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WD 2007/ 115848 PCT/ EP2007/ 051304 Copper renoval from
ATRP products by neans of addition of sulfur

CP 2GS 17544 of the invention 5 The @%5007/051304
invention relates to a process for renovin

L eBp Ftelro RefBlahs fEbﬁlfThﬁ'ﬁby pRbasekyt b9n§1eans of addition
Specitically, it relates to the renoval of transition
netal conpl exes haWhg@l PR dH to 1000 ppm
Very specifically, the renoval is of transition netal

Cc Xe ch_10 _usual Iy contain copper from pol yner
g,n‘%[l ﬁ% g?‘teerlngengd‘ﬁﬁl eted atomtransfer radical

t|on At Qm t r ansf Iy |caI oI merization
(?‘é%mlf) 33% é’reéll%na erreslagC %Fﬁ an %/ o#?r nfemoving
ptoeesd tion mES adsefardmgoal ymgit |$Q1betmn$>ol Specsfic¢atly,
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l'ystyrenes. ype of pol ynmerization br o

po
t hevagsal aofcqrmrﬁ% ot BBl Feerld 0D gowd dianly cspeet fiqmbly,

' AEBB Metheda vas: s deyel %Q%le;l&lto&e +29ds pesﬁg%ﬁégt%lch

Pr 20 l\/aty aszewsKi aszewski et J.
éﬁi}ﬁ agEaid 1@@@?6{1#051 &ﬂwmﬁwa §?H‘8221?S after a

SCbﬁpEEteﬁ9960m2¥2ansﬁeﬁﬁﬁhdlcAIRBo&?ﬁétdSatlon

narrowdi stribution (hono)polyners in the nolar mass
range of Mh = 5000 - 120 000 g/nmol. It is a
patcoincultaensdeant agedidmt bpbhyinkeimetecnl ar(rﬁeweie@ht to

aﬂgréi‘ﬁa@%?‘:u%@r %@h@*}t q.'sSt HPutien, Gan, b

regul at ed I|V|ng ynmerization, 1t adaptlonaslly
PEFRPES1REe c’bnt PELte ufﬂ@r rra‘Pfon RefLY@sIGfFrer for  example
ap@mygegymaeés f o 19pRAHR R ARARB COPOLYNBES OenekSe This

Kk t t te 30
N A T M i A DR
ppbyyme;ss éorgecxanpﬂealarel@sidrtlortaélwmessettmﬁi was
Tagpeetbcal  TundamEnt ausogl LB BOLNIRLLEAL Ohy  erof.

mare  explalne it er
B¢ big) as pakelbho ¥Ry eapMawsbiokecales] J .- Vamnghem 6tEth

Eﬁ@@SOH 1185 \fﬁlsfés'l% .M 9«7%%7/@8%4 Sééién% thegggt 272,

urification o ymers and pol yner sof utions’ has

S eb s P BEA ARy GBI R T For LOE R L cFow HRBAIdT amer s

in the molar mass range of M, = 5000 - 120 000 g/mol. It
is a particular advantage that both the molecular
weight and the molecular weight distribution can be
regulated. As a living polymerization, it additiocnally
permits ‘the controlled formation of polymer
architectures, for example random copolymers or else
block copolymer structures. By means of appropriate
initiators, unusual block copoiymers and star polymers,
for example, are additionally accessible. Theoretical
fundamentals of the polymerization mechanism are
explained, inter alia, in Hans Georg Elias,
Makromolekiile [Macromolecules], Volume 1, 6th Edition,
Weinheim 1999, p.344.

State of the art

The purification of polymers and polymer solutions has
been described many times. For example, low molecular

weight compounds can be removed from solutions or else
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40 wei ght conpounds can be renoved from sol uti ons or
el se WD 2007/ 115848 PCT/ EP2007/ 051304 2 fromsolid

PRbY 78S /Ry s8R@NS of extraction processggr,=p46872051304
dos ? or exanp?e,

process i s cribed in general terns,

in WO 02/ 28916. However, in &rder to renove

transition netal conplexes al nost conpletely - i.e. 5
bérow ot epelyheds ppm -ndaman af peypmectdohutpratesses.

PYLEREXET a&éé@é‘sé S 1@5@4@%@3@“ ‘ih”&éhlei‘a@”@eﬁﬁ@ for

renoval of these conEoun s 1S, though, of great
sPEATPLeancd f WP 04rP8846r e &RV r 4P yOXISBNEPt iXFNOVE

met-ahsi tesACChatdY WWdnh Bexea9r Gilraised bbﬁemdtewere, i.e.
18 gre parti cul rlg glourful £9 ounds. Howeve . :
POAFaf GiPHehe®End BPBduct™ UHJBSI VBT | ﬁo on, a

apntecaéx@m$ctﬁ@medMerunmmamsmﬂmon Aetal studlly complete

exeassLyel yohi gh concentpations cag rULeoRUL  os greac

applrcations in el at i on X0 food cohta
15igppficantensorA veductborreasate pFodatiyquadldansidtion

reLeyant ceogyeeg}]ta{laits} 0ps chS &l 3 HLilelay tQI-LBQnd sphere,

expected: firstly, “‘metal fractions can cata
dep8| ymPeirEdiaudiirand hefrRrECEHUEe tﬁ@mpﬁéflﬁ‘ﬁl However,

stabbhidyionf dfhetael yered preeeerd ys arddgliddcatt many
|ncr§ase in 20 t nmelt or solution VISCOSIty t hr.ough

+hat+ons of f%%‘f%%’éf gr O E1e poi NS in
cartessbeelyl edhdgh. Noindeastgtitdies | i gasmds rule out

i th.th tiQ al sqQ_e
u%%ég?$%§9%¥% H_ fg%%gégﬁgnfngfgggtﬁ%%%ﬂggioﬁrlQk@detlc
caep Hi et i eigs cor?po@rﬁdgctﬂ@n exanpihe t peoddict oguality at

trifupgt i onaloRENeS Wi gespread i AJTRPen@Gt-cd$ &6  be
cat al yst _poi son |n subsequent reacti ons, for exanple

LFRUFBRET yI AU YPhus Mok onEY2FE1PRE r et al Gftalyse
tcﬂl@olﬁﬁélﬁiia@ibﬂife&ﬁdi hesekf reliugeeahel terast, dMbidity

very 30 eff i ent reducti in_the |i.gand . ‘ .
R e
prlocessés whlGhﬂpﬁncnedvim¢¢®iupsthncugbncobrdhaation of
AT TRl R R0 Ol RS Ll O e oll”
and applications. This is 35 espeC|aIIy true since

ey ebathesedd gandsnase i9d0¥tuced with the transition
metal can also entail undesired side-effects. Many of
these strongly coordinating compounds, for example the
di- or trifunctional amines widespread in ATRP, act as
a catalyst poison in subsequent reactions, for example
a hydrosilylation. Thus, not only is the removal of the
transition metal itself of great interest, but a very
efficient reduction in the ligand concentration in the
workup is also important. Thus, processes which proceed
with destruction of the transition metal complex and
exclusive removal of the metal are insufficient for
many subsequent reactions and applications. This is
especially true since many of these ligands are odour-

and colour-intensive.

