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1. ntrclfuction
——

1,1, 3Shioxrt nistery

Thermicplastic »udblierz are = relatively new cztegrry of industrial
preoducts making a bridge bitween the rubder industry and the plastic

industry.

The rubber z2nd plastics industries have developed rather indepen-
dently from ezch other for a2 long period of time, although polymer
and rubber precessing on the one hand end plastics processing, on the
other, are a comrion factor. 7ith the sppearance in the 1950s of ther-
noplastic rubbers, the gap between them began to close mainly because
the equipment is basically the same and the properties and perfor-
rrance of the resulting products are very similar to those of traditi-
onal elastomers, In the last 25 years, the number of types of thexrmo-
plastic rubbers has signilicantly increased and the products have
captured a share of the narkets traditionally Lelonging to elastomers
and plastics,

In the first years foilowing the marketing of thermoplastic rubber:
it was believed that the new products would replace traditional elas-
tomersj later, however, Zt was proved that such reports had been mere
exaggerations and that thermonlastic rubbers add themselves to the

existiﬁg range of rubber products,

At preszent, thermoplastic rubbers camnot wholly replace classical
ela:tomers as their penetration into several markets for rubber pro-
ductsz is still difficuit., Ti.viously, they have not penetrated at all
the tyre market, which Zc the largest one for elastomers, and will

not do that for at lezzt zanother cecade,

Thexrmoplastic rubh2rs cannnot d splace, today or in the near future,
the large quantities c¢f thermoszset rubber used in industrial ru.ber
products although they hinve azchieved success in replacing several
hundred thousands tonne: of thermnoset rubber polymers, natural and
synthetic.

The thermoset iubbar polymars can He developed in hundreds of indi-
viduel compcunds which, wvhen cumbined, miey result in products largel:
Al fferent in properti.: and perfirnance., 'ligh performance products

weuld however reauare lensthy reszezrch and developrient,
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The cost/performance rztio is not tc be ignored either. Even if
the theraoplastic rubders have very fo0d performance, sometimes even
hetter than thermoset rubber polyuners, the starting raw materisls for
thair production are generally more expensive than those for theirmc-

set mmibher compounds.

Given improved performance but higher raw materials cost for ther-
rmoplastic rubbers and higher processing costs (energy end lzbour
intensive) for thermoset rubber ccmpounds, the guestion it whether

the former are or will be able to replace the later.

The growth of thermoplastic rubbers is also related to the fact
that they ere manufactured in very lerge quantities and a2 limited
nuwaber of grades which allows the use of highly automated, computer-

controlled production systems.

Another advantage of thermoplastic rubbers s the constant and
staﬁ‘ardized qualiity of raw uaterials, irrespective of zuppllicer,
which provides consistent quality and increased competitiveness for
the resulting preducts. By contrast, it is common knowledge that
quality,batch~-to~batch variations of rubber is. 2 major shortconirng

inm rubber part fabrication,.

The main advantages that favour the uses of thermoplastic rubbers
are their rubberiness, light weight, low temperature properties,

skid resistance, good flow properties and design flexibility. (h).

1.2, Production capacities and consumption

The present market for thermoplastic rubbers is large and still

growing. Yorldwide, over 5CC,0CC tonnes zre scld and the teotal ie
expected to increase by 50,000 tonnes/year, mainly by replacings
thermoset rubier parts and polymers.

In the 7IGA, the thermoplastic rubhers consurption is alout
2CC, C0C tonnecs/year and will probably increase by over 10C,007 tcnnes
in the follywing vears. The Turopean and Japanese consuriptions are
elsc growing raplildly, This =ignificant increece 211 over the world
is due tos the large range of applieations o theruoplactie ruhdel:

nz well ez to thei:r specifilc properi’es,

G

The talrler Delcw indicate the total preduction rnd cunomumpticn ofF
thcermoplactic wubberz In the UTA, Murcvpe and Jupun, tuing inte com-

t’deration the mrin types therecf:
I I I
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Trsducticn of thesiiwplestic rubbeys I Sopsn

1902 i03e 19Q7
Styrene ic 15 C
Olefinic biends 12 5 25
Tiastcneric a2iicys - - 5
Urethanes 5 7 9
Copolrestars 2 2 7
PVC 25 30 Lo

Totul: 5 7< 115

A cursory lcck on tables 1.1 - 1.4 will Indicate that the UsA
are now the largest consumer of thermoplastic rubbers with approxi-
tately 335 of the toial copsumpticn of the main industrizlized
countriesj styrenic thermioplastic rubbers and olefinic biends have
the highest consumption growth rate. The average yeexly growth rate

of thermoplastic rubber comsumption in the next five years is very

igh (8.5%) and exceeds by far the growth rate of synthetic rubber
and plastics consumption, ’

1.3. Short description_of the present study

This technical informetion on thermoplastic rubbers was elaboroted

by a team of specialists within the Jocint UNIDO-Romania Centre in
Bucharest based on the technicel literature listed as bibliography.

The study was so conceived as to ccver the main &specis related
to the production 2nd development of thermoplastic rubbhers, It is

therefore madec up of the fonlliowing chapters, dealing witk:

Chapter 1: Short history of the development and marketing of
thermoplizastic rubhers; production capac.ties and
conzwnpt’eons in the main industrializcd countries;

Chapter 2: Technolopzical types and marketed grades of therac-
piastic rubdbei'sy their phyzico-itechanical characteris-
tics and applications;

Chopter 3: Comparative analysic of the existing techmoligles fux
the production of graft copdiyiers, stvrenic Hlioek
copolyrers nnd blends of natural or synthetic subier

with polyoclefinsg
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Chapter I: New trends in the preduction, develcpment and

utilization of theru:oplastic Tubbers;

[y
*»

hapter 5 FRealth and safety espects 27 theruoplastic ruhher:n
”~

Chepter 9

Econcric aspects related tc the production nnd ure

o2f therr:iaplestic rubliers,

Dee tc the r’ch content of inforiniztion, the present study

k]

will hopefully be usefl tc the specialists in develcoping countries

which intend to start 2z thermoplastic rubber production, &5 well &as

to those who are elready involved ip research and develiopment cor

nanufacturing of thermoplastic rubbers.




2. Thermoplastic rubber types and theixr zpplications

2.3, Tharmopliactic rubher trpes

Tlow at elevoted temperaturer,

& T 3% <9 ~—- P oS - * FR )
>ut wnlilzg the—uzepizstlic reslins, theyr

¢ res.lient and flexihle 2t norial terperztures, Iike vulcanazed

There are several distinct tvpes of wmatesrial:s which fit into
this rather loose description, although within each type it is only
thie zmofter prades thet cormiy with the accepted definition of an

elastomer as a material capable of reversible extension to twice its
criginal length,

Tn fact, many cf the hezrder srzdes cf thermoplastic rubber have a

tensile yielé poiInt well below 10C%H extencium. Ali, however, have the

L

cusierclally Lupoatant advaatoge, corparcd viihi conventionz? elasto-

ners of (1) heing processible cn themonlastics machinexys (2) not

requiring a vulcanization step and hence (3) peing free cof the neces-

sity to mix with a puititude of additives., Thus, there are savings
in time, energy and often capital costs of meckinery, while scrap
and rejects can be recycled, Production rates by injection moulding
and extrusion are higher with thermoplastic as cpposed to thermcset
materials. (3).

Thermioplastic rvhbers fall ints three large cztegories, namely:
graft copolymers, tlock copolymiers end thermopiastic rubber blends.

Graft ccpolvmer thermoplestic rublers

This class cf theruoplastic runhers Includes atexriels containing
both rubbery ancé¢ hard polyuers; they are charncterized by chemical
bonds between the two polyiers.

Heveaplus G, which has Deen wmarketed for 25 years, iz an example
of praft copolymer thermoplestic rubber; it is obtazined as a result

of a cherical bond hetween natural ruvber and poiynretiiyl rietbaciylate

(hard polyizer),

Strrenic biock copoliiieits

s clars of theanmcplastic vvihhers L Ghinlned thuough styrere

biec't copoiynerination with Hutad' .cne to pruduce rtyrene-butodiene-

rtyxrene thesmoplastic rubber (ﬁpﬁ)‘or with iroprenc to produce styre-
Nne-Zicprene~styrene thoermoplastic' ubber (ﬁ?ﬁ) o* witlh eithylene bhuia-

diene tv prodiuce niyrene-ethylene-Lutac ene- styrene therieodlastic

7"1'-.7""0:' (nv,:qn‘).\ I 1 il | [ [T | 1" [
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(3) Replaceizert of vunlcanizmed rubbers in products where high
ilierce ond strengih nre ot cessentialj
(=) : ep-hcempxt of €iexible plastics zuch =zs »losticized FVC,
(3) ieplacenent o high “‘mpact poivpropviene copclivmers;

(

L) *ew cppiicztions, especially in the antomctive industry.

The praopertles of the thermoplastic rudber which wiil eneble its
usage fuv grow in these markets are:

(1) Better low temperzture flexibility thau FVZ, PU etc.;

(2) Ratier high tewperazture properties then P72, Vi, T =ztc.;

(3) Better impact strength than polypropylene;

(4) Zower density than PVC and PU; lower price than FU;

{5) —ower production costs than vulcanized rubbers and cross-
linked PZ3;

(¢} Geoe water and chemi.al resistance.

There 15 no doubt that the thermoplastic rubber will meet the
cnzility reauirements of a large numbaer of prucucts and the follow'nz

Tist zives a few suggested uses:

Lutomotive: Mumper covers, spoilers, filler panels, mudflaps,
vheel trims, rab sirips, mats, Wire covering, mouldeé plugs and
ccinectors, Footwear, Battery tops. Pipe joints ané closures. Grips
fcr handlebars and tools, Water hoze. Linings for chemmical tanks.

Rz*X pads, Theeting, thermoformed products,

Antonotive coggonents

futonntive products are an important growth zrea frr thermoplasitic
elastomers, There are two main reascns Tfor this, Tirstly. they zre
capeble of replacing sheet steel, with a reduction in weight of the
ccoiponent, znd sacondly. components designed for paszengar and pe-
Rzctrian safetv iraquire the use of flexible impact reriziart matericl.
st car namifacturers are now using some type of pslymer’ic materizl
.

Tor bumper covers, Depending upon the des’gn 27 the bumper, wvhether

't 7s a comprs’te structure or is more or less self supp-riing, mate

sLrls wengang Ln floxvral moduluz from about 250 €4 0700 TTh e e
ruelrad, The fhesumapiatuac rubder har Ticen sttidied fox v Inoone prr

Tt Tanwrpes Tor whiclhh & flexural modulus of 250 VPa wvne cneciflied.




-

Rarly experience choiwed thnt tha specificatlon could e mel with
therrenlantic mudhar Ch2, but £ral wmoeuldingr of the bLuwer indiczterd

the nacd ta modify the nmlexizl in Lider to meet the exmeting requl
ba

The nmeli visecoasity of thermncplastic miibbers is generally higher

then that the pclypropylene it conteins., This is no doubt due tc the
Ligh melecular weigat of N even after Lt e lzeent mixed at an ele-
vated temperature.

- . ..

In order to reduce the melt viscosaty +{twc approackes are possible:
\?) vce of lower viscos ity grafaes of poeiyprepylene (o* high:er nelt
fiow index grades, since MFI is inversely properticnal to viscosity)

and (2) addition of plasticizers.

ie bumper cover is just cne of several car compcnents that can
be made in thermcplastic rubber. 5poilers amd air dams require a

ctifler grade such as TPH.I-30,0, Mud fizp: reguire suificlent fiexi-

A

2= .

2iity to withstand the occaslonal large deflectlon in bending

Thexre is always an incentive to use locnlly produced raw material
if it is relatively cheeap and a developing country having a cer
.assembly industry could probably use thermoplastic rubbers for locally
produced components, even vhen other materials are used for the sare

components in the major car producing cowmtries of the VWest and Japan.

