlal ^^ f<w 

th. irwn 1975 and iM0.    Tabi., r .».i   . »".    Tanica i «na r pr#,#nt , .,m)r; 

of th. principal figura.. 

It -ill b. .„„ that th. principal orowth i» both natural 

•»d .y»th.tic rubb« will continu, to b. in th. alr-ay 

«•»•lop* countri.. »hlch today r.pr...»t «OK of »turai 

«* »» of .ynth.tic rubb„ ^^  ind by for>cMt wiii 

»Pr...nt .1, .M m „^^  of ^ ^ ^ 
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TABU 1 

DEMAND FPU  NATURAL KUBIER 

(000 Metrie Tons) 

Actual 
HIB" 

Projected 
WHS    1175      lllö 

TOTAL WORLD 
DEVELOPED COUNTRIES 

NORTH  AMERICA 
WESTERN  EUROPE 
ASTA,   AFRICA,   AUSTRALIA 
EASTERN   EUROPE 

DEVELOPING  COUNTRIES 
LATI H   AMERICA 
ASIA   AND   AFRICA 

2133    2978   3465    1310 
1771 2362 2740 3450 

530 622 750 900 
681 884 950 USO 
235 372 4b0 sto 
333 484 590 ?b0 

354 Ìli 725 •iO 
111 133 12b no 
243 486 «00 700 

TABU r 

DEXAND FOR  SYNTHETIC WHIR 

(000 Metric Tons) 

Actual Projected 
SO     OTO    im      1115 

TOTAL WORLD 

DEVELOPED COUNTRIES 
WORTH  AMERICA 
WESTERN  EUROPE 
EASTERN  EUROPE 
ASIA,   AFRICA,   AUSTRALIA 

DEVELOPING COUNTRIES 
LATI H  AMERICA 
ASIA   AND  AFRICA 

23W    5791   8950   13200 
2215 543* • 300 12100 
1191 2172 2800 560C 

489 1479 2450 3760 
420 1170 1770 2610 
115 615 1275 2100 

»t 355 450 1100 
83 228 350 600 
38 129 300 too 
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..t.bii.,».nt of .(WUiOMl tir# factoriM in ^^ 

countri.. will ,hift th. locu. oi ^ rubb#r ecMi-ptiaB 

b«.u.. of import .ub.titutio„,  but th. .,,.ct will b. 

»ini„.l .. c.n b. ..„ fr<M the f>ct ttat productton o( 

tir., in ,o  tir. f,ctori„ in «„ „„.^ ^^^ 

with c.p.city  ,or 30 »illion  tlr„  , y„r    ti alrMdy 

include m th. >0* of n.tur.1 .nd 7* of .y„t„.tic rub- 

b.r con,u».d  in th. d.v.lopina countri.. ln 1970. 

»y co„tr..t.   th. unit* St.t„  pro<luCKl 190 >ulion 

tir.. i„ 1,70.  which .ccounfd  ior ov„ lA -m- 

ton.    „bout two third, of tot-1 M s    nibur ^^^ 

•l»t .„ctly h.li of th. tot.l rubb.r conation for 

tir« of ,l,ht wjor tir. »roducino countri... 

Tir. production in th. „.,. „.. ^ „lnlBg ,t ^ r-t# 

oí only ,.„ ln th. u.t twnty-fiv. yM„. .itnouah in 

th. U.t t.n y..r. th. ,ro-th r.t. would .pp«r to b. .bout 

5.W.    Th. U.S.  Dn.rt^nt of Co».rc. p„dict. . 4.»* 

co-pound .nnu.1 ,rowth r.t. for tir« oy.r th. d.c.d.   1,70 

to   1,80. 
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Actual U.S. conawnption of  rubber for  tire»  and tira 

producta   ahowa a growth rate of 4.8% fro»  1960  to 1970 

and rubber for non-tire producta ihowa a growth rata of 

4.5% in the same period. 

Seven other countriea that produca tirea in quantity and 

regularly report their uaage of rubber,   ahow a conbined 

compound growth rate of 8.2 5% for tire and  tire producta 

over the last decade,   and a rate of about a* for non-tire 

producta. 

Theae eight countries, including the U.S.,   represent 72-71% 

of world co»auatption.     The  reat of the world,   representing 

27-28% of  total rubber conau»ption, shows a   correaponding 

compound growth rate  for all rubber uses of   7.0%.     it is also 

interesting that the growth rate in Weatern  Europe is al»oet 

identical with the growth rate in the world  excluding the 

U.S.A. — about 7.6% annually. 

A. an indication of the relative importance of v.rioua type, 

of rubber used ln tir„ lnd a«.^, products# , ||oU %t 
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th. .no of »ìM, « .how. pmmtttu contimptioo of 

v.riou. typ., of „tur.! rubb.r ln tir„ ^ ^^ 

product, in th. „»it«, St.t...    A ,iKiUl ^ mt th# 

.nd of Exhibit ,A .how. p.rc.„t.g. con.u.ption of 

«ri«, typ., „f lynth.tic nbbmi in titn mnâ ^    ^ 

product, in th. OnitwJ Sut... 

Of p-rticui« .iïMfic.«..«, th. „^ ^^    ^ 

i. th. ,r.d«l incr«.. ln  .oth.r. typ.. of „tur.i 

rubb.r, which r.pr...„t. Pri„rUy th. „,, „, ^^ 

Of .ignificnc. on th. .ynth.tic .«. i. th. „pidly u. 

«...in, ... of .t.r«,-r^ul.r rubo«. ln tlr.. ,t th# 

.»P«... of .„. .„a . tal r.pld lBCr.„# ln uo   f   t   ^ 

«Wta» rubb.r. for m.titm ptoáucU   ^ ^ ^    ^^ 

of SB«. 
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MATORAL RUBBER 

T«chnology, Grade».  Qualitiea.   Use» 

Although many trees and planta contain a milk-like liquid, 

called latex, which is a suspension of rubber in an aequeon 

aerura,   it was in 1889 that James Collina,   Curator of the 

Museum of  the Pharmaceutical Society in England,  asserted 

the hevea  tree,   a native of Brazil,  to be unrivalled by 

any other rubber tree,  and he suggested that  it should be 

•eclimatiaed in the British poaaeaaiona  in the Eaat. 

Over the following three decades  this waa accomplished, 

and by the turn of the century exportation of plantation 

rubber had begun. 

Today all natural rubber is Hevea  rubber,  and n* of it 

cornea from descendente of the trees grown from seeds 

brought from Braail in 1876,  germinated in Kew Gardens, 

London,  and then sent to Ceylon for cultivation. 

The early plantations were all of the seedling type. 

On these plantations,  occasionally some treea yielded con- 

siderably «ore rubber than other..     By grafting bud. fr<*z 

th.ee   "high yielder." onto the lower stems of  ordinary 

x  m^^taKÊmmtmÊÊÊtm 
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..«.Un,.,  it w.. po..lbU to obt.ln a Urg# nimh9t ot 

high yi.ldin, tr...     c„.ful „^ ^ ^ ^     ^ 

l»v. b..„ K.pt,  in which ,11 d..ce„d.„t. of a ,i„qle tr.. 

a« cl...«, ,. p.rt of .  .clon..       Rubb=r produced by ^ 

tr... i. r.f.rr.d to .. "clon.1 rubb«-.    Toa.y momt 

Pl.nt.ticn. h.v. b..„ r.pUntea vith high.yl#ldlng C1OM1 

rubUr.     In *..t M,1>y.ia.  for MMpli>  B7% o£  tht punud 

«« i. M,h yi.ldin9 Mt,tlil.    IB c#ylon it im tboat ^ 

U i. ..ti«t«, th.t „ot ov.r 25 clon.. Mk. up th. „jotity 

of clon.1 rubb«r pl.nt.tion«. 

n-iptr.tinn of a^urfi —>»btr 

»»bb.p occur.  i„ th. ut« of H.V«. vh.ch i. an «i.ton 

or di.p.r.io« of „,*., u „^     ^ (ll3p«.ing ,„.nt u , 

«tur.l prot.in ».t.ri.l.    Th. l.„, «cur. in  Lh. „,,* of 

th. »*».. tr.. out.id. th. c..bi» or ,„.„N•ln, lïy,r. 