A specific form of extraction is that of agqueous

liquid-liquid extraction from polymer solutions. For
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and colour-intensive. A specific formof extraction is
that of aqueous Iliquid-liquid extraction from polyner

SﬂfoUtzlo%FﬁllE%f.A.sV@ 2007/ 115848 PCT/ EP200 §49%334073 051304

- exanple, a copper catalyst is used in the synthesis o

pol yphenyl ene oxide and is +ehoved fromthe pol yner
sol ution by aqueous extraction after the
pEFPRE Lz att GIPPRY . calidHemin' §SEHERE dpedite gfynthesis of

| ﬁ@g_gbf eak 1ehem si{ge 2t hiBdi fé@@vé@ngrowl thg6 Folymer

A di sadvantage of this nethod is_that
m§ﬁ ug&apar by |APEC31S0 FF LIS C S R st O WP P 1 RSl 2 on
pre¥ent ul heatmos | |Enuyt1b¢ﬂea$1e£dfdfomﬁap@ta§amg cHétwisSh try,
e I, ess an use for._t
mggé E% Bglyﬁgéhy&% ﬁgiﬁ%cﬁ§léﬁ{§%¥2 u%tﬁﬁﬁadvantage

dpéadt/]ams ageetilod he sonkjaveryangonplliscat ed lgorrer saon  as

oLy oesey sl ial AL gD sl e s

- 1Bh@eesl fé@ﬁp@@@ératﬁ-ag eZhms e tdfese aumpEsseR alargiot be

fremypol yaer sald#diens Iﬁofisuehley gbiRebed Y polymethyl
adsoLgtlon on al um ni'um oxi de and subsequent

pPEENPFEALRBRS of A H T AISFmet $HGH bt elﬁr EBppiorant svery
OtoﬂayldCEEéﬁ abaezlemshahl AT Wihdloul @Roadser pld oth&ifrial
20 SHI bIe g gétants are in particular very pol ar

sof veh s Qe thanol. In the case of an

appropriate |igand sphere, however, it is also

p@ﬁskﬁge la‘b%rlé%%rgzgrstdacl% aréﬂe nggﬂgbgi B%ecﬁlh@ t@én%tlon

medi a such ne or pen
proERHUCOTPOWR! df sd@ranengesls o @arqcmmrr e@@éﬁéyst -

Ffchﬁn' ]y pcsmneﬂoo: mﬁwl%ﬂas?t ers?feag?%m@ h%@ﬂf@fws by
or ‘exanple a_granule, after e precipitation

én%ﬁ?glo?eaSB q?%ﬂﬁﬁ%ﬁ andhefice PRE furiRsiequent

w@r@uppiSatrbﬁfbcuhﬂuaprﬂ?@bﬁﬁhﬁ; bﬁﬁgabaﬁDWMHtﬂﬁltants

t Leci R tant .my e sol vent

cé?aﬁg %'%%egl S %l é?l% At i fe ?5058%68n step.

r%wﬂw&ﬂesmﬁecmamgm@uarmnmnmmarmﬂmﬂannw¢@r pﬂar

RSy Rt At | gﬂchpr %Ssmegﬂgﬁglm Xt estﬂéve C,Ia%ebe an

separated in
appropriate llgand sphere, however, it is also possible

to use particularly nonpolar precipitation media such
as hexane or pentane. However, such a procedure is
disadvantageous for wvarious —reasons. Firstly, the
polymer is not present 1in a homogeneous form, for
example a granule, after the precipitation. For this
reason, the removal and hence the further workup 1is
difficult. Furthermore, large amounts of the
precipitant mixed with the solvents, the catalyst
residues and further constituents to be removed, such
as residual monomers[ occur 1in the precipitation
process. These mixtures have to be separated in a
complicated manner in subsequent processes. Overall,
precipitation processés cannot be converted to
industrial scale production and can be employed viably

only on the laboratory scale.

In - addition, processes are known in which a solid
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conpl i cated manner in subsequent processes. Overall,
35 precipitation processes cannot be converted to

R U§66*'7§‘I'%§§g%e production and can be gppla¥sdoy)aBhYos

only on t oratory scale. In addition, processes

are known in which a solid-\W9 2007/115848

PCT/ EP2007/ 051304 - 4 catalyst is renoved fromthe

| ¢bpdypbl yrercswied nfngn sbeutlilomid ahmerasmtaieing

cabahystnitsgl f checonessei nsAldiblgr hYsrexappler bbecomes
oxidation, or it is bonded to,6 a solid absorbent or_to
at RSl FRhebut OF nSERUBLE P¥siPiisoférar e O8r 14f tidy Qameled to

po! gBREHZ ab;jsurbeﬂlﬁhcbi" qubdlapgélzwmertl CB_ﬁtzlaiiglingu@ﬂéS &esin
1.S epar ate rom e 1 nsolu e .naterla Yy .

f}i)?f?‘g i 3h 8Fr°8€mtf“|‘°*f &g 1 286 OBk afpite T TN G PRIFET -
Jesctabesn@ ppbeess iis Weabnma-adlsofbent thespecisdlluble

' r | um niu ' LS. a d

SLLIBLEE B0 et LA PRS0, MHE SRt
r@oletlby fddaqritien. aA pifsedsantiagevhérd ian tdssorbent
fbdpeemmVe) i PORsidY € RRGPY oV T EYEemPhi YA Yoxd )98 15

anpunt s of "‘adsorbent, even though the content of

tFHARG t FBn HHS aPOBGRPY exBUEARCPh& fteact Flom AMIRFuREdaess,
LA tn Tb 5000 B0ar T 10 3P 2006 Grangy b Rose, e
cl.ai me 1 .

