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Therncp1.astic rub11~r:; ::?.re ;::. relatively new categ••ry .-,f ir.du:.tria1. 

products ma~:-ine a 1:-r:itle;e o·:..:tween the rub'her .industry end t?te plastic 

mdustry. 

The rubber end plastics i~du~tries have developed rather indepen

dent1y froc each other ror a long per:iod of time, aithougb. polymer 

and rubber proces~ing en ~hP. one hand P..nd piast~cs processing, on the 

other, are a coOCton rector. s~th the appearance in the 1950s ot ther

ooplastic rubbers, the gap between them began to close mainly because 

the eq~pment is basica.lly the same e.nd the propert:i.es and perfor

t:Jance of the resu.lti...~& products are very simil.ar to those or traditi

onai e.lastoroers. In the last 25 years, the number o~ types or thermo

plastic rubbers l1as s~GJli~~cantly increased and the products have 

captured a share o~ t~a r~ar~ets traditional1y ~elonging to e1astomers 

and p.lastics. 

In the first yiaars ::'.'ol.low~~ the ao.rket:i.ng of thermoplastic rubber~ 

it was believed that the new· products would replace traditional elas
tomers i l.ater, hovevcr, .it ·wan provec! that such reports had been mere 

exaegerations and that tberr.io~lastic rubbers add themselves to the 

ex1sting range of rubber products. 

At present, thermoplastic rubbers cannot wholly rep.lace classicai 

ela~tomers as their penetration into sev~!81 markets ~or rubber pro

ducts i.s !';till dif":f'·; cu!. t. •:•i.:viou:;ly, they have not penetrated at all 

the tyre market, which :.~ t~e larcest rme for elastomers, and will 

not do that ~or at lea::t a::.1nt'hP.r (~ecade. 

n1ermoplast.ic rub~.'-'.!rs cci.nnot ct:.:o.place, today or i.n the near future. 

the large quant~t~e~ cf thermoset rubber u5ed in industrial rtA~ber 

products alth?ubfl they have ech!evod ~ucceos in replacing ~everal 

'Jlunciren thousands tonne~. of' thori~osc:=t ru~ber polymers, natural and 

.t.;ynthet:i.c. 

The thercor.et ru:ib<sr pol~"::?·::;:o::; crm 1,e clAveloped in h\.Uldreds of .ind.:!.-

v·::.duP.l co11pcunds which, uhe;;. cu;;i'J:i..11e1t, m~y re.::ul t :.n pr<:1ducts largel: 

~:..:rrerent in propert.L·.·:; ~nd ~H:r:Z' .;;r,a:.nce. ~I!.gh per!oIT.1ru1ce product::; 

w<:uld bowevc1~ requ;;,rc l·.~n=:-t!1y ).··~:::e.:u•c:1 and developcant. 
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'nle cost/per£ornance r;:o.tio is not tc be ignored either. Even 

the t~en~oplastic ruabers h~ve very r,oou per~orr.IQilce, sometimes even 

better than thermoset '.!.'."tlbber polyi:1ers 9 the startinc; rat-1 materi.e.ls fur 

the::;.r production are generally more e:xpen!::!.ve th:=m those f'or ther:nc-

~et rof'.J!ler compounds. 

G::ven icpr~1ved perf'ormance but h~gher raw i;;aterials cost f'or ther

mopla~tic rubbers and higher processing costs (energy and labour 

tnten.s:;ve) :for the:rmoset rubber compounds. the quest:.on i.~ whether 

t11~ f'ormer are or will be able to replace the l.ater. 

The grovth of' theruoplastic rubbers i~ also related tu ~he fact 

that they are manufactured in very 1arge quantities and a limited 

nUiaber of' grades which a11ovs the use of' highly automated, computer

contro11ed production systems • 

.Another advantage of therooplastic rubbers ~s the consta..~t and 

~tc.n~ardized qua1ity o~ raw 1.1J&ter~al~, ~rre5p~ct~ve 0£ supp~~c~, 

l-;Il.:i.c!l provides consistent quality and incr~e~sec~ corapetit~venes~ f'v= 

t~1e resul.ting products. By contraf;t, it is common knowl.edp,e t~!at 

quality, ba.tch-to-ba+.ch var:i.ations of' rubber is. c CJa.jor .Ghc:.:-tcot;:~;:; 

iJ, r&:&bber part f'abrication. 

'nle main advantages that f'avour the use.of' thermoplastic rubbers 

are the~r rubberiness, light weight, low temper~ture properties, 

skid resistance, good.flow properties and design f'lexibility. (4). 

1.2. P~oduction capacities and consumption 

'I11e present market ~or thermoplastic rubbers is large and still 

growlng. ~·Torl.dwide, over 50C, OOC tonnes ~re sold and the tot~l ::..~ 

expected to increase by 50,000 tonnes/year, mainly by replacin~ 

therrr?os~t rui1i.-er parts and polymers. 

In the 'U:3A, the therrnoplaatic rubbers consur.rption is a~'out 

2CC, COO t•Jnnes/yea.r ~nd will probably increase by over lC·C, •:it::.-.. tcru11;;s 

::.n the f'oll·.:>w.:!i.g yearR. The ~ropean P..nd .. Tapanese con6unpt l. ons ar-e 

i=-.lsc &°'J."owint;; rap:.:.dly. 'nlis ~ignificnnt incree zc all t•v~r th.e ·w~i·lcl 

:.s duo t.::; the lar~e ran~e ot applications ~rx,1 th3r1:1opl.a::;t.~c :-:u·_,:1P.:.1
:: 

;i::: lfel: 2.:: t.:. t!lei::.· i;pec:i.1"~:..c !'rcpert::".P.s. 

t~1onno;.>lri ~· t:i. c :;~t.f!.>her~· ..:..n the Tr:' •. , ~r'.;:;><?. ru1~ .. rc;,;:~n, t~~'~.,;.;1~ :.:..n·~~ c;or:·. 

:. ~.dero.tL'-'11. the '~i:· ... :;.n tYt>O:·; thor.ecf: 

II II 
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~pn!:u&<-nt.ton ~~ t!l~::.."!:to"l:.~::;t;;.c :..'tlbbe~.:-~ ::11 ::t:-:.!c 

indust.~<.r-1.li;;;er"l cou.-it::;.·::.e:• 

!Q~, 1985 
Un.ited :.tate:::; o-£ ~wer.ica l.5C "T-P-" 

~, _1 

'"!!urope ~C:·C: 2)(: 

Japan 75 9C: 
Totc;..!: 4~s '!-~~ < 

Grvwth rate :L 98 .5-9:- : ~. 'Jf. 

~ 9" .. •-"'J :~m;; 

St·yrene • Sr. 90 
Ole:f'inic blends 3c JS 
Elastomeric alloys 2 7 
Urethanes 25 JO 
Copol.yesters 10 12 

··Total: l.47 1'17 

T:-i.ble 1.1. 

1990 

275 
)2C 

150 

·;!J5 

';:'a~le 1.2. 

1nnr, 
- I t'V 

12.5 

i"C 

25 
35 
20 

275 

T~.!.ble 1,J, 

~tyrene 

Olef!.11!.c blend!C 

4 "~" - · .. ' ln~~ 

13-::· 
r.:r: ...... 
., 
~· 

;5 

,, "' .... 
""' 

: flt'.',,; 

i ')o 

-!!:' ; ,,. 
j_5 

ri·5 
~ ,, 

.,.- 0 ..,. " 
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:°':i..'.=ci,tc~.ic11 o~ ti"le:::.'"'i.:~nlc~::;t-:c ru-::.be1 .. ~ ~:. ~~-p::....-i 

{ t'hou.santl tonne:::/ye:lr) 

!.9:1, 1~~£: 
-, d 

St~rre??e lC· 15 
Olef :..nic bl..c-nd~ l.2 l.5 
Rl.Astcner.:..c .. 

P . .! . .!.C) .. S 

tTreth&nes 5 
., 
I 

Ccpc!.:·e-:t·~=-~ 2 ~ 

PVC ~i JO 
Tot.1: 7c 

Tal:>le l.,4, 

, ()().-. 
..... < ... 

:JC 
25 

5 

9 
-I 

40 
l.l.6 

A cursor.r l.cck on ta.bl.es 1.l. - 1.4 will. :!.ndicate that the USA 

are now the 1ar.Iest con~_:umer of the..-moplastic ::L"""..ibbers with approxi-

cotmtr:..e-s; sty::-enic thermoplast;.ic rubbers and ole:finic bl.ends have 

the h::.ghest consumption cro11th rate. 'nle ave:i:."nge ye;?.rl.y growth rate 

o~ therr.ioplastic r~bber con&urapt~on in th~ ne~t ~ive years iz very 

high (3,,5~) a.lid exceeds by :far the growth rate of synthetic rubber 

-~ plastic~ consumption, 

l,:J, Short descr5_pti.on_ o-r the present study 

This tectmic"'l inf"ormation on thermoplastic rubbers was elabcrcted 

by a team of specialists within the Joint T».~0-Romania Centre in 

Duc?larest based on the technical. literature l.istcd as bibliography. 

'n1e ~tudy wa~ so cvnceived as to ccver t~e main ~spect~ related 

to the product~on and devel·:>p!:lent of thermopla~tic rubber!':. It is 

t!1eref'ore mEld~ up of' t?:e :roll owing chaptere. deal:.ne v.!. tl:: 

Chapter 1: Short h~.st•>ry of' the development and aarketing of' 

thermop:~st.::.c rui>l>ers; product:.. on capac.~ ties and 

co:-i:;tu-1pt :· cnf:I :i.n the :?Ja:.n induatr::.alized countr:;.ef·; 

Chapter 2: Teclmol·:>~:lcal types and marketed bJ:'~ute~ .;,;: ther .. io

pia:; t.i c rubber~; their phy:?icf;--1~?ec?l;;;.n~.cco.l chr:rc.ctoi .. l:- -

t:..cs am; app·licatl.o~u;; 

C!1tipter ': Cc:-:iparat.Lvc ru1:-..ly:-: ::.:. o~ the e:x:;.st:f.n~ technr>l•:c;:~.er. ~-.; ~~ 

the prort11ct5.on o:.r CJ~art cop~1y11('r:;, :::-.t;r:;.4 ("n:f.c l1l~,c~:: 

c~polyr..c:r~· nnd blends o~ naturo.l t>::- ~:ynthetic ruli~ .. e.r. 

wi 1;h polyolei"inr. ; 

11 I 11 Ill I I I I 
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Chapter 4: N'ew trends in t?l6 prodt!ction, develc.p!11ent and 

utiliz~tion o~ the::n1~plastic ::::-ub~ers; 

Che.,te-r 5: !TeP..Jth and ~afety P.sp~cts ·~-r the:n:1oplac;tic rcY:-c,~-~:-.; 

C~1e.pte::- .'): F.concn:ic aspects :::-eli:.t~d tc the pruduct-:_.~n nnd u~ e 

·:>~ t11err:i:-p1&!:tic rt1b'!.·er~. 

Dt'!.e tc the r:-.ch content or i.nf'ornati.·:>n, the present ~tudy 

w.i.11 '!J.-:.>pa:fu11y be UE=ef"al tc t!1e speci.ali.sts i..""l devel.~pi-::::.g cotmtr·:e:c. 

wh.:.ch intend to start a thermoplastic rubber prvduction. a5 vel.I L",s 

to those who are already involved in re5earch and deve.lopment or 

::1anuf'acturing of" theruaop1c>.stic rubber:.. 



, 
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2. '!b.e::-t!1opll'\st:-c rubber types and t~e~ ~-!)pl;;.cations 

:flow at e1c:.v~tc:d te:12e;:-a•ttu.·~~. ::Out. nnlE:e the::-::;.o:_:>l~.!'·c:::.c res.:.v.~, t~1ey 

~-=~ :;.·e~ .:..!.i~nt ~1.d f':exi.~:-:e ~ t n.;;r:...:.:tl. t~r.:pc;:·::;.tn::-es • li.ke vul.can~ze<l 

rubber. 

There are several. d:!..stinct types o~ 1"!atc::.·ia!.c v?!i.ch :f:i.t j_nto 

thi.s rather 1oose description. a1tho~ w~th~n each ty&>e ~t is on1y 

the !:ofter o·ade::; that cc:!J!.li!r w:=_th th~ accepted defin:it~on cf an 

ela~toaer as a material. capab1e o:f reve~s~ble extension to twi.ce ~ts 

::r..n f'e.ct, many cf the hE..rder .:;r~des cf theI.""1.:1oplastic rubber have a 

t<~ns!.le yield po:..nt well be.iov lOC~ e::te:::i~i"n• 1"11., ~owever, have the 

c..;. . ..:;~e:&.·c.::..al.l:; i;:•p.:.:..·t:::.n.t uclva:i ~;:;.r;c-, co: :;-w.::-:::C: 1!::.-:=-:.1 cc!lvcr..t.:i.one.:r_ e!a~tc

::1c::. .. s of (1) being procc:ssi.1>!.e en "'i;hc:r:·n·;,::.ih:!'°i;:'.cs or"chine...-y; (2) not 

requiring a vu1canizat:ton step and lumc"' (3) oeinc !":::-ee cf the nece~-

sif:y to mix with a cul.ti..tude of addit:::.ves. Tlms. there are savings 

in time, energy and o:f'ten capit&l. costs o~ cachinery, while scrap 

and rejects can be recycled. Production rates lJY injection moulding 

and extrusion are higher with the:rt:?cp!.ast:i.c as opposed to thermcset 

materials. (,). 

Themoplastic nt~.i1:.ers i'~.11 :Lntu three :.ar&e catP,gori.es, namely: 

~a:ft copolymers, block copolyr.iers e.nd t~el'"D'lo;>.!.li>st.i.c rubber blends. 

Gra:ft ccpol,"11!er therPOPlest.ic rub1_•er!:; 

This cla~s c-£ t!1er-.Jopl.&st~_c 1'1.'!.·~1,1?-r:: .::..ncludes ;:ir.ter~e.ls contain~n• 

both rubbery and hard polY';;ers; t!1ey E.re charr. .. cterized by chen1ical 

bonds between the two p.;;lyner~. 

Jleveaplus HG, which has been i.aarketed :for 25 years, i::: an exa~ple 

.-:,!' {.,T~f't copolyn:er thorn ;lplastf c rub'b<!r; ~ t .is obt~d.ned a.s a result 

o~ a cherr.::..ca.l b:ond hetween natural 11.1~ii.>er an,1 poi.y1·;et!iyl r::etl1ac:.:ylE-.te 

(hard poly-.::er). 

bl.•)c·~ copo:y;:ie·1•i7.ntio11 with but,at: .:.enc tu p:;;'LJ•~nce r t~r1·cne··lmt1•t:J.ene·-

!· ty:.·one thc:;:i:~oplA:stic l'"tlhbcr (h~:-::') or ~::i.t!). ~:-o'n1·c11c tr.- i"l.;.~"'~uce rtvr~-
1 I I I I 1• I ., I I -' 

lJp .• :_,,c:prene·-nty:i.:ene the1:i-::oplf;'.:;t':.'..c' :.'"ubiJer (:"'.:!"~)' ():J, 't·:~t~• et~1~•1P.ne lmta.·· 
I I I I I 

' ' 

dio;1e tu p.:.:oducc !d;y~~cne-·'3thylc·nc,-·;.,nt~.<~:.one·,td.:;,y'~~~~ ·~';10~1,10419:.t ::.c 
.......... ,,,,,,. .... (,,_~,,,,,., I 11 

, 1.t ~ , . - ... ,' • , .. ·' J • 



.A. Styrenic -
Cari:f"lex 

Kraton 

Solprene 

Elu·opene :;01 t 

JS:l TR 

Finaprene 

~. Olefinic blends 

Viste.f'lex 

Kelton TP 

Leverflex 

; 

T~-~le 

P:L"oducer 

Shell 

Shell 

.... '· . 

Phillips, r. e{;.L""or.1c:::~ 
Calatrava 

:Emichec 

Japan Synthetic ~ubbc~ 

~ss~drec 

Trinont 

13ayer 

;.;u.:::~ t Ot.lO 

::'1·,:,1:: the i_T:": pr.;c!t.tCl?l'.: >)'£ .;;:!.efl.nic blendE, .~Pj:~-PP 'blend, 

r..e11ti.011 

"- . . 
.4 . ··-·. 

I 

~ .. <:~:~ .•. -t
1

:.·.:..!.C<:, C:~~'-l ~1.-:..:~: .,:.1 ··llt"':..··~; ..... ,::~ =~·~,· ,:c: ... Q: flc:,:..:_lJ.~.l~t~~. 

r.. ..... f'u l:? U1/!.· : 
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(l) :1e1>1~cei ;eI!t or vnlc;::n:.;.::o;ed rub'be:::-~ ~ products where hic;b 

:.·<>s:i.1::~l":ce :>.nd o:tren~;1 :-.re n~t cs::~nti.w.1 i 

( ~' ':"~~1,,.ce-~·~t 01> ""'iex.;b-:.,. ....... r~t--c"' ··- i -'-.-,;-r--=• h& .-.ti L .L •. - -" - -~ ......... ~.; - .,-. F-Vc. 

""'"'·' T-.-r,-:- ::\nc· nr.~ ....... .,..etT--.ne~ (F--) • ... -'L• .·...: -'~ _.., G:. ... .1.LJ ....L.:. :.~~- • .J I 

(J} TI.eiJl;:..ce:1ent o::" l!igh "m;>act pol:ypro!)y:iene copcly·.:?ers; 

(4) :'.'ret~ cpp.lic~t~_ons, e!':pec~all.y .in the aut.:>m.oti.Ye ~ntlustI"!·· 

The propert~es o~ the t~errnoplastic rub~er wh~c~ ,.r-1i en.ebia it~ 

usace to er•>V in t!Jese narlcets are: 

(1) Better lov temperature flexibility than PVC. PU etc.; 

(2) B~tter ~~~ tei!:per2.t1ire pr\lpert::.es th~n ?T;. -:·:;.r~~. ;-:: .ate. i 

(j} Better impact strength than p~lypropylenei 

(4) ~ewer density than PVC and PU; lover price than Fl.r; 

(5) Lover productio~ costs than vu1cani.zed rubbers and c~oss-

li...J.Jced P~i 

{G} Gocd water and cher:ii_a1 resistance. 

