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A continuous process for production of polyneric
materials The present invention is related to a
W@ ombioprous process for produci ng a pol yneri c PEI/EP1086/001906
preferably a polynerizabl e/ crosslinkabl e polyneric
materi al, conprising the steps of introducing.at |east
two sol utions, each conprising one or nore reactants
selected fromthe group consisting of a nonomer, an
initiator, a coupling agent, a chain extender, a
prepolyner, a macroner, into a mcroreactor to mx the
Aconﬁﬂﬁbt&%%b@@ﬁoﬁﬂo&ﬁét“%@ofS@QHeﬁ‘ﬁ AfekblsOn; and feedi ng
continuously the reacting solution into a flowthrough
pol yneri zation reactor in a coil formimersed in an

UtHerRESHM: thvBAkdh iS @élét'@li@‘o afcoRtiRIbLE| EF&e@s fRprARLHS at;i»dﬁﬁnenc

sufficient for (c ymeri zi ng e reactants to form
materia}, Rr@@ﬁ%y ?,pg{yrq;gngﬁblg/ca@gliu}k@glewpwrgﬁ'@@tgnqucmls!r@ the steps of

mtrodu@h@ 'ameégt Qo s%!ﬂ%h@@abﬁbb%pﬁé:h@bﬂ@hﬁm@@%%&t‘éﬂts selected from the
thg nol ecul ar-wei ght fractions of the (co)pol yner.
group eaqg|sinaka FOBAMS', gﬁndw'@fgr Briickpling: agent, tar@%%ender a

prepo!)@ﬁé?dé' SidcRima m%‘@é‘hﬂ&brela@{%? ﬁﬁmfxr tR&hdo ls&[lﬁcfr%rtmfd}& a reacting
osi tion conprising l e one

SO'ut'Oﬁb@Wﬁ%@q%m@mew&stmﬁﬁ%me Sﬁb’F’?’hﬁF‘P 8 flrgrtaiough polygerization

reactor@i aeBli formVirnhe?siSd RHnQlltr Sdhi¢t 8 capable of prowdln% a reSIdence time
actinically-crosslinkabl e prepo i scl osed

sufficientfo{ ggoseahigharizing jae seapkargsto fon @éeg)sabfmeuyqb Pidesed Us

polyd&sﬁ&%@ﬁﬁﬂd td-minmii48 34 dubstimtia B SfdiRate WnnwehRRigh-mdR cular-weight
21303, US 6303687, US 6479587, US 2004/ 0082680A1 ,

fraCt'orﬁlﬁfﬁ%@B)??y“ﬁﬁd WD 2000/ 031 150) have been devel oped
as starting materials for produm ng contact | enses at
cost according to a fast, & g efficient contact

There ’raé%empwwuwﬁ t Bribe ggss Pt&cwé nefaoptast leppes,eny mdens-

formlngminﬂddsﬁionloﬁﬁpﬁgtﬂ l&ﬁ%@ﬁﬂﬁespdﬁn&tzébfeydﬂ@sdﬁﬁﬁﬁﬂé BoIPmERE material.
silicone \é‘ero el contact | enses

For eann%é,g\%ppy%}yﬁteﬁ\soﬁu r g Inll(@ ylcrl'g)ss ngglplqr%m(\y%grs (e.g. disclosed in
US 550831 ,fus 6683 183, BEBEEEEHD IS 67 E1366) US 37804864, UY S9@BA1 | ONn

us ss43h S B ORIO8 B ML U Bty 08 bRk T Soqapogoont,
EP owaekat:mb WO @?W(ﬁ’g laf;c?ig]ragi @J@;eﬁ Egvéﬂﬂ%staﬁb@hﬁﬁfﬂ:ﬁ glf .
produciyd 85 FgB et F et Aagr ap o et ohhEBpieat Gtiod s
manufaemvmg provess. Qttier &xansies off po@/nﬁ@rﬁétewa?hr)bldcw 8craneids &thrting
mterel AP e o B SHER BRSS e of S EIFLAA otoon 2
balafilc@dhegaﬂym@)rt@, genoRitons, gteacti on conditions (e.g.

er.at u once

soer, bERREED 41 Fon BPGFEedTCramkan PO mattrrdiias Redrpdou
manuallyeaceori- mamluelgsluraebatcreacsenﬂmamcbrdmsset-!owéverB@,trmtbsw of those
ponme e B B Do B b R T SEEE bl gk ool
and theaanmrmmnemtsiuenc ysé of @redatively 1angalaniounbet higisin tdxéd eHemical
substances. Furthermore, synthesis of those polymeric materials requires strict adherence to
numerous reaction conditions (e.g. temperature, reactant concentrations, uniform local
concentration profile of reactants, reaction time in a reactor, pressure, reaction medium,
etc.). Batch or semi-batch polymerization technologies inherently have a great difficuity in
ensuring uniform product quality and consistency in product quality between batch

preparations.
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preparations. Therefore, there is a need for a
conti nuous process for producing pol yneri zabl e/
wa@e@sdbinkabl e pol yneric materials in a sinpl ePCT/EP2006/001906

reproduci bl e, and hi ghly-cahtrol |l abl e manner with

i ncreased safety for humans and the environnment and

Wi th good yields. In one aspect, the invention

provi des a conti nuous-flow process for producing a

polynmeric material, the process conprising the steps
Therefpre, there iscundatgfona cbrtimibus pocssd fot podscing aolymerizable/
cross‘ﬁﬂ{%ﬁé Eél@?eﬁ@%a@rna@ﬁ% sfrﬁ@%t %g{oﬁycnbﬂt Snc?ﬁlphﬁ%%htr&%%le manner

roreactor t rons
with lne’a@%&d@f@wj ffarthuprgns\éndities enviraomentarct with gocd weldect ed
fromthe group consisting of a nononer, an initiator,
a coupling agent, a chain extender, a prepolyner, a
meie ooerespechritie inveniioreyrovites a obntinuevstlow poaness furpusduging a

polynHPfC nﬁﬁ@ﬁe‘il' t?g g %e‘ég ?ﬁphﬁltrg? {3 sftéq%"&fnhf?g%n&at least Ewo solutions,

meri za n reac
each fcprmﬂslm oy br poteyieactaptst intmatrieset boe migoleadtor saamum the &wo

soas$hd (9500155800 S uRF0 B8 R Bl o g oo
consmtgmgqf@nﬂgnqr@erf an iitiateoh gowplingiaghntaa dbainregténder, a prepolymer, a
macr&ﬁéry gh§ Hﬁftéﬂe%%%flegf ?eeﬁfﬁ?:daﬁﬁqﬁﬁglg%e retaﬂﬁngféoqat?qrﬁtmto a flow-

I nvention provi
througrap@vmanzatlnn aeandertin awoth fori, mw\ereanﬂnerﬂowethe:ugywexmenzanon reactor

is lmn‘f&gpc‘i insérﬂgtraf’&mé G4Rbng] rke%alﬂaﬁlrecyf %ﬂ%o‘?ﬁ%é Pés‘?de\?{%b ?nmastufﬂment for

| east two sol uti ons,
(co)pelwmetizing the reactants t¢ fqrmcnjmimierawuw arﬂm@dmmlechnmsaty

r Wﬁtfdrﬂ%r S9bak: | 'tﬂé‘ ré@gﬁlr :ﬁverhtl?ﬁgrbvfo%gcat en'l ?ori:?%p%?b@g polymeric
fromthe grou RSiSti ng o nmonome

material ihor) peNtiINY OBy maameh heansysiane peleprising: p:t @et geenicrgreactor into

whlchrﬁga%(rﬁ\fo sditdng] éédi‘lrc%ﬁwp&ﬁﬁg %ﬂé br ﬁlofré F@%Hﬁ'fs? légltl] be introduced and

Cf msrlzatlon reacto
mixecftp Gvnt @ FeRGting aeluben, wherein heChﬁeepf@n@a@ebpteﬂdrqnhme arowep

consréti%@%tf b rh@orﬁ)%éi‘t ér?i?nt%?d?’ Q@o%ﬁﬂ? Qgépit' g Uﬁ%}\ﬁ e¥teh95|° ﬁ%:?@polymer, a

| ow- t hr ough pol yneri zat | erel B
macrwwa%m@@gﬁs pEIr§efed flowthrough é@lweﬁzah@n |r¢mts¢ryédch is ira coil form

and inAdw @&%hﬁié%ﬁwiﬂ{‘@\eirﬁlc%&mr%oQﬁat@ﬁé’?}@a@hﬁ’@sﬁutlon can be fed

residence time for (co)polynerizing t reactants
continpgysly itgheyiewrthigudh relvirssizatian jeeriptivdsesin rcheyﬂovemr@mh
polym@r'f-z%@Bh PdAGH |g:m$’é|§e@%¥% b@sgﬁlg VL ah 9@9 4 ob‘;Ij’euf)fI ;%‘(/ldmg a

hart for a continuous- ocess cing a

fesldeﬁ?% Hor oo pgivimasiziagrtos rqmtan?ﬁgtoﬁgrm @@@Iyrr@@ with @tdesised;

polyd,%gé;gﬁpll ng to a preferred enbodi nent of the invention.
igure 2 shows a flow chart for a systemfor carrying
out a (co)polynerization according to a preferred

BRIEFEUES@R'IE?I’IDNJ@FtﬂE DRMGMNGE. Figure 3 shows a flow
art for_a s%/stemfor carrying out an-acrylation

Flgurer‘ba%QqW Hows ghart fpé argontinuous-flow process for producing a prepolymer
suitable for making hydrogel contact lens according to a preferred embodiment of

the invention.

Figure 2 shows a flow chart for a system for carrying out a (co)polymerization according to
a preferred embodiment of the invention.

Figure 3 shows a flow chart for a system for carrying out an acrylation reaction according to

a preferred embodiment of the invention.
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a preferred enbodi nent of the invention.A "prepol yner"
refers to a starting polyner which conprises
waeeassbinkabl e groups and can be cured (e.g., PCT/EP2006/001906

crosslinked and/ or polyneri¥xed) actinically or

thermally or chemcally to obtain a crosslinked and/ or

pol yneri zed pol yner havi ng a nol ecul ar wei ght nuch

hi gher than the starting polyner. A

"actinically-crosslinkable prepolyner” refers to a
A “PT@OMlldl‘nlgafepIe lty anstariivg iy reemthichnsonariseb erdsskiriikdaple groups and can be

at ; n

cured g S U b SR80 AR 3 B HEGRAREAY R Botain o
crossiinked @otiar pakyimghizedmapmbi gving 4 hnarecullaewsbat nioly hlghel’ than the

: Exenpl ary et hyl enically unsaturated groups
Stamr%ﬁ%%(ﬁéeﬁ acryloyl, nethacryloyl, allyl, vinyl or