' Miscellaneous products in t“~rmoplast:ic rubhexr
Jeveral products from the list given carlier have already heen
researched, These include rail pads made in TPNR L0EC which have gcod
ampact strength end have belter wear resiztance taan vulcanized rubher

pads on cesxtain tvpes of railroad,

Impact resistance pipe fitments zre an insurance zgeinst demage

and the need for costly replacewent,

The thermoplastic rubher sheet ' ng was vroduced ocn & plastics
rheeting line which consisted of a long extruder (L/D ratic of 35/1)
with a €1it Gie, followed Ly calendering rolleirs, This sheet metericl
hez good cherical and abracsion res’istance ond is Lelrg evaluated foor
Lol inangs and for stalr tresds, "oy other prodiucts can he nznde
fran sheet thermoplastic »ither Hr vaewnwma forning ~nd cther tech-

niques (2).
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The major uarkets for the styrenic theruoplastic rubber have been
low cost footwear, hot melt adhesives, exterior autcmotive components.
and wire zné cable. The worldwice consumpticn of styrenic thermo
plastic rubler is over 200,0C0 tonnes and they llave significantly
displaced natural rubber and SBR in footwear. In addition, the hot-
melit adhesives have saignificantly displaced many rubber-based adhe-
sives. In the wire and cable market they provide better heat resis-
tance than PVC and are non-halocgen. '

The styrenic theruioplastic rubbers are s milar to thermoset
rubbers in that they can be readily compounded with fillers, exten-
ders and additivez. Numerous opportunities exist to compound styrenic
block copclymers to reduce cost, improve performance, or achieve a
different balance of cosi/performance than is available in the heat

polymer, liany applications have been developed in the footwear and
mechanical rubber industries by the addition of non-black fillers
and processing oils. These materials can also be flame retarded by
addition of appropriate additives. This compounding flexibility
provides the user of styrenic-block copolymers with a method for
increasing the value added and differentiating their products from
those of potential competitors.

f ]
. The styrenic thermoplastic rubbers are gaining acceptance as a

replacement for both matural rubber and synthetic rubber in medical
and surgical applicatlons. They are proving to be cleaner materials
with significantly lower levels of extractables than either natural

' or synthetic rubber compounds. It is easier to produce parts with

reproductible dimensions and consistant performance characteristics
than witl: natural or synthetic rubber. The rubber medical pxroducts
field will continue to look extensively for alternative mt‘rials,
and the styrenic thermoplastic rubber definitely will have a growth
in this area. ‘

The disadvantages of styrenic thermoplastic rubbers as r;place-
wents for thermoset polymers seem to dominate the future gr:ovth
patexn. They have weak heat resistance at temperatures above 80°C.
They have low elastic recovery compared with theimoset rubbhrs. They
have wealk hydrocarbon resistance. Applications where these perfor-
riance characteriuvtics are required obviously will not be an bpportu-
nity for styrenic thermoplastic rubbers.
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The olefinic blends (TPOs) are simple blends of EPDM rubber and
may contain more plastic than rubbex. The property of the blend is
generally determined by the we.ght percentage average of the indiv.-
dual component properties. TPOs which have been comuierc alized since
the early 1970s have found significant use, mainly in the autouotiive
industry., TPO bumpers dominate the market for automotive bumpers in
Burope and Japan and have made inroads against polyurethane products
in the USA. The other major market for thermoplastic olefins is wire
and cable., Other than the growth in use for car bumper covers, it is
unlikely that TPOs will achieve further significant growth. As a
replacement for conventional rubbers they have several advantages and
disadvantages. They have the advantages of being thermoplastic, thus
reducing production costs, and are colourable. The major disadvantages

ares low hydrocarbon resistance and high compression set, significantl
reduced properties at elcvated temperatures, and the inability to be
extruded into close tolerance profiles.

Thermoplastic urethanes have been in commercial production for
over 20 years. There are two types: polyether urethanes and polyester
urethanes. They are noted for excellent abrasion resistance and per-
formance in speciality applications, The target markets include -foot-
wear, automotive components, wire and cable, adhesives, tubing and
industirial products. Their market growth appears to have levelled off,
"and their future ability to displace thermoset rubber depends. on

SVercoming several §Zisting disadvantages: their'prices in excess and
‘their hydrolytic stability, .inadequate for a number of industrial
applications., These two characteristics make the urethanes le-s than
dezivable fur many industrial rubber parts.

The copolyesters, while they are genera..ly considered by the
averase rubber parts fabricator to be hard and stiff, have a unique
posit_on in the rubber products industry. They axre used in automotive
conponeats such as rock and pinion boots and CV joint bellows, wire
and cable, industrial hose and tubing and, to a limited degree, in
special footwear, The copolyesters have several unique features which
pirovade theuw with significant advantages for replacing rubber in
industirial rubber products. They have excellent modulus, outs%anding
{fluid resistance, high tear strength and excellent fatigue losu.

The disadvantages are fews Ligh hardness and high compression set
make the:n less than desirable for many applications where flexible
rubber products and & high degree of elastic r@covery are roguired.
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Perhaps thie most effective way to establish the use of thermoplos-
tic rubber in a rubber producing country would be to begin in the
competitive {ield of generzal mouldings wvhere its attractive pricing
and capebility of giving high production rates could lend to inerea-
sed profitability. Rlectric plugs, closures, gaskets and handlebar

end pedzl grips are just some of the possibilities.

In swriary, & wide range of potential appiications exist for
theraoplastic rubber blends., Comuercial upteke in developing coun-
tries is a neens of increasing coverall marketcs and edding value to

that basic raw meterial, neturzl rudher.

2.3. The physico-nechenical proparties of thermoplastic rubbers

2.3.1. Physical properties of the graft copolvmers
The physico-mechanical properties cf the graft copclyuers are

affected Dy severzl factors such ac: cleizical cogposition, grafting
efficiency, molecular weight of the elztoirer and pclystyrene, com-
pounding system etc.

Effect of composition
The composition of themuopiastic rubber is directly determined

b'jr the amounts of prepolymer and baclkbone polymer used in the reacticn,
Consequently, the physicel and wechan’cal picperties cf the product
are dependent on the content of prepolymer, Figure 2.1. illustrates
the tensile stresc - ctrain voriation according to the level of poly-

_“i.soprene and natural rubber.

Poly(styrene) Mn 8,200. ’

20 IR 20

16 16
Stress,

(MPa).12 12

8 8

4 4

2),

Strain, (% x 10~

Fig. 2.9, Stressstram corves of pratt copolymers of puly(styrenc) !
(Mn %200) with Canfles 1105 pelytisopicnc) and NR (SMR S1), I
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There is a general sinilerity in the behaviour of the twc back-
bone palymers, but there are alsc scite importcont differences. The
modulus =l =ny gaven eiosngution and polystyrene content is alweys
higher for the NR graft copolymiers in spite of the fact that the
grafting efficiency is lower., Doth types ¢f graft copolymers show
tensiie yield phenoricna zhove 40 w/w pelystyrene and the yield be--

cones significant at 55% w/w pelystiyrene.

The tensile sirengths of graft copoiymers increase regularly with

polystyrene content (Figure 2.2.) up to 354 w/w; above this level a
decrease 15 ncticed,

Poly(styrene) Mn 8,200

24} 24
IR NR *
20 20# .
Tensile 16 °
Strength, 16} : X
8t / 8 ‘.
4} 7 : : 4
36 30 a0 50 L‘20 30 40 50

%w/w Poly(styrene).

Fig. 2.2. Tensile strength y poly(stysene) content for .nn copolymers of polywyrm)(ﬂi szoop with
('auﬂﬂ IR 308 poly(mplent) and NR (SMR SL).

It can be ncoticed thet, foo hoth types of copclymers, there
appesrs to ve o decrease in tensile strength in the coupositicn
region where yielding hecoiles proncuwiced,

Effect of ~altinr e¢fflc ency

The dependence of tensile strengtk on polystyrene content leads
to an expected dependence ¢f tenzile strength on grafting efficiency
hecause bDoth lead {: changes in the average number of polystyrene
chains attached ts each plriscprene hackbone (Fia‘ure 2.'3.).

Tale Debavicus wnr erperiuonially confizmed Dy artificielly re-
dveing the greftiny efficloney In o rexle:r of pixturers by incremen-

tel additim of lim.lenlc ze’d te & ccncziant acownt of polystyrene

(b




16

Tensile 12
Strength,
(MPa). al

/ 40% w/w Poly{styrene)
i/
o |

20 40 60 80 100
Grafting Efficiency, (%).

Fg 2.3. Tensile sirength ¥ grafting efficiency for graft -opolymers of poly(styrenc) (Ha 7110) with
Cariflex lummm)um(msu

The relzi’onship between tenicile strenzil end grafiting efficlency
for netural rubber is not lineer. Tensile strength variation becozes

linear,vhen natural rubber is used, only at grafting efficiencles

above 25%.

The tensile strength relationskips shown in Figure 2.3.-i11ustr-a-
te qlearly the importance cf trys-g to achieve Ligh grafting effici-

encies.-in the process if high stver Sih rudbbery properties are to be

- obtained.

Even at very high grafting efficiencier, the synthetic polyso-
prene graft copolymers w:1ll not apnrcach: the very Righ tené;'-.l’c'
rtrength of pure strrenyo-Glane 22 ¢t o T o, vut there I some
reasonable expectation that temsile strengtic n the roglcn of 251Pa

could be obicined for natusal rublrer graflt ¢ aelymers if the grafting

efficiency could be increased to 80%.

Natural rubber and nolxsmege nolecular weight

The diccuscion of phvsicel properties has s¢ far centered eround
materials prepared from polystyrene of ricleculzy weights in the re-
cion of B30Ty, At Tifther roleculiar weizhits there .o o significant
&=cp in tenz.le stre—-zth valuves of Ltoth the = mthetlc polviccprene

» [ & -

end naturri rrhher craft copalyners (Tigare 2.4.),




40% w/w Poly(styrene).

Tensile
Strength,
(MPa).

4 8 12 16 20
Poiy(styrene) Min x 1073 [

Fig. 2:5. Tensile sirength as 3 fumction of puly(styrene) moleculer weight fo copolymers ;
poly(styvene with Cariflcx 08 ﬁ';*p’n(ﬂy(mpl:u) sad NR (SMR ;'u"“ of :

The economics of the grafting prccess is closely related tc the
cost of the chemicals used to obtain the azcdicer szyiete Twictaonal
= -LL

croup of polystyrene. For 2 g*ven weizght
therzoplastic graft copvlyner, this coct decreeses as the moleculear

=\
)

R S
¢f poiysiyrene it il

weight of polystyrene increases,

From a purely economic point of view it is at_tractive to work
with polystyrene having a rolecular weight higher than 8000, but the
experimental results preclude such a course,

Mastication h:l.stog

ast:..catlon is an :.nev-ta‘ble co"xsequence of the preperaticn
technique and directly influences the processability of thermoplastic
rubbers cbtained by grafting.

The grafting efficiency ia Figure 2.5. indicate thot the 1wosta-
cation results in scission of the Dhackbone chzins rother than reiso-

vel of tke §;ae chains,
' Backbone: Cariflex IR 30S.

Azo Polyistyrene): Mn 8,200, 40% w/w

Mixing
Torque.

Grafting
Efficiency,

(%).

Necranm

39 70 7 76

35— 4 6 8 10
Mixing Time, (min.).

Fig. 2.5.Grafting cfficiency y mining time for the dry mix reaction of azodicarboxylate-
functional polvisiviene) with Casiflex IR 39S polviisoprene). 1
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If this scission is sllowed to procreed too far the tensile pro-

perties can be adversely affected,

2.3.2. Phrrsical properties cf block copoalymer thermoplestic rubbers

In styrene-butadiene block copelymers, mcst of the styrene units
are concentrated at one end ¢f the molecular chain. In the thermc-
piastic, the styrene umits are grouped in different termimal poly-
styrene bloclis of corparxable length leaving no free pclybutadiene
chain ends., Purthe:rwmore, the polystyreme and polybutadiene blocks

are linked in such a way as to form a syrmetrical radirsl tetrachain

structure, schemetically represented below (Figure 2.6).
i Fo2s Tokadwuin
"o | eomppesation

= Po "
. POLYBUTADIENE

The thermoplestic or teleblock Thubbers essentially differ fronm the
normal block copolymers containing only one polystyrene chain end by

the -fact that e network structure is formed by the association of the

terminal polystyrenotglocks into rigid micélles (Figure 2.7).

In the ordinary block copolymeis, the free polybutadiene chein
ends prust be linked by vulcanization to form a network structure,

Polystyrenc, heing a thermoplestic material, undergnes a phase
chongce as the tef::pemture increases, yresulting in a breakdovm cf
the netwerl: stiructure 25 the glans transition terpernture i: paszed
(T¢c = J.GOOC). The ctructure can also be destroyed by dicrolutien in

a cu'tcble organ’c solvent,
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A decrease of the temperature to below the glass transition point
of polystyrene or the evaporation of the solvent will restore network
structure.

This reversibility of the network formation is an important feature
which determines to a large extent the applications and the processing
technique of the thermoplastic rubbers.

Due to the association of the polystyrene segments in a network
structure, these rubbers exhibit,in an uncured state, elastomeric
properties similar to those of a reinforced vulcanizate.

The degree of "reinforcement®™ is a function of the styremne content.
The effect of the molecular weight on the tensile properties is not
significant at ambient temperature except for the very low molecular
weight polymers. However, at higher temperature, the higher molecular
weight teleblock copolymers exhibit better retention of temsile streng

The main types of thermoplastic rubbers produced by Phillips Petro-
leum Cc. (Solprene) and Shell Chemicals (Cariflex) have the physico-
mechanical properties givem in Table 2. 2 below.

Because of their molecular configuration, and especially their
radial  block structure, they combine economic processability with an
atiactive end-product perfosmance in a wide variety of upplicafions
in both the rubber and plastics industries.