~1c::::-e ::.s no doubt that t!le therm·:-p1ast:.;.c rub11er wi.:U. meet t?:e 

~~5t ~~ves a few su~~ested uses: 

Automotive: bumper covers, spoilers, £iller paueis, 411l<l~l~ps, 

1·!!leel trims, rub strips, cats. Vire coverip~, raoulded plues ~md 

c~rutect-:·z-~. li'oot,.,ear. Battery tops. Pipe joints and clo:::uren. f'.;r:i..p~. 

:f'cr 11a.1~lebars and tools. Water hose. Linings t:or chemical. tanks. 

~~~l pads. :;?ieeting, therao~orrned products. 

Autoaotive components 

!uton . .,t:!.ve p~4oducts are an ir.lportP.nt fP'.'Oltth ~~rea ~nr theJ't!l•"lpl~~tic 

ela!;to!!!el.'S. There: are two main reasons for this. Firstly. they are 

cepe.ble f)). rl?'placing sheet steel, with a reduct:r.on in weit:ht o~ t?ie 

cc:.-1pon~nt, ~-i1f'.: s~cnndly, Cl)mponents de~if;:'led t:or pas:::enz.::r P.nC: pe-

.. {r.:::-t1~~an 5?.~ety l .. t?qu;_re the use o~ :flexible impact re~ ~:ztlint oA.te~:~.c.1. 

;.·o~t car r.1anu£~.cturers are nnv using some type o~ p-:.lyn:er.:c ::-.Gter.:::-.1 

:'.""or· 1:·a::ipe·r C·W('rs. :'Jep£:11d.in~ upon the c?i::s.:en ·':>'!' the lmmpe-r, 16ethe::.· 

.... ·,, ..... - .:.., --· 
"- co:np·)s.·.te :-,tructure or if; r.11.'.>roe or les!'.! sel.f' 

;.•c,nl;:.;,.nc ;;.n f.l~xnr.'\l modulu3 t°r?i'! about 25C t·."' "·"" •, • ""'·i - .... .,. '• ,Ir• ,. ,>, \,:.., r..;. . 
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~arly e::.."!)er~.encc i;h-:;wed t11:-i:;; th.; ~peci:f'.'._c:-,t:·.on ccu1d 1Je r.let tl'i th 

t!)e~~P~-~.::t..:.c ...-~·.".:>!1~~· -:.~ti~-. ::-ut t.~-.:..(".l :::0nl<l:i.!1c-~ c~ the 'bur9er ~J1.<~ic~t.:"'r~ 

tl~ .... ,.....,.,..c..- tr -·od-i-f'.~ tl-,, -·~.~-.,~·"'-=-' -'1· ---,-:,.:a:• t·- ...,~.-,+ ~. ·- __ ..... \;.: • - - .. , ~ -•"- .............. -- ... '-- ~ t.. -~ _-.:::;; ' •-•\:.!''-"' the e::~t~ct ~ng ~eqn::.. · 

then that the pcl-:,rpr·'PYl~n~ it contF,::..n~. Thi~· i~ no duubt due tc the 

hig~ Eo1ecular we ig:it of JG ev~n a:ft.~:=- ..:.. t :-~~' !: ~:oe?ell u:::.x~d at au ele·· 

ve.ted ter:tperature. 

In order to reduce the nelt viscos.i..ty tvc approaches are possi.ble: 

(1) l.'!.~e cf' l.}wer v i.scos:·. t;~ gruC:~s o:f' pclyp:.·cpyl~n.e (or h~{i~~er ael.t 

fl.c.w i.ndex grades, since J.TI .is :inver!>ely p~·cpcrt~cnal to v::scos!.ty) 

end (2) adrlition of plasticizers. 

TJ1e buoper cover ~s just c~e o~ severa.!.. car cocpcnents that cai1 

be made in therriicpl.astic rubber. Spoiiars and air dal!ls requi~e a 

b:.l;.;..ty to witl:~tand the occa.s::on.al .!.~.re<" ce:r.:cct::.on. i:n bend.inc. 

'lb.ere is· always an incentive to u~c loc~lly produce<l raw mater~el 

i:f" it is rel.ative1y che~.p a.."ld eo. devcl.op:Ji~ cowl.try havine a car 

a~s~bly indust~ could pro'bably use thermopl&stic rubbers for 1oca1J.y 

produced coe1ponents, even 1men other r:iatcri.als are used :ror the same 

cor.tpOD8nts in the major car producil1i;- coimtries o-r t~e :·:est and Japan. 

Miscellane'ou~ ·product~ in t"J."!rmoplast~c r'ub~Jer 

3everal products £rom the li~t given ~~rlier have ~lready been 

researche4. These ·include rail. pads made in TJ'NT.? 4o6c which b&ve gcod 

~1:1pe.ct strength e.nd 11~ve better 1-:ear rer:i:;tance t~n vulcanized rubhe'."." 

pads on. cei"tain type::: of' ra:..:!.road. 

:r.pact resistE'.nce pipe :fiti:icnts e-.::.·e :a>.n ir..!:11.::t·e.nce <:>.t:;r-lnst cle.m&~e 

end t?le '1e~d for costl~· replace~ent. 

The therrnvplast:..c rubber sheet ·.ne,- W8.e 1:)roduced en e. plastic:< 

fhe>eting line 1'hich con&i5tec! of' a lon1; extruder (L/;) ratio o~ .3.5/l) 

1of:'.t!1 n gli t clie, followed by calender::.r.c; rol.lers. ~~~; r,hee:t :ne.ter~E: 

!1t:.~ g(lod chenical ~.nd abr=..c :·.oil res :' . .=.t~ncr:· r.-~d is t'c:'.re; evi=i.1uate<l £~:;: 

:!°:•.1 ;;;;:: ::~he?et ·tl1e;i:-:opla.!.!tl.c l"'ltbT··c~.· iJ:' vc-~cnu:~1 :fo:?.-:,.:..n.:; r:.11~ ct-r1vr tech

, ; .::.rpv?." C=). 
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The major u1&.rkets for the styrenic thercoplast~c rubber have been 

low cost footweP.r, hot mcit ac:L~es~ves. exterior aut~raot:ve components. 

nnd wire ~r.c! cni>le. Th~ worldw:.~e C":)nsuupti.on .::f' ::ty·renic therl!lo 

plastic ru~1;e!:' is over 200,000 tonnes and they have s.i.bllifi.cantl.y 

d:Lspl.aced natural. rubber and SBR in f'ootvear. In addition, the hot· 

uel.t acL.;.esi.ves have s.:L{,.Ulf'~cantly d:;..:.placed ;::any rubber-based adhe·· 

s~ves. ln the v~re and cabl.e EillU~ket they provide better heat resis

tance than PVC and are non-hal.ot;en. 

'l'he styrenic ther~opl.ast~c rubbers are s::..mil.ar to theraoset 

rubbers in tl~.at they can be :readi.l.y c.:>opounded with f'il1ers 9 exten

ders and add~ti.ve~. N"Wilerous opportunities exist to compound st)Tenic 

bl.ock copol.ymers to reduce cost 9 improve perf'ormance, or &chi.eve a 

clif'i'erent bal.ance of cost/perf'ormance than is availab1e in the heat 

pol.ymer. l·~a.1y appl.icatioi:u> have been devel.oped in the f'ootvear and 

mechanica1 rubber industries by the addition of non-black f'il.l.ers 

and proces::iinb oils. These materia.l.s can al.so be i'l.ame retarded by 

addition o~ appropriate additives. 'l'hi.s compounding f'l.exibi.lity 

provides the user of styren~c·block copol.YD].ers with a method for 

L--icreasi.Dg the val.ue added and diff'erentiating their products f'rom 

those of potential. oocpe~itors. 
• 

.'l'he atyrenic tbermopl.a&ti.c rubbers are ga;n;ng acceptuace as a 

rep.Lacement for both natural. rubber and ayntheti.c rubber· ;in medical. 

and surgical. appl.icatl.ons. They are pr.ovi.Dg ~o be cl.eaner material.& 

with _s;;.gni.ficantl.y l.over .Level~ 0£ extraotabl.es than ei.ther natural 

or a}'nthetic rubber compounds. Xt ·.i~ ... 1er to PJ:oduo•·i-rta v.ith 

reproductible diclension& and consiatant perf'ormance cbaracteri.ati.c• 

tllan with natw. .. al. or .t.yn·~het::.c rubber. The rubber med:ical. products 
' 

f'iel.d vi.l.l. co11tinue tu l.ook ~tensi.vel.y for al.ternative material.a, 
and the styren;;.c thcri;ioplaatic rubber def';i.nitel.y will have a growth 

' 

The d.i&advanta&es o:r styrenl.c thermoplaatic rubbers as repl.aoe

lilents 1'01 .. thermoset polyme11 fi seGJD to dominate the future growth 
' 

patel.--n. They have weak heat res.i&tance at temperatures above So0 c. 
They have low el~tic r@covery compared with the1uoset rubb,ra. They 

have veak hydl .. oca.i.1 bon r~&~atance • .Applications where these per:for-
' 1:;ance cl~·acte:.·;;.:.;;ticg are l1 equired obviously vd.ll ~ot be an ppportu-

ni.ty f"or sty1·e11ic the:;.-,uoplaatic rubber;;. 
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The ol.ef'i.nic bl.ends (TPOs) are simpl.e bl.ends of EPDM rubber and 

may contain more pl.ast~c than rubber. The property of' the bl.end i~ 

general.l.y determined by the ve .... ght percentage average 01· the i.udi.v.:..

du&i component properties. TPOs which have been co::i&&erc.:...a.lized since 

the ear1y l.9/0s have fQund signif'icant use. mainly in the autoraot~ve 

i.nc1usti.--y. TPO bumpers dooiD&te the i;;aarket f.:>r automotive bWilpei·s in 

Europe and Japan and have made inroads against pol.yuretbane products 

in the USA. The other major market for thermopl.ast.ic ol.efins i.s v~e 

and cabl.e. Other than the growth in use for car bumper covers. it i,s 

'WUikel.y that TPOs vi.l.l. achieve t'urther significant growth. &s a 

repl.acecient for conventional. rubbers "they have several. advantages and 

disadvantages. They have the advantages of being thermopl.astice thus 

reduciJl& production costs. and are co1ourabl.e. The major disadvantage~ 

are: l.ow hydrocarbon resiatance and high compression set. signi:f~cant.l 

reduced properties at el.oVa.ted temperatures. and the inabil.ity to be 

e~truded into cl.ose tol.erance profi1es. 

Thermoplastic urethanes have been in commercial. production :for 

over 20 years. There are tvo types.: polyether urethanes and pol.yester 

urethanes. They are noted :for u.cel.1ent abrasion resistance and per

f'ormance in specia1ity app1icat_icma~ '!he tar.pt markets -include -foot-· 

wear, automotive components, wire and. cable. adhesives, tubing and 

ii~dustrial products. The~r market growth appears to ba.v& levt:.1lcd of'f. 

and their i"utura ·ab:ility·to tisplace· theruioset rubber depends. on 

~verc~m~ng several 9xisting disadvantage~: their pr~ces in excess and 

· their hydrolytic · stabil.i:ty, . inad.9qaate tor . a number -of i.D.dustrial.· 

applicat~ons. These two characterist~cs cake the urethanes l~~~ than 

~e::.~:;.~able i'.;i• ~,,y indu&trial rubber pai·t::.. 

The copolyestera, while they are generaL..iy cvnsidered by the 

a.vei~~e rubbe1~ parts fabricator to be hard and st:i.:f£, have a \UUque 

potilt~on in the rubber products industry. They are used in automotive 

cor.iponents such as rock and pinion boota and CV Joint bellows. wire 

au~ cablo, :.i.lldustri&l hose and tubing and• to a l.imited dee-x-ce, i11 

~pcc;i.a.J. :footwear. The copolyesters have several unique :features vhlch 

pl~ov~do tllcu with siG11ii'.;.cant advantai;cs for replacint> rubbe1~ in 

;,i..n.du~tl~ial rubber products. They have e~ell.ent modului>, outstand:.J1" 

fluid re~ititance, l1iGh tear stren~h a11d excellent fatigue los~. 

The disadvantace::; are :f ewa high hardne~s and hiG]1 compreasion set 

make the:;i lesv than desirable £or many applications where f'le.x.ible 

ruboe1~ p:.i.'oduct& and a hi~ degre• of elastic r'ecovery are required. 
I I 

I 11 1111 I 
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Perhap~ the most e:ff'ective uay to establish the use of thermopl~s

t:;_c rubber in n · ru~ber producinG country would be to ~ccin ill the 

co::ipetitive :r:.i.e1d of:' ~eneral rnouldi.ncs were :its attractive pricint: 

~.nd capability of' r;ivine; high p::::-.;1duction rate~ could le,d to inorea

sed prof::.tabil:!..ty. !i;lectric plu~, closure~, gaskets nnd 111!.a&dlebar 

e.nd pedcl grips nre just some c~ the poss~bi.1ities. 

~xi su::nary, a vide range of potentia1 appl~cations exist ~or 

ther::ioplastic rubber blends. Cowraercial uptake in developiilg coun

tries is a aeans of increasing overal.1 markets and edding val.ue to 

that basic raw materi.al, natt!:a::-al. ru0~:-e~·. 

2.,. '11le pl!ysico-aechanical p~operties of thermoplastic rubbers 

2.).1. P!xysical properties of the g;raft copolVJ!lers 

'lhe physico-eecbanical. properties of' t!1e grai"t c.upcl.yuers are 

aff'ected i.)y seveA .. .u_ factor~ such a-:: che;;-:5-c::-.:. c.u;;:;p•.Jsi t:.011, gra:ft:ir..g 

e:ff::.ciency, molecul.ar vei.gilt o:f the el.;;.t·)cer a.-icl polystyrene, coc

pound:ing system etc. 

Effect of coaposition 

The coJ:IPosition of thermopl£.stic ru~ucr ~s ~ect1y determined 

by the alilounts of prepol)'l!ler end back.bone p'vlyr.ie~~ used m tb reaction. 

Conaequentl)', the phys::.cel. and i:.:ec:han::.c::-.1 p;;. .. opcrt;;.es c~ the product 

are depen~ent on the ~on.tent of pre~ol)7ter. F~.;ure 2.1, illustrates 

the tensile stres£ - ~trai11 v~·iation accorc:.Jli; to the level of poly

i~oprene and naturai· rubber. 

20 

16 

Stress, 
(MPa).12 

8 

4 

IA 

Poly(styrene) Mn 8,200. 

20 NA 

8 

6 8 2 
Strain,(,, x 10-2 ). 

hit 2.1. SllC',Hff;tlA , . .,,..,, 111 i:r~ll .:op1lyrntn .J p1lyCJtylC'llC') 
cMn 11~1101 with l';tnOn lfl • .'10~ p11yCi114•1"""'°' 3nd NK (WK ~I.I. 

"' 
I I I 

4 8 
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There is a general. siu::.larity in the behav:i..our oi t!ie two hack-· 

bone pol.!'!:lers. hut there P.re e.ls•:- s•.:i.te imp:li'to::..nt differences. The 

~(\Qulu~ ~t ~.ny g~ven elvll6'4t~o~ and pvlyst}~·ene content i~ n.llm.ys 

bi.sher '!:er the :18 br'4:ft cop(;:!:ywc::.·::; in sp~te o:l the fa.ct that the 

craft~ ef':f"i.c.iency is lower. :noth types c.f eraf't copolyr.iers show 

teru:.:.:..1.e yie1.d phenoncua c:.h.>ve 40-~ w/w pol.)rstyrene and the yi.e:ld be·· 

cones s::c:;ni:t::&.cant at 55~ w/u polystyrene. 

The tensil.e strengths o~ c-ra:rt copolymers increase regttlarly vitl1 

polystyrene content (PiGUre 2.2.) up to 4~ w/wi above this level a 

decre?-~e ~~ ncti.ceG. 

Poly(styrene) Mn 8,200 

24 24 
IR 

20 2 
Tensile 

Strength. 16 -~ 
16 

(MP a). 12 / ' 12 

/ I 8 8 / ,• 
/ 

4 4 

"\:20 30 40 50 20 30 40 50. 

'ltw/w Poly(styrene). 

fls. 2. 2. Tensik strmathI polyCsiymw)cun1m1 fur ii.ti copolymtrsof polJf•yrneJ(Jili BlOOt with 
farif1n IR JOS pol)'(isclpreM) and NR (SMR SL). · _ 

:rt can be nct:'.ccc.! t!'l.4'"'.t, '£.;,:: 1)-.t.~1 tyllC'- v-r cor>clymers• there 

n}.>pcc.:r.~:: to ~e c. dcc~~c~~:;f: ill tens.ilc st::-en;I1 :LTl the cO!!lpositicn 

reci.on m1ere yieJ.<i:LnG hecv:.!c:: pj.~c,;v:•l.1A"'1.ced. 

The dependence or ten::; i.le strcn.:;th on polystyi.~ene content 1eads 

to an expected c~apc.n.dcncc c :f. te:i~:.:.le ~tl·e-!1ct!A. on cra:t"ting e:f:t"ici.ency 

7l~Ca1.!$C uoth le:ld t ~ chancer: :.n tlAe averaee number o:f polystyrene 

cha:i.n:; atb-.c~co tr:. E:c-.ch p· ·l!·~.:ocprene ;,~.ckbone (,.iE:Ure 2. "j.). 

tf'.l e-.d~~-~:::. .m ~1 .!.:.'..::.· len.~c: ::!.c • d tc f.'. ccr.:;te.nt aconnt ''~ polyP-tyrene 

(4c~). 
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./NR 

/ /si . /. 
o/o-

•)' 0 

u l..J 

40.. w/w Poly(styrene) 

20 40 60 80 100 
Grafting Efficiency, (41t). 

The relat:·.onshi..p 1:-etween ten~:.l4iJ ztre:i::-t;~:. c:m! g ... ~:rt·:nG ef":ri.c::..ency 

for natural rubber i.~ not linee.r. Tens.ile stren~h var.:.ation 'bec-"'mes 

linear.when natural rubber is u~ed, only at sra~ting e~f'iciencie~ 

above 25~. 

"ftle tensile strength reiati.onships shvvn in Figure 2.,. illustra

te clearly the import&nce c::f tryj·-_g t? ac?l.ie,re hi~'l gra:ft:::.rig · ettici.

encies. ·in ~}l~ proc;e_$S i.~ hig'h stren{;t!1 · r-..:~~jery properliec are . to be 
. . . : ·. 

Ev ... at ve-ry high sraf'ting. ef'f'!cienc::.er-, the ~;·nt?u~tic po.1y:...so

prene ~--af't copolyr.1ers w:;.11 n:-t ap:,>rcr.cJ:?. the ve::1r !:!:'.~ tenz;;.lc 

e~:f'iciency could be increased to 80~. 

Natural rubber end polystX}"ene colecular we~fjht 

The d5.:::cus~ :.on o-r physice.l p::-ope:;.•t::.e:; ~l&S cc. i"ar centered e.rol.Uld 

materials prep~.red ::'roe polystyrene c,f' nol.~cul<.•· 11<'icr~1t~ in the re-

c::..on 
&="\:!> :Z.n ten~.:.:e :::tr'"··· .:;t!; V"-lt..•.e:; of \:o)t~i the ~.yr.~hc-t::.c J?.:>ly;.£: cp::-ene 

e.r:.d natu~.l ri~h~.,~,.· craft cnp:::l!•uer!" ('·;o~Ot~e ~.ls.). 



4G'I. w/w Poly(styrene). 

24 

2 

Tensle 
Strength, 16 ,,_., 
(MP a). 12 

l \ 8 

NR 

" 
4 ~ IR 

4 8 12 1&---m 

P<>ir(styrene) lln x 10-3 

I 
The economics or the grafting process ia closely 

J 
rel.ated to the 

cost o-r the chemi.ce.l.s used to oi>ta~n the a.zcd;o.ce.r:,cr,;l.ate ~~::.ct..:..\l::;~: 

cz-cup of pol.ystyrene. Fw.r a gi.ven vei~t -:: o-Z pcl.y~t;=·reve ~ t~c 

t~e~apl.ast::.c graft copolyoer, this co~t decrease5 es the ~oiecular 

weight of pol.ystyrene increases. 

FrGl!l a pure1y economic point of ,riew it is attract~ve to work 

~th po1ystyrene baviDg a J:"olecu1ar weigh'b higher tlmn 3000, but t!ic 

experiDental. -resu1ts precl.ude s~h a course. 

Haatication hisi;Ory 

!·~astication is an inevitabl.e consequence of' the prep~4a.ti.c£1 

technique and direct1y.in£1uences the pro~essab~iity 0£ theroo~1astic 

rubbers obtained by Graftint;. 

The g:raf'tinq; ef':ti.cieriC".f ~n Ficurc:. .2. 5. i..-ul~c~t£ t?-:::.t t!le 1 ~sti· 

cE>.:tion re~u1ts !n sc!.3sion of the b~ckbone clle.iw; rt?.ther tlian rei'iO·· 

ve.1 0£ the side chains. 
Backbone: Carlftex IA 305. 

Azo Poly(styrene): Mn 8,200, 4" w/w 

··-1 Torque. 

I 
I 
I 

I I Grafting 
I I 
I i6 Efficiency, 

39 (~). 

2 4 8 10 

' Mixing Time, (min.). 

fls- 2.5.(;,;iiflinf f"tcifMy .t 'mlllillf flmf '"' llw dry mi• rm.1i1111of11Cidiorlilo11ybtr· 
fll"-'li«'MI f"'lristvrencl with (11lf1n IR.l•JS polriisoprtncl. ' 
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I:f thi.s scission is al.1.oved to proc.tH-!d too f'ar the tensile pro-

pwrti~s can be adversely affected. 

2.3.2. P11."'{:3ical. properties c:f ~!.eek cupolymer themoole.st·'c rubbers 

In styrene-l,utadi.ene blvck cupol.yners, mcst of' the styrene units 

are concentrated at one end cf' the mo1ecul.ar chain. In the thermc

plasti.c, the styrene wri..ts are &z-Ouped in di:ff'e:::-ent terrnina1 pol.y