1%%6%1121% O ﬁ%c@ﬁ@rﬁlgfleoa%ﬁﬂgyo Yaciiditee s?%i ETY
araer grs egmohint § PoZ0GS8Is08®ER®, H¥2008h3291620he dBn2884 of

- he further_p nt m_20 ;

R B by o) PRRET e S QE nRESEE. 5
rsrirat ot ed cwt- cBRBI na$e ot o lpdréral coxedearies also

usiedin®s adserbenys ppopsyabbysmul tisdage i bigoat iaBs77,
processes. Here too, |arge anounts of the inorganic

it 13 LAY R PRRLEBETERT RIS bR S Gr @F 25 1dic
ril latdav elapreex pesgl Ve and Jtrave 030 oos 13eGy ¢ lyed 2i0n 3a 326,20,

PP T Bh ne - e DT e bFCTBR cigge  Trom
fetrerkical $afdf Kavetggardwiski etidlic, Wpdrorml ectdes, basic
%ygkoégﬂggteélogAggﬁﬁanaégkns of hydrotalcites are used
as adsorbents in usually multistage filtration
processes. Here too, large amounts of the inorganic
material are used. Moreover, such adsorbents are
relatively expensive and have to be recycled in a very
complicated manner. The economic unviability comes to
bear especially in the case of use of ion exchange
materials (cf. Matyjazewski et al., Macromolecules,
2000, 33(4), p. 1476-8).

This effect described also forms the basis of the
invention in DE 100 15 583, which describes an ATRP
process in nonpolar solvents. The transition metal
complex becomes insoluble during or after the reaction
as a result of oxidation and can be filtered off.
However, such processes are suitable only for the
preparation of relatively nonpolar polymers. When polar
polymers are prepared,  for example polymethyl

methacrylates, the polymers are insoluble in the
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This effect described also forns the basis of the
invention in DE 100 15 583, which describes an ATRP
PYRCa%D7)/4189080] ar solvents. The transigchhikeiRich 051304
conpl ex becones insoluble during or after the reaction

35 as a result of oxidation &d can be filtered off.
However, such processes are suitable only for the
peepaeati-orflvis r pracedeky nichpohae puigdmyaplathenly to a

PoLaL, PolNIRLS ARy DreQQ&QQn:for exanpl e; o) lynEt€%%lelC
nmet hacryl ates, the %@q yners_are insoluble 1 n the
2007V TEE828 L POTFEPZBRY/ BSPSHS T sTaBgpyéifaiighke by this

pp@@@@unegl SC&ﬂausO@rrml@é@@de Bpl yméamsa d(cermemgnmg the
restricte very S nerlzatlons

B haihe aVRAPEn] e, Soof b LiRtP e At o
wideneédbbyinpand cfhalesramshgi dmembtalgandpleki ch,as, for

Paske R TR, R 4 ”Zigﬁgiétéeé’iﬁ petp™

i Bhenou ¢ al . DiPol yﬂ@lpreﬁfhe(mm lgheém 4Bbc2),, Doev. 380)

1999 0
2%%% 0 5ggly, 92 JPAQ@%B 1@52%% )a|$%§?%§¥%§ﬂ agéﬂk‘u%th

a COﬁp exin
2BBTRi éﬁaﬁ%dlatddw ly e heCborasi ey . solubility. A
dasaduanhaggel 3 st e arerhigosbse6f otheHd gangsmad t 1t

e R St RBhE bt ot ey SR opbsga el S e
agcobnpahpitng aﬁﬂecimmcadasi;ms wi bhsatl adai t |m1redfy a dfocess-
958858#5%11%}3” rd é’tlo% | nGoppLgtLe é‘cicflé’fén of a

renova processes are t here
nmareFrspagenpr o@é@sesl@/ﬁci h eabyti 6a ofirgosicsiehst s edfiatyst

usg@bly1f ungid=an as-adsor hent s. o LOFE£sLONARG  therefore
di sadyant ageous wor kups mntqyghase separation can al so
I

JBUhEIFBRGE PROFPSSEE2 “HSEs 1K R bt PEf GERtiSGRNtS which

ofiteal uged |ﬂur&mrbrrrultlast agead@cb@b@ﬁsgs Trttcsrﬁszﬁﬁﬁﬁlng
ustrial

% rse,_cann %

%3%%‘3 ‘?‘%‘ﬁa%%‘?‘éﬁe%’OF%uEﬁ é”clorli’on?}&aa?? ys‘igaW‘SbP’é Gan also
nhﬁnémunQMcm SPages2aseode8cribed in EP 1 132 410 or

JP 2003 119219. In addition, there are al so

descriptions of electro-
A centrifugation is often used in such multistage

procegses. This process of course cannot be extended to
industrial scale production volumes in an economically
viable manner.  Such stages are described in
EP 1 132 410 or JP 2003 119219.

In addition, there are also descriptions of electro-
chemical processes (cf. Nasser-Eddine et al., Macrom.
Mat. Eng., 2004, 289(2), p. 204-7), which, however, on
the basis of safety considerations alone, cannot find

use in large-volume processes.

Moreover, methods are known in which the polymerization
is performed with a catalyst already immobilized on a
"gsolid or gel (cf., for example, WO 00/062803; Brittain
et al., Polymer. Prepr. (Am. Chem. Soc.Q Div. Poly.
Chem.; 2002, 43(2), p. 275). A disadvantage of this |

method is in particular the high costs which arise from
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chem cal processes (cf. Nasser-Eddine et al., Macrom
30 mat. Eng., 2004, 289(2), p. 204-7), which, however,

oﬂot B%o??ih%a% safety considerations abeQ'?Ep%Br‘)?BS&3o4

use i n [arge-vol une processes. Mreover
are knomn in which the pol yreri-zation 35 is perforned
with a catalyst already imobilized on a solid or gel
(the, dafralesetnpbecrWoa00,062808;tBr @z N sechalreactions

P mer m y. ;
2%!5% 4%egé@ﬂel%AmSlg§)edl s‘gg{;/ant ?Oe OEHtEhI sh geolneous

i §hﬁﬁa55?r| @mdarth%eaww%fb%@ spaﬁrcﬁcgﬁﬁ%bﬂﬂéﬁwef the
208¥61%5848ePEFEERR0BKEOGAR04 eRast he catal yst

preparation. Furthernore, such reactions are
relatively slow owng to the heterogeneous character
atifet hesass oCiapipdd epoor taccedss bi pirogeafs, tdescribed in

cata tre by _the.chain ends..5 The sa appl. e
TR T RL T hea2RLC R itat PR VB Seana S noGRReH the
i aplidt upmBondédtes athsolpqiysmpmtlomf,t ethehwolymer

POLY é' E;%He%'tetdheazlpé) XEEéch‘éHa't‘?ﬁ Ql?%‘.@é ats%ﬂ ar esuppo ts
se solid

attac to he supports ar e e I M Na
aPRer atrree e Ehpiagted ﬂ#éeéat%m%ﬁfem@@a&t ioh. tike Cr?aﬁar{lyst

ds@@ﬁvﬁaﬁag@h@fanHSdﬂé&&ﬁﬁhﬂé@éWEE RNy 9@@@ea@mﬂé the
process ste are in addition to the act

al .
pIB?WePP?SPR%lCl RIREGSS GiEERTI ' i cdEs 1Ba Shork to
mthéoukﬂﬁmﬂirpblgmeamdapﬁeﬂlpKhata@ﬂ;tanijehis process