Shell _thombpias’t':l'.d rubber (Ca.r:lflex TR) :

‘- Cariflex TR -1lol, straight, Ligh molecular weight SBS;

- Cariflex TR -11o2, straight SES;§ - ) » '

- Cariflex TR -11l07, SIS} ,

- Cariflex TR -4113, easy-processing SBSj;

- Cariflex TR -4122, easy-processing SBS}

- Kraton 2104, medical uses and food packings;

- Kraton 2109, medical uses and food packing}

- EKraton 3200, general purposej

- Kraton 3202, general purposej

- Kraton 3206, gemeral purpose;

- Kraton TOB-955, shoes and high quality house slippers;

- Kraton 5151 and very hard, rubbery compound mainly
- Kraton TOB-956 for heel top-pieces;

- Kraton TOB-954
- Kraton 519, soft, solid sneaker soling;
- Kraton TOB-958, Wellington boot uppers.

- Kraton TOB-950 solid soling of walking shoes;




S

%08 : "3 T
Butadiene-styrene content | 60/ho| 70/30 | 60/lo] 70/30
Block polystyrene, % bo 3 bo 30
Rephthenic oil content - - -1 -
Mooney viscosity ML-4&,
at 102°C - - 1 = -
Inherent viscosity,g/ml 1.25 | 1.% [{0.9%5 | 0.90
Speocific gravity 0.95 ] 0.94 ] o0.95:] o0.94
Rydrocarbon content, % 99 | 99 99 99
Colour white non staining
Vuloanisation no vuloanisation required
Tensile strength,kg/cm® | 260 |210 260 | 180
Elongation at break, % 700 |700 700 |+800
Shore A hardness - 8o - 70
Shore B hardness 35 - 35 -

578

6o/lo
ho
S0

0,75
0.93

Takis 2,2
R e e ——
52/48 | 32/48 | 52/u8 | 75/25

11 32 32 18

- - 3705 -

b5 47 37 b7

0.97 |0.97 |0.96 | 0.93

99

very
light
non-

staining

160
1300
55

99 99 99 99

_ wvery
Staining  liemt 05
ataining.t‘inine
50 min,cure at 145°C
175 155 1% 175%

- 550 Yoo -

-st—
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The physico-mechanical properties of thermoplastic rubbers of
styrene copolymer type, Cariflex, are given below:

- Styrene content, € g in the main polymer 25 - b3
- Average molecular weight 12,000-30,000
- Content of volatile
matter:
- water, 4 e 0.5
- solvent, % g 0.2
- Ash content, 4 e not more than 0.02
- Tensile strength, kgf/mz 100 - 250
- Elongation modulus, l:g'f/t:m2
300% 20 - 2%
- Shore A hardmess, °Sh 60 - 80.
teristics of ra terials and auxil materials for
the esis of the lastic rubbers of the s ic block
copolymer type
Butadiene

Butadiene may be obtained from the installations of extractive
distillation with selective solvents of the butene-butadiene frac-
tion vhich is produced in naphtha steam-cracking plants or by

dohydrogmtion of butans and/or butenes..

The typical compos:.tion of butadiene for thomoplast:lc :nxbbcr
synthesis is given below: - = . : S

- butadiene 1,3 | o min.. 99,56 g
'~ propylene - _ C o max., 0,1% g
- isobutene + butemes max, 0.24 g
- acetylene max, 50 ppm
- sulphur mex, 50 ppm.

Styrene

Styrene may be synthesised by dehydrogemation of ethyl bensene
which is obtained either by direct synthesis from ethylene and

benzene or by separation from the BTX fraction.

The typical composition of styreme for thomo:phstic rubber
synthesis is given below:

- styreme min. 99.7% g

- ethyl benzene max., 0.3% g
isopropyl benzene max. 0.1% g
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- alpha methyl styrene max. 0.24 g
- xylene max. 0.02% g
- acetylene max. 50 ppm
- imhibitor mex. 2 ppm.
Isoprene

Isoprene may be obtained either by synthesis (from isobutene
and formaldehyde, acetylene and acetone, isopentane dehydrogenation,
etc) or by separation from cracked gasoline.

The typical composition of isopreme for thermoplastic rubber
synthesis is given below:

- isoprene min. 99.6% ¢

- piperyleme mex. O0.1% g

- isobutylene + pentemes max. 0.3% g

- cyclopentadiene : max. 0.0002 % g
- carbomyl, e.g. CH,0 max. C€.0005% g
- water max. 0.0001% g
- acetylenes, e.g. isopropylacetylene max. 0.0003% g
- sulphur compounds - max. 0.0002% g
-~ nitrogen compounds max. 0.0002% g
Extens:l.on oil ’

mto, heavy o:l.l, tith ‘the follov:l.ng charactoristics-

- demnsity, at 20°C * 900 kg/m>
- cinematic viscosity, at 50 °c . min. 45

- ignition point - : max. 200°C
- freefing point . o -18°c
Topanol

Colourless crystals with melting point 66°C and demsity 1030111;/11:3 .

Methyl cellulose
Viscosity 20 cp in 25% aqueons solution.




2.3.3. ggzsico-mechanical properties of 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;

(3) partial crosslinking;
(4) the nature of fillers and oils.
(1) Varying the proportions of rubber and polyeclefin

There is a rarked dependence of flexural modulus on the nmatural
rubbes/polyslefin ratio as shown in Figure 2.8, which gives mean
stiffness values over different parts of the sheets produced in an
edge gate mould., , . - . T

1

1500 [ Flexwral modulus MPa

!

|
1000 | '
500 [

PP %
1 1 T
o L .
20 40 60 80 100

Fig 28 Effect of PP content on flexural modulus at 23°C of unfilied TPNR injection moulded in
Arburg 220 machine.

As with other thermoplastins, especially those containing a crys-
talline phase, anisotropy due to flow during mc;uld:l.ng occurs and
this is reflected in values of the stiffness and other properties
measured along and across flow lines as shown in Figure 2,9 for
sheet produced in a centre gate mould,




Flexural modulus,

1500+

1000

0 1 1 | I |
20 40 60 80 100
PP, %
Ry 29. Effect of PP content on fiexural moduls 3t 23°C of wafilied TPNR injection moulded in
REP B43K machine. 2) and b) as in Figure 2.2.

Tensile strength increases with P.P, content while elongation

at break generally decreases, particularly in the direction across
flow lines, for filled material,

(2) Effect of temperature

Thermoplastic rubbers based on P.P, have higher softening points
than the SBS and polyurethane types. This is shown by hardness/
temperature curves in Pigure 2.1lo. T

Shore A
100 | /
80 [
60 [
40 |

‘NR/HOPE
20
°C
o ) _— i L —
20 40 60 80 100 120 150
Fig. 2.10. Effect of temperature on hardness of TPNR and SBS copolymers.
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One of the requirements for vehicle body components is resistance
to sagging end distortion during paint baking processes at 120°
and cable covers for some classes of cables must withstand 11&0003
with the possible exception of some of the softer grades, thermo-
plastic natural rubbers satisfy these requirements,

Another essential property of flexible bumper components is that
they should be functional over a service temperature range from 7o°c
down to -ho°c. This means that they must be stiff enough to prevent
distortion at 70°C, but not become too stiff at low temperature that
they cease to function as flexible impact absorbers.

(3) Effec: of partial crosslinking
For blends containing more than about 65% natural rubber partial
crosslinking of the rubber improves some physical properties.

Figure 2,11 shows the effect of the amount of added peroxide on
hardness for two blends containing 8%% and 65% NR respectively.

Crosslinking has a pronounced effect in the softer blend in which
the P.P. phase is almost certainly discontinuous since it is present

in a low concentration. The effect of peroxide is less in the 65/35
b_lendo

The use of peroxide should be restricted to softer blends of ther-
moplastic natural rubbers containing more than 70% rubber. In harder
blends partial crosslinking _confributes .1ittle or not at all to the
physical properties, and may damage the envirommental resistance.

4 e e B : ’ ‘
IRHD
100 . .
o e ¢ - ;
‘L/ a |
80} '
/"——-. |
60} ° |
b
40} .
N 4 M i S | I‘
20 2 -4 -6 -8 1-0

Dicumyl peroxide, parts pht

|
Fig. 21%  Fiiect of dicumyl peroasde concemtration on hardness of

a) TPNR 6535.b) TPNR 515,
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() Compounding thermoplastic natural rubber blends with fillers

and oils -

Rubber/polyolefin blends, including TPNR, differ from the block
copolymer thermoplastic rubbers in their ability to tolerate exten-
sion with oil and fillers., It is possible to add large volumes of
filler and oil to block copolymers but not to blends.

Practical modification of blends is generally limited to relati-
vely small amounts of filler for specific properties, although mode-
rate amounts of cheap fillers may be used to reduce cost,

A temperature in excess of 160°C is required for mixing additives
into TPRR and this will normally be carried out during its prepa-

ration in an internal mixer (Table 2.3.)

Table 2

Mean properties along and across mould flow

NR5§P Ratio
0/60 30/70

HAF black 10
Soft clay 75
Talc _ 25
Flex modulus, MPa 620
TS, MPe 14
EB, % A 200

_Density, kg/m> - .  1.350

10

690
17

350
0,950
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3. Technologics for the production of thermoplastic rubbers

The technological processes for the production of thermoplastic
rubbers may be dividzd into two main groups, according to the type

of technology used, i.e.:

a) Graft cor.olymers and block structure technologies, starting

from natural rubber, synthetic polyisoprene rubber, polybutadiene
rubber or other synthetic rubber types which are chemically bound
to the hard polymer, namely polystyrene or polymethyl methacrylate.

From such processes characterized by phenomena of chemical bin-
ding between the elastic material (rubber) and the plastic one
(polystyrene), there results a material which is not necessarily
very elastic but nevertheless has elastic potemtial (1).

b) Rubber biends technologies, where the elastic material, natu-
ral or synthetic rubber, is mixed through physical methods ﬁith the
plastic material, usually polyolefins such as low density polyethy-
lene, high density polyethylene and polypropylene. The elastic mate
rial may be natural rubber or polyisoprene, polybutadlone and ethy-
1ono-propylene (EPDM) synthetic ‘rubbers. "

3 1, Graft cogolxgers and block structure tochnolo‘ies .

3 1. 1 Graft cogolxgers technolosi s

Tho product resulted from the chemical binding of . natural rubber
with polymethyl methacrylate (Heveaplus MG), which has been indus-
trially produced for almost twenty years, is not a thermoplastic
rubber, in the present day meaning of the term. Heveaplus 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 confer a degree of processability
to Heveaplus MG but the product does not have high strength or
toughness unless it is subsequently vulcanized (€).

The modifications and improvements brought to the initial Hevea-

plus MG process have failed to produce a viable thermoplastic rubber.
The ma Jor differences between NMeveaplus MG and the styrene-diene

thermoplastic rubber are the chemical nature of the hard polymer and
the fundamental molecular architecture. NHeveaplus MG has poly (methy!
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methacrylate) hard_ polymer in a graft structure vhereas styrene-

diene thermoplastic rubbers have poly(styrene) hard polymer in a
block structure.

Poly(methyl methacrylate) and poly(styrene) are both giassy po-
lymers with similar glass transition temperatures. Consequently,
they would be expected to behave similarly in a phase-separating
copolymer system with a poly(diene). However, there is no practical
confirmation of that, due mainly to the difference in molecular
architecture (graft versus block structure) (2).

The experimental graft copolymer thermoplastic rubbers are pre-
pared by polywmerization of hard segment monomer from backbone ini-
tiation sites by living polymer techniques. The techniques give
considerably greater control over the graft structure than can be
achieved with the free radical reactions of the Heveeplus MG pro-
cess, The procedure involves the separate synthesis of hard polymer
chains with reactive end groups and subsequent reaction of these
end groups with the natural rubber backbone., (Figure 3.1.).

Unmodified NR Chain.
+

Reactive Prepolymer.

Graft Product.

© Pig. 3.1, method of grafting using reactive prepolymer.

The use of an air-stable prepolymer has clear advantages in the
grafting process; the prepolymer can be preparec indcpendently.(2).
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The coupling reaction between the prepolymer and the poly
(isoprene) backbone represents an "ene®™ addition of the azodicar-

boxylate group to an allylic double bond system. (Figure 3.2.).
|

- Fig. 3.2. “eme” addition of the szodicarbuxylate end group of the reactive prepolymer
growp tv an sltylic dowble bond system.

The reaction does not require the presence of a catalyst system
- N and, coupared to carbanion reactions, it is 1nsensitive to iupup
rities (either preexzstzng in the sysfem or brought into it by raw
nnterials) _Thus, every double bond of the poly(isoprene) chaxn
may be considered a potential reaction site. (2).°

Figure 3 3. presents the éirect synthes s of the azodzcarboxy-
ltto-teruinated polymor.

Styrene Monomer.
Poly(styryl) Carbanion.

$

Hydroxy Poly(styrene).

Phosgene and Ethyl Carbazate.

Azodicarboxylate Polymer.