styrene bliJcl:s of' CG~arabl.e l.ength leavl..nt no f'r&e pol.ybntacil.ene 

chain ends. !i'urthe;;:more, the polystyrene and polybutadiene blocks 

to f'or-..:J a sya:ietr:ice.1 r::?.di? 1 tetrae-lmin 

structure. schemP.r=·-.t=i.-ca1 ....... 1-.-....... .....,r_,e_,s ... en_,. ted bel.ov (Figure 2.6). 
t.u:n.tra.a.i-. 

- ·. '"i"~ 

a.re linked in :"Ucll. a tr.:-.y as 

\ --...fOLwur,..,... 

'!'he thermoplllst~c or teleb1oc 'ill'lb"g'-~;ssentia11y dif:f~r :fro~ the 

no:n:a1 bl.ock copolyners conta.inine on1y one polysttrene cha:Ui end by 

the-fact that a network structure is :formed by the association of the 

terminal polystyrene b1ocks into rigid ~ice1les (Figure 2.7). 
FIG. "2.'7.- - . 
t11CM11k 11rUC111r9 GI SOLPREllE ...._.IMIC IUlllllls 

:r:n the ordinai"Y bl.ock copolyme1·s, the :tree polybutadiene cbain 

ends must be linked by vulcanization to f'orrn a network structure. 

Poly:;;tyrene, l>ein(; a the~ol,)le.st~c mater!.al, wld.ergoes a pliase 
-

ch....,nce l\B the ter.iperature increo.r.es, resultinc in a l>reakdoi-m c~ 

the network structtu·c a::: the Cl.£1.r.s transition te1:rperi::·.tu::..'"e if;. ?;>as:o~<.i 

(Tc == 1.0o0c). 'nle ~tructure cc.n also be '1cstroycc't by c!i::ri:•.!.uti.011 ::.n 

a ::u 7.tr.ble orean:· c i-;olvent. 
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A decrease of' the temperature to below the gl.ass transition point 
of' pol.ystyrene or the evaporation of' the sol.vent vil.l. restore network 

structure. 

'!'his reversibility of' the network f'o::nnation is an important feature 

which determines to a large extent the applications and the processing 

teclmique of the thermoplastic rubbers. 

Due to the association of' the polystyzene segments in a network 

structure, these zubbers exbibit,in. an uncured state, e1astomeric 

properties siwilar to those of' a reinforced '9Ul.canjzate. 

'l'he degree of •reinf"orcement• is a function of the styrene content. 

'1'he ettect of the aolecular weight OD tha tensile properties is not 

significant at mlb:le.nt temperature ezcept for the -rery lov aolecular 

weight polymers. BoweYer, at hi.glaer temperature. the higher molecular 

weight t~leblock copolymers ezbibit better retention of' tensile streng 

The -in types of thermoplastic rubbers produced by Phil.1ips Petro-

1.eum Co. (Solpren.e) an4 Shell Cb.-1.cal.s (Carifles) ha-re the physico

mechanical. propertiea gi.Ten in Tabl.e 2. 2 be1ov. 

Because of their ao1ecu1ar conf'igaration. and especial.1y their 

radial. block : atractare.. they oomb:lne ecODOmic proceaeab:l.1:1.ty 1d th an 

atl. ... '"&cti.Ye end-procluct perf'-n~e in a wide "Y&riety of applications 

in both the rubber an4 plastics indbstr:Les. 

Sheli ~op1aatic ~ber (cari:f'1es Tit): 

- Carilles TR -llol, straight, ~igh molecular weight SBSi . . 

Carifles· TR -·iio2~ straight SL;; · 

- Cari:f'1AX TR -1lo7, S:ISI 

- Carif'lex TR -4113, easy-processing SBSi 
- Cari:f'1ex TR -4122, easy-processing SBS; 
- Jtra.ton 2lo4, medical uses and food packing; 

- Xraton 2lo9, meclica1 uses and food packing; 

- Era.ton 3200, general purpose; 

- Xraton 3202, general purpose; 

- Xraton 3206, general purpose; 

Xraton TOB-9SS, shoes and high quality houae slippers; 

- ltraton 5151 and 1 Tery hard, rubbery compound mainly 
ltraton TOB-956 j ~or heel top-pieces; 

, - ltraton TOB-9SO l solid so1ine o~ walkinc shoes; 

Jtraton TOB~95% i , 
, • , - ltraton 519, so~t, solid eneaker, solinci 

,~t~ TOB~95~., We,l~ington boot :uppers. 
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'lb.e physico-mechanical. properties of' thermop1astic rubbers of' 

styrene copo1ymer type 9 Cari.f'1ex9 are given be1ov: 

- Styrene content. '/> g in the main po1ymer 25 - 45 
- Average molecu1ar weight 12.000-)0.000 

- Content of' vo1ati1e 
matter: 

- water, 
- so1vent9 

- .Ash content. 

- Tensi1e strength, 

- Elongation modu1ua. 
30~ 

- Shore A hardness. 

not 

OSh 

o.s 
0.2 

more than 0.02 

100 - 2.50 

20 - 2.5 

60 - 80. 

Qb•J3cteristics or ray 119teria1s and aUlti1iarJ .... teria1a ~or 

the !YD'thesis of thermop1aatic rubbers of the at1190ic b1ock 
copolymer type 

Butadiene 

Batadiene may be obtained h-om the inata11ati.ona o~ extractive 

dia'til1ation rith se1ectiTe ao1ven:ts o~ the butene-butacliene :trac

ti.oa which is produced in naphtha steam-cracking pl.aata or by 
. . . " 

dehydrogena:t;ion of' ~tan" &nd/or butenaa •... 

. 'Die typical: composition of butadiene.~or thermop1astic. rubber. 
synthes~s.is given below: 

- butadiene 1,3 
· -·· pr0pyl.ene 

- isobutene + butenes 

- acetylene 

- au1phur 

Stn:pe 

min •.. 99. S'/. g 

-.x •. 0.-1~ g 

max. o.z/, g 

aax. .50 ppm 

aas. .50 ppm. 

Styr.ae .. Y be synthesised by dehydrogenation o~ ethyl bensene 

which ia obtained either by direct syntheais f'rom ethylene and 
' bensene or by separation ~rom the BTX ~raction. , 

' The typical composition o~ styrene ~or thermop1astic rubber 
synthesia is given below: 

- styrene 
- ethyl bensene 
- is.,propyl ben3ene 

min. 9~-7'1> g 

max. o. YI> g 

maz. Q.l~ g 



- a1pha •ethyl. styrene 

- zylene 

- acetylene 

- inhibitor 

Isoprene 
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Im%. o.2'/. c 
maz. o.o~ g 

max. SO ppm 

max. 2 ppm. 

Isoprene may be obtained. either by synthesis (t'rom isobutene 

and t'o:nia1dehyde. acetyl.ene and acetone, isopentane dehydrogenation. 

etc) or by ae-paration from cracked. psol.ine. 

Tile typical. composition of' iaoprene t'or thermopl.aatic rubber 

synthesis is given below: 

- iS\JPrell8 ain. 99.~ g 

pi.pery1ene max. O.l.~ g 

- isobuty1eae + pent;enes max. o.~ g 

- cyc1opentad:lmie max. 0.0002 '/, g 

- carbony1• e .. g. ~o max. 0.0005~ g 

- water max. 0.0001~ g 

- acetylenes. e.,g. isopropylacety1ene max. o.ooo~ g 

- su1pbur compcnmds max. o.ooo~ g 

- nitrogen compounds max • 0.0002'/, g 

htension oil • 

White, heavy oil., with the t'ol.l.owing characteristics: 
density, at 20°c ~ - 900 q/m'J 

- cinematic_Tiacosity, at 50°c 
ignition.point 

t'reeZlnc point 

Topanol 

min. 4.5 
ams. 200°c 

-18°c 

Colourless crystals with .. 1ting point 66°c and density lO'jO~g/ml. 
Methxl cellulose 

Viscosity 20 cp in 2~ aqaeoaa solution. 
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2.3.l· Physico-mechanical properties o:t thermoplastic 

natural rubber blends 

The physico-mechanical properties of thermoplastic rubbers of 

this type depend on the following factors: 

(1) the proportion of rubber and polyolefin; 

(2) temperature; 

(l) partial crosslinkjng; 

(4) the nature u:t fillers and oils. 

(1) Varying the proportions of rubber and polxole:tin 

'!bare is a r..arked dependence of flexural modul.us on the natural 

rabbe,,. .. /po1yr,,l.ef'in rati.o as shown in Figure 2.8, which gives mean 

sti:f'f'ness val.ues over ditterent parts of the sheets produced in an 

edge gate mou1d. , . 
t 

15001 Fle••al- MPa ' 

~- ··.·: : . 

fil. l.I. 
0 "' ...... TPND . ...... • moulded in Elfecl or pp conccnc on f1caural modulus al 2l c or un11locu " in,_. ion 

Arburs 220 machine. 

As vi.th other thermoplastlm, especially those containing a crys-. 
talline phase, anisotropy due to :tlov during moulding occurs and 

this i• re:tlected in Talues o:t the stiffness and other properties 

measured along and across fl.ow lines as shown in Figure 2.9 for 

sheet produced in a centre gate mould. 



1500 

1000 

1 

500 

40 

- 22 -

60 
PP, % 

10 100 

fia. l.t. eru1 "'"~. na.aa .......... 23°c orllllfiled ll'Nll illjecliall _...ii 
REP 143K ...-. a)_. •)as ii Fiple 2.2. 

\ 

Ten&i1e strength in.creases with P.P. content whil.e e1ongation 

at break general.1y decreases, particular1y in the clireciim across 

fiov lines, for fi11ed material.. 

(2) Effect of temperature 
' Thermoplastic rubbers baaed on P.P. haTe higher softea:tng points 

th&D the SBS and po1ym.etbane types. Thia :Ls shovn by bardnessl 
telliperature curyes ·i.n Pigare 2;10. · 

Shore A 

100 

80 

60 

40 

·NR/HOPE 
20 

20 40 60 80 100 120 150 

F"11. l. fO. FJftcl of 1rmpcracurc on hlrdnns e1fTPNR ind SIS copolymers. 
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One of the requirements for vehicle body components is resistance 

to sagging and distortion during paint baking processes at 120°c 

and cable covers for some classes o~ cables must withstand 14o0 c1 
with the possible exception of some of the softer grades, thermo

plastic natural rubbers satisf'y these requirements • 

.Another essential property of flexible bumper components is that 
0 they should be tunctional. over a service temperature range from 70 C 

down to -4o0 c. 'ftUs means that they mwst be stitt enough to prevent 

d:Lstortion at 70°c. but not bece>11e too atitt at l.ov temperature that 

they cease to tunction as flexible impact absorbers. 

(3) Ef':tec·~-: of partial crosslinkins 

For blends containing •ore than about 6'J/, natural rubber partial 

crosslin>..ing o:t the rubber iilproTes SOiie physical properties. 

Figure 2.11 shows the ettect of the aaount of added peroxide on 

hardness for two blends containjnc 8'-' and 6~ NR respectively. 

Crosslinking bas a pronounced e:f':tect in the so:tter blend in which 

the P.P. phase is al.most certainly discontinuous since it is present 

in a low concentration. The ettect of peroxide is less in the 65/35 
blelld. 

'.J'he us~ o~·perosi.de a~d_be ~estricted. to ~of~er b1ende of.ther

moplastic natural rubbers con.tain1.nc· more than 70'/> rubber. In ~er 

blends pal:"tial, cross~ink1nc .contri'.butes.li1;tl~ or.not at a11 to the 

physical properties. and may damace the environmental resistance • 

. --
·" • .• ..... ~· 

IRHO 
100 

-------·------·------·------· .__.--•-a 
80 =· 
60 

40 

Oicumyl peroxide, parts phr 
I 

l'i~ 2.1fr Hird •f dirnmyl JIC'"'"'r l'lllll'Cflll~lion on l 11a\dnr1~ of, a) TPNR <•p~. hi Tl'NK KS I~. 
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(IJ) C~mpolDlding thermoplastic natural rubber blencla with fillers 

and oils· 

Rubber/polyolef'in blends. including TPNR. dif'f'er :f"rom the block 

copolymer thermoplastic rubbers in their ability to tolerate exten

sion vith oil and fillers. It is possible to add J.arge volumes of' 

f'i11er ara.~ oil to block copol)'lllers but not to blends. 

Practica1 mo~f'ication of' blends is genera11y limited to relati

vely small amounts of' filler for specific properties9 although mode

rate B11101D1.ts of cheap f'illers may be used to reduce cost. 

A temperature in excess of' 16o0 c is required for mixing additives 

into Tl'RR and this vi11 normally be carried out during its prepa

ration in an internal. mixer (Table 2.3.) 

Table 2,l 
Mean properties along and across mould f'low 

HAP' black 

Sof't clay 

Talc 

Flex modulus,·MPa 

TS• MPa 
EB, '/, 

. Density•· ~/m3 

NR~P Ratio 4o o 30/10 
10 

75 

1!5 
620 

14 
200 

~.350 

10 

~90 

17 
350 

0.9.5o 
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J. Technoloi;i~,s f'or the production oC thermoplastic rubbers 

"11le technolobical processes f'or the production oC thermop1astic 

rubbers l!lay be divid.;d into two main groups. according to the type 

of' techno1oSY used, i.e.: 

a) Graf't cor.olymers and b1ock structure techno1ogies, starting 

Crom natura1 rubber. synthetic polyisoprene rubber. polybutadiene 

rubber or other synthetic rubber 'types which are chemica1ly bound 

to the hard polymer, namely polystyrene or po1ymethyl methacrylate. 

From such processes characterized by phenomena ot ch-ical bin

ding between the elastic material {rubber) and the plastic one 

{po1ystyrene), there results a .. terial vhich is not necessarily 

Tery elastic but nevertheless has elastic potential (1). 

b) Rubber blends technologies. where the elastic material. natu

ral or synthetic rubber. is mixed through physical .. thods with the 

plastic material, usually polyoletins such as lov density polyethy

lene, high density polyethyl•91• and polypropylene. The e1aatic mate

rial may be natural rubber or polyisoprene, polybutadiene and ethy

lene-propylene (EPDM) s~theti~·ra.bbers~ 

3.1. Gratt copol'Y!llers and b1ock structure tecbnologies 
· ... 

3.1.1. Gratt copolymers technolog!es 

'ftlo product resul.ted. from the chemi~ bind:Ul:C ot.uaturai.·rubber 

with polymethyl methacryl.ate (BeTeaplus MG), whieh has boeen indus

trially produced for almost twenty years, is not a thermoplastic 

rubber, in the present day meaning of the term. ReveapJus MG cannot 

be directly processed by injection moulding or even compression moul

ding, due to its very high viscosity and its gel content (2). 

Conventional mastication will eonter a degree o~ proceseability 

to n~.,,eaplus ?-tG but the product does not have high streDgth or 

toughness unless it is subsequently vulcanized (6). 

The moditicationR and improvements brought to the initial Hevea

plus HG proce~:! have f'ailed to produce a viable thermoplastic rubber. 

'nle major dlf'ter~nce!'I between Reveaplus MG and the styrene-diene 

therrnopla~tic rubber are the chemical nature ot the hard polymer and 

the fundamental molecular a.rchi tecture. JJeveapluf' MG has poly (methyl 
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methacrylate) hard.polymer in a graft structure whereas styrene

diene thenaoplastic rubbers have poly{styrene) hard polymer in a 

block structure. 

Poly(methyl methacrylate) and poly(styrene) are both glas5y po

lymers with similar glass transition temperatures. Con~equently. 

they vou14 be expected to behave similarly in a phase-separating 

copolymer system vith a poly(diene). However, ~here is no practical 

conf'irmation of that. due mainly to the di:f'f'erence in molecular 

architecture {graf't Tersus block structure) (2). 

The experimental gratt copolymer thermoplastic rubbers are pre

pared by pol~isation o~ harl segment monomer from backbone ini

tiation sites by liTing polymer techniques. 'nle techniques give 

cODSiderably greater control over the graft structure than can be 

achieved with the tree radical reactions of the Heveaplus MG pro

cess. The procedure involves the separ'!lte synthesis of hard polymer 

chains with reactive end groups and subsequent reaction of these 

end groups with the natural. rubber backbone. {Figure ,.1.). 
l 

I 

Uwnodifted HR Chain. + I • I 
)( )( )( )( + I I I I 

-~ ~ ~ ~ 
~ ~ ~ ~ 

Reactive Prepolymer. ~ ~ ~ ~ 
~ ~ ~ ~ 

l .... ! 
* )( )( )( 

Graft Product. I I I I 

~ ~ ~ ~ 
~ ~ ~ ~ 
~ ~ ~ ~ 
~ ~ ~ ~ 

riv. S.1 . me1hoJ ctl' p1f1inJ usins rc:actiw rwepulynwr. 

The use of an air-stable prepolymer has clear advantaees in the 

grafting process; the prepolymer can be prepare~ independently.(2). 
I 
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'11le coup1ing reaction between the prepolymer and the po1y 

(isoprene) backbone represents an nene• addition oC the azodicar

boxy1ate group to an allyl~c double bond system. (Figure 3.2.). 

0 
II 

N=N-C-OEt 
I 

C=O 
I 

0-Polymer 

0 
II 

N-NH-C-OEt 
I 
C=O 

I 
O-Polymer 

·Fl9. :l. 2. "C9r" adolililMl ol 1hr UP!li.."alllt•llybl~ cM &""'Pu( tlw rac1i• pttpoly
P-r ,., - llylic ..... bOlld syslftll. 

l 

The reaction does not require the presence 0£ a cata1yst system 

'-' ar.4"~:compared to carbanion reactions, it is insensitive ~o 11.pu~
rit:i.es ··(either. pr~e~isting in the system. or brOught into ·:it· by ~v 
.. teriala). Thua, every d0uble bond oC the poly(isoprene) chain 

may·b~ ~0nsidered a potentia1 reaction site. (2). · . 

Figure :).). presents the direct synthesis oC the azoclicarboxy-
.... ... .. . . . . . . . 

'· 'late-termiliated po1ymer. 

------------------·-, 
Styrene Monomer. 

• 
Poly(styryl) Carbanion. 

• 
Hydroxy Poly(styrene). 

L-------r-----------

' 

Phosgene and Ethyl Carbazate. 

• ~------------------
: Cl.CO.NH.NH.CO.OEt 
I 

: . 
I 
I 
I 
I Cl.CO.N = N.CO. OEt 
I 

•--------1----------

Azodicarboxylate Polymer. 

F JIJ• 3 :3. dirt.-1 ~ynlht"\IJ of "'""'.""'"Yl~lt·lr1111111~h·•I f'l'lymtr j,y the- rra.:111111 of 
hyJ"'•YJ"•lyf ~•yrc-1.t I• rth "' ~111-~ol d1~•rnlr 
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The process consists in the preparation of a very highly reac

