
                                                                                     

 
 
 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION  
Vienna International Centre, P.O. Box 300, 1400 Vienna, Austria 

Tel: (+43-1) 26026-0 · www.unido.org · unido@unido.org 

 

 

 

 

OCCASION 

 

This publication has been made available to the public on the occasion of the 50
th

 anniversary of the 

United Nations Industrial Development Organisation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCLAIMER 

 

This document has been produced without formal United Nations editing. The designations 

employed and the presentation of the material in this document do not imply the expression of any 

opinion whatsoever on the part of the Secretariat of the United Nations Industrial Development 

Organization (UNIDO) concerning the legal status of any country, territory, city or area or of its 

authorities, or concerning the delimitation of its frontiers or boundaries, or its economic system or 

degree of development. Designations such as  “developed”, “industrialized” and “developing” are 

intended for statistical convenience and do not necessarily express a judgment about the stage 

reached by a particular country or area in the development process. Mention of firm names or 

commercial products does not constitute an endorsement by UNIDO. 

 

 

 

FAIR USE POLICY 

 

Any part of this publication may be quoted and referenced for educational and research purposes 

without additional permission from UNIDO. However, those who make use of quoting and 

referencing this publication are requested to follow the Fair Use Policy of giving due credit to 

UNIDO. 

 

 

CONTACT 

 

Please contact publications@unido.org for further information concerning UNIDO publications. 

 

For more information about UNIDO, please visit us at www.unido.org  

mailto:publications@unido.org
http://www.unido.org/


miUOOf/2 
United Nations Industrial Development Organization 

I r.t>/-rrvi.:i '¡r 1   , • tr^h.   .i<-   1   .-.-''..;•• ¡: LU..",    r.  t:u 
'.tv.a.ptiunt   ri'  tri,;  r..tr "chc::.ic"ù   i:viu3triv;S  in 
! evcl  .vping Cruntri^u 

Kiku,  US3.;, •» -  jl  October  1969 

ELE) 
ji:î.ri.'.t.   :. 
LI;.i?"; 

i :./.;<; vi/.-r 

ciain.a : :;:IG¡,IóH 

P_ìT.SY;X   V- 

AITS OP THE NEWER RUBBERS riOR DEVELOPING COUNTRI .Ï33» 

by 

¡l.S»  Riuer 
J.M.   Short 

L.V.   Howenßtinu 

Phillips Petroloun Co. 
Nov/ Y rk 

United üt-vtt.-r, of   sierici 

presented  by 

L.V.   Howunetino 

,/   "'"••-•  vi  w.'    iri-1       s'i   *.'     x" r   -ii; :   ir   th J s :> .j   r  \JV   th £•.     f th.    ...¡th r* 
»jtl    ì     *-,   t   *,• < • ;• ;   r . .     .    . .     •       i     v .-.*<.j     ,      r.     .-• . r      -r>    -     *      • •«. 

}.tj   i   vi « p*   ".       * r   - r   i -     1  »i*.\-ut   î   r     .      i\'. i-- 



We regret that some of the pages in the microfiche 

copy of this report mav not he up to the proper 

legibility standards, even though the best possible 

copy was used for preparing t lie master fiche. 



aw/èl a. J JH <<-.,. 

2<: Nations Industrial Development Organization 

••:. ,3.regional Petrochemical  Symposium en the 
:  ivo.l oprrient  of the Pe+roche-.na1  Industries 
i a Developing Countries 

"ia'cu,  USSR,   20 - 31 Getober I969 

Dietrj but. n 11 
LII:IT:;D 

ID/UG . 34/48 SIJI:K:Jì
V 

23 Jul,/ 1969 

ORIGINAL:     ENGLISH 

PET.   SYMP.  E/4 

SUMMARY 

MMI3^ 0F .'ri^ nj.^RUB3ER_S_roR_j2EVEL0PIHG COUNTRIES-^ 

R.S.  Hamer 
J.:?.  Short 

h,V.  Iljvrenstine 

Phi? lips P.r;rcl.-;Li..i Company 
Unite! ^-f-  cf America 

Until the  lest  '-cervie,   the synthetic rubber industry was based 

almost entirely on pulsion buiadxeno-slyrene copolymer which was 

developed alrrioat   thúty year, a,So.     Within the last  ten years,   s. veral 