A "actirtigallpeydsstimkablespre podpmpt’ esfesfto actarting polgtieawhich canteinkV

ey I B S A e TR Ml g
crosslinked pslyimek abvieg gmoalpsitar vesightphurpdigHee theinrthe atamrigrpmMner

e bR AR RS RPAE ol o T APRARR ol o BRI o
styrenyt grosps. ilk@bipiesgrf aatiic radintioh ase b\iigadiatiomoionized radigtims(ery.
gammcakr‘ap o?% rrh}g rPaEfatf&F\ anc“w &&ablulra&gt?ow in the art that a

croset e groups can forma

ciﬁbalt@m “Cmsnmkablel grntm@ts empleyediresein in @ dodadosense and is intended
to enc%ﬂﬁ%é% ngf?cﬁcgn i dn .nn&?r&% C?% th%gtgrhé ‘?ﬁka%‘?é‘g} by
crosslinlfblieigrenrsowhicb _rar@w_gﬂrkaw@rﬁ persomelifadondhe ant.el is well known in
e {841 g BRI RBY b0 2 SR B Rl
under kRPWE regmdinh egnditanst blewi s, muytmrnezamoompngmm condemsation
condlt}()‘r'\% CRRYitft do%mgﬂé‘ %'ubétﬂlﬁﬁyn ég%léﬁgé&n%{tféﬂdhﬁﬁiqgae radical

ondi t1 ons eni ng con

poiymést%ﬁ’ﬁ@r\ sonditionmi2hd Cm'%édlﬂ@‘\ cmwbtloem mlylswﬂ@aba@om aohditions,

ROM F"t1 F@lﬁ@ &%aﬁgmtg{heg'@?’%lyﬁ%ﬁ?ﬁ rr? c&‘?cfl u i e%itxgﬁ W% Htions,

m no grou her
Catlonm@%kwm@ ﬁ@nLFbUQiﬁda emﬂi@r@nmpzoadﬁorzmm exﬁrn@le an amino
group b@&ﬂfa@gg% B’bﬁ%‘arbg@\f:vg@ g?ﬂ e‘%@@haﬁﬁﬁ%? g?ﬁﬁhtl H] Aldehyde

group gpg @mmczagwép @@aytfuﬁ@@rchweﬁlsce@'bm heyidraxy! w@n@ ami en wrrunv group are
covaledily BOn &M Rith Qérb@xﬂ AFapn c%&ﬂﬂ’g dé@l'él?lldea Q%%B are co?/alently

coval ently bondabl'e w th anot’h arbon-ca
bondagignith XYl QuUR; rBSTdaRlcEPEP rasuplenthneandable wilhcrraikg igroup;

ora c&b@#@arb@mcﬁgblgrﬁé% is @cma%%ﬂ)g Bé’l%%bless}o‘lltl'f 5Wéil”1é’r| ca P ddrbon double
-COOR (R and R are hydrogen or or

bond. cycl oal kyl groups), o halide (chI or| de brom de,

' Eﬂérﬂ;ﬁizry G8sRIe BdlupS Picluns: H&drdé(yt‘g@hp, &Phino %Fodp) amide group,

ot hi ocy anate i SOoCy anate, nono chlorotriazin
Uy Gy L9PR o1G P Qi (ReandhFRase Pysiroggn WaFFﬁ@&w 2ikyber oyclsietil groups),

pyri di ne,
halide (chloride, bromide, iodide), carbony! halide (— —X x = ClI, Br, orl), isothiocyanate,

isocyanate, monochlorotriazine, dichlorotriazine, mono- or di-halogen substituted pyridine,
mono- or di-halogen substituted diazine, phosphoramidite, maleimide, aziridine, suifonyl
halide, hydroxysuccinimide ester, anhydride, hydroxysulfosuccinimide ester, imido ester,
hydrazine, axidonitrophenyl group, azide, 3-(2-pyridy! dithio)proprionamide, glyoxal,
aldehyde, epoxy and olefinically unsaturated radicals.
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nono- or di-hal ogen substituted diazine,

phosphoram dite, mal ei mde, aziridine, sulfonyl
whadoedes7ohydr oxysucci ni m de ester, anhydri de, PCT/EP2006/001906

hydr oxysul f osucci ni m de est4«r, imdo ester, hydrazine,

axi doni tropheny! group, azide, 3-(2-pyridyl

di t hi o) propri onam de, gl yoxal, al dehyde, epoxy and

olefinically unsaturated radicals.A "macroner" refers

to a nmedium or high nol ecul ar wei ght conmpound or

polAy‘eicrdriert refeBtiab MSediird 6 Rilh i dlecuilp W%?ghi apmpbEndPdr polymer that

contiiS SrSliIolibiify carabl & Hn i ges A PeRR e EggFossinging

reactiens) #eatien age highlnesledudr wegHa iipically arbaas atdrage ddicular welghts
Dal t on

L s. et hyl eni cal
orea bR DAoL £ RO 6oy AEs ERUETIGAY iealpied oroups
and oan baﬁolmlehzed dctinally oethemigagns a material formed by
P Bty Fedacs Brtenal vl BrmtvEr o Rarns onr mere
monblmermpm@erymargrrﬁ@&oﬁéis@ﬁﬂéomﬁb:mnogmhe@éofa pol ymer My
S AL 2L el A ST BRI Aerece
molaz:qlarbvletyhtdm waymer content of between about 10 and 90
E)e/r ?5&%}3 %blpg? %CWS é\ﬁ%%{ 7 neq.r?éypg%%aqu&%&% water content of
betmehybautlwadﬂdegmmm@ﬁlbymm’gmonpri si ng at | east one
i, - ta
o1 1 SRR TR e otained B sosolasszatian ptay
polymehmbld @Imm&silt@htcompﬁ'pmg @dlebht&ine@ﬂi&bﬂé-ﬁ@ﬁamm@ rAonomEredr at least
Ea n‘gs and can be crosslinked and/ or
One?)' qonﬁeclop éanga W11y or thermally or chemically to
obt\amnnamer' Oﬁeﬁnsrddeﬁ} nmﬂdtzlftmdr wight kempaett et somiriseb @ne or more
I i ght ' . n_aver . o] ecul ar
cros i aPpsBnd e bY BBl FE B A LGB hE eahmaty or
chentically tg bbiairca brossimiked byd/enpolymérnized pobmson Lewirhdlecliarweight
R e A S R L Al
uslétml ihigater” meferstol anthemtieal commbatydmiolve toiarpeadanrskilled in the art that
t | t
ntale Rl Do g o RLS Bt NS BRioRha pr oci si on
en'ﬂmmfeeml migroragctort’, assussel Heréqmoswmtendeﬂh@dasdnbéw{mlatunzed reaction

e oy 533 A el LR By an o

engirEggoy,. asThie vidnawh ér thetarc(Vdibrefekd, ¥nslesdel thhd owet BWiordreactors”,
WILF§§/ (/é?lt W%IQEFQ&% g@ﬁ; el(? éﬁ %Hcalrﬁg &#Ol(b dl'h% (%ltgristlc dimensions
of the @tﬂfﬁ*llsirneRJas of amigrereatiops, dié fyid chamreds, Qamaﬂy wr@eefrom the
subnfi@ERBRF o Bk JuBihuRtargEoCcessi ng modul es (units or

Typically, microreactors are composed of individual processing modules (units or
microdevices) designed for different tasks. Examples of individual processing modules
include mixers, heat exchangers, separators, filters, gas phase reactors, liquid phase
reactors, gas/liquid reactors, sensors, detectors, actuators, and the like. The individual
processing modules must be in fluid communication with each other.

A micromixer is intended to describe a miniaturized device which perform a mixing
process with the goal of achieving a uniform distribution of different components in a mixture

within a short period of time. Due to the small channel dimensions of micromixers, almost all
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m crodevi ces) designed for different tasks. Exanples
of individual processing nodul es include m xers, heat
wez@eamges s, separators, filters, gas phase reRCI/BPHN6/001906

liquid phase reactors, gas/3diquid reactors, sensors,
detectors, actuators, and the |ike. The individua
processi ng nodul es nust be in fluid comunication with
each other. A mcrom xer is intended to describe a
m niaturized device which performa m xing process

of mioggnaikerstiely goal laminag Shw segimg tamimiwegrmmeliedivids tinfoiooa phase.

Gener%'ll& faerfc']!%mfm&&@ 90%‘3& favdla ﬂoﬂ‘a?’r‘aw éﬁ‘ﬂttbgé%lj %‘n 3REbtthe follo¥vmg

to t anne I Mmensi ons
mlxmgmf\C@nﬁsXmacﬂag PHBYO @i MeE skbeirasmisx eplisipr pitwgrpranore substreams,

mjectlbﬁ‘m rﬂéﬁy §hans %Qf‘ﬁs Por Zorh¥heRt inPh mfétﬁéb f'a%ﬁ’\
ave a

Gener a m crom xer 1S bul OW
compwérvg@ﬁ@ﬁtof méumﬂe@ﬁ@ Aftwe n@npmqrﬁmdﬁgrems& ph@jffusnon path

perpeﬁ&i&ﬂ%B $he ﬁéW Ef'f‘&tﬁoﬂ %KD rcrée\’é.% it ﬁoﬁ%@c@l kﬁ%rﬁf@@'ﬁ?httlpg and

Iision of two or e substreans, i'njectio many
recorn@rmﬂmg ﬁ@é%f'@@ﬁ@l?ﬁ'obﬁésm@hﬁbﬁémmWisa mai n stream of

ammacts@mmdvah@gg&ddew seRfin H&Wniaﬁﬁ%ﬁgﬁ,@&fneéé&mer

nponents decr ease usi on
continpieiis; Hathesiswonriiess. iToa ﬂmjmah@erp@ats@‘t rechon Gast e penyrolied with

hzthert@%hfa‘t’&r@d%%dél&‘n %CQT tﬁ@ %ﬂ?b&%bﬂ& @J&@aé’&&é)@q{’a%spomng the

|nJec 1 on segnent s croreactors
reactlwa@vmr@gaemﬁleycms medmmpavg/frﬁ@mw bpmerdesvery thin, The small

voluméé( RHERS Gsry WhHQ rmé%@rrgl qDARKRSs %é(méé%fs\lvﬁh Emthéro Qﬁ’ow E%ry safe

hermal aSpect of the reaction can control
prOCG?rﬁ qonERk i RemteaY Wé‘tﬂinmaéf&inﬁlwhmﬂ@é'dm@égﬁﬁés ﬁmth@ses
bet ween the passageways transporting the reaction
medi um and a _heat exchange nedi um can frequently be
In onerasgact,Beynvention pravises geontintougmiey progass onrspduciigea polymeric

materlﬁmh%rdréées@%mﬂntsi'n@She?ﬁgpé S mhrodiidit SAEAt ALH 8bluticHs, B¥EHR
very safe process control, in particular when carrying

COMPIEHG e AP %?Ct%ﬁg@P@G?a§Wﬁfé§§§eath tg X Ehgpuersolutions to

form atrB8cting \$8RiIbA WHYEW B8 réticPfis é&l&té%‘ffdr@%e%r@ﬁﬁ%%eﬁé%g of a
produci.ng a polyneric materj al process conpri sing

m°”°’f‘?fe ag {niffsiorp cowﬂtne@aeeﬁ Aghaip qxi%\gpr PVRSEEF&Y"G?'?' giacr %%’h and

mixtur69tRBFd ot fBEdifg @orﬂfnuﬂ%ﬁtﬂe&é%tﬁ@tsélutlbrﬁ‘ Irfo atlolvaARUgRNe
m croreactor to nj two solutions to forma

polymerization FRFCLs in e Feihformnehereih the Bpwthrqeehpelyngrization seactpr is

immer&&dDi atnhﬂtrﬁoﬂld:ﬂaéﬂﬁ’ B&d Ftdapabiefof Qromaﬁ@@fesldéﬁcé ﬁ‘ﬂnb's@ff efent for
chal n ext ender

ou 1 N agent
<°°>p°ﬁﬁ€r'aﬁeﬁheg%?ﬁ3taﬁfw (iPrasa pplgmepyith P@@ahfwgpfaxm? SRt y
t}h%cbcﬁagmerw.trs%uﬁvemm rﬁo@naerklmeﬁdw PrePBred according to a

mer tion reactor in wherein the
procesRs VR RYSTigh 285 6 dey PoXTRGRo @REY BT CommtarEL e Ter-bafiding

units (8. ! dexved frembagitidaaideaGamiapanbendf lnﬂ(@G\td)gEtlﬁH} b¥ a covalent bond or
lmkagq E)g‘erla(i geri%ggaﬁ%élbébswn%éq%o pa@égtforé\gréldﬂgnon conditions,
condetiyal comtichs| ¥ddilidh EPeiRibASROBstititidh (bh@lsplﬁld@ﬁémtpﬁondntlons free
B L T I R N A
conditions]IROM P IBing@pehig MetattdisRPolymerization) conditions, vulcanization
conditions, cationic crosslinking conditions, and epoxy hardening conditions. Exemplary
covalent bonds or linkage, which are formed between pairs of monomer units in a polymer,
include, alkane (carbon-carbon single bond), alkene (carbon-carbon double bond), ester,

ether, acetal, ketal, vinyl ether, carbamate, urea, urethane, amine, amide, enamine, imine,
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units (i.e., derived fromindividual reactants)
covalently |inked together by a coval ent bond or
wo 2ovkageoé or red under known reacti on conditi ONBCT/ERZNG6/001906

as, oxidation-reduction conditions, condensation
conditions, addition conditions, substitution (or
di spl acenent) conditions, free radical polynerization
condi tions, 2+2 cyclo-addition conditions, Diels-Alder
reaction conditions, ROW (R ng Opening Mtathesis

imideR@ixipmes @inidibe om)noesﬂadlctarhmnate umﬂxmmrzmdsphomehbsmﬁﬁate

r it denl n
surofle A Rk A1 A00R 00 o PR PP TSR By, s
siloxames hé@rmdleb;ethmenbopater&nacﬁrbama@mnd phoshonamide. Preferably a

o A9 eyl DELASR oL RRE, ARG 28 Ra00 A 9o
swtableéorahakuk@hygdrpgal icoytactdesss, or sicdrerimtdeogel ceatactuerstesane,