tive hydrochloric acid solution capable ot reacting with the hydro

xyl f'uncti~nal group of the polymer to give azodicarboxylate f'Uncti

ona~~ ty. (2). The reactive intermediate i~ prepared by oxidation of 

2-carbethoxyhydrazinecarbonyl with br09li.De in the presence ot pyri

dine or t-butyl hypochlorite. 

The reaction with hydroxy1 t'Unctiona1 poly(styrene) takes place 

in a solvent li.ke toluenei the al.most compl.ete conversion of styrene 

monomer to azodicarboxylate-f'Unctiona1 polymer is a one-step process 

involving successive addition of butyl lithiua initiator. ethylene 

oxide and reactive azo acid ch1oride solution in a separate reactor 

to avoid conta•ination ot 'the polymeriza~ion reactor vi.th ~gen 

ch1oride by-product. (8. 9). 
Large sca1e application of experimental pilot-sca1e data is made 

dirticul.t by the exothe:nn character of styxene polymerization reac

tion. Oxidation of 2-carbetoxyhydrazinecarbony1 chloride should be 

carried out imaediatel.y before reaction vi.th pol.,..r. 

Polymerization can be made usine either n-buty1 1ithi1D or 

sec-butyl lithiim as reaction i.ni.tiatori in the termer case the 

•olecular weight 41.stributf.ons are mch J\t.&her. 

Weutral_ization with carb~te. bores. or.so4iua acetate is ettec

tive and ao.i.8 water: vashinc. 

Reactions carried out in 8 .. 11er ·reactors give higher azodicar

boxylate tunetionalities .(over ·7~) vhi.le in the case· ot l.arge 

scale reactors the tigu.re i& around 5~. 

,.1.2. Direct mixift4 gratt reaction 

It has been observed that the f'unctional poly{styrene) reacts 

with na.tural rubber or synthetic poly(iaoprene) by direct mixing. 

in the absence of any diluent. For the reaction to take p1ace,. the 

temperature ot the mixing operation should exceed the ao~tellinc 

temperature of the poly{styrene) and the mix must be subject to 

high.er ffhear ~or at least part o~ the m~xin~ cycle. In other words, 

low shcnr and low temperature mixing does not result in .:p-a£t 

copolymer £ormation.{8). 
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The reaction between po1y(isoprene) o'C cari'C1ex IR )o5 type and 

azodicarboxylate-f'Unctiona1 poly(styrene} takes p1ace at a tempe

rature of 90°c and a mixing of 150 rpcq; a sharp increase in mixing 

torque occurs between ~ and 8 minutes from mixing start (Figure ,.%). 

Backbone: Cariftex 1R 305. 

Poly(styrene): • 8,200 404r. wtw. 

i 

..... J Torque. 

I 
2 4 6 8 10 

MiD1g Tme, <min.). 

fi9. 3. 4 . ~1-.-.!..UU.limr(orC"ariftralRlOSpolJ(iilllpRM).-uodicno ,._ 
-'i111131 pui,cllyftM) Md -.f-.ctialal palJ{llJI-) o( dw - .... WI. II • 

l 

The overall ~tif>Jl 

. 10 min. When th4l. mixing 
. •.; . 

o~ the mix~ proc~as i• approximately 

ope·ration is -~ied ou~ v!. th unreacti ve 

poly(atyrene), the t~rque.i.ftcrea~e during the process is not 

observed. 

When Cari~lex IR 'o5 poly(isoprene) rubber !s replaced with 

~m SL in the mixing process. e ~imilar variat::.cn o~ mix:int; torque 

and mixing time is observed, as shown in Figure 3.5. 11ae torque 

peak at intermediate mixing time is again noticeable, conf'i:rming 

graft copolymer ~ormation. (10, 11). 

'nle mixing torque versus mixing time variatbn curve ~s a con 

~equence ot the natural rubber very high ~nit~al vi~co~~ty. 11hlch 

thP.n lower~; as the cra~t1nc re:!.ct!-:m :l.s developinc, vi.i:;co~;_. ty 

:t'irst lowers and then increases in the 2--3 M.:nutes lntorv<ll (10, 11} 



lking 

Torque. 1 

- lo -

Backbone: NR (s.15U. 
Azo Poly(sty..-ene): lln 8,200, 4n w/w. 

2 4 6 8 10 
Mixing T1111e, (min.). 

Mention shou1d be made of the fact that grafting et~iciency is 

·liwer tor tile reaction ritll aatural. rubber as cOllpared to poly(iso

prene) rubber and depends in both cases on the ltrrel of.poly(sty

rene). in the mix •. -Graf'tJ.ng efficiency is summarized in FiCure 3~6-. 

in terms ot bound poly(styrene) as a f'unction of total poly(styrene) 
in the mix. 

-.... - ---; 

80 

Bound 
PolrC•trr•n• ), 

(~ wtw). 40 

20 

IA 

0 

0 .... .., . 
0 

0 • 
~· ., . 

• 

. ,. 
·'· 
20 40 60 80 100 

Total Poly(atyrene), ,.., Vl!'/W). 

flt.) .6 llMMI pot,(•'1'1111) • 1 flHIClloll of IOCll pol~IC)'fCM) '°' mlus of 11.odiarboqiltc· 
fUMlionll polJIC)'fCM) (Im 1100) wtfh Clrfflcx IR:t05 pol~itopNlll) Ind ' 

, NR (SMR ~L). , , 

-· 
1 
! 
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Fdr the reaction vi.th synthetic poly(isoprene) the amount of 

rubber-bound poly{styrene) increases linearly with increasing 

poly{styrene) level. the line extrapolated towards the lover values 

of poly{styrene) level passing through the origin of the axes. 

In the case or natural rubber reaction. the amount of" gra:f'ted 

poly(styrene) is lover for all experimental levels and the extra

polation is not precisely linear. This phenomenon is ascribed to 

intert'erence o:f' non-robbers in the natural rubber. 

At high poly(styrene) levels the na~ural rubber re1ationship 

approach. linearity and extrapolation to 1~ poly(styrene) gives 

the same maximum gra.:f'ting etticiency o:f' 76'/. as vas observed :f'or 

the synthetic poly(isoprene) reac'ti.ans. 

Extrapolation of' the linear section of' RR relati.on&h.i.p to lov 

pol.y(styrene) levels gives an intercept on the total poly(styrene) 

axis which can be interpreted as the total. amount o:f' axodicarboxy-

1a te-:tunctiona1 pol.y(styrene) vhich is deactivated by non-rubbers. 

The non-rubbers which intert'ere in the gra:rtiug process have 

not been clearly identit'ied and ~e extent of' their intert'erence 

. varies considerably. 

'Die. gra:rt~ et't'iciency 'f:or a. part:iculiar .. batch of'. azotic&r-

· boxyla~e-f'unctional poly(styrene) vi.th di.tterent grades of' natural: 

rubber. as ·coaipared to c&ri"tlex tR °jo.5 is shown ·in the table belows 

Backbone pol}'!?!r 

.Carit'les m :'Jo5 

S!·fil 5L 
~•m io 
SUR 20 

S!-m CV 

S)m EQ 

Acetone extracted SMR 5L 

Graf'ting~t':f'icien% (~) 

76 
48 
46 

'' 31 
24 

i) 

As it mic;ht be expected, acetone extraction of' natura1 rubber 

bef'ore gra~ting removes th• non-rubbers and resu1ts in a cruch betteT 

grarting ef'~iciency, comparable to that obtained with Cari~lex In 
3o5 synthetic poly(isoprene) rubber. However, acetone extraction 

is not practicable on industrial scale partly because 0£ hi&;h cost 

and partly because or technolocic~l di~ricu1ties related to solvent 
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Pre-tre~tment or the rubber with lovraolecul~r weight azod~

c~rlv,~l~tes gives !tome improvement but the ef"f"ect is saal.1 at 101-r 

!evels ~f ~dd~t:r,~ ~nd beco~~~ expen~!ve ?.t h~gher levels. Calcinn 

o:x:td~ di-;pgrsed .;n n5.neral .:>lI (Calo:!::~l "-:'5G) i:; 1:1.:?re etticient ::--.nd 

:::'."'!~d-~ ly a'V:l.il<.?>le :!'or both t~~ rubb~r indu:;try ~n<l the plast :· c., 

!.ndu!"..try. ..~ ..... _. lt). 

Figare '· "'." :i11u~tra':;a~ t~~ ~af't:n~ ~f':!"~c.:ency f'nr ~!T? 51. natu::.-~:::. 

rubl:-er i.n the t>;.-e~cnce .:>1" C::-.l·::X•)l, £~?: ccop~.rgd t~ Ca:::if'l~x ~~ '.}o5. 

Grafting 

EfficiellCJ. 

80 

60 

('I.). 40 

20 

• Carillex IR 305. 

SMR SL. 
4M wtw Poly(styre11e). 

5 10 15 . 
Caloxol Level. ('I. wtw on NR). 

F.ll'm ol c.lolU)I WSG oa Ilic paf'lilll cff'Kialcy or azodicarbuayla1e.f-1ioMI polJCllJfCM) 
(liii 10 000) lo NR (SML SL). 

The r:1achani~r.t o-r o~~rat:.. . .,~ ;;;~ C:1!c:::·~l :_:c; n"t enttrely clear; 

i. ts dc~"::·.c?ting act.:. ..... n 's certa.inl~,. <r.iport:::':'!t .,ut other !'?ttb~tance!" 

sach a~ z.;nc ._,xtde~ c:t'.rl'.''l!'late!"' ~..,d ~·c~?~h-n<'-tes ht'\ve al5o been 

reporte~ tn havP. P.n ir.rprovin~ e~~ect on natural rub~er gra~ting 

e~~iciency. 'Mle latter ob~ervation h~~ su~~estcd th~t unsP.tur~ted 

~atty acids or their oxidation products are ~artly responsible ~or 

lo1.,.e1·inJ of: cr:d't '.n!; ef":f'!c.icncy .in :ia t·Ll::~l r~~~er. ~e h}~Othesir

is ~u:>~~rtP.d by .-.n experi:~ent co:il1t:cte11 l<"i:t.'l ~ar~:flcx IR )o5 f'yn

t~~t..:.c !?'.;ly(i' cprt:ne) rub~.>cr t'' -...-~~c~· li;-:. ... "l!n.ic ::,c:..d 1-r.ls added; it 

~m~ ._.bSC:l"V<:'C~ t?l~t ~):a!'tin£: eff ic~e:!c:; .~:.:· ·ci·<'•r.a.iYc-ly <lac1•.?a~ C;: l:~.t:l 

t:l~ incr.c:::e~tal nclditi"n o: ~..:..T"J<:ln~c :.-.c • ~. (~). 

tur~·.l o::- :i;ynthnt,;..~ rtt~Jl)c~· ~-cC"t 1r: to h~vc (".~;scnt..:.al ncuno: ;~c :· .• .:vw.nt;: . .;.- .· 
I 
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j.2. Block structure tec!uiolo8~es 

The :f"ir::t report~ en ~.ni.;>n~c pv.l!·ner.::zation date ~a.ck tc t~~ 

yenr:.:: ::.910 -191i., when the :r::.:::-c:t pat.::nts were i.:ssucd. r~atthc1'"' ~.:1.tl 

~tra.~be in 1910 and then H~rric5 i.n 19~l de~cribed polymer prep::-, 

r~t~on us!ng sod~Uiil and potas~~lll!i ~ possibly lithiU!i: as reaction 

;..~~ti~tior. (2o). 

The new •nontermination" concept that 1ai.d the f'oundation :f"or 

livi.JlS pol~erizati.on V£s actua11.y put f'orth by Ziegler and C.>vor:·:.ars. 

Th~ synthesis or el.astooe~s reproducing natura1 rubber st~""llctu:-·~ 

mui properties was developed on1y af'ter 1955, through the researches 

carried out at Firestone Research Laboratories under the sponsorship 

of the US Def'ense Departmen"t. 

Szwarc rediscovered the 1iv:ins nature of anionic po1ycierizat~on, 

thus provin& beyond deubt its aul.ti.plc possibilities. He cou.!.d 

demonstrate that a poiy(styrene)1ivi.J16 cha.in accepts ~.nothcr monc=er, 

such &s isoprene producing a polystyrene-polyisoprene block-copol}~Cr 

or butadiene producing a polystyrene-polybutadiene b1ock-copolyoer. 

For alkadienes copolymerization with styrene in the presence or 
lithium alkyl. monomers activity in 1he pbl~ ~erization reaction 

increases in the order styrene isoprene butadiene. 

According to the speed o~ the initiation react~on the monomer~ 

can be arranged a~ ~o1lovs: 

styrene butadiene .:-:- isoprene • 

Sty~ene polymerization begins only after cost of the alkadiene 

has been used up. 

The ~nitiati~n reaction starts by the interaction of alk.}'1-lit~iurn 

with alkyl-styrene and the subsequent increase of the chain is pr.>

duced by d~ene polymerizat~on. 

'11le available experimental data. (-~ :J) show that copolym•rs 1d tb 

ideal blocks can be produced only by sequential addition 0£ 11,ono;;;e=-:c;. 

~fhen rJonouerz are introduced concor:oitantly, th~ m.!..ddlc blcc!~ wi!.l 

ci:mtnin only a certain qunntity ot" nlkyl styrenc.(2o). 

!ndu!:tri.al nethod~ f'°«Jr the production or ~tyro11e-t1utc.rlicne-ntyrcne 
copolyme1·~ use cyclohexrulc or tolnene o.:.; solvent:> since puly:;ty1)"l 

llthiuc i:; not aoluble in linear alipl1at!c sol'\1'cmtH. HoYcvei·, recent 

res~arc·nes have proved that I hexane too r:laY be used in ~uch proccr: :-e~; 
I I I 
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although polystyryl lithiuca is not soluble in it. Polystyryl lithium 

vas dispersed in hexane. using 1~ ~ SBS rubber as dispersion agent. 

The c:.i.crostructure o:f" the soft L.~ock in SB.S can be varied to 

produce SBS in whi~~ the middle block is froa 1~ i.2 to ~5~ 1,2 

or a mixture o:f" varied composition. 

Special techniques have led to obtainj,ng butad~ene-styrene co

polymers vith a low content of 1,2 vinyl. Such elastomers are known 

as solution Sim and their properties are in certain ways better than 

those of' emulsion SBR. 

?lonpolar aonomer copolymerization in anionic system lends itself" 

to experi.lllental studies owing to the long lif'e 0£ active species. 

It could be thus proved that, a1though butadiene homopolymerization 

speed is low, the 1Dlexpectedly high leve1 of butadiene in the initial 

copolymer is due to kinetic factors rather than to butadiene pre-

~erenti~1 abs~rr>tion in active sites. 

The production of' thermoplastic rubbers of' bl.ock copolymer type 

di~:f"ers from both the production of cl.mslc elastomers {polyisoprene, 

polybutadiene) and the production of' polystyrene mainly in the 

f'ollo,r...ng: 

- the use of' tvo monomers - butadiene and styrene - or iaoprene 
• 

and styrene; the level of styrene aay vary considerably {8t68~) 

from one type of thermoplastic rubber to the other; 

the u~e of dif'f erent catalyst systems than those employed in 

isoprene er ~utadiene polymerizat~on; 

· both ~soprene and butadiene polymerizations are continuous 

!,:j'stem.!;; st~·rcne polymerizat.i.on is generally produced batch-wi~e; 

while therr:?opla~tic rubbers are produced us~ng a mixed systec: 

continuou~ for $Oae steps and discontixuous f'or the others; 

- certain then:1oplastic rubbers or block copolymer type require 

E:xten.f-ion l>ith mineral oils (white oil) as they are destined ~or 

~'pec~al applications. 

The synthcsia of block copolymers comprises the followincr steps: 

(i) Gynthc:;l$ o~ !>1Jlystyryl lithium; 

(ii) Synthcrd.c of' poly::;tyrene-polybutadiene lithiUJll d~.hlock 

copolyr1er; 

I I I 
I I I I I 
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(iii) Coupling the active ends 0£ the resulting dib1ock copolymer 

u~ing a tet:::-a:f'Unctional coupl:ng agent; 

(iv} Stabilizing and extension; 

(v} Solvent removal; 

(vi} Po1ymer drying and granulation. 

The synthesis of polystyry1 lithium requires the previous pre

paration o~ organo-lithic compounds to be used as cata1yst in the 

synthesis of polymers and copolymers, by an anionic cechanism. 

The synthesis or organo-lithic compounds leaves a certain amo1Ul.t 

of nonreacted metallic lithiUD, as well as soee lithiw~ chloridei 

therefore• lithium ch1oride recycling after recovery is needed, 

according to the scheme below: 

I Lithium salts 
production 

I 
Lithium 

e1ectrolys:l..s 
Synthesis 
of organo
l:i. thic 
COJD[IOlllldS 

I 

i- E1astomers 

B1ock 
copol.ymerf: 

other po-
1 ymers by 
anionic 
mechanism 

Kinetic studies on polymer synthesis by anionic mechanism using 

organo-lithic catalysts require rigorously controlled worklng con

ditions as we11 as the use of high purity solvents. monomers an4 

catalysts. 

Lover organo-lithic compounds: cn3Li, c2H5Li are solid at room 

temperature, while n propyl-lithium, n butyl-lithium and amyl-lithi~ 

are viscous fluids vith very lov vapour pressure. All organo lithic 

compounds - methyl lithium excepted - are soluble in aromatic or 

aliphatic hydrocarbons, as vell as in ether. 

Organo-lithic compotmds reactivity with water, oxygen ancl carbon 

dioxide is especially hit;h and prevents polymerization reactions 

with orgono-lithic catalysts 1"rom ta.kine place in the presence or 

8Uch impurities. 
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J.2.1. Synthes~s of organo iith~c compounds 

Lit'h..i.urn alkyls vere t"irst obtained by Schlenbach and Roltz, by 

the act.ion o-£ metal.lie lithinr.i on mercury allcyls. Ziegler prepared 

various organo-lithic co::ipounC.::i by the sam...t method9 usin{;' lithium 

wire and successively treating it vith alkyl-mercury to cor.iplete 

consumption. As organo-mercuric compou..-id be used mercury diethyl, 

dipropyl and dipheny1 at 6c-65°c in benzene: (16. 17) 

2Li + Hg(C2H5) 2---~-----
2Li + Hg(c6n 5) 2 

2C2H5Li + Hg 

2c6R~i + Jig 

Later, Gilman continued Zi.et;1er 1 s researches; using various 

temperatures and various reaction aedia, he noticed that when the 

reaction temperature is lowered to roor.a temperature, the reaction 

tiCJe increases to four days. 

ilthou~ organo-rnercuric coapounds are relatively stable in water 

and oxygen, the hitPier sensitivity of' organ.:>-lithic compoWlds 

imposes the use of' nitrogen during synthesis as well as the advanced 

drying or reactants. 

K. Ziegler and H. Colon.ius 1o1ere the :first to show that in the 

Viirtz synthesis an organo-lithic co~olUld is obtained as primary 
• 

product vh.ich, in the case of average reactivity metals, does not 

react f'urther and the reaction is: 

2Li + R..~ Li!l + LiX 

Using this method, Gilman end Co\forker!' obtained a large range 

of organo-lithic co::ipounds nn~ developed a working procedure for 

the production 0£ such compuund~ uith satisfactory yields. 

Since not all organic chlorides react easily with lithium, 

some lithium compounds may be indirectly prepared ~rom a more 

