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for implantation must be free of potentially harmful substances that could leach
from the implant iz vizo. Although problems of this sort can be readily identified,

25 the solutions are not always immediately obvious as there is usually a complex
relationship between the surface chemistry and molecular structural features of the
polymers, their morphology, the fabrication process and the device design. To date,
such inter-relationships are not well understood and, in most instances, evaluation
studies have been based on ill-defined commercial polymers. Whilst some efforts

30 have been made to tailor materials for improved end-use properties and to gain an
understanding of their properties, little attention seems to have been directed to the
precision manufacture of quantities of materials for specific biomedical applications,

which exhibit controlled and consistent bulk and surface properties.
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poly-1, 2-butyl ene ether glycol, and po] ydecanet hyl ene ether glycols.

Preferred pol yester polyols include polybutyl ene adi pate and pol yet hyl ene

terephthal ate. Preferred pol ycarbonate diols include 20 pol ytetranet hyl ene
carbonat e di gl, polypgentanethyl ene carbonate diol, polyhexangethyl ene
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l e, dependi ng upon t ] the .
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bnd any. prBSRr s fupmidRlisiBion, P SHRuBe Fbt upF gk Bralied A8 ol ecul ar
l'evel . | nthe pirficRrofate %aﬁe%b[ymtr, tol ikprévoOiliéritsepdlangerhasivteor Nt ensi vel y
m xed by vortexing, such that two or nore re_age‘r;vi1 streans ar¢e caysed to
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. required .
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sui tabl e f&g magi ng pol ég{yet hane nedi cal d(ivi,ces i nt endegéjliqr i.npl antati on.
' The ni x- AeRIgcted to A Post-Rplymensationextsiongpellesisation prasass additiend| ean t he
apparatus after each used. In an enbodinent, the two or nore reagents are
delivered to the mx




WO 02111975 PCT/ GBA /03441 -9 head under pressure, preferably via one or
nore injection | ances. For exanple, a first injection |ance nay contain

i socyanat ygwphiarssecond i njection | ance may contai n pol yolpcangedndid
extender, or a first injection |lance may contain a first isocyanate, a
second injection lance may contain a seéond i socyanate m xed with an
aliquot of a 5 first polyol to effect end-capping, a third injection |ance
may contain a second polyol and a fourth injection | ance nay contain a

chai n ext e{]ﬁ%?.l ;ﬁ}gﬁn‘:‘ecﬁa{n‘}cﬁ Lt?@s%éycaﬂaﬁﬁs@ﬂgﬁe? ggaﬁm Bk irggﬂé, S as, for

pernutations o various reagents and ese corbl nations are
. intended t exaneple,ndgratationiof hhepolymes colpeh adaytsignificaady mflience its indreredthe

rel ati ve anmounts of. t,he, two or, nor.e reagents. bei.ng,supplied 40,10 undergo
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pol yneri sati on p{loceeds. I he, cqntext of the present invention, the term
" eact 1& el §egsss PLIPKEGSIQS eprRiuc d to nean that the physical and

chem cal properties of the polyurethane m xture are nodified in a
continuous flow stirred tank reactor (CSTR) or an extruder, preferably by
at | east oAecayflingly ivafirsnrspéay ofishoinvendo,ithetteiio prafideask 3 peatessfove i n
relation to .onventli orn%nREX rocedur es. I&zﬁt- urt.gle -errbod'kemant, the

resul t ant B AP LHFEE G POIRINPS 15062 B HEEPOR Feya? élapﬁrbé?ler ably
bei ngdcl osa&gpﬁ_audlygd ct@ilntquﬂiemﬂﬁsasln at rlbdakﬂmso_' feagéfnmaaiadb e&dﬁbﬁd_ tl{?nt, t he
extruder may be i i gt adjacent to and js, preferably, directly
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adj ustpent s ,ther,eto to be made., @ a furiher enbodi t he result ant
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extruder dhegolyal er ghe chain extoudes meth isperagaiggroups, thy gﬁsa,tmaﬁa sRsent

pr ef er abl y..1= . tr S | j ol d.
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be cont r ol wichithe pelyebyr therhainl dxtenger priot tomtensineemixing: ePrefdrabkly, atrleasur n
dictatgs the progress pof. th ol yneri satihion reaction.  Secon . as

ol y e s A RNoPL IR shein eofenfleh ¥ FESed Hidk e WOl Py s deeie il
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pol ymeri sation,reaction to give nodifi.ed pol yurethanes of specific val ue,
such as 1&%@8?&?%&%§°mtfyh¥%élﬁd%%nﬂﬁf ’E—?ﬁge"f‘? B'rﬁllehe gr oups
. Wi thin thengRbMERlevaNARs thOmaRiiAeRIre of faifd?8d inéatt EthaRds dfnditgwd Wi th
the pre-polyner at this stage, to pronote chain extension or cross-I|inking
and i ncr easeleqilacweighy distributioney nasrowpplydispersisys dlareevan, dbnpwvaead al ong

- the | epgt truder. barrel i for reaction i t. progresses,
whi | stﬂ)t e%ﬁgroélthg&éee@oe E#?@I“ St a‘r:f’gﬁ l():%afril![lltg;}emﬂJ l‘};tgoth % @%!yaﬁ%r%u&rné s?ﬁ%l ®¥he reaction
p;gcg_sses vdﬁﬁsﬁbvm}aﬂhhérmiﬁﬂhmfhﬁcmwb& mniniinfi?E’lgl@;Sréledh<|Sing1tliJa(“]I ehmbercof I
enbodi nent, .therefore, the polyurethane ¢can be nade.to undergo thernma
profil i ng B Frdestios pelyawsthone ‘}éﬂlﬁ’m Bereprocess allgws & ‘F“?tgg"ﬁ a
wel | - def i Regnif@hrPdf DpsliRlevhank Resth, RSbE _ddxcﬂo&e;q%%@sddiegae Me/Milst ¢ he
extruder al so conpri ses rheonmeter, a densitoneter, a spectrophotoneter or
any conbination thereof at a 20 pre-determ ned point along its |length or at
its exit, such that the physical and chem cal properties of the formng
pol ymer and the final polyurethane can be closely nonitored and, if
necessary, adjusted during the reactive extrusion process. Therefore,
dynam c control of the reagent stoichionetry and intimate m xi ng of the
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WO 021 11975 -11 PCT/ GBA /03441 directly into an injection noul ding machine,
fed into a pelletiser, or fed into a systemthat allows the dispersion of
the melt iwboozndtrer, thus form ng an aqueous pol yuret hane f&ﬁgﬁf,ﬁdﬁ{\ One
advant age of dispersing directly into water is that a higher nolecular