" R REb e iRBRIT G i rhlied RS RlR Lol ations, sep-

reactmma:qtm:pnamsau@uta‘aohmtse ioneudhbinratetiongobd)pbldmerisatichat eamplex

i I t -
coorcgl:n?ﬁfgle &Séolyrﬁga%agﬂ %grfrggqg{i gg%w?%e(g%)gf’bﬁ%ﬁf% !ro’ns.algr\é#érrably, a
procasisiod teeribeendion js zppiied hos pﬂepﬂamtne {cdHpelfraeditipn. More preferably, a

proc&glo\f( ﬂ%rlh\‘fer{tr% ) é@he@ a8 Qire %Q&%Rr ?g@%ngﬁ%%tlgﬁg ? \}%ﬂ: 1{18 Qolutlon

lnclUdeI B (ﬁg% Iclass nf o orl regegggc{iargg nrahcsi glcsaeedwmas;}gﬁl one@n et reactants,
; . : Cod t

nerb 388 5 AR 9588 ol I BOR D590 PR b

groummd@ﬁﬁmtse@nnd class ofths redctamitccartyerises heaot more second

crossz ﬁi@%o%og]rj%ggg b&'@%&t?/@ %\nth‘%ﬁ’gﬁ PF&OQ&%EQ&Q gHuﬁg to form covalent bonds or

riza ree-ra

hnkaqe@o) pol ymeri zati ons. Pr ef errably, a process of the

' fm %e&}rgén}%dreﬁ/%lgptﬁ% H%’QR){';&‘ ‘?ea?tﬁ er a%f&é é&%orna%oeugxgs required in the
abovq: ﬁeg}ﬂbp@ fea)olyppilizadian tlipr@xsmep a mﬁarm pan be an initiator or a couphng

t

soen AN R bt ARSI LS 28 DALY, v
extendpi 95 aplaceeiector nore reactants, wherein each of the

f t

PR S8 RS 284 OLECEATRE A i fed i e a
will knqvawsll Bew thseled gotinitiater fobinsiatise 8 (¢aypolpmerizationsecond

C WP@%%\WK %Qﬁeﬁaieg[:&}bﬂﬁg Qgé:?@ﬁéﬁ ¥& ug\%ot i thh ﬁw%ﬁtfo%t A person skilled in

orm coval ent

r ou
the aq% ;Vﬁhj%@!é'gwgl hpva%o‘iﬂeféﬁ@@uwngmgphtetom»ﬁémli oo, (copatymentuilding-
block Q:ﬂfﬂs b%r @Qé/mﬁl@@@%géunﬁlﬁg Héu‘i ge uééh ﬁ'\l'iﬁe e&%lﬁ g?é %5%;%?9%0@ with

| yneri zation. anpl e eact'an
an anplwp gqogpd\flthgpt farre@@mqf ﬁg)sg-@gﬁge betwgen the molecules being coupled. The

carbotfRHE PAITREs IaHilélé'ﬂoﬂQat}iHno @&amylé%rbf CafboBfim ﬁieg‘a%)f”éﬂ'ﬁ/l -8.(3 \X/n

repoly a chai n extender, macr oner
>CA1-

dimetbyamingPepyhrarbediigride (ERC )N Nistiycloexykearborlietids
cylcotREd/BRUR-RiekpHIRRod tRyIfAf oRlihided &iltsobfb@‘ﬂ b i toPm%&k%Q'ihereof

an initiator fOI‘InItIaIn yner zat'ion

N-hydeoreyRHcdnimidedNE D o1 b'rhmowg@fﬂsgfcqzramqﬁemax bel desirabhincluded in
carbotifHigB i(&.8N EDR)RRESNBA Shiiptng Yeddhon to improve coupling (conjugation)

efficiency. EDC couples NHS to carboxyls, resulting in an NHS-activated site on a molecule.
The formed NHS-ester can react with amines to form amides.
Preferably, a resin-bound carbodiimide is used to coupling carboxyls and amines.

The resin-bound reagents are easily removed by filtration or decanting and as such,
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the art will know well how to select a coupling agent
to crosslink two (co)pol yner-buil di ngbl ock units. For
wez@apbepe a carbodii m de can be used in the cop@l/EP0ebH01906

a carboxy group with an anmi’ho group w thout fornation

of cross-bridge between the nol ecul es bei ng coupl ed.

The carbodiimde facilitates am de fornmati on. Exanpl es

of carbodiim des are 1-ethyl-3-(3-

di met hyl am nopr opyl ) car bodi i m de (EDC),
puriﬁd}éthiﬂréapﬂbmbMMbte&U hm@hﬂem Hés greebly fh-at resin-bound 1-

hydrq(%%whfg%glp ca )@6& l | B & %25{:%{3@ g:cg&odumlde for making
an aanb-y:dp@ed/ﬁcuﬂowdlkvléiﬁ)—(:blhﬂﬁhlr@rpolyamlde of the invention.

AT GeT LS (e ie Y MBS Botr PR S PP OHmE S
macrbmprsp¥emaurps tHegedfceum begaseda)loref éaohi oftieym coid@ine atighstone

o b M ekl AR A KBS s e o

will koW wel how td @élﬁttamectesnor@(@i)lﬁﬂyi‘bérybuﬂmng&ﬂndks bound
m de .j.s, use s _and am

TR AP Eohtne dagelih S3Eied oo RS e a8 can be
prepdred by _aissﬁmmg thedheaatahisiig aanifalis ssivat, /BlSDiVélﬂW’ll berwaiér, any

oGRS GRARESHH, S ARt o b B SBRblk e
miscible@egaris solvdrits, ar aemmfémﬂm@lemaodganic |snivdetsf Any kmjwrr@:tahle

sonefTBr R BRI oY LR SR B OR ABloraft el

Exenplavg ksivénts éncjudetweter asetorpnr exmohylm S., mmbarmlrmtm;noo rpropanol,

m Xt t her can use SQ h of th he
isopriatplief). il eoBkstof e cBRrt somudrEng, SRR ind i Brapyaroturan
(THF ptackteas tmetiwl-pusdidond alihethgifompsnidd, geetapbanaida, headit/lene

dlchlc}(rglg) @ é{e)}%%thlt%r \évgz\?f\@}ngrbél glagtpseleg@g %2(%3!9&:5%’ Ig1s‘f‘){:>ﬁorone o-
dichlaroberzene retrahysiosfutanpdiacaione alsohnd roetbylathytbetene canetaet 2-
nitropgﬁ:?aingg?t‘églgg?rgg ?IW%doeﬁﬂ\?%%{apg r?@gene%gféo??fezﬁi//éfof?exanol,
chlorefpn, dpchlabethgiegan ¢-dixbne rethyl acetatet ethgleoé givavlemorzabutyl ether,
chlor%%\z/%ﬁﬁ, @Fo&%}ﬁ%tefnétﬁ%b% Biggolgﬁe%n\e@ﬁﬁ%yl glh‘?—:? ! ggxk)g S?étgﬁép g-cbutanol,
methﬂngpbntyd)lﬁétosemmtemh@harm vaugne, emanwedlaﬁw&ne@ymb bgn?ﬁle diethyl
etheré}ﬁgncﬁ&ﬁlyg's \B/é,m Fetrta?lﬁlgﬁ%a g%&néﬁ% %)%e' 8 h&'eﬂ& % g/col and
formE(nsd@, met hanol , et hanol, propanol, isopropanol,
E(;ﬁa)"iﬁ)exang‘%le& soK{E t%ﬁ%g'h%(%é ngéﬁ@ﬁclude ethylene
QWCOhBtd‘PylenEgMDpk dlefdtw;m@ glmofrgtynymnef dinmepyiens, glycol, polyethylene glycol,
polyp@&&ﬁe %?38!“ Smufé%t Eﬂ‘]lepspg eg'b %Hﬁg{uké?:e%re?ée @T’%&k ciamds dand their
salts |e§tm$1@lcmgls o@aomttb‘rdebmmulfmdesahy@f@ﬁ ($ugh,as sulfolane),
alcohgf &9@5@%@ é‘érBfP& utYIIEEFtJ%i c&to@flkte Kﬁﬁﬁﬁ@en@?ﬁ&&%ono?nethyl ether,

ropr opane nonoet
ether plrsnmiiv@marma@ al@nmle ke@qms ommmdpyrrqbﬁlngn@f%mrrrohdmone

cycloﬁé@%hgﬁ&ﬂeh cf'g‘ﬁroet ré s@'f&?f@c—%eiacﬁ)%gé’ | AR AL tes, methy!

yl'ene
sulfonylethanol, tetrahydrofuran (THF) lmldazole betaine, and other water soluble or water

miscible materials, as well as mixtures thereof.
Each solution to be introduced in a microreactor generally comprises one or more

reactants which are not reactive with each other. If there are two reactants which can react



10

15

20

25

30

chl orobenzene, nitroethane, ethylene glycol nononethyl
et her, butyl acetate, 1-butanol, nethyl isobutyl
waoedaosne706i t r omet hane, tol uene, ethanol, di et hpCERR2006/001906
gl ycol, benzene, diethyl ether, ethanol am ne, carbon
tetrachl ori de, propylene glycol, hexane, ethylene
gl ycol, and formam de. Exanpl es of water sol uble or
wat er mi sci bl e organic conmponents include ethyl ene
gl ycol, propyl ene glycol, diethylene glycol,
with egalcy oter rtlaey slﬁanﬂcbpey temaingdl gemdratelyoh ywed fyfaeate sglusiomd, namely, one

i a i BT PS e spBBMoR e e and chei ¢ salts,

e s accordaiceatithl the invention) any kmdﬁssumablgemnomuééators dars pe used.

Prero B PP L st S80S L ERGE B850 ), soncos
(espegiaw: Eig meﬂmwfaph aed b@npo&tﬂhaé mdd/m‘uaVabcm;g ranmluies The

ket N et h .
naivid 425 RsAES sy PGS WY bt bR Ry vinp somageton
systesuThe xomtesting aletrmantmare pohypekitaly odnyieeted duehdngbsembly in such a

way tﬁ%{tﬂgﬂcﬂ%\aﬁ %anoe{dhné;rf?%?gg gFo%f g{g&gmégmmé? therneQ%r%bq%hnected with

each ntheeso ak & foan avselal todbe rr'ubskiar @snridetingelemeRtscire sohsidéredto be
formﬁ&t%g con n%#tgg ?{lgl p‘néj(t p%&ﬁt%ﬁlg@éér%g g‘r? Qfgté?n{v&éuv%g{rﬁrrelfesrgﬁly the
individitah emce‘ssf.mg fredelealaes amanged antaelese pM’te dhe faid covaexttinn bhtween
two mg)ggaérs %t i s’eﬁupﬁ%’ltﬁg§géghﬁ% ?Et&gﬁg f?\ e%ﬁaze{r?ggcﬁ%%Pé@totg%er with
clampingldévicesot her in a second sol uti on I n accordance with

t Rgpoérgg\eg{nﬂe% H"éngrgn @@%egﬁllgh;%@ tg s@]e%LﬂE9%%5@5r8c%s@|?\g*?ﬁodu|es
and aygertdhle theinal mtma@hcmr@cﬁaﬁs ug@DidZhe zrﬁeﬁwaom dasepsaaca Wity the
mvem!: 6rg aerérélroqut&g aﬁ rl}egasl?n r?lﬁ:géjm rIO {‘ﬁg e@eg %gh}l%%mixggs can be
used mrtbe mvcvitmted with connecti ng el enents via a connection

i%\f‘rrrr{g:@re%ﬁgr L!ﬁ'gfépﬁﬂs igg%g‘% 8&@;&18 rﬁugr%rrﬁlc%a? %ﬁ(%hta'{]p%{s hich control
the tepiparateesf loadr ng:ré s@uﬂqméo pe frsdpioi m@lm@umereambthe tiemperature of
the regea st%:l)lﬁlo %‘ Bg?éc?ﬁtd’ﬁw%@o@%x%u% B& méﬁzéflﬁntré’ad‘t&r ia&oit form.

] e out nnect | enents ar
C @mtpd@wea migrotractas cam furthenigreiide mmeﬁdteési pmﬁé‘-nret $RABOrS,

detec{oﬁ ;S,lp %gtdrgltegral part of the nodules. Preferably
e in ual processing nodul es are arranged on a

ba\smlcmra@@or is Heed inihel inyenlinacteingx theseugblreagientisdel alreacting
solutt%‘gb&gresfgé&ﬁg (ﬁ% n‘egc tioR %t@ 5%@1 tﬁﬂﬂxgﬁ %@gﬁ%@kﬂé&% reactor.

er wth evi er son
Therefaee| lt @@dwﬁntﬁg%ou@rqnd\melsuamﬁ tmt W@| tpmnawﬂtre %meé@!utlons to be fed

into alnMEioixda m@fn%ﬁét?ét@grefﬂ? Qb fv RAbeRSSRE MR éhr}?dTédHQEa‘thnél

m croreactor used in the ihvention. In accordance W
(co)palyraerizafien cpo ASCU Wity the atere@acionAsured herein.eas ﬁu!@ﬁ{@f\tla!