It occur, in tub., or duct, wh.ch .pir.l fro» i.lt to ri,Bt 

•• thw ..«.„a M,. tr„      „,. mct functi<m o( thi uta 

1» th. phy.ioloay of th. tr« i. „ot known. 
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In view of the above,   in order to obtain rubber it is 

necessary first  to get the latex  from  the tree and then 

recover it  from the water phase or serum.     The first 

operation is called   "tapping".    This  is done by making • 

spiral cut downward  from left to right,   almost,  but not 

quite    through the bark, with a  specially shaped knife that 

makes  a  shallow trough in the upper  edqe of the bark on  th« 

lower side of the cut.    The latex ducts are thus cut,   and 

the latex flows out  into the cut or trough which ends  in a 

«•tal spout which conducts it to a plastic,  glass,   or earthem- 

war e cup.     A small  amount of preservative  is placed in th« 

cup to prevent coagulation.    After the   latex stops   flowing, 

the tapper empties  the latex from the cup into a bucket. 

Tapping is usually done in the early morning hours  just  after 

daylight because more latex flows  in the cooler morning hours. 

It stops flowing after about 3 hours.     Collection by th«  tapper 

is generally completed by eleven o'clock,   or noon at th«  latest. 

Th« latex is carried  in the tapper's buckets to a central 

factory, or,on a  larg« plantation,   to a collecting station, 
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where it  i. .trained through a  siev ^ 
9n a   sieve to remove particle. 

"ry t0 th" alr"dy »- bV th. taPP„ to insure u, 

-«i-i -t u. Min f,ctory in . Uquld condition    upon 

«1*1  .*  th. c.„tMl  fictory.   th.  utex   ti  duuttd with 

cl..n ..t„ to a .t.nd.rd  rubb„ cont.nt   (qmmnur ^ 

» P« c.nt),  co.gui.t.d with „Uut. fo»ic or ,«tic .cld. 

formed into sheets or creo«    a.*.»*. or crepe,   dewatered on a  roller »ill 

Und washed in th. case of  creoe>    w . 
or  crep.),  hot-«ir-dried  (with wood 

••*>*• in the case of smoked  sheets)     <„. 
*«  sneets),   inspected,   and packed 

t-P.r.t«. i. g.n.r.lly not ril>#d ibove ^ ^^ 

«-«S» fl   in ord„ to pr.v.nt ^^ of th# Ught.coior#d 

rubber by heat. 

»-. .bov. proca«. t. follow#d to product viriouj      ^      oi 

-— .h«t. ,M „.„.. diwtly fra iat#x       ^^    ttw 

" . o—ia^bi. momt of nbbmt ^.ch u obtain#<i (rw 

»tur.lly «^ or drl#<1 rubb#r wMch ^^ in thi courM 

of r„uUr pl.nt.tioo op.r.tloM      ^ „trM UceB ind _cup 

Lp- vhich „. th# driw| ,trip. of rubb#r ^^ tm ^ 
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old cuts and the dried filias  and lumps of rubber found in 

the cups at the beginning of tapping   (from the  "after-drip" 

of the previous tapping),   the   "bark scrap"  recovered from 

the bark removed during tapping,   and  "earth scrap" recover«* 

from the ground at the base of  the tree,  are each processed 

into crepe grades.     These so-called  "off-grade" crepes are 

known as   "Amber,   or Blanket Crepe,"  "Brown Crepe," and  "Pl»t 

Bark Crepe." 

On a well managed plantation the yield is approximately! 

85* Pale Crepe or Smoked Sheets 

8% Blanket Crepe   (Ambers) 

2.5% Estate Brown Crepe,   or Thin 
Brown Crepe 

4.5% Flat Bark Crepe 

Some smallholders,  or small plantation owners,   do not make 

crepe or sheets but allow their latex to coagulate naturally, 

and the  resulting   "slab" is  sold in varying stages of moisture 

content and fermentation,   or   "maturation",   to processors who 

wash,   dry,   and ship it as   "Ambers" or  "Blanket Crepe". 
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hosing and belts, and wire insulation.  These uses were 

estimated to be about 38% of total general purpose rubber 

usage. 

This left an estimated 35% of the market where natural and 

synthetic rubber are considered generally interchangeable. 

The history of rubber consumption to date appears broadly 

to bear out the conclusion of the 1954 study, with the 

actual percentage of preference for natural rubber seeming 

to settle out around 20% rather than 27%.  This lower per- 

centage is probably due to two causes - new and improved 

synthetic rubbers, and increasing uses for rubber which 

have been satisfied by synthetic rubber. 

tfotet Much of this section is quoted from Morton - Introduction 

to Rubber Technology (1963) 



-66- 

IV-1 

h 

!,«! 

SYNTHETIC RUBBER 

Technology, Grades. Qualities, yaya 

Synthetic rubbers are made by the polymerization or poly- 

condensation of one or more (usually two) monomers resulting 

respectively in a homopolymer or a copolymer. Most syn- 

thetic rubbers are produced by polymerization, which can 

be carried out in the mass of the monomer, or in a solution, 

or in an emulsion. 

Polymerization is a reaction by which the molecules of a 

monomer, such as butadiene, isoprene, styrène, etc. are 

combined with each other in such a way that the percentage 

chemical composition remains the same, but the molecular 

weight is increased. 

in contrast to the polymerization of i.opren. „hieh ocoa„ 

in the biosynthesis of natural rubber („hereby the i.opren. 

units are joined end to end. always in the same direction, 

to give a long, thread-like molecule). during a chemical 

polymerization different types of arrangement may occur, 

with the result that the final structure of the molecule 

-Y correspond to , „hole syst«, of chain „nit. of varying 

•MFW- 
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lengths, comprising cross links and side chains. This .true 

ture has an important effect on technological properties of 

the poller, and is a source of differences between the 

performance of natural and synthetic rubbers. 

Much effort has been expended on devising means for regu- 

larising the molecular structure of the synthetic rubbers, 

out of which hav. come low temperature polymerization tech- 

niques, and especially the development of "stereo-specific« 

catalytic processes.  The former has led to the manufacture 

of "Cold" SBR, and the latter to the stereo regular rubbers, 

polybutadiene and polyisoprene.  The properties of poly- 

isoprene are almost identical with those of natural rubber, 

and its use is expanding rapidly, although price is still 

high because of cost of the monomer. 

The first synthetic rubber produced in large quantity, .nd 

still the major factor in the synthetic rubber industry, i. 

th« Butadi.ne-Styren« Copolymer first developed in Germany 

•• Buna S, .nd put into crash production in the United Stat«. 

m 1942 as GR-S.  it is now known as SBR and represents over 
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60% of U.S. synthetic rubber production and about 63% of 

world production. 