convenient lithimn compound and the required organic balogenide: 

+ nx RLi + 

Nobis developed the synthet;.i::. or or.;ano-lithic compclUlds star

tin~ rroca orcano--sodic coinpounu:; and the anhydrous lithium chloride: 

nm:~ + r..;.c1 !tLi + NaCl 
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F.conomi.c advantages may be derived :from thi~ cef:hod only i:f 

industri~l prcduct"on i!"'. coupled with the production of' ojrt;ano 

~vdic comp•.)nncts. 

The earU.est exper~ments aimed at •.)btainine; organo li th i.c 

cor.:pvunds ·were r..ia~e without solvent, by the t'lirect action of' 
0 

L .. thiu1:t en the haJ..ogenated derivative, at 150 250 Ci however, the 

method failed to produce organo-lithic compounds. For instance, by 

the action cf lithium on iodobenzene. only lithium iodide and 

di.phenyl were obtained. 

Later, va~ivu~ solvents. as well as so~e alkyl ha1ogenides vere 

used as reaction medi~. Unlike the synthesis o~ organo-ma,;nesiwn 

compounds where any ha1ogenated a1iphati.c alkyl. (chlorides.bromides, 

iodides) may be used. in the synthesis of' organo-lithic compounds 

nlk-yl iodides are excluded as they produce Viirtz type condensation. 

z::_egler investieated the influence of alL..-yl halugen~des on the 

r·~c.ction yield when obtaining butyl-lithium in reaction systems 

without ~tirring; when butyl iodide is used, the reaction does not 

start even af'ter a f'elt days, while in the case of butyl bromide 

the reaction starts after ten minutes; on lithi\UD the lithium bro

mide i~ deposited like a sp>.nge - the reaction is consequently slow 

down and ~asts about three days with 48~ yield. When butyl chloride 

is used, th~ reaction duration is only 16 hours and the yield is 

;of:,. (22). 

Under vigorous stirring, the yields are the one~ given below: 

Alkyl halogenide Yield, ~ 

nutyl chloride 77.1 
Butyl bromide 68.8 

Phenyl chloride 48 .. 7 
Phenyl bromide !n.s 

f.s it can easily be seen, in the aromatic series better yields 

are obtained witJ1 brorninated derivatives, while in tlle aliphatic 

:;erle:J the chlorinated derivatives produce bett_,r yie1ds. 

Ar-. :ro11 the :=rnlvcnt used in reaction, the 1"irst tests were made 

with ethyl ether, benzene and cyclohexane. 

I 11 
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If ethyl ether is used, the reaction rate is high but the yield 

~s 50-60~. This rather low yield can be explained by the fact that 

lithi.u:n al.iph..<.t:i.c compounds are <lecou!,)u~ed .in ethyl ether solution 

and al.coholates result. 

~ther reaction with organo-lithic compounds consists· in the proton 

extraction by the carbanion followed by the spontaneous f'ragmentation 

of the resulting anion: (23} 

Methyl-lithium j_s the only organo-1::.tbic compound 'Which is stable 

in ethyl ether. 

By working e:t a temperature o~ -1c0 c, Gi1rnan suQ::eeded to increase 

to 75~ the yield of' organo-lithic compounds production in ethyl 

ether. 

Higher yields are obtaine~ with benzene and cyclohexane, but the 

reaction rate is slower than in the case of ethyl ether (e.g. 16 
hours in benzene). 

Subsequently, Gilman (25} suggested the use of petroleum ether , 
as a reaction mediUl!l f'or producinc orC&Jlo-lithic co~ounds :rr~m alkyl 

. . 
halot;enides and lithium. He pointed out the advantage ·o:r eliminating 

secondary reactions Which take place in ethyl ether. Moreover, the 

resulting lithiuc chloride, bcinc ::nsol.uble in pctroletl1!1 ether, is 

easily removed by decanting and f'il trut1.on. Gilman ee1ployed a petro

letD'.'1 :f.'r:::ction 1·.r:'.th a bo:·_lin~ :;:.n:'.:tt •'l~ ~~-3~0c r..n~ :"!.~!"erted that 

f'rc.ctions 1-."it1'. hle;her boilin~ point:. are lefi::-. convenient. He obtained 

butyl-1:'.thium at a 7~ yield. when u~in~ butyl br~Mide and n 75'fo yield 

1-lhen us int:: but:'l chlcr.:_~e. 

For the preparc.tion cf' but~rl l'.!.thiul"l ~.'..ef!ler et:!p'.T.c-yed ben7.ene aft 

oolvent; recently, heptane and cyclohcxane have l>Pcn U!!ed too. 

DatA to be :ruunc! in l~ter'4ture i.::::.di.cate t'hat the yit!ld varie~ 

I I I I I 
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Yield v~ri~tion accord~b to the nat\U"e 

.Alk-yl ha.l.obc:i::..c~~ ~~ivci1t Yi.el.de tf, Tewpera ture • Pc 

'!luty.l cltlorict.e ben:;.~cuc Ti • .l 65 
~tyl. chloride :i:)et::-o.lcu.-;: .'.?thcr 75 ref'l.wt 

Du:ty1 broa:i.c!e benzene 68.S 65 
imfyl bromide petro1eun ether 70 re:flux 

RC1 ethyl. ether sc-60 re:tlux 

Rel. ethyl ether 75-90 -10 

The reaction rate o~ butyl lithium synthesis ~s also i.nf'1uenced 

by the form o~ l!let~ilic .lithi~. As the reaction is a heterogeneous 

one between a l.i~u~c and a netal. it is core convenient to use 

In such case~ ax·ccn c.nd !leliu.~ are recoC&laided while nitrogen is 

not. because at te::aperatures over 25°c the increase of' the contact 

surface may lead to the f~r.:ation o:t lithiUJ:l nitride• which a~ovs 

down the react~on. Thcs, ~or!ti-~g with heptane-dispersed lithium at 

65°c. buty1-l.ithium i.s procluced in a :rev hours with.~ 7*J1, yield. 

'111.e reaction rate of organo-l~th~c compounds synthesis is a1so 

dependent on the level o~ so~iua in lithium. A signi.f'icant di:t:terenc· 

in yields (about 15~) l~S not~cetl when synthesising butyl-lithium 

l>ith metallic li.thi.u:.; !~v~ c sodit10 .level o~ either .less than 

o.oo~ or?$. 
In the ~ynthesi.::: o-f' tcrt:f.~i7 butyl-1:!.thi.u::i in pentane, 8~ ond 

higher yields were ubt~ined when lit!?i'Ur.l unde1~ di~persion :tore wi.th 

zf, sodi~ WO.!': usce c.s :-,.;~ini=;t 3.5i when lithium 1'ith o.si sodium 

covered by copper wns e~ployed. 

llit;h purity butyl-lithiu~ W2.s produced by the vacuwn technique 

£rom lithiurn and butyl chlor!de in benzene. Concentrated solutions 

of butyl-l~thiun were thu~ obta~ned, which were ~ubsequently diluted 

l'Y the same hie;h vacuum technique. 

The tec!1nolv~;;.c:\!. proce~~ ~or the production or orc;ano--lith;c 

c·~;:ipouncls ::..~ s~v~m :,;.n "!".~1e !:chew.a below: 
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I Solvent I [ A1kyl chloride I 
I I 

I Lithium I 

I d:lst:il.lation 
I d:i.stillat.ion I 

I 
I drying I I drying I 

I I 
I 

I 
Synthesis o~ 
organo-lithic 

compounds 

I 
Fil tra tiori · 

• 

I storage 

From among the procedures for the production or organo-lithic 

compound:;, the only industrially used one is the Gilman 1?1ethod, 

starting from metal.l~c lithiuc, usually under the form of dispersion, 

and alkyl chlorides. 

The Gilman method is th• most convenient mainly because the 

interc1ediate synthesis o~ another organo-metallic compound ia not 

needed. 1foreover, metallic lithium is now readily available and sv 

ore alkyl halogenidea which are produced in large quanti. t.ie!: by tl1e 

organi.c chemical industry. 

11le moi:t frequently employed ~olvents ft.re hexanr. A.nd C~'clohcxFme 

1mich ~re also used in anionlc polymr.rizat;.on react~.on:;. Th;;.!': c'h1;.:.cc 

.i:;; ma::..nly due t\> the fAct that such solventr:: ~re available _i_n re:.n · 

t~vely larce quantitie:. and at a lower pr::ce than e.rosllatlc hydrocar·· 

bons on the European market. 
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Lover bo~linb point solvents (n-pentanes, i-pentane, petro1eUCJ 

ether) are not pre~erred owing to their hi~ volatility {1eadilll; to 

instability o~ catalyst solution5 concentrnticn) ~nd risk or se1r.

ignition in contact with air {as a con~equcnce o~ the solvent rapid 

evaporation and subsequent :increase o~ soluti~n c~ncentrat!on). 

Lithium alk-yl solutions delivered by specializee cor.panies have 

concentrations ranging from 10 to 2C'f.. On stability-related criteria. 

sec-butyl-lithium solutions concentrat~on i~ usua~ly at the lover 

liait of the interval and n-butyl-lithiua eolut~on~ concentration at 

the highest lir:ii.t. These concentrati~r.s ~ecr: to bP t?te opt~mal ones 

as transport and storage are econocical and the risk of spontaneous 

ignition is mainta~ned vith~n reasonable lin~ts. 

At present. the mB.in suppliers ot organo-1it..~~c coi:JPounds are: 

- Lnil.:..OM CORPOPJ..TION OF M:ERICA. produci.n~: 

metallic 1ithiUD as bar~, wire and d~spe~s~on v.~th various 
sodi.uo levels; 

- phenyl-li.thimn (2~ in a 7c/3c ~uture of benzene- ethyl. 
ether)i 

- sec-buty1-lithi\DD {11~ inn-hexane); 

- n-buty1-l.ithium (201/> in n-he.xane); 

- FOarE MINERAL CO. (Philadelphia, USA), producing: 

metallic 1ithium as bars, wire ~d dispersion; 

- n.butyl-lithilDDi 

- tertiary butyl-lithiuc (2~ in cyclohe%mie); 

MST.ALLGESELLSCllAFT AG (Frankfurt, F!tG), producing: 

- metal1ic lithium as bars and wire; 

n-butyl lithiUIJ (15~ in hexane, 2C~ in c:rc1ohexane); 

- sec-butyl lithium (l~ in i-pentane). 

,.2.2. Synthesis o~ thermoplastic rubbers by the hlock-copolvmer rnttho 

'lbe synth.-,sis of block-copolymers (i!'!'oprene-styrene- isoprene or 

butad:f.-.ne- styrene-butadiene) concists o-r the f .... llowing m~in fiteps: 

i) synthes.'.::. of polystyryl ·lithiun; 

.i.i) synthesis l,f the d~_block ~opolyr.1er; 

iii) coupling the act.!.ve ende or the rer.ultec~ nihlock copolymer 

v;Lth a tetrafunct:f.onal couplinc' acent. 
I I 
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Polystyryl-lithiUl!l is produced in a reaction medium i"ormed by a 

solvent (toluene) in uh5.ch, at ooderate te?:lperature (2o-,o0 c), the 

~rganc-l~thic compotntd and styrene react ae described below: 

n - + cn2 = 

J .. i + 

.... 
. •.J1. 

__ __,. .. ~ R-(C?t
2
-cn) 

1
• L:l 

I n+ 

C(;HS 

polystyryl-
1i thium 

"nle diblock-copolyn19r synthesis takes place as described by the 

reactions: 
=CH-CH= 

R - or 

16115 

(CH2 - CB)n-:-1 - (CH2 - CH = CH - cn2) •• Li 

= C - CH = cn2 Auj 

• 
or 

- (CR - r} -(CH - c
1 

= CH - cu2)p• Li a n+l 2 
ll5 CHj 

A~ in media lacking reactive impuritfes the anionic pol'Yl!lerizat~on 

initiated w:O:.th lithiur:: alkyls is carried out without interruption 

reactions, the previously synthesised polystyryl-lithium may be used 

to !.ni tiate diene po!yrneri.zation. 

The diblock-copolymer is ~ynthesised in a hydrocarbon solvent 

(benzene, toluene) ln reaction vesselR provided with stirring and 

heat 11 ecovery syster.i {:J!C kcal/k~). The couplinc reaction is producerl 

by the contact o-r the resul tine diblock·-copo::.yr.er vl th a tetra.i"unc

t~onal cou:>I::.nc ~cent like :.;ilicun tetr~c!llnr~.de. 

r- - (CP..,-c;:) . J ·· (~., - C!! = ~ -Cr..,) r ... :.:. : S~C1 1, ~, nv. - ~ m • 
Cr:t! r.-, ..-' 

(C!! ... -crr) 1 ~ I TI-!· 

c,..nr
'J :.J 

(CJ.!~ - ~ = CTT - CTT2 ) _Si.. ·· 
- I 1 
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c = C!t 

' en, 
lr!.iCl 

Lithium chloride •esulti.ng :rro~ the coup1in~ reaction is 

clissolved in the solvent removal 112ter so that the dib1vck

C~!'~ ~yr-er :..:s nnt ~-M!.'1-'!!:"if'ied w! t?t li thit.c c!!.lcr~de. 

The resu!.ted b1ock-copolymer shou1d be stabi1ized with stabi

lizinl; agents speci~ic to the elastomers and plastics :industry 

(e.g. topanol) and, whenever necessary, oay be extended with o:!.J.. 

'nle solvent-remova1 operation. is aimed at eliminat~ both the 

non--rc<:cted monomers and the sol.vent us€:tl in the previous reaction 

~te:_ls. ~o:t.vent-rel!lova1 is aade v::.tn lrc.n:? water and 1.ot~ ,ressure 

vapour in stj.rred vesse1s to :facili.tate hydrocarbons evai>oration 

~.nd to prevent agglomeration of tha...'""l!loplastic rubber part~cles. 

A.f'ter the so1vent-removai operation the e~luent under the fore 

of vapours is directed to the solvent and monomer recovery ~tep; 

the solid parti.cles of thermoplast.ic rubber are subjected to "t."2.ter 

P.nd v.->l~t~le __ 111atter r~ove.l by extrus:!.on in special. equ:.pewnt!'. 

The oain cocmerc.::ally available thermoplastic rub'::>er~ or t:~..:.~ 

type are: Kraton (Shell), Solprene (Ph~·llips) and Europrene (-~,.:..c). 

Th.is type ot therl!lopla:!tic rubbers i$ o!Jta::.ned !Jy the phys:i.cal 

o.::..Xture o-r a natu_..-al or 3ynthetic elastOCJer vi th pla!';ti.c:-:, usu.-'\:ly 

~olyoleti..ns ~uch as polyethylene and polypropylene. (26). 

'111e physical properties or tb:i.s uaterial are sir.1ilar t<.. the.::: e or 
thermoplastic ol.efin rubbers :;ucl1 as ethylenc-prc:yylene rubber; 

consequently, they are cor.ipetitors on a certain market scct:.on. (3). 

To :..·C;aiize the place or th•ruo;>la::; tic rubbc4•,r. "':; COf"!i>arcd -;;~ ·i;;,;:~~

di ti~m·.l elactor.1e:-s aud !>l;:..!<t::c~, FiG'l?:;:e 3.n l>elow l.,re:::-cntr. t'1<' 

harclnt:':: n ranee of' TP~, rubb()r~ "-llr.! pl~f' tic::;. 
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The very large hardness range ot natu..-al rubber blends. graft 

copolymers or b1ock-copolymers can be noticed. It may equally be • 
seen that ther111oplasti.c rubbers can be applied in .the traditional 

fields ot both elastomers and plastics. (3). 

'11le block copolymers (SBS) types are available from hardness as 

low as un:tilled·rm to JDDch higher valu~s. The others range from 

approximately the hardness of a tread rubber to about that of high 

density polyethylene. (27, 28). 

11lermoplastic rubbers of SBS copolymer type, with characteristics 

rangiJlG trom 50 to 70 Shore are likely to compete with vulcanized 

elastomers and plastit'ied PVC in the shoe-making industry. 

Thermoplastic olefin rubbers are mainly applied in the automotive 

industry for the production ot bumbers, spoilers and other flexible 

panels requiring materials in the ranee 60 to 90 Shore. 
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Production of' T'Ptm blend::-

Proouction rnethnd!" :"or the~oplasttc blenC:s involve a f'ine di.s 

persion o~ each o1 the tvo co~ponents which are to be blended so a~ 

tc achieve phase nd!Je':i~m and a u.."'l:=.tary raorphclog::c~l. strt!cture. 

The main !"tage~ nf° the t.echni:-'T.ogical process are: 

- Moulding; 

- !!':xtrus:i.on. 

Figure J.9 beiow illustrates the main equipments composing a 

Frances-.5hat-1 pr.aduction line. 

Intermix 

Waterbath 

f"C- .J.9. l..:lyuut uC the Francis-Shaw miacr/nlradcr. 

Mixing 

Ail \els 

U Pelletizer 

0 
LJ 

Natural rubber• mo~tly ~?~ r; and polyolefin,usually P"lyethylene 

or polypropylene are m~xed in a Danbury m:.xer and then a ~haw !nter 

C!ix to achieve co!!'lplete b!.encinG c~ c.:>:nponents. 

Temperature control durin& the mixing batch preparation is very 

important. Starting with a warm machine (8o0 -120°c) mixing soon 

raises the temperature to the melting point o~ polyole~ins (135°c 
f'or HOPE and 165°c f'or PP). The batch should not be allowed to get 

too bot bece.use degradat::.on o~ natural rubber ma)· occur i:f the teu

perature is allowed to exceed 200°c :for more than :five minutes. (,). 

A typical r.1ixi11g cycle ln a :Jo.nbury aquip;nent with a rotor 

speed o:f 116 rpm is: 
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a) Add n~tural rubber, ant~oxido.nt, polyoleCin 

(.:.n either powder o>.~ pel1etlzed :Conn) and 
:r.::..l.l~r, :.. f" needed . • 

b) Ade! cro~slilL~i~ ngent . • • 
c) Add :mti.o:::idant • • • • 
d} Dlt:!1!l • • 

0 ainutc:; 

.3 oinute!: 

• 5 :ninutes 

• G e:=.nutes. 

:ui or.;::uiic peroxide or otl1er crosslinkin& agent f"or natural 

ru!>ber cay be ~dded dur~ mi.xin~. P.'orma11y, only sutticient to 

partia11y c~osslink the rubber is used and the procedure, which hn$ 

bee~ c~!!ed •dynan~c cro~s!inkin&• to indicate that the ~e~ction 

takes pl~ce during mixing, probably leads to formation of' micro

gelled rubber dispers .... in the melted polypropylene. In this case 

}.t is necessary to oodif'y i:he mixing cycle by delaying the addition 

of' cr~!5!"linking agent and antioxidant tmtil the whole amomit o~ poly-

pr.-;~!.ene has r.:elted; otherwise, int:im.."'lte 1:1i.x~ng of the two coapo·-

n~~t~ c~nn~t ~e achieved . 

.,..t r::ay be ncted that literature does not cite the neces~.;~ t·:l 

de!aj t~~ r;.dd:i.t~on of' pern::r.5.de in the case_ of' 'F!PD!!/PP aixtures. 

because EP,:! reacts more slowly than natural rubber v~th vulcan~zin~ 

agents. (32, .33). 
• 

Treatment o~ the batch a~ter mixing follows normal pract~ce. 

~-!hile stil1 hot, the batch i.s sheeted on a roll mill, allowed to coul 