(co)pdrREMBSRT is iftEddanB e s@be ThAHRUFE XM ATbr P8 gelation within the
microreactor.

it is understood that one can also slow down the rate of (co)polymerization in the
microreactor by diluting the concentrations of one or more reactants, preferably while
maintaining a total stoichiometry of the reactants. For example, for a step-reaction
copolymerization of a reacting solution, one can dilute one or both of the two solutions to be

fed into a microreactor to form the reacting solution. Where only one solution is diluted, one
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used in the invention. A mcroreactor preferably
i ncl udes one or nore mcro heat exchangers which

W@ 0024706 he t enperature of one or nore sol uti POFEPHO&E@1906
fed into a mcrom xer and the tenperature of the

reacting solution to be fed into the flowthrough

pol yneri zation reactor in a coil form Optionally, a

m croreactor can further include mcrofilters,

pressure sensors, detectors, and/or actuators. A
can pneportamebcinoreass thesfieay iate dfiibati soludion iaowordloglmsn that the total apparent

. V. C
stoictf e ke AR At pfrioBR A R3oR e ity Bl fiFinom how o
selechappyopiate atncentrategocdf @ach Eaetant tmr&k)w down éccx)mmnem@@onl sf the
react%‘ggj Fgej g‘usa:t h?%hgst%n&%ﬁ gctn,Fbeo e),n?é@g?m n cgjrsﬁé éljié;?\iczgrjeg{:tbf IIIuRN to
adjust thow tatepiorikeep tadakgtoiviiombirnonchabgedint i al

( . - it b .

3 HEECTERES LABbABRoE 3 BEG Ml ob O RG] e
microresctan eehsucediasmainkeniog tte temperaturs ofratrieastlone isoltion to be fed into
a mlcﬁﬁwll ?érj r%{eétn\ééll% I?)\A{]aﬁcpt?r dﬂjﬁrg;gthg %?ﬁ&rntra{ dn %f?at %@?&% %%gtant while

maint@indgpodigainabiezatal stnichiomelrg ohiherreactads oonddgntdi | uti ng t he
n
iy T2 kb O euly PontRR Sk iRk oe B Folhtihetry) o
reactaréaenchnarseﬁlﬁientl)empl ibe téroperatuss efighe e@gtm@aolutlon to be fed into the
oy ¢
oGP KBB4l AR RS LR af g
a Asiused heeein, ar flavethfaugin pofynarizatiarn negctqoinm ¢adiforrysantended to
I
descrtR e ot fibige BeielphatR YRR A B sbARicln
polymehizationireactot edn tzqap‘msento sltowde lairesidenog tinfe sufficieniden ant s

(co)p«élﬁ’%@l%]I %&%@%gﬁetg g?/én QEBIZR% \?/FI‘\ Llgirdd JIyrEﬁsﬁrél a/erJ éccordance

to se rrate concen
with thewention, the lgmgm/oa@ﬁmxﬂar@wbp@lmer@épn macmr i h@ferably from

05mrt86}66ﬁ{“rﬁor§%réféﬁbl NRont Shsitftig @l (co) pol ymeri zation

occurs i n oreactor an how to adjust flow
r i aecordanceayithithe Kivertios; afipwritiopgh pelymareation reacter can be one

singleot[ﬁ% §§{eleq$p BEIR)) of tuBes PHIRS! tcéméc?éd with one another to form a flow-

yner zat | on occurring 1n he mcroreactor is
throu@h@un@ldomompmmtm TREfeHSIRE f@@‘ﬁi&r%@%’r% cembipatippstheresfe

S@xHFn'pReg o tRE nfifds bR ARt MERAE Selzef ﬁ‘qllx%H 4Sd Bulz8Weactors and

luting the concentration of at |east one
devicesdescibed iNHER & 1,&3,1,59 &2n E@n@jaa’e%qlzfegmléerﬁ &hd|reactors are Sulzer

SMX i@ CEAFRINIYmREr, BhBef Qﬁl‘Rt rﬁ&Eﬁre%%? tAMer SMXL monotube mixer-heat
m croreactor can accur at ecg‘pcontro concentration

exchanges, Gsilzep Mgy MG fremeIu3er ChenMieclict ant s and can
efid b ?F@é‘r‘i’éd’ el‘ﬁﬁ&ﬁlﬁv@ht M@ﬂdmﬁfﬁ&fgﬂtd&ﬁnéﬁzaﬁ&ﬂeﬁl%ﬁ Isl 16bil made

solution to be into the flowthrou

from ons 9nfaeTe2ekasoR- gr&&q' Bioeppr metal fbgs- /éﬁe'ﬁmﬁa%ﬁvw §gs a small
compaétlsBle vhild b Adhg @rtunrS with 8@delBiVed Bng fenbtrPinviHidrPalgh

pol ynerization reactor in a coil formis intended to
(co)polymeérization can occur. By using steel or metal tube(s) to make a reactor in coil form,
heat exchange may be more efficient. It is understood that tubes made of thermally
conducting plastics can also be used in making a polymerization reactor in a coil form.

The diameter and length of a tube for making a flow-through reactor in a coil form can

affect the residence time for the polymerization reactor. Any combination of diameter and

length can be used so long that the residence time is sufficiently long to consume at least
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descri be a conpact device having a desired | ength. The

| ength of the flowthrough polynerization reactor can
wheooclhesen to provide a residence time suffici POI/EPINNG/001906

(co)pol ynmeri zing reactants10o forma polynmer with a

desi red pol ydi spersity. In accordance with the

invention, the length of a flowthrough pol ynerization

reactor is preferably from0.5 mto 100 m nore

preferably from2 mto 100 m In accordance with the

one tépswembaaantsﬁwﬂqtb%é Iairaimér i® edoysrrdll airlaﬂdrﬁhle fedgh isotoo @y, there
e one sin e ust er u
may [8yeg BeIEER 8 DRHIR 1B BAGPR afe PR F e s Pb o =
flow-thrdURgl reacﬂ&?n @l collBéren s pltd Gomrpief@rabiyamtom&mrra neoné bl("jeferably
natl o eo
up to AR SR SR Te 0 S P Sia shesaH BudhiEpEe B fore
tubesIRY heRmig derAV-theR Ghireadtbt it alddf fdrhbis A?efe@mrfmnasyn 5111 G0em, more

d reactors are Sul zer SMX m xer, Sulzer SM
p"efefﬁ‘t%{’ m%@lrﬁéqgéﬂfﬁ m xer-reactor, Sul zer SMXL ronot ube

m waéreruaaétalsmqa aé@wf d,to 8uba@n§terﬂ mypoﬂ\?ﬂtér:‘fza??’l , ot wenel of a flow-
referr enbo e W=t h h

through PO st ReRaS BioT e e MRd PN GRS Wi form.
or altbﬂhﬂﬁely Qh@wa}l sf tﬁehurtrlébeﬁelt ?ﬂw—ﬂ‘ﬁmagjh palrasizaflor addctor in a coil form

advan ous S a sna conpact size while
can %er(ﬂa‘ﬁg" %\C?%Hﬁél with a relatively long length in

Wht Bhalsd L(rm{)@édcwﬁiaf tha a{i(dr@noitaﬂbvﬂﬂnwgh mRyyrosizagos tesetor in a coil

e(s). to reatorlnc'lfr .
form G R s Wity e ot e e s o e recBE By Gge ing
matehallb Eif cgnﬁiﬁ eﬂfbo_blhﬁernmlcb?l becnls_dcwtﬁ perrgm}nl ussfiil clserniaal anldém biological
ead In I ng a,po | zat | [ t
reaciigort o XA vEr P PIEaY RO b ERE R ety fifiprovon
polyrﬁér&p&:émr@u@h irr which ar(ccb)polwneod:dn hSe)ionned\by abfiiog carb@xyls and
. resjdence tinme r|z t An

amin S AR, DEPOaRb B R PR o e AR gy <0 ong

t hials didvevered |tlmb&naimot19hira ﬂow-tbnwﬁgm mae:mrlcyn Ipmiqmg the residence time
for stafo) g%c{trgrl) ?qoggl)cﬁ i 271?2 %rg%gc bE %%/%phglxa g é hl%onomers and
preptiiraes hmyxghwu er molraaxgmomrema)l wﬁh lg!uldntilom poiyrsocymates and can

prodlfcieac Xrﬂ?nc JB% ﬂalgr%egr%u %ct%ﬁ%? r\{gﬁ %oléaflar'%{gﬁ%fg/d‘ner{%ﬁ which are

I n“a col ormis
insolyirle frethalnbgd s@vénd i hememctimgselufior fa flaigl), wanpbetforlﬁemtbﬁhd

polyrﬁgr?zt ﬁj{ F%a%{o?q % beﬁ&’gd%a t”@hﬁg‘?} r%oléﬁlﬂg?-wg BE ﬁﬁtl@h maa/ %e inter

OW- t
alia, dmtotrmn—umfoan dmual cdnoentration m@ﬂ@rdbea}ctam@ and formed lrlt@(medlates

acroJIQSa LRES S%I’(I?I\ S é(naugpg?p%ﬂ?;%z%%ﬁﬁe ﬂ%w\%@&%nalt ‘t‘f\‘véli Mfdwn that

whert a,ﬂm,S%gSs traotﬂgroa\mineo:nglmq@blthafe arq@?fgr;nfzseweladwﬁ flow rate of the fluid
depef\&L h u,E&'i E% g@{ég?t% g{oHVt‘é?%ﬁMeLa tﬁﬁc% ﬁ/lah' ?ﬁt%ﬁ gg?ﬁﬁ% éA{SWOtf(B flow rate is
slowésdt Give. t lamellayfovp ot wvoitane)omhcf tagtbeotrom iheawalbihie fruist s badaster the
flow Bﬁee ﬁpééceaq:s&"& {Elsadlﬁé’rteﬁéé/ fliocal flow rate, reactants (monomers and reactive
intermediate polymers) have a residence much longer in the thin layer in contact with the
tube or tunnel wall than in the “bulk” fluid, since diffusion generally is a relatively slow
process, especially for intermediate polymers formed and to be reacted further. The term
“bulk” is used herein to describe a part of fluid or solution that is not immediately near the
tube or tunnel wall. Such differentiation in residence time can lead to the formation of

macromolecules having a very high degree of polymerization, which are known to form, in
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It is also understood that the tunnel of a

fl owthrough polynerization reactor in a coil form can
wheodsiobd7eed wi th any of a variety of filling nmaPeT/ER2®6/001906

i ncluding reagents. These flilling materials, in

certain enbodi ments, can be used to perform useful

chem cal and/or biol ogical reactions. For exanple,

beads with coval ently bound carbodiimde can fill a

fl owt hrough pol yneri zation reactor in which a

the da38bPREYFRTict E&yﬁ%ni&foﬂ%‘# c@b’olﬁﬁé’r@a‘tl&ﬁl &%fézpmé pofhférization or

am nes of nonomers, chai n ext enders,
copoiyrpgrizetion dhefe pigh- m@lew&ardfrf@afai\f@\c@aﬂ% MaY nothe frsghleqdecrease

prod}xl:tc&ﬂ'aﬁ@r SuidhedseRaH b a%@ﬁsr@é@b!@ HoddRRingesT tEemBRIr iia&® distribution
or step-reaction (co)polymerization of organic di-

(e.0. andl/ o 6)PPhiy atHyASo dduse unwanied iepssiarid fgrmeinthey reackr system and
hM,J ng two or nore am no groups) with di- and/or

o B R e s B S S R T A o

exclu\dusthg;\feemldpgmuubl ein the used sol vent in the

PoROHISAE 1S 04 ik problem i B G 46 PREErelifpton Toactor n an

ultrabd)lﬁ@ baml By ubiag 1M§ i fgrl'rlﬁati‘oh at iheantediighenoleatl@rwaibhisfractioss of a

to non-uni form./l oc ration rof | es. of
polV g5 B BINIAFST oF FUBPREGT REd 1o b’ byegted hioh-
molstaR-weryht frctions tof alpbwnmenp anehdzdltades @ibelacfibrenof the polymer

directjon. |t f 1 ui | '

whuc{qﬂma%bwgd‘nga%a \p/elghtrm'@ or are, gllsgluglp dn [hef Qrt grﬁq‘k g%@er%‘?ér the reacting

