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SUMMARY

MERITU OF THE JESER RUBBERS FOR DEVELOPING COU‘I’I‘RIES-/

by

R.S. Hamer
J.7. Short
L.V, Ilswrenstine

Piaillips Pelrel.on Compeny
United Sires of ‘mericn

Until the last -ceade, the synthetic rubber industry was based
almost entirely on o1:-lgicn Lut~dienc-siyrene copclymer which was

developed nlmost thiriy vears neo.  Within the last ten yeors, s veral

”

new types o gyl s s LYoo processzs based on scluticn polymerizoion
have become impori-+ cormer~izlly.  These new sclution rubbers frequently
have and c~n renlacsy  wuicien SO0 and natural rmbber sith iniportant
adventoges. The ch (oo of ite beet rubtlber to suii whe reyulrenents of

2 developing naticn riqires a careful consideraticrn of the immediatc
needs c¢f thnt naiticn in the Iizht ¢f the varicty of new rubbers available
today. The chodce can be limited to emulsion SER, cispolybutadiene,

spolyisoprene cnd scluticn polymerized polybutodicne ~nd scluti~n SBR

1/ The vicws =1 - opin.ons cxpr2sscd in this paper are those of the
author and ¢ not iccesegarily reflect the views of the secretariat
of UMIDO. Tris dosument hez been reproduced without formal editing.
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.o lyacrs.
<t firet gl-nce, cuulsicon TDL ~pperrs te hove ouch Lo offere T4 is cn
12, thorcughly cstoblished [ roducy, n~de by o precess th~t ig highly perfcected.
There ~re, however, very scricus Ilnidi~ticns which con cosily be cverleclaed.
Saalsion LI 1s mot oo sootlsfrelory rubuer for henvy “uty truck tires, ond
this censtitutes the lorgest requiresont fur devcloping notions.  Bven in less

desnading ~ppliccticons, coudodicon U0 rubber 1o gonernlly wixed with gscme of

ts
tne new ruvbers ir cvercone crceliing ac lrend venr deficiencies.
Cis=polybuicdicne hne - wriber of cwistonding propertics, poriiculnrly

iow hysteresis, high cvcei wosistrnce ond anbst-nding ~brosion resistrnce.

Tt ic deficient ir tenr resict nce nd in riiid ~nd trocticn properties,
cencequentily it is ~lw-ys usced in o blend with out~dicne-styrenc copelyner or

woaarnl rubber, gencerally ot loso th-n 50 ner zent ~f the totol rubber hydre-
corban, Jor tire conetruction,

Cig-polyiscprenc con be producced todry 0 virtuclly duplicstc noturnl
ruvher perforurnec.  luiwe wotur-l rubber, cie-pelyicoprenc is poorcr than SBR
rubber 1in trecdwo~r, c1d 1t 3o fveguoedtly clondcd win U7 or melybut- diene to
£fect this deficiency. ilorcover, tiee: rro caly - very few highly industriclized
rans in the werld which hove the neccssery foedstorion rvnilable to produce
iooprene necded §or the veonuf-coure of cic=wolyisopronce.

The scluticn SER rubberc nd pelybul:Aienc nede with vutyllithiws catalyst
vevs ogrown tromendeusly in 1oy crvuonce daein the lrcot few yenrs.  Weorld cnpreity
for thesc mabbers cicceds L0 WO emwnl tons. Indced, the Aevelepaent of this
¢logs of rubbers must surcly @onll in daportrnce with dicocvery of cuulsion 53l

The butyllithiw. ccluti v selywcrizction [reecess for o nuf~cturing rubber
cffere mony ~dvontoges ret ~votloble 1 ~ay other single rubber preocess. It s
© newl prceess, c¢nce which will  rovide coutinuiang new developuents for 2mny yeors.
Z 1g 2 highly versotile proc g, copoble of oroducing dut~diwnestyrenc coe-
uolyniers, polybut-~dicnce, high otyrenc resine, block copclyners, ~nd thceric-

lastic clrstooacrs which con b uned in sonce coses witheut wvulerniz-tion.
cingle »lant con supply » veoricty of rubbers suitcoble fer the tires, clectricol
~nd mecheonicrl glods, foctwerr -nd nlosties. It is cconcadctl, porticularly
wiaen producticn requirc.cnts ~r: rclotively smcll, on the crder of 10,000 to