~~~ ~Lcu3ht to a thickness or 8 mm. Passing it through the mill 

~-~yerc...i. times is not indicated, as the material cracks and beco:::es 

difficult to handle when the temperature Calls below the melting 

?Ci.~lt cf' the :>olyole:fin. For subsequent processing, such as inject~•.;m 

:,wuldh1c, the therF1cplast:1.c rubber is Gr8J1Uleted in a rota.>.-y type 

cutt~r, ~ddinc ~ ~a.rt~tivninc a~ent in the case o:r softer crades to 

!·:\.lnlc~i.nr~ ~nd extrusion 

Thcr.:1 :>:'!.&!"tic rub'Jcr~ can be r:ioulded and C-'=truded us ine nachinery 

o-r' t!1c ~n:::? t!,'!>€ C' ~;. tllo~ e used ~n the plarot:i.cs il1.du.&try. Fo1~ therco

:1!.:-..'.> "'.;_: c ::.'1.tY>€r: ;.;.njection nould!.nc; is cener~lly ~:;;>plied, c-.~ cnr.:pres

:: .:..m ::~··.::~.:."';,; ~··: ~ ;,r.·o,rt)'.~ t•·: ~>e le::-!: nat~.:o.facto:-y. ('.3}. 

~?·~ !:er;.e:: 35to:111e 1:achine prov.:.ded with reciproc~.t.:..nc 

n&:::?r.~un v.,lune uf al,out ~O era' of therr.lopl&::;tic 1:iatr.riF.!. 

I II I I 
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The e:::t:i.""llder he~ter:;; should be set within the :followi.n~ ten.j_Jerature 

r3ll(;CS: 

Re::..r ( f' e e~ CI::.d) 

Cent:a.~e !.'~one 

Front zone 

l'fozzl.e 

l9C·-220°C 

190-220°c. 

As mentioned be:fore, excessively hie:,~ tecipertttures ~hould be 

. 7oided during mixing and the same appl.ied durin5" o·ou!.ding a..""l.d 

ex·i;rus ion. 

A certain number o:f recyclings in t~• ~ejects e~t~--us~on proces~ 

:i.s possible, as shown in Fi.cure ). lo .. 

MP a 
900 flexwol modl•IS 

800 ••••••• 
700 

e 9 a • 
600 •••••••••• b 

500; 
17 
16 
1·5 
14 
13 -

Tensie. strength 

·'.. . 
·:: •• . • ••• ea 

• • • I ..b • 12---~~~ ....... ~--.ii.-.~---~---
10 o 2 4 6 8 

Nlmber of posses 

r:-11-3 •. 10. 
E«tC1 of number of passn lhrousJt 
REP B34K machine on flexural 
modulus •d tensile strmath of 
TPNR 6040 coabini .. 40 php llAF 
hbc:k: ahking radial mould llnw 
lints. ht :acmss mould now lints. 

!t can be concluded that up to ten recycles, the operation he.s 

only a small e:f~ect on modulus and tensile stren~th. 

nubber/polyole1'i.n blends, includ!nG TPR'R, i.dffer f"rom the 1,1ock-· 

copolymer thermoplastic rubbers in their ability to tolerate exteneio 

with oil. Pract:lcally, rubber/polyolefin blend~ ~::1;.' tolerate ~r.-:i.11 

qU:'lut:".ties of fil.ler for COf:t l~edudnz purpo::;e:;. For ther.:iopl::'..Stic 

r.uhber~ ~ temperature in excese or lGOcC i:::: required for introducin~ 

~dditives iJ1 the r.>ixing operat:r.on. 
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1-21 of' carbon black or titanium dioxide can be added to give 

protection aga.~nst ultravio1et 1igb.t, and co1oured pigments ruay 

also be t>..dc!~d. The ahras::..on resistance cay be inproved by add.ing 

precipitated si1ic~ and U? to 50 parts of' ground whiting can be 

used to reduce mou1d shrinkase er to iMlprcve extrusion with 1i.tt1e 

ef':fect on most physica1 properti.es. 

Norma1ly, amounts o:f 5 to 1si o:f oil are recommended to be mixed 

in thermopl.astic rubbers o:f TPNR type in order to reduce hardness 

and also melt viscosity. 

The tab1e bel.ou shows the veriati.on of' physical properties with 

the :fi11er content and the elastomer/polyol.e:fin ratio: 

P .... A.F -black 

Sof't c1ay 

Talc 

Flex modulus I-Ta 

TS " 
EB tl. 

/'~ 

Density, ,.. /i 'J •.. g r:i 

N.R/PP Ratio 

40/60 'J0/70 

l.O 

75 
25 

620 

·14 
200 

1.)5 

l.O 

690 
17 

'J.50 
0.95 

In conclusion, thermoplastic rubbers cbtained by blending 

natural or synthetic rubbers with polyole:fins, due to their 

specific characteristics, have :found various applications with 

specialized consumers. 
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4. New trends in the 2roduction processes and utilization 

o~ thermoplastic rubbers 

P;.1. Ueu trends in the production. processes 

rtecent resenrches (5) have proved that nny f'urther developments 

in the ~anu£acturi~ proce~s of thennoplastic rubbers are econcmically 

Yiable if they are carried out either in latex or during rubber 

mixing. 

Process modifications publishe~ in literature (5) :fall into twc 

ra~in categories: 

(i) 'nte method o:f inserting pendent groups to :f'unctionalize 

rubber :for purposes such as crosslinking. bonding, ageing, protection, 

etc. using sophisticated reagents; 

(ii) The method usin& cheaper reagents for bulk oodificat~on t0 

::::ec-";.I ~=-tttr~l '::':'.' z:,'"!'lthe~::.c rub~er w!th net-!' ,hy~°!c-:>-ch,,.~ical ~'."!fl 

:;;ech~nical pr\ipert~.es thus nak~_ng it compet:t~ve vith hiefter pr.:..ced 

1!1ater5 .. a1!=:. 

"·-~ de~cribed in the prevtous chapter, by ct>mbi.ning rubber w..:.t!l 

polystyrene (coc'b grafts), the:imoplastic rubber is obtained. with the 

:follow:.ng advantages: 

(::.) The r.tolectilar weight of' the polymer to be graf'ted can be 

accurately deterr.?ined; 

(ii) The number ~nd the average spacing of the grafted chains can 

be co:'ltrollcd; 

(iii) 'nle reactivity of the azo-tipping group leads to an ef:ficieni 

arnf't"'.r.c n•~t J!l~-Y :.n :;elution but nlso in dry m:!.::i::~nz; 

(~v} The ;';T~ftin~ :~ethod i~ applicable to ail p~lyr.ter that Cru1 

be ::"~:~ct~_vol~· t.::.r.>rice. ::-.nd even to n:!.:r.tures of' two or r.iore !;>Ol~T?cr::;, 

:~o t?!;;i.t ~·. l·r.'..de r;:.ngc c~ ~nfted polyr:1ers may be obtained. 

'!'h~rc1."ore, ~.n1" :"'.::..o-tipped polymer r.my be grafted to natural rubber 

i!'t r.~ :!.nt:f.on, p:.·ov.~.l'.Terl th~.t t!;e cor.T!""!on ~olvent be Previously ident:~ ... 

f';.ed, ~.rh.f..ch ~-s not an easy ta!l!c ·when widf!ly disparate polyr.ierc. nr2 

.... ..;i· ·1:..:,-·: • .:.~~.:.71.::; ~r.::iftin~, l:'.'l' t!1c!'l~cpla~t:i . .; properties anrl PJ~· C•".':-. 

·-~. · ~.:·.ty ,_)f.' the c;i.1:?.ft~., t~1cro fl.~·3 cl'.'rtain re~trictions i:::p.::i.:,...c~ 17 

~'1".' c;l:."1r--. tr~1H:.::.t~ :m ('!\;) o:i.1 r::elt..:.nc; tempr-"\ture~ (Tt1) and by the 
' 

,. (' 11.'l~'):..~.i ty '.·.'tween polym,ri:::. 
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For t:wr;-:opl"-;;tic rubbei.-s "f' {;:L'a:f't or block copolymer type the 

Tc; of the :.·u'T)l),~:::j" component shouJO. l>P bcl.;:;;,, ~·ov::! te~:1:>erature, l~h~le 

(35). 
Fc,r !.'Cte:nt.:.0:-t vi' propertie:: .:'t hi.::;~-:. t~:~~::e:.-~:ttu.:·~=~, Tc or Tm shol:l<l 

be as !1::.~., ns pon~:;.blc and cry::tn.l.l~-:-:.\! ::1'-'~.:,--: >::.·::: :-_:;,:c tv ~c:- prei"erreC: 

!:i~ce T::; ::...!': :;:u.c~1 better def'i.ned than Tb of :i polyner. 

Si.nee (.;ra:f'ting o:L" e1.:l.stoaer~ l·.rit!-i cle:fins occurs ~.t te~eratures 

above Tg or Tr.t of: the hard co~onent, c pr2.ctical li::i:i.t is ir.r:ied~ately 

l'laced on the ~l.ue-:- th~t-t?!.e:e c::.n ~::::::i::..-:c. ::'c::- cc::r;>or,.ent!:i who::;e T;; 

and Tm are in the range 160-180°c, the temperc.ture during the graf"ting 

process shou1d not exceed 18C-20C0 c (35). 

Graft polymers are in a better position than block po1ymers from 

thi~ point of: view since the 1ow mo1ecular veight cf' the hard polymer 

chains depresses the normal. Tg by ~lr::o!:t 50~. Thus we ce.n restrict 

consideration of' hard polymer~ :for ~a:ft:~nz to t!!cse having a ncrmel. 

Tg between 7C-2jo0 c or Tm between lto-20;.:; 0 c. (35). 

Solubi.iitx 

Solubil..ity is a parameter used to de:fi.ne coupati.b!.lity of' dif':fe

rent polymers and is based on cohesive energy calculated f'roo group 

mo1ar attraction data. 

It is not yet possi1:>1e to predic- accurately what the maxim....r.. 

di.f'ference is tbat would allow era~tinc out result~ in Table 4.1. 

SUG.ges t that it mi.e-ht be 1. :3 cal fc1:i - J/2 • 

Dependence o.r {?-·;i~tin.-; t.:. M~ .:in 

dif'f erence in solubility 2~rametcrs 

.Azo-polyrner 

Polyethylene 

Pol yd imetliy 1~i1 ox::i.n e 

l'olys ty:r.ane 

l'olymetl'!yl rnethe.
crylc-.te 

l'olycaprolactone 

c.1 
0.s 
LC 

l.15 

1. 3 

Gra:ftin~ 
in solution 

yes 

yes 

~"'C-': 

T::-..hle 4.1 

Dry r.:ix 
era ft inc 

yes 

no 

x j :A: .i..s calculatec1 dif1''5P-nce ~n solubiL. t:: paro;.;;1d:,r::; tc.k~ng 
1.'or TI'~ ~.1 1:e.l :t c~ '.3 -. 
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It is considered that the processability 0£ the material bec?mes 

poor i:f the di:ff'erence in solu~"lility is lar~er than 1.3 - 2.o {see 

Table 4.2). (5). 

~frect 0£ ~vlub~l~tx diff'erence 

p;;.rameter on orocessab.l.lity 

Copolymer system 

Dloc~ 

Polyalphamethylstyrene 

Polystyrene 

Polybis-phenol A-carbonate 

Polysulphone 

Gra:ft 

mt- polystyrene 

NR - polycaprolactone 

EPDM - polypivalolactone 

Sol.ubi.lity para
meter di:f'f'ei;~nce 

Ccalf cm-J/. ) 

1.6 

1.8 

2.2 

J.J 

Table lr.2 

Processability 

good 

good 

:f'air 

poor 

cood 

poor 

poor 

The ef'f'ect is due to marked phase -separation still existing in 

the polymer rne1t when the two-components have disparate solubility 

parameter::. 'nle energy required to raoVe a component :f'roa a·domain 

through a viscous mediuo lead~ to very high melt viscosities. (5). 