(pol;}m&btuéd)@fwwaﬁ eltaf bélleeed fhat dirdsprenetavigcarpacteidrste diffusion so that
ce fromthe nel or tu

= QAR R a1 e ey o Hones ahieRpatBl g dfonomers.

initia@@8,Candddr weative T:h@mf@lfattdﬂ polyfersnctbe wadittainke within the pelymenzat:on
he fl ow [ al e of

SRENE RGN E N T R e —
profile® fefeiis\te al ddohesntetiba beofifpodfyematants loa\aecrass-gextide BU@tmIIaHV

| on th ayer ...n_con .
perae (RGP (o resiior pyiiE i GF Sy oltnadeh iPfefied hioh
molegeremaidhy frastions o€ palyineesd, prasiuciguatiycas e sbptactiallylgnhéineed, a

I ntermedi ate pol rs formed and to be reacted
narréw polydisperSie(e@r M helnglessshars 84, prefarpbly fessdbart b Op@oge

part of fluid or Mol ution that is not inmedi ately near

preférgﬁlytééeéggfé 4 Yo mP@ a;ge lg% fraprefthay b@QcHlé\red and the

res i me can or mat 1'on “of
potential bineisage of the r¢ea>mrr$gstgn\,@eyto Wegesitgcgnde aypided.

poh%ﬁﬁé@r%ﬁn%i WL hieE Rk BV He Hébcf AR inlShthe. ﬁ@ﬁ@ul@i)e

free-radi ca ymeri zation or copol ynerization,
undeystepd fiat & quﬂtmﬁ@nlczbﬂth bas @ter@mg@qumqtr@bgamlhtyrﬁégg also be used

toc tr%hfh@!:cﬂ%b‘l&ﬁ%n%ioﬂn%mguér%ﬁﬁré Qé‘ﬁ/em%bfoﬁrﬂo QBer@Sﬁ iskifddd @ the art. By

ecrease | east lead t

contradingitae mm%atyraa@‘gb@u rengling S%@Wﬁ@lb&rfe%%%“@u f@wﬁhw{ghon
polyﬁ'n%n?atron Lre?ct@l) andthE FcdJBlyRESAALIE A bR dt BN BSin ARPRSH-HRough

rmin the reactor s%/stem and Mh t he deposit
polyferization saacter, Phe CaraRAtol f@ygteecrﬁ(@aﬁolb/@sazqf'@ndv'%'rrb@ﬁﬁa\él-fhrough

polyﬁh ritdiens¥sdisim and excl udes | ong-term operation.

Where a (co)polymerization is too fast, there could be gelation in microreactor and the
gelation can clog the whole system, especially the micoreactor due to the characteristic small
dimensions of its internal structures. Where a (co)polymerization is too slow, an extremely

long residence may be needed to complete (co)polymerization. Combination of at least one



10

15

20

25

30

Appl i cants have solved this problem by imersing the
pol yneri zation reactor in an ultrasonic bath. By doing
w0 baos/094706 mat i on of unwant ed hi gh- nol ecul ar - weP@YEP2006/001906
fractions of a polyner canibe mnim zed or elim nated
substantially. As used herein, "unwanted
hi ghnol ecul ar- wei ght fractions of a polyner"” is
i ntended to describe fractions of the pol yner which
have hi gh-nol ecul ar-wei ght and/or are insoluble in the
micraveadiorreaid =f tdaseane flov-thrbeghr mﬂmédzg:ti()rpcéaptmﬁmmtéedrir) an ultrasonic

oath 580 HheuPEine sonbplai: LB et et S RIS e or vy
cribssmngestacalrthht oimmmrnailyifmneqb ness tragspdrt, sectcasy idreexample,
sty SR reop opyhisr SRS et B 41T k¥ Brrtvyyporm. cross-

sectiqrad! yamehkamdmproﬁleaof nnct(aots gigninmbromdrs, rieitibtard, hodvooreactive

mterrﬁ?@ p%!lyn?mi cfagﬂt ﬁﬁ%ﬁ\g%ﬁ)‘ly& 2#3 Fe%@fo? at | %]amtammg

substaetalyamifsrno distiibotiars s rsademcm"nmiasmamscablb jevel and/or minimize dead

erpendi c irectio By mnimzing or
volu ?‘nﬁﬁ%g WE’EIOP%'? ﬁ%g’ \ﬁéa(oiﬂ‘on FEAted hi ghnol ecul ar -
wet ag Ieixarfnp@c mlmgscmafmtpmé yenee like nmronku«ets cprahe byilt gathe lfloew-through

polyn?eur%eI nrp Fela I%aﬁzﬁ ﬁg‘ﬁ %h%l%e? c}om&vtyg?gg gh%tﬁcgégaigt%ﬂgeﬁ@%éng in each
mnxnnmhpmbéecnaibbeyeﬁemlly Hrmnzhy(stnmmng ead motieh.er abl y | ess
I
t nﬁ%réefg}erg%rbgg n"f‘% 1fi E%c?gsn% tﬁ%& é’t’ioﬁﬁhh er %\Vgﬁgé‘gg step of
reactigythe ﬁmmlmlertczmljécﬂedjfmmabe) polymlaazdt@n ceactrewitlse@te onmoregeactants
each 'Sm(lﬁf% gsgg%ezgé? ﬁ’gﬁ%g g%{%g%@ﬂ? 5‘?"@?@%%%‘?%“3%; aﬁﬁhltbat?r %\ coupling
agent, & abaim eadt@web@ prspalymer, (aanacrorlnelt laed foxd\resl t;wnspf .| alsmbep can be

perfopnq%@%gaf %ét’rz:) Yﬁ“ea%tﬁrgg\{he%}%é ! aﬁxﬁrﬁ%aﬁﬁéslt Sge hfcr&%%ctor and at

least ooé ﬂowﬁlnrough pelymdzatwngeadh@ Withwsuch additibnal reactlon step, one can
I K (co) pol yneri zati on

prepa?gb%gga%&@q '%t{%g%%mﬁ O?P§r6£ rough pol ymeri zati on

r da@ngther y@_{er@alrembmhm@m thegrocese obthe invention further comprises a
ston SEARDMEICIRD LA A O i iy o o mre
reactarie td intyoducereihejoallydinsatugatechgiogps into triegesultant p@lvmah d\s an
Hostraif SERTH, e FAU O HIE BRI AT I Mo o Rion
reacteyfis ptpolyiuratbanea Ipoktrage polyaideypalyather, pernlyrsatgriwdih teapinain
funcubﬁautg?awﬁ% emeh a0 f&%@gﬁé )éoE;PJP‘thJ ggargﬁﬂcsarm Qﬁo{gﬁ GRIG, or

i zat1 o0

carbqnéblwd@rﬁém tbe djkee Rethis casedsuah ncé\ae@ncoﬁeteﬂam’rtrﬁa@ugﬂh a
compBOhd WRA aE %Eétﬁ%her&ﬁsﬁéﬂéalggﬁ?étﬁ%d groﬁﬁ ahb tarfﬁﬁ&ﬂhél &6&6‘

can ensure t repr oduci bi |
coreagtiye Wil Bleytaepinalfunciignaligroyrs of Yorpalyoete mﬁéﬁﬂabtaﬁéﬂown oa

perso%)gkﬁléamﬂhlé drorced mass transport, such as, for
exanpl e, stirring or shaking can be used to accel|erate

dilp plemativesembodimentssiB Preasss af thg inMention gan optionally comprise one
or mdré 8FHReGWMPSteps: exchanging a solvent used in the reacting solution with water

or a water-soluble or miscible solvent; adjusting the pH of the reacting solution before or after
(co)polymerization in the polymerization reactor; partially or completely removing an organic

solvent used in the reacting solution after (co)polymerization in the polymerization reactor
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concentration profiles of reactants (e.g., nononers,
initiators, and/or reactive internedi ate polyners) can
wheooamp4To@i ned Wit hin the pol yneri zati on react BCT/EP2086/001906
mai nt ai ni ng substantially udiformdistribution of
residence tinme in mcroscopic |level and/or mnimze
dead volune in the flowthrough pol ynerization
reactor). For exanple, mxing chanbers, e.g. like
m crom xers can be built in the flowthrough
(e.g., by viped-fi lzrad!riswmtrom:antrm likelditterimg thie mgsutthainfoe)poltyarepr sepamating the

resulgBERGlreRa ey ety sBBind) bty e i ER A ERBoN L

preferred enbodrnent t he process of the invention

Cg;rqt;uggr ¢ %sbﬁeﬁlx élﬁ‘rsﬁgeﬁg Egﬂ ag% ﬂp ar%?c?esgaﬂﬁb F?o oyrqu’nlng an

actrnrmrﬂyecroﬂokm polpareh paprMnmerrh)Ol s selected fromthe

gr 0 sistin g
% 30554 PP B, ROV ot 80 . v
mixtum)cm o mExing &avdk 10 ik twihiaksthe Itmnm{atureThlcontsoI@ﬂ aa‘dnmuetarned ata

B R T AT O W
comph‘seavfertetnaomdn pplyl(wyakyleae)dmmmeag pdeffaviing® XTit01 and Jeffamine®
xRS PRk LSS 0SSR SRy cP @ bl ock

rsin ous process I n anot her

p rAeéa:rond dobrtrrbro i premred bhdispoluing ssageht 2 irea solvemit(e.gn
st lEh CFOERE] o G RekohHE cBl B AR,
diisoaysnate r(e_gc uMhsrohe diisgayaniate droet Nylhemeahlcyrsm as@triiﬁroaywwte (e.g.,
VeSS 18R ort BRYANNBILIGET . | 4s an il ustrative

exanpl e, € res yrrer collected fromthe

f Moweirdtraodghcpal soleions are pumpeshtiibrpuny t4,124) sepasethlyrieto holding
tanksP8| S b B B2 mg ALY KPhind e RAPYEREE 1411l 18 (or

unctiona roups, ‘suclr as, exanpl'e,

equrvalgots)/ emtpaa eicrayeactorBo, whm'r troxyisee paxigromaxingnoioduie 31 and heat
excha%gFPr‘nBXLle Iﬁl. ore?%r 55‘ ﬁn)lelsktﬁe fnlsﬂ aﬁd‘éécoﬁ@%@%rtigﬁ%:ﬁ form a

polymeric material can re a conpound w at
reacting aglttionwhish lig/fedrintoa ﬂcyv-th\rmohmoyrwizgﬁ@upaawd% (e.g., a coil made
from % LRgt th@qI'nn%rQéH’rnCé?{Lﬁ §dn éﬁ‘r tF&aa@@ﬁt 1 Sﬁﬂe{%ﬁlent 2qre

uncti o groups of yneri ¢ materi as
copolyrgerzegep dam smarnrr@ogrpupw@edmolyurea palyerealipeted in tank 50 which
r v
subse;ﬁg?fhg}n g‘?%}{/ ﬁg g%p |§;Ie‘9%ﬁ§e§%t9f' Fgoalrcgor 'gp Rﬁ”ébr?l%yf&ﬂonde 62 is added by
a metgfirghBUMp B4 tita datelh raagior §kintwhicheitisimixedhwith éremmng group-capped
I

polyur%%l pt/dﬁyr@ tg"&drﬁrsét{\fénagﬁct) i @@ﬁ@%ﬂ?%%‘gﬁ %&i u&b«fr B}r Qh&rng a NaOH
solutigrpfP pvith @rmgt\efr@ pp@g)ﬁgo‘rmnpggqtu@rpﬁbﬁtqhﬁgactor 60 is controlled with a
refrigft i HTEF RS 6N Aﬁ@(ar‘etaeﬁcrn @ﬁrat:r‘yfgted’ p&&ur@g rppép%ﬁﬁnéf és formed in the

renpoving an organi c so vent used r eact
reactigly MittHEVRIER Breolledpd sl tanke 79 2ad thon mtrpchned by a metering pump 71

into a%@tr)é‘?&@ﬁﬁér@%rd%&@&éﬁ 89 (e. ?bYH‘P‘) Redrdolbdrom product 90 (i.e., the

distillation, I'tering the result
acwlae%gpmryﬁ@repoy@m} Jbﬁﬁbﬁtdaﬁ@ §0cean heghwireddim @lrsyﬂeironquowed
with at ﬂb%trﬁ& @i‘F&dIQGr SPLMY b OSigddtibd YidRtdl 2. hesrdrAdkiled in the art wil
understand that¥he product 90 can be further purified, e.g., by ultrafiltration.