SBR is classed as a general purpose rubber, but it has 

certain limitations.  For example, its vulcanisâtes possess 

satisfactory mechanical properties only if they contain 

reinforcing fillers; without these, tensile and tear 

strengths, in particular, are quite low and the eia s tower 

is not suitable for uses in "pure gum" goods.  In the casa 

of tires, cold SBR gives a somewhat higher abrasion re- 

sistance than natural rubber in passenger tires but in 

heavy duty or aircraft types, abrasion resistance is de- 

cidedly less. 

It was found that low temperature polymerization yields 

very high viscosity products which are difficult to process, 

but could be rendered workable by the addition of a rela- 

tively large proportion of oil without impairing the 

mechanical properties after vulcanization.  The oil in 

amounts of 25 to 37.5 parts per 100 parts of polywier is 

added to the latex in the form of an emulsion prior to 
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coagulation.  Oil-extended "master batches" have been very 

successful and have reduced cost of the rubber substan- 

tially. 

Carbon black is also incorporated in the rubber at the plant 

by adding aequeous dispersions of carbon black to the latex, 

thus producing roaster batches which are available for direct 

use by the rubber goods manufacturers. 

The second (until recently) most important synthetic rubber 

is Butyl rubber, a copolymer of isobutylene and a small por- 

tion of isoprene.  It has high resistance to oxygen and 

oxidizing agents, and most important, extremely low gas 

permeability, making it especially valuable for inner tubes. 

The Nitrile rubbers (butadiene acrylonitrile copolymers) 

are "special purpose" rubbers characterized by their re- 

sistance to solvents.  They are used principally in articles 

which come in contact with solvents, such as gasoline hoses, 

oil immersed belting and joints, etc. 
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The chloroprene polymers,   first  introduced  in  1931 as 

neoprene,  have excellent  resistance   to aging,   low swelling 

in oils,  and   flame resistance.     They are particularly use- 

ful  in conveyor belting,   cable  sheaths and various mechan- 

ical goods. 

The »tereo-regul.r  rubbers,  polybutadiene  and polyi.opr.n.. 

have been known since the 1950's,  but have come into 

prominence only in  the i960'.,   during which period their 

production ree from nothing to over 400,000 ton. in the 

United states alone,  each of then, surpassm, every .p.ci.1 

purpo.e type of synthetic rubber and together surpas.ing .11 

other types   (except SBR) .   These are general purpo« rubber, 

»nd are  finding their way  into tire production at the .xp.».. 

both of  SBR and natural rubber. 

Other  specialty rubbers  indude  ThioKol,   a  polysulfide  poly«« 

introduced in  1930;   Hypalon,   a   chlorosulfonted polyethylene, 

introduced „dally in  1957;   and  the ethylene-prophyl.ne 

coplymers,   introduced in  1962,   and classify K    .V 
'       u CJ-«ssified by the Inter- 

national  Rubber Study GrouD as  »   ««- 
y broup as  a  stereo-regular rubber. 

Hote:     Much of   thia  section is  quoted   fror, T- » 
quoted  from Le Bras  - Introduction] 

to Rubber (1965) 
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MnTVBAL RUHM» rw tòffYlJWril 

«—rch and Development  faciliti.. dir.ctwJ  to tfte ^^ 

of natural  rubber exist in  seven of the lignificant ^^ 

rubber producing countries.     These includa: 

Malaya 

Indonesia 

Ceylon 

India 

Cambodia 

Viet-Ma» 

Ivory Coast 

The oldest and »oat comprehensive facilities are those of  the 

Rubber Research Institute of Malaya   (RRIM)   which began function- 

ing in 1926,   taking over fro*»  the Department of Agriculture 

of the Federated Malay, states the rubber research work it had 

been doing since 1900, 
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The RRIM is a  dependent organization of the Malayan  Rubber 

rund Board,  which is  financed by a ces« of one Malayan cent 

P«r pound of rubber exported from West Malaysia,   and allo- 

cates more  than  half of   this  to the Institute. 

Th« RRIM has  a  staff of  about 1300  including  150 g^duate 

professionals,   as well  as a  labor force of almost 1,000 at 

its 3,400 acre Experiment  Station,   sixteen mil«, from Kuala 

Lumpur,     it  operates on an annual  budget  of almost U.S.  $5 mill 

The RRIM is concerned with  "production research"',     it. activ- 

ities are organized as   follows: 

Botany i|âvi»>gr 

Soils piv^a^op 

flthplogy Divisi9p 

ARPli«d Chemistry iTtf 
PfYflQPffent  Divisi^ 

Hevea  Breeding 
Methods of Propagation 
Exploi ta t i on   («apping)Systarn 
Physiology of Growth and 

Latex Production and Flow 

Nutrition and Fertilisation 
under different «oil condi- 
tions and soil management 

Control of Piaeases and Pesti 

Processing  into Latex Concen- 
trate ! 

Procesai ng into Dry Rubber 
Hew Forms of Rubber 
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rma—nui oiini.trry anii 
Fhvics D^Yiffigp 

Division 

tict and pi^nnim 
Division 

V-3 

Evaluation of Technological 
Properti«s 

Evaluation of  Cure Charac- 
teristics 

Control of SMR Scheme 

Biochemistry of Latex 
Chemistry and  Physics of 

Rubber Particles and 
Processed Rubbers 

General Analytical Services 
Special Analytical Services 

Economic Aspect of Field 
Management and Factory 
Production 

During  the   last   five years major areas  of development  have beeir 

yield  stimulation by chemical means   (Ethrel) 

Development  of  the Standard Malaysian Rubber Scheme 

Oil extended natural rubber   (OENR) 

Current research on new rubbers development is concentrated 

in the following areas: 

The conferment of controlled viscosity   (CV)   character- 
istics   into raw rubber of lower grade. 

The development of OENR starting  from latex base as 
opposed  to the present dry rubber base. 

Carbon Black Master Batch by  incorporation of black 
at the  latex processing stage. 
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Development of a special or ideal tir« rubber aimed 
specifically at tire manufacturers. 

Improvement  in consistency of cure behavior within 
SUR rubber. 

Associated with the RRIM is the Natural Rubber Producers' 

Association  (NRPRA),   another dependent organization of the 

Malayan lubber Fund Board,  which operates facilities at Welwyn 

Garden City in England.    The NRPRA employs 85 qualified techni- 

cal staff at its  laboratories which are extensively equipped ft 

• 11 types of rubber research and development work. 

The MRPRA is concerned with  "Consumption Research",   the main 

objectives of which are: 

Improvement of the performance of natural rubber 
in order to strengthen its competitive position 

Establishment of new uses for natural rubber 

Research and development activities concentrate oni 

Vulcanisation and Processing 

Durability and Aging 

Wear and Friction 

In addition,  the MRPRA operates the Technical Advisory Servi« 

of the Malayan Rubber Fund Board in Great Britain,  and provide 
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l.bor.tory .apport ..rvic. to th. network of. Technical 

Advi.ory S.rvic. office, of th. Bo.rd,   including fiv. i„ 

th. United State.,   four in Europe,  .nd on. ..ch in Au.tr.li.. 

B»w Ze.l.nd,   Japan and India. 

in Indone.i. th. ln.titut. for Rubber Re...rch and Dev.lop- 

»•nt i. engaged in rubber re.earch, but no detail, of it. 

operation have been mad. available. 