wei ght pol yuret hane can be di spersed and -chai n extended, 5 resulting in a
hi gher nol ecul ar wei ght pol yuret hane. Reducing the nunber of processing
steps hel ps to reduce the thermal degradation of the pol yurethane, which

can resul t pérburbatiesiisf the reddiohheoighioatsityedllovashe ﬁfanhfaeuﬁelofpbl;wahmeand a
deterioratiopn in tﬁe consi st.ency , of tg&ggl k and surfﬁ‘g e chem st,ry

i nport ant  WEhcgrErolied copppsitien d/énaﬁf utians; pef PQs er'@é%‘%‘é’&“ﬁ%!‘%luret hane
can be extgg,lﬁ ‘ﬁg‘ﬂl &&tly into the final form such as, for exanple,

t ubi ng, disperse ter to produce an aqueous polyurethane di spersi on,

. pel l'eti sed for further processing by injection noulding or extrusion, or
directly isecti n.a se onda t of the vent i on, there S
provi de% aﬁh%%“gf‘@?ﬁgoqa@?mﬁ% ahegmgy gaBXISVﬁ?‘eDg? ﬁ%?ﬁféaﬂ(?oﬂfﬁ% E'Fr?é a delivery
system fOFcﬁlb%,ﬂlphitﬁi pml;»hssocpu:ﬁm;rb&t rsgm@h preferibly we o&@@g@ﬂﬁ@cﬁﬁiaeat ed froman

| socyanat e . a,.chain ext any mxture thereof and a
pre-pol y "e?‘?flr‘?de gapic dispyapates ﬂcﬂﬁf%é spgranatadipheny {ﬂ‘ ?ﬁexzrf'g' sal d at
| east two ;6

iRBOPH;fd @ieuri. [féthine) 5o BF&&?& SToBRARS, whea,(@ﬁ@tnﬁg cgérrate

enbodi mant syst em c rrprl ses one or nj ect ances,

pr ef er abl y2 6onluene ﬂes:bcmnﬂth@omlms)d pﬁlym:ﬂvbnetppberymmes 1,3-n an especially
f d d t tiall
P Choeld | ERa R FaPamey Do Tatek e, G BiS Tt Peithatlr BaRafistiiat ' 1Y
Satbediy "5%‘*“"“‘“;?2?‘5’“ ‘“‘““le“h’“‘“?hf’f AT e e e S N
Part A Sebt @55{ C&Psﬁ%@afelqewq "-ghisacyangrodigyciqhe h@m 204y x- head
CSTR 25 (Cpm&bmuﬂyauﬂcpaﬁa‘?é 'orrrcéﬂleﬁm'?QE&Ile )Tﬂé 15128 PRE} B ahy shiggbléli rectly

into the reactive extrusion nmeans instead o In"a further
enbodi nentpolylysirexyaeampeungy butisigenenstya ydwrtpmaadwqrmrhe&m uder ,

pr ef erfsb' % re ﬁa?é?gnl%i‘ePf«{geﬁPJ ggl‘;rﬁkg% P ity g&%&ls'xﬂ&ﬁ&)edéglgétﬁ&}eag ei’l?err' ous

reagents era I’USI

ext ruder, ghosils, pobf la,2qubpylmcaheng]ytmlngpdlwetrmdq%nexthucgéycolsbupplysuz-
commer ci al bl e rew,e may, be, us such as an APV
Baker I\/PZOJS%”%Y?%L e%etﬁ?ﬁ{ g‘X‘F‘g l)éijre’{g E‘P 5&'&?6/5![}":0@)&56 mm co-rotating
twin screvm a.rﬁbt?h e et&atglyaelszpfa&re&/pbryhstbﬁ tyals lipdbde f)bl@’Bh HiMeBaker ,
Speedwel | aﬁﬂ? East , astlzé er-Lype, Unlted gdom In a
further 9@9#!1 poBethylene pereplubelare JHeefers a@iymh@nat@#eoem ris

provi dpd &2&5 r erature of
extrugjebd ter| %?k eQ%thﬁlcgtBEéﬁu ﬁ‘l;a%‘%t eﬁlée%lt) erno?g]ap le. In a
furt her erpisdyliexamechylene cashonatgatiol, 90b1h@varweH6watH0nat¢rdleP depelyfh@ul ating

means, I r e extr ded ri he region
adj acent g‘?ﬂ%# gt Bﬁ}n "N g’%ﬁ%@}r‘ﬂle O%ac‘;ep () er%%? éy ? er conpri ses
measur eneronipouids eatnglsete h@ed‘rdqﬁndmgmpﬂwdieﬁhhuéﬁ ap}ﬂﬁﬂm@rm Ther amet er or
property of .the.pal yurethane xtur.e, Preferably, the neasurenent neans

conpri se PolyRenspen reactign fagy; Hed oyt tAreRSReR aftrEting amount
combi ngt i QJf of fudtaBlelcatalyle, ¥8r X BN rgahbin BRAGH SRS sRABESs betah8&R! €d

bet ween the m xi ng means and t he reactlve
However, the presence of a catalyst is not usually necessary, due at least in part to

the efficiency of the intensive mixing step, or even desirable, depending upon the
intended application of the polyurethane, such as, for example, in implantable
devices. For some applications, the multifunctional isocyanate and polyol are not

30 reacted with a chain extender. In most cases, however, a chain extender will be
included to effect chain extension or cross-linking of the urethane-linked pre-
polymer as it forms. Any suitable polyol, polythiol or polyamine or mixture thereof
that is suitable for this purpose may be used, such as, for example, mixed diols



lo extrusion neans, so as to enable an instantaneous assessnent of the
properties of the polyurethane or pre-polynmer mxture to be made, prior to
reactive welbbmfizon. |1 n anot her enbodi ment, the apparatus ptEHGBODMRALE Ses at

| east one nmeasurenment neans within or at the exit of the reactive extrusion
means to nonitor the properties of the &ol yurethane nixture and the final
polymer. In an especially preferred enbodinent, is the apparatus further
conprises: means for controlling the rate at which the delivery neans

di spenses Aﬂ, allyio) fexpkdiol ind 82 &ﬁ&(Lps robasédislnSpeéificsi gnal ;
neans for cggitrsgllt%%%’ﬁhe ré%?atﬁav\%i ch theQ? ta’nfp mpxture_ilsg fed to the
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extrusion nse means