F19: 3.3 dwect syntheus of asmbicaihonylatedcammated polymer by the reaction of
hydooxypolysiysened with an aseacsl chirde
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The process consists in the preparation of a very highly reec-
tive hydrochloric acid solution capable of reacting with the hydro-
xyl functional group of the polymer to give azodicarboxylate functi-
onmaiity. (2). The reactive intermediate is prepared by oxidation of
2-carbethoxyhydrazinecarbonyl with bromine in the presence of pyri-
dine or t-butyl hypochlorite.

The reaction with hydroxyl functional poly(styrene) takes place
in a solvent like toluene; the almost complete conversion of styrene
monomer to azodicarboxylate-functional polymer is a ome-step process
involving successive addition of butyl lithium initiator, ethylene
oxide and reactive azo acid chloride solution in a separate reactor
to avoid contamination of the polymerization reactor with hydrogen
chloride by-product. (8, 9).

Large scale application of experimental pilot-scale data is made
difficult by the exotherm character of styrene polymerization reac-
tion. Oxidation of 2-carbetoxyhydrazinecarbonyl chloride should be
carried out immediately before reaction with polymer.

Polymerization can be made using either n-butyl lithium or
sec-butyl lithium as reaction initiator; in the fbr-or case the
molecular weight distributions are wuch higher.

Neutralization with carbsnate, borax or sodium acetate is effec-
tive and so is water washing.

Reactions carried out in smaller reactors give higher azodicar-

' boxylate funetionalities (over 70£) while in the case of large

scale reactors the figure is around 50%.

3.1.2. Direct mixing graft reaction

It has been observed that the functional poly(styrene) reacts
with natural rubber or synthetic poly(isoprene) by direct mixing,
in the absence of any diluent. For the reaction to take place, the
temperature of the mixing operation should exceed the softening
temperature of the poly(styrene) and the mix must be subject to
higher shear for at least part of the mixing cycle. In other words,
low shear and low temperature mixing does not result in graft
copolymer formation.(8).
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The reaction between poly(isopreno) of Cariflex IR 305 type and
azodicarboxylate-functional poly(styrene) takes place at a tempe-
rature of 90°C and a mixing of 150 rpm; a sharp increase in mixing
torque occurs between 4 and 8 minutes from mixing start (Figure 3.4).

Backbone: Cariflex R 305. :
Poly(styrene): Mn 8,200 40% w/w. [
f

f

j
}
Azo Poly{styrene). !

Unreactive Poly(styrene).

. e . . R
2 4 6 8 10
Mixing Time, (min).
Fg. 3. 4. Mixing turque v mixing for Cariflex azodicarbo.
fonctionat mﬂm;: :n(;-ttn::ﬁy(’;myrm) of (L';:e mol. wt. ayiase:

The ovcrillvduration 6f fhe nixing process is appfoximately
.10 min. When the nixing operation is carrzed out v‘th unreactxve
.poly(styrene), the torque increase during the process is not

observed.

When Cariflex IR 305 poly(isoprene) rubber is replaced with
SMR 5L in the mixing process, & similar variaticn of mixing torque
and mixing time is observed, as shown in Figure 3.5. The torque
peak at intermediate mixing time is a;ain noticeable, confirming
graft copolymer formation. (10, 11).
i3 a con

The mixing torque versus nixing time varieton curve
which

sequence of the natural rubber very high ‘nit.al vicscosity,
then lowersz; as the grafting reactfon is developing, viscos'ty
first lowers and then increases in the 2-3 m.nutes interval {10, 11)
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Backbone: NR (SMRSL).
Azo Poly(styrene): ¥Mn 8,200, 40% w/w.

Mixing
Torque.

- A A A A

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

Fig. 3.5.Mixing tosque v mixing Liwe for the ix reaction of azodicarboxyhie-functional
poly(styrene) with NR (SMR SL). oy mix

Mention should be made of the fact that grafting efficiency is

-lower for the reaction with matural rubber as compared to poly(iso-

prene) rubber and depends in both cases on the level of poly(sty-
rene). in the mix. Grafting efficiency is summarized in Figure 3.6.

. 4in terms of bound poly(styrene) as a function of total poly(styrene) -

80;
Bound
Poly(styrene), -
(% w/w). 40} ' o
[o]
o (4] . ) m
(3]
20! o o
.'.
o,
e )
.'.

. ‘ ,

20 40 60 80 100
Total Poly(styrene), (% w/w).

Fig. 3.4 Bound poly(styrene) as & function of 1otal poly(styrene) 1or mixes of azodicarboxylate.

functional $200) with Cariflex IR0 poly(i nd
'mmmwm)m ) x poly(isoprene) a

——— e = 1
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FOr the reaction with synthetic poly(isoprene) the amount of
rubber-bound poly(styrene) increases linearly with increasing
poly(styrene) level, the line extrapolated towards the lower values
of poly(styrene) level passing through the origin of the axes.

In the case of natural rubber reaction, the amount of grefted
poly(styrene) is lower for all experimental levels and the extra-
polation is not precisely linear. This phenomenon is ascribed to

interference of non-rmbbers in the natural rubber.

At high poly(styrene) levels the natural rubber relationship
approach. linearity and extrapolation to 100% poly(styrene) gives
the same maximum grafting efficiency of 76% as was observed for
the synthetic poly(isoprene) reactiaoms.

Extrapolation of the linear section of NR relationship to low
poly(styrene) levels gives an intercept on the total poly(styrene)
axis which can be interpreted as the total amount of axodicarboxy-
late-functional poly(styrene) which is deactivated by non-rubbers.

The non-rubbers which interfere in the grafting process have
not been clearly identified and the extent of their interference
. varies consldarably.

The graftlng'efficiency for a particuiar batdh of azod;car—
‘boxylate-functional poly(styrene) with different grades of natural
rubber, as compared to Cariflex IR 305 is shown in the table below:

Backbone polymer : __ Graftig.‘—efficieng (%)

- Cariflex IR 305 ; 76 ‘

SMR SL 58

SMR 10 . 46

SMR 20 13

SMR CV 31

SMR EQ 24
Acetone extracted SMR 5L 73

As it might be expected, acetone extraction of natural rubber
before grafting removes the non-rubbers and results in a much better
grafting efficiency, comparable to that obtained with Cariflex IR
305 synthetic poly(isoprene) rubber. However, acetone extraction
is not practicable on industrial scale partly because of high cost
and partly because of technological difficulties related to solvent
recovery.




Pre-treatment of the rubber with low molecular weight azodi-

carboxvliates gives some improvement but the effect is small at lovw
tevels of ndditinn and bacom2s expensive at higher levels, Celciun
oxide dispersed ‘n nineral oil (calox=21 ¥83) ic mere efficient ond

1ahla for bath the rubber inductrv 2nd the plastic~
1).

Figure 2.7 illustratsn the gmaftinzg 2fTic’ency far MM S natural

rubter in the presence of Cml:x2!, &s ccnpared o Czriflesx T 3c5.

Grafting SMR SL.
Efficiency, 40% w/w Poly(styrene).

A - —

S 10 . 15
Caloxol Level, (% w/w on NR).

Fig3.7  Effect of Caloxol WSG on the grafiing efficiency of azodicarborylate-fumctional poly(styrenc)
(M 10 000) to NR (SML SL).

The mechanisn of opzratinn of Calexsl Is not entirely clearsj
its dez="cating action ‘s certzinly ‘mportznt St other substancers
such ac z'nc »xide. carhbonater =-d % carb nates have also been
reported %to have 2n irfiproving effect on natural rubber grafting
efficiency. The latter observation hecs suggested that unsaturated
fatty acids or their oxidation products are partly responsible for
iovering of crafting efficiency in naturzal rutber. The hypothesic
is zuppcrted by ~n experizent conducted vith Cariflex IR 305 syn-
thetlc puly(ircprene) rubber to whiclh linelnic acid was added; it
was uhserved thet grafting efficiency g Iwensively decreacc: with

~ 9

the incremental addition ol lLlincin.c nc’d. ().

The grafting pruvcess by dlrect iixing of the Hre-polyier ~"na n&-

turel or synthetie ribbesrr recnir to hve coseilbial ccunoiiac mlvantioos
|
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3.2. Block structure technols~ies

The first reports on z2nionic pelrmerization date back to the
vears 1910-191i, when the fir<t patants were issuved. Matthew= ond
“trange in 191c and then Hz:iries in 1911 de=scribed polymer prepda-
rotion using sodiur and potassiwm: and possibly lithium as reaction

initiatior. (20).

The new "nontermination" concept that laid the foundation for
living polvuerization wes actually put forth by Ziegler and coworiers.

12 synthesis of elastomers reproducing natural ruvbber stiructure
and properties was developed only after 1955, through the researches
carried out at Firestone Research Laboratories under the sponsorship
of the US Defense Department.

Szwarc rediscovered the living nature of amionic polymerization,
thus proving beyond deubt its multiple possibilities, He could
cemonstrate that a poly(styrene)living chain accepts zncther monszer,
such as isoprene producing a polystyrene-polyisoprene block-copoly=cer
or butadiene producing a polystyrene-polybutadiene block-copolyner.

For alkadienes copolymerization with styremne in the presence of
lithium alkyl, monomers activity in the pbl; zerization reaction
increases in the order styrene isoprene butadiene.

According to the speed of the initiation reactIon the monomers
can be arranged as follows:

styrene butadiene ™. isoprene .

Styrene polymerization begins only after most of the alkadiene

has been used up,

The initiation reaction starts by the interaction of alkyl-lithium
with alkyl-styrene and the subsequent increase of the chain is pro-
duced by diene polymerizatiom,

The available experimental data (J:O show that copolymers with
ideal blocks can be produced only by sequential addition of wmonornerse
When nononers are introduced concomitantly, the middic bicelr will

contain only a certain quantity of aikyl styrenec.(20).

Inductrial nethods for the production of styreme-butadicne-ntyrene

copolymers use cyclohexanc or tolnene as solvents since polystyivl

lithium is not soluble in linear aliphatic solvents, However, recent

rescarches have proved that hexane too may be used in such proce:res
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although polystyryl lithium is not soluble in it. Polystyryl lithium
was dispersed in hexane, using 1¢ < SBS rubber as dispersion agent.

The microstructure of the soft v.cck in SBS can be varied to
produce SBS in which the middle block is from 100% 1,2 to kst 1,2
or a mixture of varied composition,

Special techniques have led to obtaining butadiene-styrene co-
polymers with a low content of 1,2 vinyl. Such elastomers are known
as solution SBR and their properties are in certain ways better than
those of emulsion SBR,

Nonpolar nonomer copolymerization in anionic system lends itself
to experimental studies owing to the long life of active species.
It could be thus proved that, although butadiene homopolymerization
speed is low, the unexpectedly high level of butadiene in the initial
copolymer is due to kinetic factors rather than to butadiene pre-

ferentizl absorntion in active sites.

The production of thermoplastic rubbers of block copolymer type
differs from both the production of clemic elastomers (polyisoprene,
polybutadiene) and the production of polystyrene mainly in the
following:

- the use of two monomers - butadien% and styrene - or isoprene
and styrene; the level of styrene may vary comsiderably (8468%)
from one type of thermoplastic rubber to the other;

- the use of different catalyst systems than those employed in
isoprene cr hHutadiene prlymerizationj

- both isoprene and butadiene polymerizations are continuous
systems; styrene polymerization is generally produced batch-wise,
while thermc¢plastic rubbers are produced using a mixed system:
continuous Tfor some steps and discontimiows for the others;

-~ certain thermoplastic rubbers of block copolymer type require
extension with mineral oils (white o0il) as they are destined for
special applications,

The synthesis of block copolymers comprises the following steps:
(i) synthesis of polystyryl lithium;
(ii) Symtheric of polystyrene-polybutadiene lithiuwn diblock
copolymers
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(iii) Coupling the active ends of the resulting diblock copolymer
u=ing a2 tetrafunctional coupling agent;
(iv) Stabilizing and extensionj
(v) Solvent removal;
(vi) Polymer drying and granulation.

The synthesis of polystyryl lithium requires the previous pre-
paration of organo-lithic compounds to be used as catalyst in the
synthesis of polymers and copolymers, by an anionic mechanism.

The synthesis of organo-lithic compounds leaves a certain amount
of nonreacted metallic lithium, as well as some lithium chloridej
therefore, lithium chloride recycling after recovery is needed,

according to the scheme below: .
j— Elastomers

Lithim salts ~ Lithium Synthesis
production |——|] electrolysis |—| of organo-
lithic Block
compounds copolymers

Cther po-
lymers by
anionic

mechanism

Kinetic studies on polymer synthesis by anionic mechanism using
organo -1lithic catalysts require rigorously controlled working con-
ditions as well as the use of high purity solvents, monomers and
catalysts,

Lower organo-lithic compounds: CHBLi, C2H5Li are solid at room
temperature, while n propyl-lithium, n butyl-1lithium and amyl-lithic
are viscous fluids with very low vapour pressure, All organo lithie
compounds - methyl lithium excepted - are soluble in aromatic or

aliphatic hydrocarbons, as well as in ether.