It is understood that the acrylation reaction performed in batch reactor 60 can be
alternatively performed in a microreactor, one example of which is shown in Figure 3. The

reaction mixture containing the amino-capped polyurea polymer is fed from tank 50 into the
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Figure 1 schematically illustrates a continuous-flow
process 100 for preparing an actinically-crosslinkable
w@edogoeas prepol yner 90. A first solution i s pPepaEPBU6/001906

by dissolving reagent 1 inl& solvent (e.g., a

wat er- THF m xture) in a mxing tank 10 in which the

tenperature is controlled and mai ntained at a desired

tenperature (e.g., 0 to 5C) with a

heating/refrigeration circulator 12. Reagent 1 can
micrazeaneri 309, thfough exdntell & thepwiopgreastar 300l Baforel maringeitlf ecrgloyl

f ' L) . e
oo TS 8L 1l ARSI B ae ponures
polynseylisimisd with Na@paokdioh $3 dh ssmromrxgr Bhigeaijusz pHnthen is heated or
coo g Efhed Sy thongs 8N P45 AR LIS A BB PRfsear
of thg( reicgomixe@mt@rmn\édejemcw@yasider@eﬂ'mwﬁomwmbn ashiors Alfte)
ANAT(r) T 1890/1 00 from

react%gdth[e %ﬁg%nﬂg@feel)s(fgdrﬁto?l rst and second solutions are

pdm@edthewasnﬁmb tinppregent Teniespaiosides g system fhopréparing a polymeric
mateﬁﬁ%ﬁ coRtirffs- }lg\i@ﬁ@nn%pqg %fs@erﬁ%mlng |9¥tégfe%rsg¥%éjrzﬁcp&eactor into

WhIChﬁtd%ﬁItgg@sgwtlm mmwmw\gr@gsnl#:mm cgastantd, ggn e difosiuced and
s B R BRI b G 1
consigigiarfiagnonginerh an énitfater, agpepliagfagent; alshainghtender, a prepolymer, a
macr&ﬂl&b’ gﬁ& hﬁ)ﬁwe%%élﬁapg‘?lﬁwﬁﬂro(@? ?olgm@nfeﬂfob Q%Q&d('ﬁlams%  coil form

merséd i n an sonic
and lraﬁQw p@@wmcanorawéh tepolcyareadtored that the reacting acpwtmr can be fed

contlr%)%lﬁ A RREfbR Mr%{&ﬁWﬁoIQﬂ%{HQ%n Fe%lc{o? %ﬁeﬁielh hd @t@lf—t@ﬁugh

subsequently 1's
polymegigatiasy regotor mma@rr%obylancmraspn@@aﬁzandss gélpride bipraviding a
residéfekd J‘I%r ﬁié?f%lﬁ‘ﬁeﬂjzrﬁgothg%&li‘ar{@ Cfgf?ﬁ af8 r‘OﬂhCJ‘désheB S
m xe amno group-capped polydrea polymer
POWd!SQiBrﬁdth reaction mixture the pH of which is adjust ed by

aggl bﬁ&nétn)@%eﬁ%b WhigRRinfhtditdIsyRtdFr bEthE %eﬁgﬂpﬁi?ﬁng&e

tenperature of batch reactor 60 is control
comprigg ppgyer ApTeRf ar additionalgnicereactyrt eqlvané gxehaga deyige, distillation

devic@Glitét, 3bREbrE Ueldtisd ﬁp%?é?io)ﬁ'&%(ncé Sard3h&Tkk.i n the

reaction mxture which is collected in tank 70 and o

t e A Preferrediavbadiment ”Pﬁeﬂ@iefrﬁ gf thadpyention fyfther,comprises an in-line
qualitflc&htrdi 8y QEm80 where orgam c solvent 83 (e.g., THF) is

renmoved from product 90 (i.e., the acryl ated pol yurea

préee v sEPYS aﬁxéteen 249 q>fath%mveraﬂ0@aa¢cqréma taagsefefredl gmbodiment.
The sQ'étéﬁn' 2002donhis88l HinfiBrRf At dr Aind aFRM thRigh 'pB@He@nEQﬁon&éa&BﬂZM (a

refrigeration circulator 82. A person skille
ool mage ofp Sibel e} SrBsacd i %'H@%\rc‘dm%@n@m f@a\m%@wwp@twgrw'th the

microfatior | B mRrdteact®yaddHouwdl ih Figupd » @Bmphées' tﬁre%%@f §>E<5P\9F’ger

the acrylation reaction perforned

moduleg 209t E0BALA0 e SR HAIS SRERG! BOTHI2HE h TASsie sensor module
212, dHdd MISRIKEF moBiNe 220t xehanyBl MddiiSs E1AM202)tahiBYIfte-type

heat eibh;r?geers (e.g. from EHRFELD Mikrotechnik BTS GmbH). Heat exchanger module
(203) can be coaxial heat exchanger (e.g. from EHRFELD Mikrotechnik BTS GmbH).
Micromixer module 220 can be split plate mixer LH 25 from EHRFELD Mikrotechnik BTS
GmbH. All modules are assembled as shown in Figure 2. Solution 1 is infroduced through an

inlet of the microreactor and heated or cooled with heat exchanger module 201 before

introducing into micromixer 220. Similarly, solution 2 is introduced through an inlet of the
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reacti on m xture containing the am no-capped pol yurea
polynmer is fed fromtank 50 into them croreactor 300
wo boosogitoan i nl et of the mcroreactor 300. BefBPCEEP2006/001906

m xing with acryl oyl chloritde 62 in a ntirom xer 303,
the reaction m xture containing the am no-capped

pol yurea polyner is mxed with NaOH solution 63 in a
m crom xer 301 to adjust pH, then is heated or cool ed
with a heat exchanger 320. A microreacting nodul e 340

microfeak it Ah@REAELE &r HONES Witk ABXUxchdReMoHARI 202 el lritl@ducmg into

provi de enough residence tinme for acrylation reactio
micrafixer 22@RQltions Hrane F argdrixeshtofpin areadtisg palytiomppich iaisated or

coolé8 with %eﬁﬂ%ﬂﬁﬁg@%ﬁe Zd%f&’é%%ﬁrﬂé thdvamRt bﬂﬁe lﬁ’ﬂ&wéé@&r Itis
a system for preparing ge/'rrerlc material in

advariagqoysly dlatfa RIGESHER ﬁ@psor mqgu VAR dninelyaes indha Qucrgfeactor to help

cont'rcﬁm@tthgeﬁesgu@nmr%a@yswm p0#.0 which at |east two
t1ons, each r|S|n one or nore reactants, can

be Thmer%a @@é%rabaﬂya aﬁéﬁﬂ%@cmﬁw'ﬁ\ thedpeniiesol uti on,
whesfgi fheer@%bllft)?ﬁﬁ& AdproduRibh®) & Mcéefs%ﬂéﬁﬂv@’ft%blﬁ’s relatively high,
conS|st|ng a nononer, an |n|t|ator a Co

sincg §dneasyo @ﬁatircﬁ NEREEHESRACtRN SPBYHIRAE.. tgm @?lﬁﬁe'%actaﬂfd

condBrirh RS ubifRiaetat céncfén&ﬁh&rmr@ﬁig s Réé'cbéﬂ'@ te%%hb@ﬁme in a reactor,
reactor which is in a coil formand in f

prossUipm{ARCHER MGHILI, € ) RBS WP PLAGEIRIRH0N S5t 'ﬁ%&t Oppnicroreactor and at

leasf %ﬂdvﬂﬂwr&%ﬂﬁdhﬁﬁe%ﬂo@%&%@ ifC&Bil fGHﬁ léﬁd)vys vty @cturgte control over
low1th neri zation react wherein the

ﬂOWfratswwﬁ @ﬂﬂﬁpfﬁféﬂ 9\{%#’9&/5@*@6?9%%{&* (Bregss FRALOLALPTTRsidgnee time in

the r‘é'a&tbﬁﬁr%md%s B%éhlﬁ%tﬂoﬂa&épeﬂ&h@g §fstdih 0M1eChrfé9‘Iuﬂilc control of the
resi dence time for o)polynmeriz ng th

presegt melog sisprias g gﬁva@tqggsqf ,e@ablﬁlgﬁ%p@ frgl q ghe \lnﬁut reagents to the

corr@etisRichidrhatfy GitRé Rsdchsh. eTHROsHNTBEISN atrh@reféjﬁﬁémbﬁﬂ cbétesffective
i nventjon can further conprise one 0

procggs vhich feavesilitle oF @gw[ﬁactegdpws leg{\ yﬁa docg(}?r(\s\/ése reduce the yield

of th@i ddih lptdfuco rrhléeélécﬂ%duéésl bRd ma %ﬁm@faﬁa caheieetyptr, need for extensive
pur:flg?garatlon deyi ce, andthel| In a preferred

%P'i?éﬁ‘f’“ref '%i/g‘EOQH? of the | nvention furt her
Cgﬂ'ﬁélsﬁé’ﬁupﬁ@f rleﬁctldg@ @I}Z@Wﬁl ihdlytea@irough theyskemexterrgill ntiuéhces such
shows a system of the inve tlonacor a .

as hﬁ%f@*@éa?é@mam it as ﬁw“é’"%%ﬂs? iR S5ye e%‘%Pa? pidaeq Snthesis.
Addiﬁbﬁél@ﬁ@agt&rm@nde asdd t@matthéanﬁghs pedughithé ned bloan exdambbinfluence
|
or tripariBe Fermow B udeet REan SRR LIRS ey iy ghgio iitate a
reacﬁb@ aad aaeblng eldhentrto Gaptraethetionas shown in Figure 2
ri.ses three_ heat exc 201 20
2030 TR e GoruBh aPe RBABNES0es Ao e elnbrer S e
reag%&fﬁmdeﬁ‘m@hly&ieﬂﬁé’d caitioas Mty ecmtme:llraﬂd\ulhezéhﬁaus mgents to be
xchan 02 e-t

prodiigen ang ersred sich b arha fiere Bl i Hiflaptuces
amodabdf tex edagpgerbottodithie t{e2@3d-irciaw peathe oamicadchiaeagls or the flow-
throSé%CE‘S}?rﬁgﬁza%Sn ge'acftor%rrpd%v hmEthQ m%rlélre%tc%? qgél#rega-c?és%g?gﬁtlal risks
associated with handling hazardous or explosive reagents.

Second, it is fast and reliable to screen for robustness of a polymer synthesis
process.

Third and most importantly, with the invention one can increase throughput in
production of a polymer material by a numbering-up approach, rather than by scaling-up.

Just by multiply repeating the functional units of a reactor system of the invention, e.g.,
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M crom xer nodul e 220 can be split plate m xer LH 25
from EHRFELD M kr ot echni k BTS GrbH. A H nodul es are
waswenki’ed as shown in Figure 2. Solution 1 i SPCT/EP2006/001906
i ntroduced through an inlett6éof the m croreactor and
heated or cooled with heat exchanger nodul e 201 before
introducing into mcromxer 220. Simlarly, solution 2
is introduced through an inlet of them croreactor and
heated or cooled with heat exchanger nodul e 202 before
micrdreadterchnel gedynhdrization eaotr,obl caid (herdsleuhe pmsiu&nomdr@gapm

xed to forma,reacti ol ut
NumBRHERP Gan et eE e St T L £ Besio 4 atedB T Bhe? Ifpasing the
total E)Mem glzeeThio Will grevite ¢ @ ranofaoture b imdrs flaxibiamespase & market
d dat a pressure sensor nodule 212 is included in the
eMal%r or eact or to hel p controlling the pressure in the
sy’ bma:eé@@nd systene obthe imewtisratarafthdapuriges uas dropreptidnl water-
t.h ve
solutf, st ST BIE erepfgbas ot dinstiRle it ria nvarogel contact
lensesaindtratebiietsi fghmalghg siicorte-hysirages yoritact geses.ol  nuner ous
reaction conditions (e.g., tenperature, reactant
concentrations, uniformlocal concentration profile of
reactants, reaction tine in a reactor, pressure,
reaction nedium etc.). The use of conbination of at
Exam@ one mcroreactor and at |east one flowthrough
pol yneri zation reactor in a coil formallows very
accurate control over flow rates. This fine control
Exampled f| ow rate together with precise control over

Prepﬁn‘?afii‘oﬂedf% drhive éo‘ihtHiﬁ(sbﬁﬁﬁﬁpA provides a highly
control | abl e reacting stem The fine fluidic control