det ecting p@n&h@&el,tZy‘ethﬂ-tt-beomdl1y5}pemdaﬁetﬁo};d2;4t-dﬁp_ﬁopydm';Snger[teacdicblyé- ext rusion
Gener af e dRioRY rsme Gl onpeninaeth P s or opr bRt e Lo said
det ect or %E%Pgﬂb?eﬁfﬁém, 1-Deptdpyhatirepylrr, peatankdioh 2, AdibugAtesl and any

necessary adj tsS required to produce a pol yurethane 'Oféﬁll defined 25
or pr e- detpentanediol, b ilipeneidiT-pentanedinl 2 fadibpsydlor-pentanediol and; rhe lilrey

controll eq.  l.p thi i ' nd detection
means ar e%ﬁ’? & ‘8reg%‘?‘ﬁieg?’gé{%wggﬁ€§§§‘?@§c CIP Eg? ’ztc(ﬁglgljri%%’gr ation can be
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I nvention, there.i rovided a,.copputer, prqgram whi,ch, when run;on a
conputi@r C&FHEG"S‘ lﬁaug‘b géfl%ﬂtﬁl%edé@e g}%ﬁtﬁﬁlegﬁ agﬁﬁn?’wmﬂﬁtqeﬂyl@é‘%h d
aspect 10 [9ppEat minPoiler dfitabCcladed 8f b@lgrbh&nﬁ%ﬁﬂ_ b4 418 knBwinitd thbsest aspect.
WD 02/ 11975 _PCT/ GBOI/ 03441 -13 I n order that. the invention rrgg/ be nore
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illustrati i L h € . qu:EE’O [ | ,
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of one of the. njegtion | ances of the ar at.,us shown i.n .Fi re.l:y, and 10
i gur d53 SO KBRS Phsreoh A gey eraipoliher Rraed e an sreyigtiphiet fuiged &
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m x- head 3ntEREVEY EKedibY vortexng) ughahar two ors mare FRaseRt StERamsALE CRjse

L dent i fi cqpichcRRGNATGF Lo}%&& iRApA4] faShiok! I slthéh erdbddiBfeds, RHEBWS. an
inlet pipe 7, a non-returm valve 8 and an outlet pipe 9. The m x-head 3 is
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directly q Se1.e ) ] X - : kJ 3 ‘ Lcal  m x-pin
10’ navPhg FPOSTOLEREN o8 Uobrons ReeePhet € Ry BRI Er BRI "
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face of t AP pieRredmidiment, the synchesisrerhpigue of the WiFSEF IVETRPPRIES Mt from
m x-tank lpinplineht mbxifig hedd; dirkilardoRREEH Wsed tih & RIM Ichinepgied fitced wathpp! | ed

to lance 2 via inlet pipe 7, passing._ihrough non-return valve 8. |nlet pipe
7 is fitt&HOWGrIROLS reRBEAT stzeamm aBash mrw(ﬂmamr%hﬁmos@mnpf fo deltver | ance 2

by rai,gin H-Te1E ﬁ&%‘i :
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cont r ol | eovithycuremm RIM ouREM texhniquasn sMoreyvet,ds the acpgentsiage sntpmiively t o

m x-head 3 .via outlet nipes, 9 Wien mx-pip 10 is fully insert I n

nm x- head ?,“‘?‘ﬁ%‘ 99?’8&?8@“ Eqviebﬁhﬁ\f?af‘ft‘f’ﬂée?)% tafyp 5%%&@%/06‘155?’ gklﬁfgg’ channel s
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m X-t anks é% o wi thout bejng able to_.enter m)géhd 4, Wien mx-pin 10 is

ret r act ed thoampauatsiof suchygasalystacequireds Sineqmany o ‘-‘e‘iatﬂYﬁS%@gn quseddfr n

. pi pes .15, &?gfs L P ﬁﬁﬁﬁﬂﬁ' ) : ' :d mgﬁ.;,d 4,
When r'?%ul 55%?1[6% u {wé&%&ﬁaﬁyﬂ 1’s ag%??rﬁ gﬁgﬁlﬁ ?énnglgre %ggééa} I“i_) nlg(]: excess
reagent s tsuitdhde faropaking polyunithasemiedicaliderices imended forpaplapFation. The

mix-head is preferably self-cleaning, to avoid having to clean the apparatus after

e

each used. In an embodiment, the two or more reagents are delivered to the mix-



WO 02111975 - 14 PCTI GB01103441 In Figure 3, a Precision Polyurethane
Manuf acture (PPM apparatus according to the invention 16 conprises four
i nj ecti on wawzem72, a m x-head 3, and an APV Baker MP 2030p¢icBofésasVv
extruder 17. Extruder 17, which is joined to m x-head 3 via a S rheoneter
18, has a 30 nm screw dianeter (L:D =40/ "1; D= 30 mm) co-rotating twin
screws (not shown), sixteen programmabl e heating zones 19, a second
rheoneter 20 and a die 21. However, alternative forns of extruders having
di fferent deadbmslenpsessulief peafemablynunbee or oforp injeptammiahtes. Fornesamplef 4 er ent
measur enent. neans, and different screw arrangenents .coul d al so be used,

. dependi ng GHBAMERRCT RPEH TR SR8 FOFARAT AR ‘gﬂféﬂn AGEGIGR lagcs Bay SoRtam o
m xed reageolysl idd¢chaih ¥xteadét, 3r RARS: Mjeetibh EAIE nly cbtdin b FiredisbeidRiteld -
Reaction m xture passes through each of heating zones 19, which are

. pr ogr ammed secondunjaetiomlanae may,eoatain asecondrisoryanatainmsed withrar aliqueof vef or e

exiting.ext ' e 0, te gi ve the
extr ude(Sj pglﬁ;%gyo% go gf&%cgaeg?l ‘%g’? ﬁ:gg? ?@E@i{ﬁﬁcetgo%el%géresﬁ C tglnc%%ijcghge 15

repl aced opolyohiidefousilt njectibarisndeansyt esntain ackmyre ettendérot Thnaee ave, claplyas t o
measur e ot her physi,cal qr. chem cgl paraneters ,of the polyneri terial. In
2 typi cal Y PORIDIECombingtons a8d pebmpctivatiof the S GeALFBY ARt ur e and
then char gebs¥vcbhbinafion it ibfchdedes BE indfludedogRRihShe 3Sopted heipiadnby the

stoi chionetry, .20 sequence distributjon requirements and | ength, of

product i oninvgntienqlhe selative\ampunty ofithe WY@ o mvre reagerts\peing suppliedio paddl e

stirrer,s u [ ' @qjgﬁgﬁp& e. A
"dry" rz?jn Pg%gﬁé‘ﬁté@ggﬂ %g t he m%ﬁﬁ@ggﬁg@ﬁ%ﬁg%@; P g?‘?%ge%g&d#{ “under