Cevlon 

in Ceylon the Rubber Re.eerch ln.titut. of Ceylon in Oartonfield, 

Agalavatta i. engaged in rubber re.earch, but no detail, of 

it. operation, ha v. been Made available. 

lad** 

The Rubber Research Institute of India «a. ..tabli.hed in 

1954 under the Rubber Board, and i. financed completely by 

the Board fro» fund, which it collect, in the for» of a cea. 

on rubber conaunption. 
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Although the  Institute started  functioning   in 1955  it had 

only a  skeleton  staff until  1963.  At  the present  time  the 

Institute has  a  staff of nearly  100  persons   including  34 

professionals,   and operates a  33 hectare experiment station 

at the locus  of  the  laboratory,   and a Central Experiment 

Station of  150 hectares elsewhere. 

As a first step,   the Institute developed cultivation and pro- 

duction methods  suited to local conditions,  based on the accun- 

ulated knowledge of the Rubber Research Institutes of Malaya, 

Ceylon,   Indonesia  and Indo-China. 

The work of the Institute  is organized in four divisions as 

follows : 

JWronoffy/sogs Study and General Classificit 
of Rubber Growing Soils in In 

Cultural and Soil Management 
Problems 

Nutritional Requirements of 
Rubber in the Varied Agro- 
Climatic Regions of the 
Country 

il . 
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Mvcolocrv/p^n* 
Pathology 

Chemistry/Ru^gr 
Technology 

The Rubber Tree,   its  Improvement, 
and all Botanical  Problems from 
Planting to Harvesting 

Pests and Diseases of Rubber 
and Their Control 

Chemistry of the Crop,   the 
Latex,   and all Problems 
Relating to Processing and 
Preparation for Marketing 

At the time when research was started,   the main problems were 

those of increasing production.     Now India is able  to supply all 

of its own needs  for natural rubber,   and the problems of researcl 

have turned to coping with the radical changes that are taking 

place in the processing of rubber for the international market. 

Hence,   the Institute  is   reorienting  its  research activities 

to give more emphasis  to studies in the production of solid 

block rubbers,  technical specification of rubber,   and problems 

of the consumers of rubber. 

Cambodia 

In Cambodia  the Institut des Recherches sur le Caoutchouc au 

Cambodge in Kompong-Cham is engaged in rubber research,  but no 

i    \ 
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detail» of its operations have been mad« available. 

Vifit-KfllP 

In Viet-Nam the Institut des Recherches sur le Caoutchouc au 

Viet-Nam in Saigon is  engaged in rubber research,  but no 

details of its operations have been made available. 

ivory çpflft 

In the Ivory Coast the Institut des Recherches sur le Caoutchouc 

en Afrique in Abidjan is engaged in rubber research, but no 

details of its operations have been made available. 
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R ft P CQMTRIBÜTTQM ABQttflp JHE Wu|»p T» THpBn.. 

The search for more and better products in the synthetic 

rubber field goes  on unabated in the laboratories of all 

the major synthetic rubber companies around the world. 

Year by year there is an increase in the number of grades 

and types of synthetic rubbers that are made available 

for special uses. 

Hany laboratories  are working vigorously towards the goal 

of a polymer which has au the properties of a normal 

rubber vulcanízate at ambient working temperature, but 

which processes as  easily as such well known thermoplastics 

as PVC,   polyethylene or polypropylene at higher tempera tures, 

thus eliminating the costly processes of labor, mastication 

of compounds and vulcanisation. 

Search is also being made for liquid polymers with the objec- 

tive of producing a  liquid elastomeric product which can be 

processed without power-consuming slow processes. 

With regard to natural rubber,   it is fair to say that the 

principal,  if not the only,  concerted effort towards improving 
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the quality of natural rubber is being carried out by 

Malaysia through the Rubber Research Institute of Malaya, 

the Natural Rubber Producers Research Association and the 

fourteen offices of its Technical Advisory Service net- 

work around the world, all operating under the . ¿gis of 

the Malayan Rubber Fund Board, and financed exclusively 

by a cess on all rubber exported from West Malaysia. 

These organizations, which are jointly concerned with the 

breeding and cultivation of the rubber tree, the harveat- 

ing of latex, the processing of the latex into latex 

concentrate and dry rubber, technical specifications, 

control of quality, packaging, and adaption to the pro- 

duction methods of rubber goods manufacturers, have faced 

the problems of natural rubber improvement in a most 

realistic manner. 

While directing a great deal of effort to "production 

research" by developing high yielding clones, development 

of the 3-part tree Lo provide strength for storm pro- 

tection, and yield stimulation by chemical means (Ethrel) , 
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at lo.t equal   effort has been spent on the development 

of efficient  and mechanized methods of processing,   puri- 

fying,   controlled  technical  specifications of  the various 

grades    including  controlled viscosity rubbers,   and uni- 

form packaging  under the Standard Malaysian Rubber Scheme. 

The SMR scheme was developed by the RRIM with the rubber 

goods manufacturers  in mind,     it had and has active contact 

with the factory  consumer through   its world-wide Technical 

Advisory Service  network which provides  advice to rubber 

goods manufacturers on natural rubber use  in any application, 

and also works  with end users  on design and testing of 

natural rubber  products.     Thus,   its  quality  improvement 

program in Kuala   Lumpur is keyed directly  to the needs  of 

the market. 

The  SMR scheme  has  achieved  such  rapid  success   that   Indo- 

nesia  is adopting  an identical   grading  and packaging  scheme, 

known as  SIR,   and   last year  the Association of  Natural 

Rubber Producing   Countries   (ANRPC)   WOG   founded by Ceylon, 

Indonesia,   Malaysia,   Singapore,   Thailand   and Viet-Nam with 
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the probable ultimate result of adopting a world-wide 

Standard Natural Rubber scheme based on the Malaysian 

SMR scheme. 

There  is  at  least one other organieation  in  the world 

outside  the natural rubber  producing countries which 

conducts  research on natural   rubber.     This   is   the 

Kautschukinstitut an der  Technischen Hochschule in 

Hanover,  West Germany, where  Professor Dr.   Scheele ha« 

been working  for some years  on three areas of   interest: 

Compounding   (combining)   natural and synthetic 
rubbers with special  attention to the chemi- 
cal kinetics involved. 

Thermodynamic research  relative to improv- 
ing  the elasticity of  rubber through the 
use  of different dry   extenders. 

Radiochemical analysis  of  special probi 
in  the field of vulcanization. 

ems 

The results  of this  research have been published  in over 10( 

treatises  in the periodicals   "Kautschuk und Gummi,  Kunst- 

stoffe»,   "Kolloid-Zeitschrift",   and  «Rubber Industry and 

Technology". 
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IMPORTS  OF  RUB.«»  «non«   XNT0  DEVBLQPTMr. rv»n—Trff 

There are very few publi.hed .tati.tics on import, into the 

developing countrie.,  and no comprehensive compilation of 

the. which are publi.hed.     Starting with .tati.tic. for th. 

year 1964,  however,   the united Nations began publi.hing it. 

World Trade Annual which report, import, and export, of th. 

principal countrie. of the world,  «howing the source of 

inport.  and the de.tination of exports.    Beginning with .ta- 

ti.tic.  for the year 1965,  a Supplement to the World Trade 

Annual ha. been publUhed .howing,  for individual countrie., 

by SITC cla..ification,  the export, made to the« by the prin- 

cipal exporting countrie. of the world.    All  figure, are in 

U.S.  dollar.. 