Organo-lithic compounds reactivity with water, oxygen and carbon
dioxide is especially high and prevents polymerization reactions
with organo-1lithic catalysts from taking place in the presence of
such impurities,
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3.2.1. Synthes.s of organo lithic compounds

Lithium alkyls were first cobtained by Schlenbach and Holtz, by
the action of metallic lithium on mercury allkyls. Ziegler prepared
various organo-lithic coopounds by the same method, using lithium
wire and successively treating it with alkyl-mercury to complete
consumpiion. J1s organo-mercuric compound he used mercury diethyi,
dipropyl and diphenyl at $0-55°C in benzene: (16, 17)

. > .
2Li + Hg(czﬂs)z_________ 2C,H.Li + Hg
2Li + Hg(66H5)2 2CHLL + Hg

Later, Gilman continued Ziegler's researches; using various

temperatures and various reaction media, he noticed that when the
reaction temperature is lowered to room temporature} the reaction

time increases to four days.

Althouzh organo-mercuric compounds are relatively stable in water
and oxygen, the higher sensitivity of organo-lithic compounds
imposes the use of nitrogen during synthesis as well as the advanced

drying of reactants.

K. Ziegler and H, Colonius were the first to show that in the
Wiirtz synthesis an organo-lithic conlpound is obtained as primary
product which, in the case of average reéctivity metals, does not
react further and the reaction is:

2L: + RX LiR + LiX

Using this method, Gilman and Coworkers obtained a large range
of organc-lithic compounds and developed a working procedure for

the production of such compounds with satisfactory yields.

Since not all organic chlorides react easily with lithium,
sorte lithium compounds may be indirectly prepared from a more
convenient lithium compound and the required organic halogenide:

5X

Nobis developed the synthesis of organo-lithic compcunds star-

ting from organo-sodic compounds and the anhydrous lithium chloride:
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Economic advantages may be derived from this methed only if
industrizsi prcduction is coupled with the production <f Srgano

sodie compounds.

The earliest experiments aimed at obtaining crgono lithic
compounds were wade without solvent. by the Airect action of
l1ithiun cn the halegenated derivative, at 152 25900; however, the
method failed ts produce organo-lithic compounds. For instance, by
the action of lithium on iodobenzene, only lithium lodide and

diphenyl were obtained,

Later, various solvents, as well as some alkyl halogenides were
used as reaction media. UnliXke the synthesis.of.organo-magnesium
compounds vhere any halogenated aliphatic alkyl (chlorides,bromides,
iodides) may be used, in the synthesis of organo-lithic compounds

alkyl iodides are excluded as they produce Wiirtz type condensation.

Ziegler investigated the influence of alkyl halogenides on the
reaction vield when obtaining butyl-lithium in reaction systems
without stirring; when butyl iodide is used, the reaction does not
start even after a few days, while in the case of butyl bromide
the reaction starts after ten minutesj on lithium the 1lithium bro-
mide ic deposited like a sponge - the reaction is consequently slow
down and lasts about three days with 48% yield. When butyl chloride
is used, the reaction duratiom is only 16 hbur§ and the yield is

70%. (22).

Under vigorous stirring, the yields are the ones given below:

Allzyl halogenide Yield, %
Butyl chloride 77.1
Butyl bromide 68.8
Phenyl chloride 48.7
Phenyl bromide 97.5

Ls it can easzily be seen, in the aromatic series better yields
arve obhtained with brominated derivatives, while in the aliphatic

serles the chlorinated derivatives produce bettier yvields,

A5 for the solvent used in reaction, the first tests were made

with ethyl ether, bDenzene and cyclohexane.
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If ethyl ether is used, the reaction rate is high but the yield
is 50-60%. This rather low yield can be explained by the fact that
lithiwa aliphatic compounds are deconposed in ethyl ether solution

and alcoholates result,

Ether reaction with organo-lithic compounds consists in the proton
extraction by the carbanion followed by the spontaneous fragmentation
of the resulting anion: (23)

R: + CH ”H + CH.CH_ -C0-CII-CH

372 3 —_—

BCHZ- O-GI‘IZGH3

CHCHZO-I-C-"

-az - CHZ

3
Methyl-lithium is the only organo-1l:ithic compound which is stable
in ethyl ether.

By working 2t a temperature of -10°C. Gilman suqecded to increase
to 75“,’- the yield of organo-lithic compounds production in ethyl
ether.

Higher yields are obtained 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 medium for producing organo-lithic compounds from alkyl

halogenides and lithium. He pointed out the advantage of eliminating
secondary reactions which take place in ethyl ether. Moreover, the
resulting lithium chloride, being Insoluble in petroleum ether, is
easily removed by decanting and filtraticn. Gilman employed a petro-
lewn frcetion with 2 belling no’nt «-* 22-38°¢C :nd asrerted that
froctions with higher boiling point= are less convenient. He obtained
butyl-1fthium at a 70% vield when uring butyl bromide and 2 75% yield
wvhen using butrl chler-de,

Tor the preparation cf butvi 1lithium 7 egler empleyed benzene as

solventj recently, heptane and cvclchexane have hbeen used too,

Data to be found in literature indicate that the vield wvaries

with the solveni, =2z deszcrihed below:
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Yield variction according to the nature

o the solvent

Alkyl halcgenice Ssivent Tield, % Tesperature, FC
Butyl chlorice benzeciie Fiel £5

Butyl chloride petrolecur cther 75 reflux

Butyl broaice Lenzenc 63,3 65

Butyl dbromide petrcleur: ether 70 reflux

RC1 ethrl ether 5G-60 reflux

rC1l ethyl ether 75-90 -10

The reaction rate of butyl lithium synthesis is also influenced
by the form of metallic lithium, As the reaction is & heterogeneous
one between & liquié and a nietel, it is more convenient to use
1Zghiwn In dirnersion z2 2= to ackhieve 2 greater contact surface.
ITn such cases 2xgoen and heliun are recomaided while nitrogen is
not, because at temperatures over 25°C the increase of the contact
surface may lead to the formation of lithium nitride, which skows
doun the reaction. Thus, working with heptane-disperséd lithium at
65°¢, butyl-lithium is produced in a few hours with.a 73% yield.

The reaction rate of organo-lithic compounds synthesis is also
dependent on the level of sodium in lithium., A significant differenc.
in yields (about 153) wos noticed when synthesising butyl-lithium
with metailic lithiw.: having ¢ sodium level of either less than
0.005% or 2%, | . ' '

In the synthesiz of terticry butyl-lithium in pentane, 80% and
higher yields were ubtuined viien lithiun undexr dispersion fora with
2% sodiun was used as against 352 when lithium with 0,5% sodium

covered by copper was employed,

High purity butyi-lithium wes produced by the vacuum technique
from lithium and butyl chloride in benzene, Concentrated solutions
of butyl-lithium were thur obtained, which were subsequently diluted
by the same high veacuum technique.

The technologicnl process for the production of orgmano-lithic

compounds s siowr un the cchewe below:
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Solvent Alkyl chloride Lithium I
distillation i distillation
drying l drying

Synthesis of
organo-lithic
compounds

Filtration

storage

From among the procedures for the production of organo-lithic
compounds, the only industrially used one is the Gilman method,
starting from metallic lithium, usually under the form of dispersion,
and alkyl chlorides,

The Gilman method is the most convenient mainly because the
intermediate synthesis of another organc-metallic compound is not
needed, Moreover, metallic lithium is now readily available and so

are alkyl halogenides which are produced in large quantitiec by the
organic chemical industry.

The mcst frequently emploved solvents are hexane and cyclohexane
vhich are a2lso used in anionic polymerizat.on reactions, This chu.ce
iz mainly due to the fact that such solvents a2re available in reln.

iveiy large quantities and at a lower price than erowatic hydrocar-
bons on the Furopean market.
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Lower boiling point solvents (n-pentanes, i-pentane, petroleum
ether) are not preferred owing to their high volatility (leading to
instability of catalyst solutions concentraticn) aond risk of self-
ignition in contact with air (as a2 consequence of the solvent rapid

evaporation and subsequent increase of solution concentration).

Lithiue alkyl solutions delivered by specizliized corpanies have
concentrations ranging from 1C to 20%. On stability-related criteria,
sec-butyl-lithium solutions concentratfon iz usually at the lower
limit of the interval and n-butyl-lithium solutions concentration at
the highest limit. These concentrations seerm ta be the optimal ones
as transport and storege are econontical and the risk of spontaneous

ignition is maintained within reasonable linits,
At present, the main suppliers of organc-lithic compounds are:

- LITHZUM CORPORNATION OF AMERICA, producing:

- metallic lithiup as bars, wire and disper-s.on vwith variocus
sodiua levels;

- phenyl-lithium (203 in 2 7C/3C mixture of benzene- ethyl
ether) ;

- sec-butyl-lithiuwm (11% in n-hexane);
- n-butyl-lithium (204 in n-hexane);
- FOOTE MINERAL CO. (Philadelphia, USA), producing:
- metzllic lithium as bars, wire aznd dispersionj
- n-butyl-lithiumj
- tertiary butyl-lithium {20% in cyclohexane);
- METALLGESELLSCHAFT AG (Frankfurt, FRG), producing:
- metallic lithium as Dbars and wire;
- n-butyl lithiun (15% in hexane, 2C% in cyclohexzne);

- sec-butyl lithimm (10% in i-pentane).

3.2.2. Synthesis of thermoplastic rubbers by the hlock-copolvmer metho
The synthasis of block-copolymers (isoprene-styrene- isoprene or
butadiene»styrene-butadiena) conzists of the f~llowing wmein steps:
i) synthes’'z of polystyryl  -lithiung
ii) synthesis of the dibiock copolyuer;

iii) coupling the active ends of the reculted diblock copolymer

with a tetrafunctional coupling agent,
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Polystyryl-lithium is produced in a reaction medium formed by a
solvent (toluene) in vhich, at moderate temperature (20-30°C), the

organc-lithic compound and styrene react ac described belovw:

R-Li+ Cﬂz =CHll - CGRS - X CH2 - CF - Li
C6H5
n - CHZ - i 1 - Li & nCH2 = CH - 06H5 — R‘(Cﬂz'm)n*l. L1
CGHS CGHS
polystyryl-

lithium

The diblock-copolymer synthesis takes place as described by the

reactions:

2

/m CH,, = CH - CH
R - (CHZ-(':H)n—;-l. £+ or —

\pCH =C ~- CH

06H5 > &H = CHZ
CH 3 '
185
/R - (cn, - cm) ., - (cH, - CH = CH - CHz)-.Li
\ or
R - (cm, - In)ml - (cnm, - <': = CH - cnz)p- Li
61

As in media lacking reactive impurities the anionic polymerization
initiated with lithium alkyls is carried out without interruption
reactions, the previously synthesised polystyryl-lithium may be used

to initiate diene polymerization,

The diblock-copolymer is synthesised in a hydrocarbon solvent
(benzene, toluene) in reaction vessels provided with stirring and
heat recovery system (31C kcal/kg). The coupling reaction is produced
by the contact of the resulting diblock-copolymer with a tetrafunc-
tional coupling agent like silicon tetrachloride.

R - (crzz-?r:)m_l - (1, - O = 2T CP,) LI SICly ey
Cell,
‘4

3 bnd ' -(;.5. . Ii 1
cn crz)n. hr.ic

n - (cz-z?_—(’:n)m1 - (cn, - cn
CyM




or
n - (cm, "'m)n-l (cm, - <3 = Cn mz)? Ll + SiCl, —
c5ﬁ5 Cﬂ3
—" - (cgz..(':g)n;I (cr, c=ocn cnz)ps- hrici
CePs crn,

Lithiur chloride resulting from the coupling reaction is
dissolved in the sclvent removel water so that the diblock-

con2lvrer Is not Impurified with lithiuw- chlcericde.

The resulted block-copolymer should be stabilized with stabi-
lizing agents specific to the elastomers and plastics industry
(e.g. topanol) and, whenever necessary, may be extended with oil,

The solvent-removal operation is aimed at eliminating both the
non-reacted monomers and the solvent used in the vrevicus reacticn
=stens, Zolvent-removal is made with wverm water and low nressurs
vapour in stirred vessels to facilitzte hydrocarbons evaporatisn

2rd to prevent agglomeration of thermoplastic rubber particles,

After the solvent-removal operation the efluent under the form
of vapours is directed to the solvent and monomer recovery -tep;
the solid particles of thermoplastic rubber ere subjected to water
and volatile matter removel by exfrusion in special equipuentc,

The main commerclally svailable thermoplastic rubbers of tlilc

type are: Kraton (Shell), Solprene (Phillips) and Europrene (in-.c).

2e2. udbber blends technaloTies

This type of {thermoplastic rubbers is obtained by the physical
aixture of 2 natural or synthetic elastomer with plasticn, usualily

polyclefins such as polyethylene and polypropylene. (26).