new types cf sy./l,      : .-..,11—• precoces based on solution polymerization 

have become  inr.r,—    eoraae-ially.     These new solution rubbers frequently 

have and can replat    aulsion C^  and natural  rubber  aiih   important 

advantage.    Tha- eh  : ^ cf ••} c bcLt  rul:Lcr to  SU11   .ho  rcrTuirem<inti3 of 

a developing nation r guinea a careful  consideration of  the   immediate 

needs cf that  mtion  m the  li~ht  of the variety cf new rubbers available 

today.     The choice can be limbed to  emulsion GBR,   empolybutadiene, 

cispolyisoprcno  cud solution polymerized  polybutadicna  and  aeluti:n SBR 

\l    The views a¡ a opin .ons expressed in this paper are the-uè cf the 
Rf íl^Jf"1   ic  n0t  ilcccßPr.rily reflect  the views cf the  secretariat 
oí  U:,ID0.     This document has been reproduced without  formal   editing. 

id.69~3342 
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e.polyv.iers. 

ht  first ¿;1-,ncc,   cr.iulsiín "'Uh oppeors to hove ,íUC!I  Le tffer.     It  is o,n 

id,   thoroughly established ^uluct,  ;i~dc by o process tk-t  is highly perfected. 

The-re  -.re,  however,   vary sene us  liui!;-/tiens which ee.n cosily be cverlce-kod. 

Ilvalsion sdii  is not   :. soiisfoeôory rubber fer heovy duty truck tires,   ond 

t-iiiB constituios the lorgost  requirement  for developing nations.     Joven  in less 

dcoonding opplicotions,   (j,.mk'i::i od.,, rubber ir-  g^ncrolly uixed with cor/i G of 

tac new rubbers t"   c vereco; r   orocbino   ,nù   l re od wo or deficiencies. 

Cis-polybutodicne hos  -    no; doer of  -utst.\ndi;ig properties,  porticulorly 

lew hysteresis,  high crook  r. sis tonco ond cutstondiug obrosion rcsistoncc. 

It  i?"  deficient  ir. tcor resist once    no  in r::id  ond trr.ctien properties, 

consequently it  is olwoys used in o blond v;ith  out odi ene- et yr ene copolymer or 

rr.turol  rubber,  gencrolly ot  1» os thon %   per cent   ~f the tetri rubber hydrc- 

oorbooi,   for tiro construction. 

Cis-polyiscpreno con be produced to doy   '     virtually duplic.-tc noturol 

rubber performance.     Like  uo/turol  rubber,   cir-p«- lyisopreno  io poorer thon SBR 

rubber  in trcodu.or, o.i.j, it   is  frequently L-1 ended with dbr: or pi. lybut-diene to 

'ff:-et  this deficiency,     »doro, ver,   there oro only o very few highly  industrio! i zed 

vror.3  in the  wcrll uhich hove  the ncccssrry feedotc ^ko e.voiloblc to produce 

isoprene needed f r the mr.nuf- coure of cis-polyi.Sv. prone. 

The solution ^3i rubberc   ;.nd polybuiodicno r.ir.dc  with but ;/l lithium,  co.te.lyot 

dove grown tremendously in  i :o:rtonoo dur i in; the  lo.ot   few ycors.    World co.pocity 

for these rubbers c;:coeds  bCC    !CC onoioml  tons.     Indeed,  the development  of this 

elr.so  of rubbers must   surely ion': in h-.porlor.ee  with  die,every of  vi;.,ulsion 33?.. 

The butyllithivu,, soluti o   polyr.icrizr tier» prccesu fir a\nufocturing rubber 

offers; mo.ny odvo.ntr.gcs net   ove i lobi o  in ony other  single rubber process.     It  is 

o neu process,  ene which will     rovidc continuing new dovele puent s  for ..r-.ny ye.ors. 

It   is  o. highly verse.tilo  orco   -s,   copoble of producing but-.dieneotyrenc  co- 

pjlyi.iers,  polybuto&icncs,   high  etyronc resins,   block  ccpclyr.ers,   end thcrmc- 

lo.stic clostomcrs which eon b.   used in sorae  coses without vulco.niz-tion. 

single  plo.nt  con supply o vo.riety of rubbers  sui to ble  for the tires,   olectricol 

ond sncchonico.l ¿mods,   foe tweor   \nd plostics.     It   is  ccono...ic-l,  porticulo.rly 

•..hen production requirements r.r: rolotively sne.ll,   on tho order of 10fCCC to 