Solutop A PRy diveeHBa JalTBnALX T2 (Gyvatmandenespicals) and bis-

hexa@BfMylenBBliahiite ﬁ@drfcﬁ'%nﬁéalé)hﬁtétﬂ&ﬁy@rofm l%—v&éfeﬂrﬁ&ture (in a ratio
correct stoichionetry of the reaction. This can result

of 400 gramngefy Bt 239 Qramsaawat%yf\ adpghetad Uerearior aad copledtip an

mterrla@fé‘vﬁﬁferétbﬁet &f® 815°0 QvntlHngﬂéﬁ‘drﬁ Ghé @&%ﬁirﬁtlmmmme@ XTJ501 is
erwi se reduce the yield of the main_ pr

aboubi4 B BaGEES AnEinREs PN ATIER GoUB L REBNgS® ¥ 50t daam

HunsfrRdn EXéRRSIsY ehdbsrdehfatidnt J@ff@ﬁﬁé@messdzqe 5bhﬁecpﬁé§ék!€dn amine
The start ut%ﬁéqureactl ons nmay. be i nduced t

group, él'ée eAncenyal |sf{'quagnﬁgg(§n§ r@ﬁn%nsﬁgaﬁ meg { ’ ouag?ﬂ amlne group.

el ectrical acti VI ty, as is carried out in conventl onal
nt he Addi ti onal neasures may be used to

chem cal s
PrepREfion 01 B s onEnte, SOlYRN IR Blf an ext er nal
SolutiohfB id@Reared b%ﬂi%@(bl@hg té@@hdﬁr@ﬁ@dﬁ’éoc@éna@@(Alﬂfdﬂ@m&;calé\ﬁand

a ma a
ves TR EBish g et Ragtite tharicamer IRUBEY Bl e TGl ) © have 100
lsocyarﬁtprgﬁét@ﬂné@_@ﬁ%b@?br@r@@fs@bydnﬁte{j arel :ﬁi&ﬁiaﬁyadrmfgmg nded S
ion of reagents under highly define
VES{%ﬁf&%@h@hi s control will allow hazardous reagents

to be produced and controlled such that they are
Exa tained in a safe manner. The reduced anpunt of the
ents both within the lead-in flow paths or
m crochannel s or the flow hrough

1. Copolymerization without a flow-through polymerization reactor.

In a series of experiments, a reactor system as shown in Figure 2 without the polymerization
reactor 240 is used in preparing a polyurea polymer having terminal amine groups from
solutions A and B. Plate-type heat exchangers from EHRFELD Mikrotechnik BTS GmbH are
used for the heat exchanger modules (201, 202). The heat exchanger module 203 is a
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pol yneri zation reactor and within the m croreactor
itself reduces potential risks associated with
whacdlop41ge hazar dous or expl osi ve reagents. SecPOTEP2006/001906

is fast and reliable to screen for robustness of a

pol ymer synthesis process. Third and nost inportantly,

wWith the invention one can increase throughput in

production of a polyner material by a nunbering-up

approach, rather than by scaling-up. Just by multiply
coaxlERER iekBitarige efréMEHRIEA) MikRbteshriit BES I@AISH OThesyit@ik@fmodule

Char oo e ! 2 ; .
220 b3l B P B e LR BE B Gk R SRl g Bperatur
sensblfibele 1205 4pd SR préssuis eerisddinodai 21edré eamUEIRRFBED Mikrotechnik
s Bt ke et e 5 RS b e L5 P, e
total ﬁbﬁ:@it@] \ﬁ?ibl?%ﬂﬁ@ S&mtc? _th’éi"fdﬁﬁlfate]s}m”fgﬁrdlﬂo? A arm:dcscmian & daries from 2

S m . e nventil on an I N ajtl cul ar S
i @ B bl RS of o osh Sohendt itcliziph) 202) are
almopft ie@aticyn@idssedat ¢$?§msrezos@j Ti@ﬂe?]pémtufmmrémd tieegmlcromixer 220
. 0 actl . n a, croner I | .
s vagad 3 7ot K9 28 o PP uron B 08 RalR The hishgrfdotsl flow rae
is, thilh_@héf ﬁ}bit@hp?‘bgﬁté irpfe MEicrdaiter | rfne tempbitire )mg xji)icrgthbatt éxehanger

| repa ol Vi e elr .
modifle e B 520 St e os Fai B i 8L ARt Y Bl YepAnal solutions
colle€tédl thinetiatehearies adzrﬁﬁoerial?lret4 gérfsahmddmé]lcmaIalr:é/%%é%@\oab@dylmilky and/or

xture. na,ratio of. rany. oL [0) ans
aelaty S ) e e tnaigafeinet T PaRAIoR i colSHiEd Olauie con be
elimihdte@ b aiirrihg.rmﬁufaﬁ ?f lﬂsos‘e_ri@s bﬁe)&ﬁ_rlil\a]ﬂsetdff i_a@jbétg&lhai ra.suziﬂweactor alone
. concentration. o am ne(r IS a t .
s nof AR BB bR PO HAES PO EhbATELAM HeS-gRIT (qytep-reaction
copolyaferiaaiome{etyefldis Odpdlfantines-bimbdinampdlfisooyandtey., t he

concentration of Jeffam ne(r) XTJ502 is 50 neq based

on am ne group, the concentration of
2. Cdpdiyrherizatiinhyitle adlaw-throngh ipslydterizatier reactod whichaisi nod immersed
ina rlprug.n.Prb%gﬁr ation of an isocyante solution (solution

"%J &BPUE ‘B is prepared by dissolving i sophorone
in andthes expasinaing o fRivdthrelyh@obmerzbion eactoMBITAdAdm Js bnnected to

1 [1 0 ?{‘g [ S ' . [ IM‘E an
e ety DS e AOLTE B30 KIS Bl sl HRARLEPANE
polynikrizatiary sraatoe issenflefRfh. t8be §dL yFath8% myr enblengtl 8.4 m) wrapping around
gl s b8 ARk e R FRhne
a cy"v}{\ngéhwtés St fno'a/-?J %Sr)(é%f)grgg apr8I ! r |r§aa (I)' neﬁgaglc gyotrg%'Ingla"’h]l“&lg groups
from solutions A and B. The flow rate of solution A is about 8.8 ml/min and the flow rate of
solution B is about 1.16 mi/min. The temperatures of micro heat exchanger modules (201,
202) are almost identical and set at 15°C or 20°C. The temperature measured in the
micromixer 220 is about 23°C. The temperature of micro heat exchanger module 203 is set

at 35°C. The residence time in the coil can be calculated by the following equation

coil length x 77 (coil's internal diamete% )2

total flow rate

residence time =

A solution collected immediately after the flow-through polymerization reactor is clear but
contains flakes. Results of this series of experiments indicate that a flow-through

polymerization reactor which is not immersed in an ultrasonic bath is not suitable for
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In a series of experinments, a reactor system as shown
in Figure 2 without the polynerization reactor 240 is
waois@d/op41opr epari ng a pol yurea pol yner havi ng tBCTVEREW6/001906
am ne groups from solutiond8A and B. Pl ate-type heat
exchangers from EHRFELD M kr ot echni k BTS GrbH are used
for the heat exchanger nodul es (201, 202). The heat
exchanger nodul e 203 is acoaxial heat exchanger from
EHRFELD M krot echni k BTS GrbH. The m crom xer nodul e
prep@id@ 4 solpureh polymleabasetd orestep-b-adbh {oratepEidREtidnPcopolymerization
.otechni k BTS GnbH. The tenperature sensor nodul e
baw%%t&é\(ﬁropc{%a kiB?Seggﬁrgors%%%%?cyﬁBn%ﬁ?‘e 212 are from
EHRFELD M krot echni k BTS GrbH. The ratio of flow rate
f [ A ol Yt i B s maiptalined about .7:6. .
3. CoBouiutlaidf figh 8 1R0-Hrpiy FolynetBalind rsclofRith g imersed in
an ultrasesicdiatB.ol uti on A and solution B, varies from?2
mM/mnto 15 mM/mn. The tenperatures of mcro heat
exchanger nodul es (201, 202) are al npbst identical and
A) A st made t&B©neror 200€ steEhimberispeed tareplace diseialeslel Tefibhéube in

el SRl R b A i G0 T e s
of 14 5atr &8irs., Thehfovhiatghet sdiution tAeisi218atl 8.28 or 61 L2Benimia mdiite Xer flow rate

Th : I f, 7 . heat chanager .nodul.e 203.1i s
o s PR BE378 5.7 BRADTAL SIS FRAM ol b
moduldss(@01,6202) het almnlobt iderticl mnisset o 262€Ct Ehle temmpEsstatatestgasured in the

. "t ar . r,at.u . / e .
i PSP AR, 250 WG T FRSLRES MFin oot o
30°C.choaelaiiorecalledied immriediatatnaliar thefiove-tirbegit palgmenmatian reactor is clear

) ind - i FLng. | t hi i:
o 501 Ll SN LS TR a7 o or e
resultaot palnirézpdlgmeohayingiesminapnaing groups daExahgies: based on
step-growth (or step-reaction) copol ynerization

bet ween di- or polyam nes and di- or polyisocyanates.
B) A seriesopexpamprantsaaiemaried dut b éxapvine bifentsybf the temperatuss amxhreactant

coned BRS04 SRS A0 B0l LA Bl Byrren
tempgratgiéasrt miprochegdimlodtlies (201 2627061 aedcset b exmninefiestacithe
tempefcf?fgla%tr %%ﬁ%p%@? nﬁfiniﬂ%i%%&r'@n%%gécgﬁi% %olf gﬂ?ot%r%eerization.

ynerization reactor |
Isocygnate cencgniggtions ase valieshag $howngn Table hwhilegieegingrstaictdoretry
substalaliP8&istanthi s systemis used to prepare a pol yurea
pol ymer having term nal am ne groups from solutions A
and B. The flow rate of solution Ais about 8.8 m/mn

Resul_i_&r%om% frhgw 1 iﬂ&@al;%fthac‘t%ruéd ggn@ri;‘zéti@%%d bn q'g?dﬁt)(\{rg%lyeen

i he tenperatures of mcro t exchanger nodul es
isocyarngs ang amilorgseubs; Hertemparaturas obmicrabeal Hrodylesi20. 202H205)

h ! . . .
wouldf%é%&%ﬁfa@é@ué?ﬁ?@t% ?éiativ@%ytl&ﬁ tdPh5drafitessb saggagif‘aﬂgg%ﬂlﬁcg

C. The tenperature of mcro heat exchan
copolyrogyizagiors gte gp thed gelatipreinythe piesateactor aed inihe ewdaiongle an

polymBAzAtRh Gehabiehnde difindted LRV RBHRLERN siRitdry! BN @lBng the
’\gcol |'s internal dianeter/) 2
concentrations of isocyanates while maintaining substantially the stoichiometry, even at

relatively high temperature gelation can be minimized or eliminated. Therefore, it is
preferably that the temperatures of micro heat modules (201, 202, 205) and/or combination
of stoichiometry of amines and isocyanates can be adjusted to ensure that no substantial
copolymerization occur in the microreactor and that most copolymerization occurs in the

flow-through polymerization reactor in a coil form.