It is from these figure, for the years of 1965 to 1969 that 

Exhibit 10 - import, of Tire, and Hon-Tire Rubber Good. - 

wa. compiled, and then converted to the national currency 

at prevailing rates of exchange for each year.     Exhibit 10A 

summarise, the information by region in U.  S.   dollar.. 

The .tatistic. are combined in three groupât 

Tire, and Tube. 

Non-Tir. Product.   (Manufactured Article.) 

Vulcanised Rubber Material, 
(for further Processing) 



-84- vii-a 

A summary of each by regions  is  shown in Tables 0,   H and J 

Tflbje G 

Imports of Tires and Tubes into Developing Countrl«« 
(U. S. Dollars 000,000) 

1965 - 1969 

1965  1966 1967 1968 1969 

32    35 32 30    31 

42    55 45 49   52 

60   40 39 39   40 

45   4J. 46 _5j6__  53 

Latin America 

Mid-East Asia 

South & Southeas Asia 

Africa 

TOTAL 179 171   162   174   176 

Table n 

imports of Kon-Tire products into Developing Countrjet 
(13.  S. Dollars 000,000) 

1965 - 1969 

12£5  1966  1967  1968 1969 

12    14    13   14    17 

4     4     5     7    6 

12    13    14    20 

-Ifi 2 10 1¿_ 

Latin America 

Mid-East Asia 4 

South & Southeast Asia 10 

Africa 12 

TOTAL  Ì8 40 40 45 56 
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awrt« 9f vomiert -m»r Hittn^i, into ^1<Tlni .n<nrrj|| 
,i?65   -  ¿969 (U.S.   Dollars 000,000) 

Latin America 

Mid-Bast Asia 

South & Southeast 
Asia 

Africa 

A2££   12S£   mi   iSfei   1969 

77778 

3 4 5 4 5 

6 8 7 9        12 

TOTAL       23 27 26 30 36 

These tablea  indicate a relatively strong upward trend in total 

importa between 1967 and 1969  - 9% for tires,   14% for rubber 

articlea other  than tire»,   and  14% for rubber materials for 

further processing,     it would be meaningless,   however,   to 

attempt to forecast imports  for 1975 and 1980 for several 

reasons: 

We do not have available figures 
for the Most recent year - 1970 

Bach region is made up of a num- 
ber of relatively small countries 
whose rates of growth or decline 
vary widely 

iJ 
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- The futur« performance of each 
country will depend on many 
factors of which we do not have 
adequate knowledge. 
Among these are: 

Building of a  tire plant 

Establishment of non-tire 
manufacturing plants 

Availability of reclaim 
rubber 

Import substitution programs 

Import restrictions 

Suffice it to say that Exhibit 10 supplies valuable infor- 

mation about imports into- 60 developing countries which 

can serve as a basis  for individual country projections 

when additional information is available. 
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MHSTIHS RUBBER PROCESS^ iffiffTTBiniT 
IN 

DEVELOEiyg  CTHTPJE0 

Exhibit XI   .hows   the extent  of  existing  rubber proce..i„g 

industrie, by country in the developing countries, in de- 

tail with regard  to automobile tire manufacture,   but  in 

summary only   (in most cases)   with  regard to non-tire 

manufacture. 

Every effort wa. nade to secure information about the rub- 

ber proce..ing indu.trie. of  each developing country through 

it. Emba..y  in the United States.     Many of the.« responded 

cooperatively,   but were unable to supply the  information 

requested,     m only one or two cases was information avail- 

able regarding the uses of latex or reclaimed rubber. 

(Israel reported using  18% reclaimed rubber and 8% latex. 

Ceylon reported 1% reclaimed rubber in tires and less  than 

400 tons latex.)     No factual  information was provided re- 

garding expansion plans. 

The information recorded in Exhibit XI concerning non-tir« 

rubber processing plants has been derived almost entirely 

from th« International Rubber Directory published in Zurich 
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in 1967.  No more recent worldwide information on this 

subject is available, and the next edition of the direc- 

tory will not be available until 1972. 

The individual non-tire processing plants (over J000) 

were not listed separately for two reasons: 

a. Many of the listings gave no details of 
products produced or of number of em- 
ployees 

b. Easy access to information about each 
•pecifie company may be had by consult- 
ing the International Rubber Directory, 
or (in the case of India) the Indian 
Rubber Directory (published in 1970 by 
the Indian Rubber Industries Association 
of Bombay). 

It should be noted that in order to keep the main tire 

products portion of the exhibit clear, no manufacturers 

of bicycle or other small tires were included with tire 

manufacturers.  Retreaders (where identified in the 

Directory) wore indicated separately in the non-tire sec- 

tion of the Exhibit.  It is our belief that in a number of 

countries tire retreaders were not listed in the Directory, 

so that the Exhibit probably understates the number of re- 

treaders. 

ttjjfmWirvQ» 
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A glance at the Summary shows that the developing coun- 

tries have in operation or under construction capacity for 

about 125,000 tires a day, of which .ore than half is 

located in Latin America and more than a quarter in the 

Par East, leaving only about 20% in Africa and the Middle 

East.  With only about 15% of the population of the 

Developing Countries (excluding Mainland China) Latin 

America has over 50% of the tire capacity.  South and 

Southeast Asia, with over 60% of that population, has 

slightly over 25% of the tire capacity. 

Over the years it has been true that production of tires 

consumes by far the major portion of all rubber, and con- 

sumption for other purposes follows along with tire con- 

sumption,  it would appear that if the transportation 

portion of the infrastructure in the developing countries 

can be stimulated, this will not only help all other phases 

of development, but will also generate greater use of rub- 

ber in products other than tires. 

Already there is evidence of moves in this direction with 

;!* : /.. 
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expansion of tire manufacturing facilities under way in 

the Congo, Kenya, Morocco, Nigeria, Tanzania, Iran, India, 

Malaysia and Singapore. 

Latex 

We see no reason to expect any unusual growth in the 

use of latex, although undoubtedly some growth will occur, 

especially in foam goods, including backing for tufted 

carpets. 

Reclaimed Rubber 

Reclaimed rubber has advantages in certain types of product 

but its main appeal has probably been price. With the gen- 

eral lowering of new rubber prices, however, as well as 

rising labor costs for processing reclaim, this advantage 

for reclaimed rubber is fast disappearing, its uae in 

general has been falling off except in Brazil. 
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«MgnjftWTffor, BiBMTTKB m wmn j^sEmmm COUMTRIB^ 

Real control of quality for natural rubber ha. been nonpa- 

tent until inauguration of the Standard Malaysian Rubber 

•cheme.    There are specifications for the various RMA grades, 

but grading is visual,   and each producer makes his own de- 

cision as to the grade of his product. 

With the advent of the SMR scheme,  a tight set of specifi- 

cations cover the limits allowed for: 

Dirt 

Ash 

Volatile Matter 

Nitrogen 

Color 

Initial Plasticity 

Plasticity-Retention Index 

The cure Indicator  (MOD value) must be stated on each pack- 
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In the case of Extra Quality SMR, the clones  from which 

the  latex  is drawn are  specified, and procedures  for 

bulking  and  coagulation,  milling, and drying,   are also 

specified. 

Methods  of  test sampling are  established,   and  the  form 

of packaging is specified. 

Although  each estate does  its  own  inspection and grading, 

and each shipment carries  the estate identification and 

its  own certification as  to the various  test  sample 

values,   the Chemistry Division of  RRIM maintains  overall 

control  of  specifications and  testing procedures,  with 

proper  facilities  for  testing  and  inspection,   and with 

legal powers  to exert control  on rubber before  it  is 

shipped.     Any rejections by a  customer are handled 

through  the regional offices  of  the Malaysian  Rubber 

Fund  Board. 