The physical properties of this material are sinilar t¢ thcre of
thermoplastic oiefin rubbers such as ethylenc-prcpylene rubber;

-~
W

~
.

consequently, they are competitors on a2 certain market section,

To scalize the place of theruoplastic rubbexrs as corpared to

o

v

Q
[}

ditionzl elactomers and plastics, Figuie 3,0 Dhelow precents the

hardness range of TPR, rubbers and plastics,
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Fig. 3.8. lhrducs range of TPR. rubbers amd plastixs.
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The very large hardmess range of natural rubber blends, graft
coﬁolyuefs or block-copolymers can be noticed. It may equally be
seen that thermoplastic rubbers can be applied in the traditional
fields of both elastomers and plastics. (3). '

The block copolymers (SBS) types are available from hardness as
low as unfilled NR to mmch higher values. The others range from
approximately the hardness of a tread rubber to about that of high
density polyethylene. (27, 28).

Thermoplastic rubbers of SB35 copolymer type, with characteristics
ranging from 50 to 70 Shore are likely to compete with vulcanized
elastomers and plastified PVC in the shoe-making industry.

Thermoplastic olefin rubbers are mainly applied in the automotive
industry for the production of bumbers, spoilers and other flexible

panels requiring materials in the range 60 to 9C Shore.
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Production of TPNR blends

Production methnds for thermoplastic blends Involve a fine dis
persion of each of the two components which are to be blended so as

tc achieve phase adhe~ion and a unitary morpheleogical struciure.

The main =tages ~F the tachnological process are:
- Mixing;
- Moulding;

- Extrusion.

Figure 3.9 below illustrates the main equipments composing a
Frances-Shaw production line,

Intermix

Air jets
U Pelletizer

Die
Waterbath / k
Extruder g

Fig. 3.9.  Laywut of the Francis-Shaw mixer/extruder.

Mixing
Natural rubber, mostly "R 7. and polyolefin.usuaily polyethylene
or polypropylene are mixed :in =z Banbury mixer and then a "haw 'nter

rix to achieve cormplete bliending cf components,

Temperature control during the mixing batch preparation is very
important. Starting with a warm machine (80°-120°C) mixing soon
raises the temperature to the melting point of polyolefins (135°C
for ADPE and 165°C for PP). The batch should not be allowed to get
too hot beceuse degradation of natural rubber may occur if the tewn-
perature is allowed to exceed 200°C for more than five minutes. (3).

A typical mixing cycle in a 3anbury eqguipment with z rotor
speed of 116 rpm is:
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a) Add natural rubber, ant.oxident, polyolefin

(in either powder or pelletized fora) and

filler, If needed . . . . . - 0 oinutes
b) Adeé crosslinking agent . . . . . 3 niputes
c) Add antioxidant . . . . - . $ minutes
e) bum ., - . . . - . - 6 minutes.

An organic peroxide or other crosslinking agent for natural
rubber may be added during mixing, Formally, only sufficient to
partially c-osslink the rubber is used and the procedure, which hacs
beon czlled "rnamic eresslinking® te indicate thaet the reaction
takes place during mixing, probably leads to formation of micro-
celled rubber dispers. . in the melted polypropylene. In this case
it is necessary to modify the mixing cycle by delaying the addition
of crosslinking agent and antioxidant umtil the whsle amount of poly-
proprlene has nmelted; otherwise, intimate mixing of the two compo-

nents cznnst be achieved.

7t may be noted that literature does not cite the necessitr tao
delar the zdditison of pernxide in the case of TPNMN/PP mixtures,
because EPM! reacts more slowly than natural rubber with vulcanizing
agents. (32, 33).

Treatment of the batch after mixing follows normal practice.
“hile still kot, the batch is sheeted on a roll mill,allowed to cocl
zac brought to a thickness of 8 mm, Passing it through the mill
roverai times is not indicated, as the material cracks and becones
difficult to handle when the temperature falls below the melting
pcint of the polyolefin, For subsequent processing, such as injection
aoulding, the thermacplastic rubber is granulaeted in o rotzaiy type
adding 2 partitiovning agzent in the case of softer grades to

-
naxticles agglomieration.

Tonldins and extrusion

Theroplantic rubbers can be moulded and extruded using machinery
ype 23 those used in the plastics iadustry. For thermo-
olnetlic rudher: injection moulding is generally applicd,acs coupres-

navn trulling v o proevel to he lecs satisfactory. (3).

T e 222 ceries 35 toie mmchine prov.ded with reciprocating

cerny zaves o max’oum volue of about 30 cm3 of theruoplostic watariel,
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The exizuder heaters should be set within the following terperature

ranges:
Rear (fcec cnd) - 176-195°C
Centi;e zone - 189-20¢°C
Front zone - 190-220%¢
Nozzle - 196-222%.

As mentioned before, excessively high temperatures should be
. 7oided during mixing and the szme z2pplied during nsulding and

ex¢érusion,

2 certain number of recyclings ir the rejecis extruszion procesw

is pessible, as shown in Figure 3.10.

Fig. 3.10. |
Effect of number of passes through
REP B34K machine on flexural
modulus and tensile strengthof -
TPNR 6040 containing 40 php HAF
black: a) along radial mould flow
lincs, b) acruss mould flow lines.

It can be concluded that up to ten recycles, the operation has

only a small effect on modulus and tensile strength.

Rubber/polyclefin blends, including TPNR, idffer from the »lock-
copolymer thermoplastic rubbers in their ability to tolerate extensio
with o0il. Practically, rubber/polyolefin blendz only tolerate 2mall
quantities of filler for cost reducing purposez. For thermoplsstic
rubbers a temperature in excesc of 150° is required for introdveing

zdditives in the mixing operation.
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i-27 of carbon black or titanium dioxide can be added to give
protection against ultraviolet light, and coloured pigments nay
also be odded., The abrasion resistance way be improved by adding
precipitated silica and up tc 5C parts of grcund whiting can be
used to reduce mould shrinkzge cr to improve extrusion with little

effect on most physical properties,

Norually, amounts of 5 to 15% of 0il are recommended to be mixed
in thermoplastic rubbers of TPNR type in order to reduce hardmness

and also melt viscosity.

The table below shows the veriation of physical properties with

the filler content and the elastomer/polyolefin ratio:

N.R/PP Ratio
ko/60 30/70

FAT -black 106 10
Soft clay 75 -
Talc . 25 -
Plex modulus IPa 620 690
TS " : 14 17
TB 4, ! 200 350

Density, Hg/ﬁB 1.35 0.95

In conclusion, thermoplastic rubbers cbtained by blending
natural or synthetic rubbers with polyolefins, due to their
specific characteristics, have found various applicatiomns with

specialized consuniers,
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k., New trends in the production processes and utilization

of thermoplastic rubbers

k.1. Hew trends in the product:ion processes

Recent researches (5) have proved that any further developments
in the manufacturing process of thermoplastic rubbers are econcuically
viable if they are carried out either in latex or during rubber

mixing.

Process modifications published in literature (5) fall into twc

(i) The method of inserting pendent groups to functionalize
rubber for purposes such as crosslinking, bonding, ageing, protection,

etc. using scphisticated reagents;

(ii) The methcd using cheaper reagents for bulk modification to

ndow natural o zymthetic rubdber with new phyrsice-chemical =and
echaniczl pr rties thus making it competitive with higher pr ced

materials.

2c deccribed in the previous chapter, by combining rubber with
po?l vctyreqe (comb grafts), thexmoplastlc rubber is obta*ned w¢th ihe
following advantages:
(:) The molecular veight of the polymer to be grafted can Ye
accurately detern;ned,
(11) The number and the avéragé sﬁaéing of the graftédvchains_can
be controlled; -
(:i1) The reactivity of the azo;éipping groub leads to an efficient
crafting not only In selution but nalso in dry mixing;
{iv) The srafting method iz applicable to all polymer that can
be ronctively tinped ond even to mixtures of twoe or more polymers,

20 that ~ wi.de range of grafted polymers may be obtained.

Therefore, «ny ~zo-~tipped polymer may be grafted to natural rubdber
in ~~lution, provided that the cormon solvent he previously identi-
fied, wvhich is not an ecasy task when widely disparate polymers nre

nzed,

flase trancitlicn or -=clting tomperature

or lurenixing grafting, o themseplasztic properties and procar.

fLT LAy of the grafts, there ~xe certain restrictions impozed by

tue gloas trznseit. o {Tz) or meltlng temp- —atures (Tm) and Dy the

3

~eluhility -2 n measure of coupatibhili- - - tween polymers.
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TFor tlierimeplastic rubbers of mraft or Hlock copoelymer type the
Tg of the rudbbery commponent should be belocw rcom teumerature, vhile

-

the Tg < T «f the hard coeponent shonl.” Lo hoeve uum tamperature
(35).

For retentlon of propertics ot huigh tesnerciurers, To or Twm should
be as high as possible and crystalline »ulyizzs rxe te Te preferrec

since Tz It =uch hetter deTined than Tg of = glossy polymer.

nce grafting of elastomers with clefins occurs ot temperatures
above Tg or T of the hard component, & practical limit is immediately
pPlaced on the valuer thot.these can acowme, Ter ccoumponents whose T3

and Tm are in the range 160—18000, the temperature during the greafting
process should not exceed 18c-20c¢°c (35).

Graft polymers are in & better position than block polymers from
this point of view since the low molecular weizght cf the hard polymer
chains depresses the normal Tg bv almost 507, Thus we cen restrict
consideration of hard polymers for grafiing to those having a normal
Tg between 70-236°C or Tm between 40-23.°%C. (35).

Solubility

Solubility is a parameter used to define coupatibility of diffe-
rent polymers and is based on cohesive energy calculated from group
molar attraction data,

It is not yet possible to predic. accurately what the maximun
difference is that would allow grafting but result: in Table 4,1,
suggest that it might be 1.3 cal%cm-s/;.

~X) Srafting Dry mix

Azo-polymer !§° in solution grafting
Polyethylene C.l yes yes
Polydimethylsiloxane n.8 yves no
Polystyrene 1.¢C e ven
Polymethy!l metha-

crylete 1.15 yes yes
Polycaproiactone 1.3 yes . ves

x) A" is calculateq difference in solubillty parausetcr: taking
for M2 8.1 cal i c= 3/2,
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It is considered that the processability of the material becores
poor if the difference in solubility is larger than 1.3 - 2.0 (sece
Table 4.2). (5).

Table 4.2

“ffect of solubility difference
parameter on orocessability

Solubili
Copclymer system olubility para-

meter difference Processability
{call cm” 75

Blocic
Polyalphamethylstyrene 1.6 good
Palystyrene 1.8 good
Polybis-phenol A-carbonate 2.2 fair
Polysulphone 3.3 poor

Graft
IR~ polystyrene l.c cood
NR - polycaprolactone 1.3 poor
EPDM - polypivaleclactone 1.7 poor

The effect is due to marked phase separation still existing in
the polymer melt when the two components have disparate solubility
parameterc, The energy required to move a component from a domain

through a viscous medium leads to very high melt viscosities. (5).

Colubility parameters Plfferencp fron natural rubber versus Tg/Tr

is presented in Tatle 4.3 below and Figure b.1,

The preforred nrYrmars wauld cceupy the bottom right hand corner
aud they should hav: a roz:snably right Tg or Tm for gocd retention
~f properties 2t h.h terperatiuivez and a low solubility parameter

-y

difference for zood psrccessability,

Theoretically, .t & possible to extend the upper limit of the
diazram in TFigcure bB.1 by raising the solubility parameter of natural
rubber through cheuical rodification; for instance, a 50% level of
hydrochlorinatinn wouled gi#e Lel5 units increase or by a prior graf-
tarng to ML of = polyuer v £ o hlch rolubllity pararicter as Tea-
oiBle to give o pro-inte ;ﬁcrca;c Tfrom 8,1 (e.g. polymethyl netha-

ervlate 9.25).




Table k.13

Sclubility parameter difference from natural

rubber versus Tgczg

Solubility parameter

Polymer difference Tg(°c) Tm(°c)
(calz em-3/2)

1. Nylon §/6 5.5 - 265
2. Polyacrylonitrile k.6 105 -
3. Polymethacrylonitrile 2,8 120 -
4. Poly (bis-phenol A-diphenyl

sulphone 2.5 190 -
5. Polypiwvalolactone 1.k - 2ho
6. Poly (bis-phenol A-

carbonate) ' 1.4 - 220
7. Poly(2,6 dimethyl-1,k-phe-

nylene oxide) 1.k - 261
8. Poly(vinyl chloride) 1.35 s1 -
9. Poly(2,2,4,4 tetramethyl

1,1, 3-cyclobutanediol
) carbonate) 1.3 - 253
lo. Poly(ethylene sulphide) 1.3 - 210
11. Polycaprolactone 1.3 ’ - 65
12, Polymethyl methacrylate ©1.15 11¢ -
13. Polystyrene . ' 1.0 10C -
1L, Polyethylmethacrylate 0.9 65 -
15, Polyalpha methylstyrene 0.8 ¢ 170 -
16, Poly dimethyl siloxane 0.8 120 -
17. Polypropylene c.G - 175
13. Polyethylene c.1 140
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polyarylsulphone ¢

slolactonee

34
t »e 150
20 ”

1

s T'c

T

Fig bl. Adry-mix grafting feasibility dingram ootained by plottiag solubilicy perameter difference
dtkpdymadutualubb«m‘l‘ or T, of the polymes.