A solution collected imedi ately after the

fl owthrough pol ynerization reactor is clear but
w@owbad4186 f | akes. Results of this series of exPEr/EP®NG/601906

indicate that a fl owthrough pol ynerization reactor

which is not immersed in an ultrasonic bath is not

sui tabl e forpreparing a pol yurea pol yner based on 2
step-growth (or step-reaction) copol ynerization &
Hetween[di{ or ppolyam fes [andf di} of pdlyijsocyanat es.di
3. Copoly@rigatjoniwith g fljow[hrough pol yreri zat i dn
rleact or | sd ﬁis i nmerged |in jan pl tgasanic| bath. A A&
doi | mage Jirpm gnecor dyorg stieel | tubes |i s _jused to S
rledl ace | €/ mBagle Fef lkon $lub® i § afot [§r Series of 3
gxper i meDty.Z Fhel cg Iaasparpl . ® Ofnkdr @ aneter) of2
2.1 mm ad@| f Kengt h| of |14./5 or 58 m| The f| ow rate ofg
gol uti o &lix812. 8, 113/26 |or 51.p8 m/rfin while the £
fil ow ratfe ®f solutipn Big 1.{74 pr 2.1|8 or 8.74 e
T The tenperatures gt nicrp heat {exchanger 2
n"odul*a% (01, 2) ofl &) algiosh| i dentii cal] apd set at
20905 The Y enpetjat fif e“Wredgurdd Pn the Vi ctloni xer 220 8
i|sG231C] The tenperatune gf nicrp heat exchanger g
nmodule£R03-|i s set al 3(0E| A-jsok-ution~gol+ject ed g
ilmmedi & efY af t¥r The™ 1 OY tNr oVghpoNineli zat i on o
reager | 8.|cl eak| anfl is$ ugedn|i n prepaki/ngs m
geti el cal - cr asis| Bpkal & pcﬂ;yur’eagigr@olﬁ}lner by 5
gerylationyof Tﬁ[e resultant Fypreg pgtymer having 3
ter@na | ne gr@gacsfg nf'l\Eb( Ig 3;0). B)°§Aoseri es of »
expepi nenFs ar NiCab(T &g Gyt ®jo S)xafi ne’lefPlects of the
tterperature—and—reattamt—eaoncentyations—{or 2
tQidhi 0 ry ab| reactantg) on stepigrowth =
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Kee¥ ng| st0i chisanessf y ssuldt anit i@l | 9| censtait’s dResul B
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gro@ps, |t be te@eratuﬁs ¢df Sl ceb heaty|nm g§5§>§§01§g
202 =205) cihoul QyIEEEEANtAgepusty siet it /@ A el v§ 2
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copol ynmeri zation occur in the mcroreactor and that

nost copol yneri zation occurs in the flowthrough
w@oedogetgat i on reactor in a coil form"Ti setPCTEP2006/001906

refers to the tenperature g@etting for the heat

exchange nodule 201 in Figure 2. "T2 setting" refers

to the tenperature setting for the heat exchange

nodul e 202 in Figure 2. "T3 setting" refers to the

tenperature setting for the heat exchange nmodul e 203

| NFimkidr Rsdts of this %éﬁ’éssoftéipér'?ﬁeﬁt@ HRJald tata AicrbRRctor followed by a
outl et of the heat exch ange nodule 201 . T2 ref

flow-threugharRieperizatien Eﬁacf%é"mﬁjht'F gpmgpsed jppam Wiipsenic R tﬁd%swtable for
prepaMiYd Bolddéa p'EWeﬁ?fb@ééd 69 stepRyréVRANST e pLFeaction)tddBolymerization

m crom xere nodul e 220. Ts refers to the tenperature
betwgen dir H%'tda'BS'/‘eFﬁ@df’ér?bBP'éﬂsa?)@”é@ﬁsore modul e 205. "*"
Percent age nunber in the parenthesis represent that

t he used solution is the percentage dilution of
Exaraple 3 j on B prepared according to procedure described
in Exanple 1. 10Furt her, results of this series of
nts .indicate th roreactor foll owed by a
P rep|ar az'Ur‘ifﬂ"é?'F eoweP@ TS which is immersed

Sevdrdl rélihlt@hi leasiun rhixRrédcoriiaifing Taﬁhhcﬁgﬁo?é—cﬂb@&ﬁ{ﬁdlﬂﬂea polymer from

Exa Q[@é%{k@%?ﬁﬁ%ﬂ%&@ggsg %@8 %Zsziq%gﬁsg S%Qt 1&??gpm 3R) are used to prepare
actm%@llwaﬁkflﬁﬁalﬁé ?o@breaq&remymeﬁémmm ﬂ&ea&mf‘t’ﬁix&lré |s stlrred for 30
re ar ation .o

act | | y-crosslink r epojl
minuigRT ] MRBEIPS AR e EBIReHIE o 040 Beki TR AGA g 22 grams
of sogiuftSarbaiRPRe @bq@,@ bYusRR), rfalowéarbyfsr gxmr@«ﬂab&ybyecmwu'ee(eom Aldrich
sol uti ons 3A ang‘\rage gbutl ‘%?W ests % Mot
Chemiggisharg Iy %‘?ﬂ%‘ a2t iR %ﬁ'P 8?'65%‘? A *ﬁﬂﬂe"" s
mainRMiyg bR thtgrheremparture Hefodl 1as Aftéy the 3t'tdadition] thié Wgatios mixture is

stireg Sop Rl 10 e BhiBEal e e daTEl HPeas O Ao EitLaTgbient
tempertirenTitarsaonet @it % fittieor, 17]‘Jm| dictered diyssJiltgr. ame pedduct is

then GO EASF G DAY 9P A H1E 08 LU BSSeRANTaS df - The

soluthbhilst Bltrafiwnéﬂ averianpkitoDa4ltioh etgnabrane o thad corelubiblitgwf #@GErmeate
m xture

meadlyos belii P Sler e Loy LB RS IR ok T fiehep'ytiog troush 2
0.45wmtreflmhqehmnamy wider prassuree Rad selutivrein istabilizpe mwith 20200 Tdpen of

re ' mxture is filtered over 17nmm sintered gl ass
hydr?)ﬁyﬁzévg@he product is then concentrated on a rotary

evaporator to afford a solution essentially free of

H tion is.ultrafiltere
Resu RN el Pomi i atiedie bt S o Rp Ak deBobeia
prepcmm_elumtﬁsmbe from eBﬁndn@bautor fbhmmgd)byjalﬂow-thmugbl pblyaterization reactor
ool TP, B bR GO Fodh AR s an
macremals for mtlmgnsihhorié}hﬁdregeﬁmntabt legshsoxyl - TEMPO. Resul ts

of this series of experinments indicate that a

actinically-crosslinkabl e pol yurea
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prepol yner obtained froma mcroreactor foll owed by a
fl owthrough pol ynerization reactor which is i mersed

WO Rooa947bé r asoni ¢ bath is suitable for naki ng PGTERZE6/001906

contact |enses and macronenrs for making
silicone-hydrogel contact lenses.Clains 1. A

conti nuous-fl ow process for producing a polyneric
material, conprising the steps of: a) introducing at
| east two solutions, each conprising one or nore

Claimpgctants, into a mcroreactor to mx the two

solutions to forma reacting solution, wherein each
reactant is selected fromthe group consisting of a
”R%@Hﬁr(uou@ﬂowrﬂréée% VrpréduePdR] pdhm&taRbterial, 681abiking the steps of:
extender, a prepol ymer, a macronmer, and m xtures

thereof; and b) feeding conti nuousl y the reacting

sg) .H{ré&rémgrat@ea@,t b PSS, L&J&h F&@hﬂbﬁﬁﬁ% BAé bpﬁoneer%%E@htsi hto a
acoil form wherein the flowthrou | ymeri zati on

r ealBicEreadon teraix shafworbolifions torfag® ﬁ.r%aqs'ae FolHeni s

c ap\ﬁﬁérﬁln‘gacﬁ Xt SHt Rsde &S SIR @?@grbbﬁ@o@gtfnlgcdf aMhorfdPder, an
(co)pol ymerizing the reactants to forma (co)polyner

wi tiRtigtoaeseeupting BYSNi %ﬁ@*%?’@r‘d% a RIeROIYMEE HAGPMES AN
1, wh&ired thetdy?: dfe0) pol ymer conprises pol yner - bui | di ng
units each of which is covalently linked to another
unit by a coval ent bond or |inkage fornmed under known

r Sﬂﬁédlﬁ@ cERdbldiphe rasttRgisBritibn B ANbWakio0gh beekkfdn reactor
condi ti ons, condensation conditions, addition,

conBiagofiam ahssain therflownthyasish golyplesizatianterctenisdnmesied in an

fr egtrahicCistth BRY W RIbhBR L PRV fdsRiBRce Brhé sufficient for
cycl o-addition conditions, Diels-Al der reactiqgn

con@PiPelymerizingitie feRCiagtscp &My (RO SYith a desired polydispersity.

Pol ynmeri zati on) conditions, vul canization conditions,
cationi c crosslinking condltlons and epoxy, har
H@mgq units each

c BfiPrresseof claimi wheteit e doq)polymas cAMPIISRR P MEr
C@N,a%@ﬂrs ob@élsntq,rnnke@t@@ﬂ)me& udit RBaRevaleRr K dFilifkdge formed under

a car bon-carbon est er

T e SRR Fond ot SHieqtea B X CRE s etk ErarL Gy gondensation
eé&mmohs deRifion copditam bebdtitulika g dispiRanlent) kageitions, free radical

thanelln am.n ami.de |ink : .
it 'Pmrgc@twrﬁs e At Rt Hinsader ssacten
|d:dm|dﬁ©ﬁs ROMEI (Réhd G)WMetame@,&GSdlﬁﬁeﬂmaﬂ&ﬂ)g&cndmons vulcanization
nat e hl nka&ﬁ rthoeg er |inkage Iéapilg 'E
385 BHIYHA Sinking; gorg! &%”S anf £BMat %@%ﬂ tions.
suI finate I|i nkage sulfide li nkage sul fate I | nkage
de Ilnk sul,fo

sul fide, e, )

t Rrere o A ge whgey teieaiedgt 5ot pERESeP aca e bon carbon single
shdnaix araarldonrdaa@m ddmeteecmdyeéta linkadea @her lihkapeaatmaldinkage, ketal
Ilhrq(ka% éﬂnzy Qﬂﬁq%? {}ﬁggggct@gb %F}%%%eiureaﬂh I?agqheoﬂraenil'ane linkage, amine
(lm)agmlaﬁm Inﬁ@gepamabfﬁmé Ivtkage Antiraninkage duidedinkage, xine linkage,
flo rization.reacto action
(%rgi\;%\g VE%% gﬁlpp%%e r lg%(g%e, cggb@p?%r{mkage oﬁhoes%gr Imﬁage,

phosphonate linkage, phosphinate linkage, sulfonate linkage, sulfinate linkage, sulfide

linkage, sulfate linkage, disulfide, sulfonamide linkage, sulfonamide linkage, thioester

linkage, aryl linkage, silane linkage, siloxane linkage, heterocycle linkage,

thiocarbonate linkage, thiocarbamate linkage, or phosphonamide linkage.
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pol ycondensati on reaction, ionic chain-reaction
(co) pol ynmeri zation, conplex coordinative

W@ cappeirgereri zati on, or free-radical chain PCT/EP2006/001906

(co)pol yneri zations. 5. The2process of claim1,
wherein the fl owthrough polynerization reactor is a
coil made fromone or nore tubes with a |length of from
2 nto 100 mand each tube has a diameter of fromO0.5
mmto 5 mMm 6. The process of claimb5, wherein each

) t tth@ protebd bi @&mM , ihePaIf (Q)p e@nz%%ﬁbﬁ’tﬁ& Seacdint¥BELRER in the

e wall of each'tube i's Coa one or nore
cﬂ%tttygvgh polymeHzatiop seades ipa staparastion (emeplsmerizatien, step-reaction
fBélV@&td@ﬁQQtﬁﬁ'r&Q&bn l@ﬁlc%hétﬁlr%’dtﬁﬁiéo'ﬂfﬁlymenzatl@ﬁ Onfhi&!
| ess. The process of claim her conpri'sing
af"?‘é’?'”ﬁh‘@ cowglymsyizatiagy epfree-yadigal et@arttqowlxm@z ions.
(co) pol ymer collected fromthe polynerization reactor
with one or nore additional reactants each of which is

séheprasass pisiithb Whemip thedlew-irquel refymeriratinshieactopis a coil made

i ﬂbrh'o@t%‘lfr mcfl‘e aHeR Wit RAGRALF framChAits 1@65‘?&&1}‘3éachetube has a
prepol y macroner, and m xtures thereof. 9. The

p?'@%@%ffo@l%ﬁm@t%ml n the step (c) introduces
ethyl eni cally unsaturated groups into the (co) poi ymer
obtained in step rein the ymer obt ai ned

i AN POFEFHYF %Wp% M&'@?"t @?qh e 'SfftJﬁétM'% R8P ogmmgatalysts or

WRRERIMhE &l oPbadH@be 'ibecdé'tedW”ﬂ?or?éj&* rhbrRBlaygact ant s
conprises at |east one ethylenically unsaturated group

and a functional group coreactive with the term nal

f Ume bloeBs of BIMMPS whkrdid he(f6Pndacy)PBlymer has a polydispersity
M\V
M

, of 5.0 or less.

n

The process of claim 1, further comprising after the step (b) a step (c) of reacting the
(co)polymer collected from the polymerization reactor with one or more additional
reactants each of which is selected from the group consisting of a monomer, an
initiator, a coupling agent, a chain extender, a prepolymer, a macromer, and mixtures
thereof.

The process of claim 8 wherein the step (c) introduces ethylenically unsaturated groups
into the (co)polymer obtained in step (b), wherein the (co)polymer obtained in step (b)
comprises terminal functional groups, wherein each of the one or more additional
reactants comprises at least one ethylenically unsaturated group and a functional group

coreactive with the terminal functional groups of the (co)polymer.