E?QS%@' é{rknwvi':l'%\{l@f¥£f§r${igrﬁ Qﬁ% eprc—t:c:lL% @é‘t:‘?&e“

resent i nventron
|nplenentable on the |ndustr|al scal e for renDV|ng 20
toweéti on nmetal conpl exes from pol yner sol utions. At
the same tinme, the novel process shall be performable

|@§§@@ﬂ§l¥3@'¥naﬁﬂexﬁaﬁfdh}ﬁe pkibg arturtihenr soBne@hieict of
e present invention tq provide a process which can

|in§ﬁ€ﬁPEd i ARSI OB ant'® sui PEBTEFor 8ol uBtSiFess
Zﬁnmbdary@fem]dbé | oo W i utirebg 4 icel edsdedfd t tidlg. demdw®ing

% ransition metal complexes from polymer solutions. At
the same time, the novel process shall be performable
inexpensively and rapidly. It is a further object of
the present invention to provide a process which can be
implemented in known plants suitable for solution
polymerization without complicated refitting. It is a
further object, even after one filtration step, to
realize particularly low residual concentrations of the

transition metal complexes of below 5 ppm.

In particular, it is an object of the present invention
to remove transition metal residues from solutions of
an ATRP polymerization after termination of the
polymerization. Associated with .this, it is an object
of  the present invention that the properties of the
polymer are not changéd in any way during the metal
removal and that the vyield loss can be described as
extremely low. In more detail, the narrow moleéular
welight distribution wusually achieved in the ATRP

products in particular should remain unchanged during
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further object, even after one filtration step, to
realize particularly | ow residual concentrations of
{is 2bbApzibhge metal complexes of bel ogen, gpanoFfobizos
particular, 1t is an object of the present I'nvention
to renove transition netal -ré&si-dues from sol uti ons of
an ATRP pol ynerization after term nation of the
pohgnerozas s oaccPpsdongatedtivet hnvamsiont is an obj ect
of the present invention that the properties of the 35
pol ymer are not changed in any way during the netal
r&foval cantf Heer t Reayiepd dfosE e aprpecdesérveagigs that
extr er@lollow.bd N ERpecdabakl , {heddowdl geul Yolymer
wei ght djstri bution usgall .achieved in the ATRP - . .
PPEIRRTSLPR G c@far TRGELARRENET FSund d FESHg-Lon
V20874 1156848 sPChecER260 7 iR l3d ar/ wéhghpy obesAching or
act0£§|i n tsc_ngtlrée igveg%i.oné Italjl a f%rt{ﬁésfeatur%rotf.es
t PEIET e SRS Vent TR EARES /| 12%hodPa the ERPT oy AbIPE ™ -1
i aresheleewvee ofopotlyameyed Sdpr perthe spsecds as
functionalities, glass transition tenperature,
structure, nol ecul ar weight, branching or other
pbEsipl @ vartaerordIeatd Athathe htseeptbper fieg tgr @emove
|1 keahge npdi@hanged dgddipthe eeesss W | brdssedt in
further object of the_invention also to renove )
| SRS WAI BRYarE HosET By tP8| Fr Presein gith the
excassi t ivranyetcaberdgiodndéde pol yner solution with the
transition netal residues. 15 Sol ution The object was
achi eved by precipitating the transition netal

keR by nmeans of addition of a suitable
precipitant and then renoving it by neans of o
fihe releioft wes| achhevadRPYppPseesplgasénphbéle fthansition
trn@?él: ?rtd@dﬂﬁi@t | I &)erh' in@émsna%edd@dd%i&itlzidm taresgitable
ransjtion metal . IS can e done quite sinp
RO RATATH: r oL | OFRBR AR | ¢ Moxy gl oFgRs  of
afthidli a0 @f . sul phuric acid. In 25 the case of copper
as the catal yst, sone of the netal

In the ATRP process described, the reaction is usually
terminated by oxidizing the transition metal. This can
be done quite simply by means of introduction of
atmospheric oxygen or by addition of sulphuric acid. In
the case of copper as the catalyst, some of the metal
complex often already precipitates out in this already
established procedure. However, this proportion is
insufficient for the further processing of the polymer.
The problem of optimized catalyst removal was solved by
addition of sulphur compounds, for example mercaptans,

as a precipitant.

Another part of this invention is that, by'vmeans of
simple modifications in the filtration, the residual
sulphur fractions can additionally be removed virtually
completely in a very simple manner. In this way,
products are obtained which do not have any unpleasant

odour caused by sulphur compounds.
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conpl ex often already precipitates out in this already
est abl i shed procedure. However, this proportion is

| f5ubbbs)eRbeder the further proceSS'ngfe&/ﬁﬁfoo7/ 51304
pol yrer e problem of optim zed catal yst renova

was sol ved by 30 addition ef 8sdl phur conpounds, for
exanpl e nercaptans, as a precipitant. Another part of

- this havene¢em iBowndt , thpt meahsyofisigighd e addition of
: n@@iéé@?&'9G§phﬁrtE%m&bhhﬁ@tb@?tuﬁﬁ@yr%%HQ§a£rég§pltates

sul phur fractions can additionally be renove

V’F}P‘f— uF I8P MRS y AUF aC¥er FRRi P EYTRRANeTO LUt Qthi s The
Weecipl 08ued Ssal €s oagual aegdoWbkcheflovaat ihave vty simple

unpl easant odour ul phur conpounds. WO
a%ﬁgn O%%f %&ﬁp It has been found
that surpr|S|neg addition of suitable sulphur

Vj f IIy ecj pi S
salt S? 6y %%r §§ t#gé%gﬁﬁ l%?%@?b ated the
seif £ 5c bemt alrsamcm:alr emﬁvedhEn braesytsPmpleetal newrel exes
by, SRapseOkof 1L FAL T §ae AOr@Al ﬁ%@@éé‘ggceér&bﬁ to the

present invention is the efficient renoval
tFaR Eiom meker c%%pE@%ééblﬁrdﬁ?tﬁ@d§G@ut?%% t@@éséﬁlon

tie: PT 0cRST eAECORIERY 4 O fiherd@ibAvesyi eit makesti t80% by
cont.ent wi.th

bl e t d t t
B9 o1 PERTBYSATY| Bdsi= G0N Y. RArghe, FroTer aBhy Bp=t
atre Basab BB Yy awei gmasa'nd9%stby pwefighabl yIypatrticular
'eef@éd&%%tgs}’ V"e&@ht @ﬁéﬁ' Cgbéélbﬁg’oo%ﬁe”}%duéé I $he
e re uce t

even possi e 15 transitio
cloraesit tign m@eéai‘- h&engengosly werghthapy IS %fby hweight