25,000 annuel welric tons.
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Phillips Petrclewn Copeny ~nd their partncere hove scluticn rubber
nlants in Sclgiws, Spoin, Custrelie, Jopon ond the United “totes with -
ccitbined copreity in crcecss of 150,000 tens per year. These plonts produce
o vericty of wutcdicne ~nd but-odienc=stiyrenc copolyners under the T3lprens
trodencic.  Txuericnce in Toein boo shewn ihot o single Soloprenc plont
c~n re~dily suptly the oo.jor rubber renuircacnts of o dgveleping cconc iy

with o f~aily of high qu-lity rubbers cuited t¢ o variety of aprlicoticns.
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Since the beginning of the modern synthetic rubber industry the "work-
herse’ polymer that has accounted for mere than 707 of all synthetic rubber
that has been produced t» date has teen a coupolymer of butadiene and styrene.
Essentially all of this SDQ rubber has been made in an emulsinn prncess, using |
a free radical catalyst, a mercaptan modifier t- centrol wolecular weight, and |
a shortstop tc stcp pelymerizaticn at avcut 6 tn 757 conversion of the moncmers.
The resulting latex is stripped to reccver the unreacted mcnomers and th> residue
is coagulated, washed nnd dried. The mecst significant change that has been made
in the polymerization precess Since its cemmercialization was the shift ~f most
SBR production tr the cold rubber process in the late nineteen ferties, The de —
velopment of cil-extended rubber and black masterbaich were alsc nctable varia-

tions in the ferm of the finished prcduct.

wide range cf grades, and adapted to man, uses., 0Oil-extended grades, including
those centaining up t¢ -me-third ril, prrvide econcmical products that presently

gell on the U,S., merket at prices as low as 127 per rcund.

Emilsion SBR rubber as produced tcday is an excellent product, made in a
The technclosy rt the productisn of emulsicrn SDR L abber 13 highly develeped,

and in much cf the wcrld there 12 ny adequate plant capacity te £1ll all re-

quirements f~r th.s rubber ever. in pericds 1 nith demand. It is estimated that

the U.S. preducticn »f SRE in 1%, 2 '"u om” year, was near 3 nf rated ;lant

capacity. such ~f this capacity 1s 1n fully depreciated plants that have been

facturins cos*s, Cimilarly, the *echrclegzy cf the use nt emulsien OBit ruuber
is now well develrred. Rubber users have standardized many of their cempeunds

en scme grade ~f S5UR rubboar.

St first siance, emiliicn obR uppears to have auch to offer. It isan nld,
thorcughly estanlished roduct, made by @ precess that 18 hishly perfected. There
are, hcwever, ver; sericus linmitations w~h1~h can easily be rver.ccked, Emulsinn
SBE is nct » satiafa~tor; ritter f-r heavy 1uty *truck tires, and this ronsti-
tutes 1 larse repquirement [or ievaldping nationo, Ever in less lenandirg appli-
caticns, emulsir~n SBR rurter ¢ sereralls mixed with scme of the new rutbers

in preducti~n frr mere than 20 years and are now able 1 produce at low manu-
tc cvercome crackirg and treadl wuar deticiencies,
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Within the last ten years, several new types of synthetic rubber prooesses
based on solutinn polymerization have become impertunt commercinlly. These new
soluticn rubbers fregquently can replace « nulsion SERU and natural rubber with
important advantages. The choice ol +he best rubber t  suit the requirements
of a particular market requires a careful consideration of tThe immnediate needs
of that marke: in the lioh* of the variety of new rubberc qwvallable today. The
choice can be limited tc emnulsion SER, cig—polybutadiene, cis-polyisoprene and

solution polymerized polybutadiene nnd scluticn SUR copolyners.

Cis-pelybutadicne has o number of cutstandin: properties, particularly
low hysteresis, high cirack resistance and cutstanding sbrasiorn resistance, It
is deficient in tenr resistance and itrn skid and traction propertics, conse-

quently it is always used 1n a blend with butadiene-styrene copclymer or natural

[en)

rubber, senerally at less than 90 per cent <[ the t~%al rubber hydrocarbon
y Y y ! '

for tire crnatruction,

Cis—pclyl soprene can be produced today te virtually duplicate natural
rubber perf rmance. like natural rubber, c1s-pclyiseprene is peoorer than
SBR rubber in itreadwe~nr, and 1t is frejquently blended with SBR or polybutaaiene
to offset thic deficiency. .lerecver, there are cnly o very few highly indus-
trialized areas in the world which have the necessary quantities of feedstocks
available to produce iscarenc needed for the econcmical manufacture of cis-

polyisoprene.