t he requi r ddtermavelyotheelatve hamosntstdfahe ireagestsrandyhence; thetstoishiomexsyv ol unme
and m x-tine. bThe rgas re of, each streamis rmni&o ed, 25 during this run.
The pr ess Y br Begwrbed dusing the copiEse ] e feagtioR, Shsh S the ComPastREatent of a

needl e val v fealltant pblyendricin headrafilly ésifirdlledlin Shdeiib obBshahe degredhe
pressure of each.,streamis essential, as |t facili at&sﬁgood mxing as wel |
i ¢

as prevent FoRPesidon.dRelar mass ArAseaen ribugiony, Br & DNKIRG Step iR ch
Wl ogeur i Gﬁlgpﬁﬁ&% ?ﬁﬂ} Lanfd t han the
ot her g?regﬁn%f&t r eby %O?%’gﬂg%q%%% strggcnﬂlgggﬁtiﬁgg%g@g{ag%nts in
each tank fmeia ofcaisesond tasifey sebendsatarest. Wi istespeviallyadesizable thatithg t he
reagents fr t he | L ng t ank. ejecting.the roupd the cikeuit, and
back it o R bRl S Pa) BofloEedod iiRBl? dRer iing dfibhen
| aunched. tHesubsamefvampssition of dehmbameerillsobriaghyciimnge anpolyntepisaivd war e,
and WO 02/ 11 975 _PCI/ GB01/ 036%- z5 .can_.be hanrgr?q I f .required. Several
pi eces of PIACBFdsadP SRE SPRUEKLOH HiC RIgSeRy IRBUQR HGAFIEN  FEIREYS]Y eXrydedidS t o be

used, B X- YfdedétBod 8d ¥dah FRat the DhifkialfaallichemidAPproper®a BT the pobyuréRshe
i nformati on _activates ‘I h‘g required | gnces, The mx-volune is the total
e

anount of pixHtsare medifiedin & contipuans dlogt stirred tapk reagtem(GSIR)RHAt UM vol une

1

bei ng t he ,%agp lVEHg&S e Tn =X Loes the
time that %ﬁg]%’é Bﬁﬁﬁﬁ% ?teatﬂrjeg%%% an%lgt e vefoggl?tap%?&lp E@lﬁ%ﬁ%@? he m x
rati o det esbrivees relatzon to conventichd REX quptddasesofIntaiurthen embodiment, thei s

i nformation he software .calcul ates the rnequjr di_ spensi .requi renents.
For Cexanpl sl st Gty B afure) the Bhe pRAERBIBLACARC TTEM 3 |
M X- vobsimecouplédaoohd iktheatli T chio 150 damediembodinéntptheleéxtrud@r ay ber om each
streamis m xeg over,a gerlod of 4 seco‘r}g;é If a mxsratio of e

'l r
required, Wm stelyradjacent 1o and isy preferably ®i¥ coppesied e Fhe mixcheadysych 0. 25 |
f th doast ' | : | t ' th
T Tk

times that of the seco e software D )'e when
- usi ng_ nor esteighsanto he edtriutler. ohn arsalpersativecind; espeniallyt prefecredatrnbedining

PO L10N Ol S ademliBESis 8 TR Glrallb! B L Mheorh B8R AIRNSMGR s ATter the
‘ 30 spectrophotometer or any combination thereof. This permits an instantaneous

“snapshot” of the viscosity, density or composition of the reaction mixture to be
taken before the reactive extrusion process begins and allows for any adjustments

thereto to be made. In a further embodiment, the resultant mixture is fed into the



into the software, the contents of the | ances are ejected and the "enpty"
reading fromthe transducers taken. The |l ances are then filled conpletely,
and the "W00211978adi ng taken. The PPM equi pnent is ready tpgricuviosfaen

i nstructed, the |l ances begin to eject r8agents into the respective transfer
| ines. The velocity of each | ance 20  49%oni t ored by the software and when
constant, the mx-pin is retracted allow ng inpingenent m xing of the
reagents in the m x-head. The m xed reagents undergo rapid pol ynmerisation
react i ons easrutiéreyyz p aesctionaimntber, pirafetubdy] ai snitredtrasctonodambenpbatlowt wi n screw

extruder via,an i.n-li.ne.rheoneter. The reagti I Xxture pagsses. t hrough the
. extruder iTHrReLRQlYREHZAAMERACHQIRFOALAUS- o]F ’ieﬁ‘?@&g’ @e@&&fégﬁfﬁ&“{%r mgl 25
profile diegtrai@thtVratd'6f 6.01125MGY5PrefraBlH ©. 1L LUK/ BChndIRBEL srbfebdbly 5t r uder

and the tenperature settings of each of the sixteen tenperature zones. An

. in-line rrgbwelbe role ofithe émertlhessém&]'ttwé’rf@lcbfﬁrﬁb’,ém remperatuge ‘@fi ve real
tinme as t i ti | .signal to

controf - assaih s tHAUEARH o the BEORE, chf e MGBNEL ThHSEP ORrAUTL O o

t enper at urresctioh telpemxireyehichzinvem dicansahaprogressdof the pobyrmhaizetiory, reagent

tenperature, in gccor ance with,an algor.ithmo rat ed bx ﬁ cOo ter, to

gi ve real TAHER: SREIRA G RAlEmFTEEPR SFAcHon, Atsiaking placs it tRe KBSty e hane.

The pol ynpdipRMaliehyeH:e AR BE idtRPdduced hi thefdxfridbhgndedd pdfibipiiedndhe o

conventional strand die to form continuous strands, of ,gol yur et hane which is

then WOPehmersyson reactiontogiverpadified pobuserhanss qfespeeific yatpe; uchigs

conveny, o @eln §f tel IS: [

al | ow }r?g ?ﬁi reganeent sr?ggérjréné)g%\}\%rltaﬁé}g#%g?ncgggﬁgjlfsﬁlﬁ%%ﬁggﬁﬁnt ¥one set

of streanxhiinl |IFongxanples azhaeinhextemiet cirsbejixdd wightthe precpoliymenatadhisand vi ce

versa. The_pol yuret hane, nelt exiti ngc]rt hel. xtrg‘g{r maa¥ al so.be formed into a
final confthger Rrem&Re 8@“?65Teﬁ§‘°8r°rf'?ﬁi "ﬁ?/“ﬁ) GEe ) t hr ough a
sui tabl e ghélecudir wéightT8khso BardBe k/lgjc@:;lbﬁ th®léh foihie @&truder bireel @o sui t abl e
nmould to give a final .conpgnent. dlLilh(;a ion of the crm ce of reagents and

st 0i chi omERABILAPHIRACHAR 3 & BrOBRSPHANEINE LEMPEragire #PIPer Beany eancbeptedr t o
grve aISpO|t¥ Qﬁﬁ&pgﬁﬁ e 3 13{1J o sse\é\gcggrl@&ﬁiﬁdef&ld%ﬁ?ﬁ%n%qgﬁg 93441 1.