23,000  o.nnur.l .a et rie tons. 
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Phillipe Petroleum Company Mid their partnerc heve solution rubber 

plants  in Dclgiuu,  Opain,  Australia, Jrpan and the United states with a 

combined capacity in c::cccc of 15CfOf.O tens per year.     Those pianta, pre duce 

c variety of butadiene   -.nf1  butadienc-styrcne cpclyacrr under the C~lprc:r: 

trr.dc;KV..o.     obcpcnencc  in  "pain h a r;hcwn th \t       cinglo Z> 1 prono  plant 

can readily supply the ... ,jcr rubber reouircuents of a dovclcpin;j cconc/.y 

with a family 01 high quality rubbers cuit cd to   a variety of applications. 
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Since the beginning of the modern  synthetic rubber industry the  ''work- 

hcrse!' polymer that  has accounted  for mere than 70^ of all  synthetic rubber 

that has been  produced  to date has  Leen a copolymer of butadiene  and   styrene. 

Essentially all  of this SBR rubber has  been made  in an emulsion process,  using 

a free radical  catalyst,  a mereaptan modifier t- control  molecular weight,   and 

a shortstop tc   step  polymerization  at   aoout 60 to ~fy', conversion of the monomers. 

The resulting  latex  is stripped  t<;  recover the unreacted monomers and th? residue 

is coagulated,   washed  and dried,   The most   significant  change  that has been made 

in the  polymerization process since   its commercialization was the   shift  of most 

SBH production  to   the  cold rubber  process in the  late nineteen forties,   The de - 

velopment of cil-extended rubber and  black mast erbaten were  also notable varia- 

tions in the  form of the finished  produce 

Emulsion  SBR rubber as  produced today is an excellent product, made  in a 

wide range of grades,   and adapted  to many  uses.   Oil-extended grades,  including 

those containing up t<    -m«.-third  'LI,   provide economical  products that presently 

sell on the U.S.   market  at  prices as  low as \2<?  per r.rund. 

The techno lo «3-   M" the  production  rf emulsion 31® . lbber  is highly developed, 

and in much r£   the   world there   is  niw  adequate  plant  capacity  tc   fill all  re- 

quirements for  this rubber oven  in  periods    f high demand.   It   is estimated that 

the U.S.   production  if S!^R   in  l'jb<-,   a  * D  omh year,  was  near  r)V. of rated plant 

capacity.  .4ich of  this capacity  is   in  full',   depreciated plants that have been 

in production   frr more  than  Í'• years  and   are  now able  t ••  produce  at   low manu- 

facturing costs,   Similarly,   the   *echrxlogy  or  the use  of emulsion  3BH rubber 

is now well developed,  Rubber users have  standardized many of their compound» 

on seme grade  'f SBR rubber. 

;t  first   srlann«,   emul-ion obi? appears to have much to   offer.   It  is an   old, 

thoroughly established  product,   "lade  by  a prrceca that   is highly  perfected. There 

ar«,  however,   /iv     ?«r lf A--,  ; t" 1*. it.- r,i-   *M~r.   - »1 eisily   t •>   - v^r..or Iced. Emulsi-m 

SBR  is  not   .   <*•** ; ** •• -:r,   r.it-r   f  r  h«-iv,    i-V.   Tuo*   •. .r*;-,   and   this o0nsti- 

tutes  a  lar.-*--   r« r. ¿r^'V".'   :   r   ^."-^'.iry  -vi*, i   -.•.   r>«*:    . r.   less  demanding appli- 

cations,  tTful .-;'•-.  .'iWn  r.rr-"   . ••  --*» r « r »'. • •  •*!..*•• i  >•  *-i   s< .r.«     f  the new rubbers 

tc rvercc&fe   :r-i"nr^-   iiti  tr>ji  • <- w   i- : * 'icva?:). 
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Within the  last  ten years,   several new types of  synthetic rubber  processes 

based en solution  polymerization have become  important  commercially.   These new 

solution rubbers frecpiently can replace  . nulsion SBR ami natural  rubber with 

important  advantages,.   The  choice  of  the  best  rubber  t     suit  the  requirements 

of a particular market   requires a careful  consideration of +he   immediate  needs 

of that  market   in the   liçh*   of  the variety  of new rubbers  available   coday,   The 

choice  can be   limited  te  emulsion SBR,   cis-polybutadiene,   cis-polyisoprene and 

solution polymerized  polybutadieno  and  soluti«: n SBR copolymers. 