Vulcanizates with labile or reversible crossl akes

, crosslinks_(FigureAh.Z).

closed

_thermoplastic rubber is z vulcanizate with heat lab:il

Fig. 82.  Schematic representation of a thermolabile crosslink.

An attractive alternative to the physzically demein crosslinked

reversible
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Th' '~ would he cxpectz2d o have physical propertles as good as &
convent ‘oncl vulconizate at temperatures up to the peint where the
cronslinks breal opon.

Tencent aninc 77ouD35 were Iniroduced along the polybutadiene chaln
by copolymerization technicues and crosslinted by quaternizsation with

a bis- 2lkyl halide (sce Pigure 4.3).

Y P4 i

Ri-N-R, R-N-R, ;
X
X
el
+x-
R-N-R, R,-N-R,
1 1
Fig. &3. Abbile(heat wr sheas) quaternary salt crosslink.

This gave significant improvements in green strength without inter
ferring with prccessability because it uas. claimed the crosslinks
" were shear and/cr temperature labile. o |

Much higher degrees of crosslinking were obtained in the work of
Carpbel? (5) in vhich notural rubber was first equipped witk pendant
h&drbiyl groups some of which were transformed into crosslinks by
reactiocn with 2 difunctionzl beta-keto ester (see Figure 4.4.).

!
OH (o]
=0
"2 t
¢=0
“z 3
=0
OH 0
I
l' Fig. 4.4.
The keto-ester exchange reaction as
the hasis of a thermolabile crosslirk.
T I
o . l’o OH
C
~
CHZC”Q
~ H |
i
OH 0
A |
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Unfortunately, side reactions intervened at these temperatures
leading to permanent crosslonk formation. The most attractive route
left to a possible thermoplastic vulcanizate would be the synthesis
of an a2zo-compound carrying a metal cheleting substituent, such as

acetyl acetonate residue,

A patent by Monsanto (B.Pat.1375h16) cleims some progress in
this direction (see Figure 4.5.).

T ‘
Br ‘ z o Oy CHy
QY

R.NR \ .
LI ~& —_— e
2 - e ~Co ;
Br \\I CH:RCH CH, i
L i |

Fig- 4. 5. Possible types of thesmolabile crossiinks from chemically modified natural rebber.

Diene rubbers were prepared with pendent pyridine groups by
copoliyrerization with vinyl pyridine. Complexes of nickel cross-
linked the rubber, the crosslinks disappearing reversibly at 180°%.
The physical properties claimed were reasonable, temsile strength
‘being up to 3 MPa with good compression set. (5).

In the field of minor modification levels, it was established
that there is nothing better than the "ene" thermal addition process
when reactions in solution are-to be ‘excluded, as shown in Figure L.¢

X =Y can be -N=O,-N=N- , =0, C=S,C=C].

Fig. 4.6. The general "ene’ reaction.
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Reactions uf addition to the double bond have the following

advantages:

- they are non-catalytic and therefore co not involve probleas
reloted to catalyst poisoming by non-rubbers, in NR3

- they zre¢ high efficiency reactlons and do not induce side
reactions such as crosslinking, degradaticn, cyclization or isome-
rizationj;

- they are versatile reactionc allowing the modification of

functional groups.

Of the "ene" reactions svaileble, the addition of the azo functi-

onal groups seems to be the best (see Figure 4.7.).

" Fg 41 The ‘eme” reaction of szodicarboxylates with cis- 1, 4-polyisoprene.

The only disadvantage of this type of'reaction-is the very high
cost of the resuiting organic chemical complex (£ 8/kg).

There are two other functional groups that merit investigation
in the field of "ene" reactions, i.e. carbenes and nitrenes, which
attack most polymers by either double bond addition or C-H insertion
reactions (see Figure L.8).

— T ;
ed cHy ._._>‘:A CHy—— ~
Addition !
S L -

___)FT};- - ‘\\Qx"T;J*j}“ [ ] E

fig. %.9. The reaction of carbenes and nitrenes with natural rubber.

L N0
b
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Carbenes are more difficult to generate in situ in other than
selution reactions, However nitrenes can be generated by thermo-
lysis of azido-compounds at teuperatures of 120-150°C and are

applicchle to dry rubber reactions.

4.2. New trends in the utilization of thermoplastic rubbers
k.2.1. Thermoplastic rubbers in footwear

The footwear industry had in the past a relatively easy life in

choosing its soling material - it used either leather or vulcani-
zed rubber. ITowever at the beginning of the 1960s, with the intro-
duction of PVC soling compound, the scene changed considerably.
Since PVC is thermoplastic, it could be processed by standard auto-
matic injection moulding techniques. This led to & dramatic reduc-
tion in labour costs in comparison with those of vulcanized rutber
and, &s a resuli plz:zticised PVC ccrpounds have captured a market

share of around 25% in Western RFurope.

Around 1970 another polymer system, namely polyurethane, was
introduced to meet the requirements of the large platform units
fashionable at that time. Polyurethanes,however, require the use of
spécialized technologies and machinery which could not be used for
any othef polymer system. These factors, in combination with fashion
changes away from platform sole styles, have limited the growth of

polyurethanes after the very promising start of the early 1970s,
- Currently their main appli n is in high:cost.soles for high
severity applications, such as sports shoes, but they are also used
in premium casual shoes, mainly produced by those manufacturers

having a greater investmnent in equipment.

At about the same time (1972-74) thermoplastic rubbers based on

styrene-butadiene-styrene block copolymers (S3S) were introduced.

nitially, the acceptance of those SBS elastomers was slow, which
was partly attributed to their high cost, but largely a result of th
lack of experience of both polymer manufacturers and end users as tc
their compounding potentiel and the selecticn of appropriete dro-
censing conditionc, The situation has chenged dramatically cver
198¢ and theinioplastic rubbers have now establiched e strong posi

tion in the footwear sector.
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This progress is illustrated in Table A.4. which gives

the peretration of thermoplastic rudbber in Yestern ™urope.

Table 4.4.

4 Share of Vest Zuropean Soling MNarket

Soling material 198¢ 1985 1990%)
Vulcanized rubber 45 k3 k2
Plasticised PVC 27 26 25
Pclyurethane 3 7 .
Leather 7 8 é
Thermoplastic rubber 11 16 18
Cthers 2 2 2
Total: 100 100 109

x] Authort's estimation

The thermoplastic share of the market increased 5% in two yvears
at the expense of the vulcanized rubbers and polyurethanes, while

the high price of leather gave a further impetus to its steady
substitution by PVC and TR.

The utilization of the compounding versatility of thermoplastic
rubber combined with the development of new types has prompted further
pProgress in various footwear narkets. The following major areas :in

the solid soling sector will be of interest:

- Thin frshion dress shoe units/thin s>le sheeting;
- Nasic evervday walking shoesj

- Cutdaer training/sport shoes.

Fashionable dress shoes have been the exclusive domain of clocked-

ocut soles made from leather or high-styrene resin rubber sheet.

Weverihaless, fcr reasons of design flexibility and, to a lescer
cxtent, cost, PVC injeciion moulded units have made substential 4in-

o anto thi anrket,

Laaad

mic.uwpinatic vubbers heve o dilferent hasrdness/stiffhes s celntl n-

shIn P e b o€ PV, cnd o hardness oD aheut G- 0 Shelre S La o salemied

Loew pariauen Of thin drens shoe coling natericly ¢ represented In
T-Nhle .5,
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Tzble & 5.

Cempar son of thin dress shoe sol == materals

High styrene

Material type Leather T.R. resin rubber PVC
Mardness Shore A 95 7C-3¢ 355-9¢C 75-8%
ear resistance - ++ + ¥
Flex resistance s + + b3
Slip resistance - ¥ ++ -
Surface appearance +++ + ++ ++
Cus toner appeal +++ ++ ++ -
Relative cost 25G i0C . 105 35

Recently it has been shown that cycle tinmes required for thermo-
plastic rubber compounds can be reduced¢ to those for PVC compounds,
Consecuentlv, the cost differentizl i ranufactired snles has be-

corme less than the 207 relat:i—: vclime cost differentizl,

The development of thermcplastic rubber based solid sheet is in
progress, and a formulation has been developed showing favourable
properties compared with leather and highk styrene resin sheet. A
“recent evaluation showed that laboratorvy produced thermoplastic
rubber Shéefs can be processed into units and subsequently into shoes,

without having to modify any of the conventionsl equipment.

4,2.2. The potential of thermoplastic ¥2/polvolefins blends

in the shoe soling epplications
Natural rubber/polyethylene hlerds show DLetter flow properties

when compared to natural rubber/polypropylene blends. A NR/PE blend
containing 60% by weight of natural rubber could be processed satis-
factorily while in the NR/PP blend the proporticn of NR is limited
to 404 or less (b).

Furhtermore, NR/PP blends with a high proportion of PP are
generally too stiff for soling., As the NR/PE blend shows the best
pronise for shoe soling applications, our studies have Leon centred

on hlends containing eausl proportions of each pnlymer (Table h.ﬁ).
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Table A.6
Processing conditlon of thermoplestic rubber

Natural rubber 82 6¢c ke §9 4o 20
Polvethylene 22 4o 6¢ - - -
Polypropylene - - - ko 60 8o
Dicumylperoxide 0.48 0.36 0.2k 0.36 Jo.24 .12
Barrel temperature,9C | 20c-240]165-185]150-180 R1o-280]190-210 FGO-ISO
Injection chamber
temperature, °C 250 195 190 2ho 220 190
Injaction pressure,
kg cm™? 105 105 100 105 105 100
Floxure modulus, }Pa - - 61 - 255 -
Moulding quality Poor Good Good Poor Good Good

Another way of improving the flow properties is by incorporation
of process cil. Table k.7 shows the improvement of flow properties by
addition of naphthenic o0il, bBut this method is limited by its adverse
influence on physical properties. (4).

Table 4.7

Effect of oil and silica on ‘processability
of TPNR

0il{w/w %) Silica. (w/w
) 10 30 ~ 20
Narrel temperature,®C] 165-185|145-165% |140-160] 190-210
Injection chazber

terpernture, ~C 185 i75 170 22¢

Injection pressure,

kg ciam 1e¢ 1cc 7C 100
r

Addition of reinforcing filler such as silica impairs the flow
properties as higher nielt temperature is required to facilitate
flow, (4).

“ffect < f:illers cn phvs'cal properties can be seen in the
Table 5.7,
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Tifect of filiiers on physical pronerties

Filler (w/v ) 0 sigica siggca ;zgting whgging
Tensile strength, MPa k.5 5.7 7.5 k.7 h.n
K 100, MPa 3.9 k.7 5.8 4.6 .1
Tear, N/2 m= 73 93 35 73 68
Abrasion (Du Pont),

ml/looco rev. 1.9 1.2 1.2 - 3.2

Hardness, Shore A 389 92 o4 91 92

To lower the hardness of TPNR, process oil is incorporsted.
Selection of the proper o0il is important., Naphthenic oils compatible
with the natural rubber were studied. The addition of oil besides
lowering the hardness also reduces the tensile and tear strangth,

flexural modulus and abrasion (see Teble 4.9).

Table h.2
Effect of naphthenic oil
oil, (w/w$) - o 10 30

Tensile strength, MPa I 4.5 3.9 2.3
Tear strength, N/2 mm 73 : 67 4o
Abrasion resistarice’ o
(Du Pont), m1/looo rev. ' 1.9 3.0 3.7
Flexural modulus, MPa 29 22 10
Mardness, Shore A 89 , 86 78

Another pnssible way of reducing flexural modulus and hardness
without causing significant difference in tear and tensile proper
ties is by substituting the polyvethylene with EVA (vinyl acetate,

content 167).

4,2,3. Thermoplestic rubber for carpet tile backing

Therioplastic rubber is an ideal base material for highly fllied
cexpeundr, €5 be used as an integral backing of seif--laying carpet
tiler,

™e fulloww.ng is suggested as a starting fommulation:

Susifiex TR-4133 - 1CG. parts;

- Ground whiting -  50C parts;

- Maohthenic uil - 55 parts.
I
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Stabilization of carpet tile backing compounds s not considered
essential, dut, if reaquired, a 53/5%3 bBlend of dilauryl thiadipropic-

nate and a2 hindered phenol type is recommended.

-

F'llers impart the high spec'flic grav ity required of bzckinzg for

e
zelf lay 'ng carpet tiles and furthsrmore dasrsase coopamds caste.

-

i general. whit'ngs should He n9n exrretnlline. Tartlcle sime nuist
alsc De taken into eccount. Tor ‘ncstance, as the particle size de-
creases, increasing amounts of processing 2i!l will be absorbed by the
whiting itself, and so adjustment of the 0:il level is necessary tc

accormmodate this effect.