In the case of smallholders,   it  is  necessary  to have  the 

rubber processed at  local central  points.     Alreadv 
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Malaysia has  four  large strategically placed factories 

operating,  which enable smallholders to turn out SMR. 

As other countries  adopt their own  Standard Rubbers  they 

will have to set  up equally stringent quality and mspec- 

tion standards,   and central processing factories if the 

image of the new natural rubber is   to be maintained. 

When,  and if,   a  Standard Natural  Rubber is established 

by the Association of Natural Rubber Producing Countries, 

the members will have to agree on uniform international 

standards and  set up the procedures   for maintaining 

adherence to those standards. 

ì 
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QPgN PROBLEMS IN THE STAMDARDIZATTQW 

OF  NATURAL   RUBBER QyAJflTY 

We see no problems  in quality standardization that have 

not been faced and solved by the Rubber Research Institute 

of Malaysia.     Over the last «ix years since Standard 

Malaysian Rubber was introduced,  the Institute has had 

the opportunity to modify and  improve its  procedures  to 

the point that the SMR scheme works smoothly,     if any 

unexpected  problems arise,   the  RRIM will  learn of them 

promptly through  their associated world-wide Technical 

Advisory Service  network,   and  corrective action can be 

taken promptly. 

Malaysia has  been more than willing  to share its experience 

and knowledge of the production and marketing of natural 

rubber with  the rest of the industry,    m  joining in the 

Association of Natural Rubber Producing Countries,   it ha. 

shown its willingness to provide leadership in setting up 

the procedures and controls  for a Standard Natural Rubber. 
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COHCLUSI^flg 

Synthetic  Ruhbjr 

££Ì£± 

In view of the generally rising cost« of operation in 

every industry,  and of the increasing squeeze on supplies 

of petroleum,   we see little prospect for a major reduc- 

tion in the price of basic general purpose rubbers such 

as SBR and BR below the current  (June 1971)   prices as 

quoted  in European Chemical News.     These prices  in U.S. 

Dollars  per Metric Ton are: 

SBR 1500 $375 (France) 

SBR 1712 296 (France) 

Polybutadiene 390 (France) 

Polyisoprene 507 (U.K.) 

Although projected world capacities  for all synthetic  rub- 

bers of  10.266 million Metric Tons by 1975  are  not out of 

line with our  forecasts of 8.950 million Metric Tons world 
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demand for that year, which would result in 871 utilisa- 

tion of capacity, the competitive pressures which may 

develop in local areas might bring these prices down 

somawhat. 

The increasing use of petroleum for transportation, heat- 

ing and chemicals, plus increasing costs of capital invest- 

ment in the petroleum industry, increasing costs of pro- 

ducing, transporting and refining the crude petroleum, etc. 

may tend to raise the costs of all monomers, and thus the 

prices of synthetic rubbers generally. 

However, much of the U.S. synthetic rubber capacity is 25 

to 30 yea,o uld, and considerable European capacity is at 

least 10 years old.  Thus, « large part of world capacity 

is or will shortly be fully depreciated, and could con- 

ceivably be used to produce synthetic rubber on a marginal 

cost basis. 

Furthermore, a braakthrough in isoprene monomer production 

appear« more than likely at this time, and this will cer- 

tainly bring down the price of polyisoprene which is 
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already cutting into other general purpose rubber  usage, 

including particularly SBR,  BR,   .nd natural rubber. 

Throughout Europe and Japan new or expanded plants  are 

being built  - not only for the older type general purpose 

rubbers,  but  also for polyisoprene.     Polyisoprene pro- 

jects   scheduled for startup in  1971  -  1973  total  370,000 

metric  tons,   on top of  246,000  tons  already in existence 

outside  the United States. 

As was  stated earlier,   two companies  in Japan have announc- 

ed development of new isoprene monomer extraction  technol- 

ogy,   and the  Institute of  Physical  and Chemical Research 

claims  to have developed a process which will eventually 

make  it  possible  co produce  isoprene at  a cost of  7  US* 

per pound. 

Two companies  in Europe also have new isoprene monomer pro- 

cesses.     One major U.S.   rubber producer  is now involved in 

construction of polyisoprene plants  in Europe and Japan 

after having previously   (in 1966)   scrapped a similar  project 

because  use of the monomer then available was not economi- 

cally viable. 
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Taking all aspects of the situation into account, we con- 

clude that the prudent view is to be prepared for a possi- 

ble drop in the price of all general  purpose rubbers  to 

approximately these prices: 

US$ Per Metric Ton 

SBR  1500 

SBR 1712 

Polybutadiene 

Polyisoprene 

Polity 

Quality can be expected to be improved gradually in all 

general purpose  rubbers.     At the same  time,  we can look 

for the continued development of new  special purpose 

rubbers,   some of which may  find uses  as blends with gen- 

eral purpose rubbers  for improving certain characteristics 

such as abrasion and heat resistance. 

1975 1980 

350 325 

280 260 

350 325 

400 350 

Natural Rubber 

Price 

Natural rubber prices will have to be competitive with 

the general purpose rubbers if the natural  rubber indus- 

try is to thrive.     This means basically that RSS#3   (or the 
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corre.ponding ve grade)   will be generally competitive 

with  SBR grade 1712,   although it may command a  slight 

premium because of its  superior properties  in some 

respects. 

Progress which is being made by the RRIM not only in 

increasing the yield of rubber trees,   reducing the cost 

of latex production and controlling the rate of pro- 

duction,   but also in applying the same techniques as 

the  synthetic rubber  industry in reducing  the cost of 

dry rubber through oil  extension,   seems  to assure 

attainment of that goal. 

On balance we conclude that natural rubber producers 

must be prepared for a possible drop in price of 

natural rubber approximately as follows: 

VSS Per Metric Ton-M|Y, 

1S15. lâfifi 

360 335 

350 325 

280 260 

340 315 

RSS#1 

RSS#3 

Oil Extended NR 

#3 Blanket Crepe 
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fiUtlÜY. 

Quality should be improved primarily by removal of 

impurities,   standardization of grading,   identifying 

cure rate,   viscosity,   etc.   in conformance with the SMR 

scheme or a  similar scheme. 

Accommodation between the Natural and 
the Synthetic  Rubber Industries 

It does not appear likely that any planned modus vivendi 

between the  synthetic rubber industry  and  the natural 

rubber industry would be  possible or  practicable.     These 

two groups  of  rubber producers are essentially segments 

of one industry,   and they are in direct competition with 

each other. 

Even in the synthetic branch of the industry,   the 

producers of polyisoprene or polybutadiene are  in direct 

competition with the producers of SBR as well as with 

natural rubber.     Nothing  short of a  cartel  could  attenu- 

to guarantee that there would be no gap or overlap 



-101- 

-6 
XI-7 

in the available supply of natural and synthetic rubber. 

Natural rubber has its own properties and characteristics 

which are distinct in varying degrees from those of  the 

various  synthetic rubbers.     Basic quality of natural 

rubber,   if guaranteed by a  standard scheme of quality 

control and certification,   will assure it of a  substantial 

share in  the  total general purpose rubber market.     How 

big  that  share is will depend both on price and on  the 

effectiveness of the marketing  efforts exerted by the 

producers,   either unilaterally or in concert. 

For  the  last decade Malaysia  has  led the way  in organizing 

for an effective quality control and market presentation 

scheme.     It has tied in its  rubber development efforts 

with its  rubber utilization and customer service efforts. 