Cis-polybutadieno  has  a number  of  outstanding properties,   particularly 

low hysteresis,   high  crack resistance  and  outstanding abrasion  resistance.   It 

is deficient   in  tear  resistance  and   m  skid  and   traction properties,   conse- 

quently  it   is always used  in n  blend with butadiene-styrene  copclvner or natural 

rubber,  generally  at  less than E;0 oor cent  r£  the  total  rubber hydrocarbon, 

for tire construction, 

Cis-pr iyi /.oprone  can be  produced  today  to  virtually  duplicate  natural 

rubber perf.-rmanee.   Like  natural  rubber,   eis-pclyisoprene  is poorer than 

SBR rubber  m treadw-ar,   and it  is frecently blended with SBR or  polybutaaiene 

to offset  this deficiency.   Moreover,   there   are  only   a  very   few highly   indus- 

trialized areas  in  the  world which nave   th«  necessary  quantities  rf  feedstocks 

available  to  produce   isoprene  needed   for the  economical  manufacture  of cis- 

polyisoprene. 

The  solution oBR  rubbers and polybutadiene made  with butyllithiura catalyst 

have growr. tremendously  in importance during the  last  few years.   World  capacity 

for these rubbers already exceeds   300,000   annual tons,  Araontf the   several  rea- 

sons for tne rapid growth of alkyllithiurn  solution polymerization a-e  the 

folic wing: 

1.  Solution-polymerized SBR,  while  similar in many respects  to  the 

emulsion product,  has some molecular structural differences.   It  is 

more  linear and has a narrower   molecular weight distribution.   It 

giv«B superior performance  in laany uses. 
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2. Solution SDR is lighter in color, lower in odor, and is less contami- 

nated with fatty acid, soap, and ash than is emulsmn SBR. Non-hydro- 

carbon contaminants typically run below l/> vs  7* for emulsion SUR. 

3. Solution SBR can be made in clock, partially block or random struc- 

tures. Also, Inn. chain branching can be controllori. This provides 

special grades that cannot ho produced at all in an emulsion process. 

4. The solution process is a simple process, with few ingredients and easy 

to control. Off-specification product is minimized. 

5. A plant designed to produce solution SBR»s will also produce various 

grades of pclybuiadiene. tt is ideally suited to provide a one-plant 

synthetic rubber industry. 

Probably the pncipal advantage for alkyllithium solution polymerization 

compared to emulsmn free-radical polvmenzat ion lie* in the opportunity to alter 

fundamental pr. lymer characteristics: such as .nicrostructure, molecular weight dis- 

tribution and branching. Additionally the solution process permits vanati-n in 

co.nono.ner incorporation t. .yield block conol.ymers »f several types net possible 

in emulsion polymerization . ^ further advint a e, )erhnpo oi secondary importance, 

lies m the colerico, low ash, low odor properties af solution polymers making 

them ideal as pieties modifiers, for electrica] insulation products, jight-colored 

mechanicals and footwear. Solution-polymerized ¡,c lybutadic e hoc been long reco- 

gnized as a most important contributor to i.nerovoa tiro performance in heavy duty 

tires as well as passen-er types, I'o lybutaiiene improves treat wear whet i used in 

combination with natural rubber or with S3I?. reduce, tread oxackinr, and contri- 

butes to carones durability through Lmrroved resistance t  heat add reversion. In- 

troduced m the late 19'jO'* poly butadiene was the first -.>£  many '-solution-typo 

polymers to be commercialized and is an important rubber for any country's library 

of polymers. 

Commercial solution polymerization systems which produce copolymers of buta- 

diene and styrene are presently based on lithium catalysis. Phillips Petroleum 

Company has developed such a system to produce a complete line of butadiene-sty- 

rene copolymers as well as polybutadiene under the tradename of f-Solprene"rubberE. 
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A brief description of these rubbers and thoir uses follows. 

The Solprene family of rubbers comprises pclybutadiane, block butadiene- 

styrene copolymers, random butadiene-styreno copolymers, and oil masterbatches. 

Typical rubbers in each category are shown Ln Table 1. 

Solprene 
No. 