The s lution oBR rubbers and polybutzdicne made with butyllithium catalyst
have growr. tremendously in importance during the last few years. Werld capacity
for these rubbrrs already exceeds X0,CCC unnuzl tons, ameng the severnl rea-
gsone fer the rapid growth of alkyllithium seclution pc.ymerizatinn are the

fcllowing:

1. Jolution-polymerized SBR, while siwilar in many respects to the
emulsion product, has some molecular structural differences. It is
more linear and has a1 narrower molecular weight distribution. It

gives supericr performance 1n many uses.
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2. Sclution SBR is lighter in cclor, lower in odor, and is less contami-
nated with fatty acid, soap, and ash than is emulsinn SBR. Non-hydro-

. . -7 - v . - ov,
carbon contaminants typicnally rur helnw 1% ve 75 for cmulsion SER.

3, Solution SBR can be made in tlock, partially bleck or randem struc-
tures. Alsc, lon  chain branching can Le contrnlled. This provides

specinl grades that cannot be produced ot all in an el sion process.

4. The scluticn process is o simple process, with few ingr-~dients and easy

to contral. Off-specificaticn product 1s minimized.

5. A plant desigred to produce seluticn SPR's will also produce varicus
grades of pclybutadienz. 1t ig ideully suited to provide a one-plant

synthetic rubber industry.

Probably the pricipal advantage for alkyllithium solution polymerization
compared trn emulsicon {roe-radical polvmerization lie® in the rppertunity to alter
fundamental pelymer characteristics such as aicrostructure, molecular weight dis-
tribution and branchine, aduiitiennlly the srluticn process permits vartation in
comonciner incorperaticn to yicld Pleck conelymers o1 soveral types nct ocosible
in emulsion pclymerizaticn . oo Darther advanta o, oerhops od secondary i1nupartance,
lies in the colerless, leow =zsh, low oder spepertics of scoluticn polymers maRINg
ther ideal -5 plastics noditiers, f{er clectrical insulation producte, Iiyht=colored
mechanicals and fcotwenr. Selution-pelynerised pelybutadie © has been leng rece=
gnized as o uesct impertant cantributer te inproved tire performance in henvy duty
tires as wall ao passencer tyies, Polybutndiens ruproves treat wear when uscd in
combination with naturil wubber or with S8R, reduce:s troad crmekins, and contri-
butes to careass durability throush imrreeved resistiance Lo heat and revercion, In-
troduced in the late 195CG'c¢ polybutadiene was the first o0 aany "solutionvtype
polymers te be comnercinlized and i an impertant Tubber for any country 's library

of polymerc.

Commercial solution pelymerization systems which produce copolymers of buta-
diene anl styrene are presently based on lithium catalvsis. Phillips Petroleum
Compaay aas develcped such a system to produce o completc line of butadiene-sty-

rene copolymers as well as polybutadiene under the tradename c¢f "Sclprene''rubbers.
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A brief deseription of these rubbers and their uses follows.

The Solprenc family of rubbers coumprises pclybutadiene, block butadiene-
styrene copclymers, random butadiene-styrenc copolymers, and cil masterbatches.

Typical rubbers in each categery are shoun o Table L.

Tultli, |

Solprene mlustomers

Butadiene/ Typicnl
Solprene Styrene ail, Mocney, liges
No. Ratio phr ML—4
Polybutadienes
245 100/0 0 45 Tires — blended with SBR and natural
rubuoor
201 100/0 0 55 Hi,h impact plastics

Block Ccpolymer

1205 75/25 0 47 eotwear, tlcoring, electrical pro-
ducts, rrocessing aid
303 52/48 0 45 Frotwenr, wmicrocellular sponge
410 52/48 0 47 Pratwesr
Randem Copolymer
1204 75/25 0 56 (Genernl nurpose — tires, footwear,
mechanical goeds
1206 75/25 0 33 Sponge
301 75/25 0 17 Plastics medification, prccessing aid
306 75/25 0 56 Tircs, mechanical goods
0il E:xtended
271 100/0 37.5° 40 Pires - blended with SBR and natural
b rubber
375 75/25 37.5 46 Footwear, mechanical goods
37¢ 75/25 37.5% 50 Tires
380 75/25 37.5% 50 Tires

a - Staining - highly aromatic »il

b - Non-staining - naphthenic oil
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Two pclybutadicne types are shown - cne for use in tires blended with
natural rubber or SBR (either solution or emulsion typc) and the other for the
production ¢f high-impact polystyrcne. The block copolymers are used in foot-
wear, {loorinz, olectrical products, microcellular spenge, and as processingg
aids to smoctu out mixing, exirusion, and molding operations, The randon copo-
lymers include gencral purpose types for tires, footweur and mechanical rcods,
and special products for plastics modification and sponge. Several random copo-
lymers as well as polybutadicae arc made as oll masterbatches te permit cest