~olubil~ty parameters ei~:ference from natural rubber versus Tg/Trn 

i~ presented in Tr.ble "·'below and F~gure 4.1~ · 

'M1c pr.e:'"0!"rct'.' pr'.'~"!-!·~::-~-:: ~.:-"lulr1 :cc·:tpy the bl'.\tto!!: ri~t h~.nd CC\rn~r 

:=ind they shoulC: hav:; a r::-c:..: --;n;;.!.-•i.~· r:'.r;ht Tc or Trn ~er go~d retent:. ::m 

rf' propcrtiel': ;:;.t !1:_cb. t.et!j,)eratnre= c<Tl.d a low !':IOlubili.ty parar.teter 

d!f'f'erence f'');: i:;l)ir! p::.·~cessability. 

Theoretically, ~t ~o ponsible t~ extend the upper limit of the 

c:;;..a,?4ai:J in r-"i.cure 4.1 h~· ra:.:>inc the- solubility parameter of' natural 

rt:hher through ch(,;:;ico.l nud;i.f.;.cat;;..on; f'or :.i.n'6tance, a .50~ level or 
' J'.!•(.'l;.•ochlori.nc:..t;i.rm 1·.'VU~-r~ e:~ ye (; .15 lln:!. ts incren.ne 01' by a prior graf"·· 

'T 1 t . ::..:..:;. i}· u :;:...vc c iro:r? s.1 l c. g. polyr;1ethyl i•,eth~-

Cr ... , ...... ~ 9 .,~, 
·~·· .... &,t,,; •'-;J. 

' ' ' 
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Table "·' 
3olubilitx 2arameter dt:ff'erence :froc natural 

rubber versus Ttifrn 

Polymer Solubility parameter 
Tg{ 0 c) T!!!(oc) dlf'1erence 

(ca12 cua-3/2) 

1. Nylon 6/6 5,5 265 

2. Polyacrylonitrile 4.6 105 

j. Polyt:tethacryloni trile 2.6 120 

4. Poly (bis-phenol A-diphenyl 
sulphone 2.5 190 

5. Polypi.alolactone 1,4 240 

6. Poly (bis-phenol A-
carbonate) 1.4 220 

i• Poly(2,6 ~.i.J;iethyl-1,4-phe-
nylene oxi.de) 1,4 261 

s. Poly(vinyl ch1oride) 1,35 81 

9. Poly(2,2,4,4 tetramethyl 
1,1,J-cyclobutanediol 
carbonate) l..J 253 

lo. Pol.y(ethylene sul.phide) 1.3 210 

11. Polycaprolactone 1.3 65 
12. Polymethyl methacrylate 1.1.5 110 

13. Polystyrene 1.0 100 

14. Polyethylmethacrylate 0.9 65 

15. Polyalpha methylstyreile o.8 170 

16. Poly c!i:nethyl siloxane o.8 !2Q 

1'"; ' . Polypropylene o.6 l.75 
13. Polyethylene 0.1 1~0 
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Vulcanizates with labile or rever=>~-ble cross1.'.nkr: 

An attractive alternative to the p?ly!;l.cally d?cain cross1.~nked 

... thers:aop~as~~c ~bbe~ is 2.. vulcan!.zate with heat labil~, reversi~le 

C~?SSlinks (~igure 4.2). 

-I 

fil. 4.1. Sd1e1na1k: repr11cn11lion of 1 lhermolabilc crosslink. 
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Th .. ~ won::..:: ':it? cxpect~d to !lave phys:'..cal pr•.lpcrt~--e~ ~~ gooc& a~ e.. 

c ... ~nver..t.:on~l vulc~n:..~~tc :::.t tar::pe-:-ature!: up t·:.- the po~nt where the 

re:ieent or!~TI·~ :;;:"-J'l'!.jS v.ere ~:!ltrnduccd nlon(; the polybutad:..ene c!!a..::.n 

by copv!~c:L:::::-,t:".on tcc!'tn::..Clues a..."l.d crosslin!:cd by cr~terniz~t::on 't-!'ith 

a b -: r .. -.11 ,, ha"!: • (c-- "i'~ --·- ... ::} _ _ __ c.c ........ e .i: -~GUI e 4.j). 

• • 

T+ 
R-N-R , I x-2 

R3 

Lx-
R-N-R 

1 1 2 

,-.. ·4;.3. A bbilc (lllcal •• she.ii qua1anary sah crualink. 

This ga~ sign!ficant improvements in green strength without inter 
• 

ferr::.nt; vith prccessability becaust. :!.t was claimed the crosslinlcs 

were shear and/er temperature labile. 

Much higher degrees o~ crosslinking were obtained in the work of 

Car-rpb~l! (5) in ¥.h!c!t n~tural rubber wa~ first equipped with pendant 

hydroxyl groups s0me of which were transformed into erosslinks by 

reaction w!th a d~.f'Unction~l beta-keto e~ter (see Fieure 4. 4.). 

OH 

OH 

Jt Fis- 4.4. 
Tiie ke10-es1er uchlnp racaion 11 
Ilic hasis o( a lhermolabile crosslirk. 
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Un~ortunately, side reactions intervened at these temperatures 

leading to perr.ianent crosslOIL'c f'ormation. The most attractive route 

lef't to a possible thermoplastic vulcanizate would be the synthesis 

ot an azo-conq>o\Uld carrying a metal. chelating substituent, such as 

acetyl acetonate residue. 

A patent by Monsanto (B.Pat.1)75416) claims some progress in 

this direction {see F~gure ~.5.). 

1 0 Br 

R1N R2 ........,: / 

I ......... ~ ........ 
R,N R2 Q Br 

1 
fia.4.$ 

Diene rubbers were prepared with pendent pyridine groups by 

copoly.nerization with vinyl pyridine. Complexes of' nickel cross

linked the rubber, the cross1inks disappearing reversib1y at 18o0 c. 
The physical properties claimed were reasonable, tensile strength 

being up to ) MPa vi.th good compress~on set. (5). 
. ·. . . . .. · . . -: .. . .. 

In the field.of minor modification 1eve1s, it was established 

that there is nothing better thaD the •ene"·therma1 addition process 

when reactions in solution·are·to be·exc1uded, as shown in Figure 4.( 

~ 
H, ,Y 

x 

X Y 0 ' . ' ... ,, = can be ~N= , -N=N- C:O C=S C=C f, '~ t ~ '. 

,..,. lo.6. llle pner1l 'cne' raclinn. 
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Reactions vr addi.t~on to the doubie bond h~ve the £o11oving 

adv:111tages: 

- they are non-catalytic and therefore do not involve proble~s 

rel::.ted. to c~ta.1yst po~sonillG l>y non-rui>i..lers, in NRi 

- they arc hieh ef':f'ici.ency react..:..ons ar..<l do not induc~ side 

react~ons such as crossl~, de~adaticn, cyc1ization or isome-

rization i 

- they are versatile reaction~ al!owing the modification of 

funct~ona1 groups. 

Of the "enen reactions ~vailable, t~e ad~ition of the azo 1'Jncti

onal groups seems to be the best (see Figure 4.7.). 

+ 0 
I 

N=N-C-OR 
I 
C=O 
I x 

0 • N-NH-C-OR 
I 
c-o 
I x 

The on1y disadvantage of this type of.reaction is the very high 

cost of the resulti.ne organic chemical complex (£ 8/kg). 

'nlere are two other f'lmctional groups that merit investigation 

in the field of •enen reactions, i.e. carbene~ and nitrenes, which 

attack most polymers by either double bond addition or C-H insertion 

reactions (see Figure 4.8). 

.If \...,..CH -. ~x~ , .......... 
.. 

-11 -.... ~,, .... '\.,,.,.. 

--f)."-
" 

[Jr,.,-] 
__);CH-·1 

'It 

' " 
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Carbenes are more dirricult to generate in situ in other than 

!>i:>lution reactions. Ho¥.ever nitrenes can be generated by tiler.-10-

lysis of' azillo-conipounds at temperatures of: 120-Hio0 c and are 

aj?plicc.b1e to dry rubber reacti.•)ns. 

4.2. ?few trends i.n the utilization of the:rmoplc.stic rubbers 

4.2.1. Thermoplastic rubbers in footwear 

'11le footvear industry had in the past a relatively easy life in 

choosing its soling ciaterial - it used either leather or vulcani

zed rubber. nowever at the beginning of the 19GOs, with the intro

duction of PVC soling compotllld, the scene changed considerably. 

Since PVC ~s thermoplastic, it could be processed by standard auto

matic injection moulding techni•ues. This led to a dramatic reduc

tion in labour costs in comparison with those of vulcanized rubber 

and, as a resul~ pl&~t~c~sed ~VC ccmpounds have captured a market 

~hare of around 25~ in ~estern Europe. 

Around 1970 another polymer system, namely polyurethane, was 

introduced to meet the requirements of the large platform units 

fashionable at tl.&at time. Polyurethanes,hovever,require the use of 

special~zed technologies and machiilery which could not be used for 

any other polymer system. These factors. in combination ltlth fashion 

.:hanges away from platf'orrn sole styles, have limited the growth of 

polyuret~es af'ter the very promising start of the early 1970s. 

Currently their mai..-i appli ·n is in high·cost soles f'or high 

severity applicat~ons, such as sports shoes, but they are also used 

in premium casual shoes, mainly produced by those manufacturers 

having a greater investment in equipment. 

At about the same time (1972-74) thermoplastic rubbers based on 

styrene-butadiene-5tyrenc block copoJYT.Jers (S:JS) were introduced. 

Initially, the acceptance or. those SDS elastomers was slow. whic~ 

was partly attributed to their hi.gh coRt, but largely a re~ult or t~ 

lack of experience of both polymer manu~acturers and end u~ers a& t~ 

their conpound.::.n~ potential and the selection of appropriate !)ro-

ces,;inz condl t. ion::. r:-:-ie s::. tr.1a tl.:>n !ta5 chr.nc"'rJ dramatical!}• cvr~r 

1980 and ther1:1oplast5c rubbers have now establi~hed e. f trflna P·-'~i 

tion in the footwear nector. 
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This progress is illustrl\ted in Table fi.4. which giveE 

th~ per.etrati~n o~ thermoplast~c rubber in ~estern ~trope. 

Table ~.4. 

~ ~are of' ~est :;;uropean Soling 1-:arket 

Soling material 1980 1985 199ox) 

Vulcanized rubber ris 'ij '12 

P1asticised PVC 27 26 25 
Pc;lyuretbane 3 7 
Leather 7 6 6 

'nlermoplastic rubber 11 16 tO _..., 
others 2 2 2 

Tota1: 100 100 100 

x) Author's esticaati.on 

The thermop1ast~c share or the market increased 5~ in tvo years 

at tie expense or the vulcanized rubbers and pol.yurethanes. while 

the high price 0£ leather gaye a :f'artber impetus to its steady 
• 

substitution by PVC and TR. 

The utilization or the compounding versatility or thermoplastic 

rubber combined vi th the devel.opment or new types has prompted f'urt!ler 

pr•Jgr&ss i.n various f'ootvear markets. The :f'ollowi.ng major areas in 

the solid soling sector will be of' interest: 

- ni.:.n f'r·sh!.on dress shoe units/tb.::.n S'lle sheeting; 

- -:1as~c everyday walking shoes; 

- (utd·.)Cr training/sport shoes. 

Far;hi.onable dress shoes have been the exclusive dor.sain or clocked

out soles made f'rom leather or high-styrene resin rubber sheet. 

~eve.~.··t?l~lee.s, !"c1· reasons o-r de:,-.!.~ !"le::;;;.bility and, to a lez~e:&:" 

.:,;:;:,~;1t, co::;t, PVC ;;.njcct;.i..on mC>ulded tmits have ma<ie :::ub:3tc:·.nt.:.a1 in-
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Table I; 5. 

Materi.al type Leather T.R. 
High styrene 
resin rubber PVC 

!?ardness 5 .. hllre A 95 70-3C, 35-9C· 75-$5 

Uear resistance ++ + 

Fl.ex resistance ++-:- ... .. + 

Sli.p resistance ++ ++ 

Surf'ace appearance +++ + ++ ++ 

Custocer appeal. +++ ++ ++ 

ael.ative cost 250 lOC 105 

Recent1y it has been shown that cyc!e tines requ~red f'or thermo

plastic rubber co61pounds can be reuuceG to those ~or PVC compounds. 

~OT!S~C!11Pr.tly1 the CO!-t o:.f'f'ere".'!f:5..:>.l -r"·ir !'=:&;:·mfc..cfau•"G -;r.le'.<: he.~ 'he

corne les:; than the 2fff. rel.c.i;~·-~ vcl<!we c~st .~::..:r:re:!'ent~~l. 

The devel.opment of' thermopl~ti..c rubber l>a!<ecl ~olid sheet is in 

progress, and a f'ormul.at~on bas been developed shoving f'avourable 

properties compared with l.eather and h~gh styrene resin sheet. A 

recent evaluation shoved that laboratory produced thermoplastic 

rubber sheets can be processed into units and subsequently into shoes. 

without having to mOdify any of' the conventionel equipment. 

4.2.2. The potential of' thenr.oplast..ic :t-~./pol·Jolef'.:...ns blends 

1:D the shoe solinc apelications 

n~tural rubber/polyethylene 0ler-ds show better flov pr~p•rt~es 

vhen compared to natural rubber Jpolypropylene blends. A }..~/PP- bl.end 

containing 6<Yf, by weight of natural. rubber could l>e processed satis

f'actorily vhile m the ~/PP blend the proportJ..cn of :rm is limited 

to 4Y/> or less (%). 

Furhtermore, ~/PP blends with a hich proport~on o~ PP are 

cenera1ly too stii':f !'or soline. A& the ~:rt/PE blend shows the best 

prot:lise f'ol~ :;hoe i:;oline appl:i.cationr., our stuc:i.e:; hnve h~on centred 

on T)lendf; contain::.nc; equf·.1 proport~o•:1:.; of' eHch pnl~"l·JeJ.:- (T<" .. ble li. (,). 
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Tab1e 1'.6 

P.-ocess:nc C•>:td.it~.on oi theroaopl.ast~c rubhar 

Natural rubber 8iJ 6c lio 60 Ito 2·'"' '-' 

Polyethyl.ene 2·~ 4c 6c - - -
Polypropylene - - - 40 60 So 

Dicumylperoxide o.48 o.)6 0. 2li- o.)6 o.21' P.12 

Barrel temperature.oc 2oo-24o 165-185 1.60-l.80 121.0-280 19o-21o 1160-180 

Injection chamber 
temperature, 0c 250 195 190 240 220 190 

Injaction pres5ure, 
kg cm.-2 105 105 100 105 105 1.00 

Floxure modu1us, 1tiPa - - 61 - 255 -
Moulding qual.ity Poor Good Good Poor Good Good 

Another vay 9-r improving the f'l.ov properties is by incorporation 

of' process cil. TAh1e 4.7 shows the improvement of' t'lov properties by 

addition of' naphthenic oil, ~ut this method is limited by its adverse 

inf'luence ~n physical properties.(4). 

Table IJ.7 

Ef't'ect of' 9fl and silica on•processability 
of' 1'Pl'm 

0 narrel temperature, 

Injectio~1 ch<l!nt""l~r 
te:,pe::r.tu:ce, ..;C 

Injection pre~su~e, 
!t(; cu-'.'.! 

Oil 
0 0 

165-1.85 145-165 140-160 

.l 'i' 5 i·;·o 

.!.OC l.CO 

Si.1 

190-210 

220 

100 

Addition cf relnf'orcing filler such as silica impairs the t'lov 

propertias a~ hicher melt temperature is required to t'acilitate 

£"low. (4). 

-:!'feet ~-r r.:.llers .. :m phy~ '.cal propart.i.es can be seen in th~ 

'L:i~le l;.0. 

. 
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T~i.>le 4.3 

?'.:.!'.':feet uf f'illers on phy~ical P~'':>erties 

20 4o jo 60 Fi11er {v/w'f, ) 0 silica silica vhiti.n~ whitinr;: 

Ten$i1e stren~h, 1-!Pa 4.5 5.7 7.5 "· 7 
4. Ii. 

1-! l•~O. i·!l'a J.9 If.. 7 5.8 4.6 !i.1 

Tear. N/2 RC 73 93 85 73 68 
Abrasi.on (Du Pont.). 

1111/1000 rev. 1.9 1.2 l..2 ).2 

Hardness. Shore A 89 92 9li 91 92 

To lover the hardness of' TPNR. process oil is incorporated. 

Sel.ection of' the proper oil is important. Naph1bmi.c oil.s compatible 

with the natural rubber were studied. The addition of' oil besides 

l.owering the hardness also reduces the tensile and tear strangth, 

flexural oodu1us and abrasion {see Table 4.9). 

Table Zi.9 

Ef"f'ect of naphthenic oil 

O:il, (w/v.~} _ · 0 10 JO 

Tensile strengt~, !'IPa .Ii. 5 3.9 2.3 
Tear strength, N/2 mm 73 67 40 
Abra~iort resistarice 
(Du Pont), ml./looo rev. 1.9 3.0 J.7 
Flexural modulus, MP a 29 22 10 

!TE'rdne~:c;, Shore A 89 86 78 

Anoth~r possible way of' reducing flexural modulus and hardness 

without cP.UCJ.ing signi.f"icant dif"terence in tear and tensile proper 

t~es is by ~uhstituting the polyethylene with EVA {vinyl acetate, 

content !IS~). 

li.2.3. Thermople.st.1c rubber tor carpet tile backi..n; 

Ther11ovla~tic rubber is an ideal base r.iu.ter.ial for h~ghly :f.:.J led 

r:c:q>c-t:nd1., t.-, be ur;ed a~ i:..n integral backing of' ~elf'--!nyin~ c.::rpet 
~ ... 
''·' •. e:-.• 

'T"?ia r•;ll•:.ll·:..;ic i:c; suggei;ted nl!' <'\ startint:: :rorlilul~tion: 

·· r~'.• ·~ifi.r:x Tn-4113 lG(! parts; 

11 I 

50C• parts; 

55 pa.rts. 
I 

I I I 
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~tnb5 liz lt~.on of' carpet tile l)acking curnpounds :.s not considered 

e!""senti?.l, 'hut, i:f required, a '50/'5:-:0 ~lend of' d.i.lauryl t~i•>C.i?r.•lpic

nete ::\nd ;;, ;i:ndered phenol t~rpe i:. recor:::uended. 