245 

201 

I205 

303 

410 

1204 

1206 

301 

306 

277 

375 

377 

380 

Butadiene/ 
Styrene 
Ratio 

lOO/o 

lOO/o 

75/25 

52/48 

52/48 

75/25 

75/25 

75/25 

75/25 

IOO/O 

75/25 

75/25 

75/25 

Gil, 
phr 

0 

0 

0 

0 

0 

0 

0 

0 

0 

37.5a 

37.5b 

37.5a 

37.5a 

Solprene Elastomeri 

Typical 
Mo o noy, 

Ml -4 

Polybutadienes 

45 Tires - blended with S3R and natural 
rubber 

55      Hif;h impact plastics 

Block Copolymer 

47     Footwear, flooring, electrical pro- 
ducts, processing aid 

45     Footwear, microcellular sponge 

47     r'^otvjoar 

Random Copolymer 

56 

33 

77 

56 

Cenerai purpose - tires, footwear, 
mechanical t^oods 

Sponge 

Plastics modification, processing aid 

Tirea, mechanical goods 

Oil Extended 

40 

46 

50 

50 

Tires - blended with SBR and natural 
rubber 
Footwear, mechanical çoods 

Tires 

Tires 

a - Staining - highly aromatic <~»il 

b - Non-staining - naphthenic oil 
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Two prlybutadione types are shown - cnc for use in tires blended with 

natural rubber or SBR (either solution or emulsion type) and the other for the 

production of high-impact polystyrene The block copolymers are u;¡cd in foot- 

wear, flooring electrical products, microcollular spongo, and as processing 

aids to Eüioctii out mixing, extrusion, and molding - perai ions. The random copo- 

lymers include general purpose typen for tires, footwear and mechanical :',oods, 

and special products for plasties modification and sponge. Several random copo- 

lymers as well :is polybutadieae are made as oil masterbatches to permit cost 

reduction in several product lines. 

As Solpreno rubbers differ from emulsion rubbers in varying degrees, so 

processing proportion are also somewhat different- For example, the structure 

of some Sol pre ne rub bor s 0: ivo s rise t<- low shrinkage which may lead to a mill 

handling problem out it is these sanie characteristics which give fast extrusions 

with o smor.th, glassy surface Likewise, severa L n' the Solpreno elastomers have 

a narrow molecular weight distribution which may raaki. their, toucher and moro 

difficult to process but which also contributes to improved hysteresis proper- 

ties and allows the compounder to use increased amounts cf oil and filler. 
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Advantages in physical  properties which can be gained  through the use of 

various  types  of Solprenes   .re   Ustori below. 

Property So 1orenJ   uubb^ru 

Excellent  rl-r 2d3,201,   12   0,   1 <"•*»,   ^J , 
1206,303,   37j 

Improved  abrason resistance 243,   277,   12u5,   1204,   3«0 

Improved cracking resistance 245,   277,   Ì204,   1205,   3Í5, 
V77, W> 

High resilience, low heat generation 243» 277, 1204, 375» 377 

High hardness 1?°r>> 3'->3, 41o 

Excellent extrusion properties, low shrinkage 120% 303, 377 

Low brittle ooint 245, 277, 1205 

High oil capacity 243, 1204, 375, 377, 380 

Good flow during cure 1204, 1205, 1206, 303 

POLYBUTADIENE 

Solprene 245 polybutadiene provides low heat generation in dynamic appli- 

cations and excellent abrasion resistance. Stress-strain and processing cha- 

racteristics are marginal when this polymer is used alone indicating the de- 

sirability of blending- this product with other polymers. In such blends, Sol- 

prene 245 rubber imparts improved resistance to abrasion onci cracking, 'ihen 

blended with natural rubber it provi dea greater thermal stability and greater 

resistance to adverse effects of reversion and cvorcure. In blends containing 

relatively larre am-unts of Solprene 245 polybutadiene, high filler and nlas- 

ticizer levels improvo processing properties without sacrit icin., abrasion 

resistance. The rubber is beneficial m tire treads, carcasses, and 1:1 mechan- 

ical goods requiring outstanding abrasion resistance and high resilience. 