It has achieved remarkable  success  in a relatively short 

time    and has  shown what can be done when concerted  effort 

is applied to a well planned program. 
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What the rest of the natural rubber producing world needs 

to do is to emulate the efforts of Malaysia, and this is 

exactly what is beginning to happen with the formation 

of the Association of Natural Rubber Producing Countries. 

It may be of interest to note that our projected growth 

rate in natural rubber demand from 1970 to 1975 works out 

to only 3.0%, but the projected growth rate from 1975 to 

1980 is 4.4%. 

The reason for this increasing growth rate is tied into 

the fact that all countries of the world have lagged the 

U.S. in converting from natural to synthetic rubber 

usage. At this time in their rubber usage development, 

their rapidly dropping curves of percentage of natural 

rubber are just beginning to flatten out, while that of 

the U.S. has almost reached the stationary point. 

In the period from 1975 to 1980 these curves in the rest 

of the world will become flatter as they approach the 

apparent minimum of about 20% natural rubber usage.  The 

actual drop in percentage natural usage will be less than 
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in the preceding five years,   resulting  in a greater increase 

in total natural rubber consumption. 

When all countries  reach the apparent minimum level of 20* 

usage of natural rubber,   then the growth in actual con- 

sumption of natural rubber will be approximately the same 

as the rate of growth  in total rubber consumption. 

Thus,   it is to be expected that the growth rate of natural 

rubber consumption will increase slowly but continuously 

during the 1970's and the 1980's.     This will require 

increasing the production of natural rubber by chemical 

stimulation, by replanting of unselected seedling acreage 

with high yielding material,   and by continuing cyclical 

replanting of all acreage as the trees pass their period 

of maximum yield.    When it is remembered that it takes 

seven years for a tree to mature,   it is  obvious that the 

appropriate steps must be taken shortly to be ready  for 

the 1980 forecast consumption of 4.3 million metric tons 

of natural rubber,   and probably 5.5  to 6.0 million tons 

in 1985. 
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RECOMMENDATIONS 

General 

The needs of the developing countries for help in establish- 

ing or improving their position in natural rubber production 

and marketing have been fully recognized for many years by 

Malaysia,  and an aggressive attack on these needs was mounted 

a decade ago.     All elements of technical development in breed- 

ing, propagation,  nutrition,  tapping,  and yield stimulation 

of the hevea tree;  evaluation of the technological properties 

and cure characteristics of raw rubber;  and standardization 

of the marketing aspects of natural rubber,   have been pursued 

vigorously by the Rubber Research Institute of Malaya under 

very adequate  financing by the Malayan Rubber Fund Board. 

Malaysia is willing and anxious to share its knowledge with 

all natural  rubber producing countries. 

The  coverage  of  these developments by Malaysia has  been  so 

complete that  it  is highly questionable whether undertaking 

completely new projects in  these  areas by other developing 

countries would be economically  justifiable.     The principal 
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need of the other producing countries  is to have existing 

knowledge transferred  to them,  and to adapt that knowledge 

to local agricultural   and ethnic conditions.     For example, 

this  is the approach which the Rubber Research Institute 

of  India has taken,   relying heavily on the accumulated 

knowledge of the RRIM  and the smaller Rubber Research 

Institutes of Ceylon,   Indonesia and Indo-China. 

UNIDO can be helpful  to the natural rubber producing coun- 

tries by lending support in encouraging and assisting in 

the dissemination of such information. 

So far as synthetic rubber is concerned, when a developing 

country has reached the point where a synthetic rubber plant 

is economically justifiable,  the technical know-how must and 

will be supplied by the  licensor of the process used.    UNIDO's 

contribution,  in our opinion, should be  limited to assistance 

in helping determine if such a project is or is not economi- 

cally feasible. 

With regard to the use  of natural or synthetic rubber in the 

manufacture of rubber  articles, we believe any major manufac- 

turing facility should  and would be built with technical 
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assistance   from a foreign  firm which has already done the 

necessary development work  for the contemplated tire or 

non-tire products.    Here,   again,  UNIDO's contribution 

should be  in helping determine  the economic  feasibility 

of the project. 

cil1' 

Cottage industry type of rubber article manufacture needs 

primarily basic training in the necessary procedures, and 

advice on the marketing aspects of the undertaking. This 

might be  supplied by UNIDO technical personnel. 

Specific 

In the major aspects of natural rubber production, we 

recommend  that UNIDO and other UN agencies  provide support 

to the natural rubber producing countries in the  following 

ways: 

1. Actively encourage  all natural rubber 
producing countries  to  join the 
Association of Natural Rubber Pro- 
ducing Countries   (ANRPC) . 

2. Actively encourage  and assist in 
the   formation of producers'  coopera- 
tives  among the small holders. 
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3. 

6. 

7. 

8. 

Assist  financially where needed in estab- 
lishing central factories  for m•L    • 
smallholders •  latex inîo of» ,,POCessin9 
rubber. ° standar<* natural 

Assist  in the establishment or improve- 

WUÏ Sorkl^con^863^11  instit^ which 
O-ÍIKV° J Ì    elaboration with the well 
fi«t  ìnuRï?ber Re8earc"  Institutes, first  in adapting available  technical know- 

¿SîiC*?*?* CUltUre'  Pressing and marketing to local conditions;  and later 
in pursuing areas of process or product 

covereHf i£ich appear to be inadequately covered by other research. y 

Provide  technical assistance where needed 

älffiiä9 Srìlh0lderS  in the Pla«ting, 
acíeige? ««vesting of their rubblr 

fï°ÏÎde ï?chnical assistance where needed 
in educating smallholders  in the best 
methods of intercropping. 

fo?Vííei finfnciai assistance to smallholders 
í?Íií?plantíng.their acreage with high 
ÏK! î^ng materla1'  a*<» tiding them over for 
lui 5 t0 S?ven years of maturation before 
the trees begin to produce. This might be 
done through cooperatives established with 
the help of UNIDO. 

Encourage and assist in the establishment 
of non-tire manufacturing plants in rubber 
producing countries to utilize the native 
natural rubber for making locally needed 
and exportable rubber producís. 
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A P P E N Ü I X 

NATURAL RUBBER ORGANT7ATTr>Nc 
AND ~~ 

INSTITUTES OF RESEARCH AND DEVELOPMENT 
IN      —  

DEVELOPED AND DEVELOPING COUNTRIES 

EUROPE 

EXHIBIT  1-1 

ENGLAND 

Natural Rubber Producers' Reseach Association 
56 Tewm Road, welwyn Garden City, Herts  
Int 1. Coordinator of Technical Advisory Service 
Dr. G. F. Bloomfield 

FRANCE 

Institut Francais du Caoutchouc 
42 Rue Scheffer "  
Paris 16 
President:  J. de Padirac 
Scientific Inspector General: Jean LaBras 

Laboratoire de Recherches et de Controle du Caoutchouc 
8 Rue de Ridder  ~~" •———  
Paris 14 
President:  H. Jacqueau 
Secretary General:  M. Moria 

HOLLAND 

Netherlands Rubber Institute T.N.O. 
Julianalaan 6 7 
Delft 
Director:  Dr. Geldof 
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WEST GERMANY 