A process for nmaking a po et hane, conprising react mult1functi onal

i socyanat @refarrpdembbdiment, theréforeithe polyurshdne can thermiade, towngdesgathermhleast

two S reagents. selected fromthe i.socyanate poi. Vol .chai n

ext ender, %gﬁéhrgg ‘?ﬁ%&j&@ rf?‘lcglrv&ff"%gﬁl ngrywceﬁ?’esp ﬁ%likeﬁ"tré'f'h o%%%'%ﬁg?‘gf rom are
i nt ensi veltlerfiakRi3edryi It ard espeeially prefaced enbydieudnt e dxtruder dsdcémprises

pol yur et hang havi ng pr edet er m nedoahoi chionetry and .t hermai{f history. 10
2. A proc@d8CBetEr: & GRASIPIRCEar a? FROFIFORABTORMGICHPr A ALAMBINAIRR HiFREQSFAL fhe

pol yol00r pre-determined point along its length or at its exit, such that the physical and

chemical properties of the forming polymer and the final polyurethane can be
closely monitored and, if necessary, adjusted during the reactive extrusion process.
Therefore, dynamic control of the reagent stoichiometry and intimate mixing of the
reagents coupled with a controlled thermal profile reduces the batch to batch

25  property variation. Preferably, the reaction stoichiometry can be controlled within
0.01-2%, preferably within 0.05-1%, and most preferably within 0.1-0.2%. Equally
preferably, the thermal profile of the resultant polyurethane can be controlled
within 0.01-2°C, preferably within 0.05-1°C, and most preferably within 0.1-0.5°C.
In an especially preferred embodiment, the rate of mixing of the two or more

30  reagents, the rate of feed of the resultant mixture to the extruder, and the residency
time and temperature profile of the polyurethane mixture in the extruder is
controlled automatically, preferably by computer means. The output from the

extruder can be fed through an appropriate die to form the finished product, fed



the chain extender is reacted with the isocyanate prior to intensive

m xing. 3. A process as clainmed in claiml1, wherein at |east a portion of
t he i socywipahh1978 reacted with the polyol or the chain expend®oipsgapr to
intensive mxing. IS 4. A process as Claﬁi med in clains 1, 2 or 3, wherein
at least a portion of the chain extender is mxed with the polyol prior to
I ntensive mxing. 5. A process as clained in any one of the preceding
clainms, wherein said at |east 20 two reagents are intensively mxed via a
reactive idipestyiimo iremjectignenolding madhires fechintc b pielledet,rordediintoa,  wher ei n

said at |east t%ﬁgﬁager}tlﬁs are .int nﬁi vely. m xed iE a, mx-head. 25 7. A

process as&{eHt HEG 2rAVEF digpegsign of the Meitdnte wasey thps BHERE 1B CFent s are
del i ver ed pdlyrRthabiedidpRAdon (ORE adWaBibdze of disperstPdiPbiyindSwarkAisthee 4 n cl ai m
7, wherein each of said at |east two reagents is delivered to the m x-head

via an injlighéronoleanlar weigho polxuparhanssaande dispersrdcrndrehainexserdeds clains 1 to

4, whergi s I ' nglyel ' I 39 a swash
o ate. purmyepitde Ba HRk ot RaR S p e Reiide el 1Y D 2000
as cl ai medprobesaing soepes lodlpg teeregueceh@itheynedl degmdavidrecfihe pdhpurerhane,iwliich s
carried out in the absegnce of ,a cafalyst. 11, A process as clainmed in any
one of thepaﬁrréﬂ'gﬁ’r‘h?gr “&YQ’%,‘“W&’&%"%&]@*‘? ?%Ebérfgﬁ et;‘?&‘? ﬁ‘yff)ccurs

subst ant i aderdridratiba M AES S sYency of €he Mraﬁﬁ%ﬁﬁfa@écﬁénﬁhﬂ&dzkhﬁn%@&aﬁf‘e of the
preceding clains, wherein the resultant m xtyre is substantially
homogeneousatunsrefithe iaventave process i3 that thereagted polymurthane ean be extridedi n any
one of 1 hey: ' ' ' D&l L . 1 d at | east
t wo reé{;en‘%‘g&? g%gégr};gﬁ?ielﬁg ve|’\§Gﬁ1{§§é O{are ;?Z%’?{Jlﬁ%gﬁﬁ%#%%mt ae':glg;:téo()dljrse of the
reaction, modace dmadueoms polynkerhare: dispersibaypellptisedofios detthemproeessmgriposi ti on,
nmol ar nmass_or _.chain @I%guence di stribution.. 15 14, P@éﬁrocess as clainmed in
any one of‘BEFHOR fmaulding of extpsion, qstly injgerionmg t nmixture is fed
directly into an extruder. 15. A process as clainmed in any one of clains 1

to 14, wherein th resul% nt, mxture is fed i_(Pto an extruder vyia a
r heonet er Inz s¢spBd aspast ef thejnvention, there is provided an apparatus for making a

15 polyurethane comprising: a delivery system for quantitatively dispensing at least two

reagents selected from an isocyanate, a polyol, a chain extender, any mixture thereof
and any pre-polymer formed therefrom; mixing means for intensively mixing said at
least two reagents; and reactive extrusion means. In a preferred embodiment, the
delivery system comprises one or more injection lances, preferably controlled by the

20  use of linear transducers. In an especially preferred embodiment, the delivery system
and mixing means are essentially as described in relation to Figure 3 of the article by
P. D. Coates, G. R. Davies, R. A. Duckett, A. F. Johnson and I. M. Ward, Some
Routes for Tailoring of Polymer Properties Through Processing, Trans IChemE, Vol 73, Part
A, September 1995, except that the material exiting the post-mix-head CSTR

25 (Continuous Flow Stirred Tube Reactor) or rheometer is fed directly into the
reactive extrusion means instead of a mould. In a further embodiment, the reactive
extrusion means comprises a barrel extruder, preferably having one or more entry
ports for introduction of various reagents. Preferably, the reactive extrusion means
is a twin screw extruder, most preferably a co-rotating twin screw extruder. Any

30 commercially available twin screw extruder may be used, such as an APV Baker
MP2030 with a 30 mm screw diameter (L:D=40/1; D=30 mm) co-rotating twin
screws and sixteen heating zones, which is available from APV Baker, Speedwell
Road, Parkhouse East, Newcastle-under-Lyme, United Kingdom. In a further