Topical tire tread compounds are shown in Table II. 
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TáBLE   IT 

Solprene  245 

C i s-Po lybut adi e ne 

Natural rubber 

SBR 

ISAF Black 

Oil 

300,^ Modulus, psi 

Tensile, psi 

£» T, P 

Resilience, * 

Tire treads crnt- ir»i2V.    ^^i; Tone   t *4¡? rc lybut adiene 

F- r-  .. _ t 

tV 
F 

4" — _ 50 _ - 

- 4'• - - V; - 

60 60 100 _ - - 

_ - - 70 70 I (JO 

60 60 60 70 70 70 

18 10 16 40 40 40 

Proper ti ea 

1000 1000 1200 1?7'": 160" 1100 

34OO 34 r*. I? (T 3000 3000 350Ü 

60 .)••' ' 33 66 64 67 

64 64 64 60 60 54 

Perff r Tance 

Groove cracking, ' of control   5 

Skid resistance 

Abrasion resistance HO 11 n 

100 

100 

40 40 100 

95 95 100 

12 118 100 

Both cis-polybutadiene and Solprene 245 (mediuo eis content) confar tl» 

desirable properties of solution pc lybut adi-.me to their respective compound«. 

Cis-polybutadiene is slightly bettor m its influence on abrasion resistance 

when mixed with SBR but is not as groà in prooessin« charaeteristice a® Sol- 

prene  245 in this  application. 
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• itrusi-n,  «r    1 wtr*-".   -.-r—er*.--*  «•-   • * ^^r«^    fi*tit.*iiti   h»v* 

r««ul%«<i  m application»  i»  tfce wire   -/»;    - ^ U   il« il. 



ît/W«. M/4- 

Ka»r,s». = r.   *» '-« -r  n< *- 

'm p. ,«*, 

""i   .r*       »   * , 

:„_r  «*r-  #".»       iw*l»/i»r* 

«te-*;    rr»-* *,*   ;- . * *,   <* 

¿   r- r, o!,Tí   1 y >.p 

11/'ci 

h . 6*1 

2i Ì3 

*>4 55 

%\ 48 

1' >7 

p»Tf»çt food 

f>'C i«x>: 

',*'» ^# 

'Jy> i ) 

i t ï - 

-62 •it 

i    ,   • ar*uf*l,   lf>'   r«**« A4n»ral  filler«,   ìj part« 

t   r*f ' -ir 

tuffr-Jt', r4ri-   1**40« r  rtfti-fc   > iä i.-V'i   ir.       .-ir^l*  pc.iyrar 

.«tu lrr- 
S« *rf-*-- 

tî^„   t,    ., .     f   r  *r-     , r   î.. '   »•   ^-r- —'-     *'r      r   *--   s   ^   urtici*»  t   r 

*  -ci 

*•    I  ««"•* -     '-*» »     li 

r*i jr.~*jt y r^r*   3 ï-   rutt-err   , - 

t-V   » -*    i     *fri  fr   . th,     r.; 



ID/WG.34/4? 
Page  11 

Solprene 410 copolymer is similar in composition to Solprene  303 having 

a styrene content  of  48*.   It contains approximately 30 \ of the etyrene  as 

block styrene crrnparod   t-  only 11 '  in Solprene   303 and is therefore  consi- 

derably harder.   In  fact,   Sr-Iprcne  410 copolymer  finds  its  principal  applica- 

tion in sh-o  pr- du^ts  where  it replaces conventional blends cf high-styrene 

re sins  und  mtum!  rubber  or SBft. 

A typio ,i   rind-Ti oupclymer made in a solution process is characterized 

by the properties shown below: 

TABID IV 

Typical properties of random but ...diene-styrone copolymers 

Emulsion-polymerized 
(Philprene   i500) 

77/23 

Brown 

Butadiene-Btyrene ratio 

Color 

Raw  Sboney :lL-4 

àiïh,  ! 

Acid, ,,* 

Soap, *'< 

antioxidant, % 

Tentile, psi 

JOOyí Modulus, pei 

Elongation, , 

Resilience, % 

o-: luti -•n-p- ly::i'.)riz-jd 
(S( Iprcno 1204) 

75/25 

Vlhito 

58 

0.13 

0.02 

0.02 

0.50 

Vulcanized properties1 

3450 

1350 

600 

60 

66 

50 

1.0 

6.0 

0.30 

1.20 

3650 

1300 

620 

61 

60 

In a tread recipe containing 50 phr HAF black and 10 parts highly 
arcaatic oil. 
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The  data of Table  IV illustrate the principal differences in physical 

properties between emulsi-n- and  solution-polymerized random 0 >pc lymer. The  EO- 

lution-pclyraerized product  is  ] i.-htor in color,  and  freer fr-::i non-rubber re- 

sidues.   Vulcanisntec of  the   solution  .->olyr;ior ore   lrwor   in   tensile   and elon- 

gation,   but  aro higher  in resilience and nave  lower he-., build-up  than the 

emulsion product. 