R5PGESS Seoadi Cfﬂgoé@sé hecddwentd ab reaMdisidd. has
al'so been foun surprisingly, that appropriate

sul phur conmpounds have to be used, based on 20 the

tMcaﬂSi\téJ_On ﬁret aias:oap@and@e@nl foiunda rﬁmpsn&lsﬁz@ﬁs,s that
pr ef erab ui yal ent

TR R e BT PDNT o B PRt VATR e, B3ni8oh nbitard o
ebtoe stsranh sidisont oneta bs¢ouadusdl) pbolky cont entninambheexcess

DYV o301 Y1 Q0 M SPebSr Q01Y YOEYelRIUhRARY §A8°more
preferably below 1.1 equivalents. This minimal excess
leads to a residual sulphur content in the polymer

solution which is only very low in any case.

"For the precipitation, a multitude of different

inorganic and organic sulphur compounds and mixtures
thereof can be used. Suitable inorganic sulphur
compounds are in particular hydrogen sulphide and/oxr

sulphides such as ammonium sulphide.

The inventive precipitants are preferably compounds
which contain sulphur in organically bonded form.
Especially preferably, these sulphur compounds used for
the precipitation of transition metal ions or
transition metal complexes have SH groups. With very
particular preference, the organic compounds include
mercaptans and/or other functionalized or else

unfunctionalized compounds which have one or more thiol
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For the precipitation, a multitude of different

i norgani c and organi ¢ sul phur conmpounds and mi xtures

t jer 99b79aR sRagused. Suitable inorgani Cf?%‘i‘!/%%%O?/osno:;.
conpounds are in particular hydrogen sul phide and/or

30 sul phi des such as ammoni-urf sul phi de. The inventive
precipitants are preferably conpounds which contain
saikphps ianddogasiagal ornp gridace fammd indEsgeigilal gyoups  under
preber abl yoo 1hess, SULBAKE t$8AROUNAH AISedof95uR? thEy  be

precipitation of transition nmetal ions or transition
nBYSFOg6Rp| eXetPhR SITgr oBFEAnYFt h GREIPUNSHY t | EUFar as
peafiegeneslatbeier ganise ieQnpounRds  ddpd difep iRRIicapt anscid,
and/ or gth&h quctionaIized or elsel unfuncti onal.i zed 1
cOFPGARGSSTAPER Thav e BHE B - FEPR W ol WESHRH 180l
PGCErERROOERSNLE04 o2 ty(r alpegdrdiodn tean ffaadhiml mercaptan,
c pondi j ol ps he dj | uti

CRnFEPaREL AL D P b e e ARR8CH keaptan,
ot ganttydompogadsasucmdster bi dgflgeyl averrepasnd, Most of

B aRLARARION 18 Unre PBRMEPLEPS1I NN Ueadily available
nmer capt opr opanal , nercapt obutanol, nercapt ohéxanol ,

oEPPPOVRIBgHFESI &fe raRtlMFCr e idapiagh caletRgdymerization.
mew@@éian, 4H Y o ridyegapt @ﬁveg@gﬁﬁy:iéfeh‘é%ptﬁ@strictedf to
i spoctyl nercaptan and tert-dodec nmer capt.an, t o

t HROER A TS st ol & Tomier alfy TinA’y b aliab ¢he
1freocnpouads used hasregul8Hopsoup vadifealms an -SH group
poly I.zat | we ; r [ vent i [
g e i s L A A SR
cP@tibions that the precipitant used has an -SH group

. or forms an -SH group in situ under the conditions

present in the polymer 15 solution. In particular, it
wak PEETCWESy stiF priad n§Pyndt haterYsafdrBEl phigly , that
ceap@upsdsphaed caay oe deo M dsa Wb hcamhpoukdeWyhash are
re ulatg{s frongr dical%ﬁolynerLza ion.. The 20 y Th
VAT agE of SPHESECEBnpoUiYs TPSERSI P B4yT T 2aton. e
aw@?&m&ﬁgéty,ofhgithbsa{cosbm@ndndhe brisad ¢apﬁat!omﬁady
whi et nabl e onthmal adiysLopOt (ofs U, PLeSLEl AL s on
reagents to the particular polynmerization system

which enable optimal adjustment of the precipitation
reagents to the particular polymerization system.
Regulators are used in radical polymerization in order

to control the molecular weight of the polymers.

In radical polymerization, the amount of regulators,
based on the monomers to be polymerized, is usually
specified as 0.05% by weight to 5% by weight. In the
present invention, the amount of the sulphur compound
used is not based on the monomers but rather on the
concentration of the transition metal compound in the
polymer solution. In this sense, the inventive sulphur-
containing precipitants are used in 1.5 molar
equivalents, preferably 1.2 molar equivalents, more
preferably Dbelow 1.1 molar eguivalents and most

preferably below 1.05 molar equivalents.

It is readily apparent to the person skilled in the art
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Regul ators are used in radical polynerization in order
25 to control the nol ecul ar wei ght of the polyners. In

% %%'0799?3%‘2@ zation, the amount of r%&&'/%‘p%%v[/osmm
on t ual I'y

base e nononers to be polynerized, 1S us

speci fied as 0.05% by wei ght 100-5% by weight. In the

30 present invention, the anount of the sul phur
cohpsurdie msadarsamst dessedhad tdennmndmyrs it ¥t hegnce

0Bnt hehecoﬁwgﬂﬁé@g | ol the 4y ansiibihons Fetgh; i on
in_the (fo mer solution. In this sense, the inventive

sUPFRUA d@&{t% nFR BPeYTBFt ARLECAPE - uThd S sl SSRRF ALY
3% raqui Vclaﬁ egtlﬁe pﬁ@c&{ﬂa}ds 1-v3_e£@1|1@rt @qléit‘gﬁb@ﬁ:i%nsﬁor €he
pretera el ow. 1. ar,_.equi.val.ents a nos L,

PHEREFRERY bIPORIE: 05 T oAt s D1AST o Feamf o
appapentttivet hender sozl ski témderatihe ath Wbhe case of