20 spectrophotoneter or any conbination thereof. 16. A process as clai ned
in clains 14 or 15, wherein the resultant m xture is fed into the extruder
at a ratewd o9%- 25 kg/s, preferably 0.1-10kg/s, and nostpgiféidfodddhy 1-5
kg/s. 25 17. A process as clainmed in any one of the preceding clains,
wherein the m xture undergoes thermal pitdfiling during the reactive
extrusion step. 18. A process as clainmed in any one of the preceding
clainms, wherein the mxture 30 is reacted with a chain extender during the
reactive eéﬁanﬁanéhtSE}ﬁl%xt&%er # rﬁ%ﬁ%& %nﬁasat%ﬁt Bﬁgt}ieﬁna&%xplé‘ 80 Phoditth

precedi ng cl ai ns, wherein th xture is blended with at | éast one ot her

. pol ymer dutherfgmperatneeseh maldedman@minngh@qmme digye wicinity of7ehe thermocouple.

PCT/GBC]/O4 e ng cl ai ns,
wher ei n t he* i x't%ger’reéflg&?’iéhaeg? tgg(e)ﬁ"?r ea{jgﬁ%&t@#&g ngéefrﬁéﬁ?e peiggeng kduri ng the
reactive exieans itomoatrebthettem@ieﬂnixy ofhtke ﬁhyﬁdechhaﬁafxalqheht ecgiopadjpednti es of
the resultgnt polyner. pro ess as clﬁ‘ilg;d in an% one of clains 14
to 20, ‘whetherstor B angthe hﬁdﬂ‘ € ApPAapptug £ COTRBSTSIREERIENN he rate
at whi ch thgapeadiptaio me&vé sply:gr%éa@%rtcaeml aﬁaueé%r gcgpe thgsi dency

time and tenperature of th In the extruder is 'l ed
aut omat i capdﬂyprqgh@feemamu;c ﬂ%reﬁcmhbutth«t e syremenmeaNs oﬁmpprwetsdleamew,aa med in

any one of the cedl wherein react t:oi chi oret.ry _can be
controll edd?/ﬁst“ﬁ fg%fc'pgllpgs%?tg‘b?ya%’f?{n ki r{ﬂ ot Ob é' et erabl y
within 0. 1tHe ra%suit&néiﬁ méanpd ﬁ@beaed&&mém UBiEdmeIhg&ﬁyan@ afad dhe fdaeuw ecedi ng
clains, wherein the thernal %é .of the resultant %g guret hane c n be
cont r ofd edeXHFPHPHII$a% 59 @s th FRshle ap instagtansoys @sssasment of the Hfﬂl’te“b"rséi' erably

wi thin 0. 1} pilyuréthané of %:Ea nfkRIrf S bk ARy pidteoteadiiie RERSIBH! I

clainms, wherein the 20 pgl réthane is fed dlreFt) ly into a nould fO||OWI ng

reactive esnathet gmbodimeny the apparatus alsormempriseant kesiongmessusement maass as

clainmed in_an e I IS
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polyurethane mixture and the final polymer. In an especially preferred embodiment,
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15 the apparatus further comprises: means for controlling the rate at which the delivery
means dispenses said at least two reagents in response to a first control signal;
means for controlling the rate at which the resultant mixture is fed to the reactive
extrusion means in response to a second control signal; means for controlling the
temperature of the polyurethane mixture in the reactive extrusion means in response

20  to a third control signal; means for detecting a property of the polyurethane mixture
during reactive extrusion and being adapted to generate a detector signal; and a
processor adapted to generate said first, second and third control signals in
response to said detector signal. This enables the inventive process to be automated
and any necessary adjustments required to produce a polyurethane of well defined

25 or pre-determined stoichiometry and thermal history to be accurately controlled. In
this last mentioned embodiment, the control and detection means are preferably
programmable means, such that their operation can be controlled by a program run

on a computer.

30 In athird aspect of the invention, there is provided a computer program which,
when run on a computer, causes an apparatus according to the invention in its

second aspect to operate a process according to the invention in its first aspect.



26. A process for making a pol yurethane substantially as hereinbefore
described in any one of the foregoing exanples. 27. A pol yurethane obtai ned
or obtai nax e2/fxg78 process as clainmed in any one of 30 thedi€sAd:Nd
clainms. 28. An apparatus for nmaking a ppl yurethane conprising: a delivery
system for quantitatively dispensing at 7l east two reagents selected from an
| socyanate, a WO 02/ 11975 PCT/ GB01/ 03441 -20 polyol, a chain extender,
any m xture thereof and any pre-polymer formed _ therefronm m xjng means
for i nt ensinetder phatithginyantiommay degnorefylly sadenstood, amegmbedimeny shesgek usi on

nt ensln hesvorarbly sagentood, amem 2
- Syat om conpl S8 BRRASGISR, BT ol BE MR aflof cAMALynHIEIEHe BERE (T L e

in clains ZZonlparfing \drewiags) viHeeeinnj ection | ances are control |l ed using
| i near transducers. 10 31. An apparatus as clainmed in any one of clains 28,
- 29 or 30, wherein the m xing neans conprise a m x-head. 32. An apparatus as

cl ai med i nF%esﬁglg?ﬁi a Hloft FRew?SE a Shwintidfal AGHVE ii.l'ri?e&tlft?n rhoulding fparRaANS

conprise a ate punp or a gear punp. 33. Al apparatus as clained in
any one of withdowsinpgtion l8®es;wherein the mxing means is directly coupled to
the reactive extrusion neans. 20 34. An apparatus as clainmed in any one of
clains 28 to 32, wherein the mxing neans is coupled to the reactive
extrusi on Pigans2 vhéwsa sidaeidwosf ehasbeite infiotiodtangppof thieuppamuu shiowarini N any
one of clajms 28 tq 34, wherein the reactive extrusion nmeans conprises a
barrel extFigdes1s a8 36, An apparatus as clained in any one of clains 28 to
35, whgyein the reactive extrusion neans conprises a twn screw extruder.
37. An apparatus as clained in claim36, wherein the extruder is a
co-rot at i nBigare 3 showsse front wiewr efcray appagatunaccopding 50 the preselitanyRiionn any one
of claims 28 to 37, wherein the reactive extrusion nmeans conprises a
continuous flow stirred tank reactor.