F:.llers impart the high spec':f.:c f;r="v.:.ty r.:qu'.red n:f ll~Ck~n~ !'o:•r 

::elf" lay :ng carpet t ~ les and !"urthvrmorl?' d.:'!~::"'•"'<•~-e C•""\OP'-''t~nds c-~st!'. 

al~o oe taken _;_nto account. r.'or -:n~tance. ;rn the part~.cle s•ze de

creases. increasing amounts of process!n& oil vill be absorbed by the 

vhit!ng itsel:f. and so adjustment of the oil level is necessary tc 

acc<>t!:!:odate th;~ ef"f'ect. 

Barium sulphate can be used to obtain compounds o:f espeoi.a11y 

high specific gravity. Similar selection criteria should be used for 

whitings. Baritun su1pbate does tend to reduce tensi1e strength va1ues 

s1ight1y. Oil and wl~itin~ generally act L~ oppo~ite directions on most 

of the properties o-r ll~g:A1ly loaded c.:.:.ipvLifo::. ._:~;:, cu1 Le seen f'ro&.t th.c 

contour diagrams shown in Fi@ll.~e !: • 9. T!1e cu.-:::Jc..mnd~ in the areas not 

covered by the contours are these ~ which dii~iculties in mixing or 

sheet processing may be encountered as the ratio of oil to whiting 

bec<>Des too high or too low. 

The type of" cot:tpound reco1:imended :ro:..~ carpet tile backing is in the 

region of 500 phr whiti~~ e.11d 55 p:u~ oi~. 

:Elongation -at break gives an idea of' "~end~hiLity" without breaking: 

100~ is conaidered an ~<!equate 1:i:..nir:run, and c:::.n N=t.sily be- met wit~. 

TR compounds. 

The roe:!.t index :f'igures are rel:lted tc c~~:...,'1uni:i v~sc·::>!3ity end t?tus 

g:ve e.n indicat!.on or procef" ::;~~>.&.L .. ty. 

The spec::fic gravity is se&n tu ~:-e 1:.ainly a fnnct:!.on of the :f.i.1ler 

present. 

!Jardness :;.s governed by both ~il and w'!-.. : tint;. The sti:f':fness o~ the 

compound is naturally rela.tad to t~e har~nes:c;. 

A production. scheme fo1• therr.10pL·.:.;tic carpet t.::..le:; c~n be seen :!-
, 

!o':i.3".!re li.10., 

The i:'lte=-nc- l •'iixer p).·crluc~:. <.:. l•:..·cc •i.IJ!.i.:? . I :'·;°' tcr.:.H 1 I ~~ c.Jntlnu-;us 

, 1.~.xer !)rcrhtce:• :~ :'tr.:.p. Frn;.1 t~lc; . .::,.,, -~·· .. -:.1: =.-. ;~~1.;-.~1·. :-1:1~t h.~ ;;~rJe. 
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fig. 4. 9. Effect of whiting/oil levels on the properties of CMpet- tile l>Ktling 
conipounds ~on C.riflea TA-4113 

Tenssle strength (MN/m') 

120 

80 

120 

80 

100 300 500 

Permanent indentation set aher 
8 hr. recovery ('I.) 

100 300 500 

Elongation at break (1110 ') 'I. 

100 300 500 

Mlded whiting (phr) 

.. 

~index. T (g/10min) 

700 100 300 

Specific gravity 

700. 100 300 500 

Hardness. ShoreA 

120 

80 

700 100 JOO 500 

Mlded whiting (plw) 

700 

700 



Fig. 4.10 
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forming 
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I Coo1i.ng, 
cutting, 
packing 

Banbury, Buss-Ko-Kneader 

Extruder calender m~lls. 

Heat fclLowed by roll 
system 

Norl!lal.. equipment 

Production scheme for TPR carpet tiles 

There are tvo blksic possibilities to app1ying sheet to carpet. 

~o1d sheet can be f'e_d vi th carpet to an • Auma • or "Rctocure" type 

of machine which presses them together aro\Uld a heated drum by means 

of a robust be1t. 

The alternative route is essential1y very simp1ei one uses an oven 

to warm up the sheet to about 140-16o0 c, f'o1lowed by a pair of siraple 

ro11s to press the sheet on the carpet. 

A1ternative modern systems consist in a complete line of machinery 

to combine the sheet-forming and the sheet-ap?lication step. :n otl1e:o.. .. 

words, it is possible to feed such a coi:lpound to a bank on a slmple 

two-roll system together with carpet {melt index .5kg/10 ~in and 

temperature i50°c). 
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4.2.4. Technological equipment 

a) Block ~tructure technologies 

This process is characterized by phenomena of chemical binding between 

the elastic material (rubber) and the plastic one {polystyrene) and 

consists of the following steps: 

i) synthesis of polystyryl lithiua 

ii) synthesis of the diblock-c:opolymer 

iii) coupling the active ends of the resulted diblock-copolymer with 

a tetra-functional coupling agent. 

For this process the .ain equipments for producing 20,000 t/y thel:WIDplastic 

rubbers are shown below: 

Type of equipment Technological 
function 

capacity or 
d:lmensions 

• 

Materials Potential 
suppliers 

I.Stirring vessels Preparation of 
the catalyst 

a.a.* Comaon suppliers 
for cheai.cal 
equipment 

2. Reactors vi.th 
agitators 

3. Reactors vi.th 
agi~tor 

4. Evaporator 

complex 

Synthesis of 
polysthyryl 

10 .. 3 

Diblock-copo-- 20 a3 • 
lymer preparation 

Desolventation 30 a 3 

of the polymer 
solution 

a.a. - " -

' 
s.s. .. 

•••• .. 

5. Double screen 
extruder 

Drying the 
thermoplastic 
polymer until 
0,5% w water 

2-4 t/h 
polymerfeed 

c.s.** Anderson - SUA 
French Oil - SUA 
Industrial Export 
llollania 

Note: * s.s.: stainless steel 
** c.s.: carbon steel 

Nef tebin - prom 
export - s.u. 

Elastic material, natural or synthetic rubber is aixed through phyaical 

methods with the plastic material, usually polyolefines such as low 

density polyethylene, high density polyethylene and polypropylene. 

Such processee consist of the following steps: 

i) mixing 

ii) moulding 

iii) extrusion. 



'l'be main equipment used for such processes is: 

- intem:ix 

- extruder 

die 

- vaterbath 

- pelletizer 

and the potential suppliers are: 

SHTC Jtauhlan 
SS, J:lle du Pont VI - POB 204 
F-760S3·Le-aavre·Cedex,·France 

DAUSs-HAFFEI AG 
P.O. Box SOO 340 
D-8000 llanich S01 - F .lt.G. 

CUSPI SPA 
Via lloocaglia, 13 
I-20146·K1JaG0;·1caly 

PLASTIHAC SPA 
P.le G. Cesare 9 
1-2014s·H1JaGo;-1taly 

POL!TAL 
Strada Settimo 399/7 
-1~10156:TUriD;·ItaJ.y 

BADll PEBIRS ROLDDIGS 
Vestwood Vorks . 
Vestf ield Road 

·retHborough·itE3-6TA1 United.Kingdom 

BETOL MAalIHEllY LTD. 
187 Caford·Way 
Sunclon Park 

·wton, Beda1 :t.U3 JAR; -thlited.Kingdom 

KDJ.IOH FZTRDDERS, INC. 
56 Depot Street 
Verona, -11J07044; USA 

PLASTIC STORK MACBIHEllY 
P.O. Box 19S 
7550-aetberlands 

STORK XUHSTSTOFF.tfASCllIREN 
Friedrichstrasse 35 a 
~5880 I.Undenscheid, F.R~G. 

DJDUSTRIAL EXPORT 
Bukarest; llOlllania 

PAGANI. Machine per la lavoraziane 
della aaterie thermoplastiche extruse 
Via Marconi 23/25 
Milano, · Italy 

Telex: 190912 F 

Telex: OS 23 163 

Telex: 332082 

Telex: ~32215 

Telex: 224075 " 

Telex: 32185 

Tel ex: 825233 

Telex: 133560 
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5. Health and sa~ety aspects o~ thermop1astic rubbers 

Increasing attention is being given l>y industry to the hea1th 

and sa£ety aspects of chemical products. Regulations on these 

aspects vary ~rom country to country and it is therefore not possib1e 

in t~is publication to make specific reference to them but it is 

recomaended that the user be :f'ul.1y aware of existing regul.ations. 

1bis technical information therefore describes on1y the possible 

hazards inYolved and the precautions that should be taken when bandlin 

and processing thermoplastic rubbers. 

'Iha rav rubber cont&ins additives to protect it during storage and 

transit and ~o conf'er specificdlaracteristics (exteQ.der oi1). It 

a1so contains traces of materia1s which are residues from the poly

merization and finishing stages. 

'lhermoplastic rubbers, in common vith all emulsion po1ymerized 

po1ymers, have by comparison a much higher level of residues, mainl.y 

organi.c acids, which are required f'or the polymerization and finishing 

of the product. Traces of free monomer and solvent may be present in 

the rubber depending on the polymerization process used. 

. At present tiae there is 1&0 evidence to suggest that the presence 

of.these residues in thermop1astic rubbers constitutes a health 

hazard dnriilg band1ing Qr processing- of the rubber compound, under 

normal safe working conditions. 

The oils used are aromatic or naphthenic types depending on the 

f'inal characteristics requirad. The oils dif'f'er in aromaticity and 

a general characterization is as follows: 

- .Aromatic oil - 6~ wt aromatic content; 

- Naphthenic oil - 30-6~ wt aromatic content. 

The aromatic oils contain polycyclic aromatic hydrocarbons of 

high boiling point (350-550°c) containing four or more aromatic 

rings, some of' which are of a type known to pose a carcinogenic risk 

if' contact with such o~1 is prolonged and under conditions of poor 

personal hygiene. Thus, a health hazard may exist depending upon the 

cond:l.tions of exposure vhen rubbers- c-:>ntainine these oils are proces · 

sed and handled. 
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The naphthenic oils are more highly re:fi.ned and generally con

tain less polycyclic aromatic hydr~carbons than aromatic oils. 

Nevertheless. it is recvEIDended that the same precautions be observed. 

The use o~ protective cl.othing is recocmaended when processing 

thermoplastic rubber, especially in cases o:f prolonged contact. 

Overalls and undergarments should be laundered regularly and soiled 

gloves disposed o:f. 

Repeated or prolonged skin contact with the oil. extended types 

shoul.d be avoided especiall.y when the robber compound is hot or 

sol.vent wetted. When such contact does occur th.e skin shou1d be 

washed with wann water and mild soap. Strong soaps, detergents and 

abrasive skin cl.eansers shoul.d be avoided. 

'!'he vapours or f'umes that arise daring the processing o:f general 

purpose rubbers can, in poorly vent~~ated areas, cause irritation. 

When this occurs the eyes should be irrigated with cl.ean water. 

Although ingestion o:f the rubber is not considered a hazard, it 

should be avoided. It is recommended that :food, beverages and smoking 

shoul.d not be allowed in areas where the rubber is being handl.ed or 

processed. The inbal.ation o:f f'umes or vapours which are evolved when 

processing the thermoplastic rubbers, especially oil extended types, 

shoul.d be avoided •. Efficient exhaust_ ventilation vi11 sol.ve_probl.ems 

arising :from this so~ceiwhen thi~ is not_avail.abl.e protective respi

rators should be worn. Washing facilities shoul.d_ be conveniently 

located near the working area to al.low personnel to wash after han

dling the rubber, bef'ore eating. 

First aid facilities shoul.d be readily and conveniently available, 

vith qual.i:fied personnel in attendance. Where there is a need for 

:further skilled medical assistance thio shoul.d be sought :Immediately 

from a nurse or doctor. 

During the process:l.ng o:f the raw rubber and in the subsequent 

stages of manufacture it is essential to observe the following safety 

precautions: 

(a) avoid the inhalation o~ f'wnes and vapours from hot rubbers, 

compounds and vulcanizates; 

(b) prevent skin contact with hot or solvent vetted rubber-com

pound surf'aces by wearing appropriate protective clothing; 

(c) observe the safety regulations tor the chemicals used in 

rubber processing; 

I I I II 111 I I I I 11 I 11 II I II II 
I 

I I 11 
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(d) maintain e:f'f'icient ventilation especia11y where rubbers 

containing ext~der oils are being processed. 

As a guideline and for f'urther inf'ormation on tlle atmospheric 

contamination by f'Umes and vapours, ref'erence is made to the BRMA 

Code of Practice, where a value of' 0.25 mg/m) is quoted. 

'lbe rubber shou1d be stored in an adequately ventilated area 

vb.ere it will not be subjected to sunlight. extreme temperatures 

or naked flame. 

Precaution shoul.d be taken to ensure the absence of' sources of 

ignition in the storage and processing area. In the event of' a small 

fire, this may be fought uaing carbon dioxide. dry chemical powders. 

t'oam, water spray, sand ~r earth. Large fire should be dea1t with 

by t'oam or water fog. 

Waste product can be disposed of' by burying on an approved site 

or burning under contro11ed conditions. In many counf:ries regul.ations 

exist regarding the disposal of waste products and it is reco1111:1ended 

that these be re:fe:tTed to. 

If' the finished rubber article is intended t'or use in contact 

_with t'ood_ or ill_pb•"9ceut:lcal. ~ppl~c.at:lons, toys and other human 

.contac~ areas the.rel;.eTUlt regulations s~ould be observed. 

6. Some economic· ypects re1ate4 to the production 

and utilization· of' therm22lestic rubbers. 

'ftle d .. and t'or thermopl.aatic rubbers is continuously growing as 

compared to traditional elastomers and plastics whose yearly growth 

rates are lover. 

Today, about 500,000 tonnes/year o~ thermoplastic rubbers are 

produced and sold in the world; it is estimated that production will 

increase by another 50,000 tonnes/year as thermoplastic rubber pro

ducts will :t11rther replace thermoset rubber parts and polymers. 

Various marketin& studies point out that in the next years at leaet 

100,000 tonnes o~ thermoset rubber parts will be replaced by thermo

plastic rubber items. 

'nle use of thermoplastic processing equipment will not onl.y r:Jake 
I 

the rubber induatry more competl.tive, it will also put more p:-et.sur( 

on the price of finished parts, and make the pr-:>duction o!' the.o.'"moset 

rubber parts significantly more coat co1npetitive. 

I 11 I I I I I I I I 
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In the USA, thermoplastic rubbers consumpt~on is 200,000 to1U1es 

and vi11 inc1·eas·e by over 100,000 tonnes in the next five years if 

natural rubber and EPDM rubber are approximately equal in price. 

In Western Europe, the list price for ethyl.ene-propylene rubber is 

considerably higher than current natural rubber prices and this leads 

to estimated sel.ling prices of most grades of thermoplastic rubber 

at 1east l~ 1ower than thermoplastic c1efin e1astomers of equivalent 

hardness with similar rubber/polypropylene ratios. assuming all other 

manut'acturing coats would be the same. 

The European consumption of thermoplastic rubber is even larger 

then in the US.A., and will show simil.ar growth (250.000 tonnes/year} 

in l.989 and 300,000 tonnes/year in 1990. 

The Japanese production ia also growing rapid1y. 

In a natural. ru.bber producing colDltry the I.over cost of' natural. 

rubber (not having export duties and freight changes) will, to some 

extent, be offset by higher costs of imported chemica1s and poly

propylene. However, lover labour costs in a devel.oping c01D1try and 

other costs savings make for a much iower estimated production cost of 

thermoplastic rubber in SE Asia compared with Europe. Bence there is 

an excel.lent case t'or producing thermoplast.i.c rubber to supply l.ocal 

manut'acture in these countrie~~ It _is estimated that an economic 

price for locally produced thermoplastic rubber could undercut the 

price of imported thermoplastic ole:t'in elastomer& by20-:J~. Even 

production for export should be possible, provided the additional 

cost of' exporting and shipping is not too high (:3). 

Some assessment regarding the economic status of' thermop1astic 

rubber process is essential. but the novelty 01' the process makes 

this assessment ditficult to achieve. 

A target price tor rav gratt copolymers can be set at £ 1,000/ 

tonne. This was a representative price ~or pure styrene-diene block 

copolymer at the time of' the costing exercise. Taking a price t'or 

natural rubber of f:. 600/tonne and assum;.ne a gra1't cop,.,lymer corapo

sltion 01' :35~ poly~tyrene, an allo"ahla cost 01' ;,, 1, 75C/tcnne ca."l 

be assigned tor the azodicarboxylate fttnct~cnal polystyrene. It it 

is assumed that the oaterials cost 'for the synthe~ 5.s of one tonne 

of' azodicnrboSylate t'Unctional polystyrene must be only about one 

th:l.rd 01' the total allowable cost, :a mater:Lals target price of' 

£ 600 can be set tor the preparation of' one tonne of fwictional 

I 11 I I II 111 
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polystyrene. 

The price or styrene monogar at t~• time 0£ c"sting was f.. )25/ 

tonne and tha cost of n--butyl 1~.thium initiator to convert one 

tonne of monomer t•:> polystyrene of a molecular weight of' 7500, 

was £ 107. '!be cost of all chemical.s required to synthesise the 

azodi.carboxyl.ate end group, assuming 66'f, overal.l convers~on from 

phosgene and ethyl. carbazate, was £ 180, giving a total. materials 

cost for one tonne o~ functional. polystyrene of £ 612, vhi.ch is not 

far outside the target price of £ 600. 'l'!lis materia1s cost does not 

include the solvents used in the polystyrene synthesis. 'nleir cost 

is in the region of £ 650 per tonne of polystyrene and cl.earl.y, 

highly ef':ficient sol.vent recovery vou1d be essential.. 

The costing exercise ia1 of necessity, over simpl.if'ied, and does 

not even go as f'ar as to include profit aargins, but it serves to 

illustrate that the prepolycer approach to graf"t cop~l}'laer formation 

is not entirely beyond the bounds of ccmaercial. feasibility.(2). 
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