20071135848, PCILEP2007 081504 .00 10 Lhatt e  ooch o
nmercaptans describ nnot have any infl'uence ©on the
pbrgnehesabprebloeknbhatironres . pol yneri zati on  when

added to the polyner solution. This is especially

true of the nolecular weight distributions, the 5 ,

nmbFedifl arlsRi gREAILUNARRHERRE | 9, HitasRefsansPkiehed in
t eAperatuEBaand RlrtrlspapeialuiddedeheGase if based, in
sen1cr%§talllne .po%&ﬁ rs.anq structur slsuch.as £ th

bPBREABS"Sr WOk s rEELY100t & s TASGeréati 19 ©
appayeat t csdlheciper sodsskilipbementdlibe ar teashidty a in - an
CPLEESPANG] NGcBS QCES S MALCY, 15,035 Gl I nAARAALYSAs o
terns y pol ymer

e, exclusively on a filtration of the
sekusFongi solwpl enepe dpher eagtigniplamtsi ndustri al
scal e process without major nodifications to 15

exi sting solution polynerization plants. A further
a@véﬁF&%@Qﬁa@Y@P?ﬁ%%eﬂFi?ﬁ%n??@ﬁep§Iﬂﬁﬁen§%ﬂp is that

I € Ctde@idtd. conet ®r cadraxt mam ahxi woemf idf r airb oIt i 18H@AS on

allows a_yery rapid workup of. .the polymer . 2Q.sol uti.on
i%é%%ﬁpa?¥§%%stognaﬁﬁrgstgﬁpﬁgheyo§$§%ewgﬁ I%he polymer
asldilttoom imhecpmentpstmt tomany ssbslehlsmdd $ydterti on

is effected at a tenperature in the range between 0C

and 120C, process paraneters within a
In addition, the precipitation and subsequent

filtration is effected at a temperature in the range
between 0°C and 120°C, process parameters within a

customary range.

A further field of the invention is the efficient,
simultaneous removal of the ligands which are either
present bonded in the transition metal complexes or are
present in free form in the polymér solution as a
result of excess use or as a result of possible release
during the termination of polymerization. It is very
probable that, as a result of the coordination of the
sulphur compound to the metal core, the multifunctional
amine ligands often used in ATRP are not decoordinated
from the metal centre. In this way, a large amount of
ligands 1s precipitated together with the transition

metal.
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25 customary range. A further field of the invention
is the efficient, ~ sinultaneous renoval of the Iigands

Po@ﬁ?l 5ghgr present bonded in thepkh ?E§bbb99051304

conp exes or are 30 present in free formin
polyner solution as a resdlilof excess use or as a
result of possible release during the term nation of
pBbymsniora | Bartheri digeng prasbalsine t hnen &Hea sEsUiion,

obknkhe cogndipati onoef thego suhphur 9§P$¥%¥Ebi§’tr5%1dlc,

metal core, the multifunctional 35 am ne [igands often
u3EEIFRARTRP G R6t AR &F—ﬁar@d the oﬁﬂtlﬁéaﬁé% These

caBkhi8tahfst hrh@y)/\/aYﬁoxa |e&!a@®l%m)uﬁb Oinoicgglaﬁ@is ddinpounds
prec%pltated et er wwth the tra %IO? netal . WO

268711 PF84%° P88 851 1ca . 1hYSEOTRhobeS f OFt Hdher
Ikgawd facalaimconeompomﬁﬂe iseladtibdre, ilsmekbaaroudslwEdnts,

bI r y [ stants ¢ e Y
oBF oS EREF FrEarten. ApreconcidBll AL S f AL
ezam@d§ ﬂnsQMuhkﬁuwxgammmonﬂasasl@ﬂcHu§§ @@(ﬂqiyacrylic

ahUNay, Slﬂdl%e&wﬁ}mcl e 10 ekhe{nsgm& aGl Misgneth-

conpounds i'nsol uble in_organic solvents m Xt ures
t AEFBORECAl P& RRvPEy Lates svidis @ paégbbﬁéldt GoRdFgnt or

lﬁl§ﬁ|:u’@la§ gﬁgﬂi’ﬁlé‘oﬂJN yael dsxnﬁxl@xlhr%? p@:|h)é&(éro)ﬂ i cwigki d the
nret acr | C acCl ns u e

P B P aEe Db BRs | T diedy RROHS N SRTRAF L o efiPeorise

nmiztai&sdt helreof ther npxiares dhter eoff wi vohtéhe identical

iQ?éS?B%ﬁt%O?ﬁggn%&lﬁ‘ Zsfp oﬁ%ﬁ’t%sné}l’%‘g%tﬁ?g %Pet BEHS®n1y
acebipeat sy tihe @tﬁr r BSPOREF NG CEPFIcETEht 50 afBeusiay sEriipn -

Iopabiepal | i i dei PrReeSTACEARdi PP 6P the: processes
invention. Mreover, in conparison to the prior art

preeesthed: 4eadyi Fagnidliarndlghi TREkRY y2BaRrFer Of these

aapENtsantst hege assdsdedts. ar@hﬁ&@eS&ﬁﬁ&nnimelﬁs also
enpval ted to. o ddi.t.i ona

restr
(TR TERtcieh 8PS SoThPLRL e oty =tep or can
sahubthaeedﬁepﬂadtdumumnﬁnéquahyuimnthstspmmtﬂlhunatlon

%a dgi t@ﬁep %&b%'l?tgﬁ Hﬁﬁ93b£é89p1€§£éh transition
conp un

metal compounds.

To reduce the addition of sulphur compounds and/or
ligands, adsorbents or adsorbent mixtures may be used.
This can be done in parallel or in successive workup
steps. The adsorbents are known from the prior art,
preferably selected from the group of silica and/or

alumina, organic polyacids and activated carbon.

Alternatively, the concentration of free ligands, for
example multifunctional amines, can be reduced by the
addition of activated carbon (e.g. Norit SX plus from
Norit). The activated carbon can also be removed in a
separate filtration step or in a filtration step
simultaneous with the transition metal removal. In a
particularly efficient variant, the activated carbon is
not added as a solid to the polymer solution, but

rather the filtration is effected with - activated



To reduce the addition of sul phur conpounds and/or 25

| i gands, adsorbents or adsorbent m xtures nmay be used.
Thos 2687 /gsdage in parallel or in SUCC%&'mszwaWaBlm
steps e adsorbents are known fromthe prior art
preferably selected fromthelgroeup of silica and/ or

al um na, organic pol yacids and activated carbon. 30
AFeebaat Ledey, Gl uhcwhicht i ore ofofmegclipdandsavdigkable
exanmgl e mukt 5f upctional;jam res .. Landefi@duced by 4 heyiso
addltlon of activated carbon (e.g. Norit SX_ plus fraom
I\BPFF}bl?hé?oac’tl$‘\°1ataeoCQ§§?H6?1tjc‘%fh afsdhse %%%%ﬂn. Rfa the