Since  these twr  products,   b< th random pelymors  of about the   same üooney 

viscosity  and butadiene/styrene  ratic,  behave differently,  there must be  other 

structural  differences between  them. 

One     f  these  is molecular weight distribution.   Solution polymers nearly 

always have  a narrower molecular weight distribution  than corresponding emul- 

sion polymers,   Figure  1  shows comparison of col permeation Chromatograph s of 

Solprene   1204 and S3R I5OG,  both random butadiene  styrene copolymers.   It  is 

apparent  that emulsion So" contains a much larger low mriecular weight  fraction 

(shaded   area m the  left   side   01   the  figure)   and  a  somewhat   larger high .nolncu- 

lar weight   fraction  (shaded area  on the right   side  of  the  figure)   than   its   so- 

lution polymer counterpart,   k  second difference  is  in 'ranching«   SnulsLon poly- 

mers are  known to be highly branched while  solution  noiymors tend to bo more 

linear in  structure.  Differences   in branching affect  the  rheolngical properties 

of polymers     and in  this case  probably  account  for  n-st  of the  difference   in 

processing properties between  the  two productc.  The   lower heat build-up of  so- 

lution  SBR can bo  accounted for  by   its higher  linearity  and narrower raclecular 

weight  distribution. 

Random  solution 3BÏÏ can bo   used  successfully  t -   replace  emulsion 33R  in 

many commençai uses,   often with   improved product   performance.   Since the  two 

are not   identical,   it  can bo  expected  that  the new rubber will  net process 

exactly as  its predecessor,   and  some adjustment  of mixing and extrusion pro- 

cedures must be made.   For example,   solution ST»? has  lower shrinkage than emul- 

sion SBR,   and   lie  sizes must  be  changed  to  accommodate   the new rubber.   With 

lower tensiloo and elongation and higher resilience,   compounds based on solution 

SBR do not  always duplicate  factory specifications  set up for emulsion polymer. 
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In 10 tire tests Sclpronc  1204 has shown troadwear -iv.TVin* +   superi'r 

to the controls mdc with GBR   IjfO.   Remits  frcr.  r-,:,e  ^ the«*   t.ot» ar,  *n.-*r. 

in Tabic  V,   showing  troadwoar  ratios   < f  Li/h   ml   i   •-.  aca^l^   -. -.ru;.J'   t^t.i 

at moderate  and hi.,h  severi tiooa -v,       -•  !<•+. -ir-   T'-P   >-   r''-^R'í~   -Ta*':-;   i*'1-"?'-    ."'Ti    r- 

manco  at moderate  wear r-t^s;   thai   ia,   ht-hw*,y   trivia^    ~^r   tf^ts  h-v'   ^"^ 

that  the Solprenc  polymère ¿ivo  tetter tr--.uiwoar   ¿nder  sever*,  c  ndiU ^ --h» ~ 

compounded with high structure blacks. 

Passenger car  tr* -dw-- J     •   >   iati,;, «^.J.H 

S^ i, r  sv    ., 

• ¿v. iu*- ;    :• ; 

1300 PSI Modulus       1 •'..•,' 

1800 PSI Modulus       % 

.i-"* A   -    t" 

.»BmhM 

l. r . 

Hifih Seventy       .J- Ui-:a/.^t) 

13Û0 PSI Itodulus 102 loo 

1800 PSI lloduluo 96 lfMi it Uv 

Similarly,   -il-extended solution ccpolymws are BatiafActcry mplm^mmüf 

for conventional  oil uxttnded SBR rubbers  such as SBR  1112,  either aU-rw <r  in 

a mixture  with  poly butadiene.   Here    .,-air.,   the-  blends   isirv  s-latirn  3P  t,   n->t 

process tho   sarte   and  if   n:t  have  identical   physic:,!   prcperti-a   t     ,, st »fc i i tó .id 

emulsion SBR-praly but adirne blends,   «iter  ad./jstin« ¡roccaaii-y  step« •-   «cca- 

modate tho  new rubbers,  however,  perforane« nf the orai products «r« «ei*r*lly 

quite satisfactory. 
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Projections have appeared from time to time  on future rcqui.rcnar.ts for 

SBR world-wide.   The curves in Figure 3 represent  a compilation of these data. 