In Figure 1, a conventional reactive injection moulding apparatus 1 comprises four

injection lances 2, a four reagent stream mix-head 3 and a mould 4. Each lance 2 is
15 numbered for ease of identification and comprises a hydraulic cylinder 5, a lance
pump 6, an inlet pipe 7, a non-return valve 8 and an outlet pipe 9. The mix-head 3
is so adapted that both pairs of reagent streams from the four outlet pipes 9 directly
oppose each other. The mix-head 3 comprises a cylindrical mix-pin 10 having four
vertical grooves (not shown) that are inscribed into the surface of the cylinder at
20  equal intervals and run along % of its length from the mid-point to within an 1/s of
its length from the bottom face of the pin 10. In Figure 2, each lance 2 is supplied
with reagent from mix-tank 11, which is stirred by a paddle stirrer 12. Reagent is
supplied to lance 2 viz inlet pipe 7, passing through non-return valve 8. Inlet pipe 7
1s fitted with a vent 13. Reagent is drawn from mix-tank 11 into lance 2 by raising
25 lance pump 6 and subsequently ejected from lance 2 by depression of lance pump 6
through the action of hydraulic cylinder 5 controlled by means of a linear transducer
14. Reagent is supplied to mix-head 3 viz outlet pipes 9. When mix-pin 10 is fully
inserted in mix-head 3, the grooves align with the outlet pipes 9 to provide channels
to the return pipes 15, such that the reagent streams are recycled to mix-tanks 11,
30  without being able to enter mould 4. When mix-pin 10 is retracted so that its lower
face sits between outlet pipes 9 and return pipes 15, the reagents are impingement
mixed before passing into mould 4. When mould 4 is full, mix-pin 10 is again fully
inserted allowing excess reagents to be recycled to mix-tanks 11 viz return pipes 15.



WO 02111975 -21 PCT/GBA /03441 39. An apparatus as clainmed in claim 38,
wherein the reactive extrusion neans further conprises an extruder in
series W Wwo emiohsconti nuous flow stirred tank reactor. 5 4@T1/d801ABfaar at us
as claimed in any one of clains 28 to 39, wherein the reactive extrusion
means conprises one or nore single or t#n screw extruders. 41. An
apparatus as clained in any one of the preceding clains, wherein the 10
reactive extrusion nmeans is provided with at |east one thernocouple, to
nmonitor the tenperature of the mxture in the inrediate vicinity of the

t hermocoupl e. 42. An apparatus as clainmed in any one of clains 28 to 41,

. wherein thdnrlémlwe chcmanﬁ’lspi)mpthmamnuﬁacpxro BM) appataty

regul ating ans ontrol e t.enmper a f the u i on
i acant | OF Bivguids 16 RRkpised R iSTRSERIAES £la miludidd upd %W% To

. 42, furt herMPQOBO twin@reve astiderelnt. Paaider 1prmsyj'cﬁnai ﬂhm%t hedd dovigchen cal

property of the 20 mxture. 44. An ppara as cI |rred claim43,
wher ei n 3t hehaemesr d8sdie 2 r?@a%‘glé‘ifﬁﬂr etgr%lh cPURELIEs tWip

spectr OphOtsQ{&isgéoPihd%ﬂM mg@%# n%i!ﬂ’é B&kin %@nés519 %”se@BR&'EB’édﬁ&té%O

clained in c 43 or 44, e neasu erren means 1s | ocated
bet ween t hendiadiedl ridawqundtametweﬁnmswé easruders ihomingehifferent dimensiamspar at us

measur emoni EARLoRRBsS S BBk tiyRabih fopa A The P RR R dgd B 1 077

different screw arrangements could also be used, depending upon the intended

10 application. When mix-pin 10 is retracted, mixed reagents from mix-head 3 pass via
rheometer 18 into extruder 17. Reaction mixture passes through each of heating
zones 19, which are programmed to maintain the mixture at a predetermined
temperature, before exiting extruder 17 viz a second rheometer 20 through a die 21
to give the extruded polymer 22. One or both of the rheometers 18, 20 could be

15 replaced or combined with a densitometer or a spectrophotometer, so as to measure

other physical or chemical parameters of the polymeric material.

In a typical run, the mix-tanks are pre-heated to the required temperature and then
charged with the required amount of reagents, as determined by the stoichiometry,

20 sequence distribution requirements and length of production run required. The
reagents are continuously stirred by paddle stirrers under nitrogen until
homogenous and at constant temperature. A "dry” run is carried out (where the
mix-head pin is not retracted) under the required reaction conditions, that is, stream
mix-ratios, mix-volume and mix-time. The pressure of each stream is monitored

25 during this run. The pressure in each stream can be balanced if necessary by
adjustment of a needle valve behind the mix-head orifice (not shown). Balancing
the pressure of each stream is essential, as it facilitates good mixing as well as
preventing the reaction from taking place in the supply lines, which will occur if the
pressure of one stream is significantly greater than the other streams, thereby filling

30 the stream feed line. The reagents in each tank are circulated using the lances, with
the lances drawing the reagents from the holding tank and ejecting them around the
circuit and back into the holding tank. When ready to run, the control software is

launched. The size (volume) of each lance is programmed into the software, and
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20  is monitored by the software and when constant, the mix-pin is retracted allowing

impingement mixing of the reagents in the mix-head. The mixed reagents undergo
rapid polymerisation reactions as they pass from the mix-head into the close
coupled, twin screw extruder via an in-line rheometer. The reacting mixture passes
through the extruder in a pre-determined time and follows a pre-determined thermal
25 profile dictated by the combination of the running speed of the extruder and the
temperature settings of each of the sixteen temperature zones. An in-line rheometer
is fitted at the output end of the extruder to give real time measurement of
rheological properties which are used as a signal to control aspects of the operation
of the process, such as extruder speed, temperatures of the extruder zones, lance
30  speed, stoichiometry, reagent temperature, in accordance with an algorithm
operated by a computer, to give real time control of the rheological properties of
the polyurethane. The polymerised polyurethane melt exits from the extruder via a

conventional strand die to form continuous strands of polyurethane which is then
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with one set of streams filling while another set is ejecting to the mix-head and vice
versa. The polyurethane melt exiting the extruder may also be formed into a final
5 component (such as tubing or film) by passing the material through a suitable die,
or the melt can be injection moulded directly into a suitable mould to give a final
component. Modification of the choice of reagents and stoichiometry allows the

polyurethane melt to be dispersed into water to give a polyurethane dispersion.
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3" & 10% B- B& ( )is@yanate, a polyol and opnonally, a chain extender, wherem at least two

5 reagents selected from the isocyanate, the polyol, the chain extender, any
mixture thereof and any pre-polymer formed therefrom, are intensively
mixed prior to being reactively extruded, to form a polyurethane having a

predetermined stoichiometry and thermal history.