35bae§aaatser£blaar athigncShepietant sa drd tdadiveit et efarbon,

si mul. t aneo W e transjtion_netal
e e e T
| éllnnataddedhaeughsattdv&bedheapbbwmadsnI fif L oars but
.rather the filtration is effected with activated WO
2007/ 115848 PCT/ EP2007/ 051304 - 12 carbon-I| aden

fhl farsheii dreate ednamregal lof dvizg | abpeente igvenkgon is

.'ffﬂg‘%@ésf%ﬂézu§@hQH¥)athoh§z%§§kaﬂ955MQh§ Q&dﬁ%ﬁﬁ&on
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conbi nation_of the addition of the above-described

dBPERE 8ESPHLEREs NATE A6ty WAl cé?ﬁ%nsoéuéf-lﬂﬁﬁ even in
aﬁﬁtéron athet hesﬁbw\e daesstihpddas Hcit antﬁean@‘emoval of
{Eﬁ:trat{onthrgg acti.vat ed carb&g Iadf hltelrsl Ag ¢
f TFERRt S hrRal S5y aCage S5F St 168 br €8t 21 ROeRfi SRPE ©
témubszscsmbl enirseenul sfoeousnsystensl sMany dnd@nsidspemsion
]ﬁrg‘@éé‘é sul phides have virtually zero solubility even

water.” The system described for the renoval of
transition netal conplexes can thus also be applied to

T SbQBbl@hﬂ'ﬁﬂUEﬁé ogro@b%oeﬁ&&l&m@n% SysRensivMtion
processes. 15 One lemin th rocess according to

tFRE i ARV iGHe f%rar]rséﬁﬁ\ﬂnngm{efiﬁ Si FP]BHOH% al %IB?Tp ds
&lfhdozhl gedlkgmef r o5 POt Yores S utdlons use t hef ustheof sfl@hur
det.ai l d Fracti ons of

Pt ABCHE 8ot 62260 LBBo o T EmRPA e T APt
podmgpeunds ghteragad oo &m the polymer might lead to an

odour impairment of the polymer. Impairment of the
product colour and a restricted use spectrum, for
example with regard to cosmetic applications, would
also be disadvantageous. In the process according to
the invention, it is therefore of additional
significance to remove the appropriate residues of the
mercapto compounds used virtually fully. For this
purpose, various known desulphurization processes or
gentle oxidation of the thiol groups after the

purification process described would be conceivable.

Alternatively, it 1is, however, a particular part of the
present invention that excess fractions of the
mercaptans described are simultaneously removed
virtually fully without any need for an additional
purification step. Firstly, the mercaptans are used,
‘based on the transition metal compounds, only in a
minimal excess of 1.5 equivalents, preferably 1.2

equivalents and more preferably below 1.1 equivalents.
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odour inpairment of the polymer. |npairnent of the
product colour and a restricted use spectrum for
8Mphg7ydiseigoard to cosmetic appli CapiangpauBY)sizos
o be disadvantageous. In the process according t
25 the invention, it is therEfore of additional
significance to renove the appropriate residues of the
neecapdby cohbeundstestdodi sudabhuy fcemppunEer itshiminimized

D&&&P@?@nafi'ou%ukﬁﬁwﬂ:dgs@d¥&%ﬁ?a&6991950%§§§?5 By the
gent | EOXId¥I0n of the thiol ousafter the 3

peFef iodat FBR HocEss a@@ég%éa IbeOE%Eéde-tﬂSé’.lume
A s el sedhvel Ydestériﬁed hOeW@S{)QBr aadaﬂlr\taiféd arcdddddn Ofand/or

t f_t
A et oS kR hadre e e T oot | BB02a158F sata

Vitgaradidy fully MAthout any need for an additiona
purification step. Firstly, the nercaptans are used,
based on the transition nmetal conpounds, only in a

imé nepreseess oivanbiaguidval dmssd praf erdls y rempval  of
ek yal efd,s and Aor & s efarabky., He|a0l\’¥ 1pél§ﬂ§kvaoloq_%tﬂons
VD 2007/ 115848 PCT/EP2007/ 061304 - 13 Secondl y, the
RFRRAECDf PEUMBREES dnpdiRdsPYSCRTReH z&8e pOSSlbllltles
a@k@iénflora@llsxé _ \gf!rbﬁowth@ fmﬂmegyllmr kb8g Si€Pindy theefly

se of the acidic_jnorganic .an r organic ins

135 St ark S BEEE s | BEASEARSR et | Fat Gl cAPBoRLaRa) GREs and
&mmclat ethec apbenehadeimfén t vors. f ansttead,enmbial ofesa d to

| SAs.o Thecpregent o nuenyian L». based o0 Lhe: 1emaya! of

_slkimilh ond hEmas ephsed Okiy mnﬁr@seMRmpfr@ct@s:geSforrhéhe
RASSR 14 '%Mﬁhﬂﬂé%ﬁ@'ﬁﬁ%&Tﬁp W ll be

outlined briefly below However, these details do not
restrict ATRP and hence the pr esent i nventi on.
IMsd eadondheys sepyeyherikhbust r afe thergy eabf ATRP are

éggflca nce and er?atile u%e gf 15 éJRP and henciisted
S He hr &8t FRO¥Rri oft fof" t RE T Kup Bt

dorres pehdiogt ATRPtpi odiings thEheomamwer snvention in any
Q&%age&kéam&%éﬁﬂ&g%Wﬁe9£)$QE§E%E§ dﬂggyfﬂégntﬂemggkers

f ew exa es are
(meth) acryllc acid and here means both methacrylate,

for example methyl methacrylate, ethyl methacrylate,
etc., and acrylate, for example methyl acrylate, ethyl

acrylate, etc., and mixtures of the two.

Monomers which are polymerized are selected from the
group of the (meth)acrylates, for example alkyl
(meth)acrylates of straight-chain, branched or
cycloaliphatic alcohols having 1 to 40 carbon atoms,
for example methyl (meth)acrylate, ethyl (meth)acryl-
ate, n-butyl (meth)acrylate, i—butyl (meth)acrylate,
t-butyl {(meth)acrylate, pentyl (meth)acrylate, 2-ethyl-
hexyl (meth)acrylate, stearyl (meth)acrylate, lauryl
(meth)acrylate, c¢yclohexyl (meth)acrylate, isobornyl
(meth)acrylate; aryl (meth)acrylates, for example
benzyl (meth)acrylate or phényl (meth)acrylate, each of

which may be unsubstituted or have mono- to tetra-

substituted aryl radicals; other aromatically
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20 bel ow wi thout restricting the present invention in

any way. The notation (meth)acrylate describes the

eﬁb%ém?héﬁ&éh) acrylic acid and here ﬁ&@?ﬁpﬁ@b?{gspu
hacryl at e for exanple nmethyl nethacrylate y

met hacrylate, etc., and aerydate, for exanple nethyl

acryl ate, ethyl 25 acrylate, etc., and m xtures of

t b s b tuled onelms Whiatrakat gl ynépirzedesprer el ectaagithyl

f(ﬁ@%ﬁh§cr 19UL; Ofméﬁg &Q@ﬁh&@ny$@é§s’ofOﬁﬂﬁﬁﬁﬁple poly-
a |'at es of strajght-chain, branched or

al k
3@*:%%%% .#aé S al COPBYRT $r} 97 1 9% I T ardfon Mixtures
atl@@iieoff orhgxatpl e smhy| carebh) acsaybate, efdyl example