Kautschukinstitut an der Technischen Hodkschule Hannover 
Callinstrasse 46  
Hannover 

f Director:  Professor - Dr. Scheele 
i, 
r 

ASIA 

CAMBODIA 

KS£it:&ox 118 Recherches sur le Caoutchouc au Cambodge 

Kompong-Cham, Cambodge 
Director:  P. Compagnon 

CEYLON 

Rubber Institute of Ceylon 
uartonfield, Agalawatta  
Director:  Dr. R. T. Wijewantha 

INDIA 

Rubber Research Institute 
Kottayam,  Kerala State 

INDONESIA 

Indonesian Research Inititu». 
ujaian Salak IB  "  
Bogor 
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JAPAN 

ffirexfr larari: - -^ ^ 
Tokyo 

MALAYSIA 

*. O. Box 150 
Kuala Lumpur 
Director:  B. C. Sekhar 

VIET-NAM 

Saigon 
Director, p. Campagnon 

MIDDLE EAST i AFRICA 

ISRAEL 

Rubber Research Association. Ltd. 
Technion City i;— l  
Nveh-Sha'anan, Haifa 
Head of Laboratory:  D. Czimerman I 
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IVORY COAST 

g2«So%^güas!;"sSrle Caoutchoc en Af^^ 
Abidjan, Cote d« Ivoire, A.O.F. 
Director:  H. s. Breuvery 



-121- 

EXHIBIT  3-6 

Rumbar Board Bul^jn 

The Rubber Board 
Kottayam,   Kerala 

Rubber Indja, 
12 Rampart Row,Fort 
Bombay 1 

Rubber  ihw« 
17G,  Cava«ji Patel Street 
Bombay 1 

mDOMgSTft 

Archive» of Rubber cu,tlTltim 
Termolpos  706 
Djakarta,   Ko ta 

MALAYSIA 

JgWMl  PÍ   tht Rubber  Reaearcft  Institute ffjf flayltYt 
r,   0.    BOX   150 " 
Kuala Lumpur 

Planter'»  »4Hfttn 

(of the Rubber Research Institute of Malay) 
P.  0.  Box 150 
Kuala Lumpur 

The Plantfr 
P.  0.   Box 262 
Kuala Lumpur 

HSHH 
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BOOKS 

Not From Trees Alone 

íxxcxsn *..„. of Synthetic Rubber Manufacturers, London 1970 

Rubber - Natural and Synfrh—<- . stern 
Maclaren and ¿Jona, Ltd!, Croyden   Revised 1968 

^^^ SES 5SÎ- 

^^u^^ - Henry L. Pi. h«r 

^^^^r^^y0iy^^^^ •ncjM  -L«tlie Batman 

DIRECTORIES 

International Rubber ni „„^r.. 
V«l«g tur international Wirtíchaft.lit.r 

atur GmbH, Zurich 1967 

Indian Rubber Directory 
Indian Rubber Industrie". Associa 

tion, Bombay 1970 
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Chart 6A 

NATURAL  RUBBER PRODUCTION 

By Principal Types 

1960-1970  and Estimated to  1980 
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NATURAL  RUBBER   PRICES 

Yearly Average Price   for Grade RSS#3 

1960-1970  and Estimated to 1980 

Chart  6B 
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SYNTHETIC RUBBER PRODUCTION 

By Principal Types 

1960-1970 and Estimated to 1980 

Chart 7A 
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SYNTHETIC   RUBBER PRICES 

Midyear Prices  for Principal Grades 

3.960-1970  and Estimated to lQfln 

Chart  7B 
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DEMAND  POR NATURAL RUBBER 

Developed and Developing Countries 

1960-1970 and Estimated to 1980 

Chart 8 
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DEMAND   POR SYNTHETIC   RUBBER 

Developed  and Developing Countries 

1960-1970  and Estimated  fro  1 Qon 
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IMPORTS OF  RUBBER PRODUCTS 

By Developing Countries 

1965-1969 
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EXISTING  RUBBER  PROCESSING   INDUSTRIES 
IN  • 

DEVELOPING COUNTRIES» 

Region 
and 

Country 

LflTiM WRira 

Mexico 
Costa Rico 
El Salvador 
Guatemala 
Honduras 
Nicaragua 
Panama 
Domincan Republic 
Jamaica 
Trinidad 
Argentina 
Bolivia 
Chile 
Brazil 
Colombia 
Ecuador 
Peru 
Uraguay 
Venezuela 

SOUTH i  SnilTHFAST A.SIA, 

India 
Ceylon 
Thailand 
Malaysia 
Singapore 
Indonesia 
Cambodia 
Vietnam 
Hong Kong 
Philippines 
Korea 
Taiwan 

MI PDIF FAST AS Ii\ 

Iran 
Iraq 
Israel 

•Jordan 
Lebanon 
Pakistan 
Turkey 

SUMMARY 

Tire  Products 

Number 
(1970) 

Capacity"" 
Une Jnder 

(1970)     Constr, 

33      67,400 

8 
1 
4 
3 
1 
3 
1 

3 
4 
2 

9 

3 

2 

1 
3 

11,450 
1,350 

1,000 

300 
500 

13,300 

3,000 
23,600 
4,100 

300 
1,000 
2,000 
5,500 

30  31,325* 800+ 
13,800 
1,000 
3,350 
2,800+  na 
1,400   na 
2,025 

500 

2,000 
3,800 

650 

11*200 NA 
2,000 na 

3,000 

750 
5,450 

Exhibit 11     1 
Summary 
Page 1 

Non-Tire Products 
Misc. Tire " 

Product» Retreads 
(1967) (1967) I 

787 85+ i 
64 na  I 
3 2  I 
7 6  1 
4 4  I 
3 5  F 
- 3   ' 
— 2 
2 4 
3 7 
5 2 

261 2 
1 na 

41 na 
255 18 
65 na 
13 4 
15 18 
16 « 
15 2   < 

,334 303+ 
125 14 

6 2 
5 i     r 

42 176 
33 29 

188 72 
27 2 
25 6 
14 1 
20 na 
30 na 

119 na 

124 6+ . 
i 

16 2          ¡ 
5 2     ; 

22 na  E 
4 2  I 

12 na  1 
53 na  1 
12 na  m 
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EXISTING  RUBBER PROCESSING  INDUSTPTEg 
IN *  

DEVELOPING COUNTRIES 

Ragion 
and 

Countiu 

AFRICA 
Egypt 
Ethiopia 
Algeria 
Angola 
Congo 
Ivory Coast 
Ghana 
Kenya 
Liberia 
Malawi 
Morocco 
Maurituis 
Mozambique 
Nigeria 
Rhodesia 
Sudan 
Southwest Africa 
Swasiland 
Tansania 
Tunisia 
Zambia 

SUMMARY 

Number 
U»70) 

18 

i 

i 
i 
i 

i 
4 

Tire Products 

3 
1 

1 
1 
1 

Capacity »» 
under 

(1970) 

7,550+ 

1,300 

Constr. 

1,100+ 

1,000 
350 

450 
na 

1,000 

1,350 
750 

600 

500 

na 

na 

too 
450 

na 

Exhibit 11 
Summary 
Page 2 

Non-Tire Products 
Misc. Tire 

Products Retreads 
(1967) (1967) 

57 43+ 
7 na 
- 1 
3 na 
3 2 
1 na 
- 1 
1 1 
4 6 
- 2 
- 1 

11 5 
- 1 
4 na 
5 13 
6 1 
- 1 
- 1 
- 1 
3 na 
6 5 
3 1 

TOTAL DffflífflfffirfflOTRlñ*      90    117.475    1,900+    2,302 733+ 

•Excluding Mainland Chin* 

*Tires per Day 
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