10 2. A process as claimed in claim 1, wherein at least a portion of the polyol or
the chain extender is reacted with the isocyanate prior to intensive mixing.
3. A process as claimed in claim 1, wherein at least a portion of the isocyanate

is reacted with the polyol or the chain extender prior to intensive mixing.

15
4. A process as claimed in claims 1, 2 or 3, wherein at least a portion of the
chain extender is mixed with the polyol prior to intensive mixing.
5. A process as claimed in any one of the preceding claims, wherein said at least
20 two reagents are intensively mixed iz a reactive injection technique.
6. A process as claimed in claim 5, wherein said at least two reagents are
intensively mixed in a mix-head.
25 7. A process as claimed in claims 5 or 6, wherein said at least two reagents are
delivered to the mix-head under pressure.
8. A process as claimed in claim 7, wherein each of said at least two reagents is
delivered to the mix-head ziz an injection lance
30

9. A process as claimed in any one of claims 1 to 4, wherein said at least two

reagents are intensively mixed using a swash plate pump or a gear pump.
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reaction is carried out in the absence of a catalyst.

10 |

11. A process as claimed in any one of the preceding claims, wherein the

5 intensive mixing occurs substantially instantaneously.

12. A process as claimed in any one of the preceding claims, wherein the

resultant mixture is substantially homogeneous immediately after mixing.

10 13. A process as claimed in any one of the preceding claims, wherein the relative
amounts of said at least two reagents to be intensively mixed are perturbed
during the course of the reaction, so as to form a polyurethane having a

predetermined composition, molar mass or chain sequence distribution.

15 14. A process as claimed in any one of the preceding claims, wherein the

resultant mixture is fed directly into an extruder.

15. A process as claimed in any one of claims 1 to 14, wherein the resultant
mixture 1s fed into an extruder wiz a rheometer, a densitometer, a

20 spectrophotometer or any combination thereof.

16. A process as claimed in claims 14 or 15, wherein the resultant mixture is fed
into the extruder at a rate of 0.01-25 kg/s, preferably 0.1-10kg/s, and most
preferably 1-5 kg/s.

2
17. A process as claimed in any one of the preceding claims, wherein the mixture
undergoes thermal profiling during the reactive extrusion step.
18. A process as claimed in any one of the preceding claims, wherein the mixture
30 is reacted with a chain extender during the reactive extrusion step.

19. A process as claimed in any one of the preceding claims, wherein the mixture

is blended with at least one other polymer during the reactive extrusion step.
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mixing of said at least two reagents, the rate at which the resultant mixture is
fed vo the extruder, and the residency time and temperature of the polymer
in the extruder is controlled automatically, preferably by computer means.
10
22. A process as claimed in any one of the preceding claims, wherein the
reaction stoichiometry can be controlled within 0.01-2%, preferably within
0.05-1%, and most preferably within 0.1-0.2%.

15 23. A process as claimed in any one of the preceding claims, wherein the thermal
history of the resultant polyurethane can be controlled within 0.01-2°C,
preferably within 0.05-1°C, and most preferably within 0.1-0.5°C.

24. A process as claimed in any one of the preceding claims, wherein the

20 polyurethane is fed directly into a mould following reactive extrusion.

25. A process for making an aqueous polyurethane as claimed in any one of the
preceding claims, wherein the polyurethane is dispersed in water following

reactive extrusion.

25
26. A process for making a polyurethane substantially as hereinbefore described
in any one of the foregoing examples.
27. A polyurethane obtained or obtainable by a process as claimed in any one of
30 the preceding claims.

28.  Anapparatus for making a polyurethane comprising: a delivery system for

quantitatively dispensing at least two reagents selected from an isocyanate, a
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and reactive extrusion means.

An apparatus as claimed in claim 28, wherein the delivery system comprises

one or more injection lances.

An apparatus as claimed in claims 28 or 29, wherein the injection lances are

controlled using linear transducers.

An apparatus as claimed in any one of claims 28, 29 or 30, wherein the

mixing means comprise a mix-head.

An apparatus as claimed in any one of claims 28, 29 or 30, wherein the

mixing means comprise a swash plate pump or a gear pump.

An apparatus as claimed in any one of claims 28 to 32, wherein the mixing

means is directly coupled to the reactive extrusion means.

An apparatus as claimed in any one of claims 28 to 32, wherein the mixing

means is coupled to the reactive extrusion means viz a reaction chamber.

An apparatus as claimed in any one of claims 28 to 34, wherein the reactive

extrusion means comprises a barrel extruder.

An apparatus as claimed in any one of claims 28 to 35, wherein the reactive

extrusion means comprises a twin screw extruder.

An apparatus as claimed in claim 36, wherein the extruder is a co-rotating

twin screw extruder.

An apparatus as claimed in any one of claims 28 to 37, wherein the reactive

extrusion means comprises a continuous flow stirred tank reactor.
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reactor.

40.  An apparatus as claimed in any one of claims 28 to 39, wherein the reactive

extrusion means comprises one or more single or twin screw extruders,

41.  An apparatus as claimed in any one of the preceding claims, wherein the
10 reactive extrusion means is provided with at least one thermocouple, to
monitor the temperature of the mixture in the immediate vicinity of the
thermocouple.
42.  An apparatus as claimed in any one of claims 28 to 41, wherein the reactive
15 extrusion means is provided with temperature regulating means, to control

the temperature of the mixture in a region adjacent thereto.

43.  An apparatus as claimed in any one of claims 28 to 42, further comprising
measurement means, to measure a physical or chemical property of the

20 mixture.

44.  An apparatus as claimed in claim 43, wherein the measurement means
comprise a rheometer, a densitometer, a spectrophotometer or any
combination thereof.

25
45.  An apparatus as claimed in claims 43 or 44, wherein the measurement means

is located between the mixing means and the reactive extrusion means.

46.  An apparatus as claimed in any one of claims 42 to 45, further comprising

30 additional measurement means forming part of the reactive extrusion means.

47.  An apparatus as claimed in any one of claims 28 to 46, further comprising:

means for controlling the rate at which the delivery means dispenses said at
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5 third control signal; means for detectmg a property of the polyurethane
mixture during reactive extrusion and being adapted to generate a detector

signal; and a processor adapted to generate said first, second and third

control signals in response to said detector signal.

10 48.  Anapparatus as claimed in claim 47, wherein said control and detection

means are programmable means.

49.  An apparatus substantially as hereinbefore described in the foregoing
example.
15
50. A computer program which, when run on a computer, causes an apparatus as
claimed in any one of claims 28 to 49 to operate a process as claimed in any

one of claims 1 to 27.

20