reductinn in several product lines,

As Solprenc rubbers differ from emulsion rubbers in varying degrees, 5o
processing propertics are alse semewhat differcat. or exanple, the structure
of some Solprene rubbers ~ives risc te low shrinkage which may lead to o m1ll
handline problea vut it is these same characterictics which give fast cxtrusions
with -+ smocth, slossy surface, Likewise, several of the Selprenc clostomers have
a narrow molecular woisht distribution which may make ther tousher and aere
difficule to rrocess but which alse coniributes to improved hysteresis proper-

ties and allows the compounder to use increased amounts ¢f oil and filler.
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Advantages in physical propertics which cin be zained through the use of

various types of Solprenes .rc listed below,

Property Solprens aubbors

Dxcellent o~ 11 245,201, 1o o, letd, 301,
1206,303, 37,

Improved abrasisn resistance 245, 271, Llouh, 1204, 380

Improved cracking resistance 245, 2{?, 1204, 1205, 315,
377, 38O

High resilierce, low heat generation 245, 277, 1204, 315, 377

High hardness 1200, 303, 41v

Excellent extrusion prcperties, low shrinkage 1200, 303, 377

Low brittle noint 245, 271, 1205

High o0il capacity 245, 12ud, 375, 371, 380

Good flow during cure 1204, 1205, 1206, 303

POLYBUTADIENE

Solprene 245 polybutadiene provides low heat generation in dynamic appli-
cations and excellent abrasicn resistance. Stress-strain and processing cha—
racteristics are marrinal when this polymer is used alonc indicating the de-
girability of blending this nroduct with other polymers. In such blends, Scl-
prene 245 rubber imparte imoroved resistance to abrasion “nd cracking, ‘then
blended with rnatural rubber it provides rreater thermal ctabllity and xreater
resistance to adverse cffects of reversion and cvercure. [r. blends containing
relatively large amounts of Solprene 245 polybutadiene, hioh filler und plas—
ticizer levels improve processin~ pronertics without sacriticin, abrasion
resistance. The rubber ic beneficial in tire treads, sarcasses, and 1n mechan-
ical zoods requiring outstanding sbrasien rcsistance and high resilience.

Typical tire tread compounds are shown in Table II[.
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TADLE IT
Tire treads crntoinaing Holrorenc 249 jchbutadiane
S
3% : i‘
Solprene 245 40 - - 30 - -
Cis-Polybutadiene - 41 ~ - 30 -
Natural rubber 60 A0 160 - - -
SBR - - - 710 70 100
ISAT Black 60 6GC 60 10 1¢ 70
0il 18 18 1& 40 40 40
Properties
3007 Modulus, psi 1200 127+ 1500 1000 1000 1100
Tensile, psi 3400 3400 1700 3000 300G 3500
O T, F 60 y 53 66 64 67
Resilience, 64 64 54 60 60 54
Per{«raance
Groove cracking, 7 of control 5 5 100 40 40 100
Skid resistance - - - 935 95 100
Abrasion resistance 110 110 100 112 118 100

Noth cis-pnlybutadiene and Solprene 245 (medium cis content) confer the
desirable propertics of solution pclybutadi:ne to their respective compounds.
Cis-pclybutadiene is slightly better in 1ts influence on abrasion resistance
when mixed with SEN but is not as gred in prooessing characteristics as 3ol-

prene 245 1n this applicaticn.
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Solprene 410 copolymer is similar in composition to Solprene 303 having
a styrene centent of 48 °. 1t contains approxim=tely 30% of the styrene as
blnck styrene ceomparcd to only 11" in 3clprene 303 and is therefere consi=-
derably hardcr. In fact, Oclprene 2410 copelymer finds its principal applica-
tion in shre produrts where 1t replaces conventional blends cf high-styrene

resing and asturil rubber or SBlt.

CETy o ot Ty
RalDOl CoPc LY Ll

A typical rand-m copolymer made in a solution process is characterized

by the pr-operties shown below:

TuBLL

bt

¥

Typical preperties of randen butdiene—styrene copolymers

Sclution=p Lymeriaaed Erulsinn-polymerized
(Sclprenc 1204) (Philprene 1500)

Butadiene-styrene ratio 75/¢5 17/23
Coler thite Brcwn
Raw Woney :il~4 56 50

Ash, / 0.13 1.0
Acid, 0.02 6.0
Soap, .’ 0.02 0.30
Antioxidant, % 0.50 1.20

Vulcanized properties®
L

Teneile, psi 3450 3650
300] Hodulus, psi 1350 1300
Elongation, 600 620
OT, P 60 67
Resilience, 5 66 60

» In a tread recipe containing 50 phr HAF black and 10 parts highly
aromatic oil.
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The data of Table IV illustratc the principal differences in physical
properties between emulsi~n- and selution-priymerized randemcopclymers The so=
lution—-pclymerized rroduct is 1:-hter in color, and frecr frou non-rubber re-
siducs. Vulcanizates of the soluatien melymer are lower ia tensile and clon—

gaticn, but are nigher in resilienco snd nrwve lower her. build-up than the

emulsion pr-duct.