Barium sulphate can be used to obtain compounds of especially

high specific gravity. Similar selection criteria should be used for
whitings. Barium sulphate does tend to reduce tensile strength values
slightly, 0il and whiting generally act in opposite directions on most
‘of the properties of highly lvadad coupcwil: as cul be seen From the
contour diagrams shown in Figure 5.9, The comsounde in the areas not
covered by the contours are these in vwhich difficulties in mixing or
sheet processing may be encountered as the ratic of o0il to whiting

becomes too high or too low,

The type of compound recoimended foxr carpet tile bhacking is in the

region of 500 phr whitiag and 55 phr oil.

Elongation at break gives an idea of "bendabiiity"™ without breaking:
10C5 is considered an adeguate ninirut, and can easily be met with

TR compounds,

The melt index figures are related tc compound viscssity and thus

g:ve an indication of processabhility,

-

The specific gravity is seen to he mainly a function of the filler
present,

Hardness is governed by both cil and whiting. The stiffness of the
compound is naturally related to the hardness,

A product on scheme for thernvplaztic carpet tiles can be seen i~
J-g" e l‘ 10.\

The intermel wmixer pyrcduce: & lacge v T seterial g o continusus
pixer preduces o ostrip. From thess 0o i 2hze? mmzt Ha wade,
|
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Fig. & 9. Effect of whiting/oil leveis on the properties of carpet - tile backing .
compounds based on Cariflex TR-4113 !
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Mixing Banbury, Buss-Ko-Kneader
Sheet Extruder calender mills,

forming
Applying Heat fcllowed by roll
sheet to system

carpet

Cooling, Normal equipment
cutting,
packing

Fig. 4.10 Production scheme for TPR carpet tiies

There are two basic possibilities to applying sheet to carpet.
Cold sheet cen be fed with carpet to an "Auma" or "Rctocure" type
of machine which pfesses them together around a heated drum by means
of a robust belt. ’

The alternative route is essentially very simple; one uses an oven
to warm up the sheet to about 140-160°C, followed by a pair of simple
rolls to press the sheet on the carpet.

Alternative modern systems consist in a complete line of machinery

to combine the sheet-forming and the sheet-apolication step. n othex

words, it is possible to feed such a compound to a bank on a simple

two-roll system together with carpet (melt index 5kg/10 min and
temperature 150°C).




Technological equipment

Block structure 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 lithium
ii) synthesis of the diblock-copolymer
iii) coupling the active ends of the resulted diblock-copolymer with
a tetra-functional coupling agent.

For this process the main equipments for producing 20,000 t/y thermoplastic
rubbers are shown below:

Type of equipment Technological Capacity or Materials Potential

function dimensions suppliers
1.Stirring vessels Preparation of 5 113 8.8.* Common suppliers
the catalyst for chemical
complex : equipment
2. Reactors with  Synthesis of 10 5.8. -
agitators polysthyryl i .
3. Reactors with Diblock-copo~- 20 o> ° 8.8. -" -
agitator lymer preparation
4. Evaporator Desolventation 30 -3 8.8. - Y-
of the polymer
solution
5. Double screen Drying the 2-4 t/h c.s.** Anderson - SUA
extruder thermoplastic polymerfeed French 011 - SUA
polymer until Industrial Export
0,52 w water Romania

Neftehin ~ prom

export - S.U.
Note: * g.s8.: stainless steel

** c,g.: carbon steel

Elastic material, natural or synthetic rubber is mixed through physical
methods with the plastic material, usually polyolefines such as low
density polyethylene, high density polyethylene and polypropylene.

Such processes consist of the following steps:

i) mixing
1i) moulding
iii) extrusion.




The main equipment used for such processes is:

- intermix

- extruder

- die

- waterbath

- pelletizer

and the potential suppliers are:

SMTC Kaufman
55, rue du Pont VI - POB 204
F-76053 Le Havre Cedex, France Telex: 190912 F

KBRAUSS~MAFFEL AG
P.0. Box 500 340

D-8000 Munich 50, F.R.G. Telex: 05 23 163
CRESPI SPA

Via Roncaglia, (3

I-20146 Milano, Italy Telex: 332082

PLASTIMAC SPA
P.le G. Cesare 9

I-20145 Milano, Italy Telex: 332215

POLYTAL

Strada Settimo 399/7

“I+-10156  Turin, Italy Telex: 224075 o

BAKER PERKINS HOLDINGS

Westwood Works. . . :

Westfield Road

‘Petetborough PE3 6TA, United Kingdom Telex: 32185

BETOL MACHINERY LTD.

187 Camford Way '

Sundon Park

"Luton, Beds, LU3 3AN, United Kingdom Telex: 825233

KILLION EXTRUDERS, INC.
56 Depot Street
" Verona, NJO7044, USA Telex: 133560

PLASTIC STORK MACHINERY
P.0. Box 195
" 7350 Netherlands

STORK KUNSTSTOFF~MASCHINEN
Friedrichstrasse 35 a
'D=-5880 Lindenscheid, F.R.G.

INDUSTRIAL EXPORT
"Bukarest, Romania

PAGANI. Machine per la lavorazianme

della materie thermoplastiche extruse

Via Marconi 23/25
* Milano, Italy




5. Health and safety aspects of thermoplastic rubbers
Increasing attention is being given Ly industry to the health

and safety aspects of chemical products. Regulations on these
aspects vary from country to country and it is therefore not possible
in this publication to make specific reference to them but it is

recomnended that the user be fully aware of existing regulations.

This technical information therefore describes only the possible
hazards involved and the precautions that should be taken when handlir
and processing thermoplastic rubbers.

The raw rubber contains additives to protect it during storage and
transit and to confer specific characteristics (extender oil). It
also containg traces of materials which are residues from the poly-
merization and finishing stages.

Thermoplastic rubbers, in common with all emulsion polymerized
polymers, have by cowmparison a much higher level of residues, mainly
organic acids, which are required for 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 time there is no evidence to suggest that the presence
of these residues in thermoplastic rubbers constitutes a health
hazard during handling or processing. of the rubber compound, under
normal safe working conditions.

The oils used are arématic or naphthenic types depending on fhe
final characteristics required. The oils differ in aromaticity and
a general characterization is as follows:

- Aromatic oil - 60% wt aromatic content;

- Naphthenic oil - 30-60% 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 &2 type known to pose a carcinogenic risk
if contact with such oil1l is prolonged and under conditions of poor
personal hygiene. Thus, a health hazard may exist depending upon the
conditions of exposure when rubberes containing these o0ils are proces-
sed and handled.

n Il [NININ 1| (I | ] il Ll L
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The naphthenic o0ils are more highly refined and generally con-
tain less polycyclic aromatic hydrocarbons than eromatic oils.

Nevertheless, it is recormended that the same precautions be observed.

The use of protective clothing is recommended when processing
thermoplastic rubber, especially in cases of prolonged contact.
Overalls and undergzrments should be laundered regularly and soiled

gloves disposed of.

Repeated or prolonged skin contact with the o0il extended types
shoul@ be avoided especially when the rubber compound is hot or
solvent wetted., When such contact does occur the skin should be
washed with warm water and mild soap. Strong soaps, detergents and
abrasive skin cleansers should be avoided,

The vapours or fumes that arise during the processing of general
purpose rubbers can, in poorly ventilated areas, cause irritation.
When this occurs the eyes should be irrigated with clean water,

Although ingestion of the rubber is not considered a hazard, it
should be avoided. It is recommended that food, beverages and smoking
should not be alloved in areas where the rubber is being handled or
processed. The inhalation of fumes or wvapours which are evolvad when
processing the thermoplastic rubbers, especially oil extended types,
should be avoided. Efficient exhaust ventilation will solve problems
arising from this sourceivﬁen this is not available protective respi-
rators should be worn. Washing faéilitios should be convéniently .
located neer the working area to allow personnel to wash after han-
dling the rubber, before eating.

First eid facilities should be readily and conveniently available,
with qualified personnel in attendance. Where there is a need for
further skilled medical assistance this should be sought immediately
from a nurse or doctor,

During the processing of the raw rubber and in the subsequent
stages of manufacture it is essential to observe the following safety
Precautions: .

(a) avoid the inhalation of fumes and vapours from hot rubbers,
compounds and vulcanizates;

(b) prevent skin contact with hot or solvent wetted rubber-com-
pound surfaces by wearing appropriate protective clothing;

(c) observe the safety regulations for the chemicals used in
rubber processing;
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(d) maintain efficient ventilation especially where rubbers
containing extender oils are being processed,

As a guideline and for further information on the atmospheric
contamination by fumes and vapours, reference is made to the BRMA
Code of Practice, where a value of 0.25 mgth is quoted.

The rubber should be stored in an adequately ventilated area
where it will not be subjected to sunlight, extreme temperatures
or naked flame,

Precaution shounld 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 using carbon dioxide, dry chemical powders.
foam, water spray, sand or earth. Large fire should be dealt with
by foam or water fog.

Waste product can be disposed of by burying on an approved site
or burning under controlled conditions. In many countries regulations
exist regarding the disposal of waste products and it is recommended
that these be referred to.

If the finished rubber article is intended for use in contact
with food or in pharmaceutical applications, toys and other human
-contact areas the relevant regulations should be observed.

6. Some economic aspects related to the production
' and utilization of themmoplastic rubbers.

The demand for‘thernoplastic rdbﬁers is continuously growing as
compared to traditional elastomers and plastics whose yearly growth

rates are lowver.

Today, about 500,000 tomnes/year of thermoplastic rubbers are
produced and sold in the worldj it is estimated that production will
increase by another 50,000 tonnos/&oar as thermoplastic rubber pro-
ducts will further replace thermoset rubber parts and polymers.
Various marketing studies point out that in the next vears at least
100,000 tonnes of thermoset rubber parts will be replaced by thermo-
plastic rubber items,

The use of thermoplastic processing equipment will not only make
the rubber industry more comp?titivo, it will also put more pressurs
on the price of finished partes, and make the production of theirmoset
Tubber parts significantly mo}e cost competitive.
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In the USA, thermoplastic rubbers consumption is 200,000 tomues
and will inciease 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 ethylene-propylene rubber is
considerably higher than current natural rubber prices and this leads
to estimated selling prices of most grades of thermoplastic rubber
at least 10£ lower than thermoplastic clefin elastomers of equivalent
hardness with similar rubber/polypropylene ratios, assuming all other
manufacturing costs would be the same;

The European consumption of thermoplastic rubber is even larger
them in the USA, and will show similar growth (250,000 tonnes/year)
in 1989 and 300,000 tonnes/year in 1990.

The Japanese production is also growing rapidly.

In & natural rubber producing country the lower cost of natural
rubber (not having export duties and freight changes) will, to some
extent, be offset by higher costs of imported chemicals and poly-
propylene. However, lower labour costs in a developing country and
other costs savings make for a much lower estimated production cost of
thermoplastic rubber in SE Asia compared with Burope. Hence there is
an excellent case for producing thermoplastic rubber to supply local
- mamufacture in these countries, It is estimated that an economic
price for locally produced thermoplastic rubbef could uﬁdercut the
pPrice of imported therﬁoplastic olefin elastomers by 20-30%. Even
production for export should be possible, provided the additioneal
cost of exporting and shipping is mot too high (3).

Some assessment regarding the economic status of thermoplastic
Tubber process is essential, but the novelty of the process makes
this assessment difficult to achieve,

A target price for raw graft copolymers can be set at £ 1,000/
tonne. This was a representative price for pure styrene-dieme block
copolymer at the time of the costing exercise. Taking a price for
natural rubber of £ €0¢/tonne and assum.ng a graft copnlymer compo-~
sition of 35% polystyrene, an allowabla cost of < 1,75C/tcnne can
be assigned for the azodicarboxylate functicnal polystyrene, If it
is assumed that the materials cost for the synthesis of one tonne
of azodicarboXvliate functional polystyrene nust be only about one
third of the total allowable cost,:a materialk target price of
£ 600 can be set for the preparation of one tomne of functional




polystyrene.

The price of styrene monomer at tie time of costing was £ 325/
tonne and the cost cf n-butyl lithium initiator to convert one
tonne of monowmer to polystyrene of a molecular weight of 7500,
was £ 107. The cost of all chemigcals required to synthesise the
azodicarboxylate end group, assuming 66% overall conversion from
phosgene and cthyl carbazate, was £ 180, giving a total materials
cost for one tonne of functional polystyrene of £ 612, which is not
far outside the target price of £ 600, This materials cost does not
include the solvents used in the pclystyrene synthesis, Their cost

is in the region of £ 650 per tonne of polystyrene and clearly,
highly efficient solvent recovery would be essential,

The cosating exercise is, of necessity, over simplified, and does
not even go as far as to include profit margins, but it serves to
illustrate that the prepolyrcer approach to graft copolymer formation
is not entirely beyond the bounds of commercial feasibility, (2).
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