In the years ahead continued  ,:rowth  is forecast  for SPH  at;  the  principal 

synthetic  rubber  f'-r tires and alan because of  important  non-tiro  usur,.   On the 

other hand  w...  expect   the  consumption of oaulsicn  SLR  t<    lov-.-l   off  -.t   a  figaro 

comfortably close  to  ¿resent   production capacity  and  fur futuro growth  in SBR 

to be  in  solution types.  The  curvoR  in Figure  3  show consumption of about 

400,000 metric tons of  srluticn SBR  in 19J5-   ^ polytmtadicne  is  included, 

the  total   may well be   twice  this  figure. 

TAfLK VII 

^lkylUthimn   e- l'iti   r, t-_ iv.,_Ti¿atioi   ..ants 

 Ccnpoftf   •   •    '-   '•         Opacity,  m/jr.  

Phillip*   i'etr- i^,o '•'• :-pav '   *• r, 20, (X) 

Pip»»ton*   Tir 

L.-tk-- Hh-.-rios,   '.. v, 70,'pou 

t Rubber Co. Oram?«,   Texas 80,000 

Internat 1 uno 1   Synthetic 
Rubber oVnpany,   Ud. 1ran*enouth,  Scotland 50,000 

Calatrov*  S.A, Snntand#rt  Spain 40,000 

«lulipa   lf„ptiriil _ 
Ch«mi -..-vl«,   ltd. tt»rn«llf  nuFtraii-. ¿u,uuu 

fiP»«ton*-PT-ince- -i.A. Pwpt  Jero/.e,   Trance 22,^00 

¿Mài CàMuc-.l   Industry Co, Kawas-Jti,  Japa« 40,000 

1*4^*11,   S.A. Jal «any*,   "¡oxicr }0,000 

P»tro**hi»  -<.V. Antwerp»   Helgiu® ^f^100 

COPTO-«'"' l«cife,   :-*T-MI1 27,500 

M CWaie^l Coapwy Otta tyiutotiM,  Jap« „.j*0,*00^ 
475,000 
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The butyllithiun solution polymerization process for manufacturing rubber 

offers many advantages not available in any other single rubber process. It is 

a new process, from which new high-quality rubbers will evolvo for ..any years. 

It is a highly versatile process, capable of producing butadiene-styrene co- 

polymers, rolybutadienes, high ntyreno resins, block copolymers, and thermo- 

plastic elastomers which can bo usod in some casos without vulcanizat ion. A 

singlo plant can supply a variety of rubbers suitable for tires, .lectneal 

and mechanical goods, footwear ma plastics. It is economical, particularly when 

production requirements arc relatively small, on the order of 10,000 to 25,000 

annual metric tons. It will continue to grow in importance. 



x: 
o 

O*) 
cvl 

UJ 

O 

Z co 
o o: 
I UJ 
*—^  C- 
OO CCì 

er: cr 
co en 
—  CO 
C. 3   C/y 

o 
-~      UJ 

0 
L o ö 

O 

o 
co 
er 
< 
OL. 

O 
O 

O 
CT) 

33NVGNÍ18V 3M1V13« 

»Vus 



Jj— 
O    >- 

"w.   ce 
ai => 

í 
H- 

ÜJ 
> 

O 
CO 

Ï* 
% 

TT D 

O 

sA  

UJ 

¥ 
^__ -J 1 
*—*» <C ' 

*~3- 
L' 1 
>* O 
_J ^ 
Q UJ 
co OC 

A 
« 

•»i 

o 
I 
a: 
"3: ce 
í UJ 
li M 
o ~~* a. 

j* 

'•i 

ú 

i't^wsœmcr-w M^TTutm '»"in uawaa»»1 

.yswwt • j»r* «*••»• iro—" 

>-   ^   i 

o °~ i 
 . I 

h 

UJ 

UJ 

< 
I— 

CO 
>- 

< 
o 

ce 
UJ 

CÜ 

07 

OC 
O uü 
ix. c£ 

§0 

CJ 
UJ 

Cl- 

CO 

< O 
o ¡2: 
< ID 

cr 
co 

O 

o 
co 



Mf/ *S 

MA /IF 

o u 

a» 
O 

o 
O CO 

Z3 
O 

DC 7* 

CD 
O 
h— 

Uu 
S 

o CO 
_^ 

" 
O o 
o: 
LJü 

»*"" « 

ÛÛ 

a: 
o 

co 