Since these twe products, beth randenm polymers of about th: same liooney
viscosity and butudiene/styrene ratic, behave differently, there must be other

structural differences betwecen them.

ne f these is molecular wei;ht distribution. Solution pelymers ncarly
always have a narrower mecleculnr weight distrivutior than corresponding eiul-
sion polymers. i'isure 1 shows comparison of rel permention chromatographs of
Solprenc 1204 and S3R 1500, beth random butadienc stvrene copolymers. 1t is
apparent that cmulsisn 88P contains a much larger low mclecular weignt traction
(shaded area cn the left side of the figure) and ~ semavhat Lorscr hagh nelecu-
lar weight fracticn (shaded aren on the right side of the figurc) than ite so-
lutien polymer counterpart. » sccond difference is 1in Franching. Smulsicn poly-
mers are kncwn tc be highly branched while seluticn nolymers tend to be more
linesr in structurc. Differen~ce in branching affect the rheclrgicnl properties
of polymers and in this cusc probably account fer nnst ot the difference in
processing preperties betweer the two nroducto. The lower heat build-up of so-
lution SBR can be accounted for by 1ts higher lincarity and narrower nclecular

weight distributicn.

Random solutior JBR can be used successfully to roplace emulsion SBR 1in
many commerical useg, ofter with improved produst performance. Since the two
are not identical, it can be expected that the new rubler will nct jrocess
exoctly 28 1ts predecessor, and some ndjustment of mixing and extrusion pro-
cedures must be made. [or cxample, solution STI has lower shrinkage than emul-
sion SBR, and lic sizee must be changed to nccomnodate the new rubber. YWith
lower tensilco and elongation and highor resilience, compounds based on soluticn

SBR do not always duplicate factory specifications set up for emulsion polymer.
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In 10 tire tests Sclprene 1204 has shown treadwear VoI LN R gupericr

to the controls mnde with SBR 100, Remults frem ~nae ~f these toests apo fhown

Ea
L
o

in Table ¥V, shewing treadwonr ratings o f roach o bos o edalus oo ool
at moderate and hi.n severitico. The o lution SRR eompounts s test ferfore
mance at modorate wear rotes; thot 13, LLshwy iriving. ther teots hovo shown
that the Solprenc polymers five botter troadwesr uander severe o ndition® Whe-

compounded with high structure blacks.
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Similarly, ~il-extended solutinn cc polymars are satisfactcry replacenents
for conventicnal oil cxtended SBR rubbers such as SBR 1712, @1ther aline «r in
a mixture with polybutadiene. Hero —.ruir, the tlende asing o~ luticrn SHR 30 o0t
process the sane and 1o not have identicnl physical propertios U +8tablished

emulsicn SBR-pelybutadicns blends. after W usting jrocussing steps tr Ac

modate the new rubbers, however, parforuance nf the o¢nd sroducts are geneprally

quite satisfactory.
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Projections have nppeared from time to time on future rcquircmarts for

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

In the yenrs Jhend continued srowth 1is forecnst for SIR as the principal

synthetic rubber for tires and ulso bucause of inpertant non-tire us:o. On the

other hand w. expect the consumptinsn of crulsicn SLR

levo 1l ofr ot figure

comfrrtobliy close to jresent production cupacity and for future growth in SBR

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

400,000 etric tong of sclutien SER in 1979, If polybutadiene 18 included
' b '

the total oy well be twice this figure.
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The butyllithium solution nolymerization process for manufacturing rubber
of fers many advantages not ~vailable in ~ny other single rubber process. It is
a new process, from which ncw high-quality rubbers will evolve for .nny years.
It is ~ highly versatilce proccess, capable of producing butadiene-styrene co-
polymers, pclybutadieres, high styrene resins, block copolymers, ~nd thermo-
plastic elastomcrs which can be used in soma casces witiout vulcanization. 4
singlc plant can supply varicty of rubbers suit-ble for tires, <lectrical
and mechanical goods, footwear i plastics. [t is cconcmical, particularly when

1 production requircments arce rel~tively small, on the order of 10,000 to 25,000

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