Frng{'—g%’ @%?S‘Fé%m(fbbm h?ﬁ‘-f@(if;%af ;?ﬁlgﬁa e%@ﬁ%oxyethyl

(m@thaeryyéaée Jz&ﬁﬁhwwpﬂupgm haehhgagiytat e,cystledrepyl -

' (5@ %%ry:aeethzl At,§5 Q{@&&?&}Eﬂﬁq}}gf C%&!ﬁ%@%late,

y1
(fﬂerﬁl)ml yl atteetshacf:cnrloa;trz@npl &2 ~hermzpte et h) ar@rq;liaettxeﬂ@te,
Pﬁ‘ﬁé‘%o&f@%@?“ Y bl 8a 230R Vméﬂ‘yﬂ@%yxﬁ@th 1 melth—

unsubst i ed or have nmono- to tetra-- substituted ary
e se ot Heretaoswilited! | qu@%wha%ms 1-ethoxyethyl

H@tﬁﬁ@:@}@ﬁ @5}3%fgr?oxy$éth§;qbsﬁlétygt@§yiggé N) a5y @tesslene
acr e:
ohetabt racR L arkos | B SEERuRSte o andvipomd ene

mﬂymmbpylmeemwhuxkshew m (xtethe 8 crylerteof hﬁhengn&ﬁmmer

O RAL VAL ™ Ht nerg ) c Ry RIS of Yoy~

1f1bm@®r|zﬁbm¢d met #AE[ 9F at ean@v@kéh@%\t}noné%yﬁ@tihyl and/or
rrﬁ‘élh@ec;wéﬁf@nctbf&;ad%@et hybngpbhacrybate, SHudidivaily

met hacryl at e, but oxyet hyl nethacryl at e,
LBt Foxsret hyae %@r%éfrlﬁ%ﬂ eOTa| FGFRIGREIRYE. neidr 16xample

a£Y W Bt t Ha et Fioxyd uiy | hyeet drags s dl ane thpaihoxaras hyl

met hacryl ate, ethoxynethyl nethacryl ate, poly(ethylene

gl ycol) nethyl ether (meth)acrylate and pol y(propyl ene
chmﬁdlun®mytoeﬁﬁmw (meth)eacrylates deeaibadnmebove, the

n‘g%cl 1  JFY also bacl t%‘?ﬁ il Gy ar égdrg?&ég/ comprise

al1zed and/or a nctlona
ri%irrctdmlb PRPREROABEMZ EOTRRGLET VEH @) ef T A @@mogtymerlzable

with the aforementioned (meth)acrylates and by means of
ATRP. These include 1l-alkenes such as 1-hexene,
l-heptene, branched alkenes, for example vinylcyclo-
hexane, 3,3—dimethyl—l~propene, 3-methyl-1-diiso-
butylene, 4-methyl-1-pentene, acrylonitrile, vinyl
esters, for example‘vinyl acetate, styrene, substituted
styrenes having an alkyl substituent on the vinyl
group, for example o-methylstyrene and oa-~ethylstyrene,
substituted styrenes having one or more alkyl
substituents on the ring, such as vinyltoluené and
p-methylstyrene, halogenated styrenes, for example
monochlorostyrenes, dichlorostyrenes, tribromostyrenes

and tetrabromostyrenes; heterocyclic compounds such as

2-vinylpyridine, 3-vinylpyridine, 2-methyl-5-vinyl-
_pyridine, 3-ethyl-4-vinylpyridine, - 2,3-dimethyl-
5-vinylpyridine, vinylpyrimidine, 9-vinylcarbazole,

3-vinylcarbazole, 4-vinylcarbazole, 2-methyl-1-vinyl-
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functionalized acrylate or nethacrylate, for exanple
allyl methacrylate or hydroxyethyl nethacrylate. 20 In

age bioen /4as8le (Meth)acryl ates detail e§c§9E¥>900t7'7651304
conpositions to be polynerized may al so conpris

further unsaturated nononerslbhich are copolynerlzable
w th the_aforenmentioned (meth)acrylates and by neans
of MigRRPleTheydnvdorgdant. al kemesl fSueEm as Mimekdneopiasme,

1vhﬁ9&@ﬁ@ol§ﬁénche%iﬂ§%¥ﬁ¥%zél€sexanPHﬁbeRXESXQEO' and
hexane, nmet hyl - | - propene - iiSo-
baﬁg?%ﬁ@ylﬁﬁb?ﬁﬂ |ma;}eﬁ%t%n%01<3cfi§rfaﬁ?¥f-vreé oy |example
emhéeic f oankexanpie, VIﬂyélaﬁﬁi@éﬁikSﬁd&E%Fmalelmlde and
ute styrene av an..a substi tuen
THEELRRGL “Somgr SR L Rne 1 ot §PBne ARG che
aperhytslyrene hydudsy + funedi shyt ened havar[tg/cme Oramino-
”Pﬁﬁcéhﬁﬁélléégséh&VSPtﬁ ?%a%@% %h %H%H ?%g and/or an
vin uene and rene,

~s@§?§h@éca¥BY ei&ﬁﬁﬁéonﬁéﬁ@@@(NQﬁmgq 5, In addition,

dtﬁ@b@rQ§&%ﬂ§ﬁ%%stééﬁr9ﬂ9§;yﬁgn%ﬁéﬁéﬁ§p in such a way
trabr bérenes erocycl i c conpounds such as
ZEQ?ByFE§Y| NE %3@%$%9 B | FRAECT 22fRPRY PRSY Pinylercapto
ﬁmmdttmmaf%fﬁﬁndndydﬁ‘nﬁbpybgéfﬂﬁ182 Euﬂ?ﬂﬁ&%&lz?y in a
i ne yl pyri m di ne vinyl carbazol e,
3s%$%%%€%% 270l e° HV|néFgﬁFﬁﬁf%le 3LL et hy P - vigRETPLe:
VG- 20071 1958381 PCT/IERZONY 05180 1o, 151- Wlmyd@zymr@,lidone,

vj 0y v, furan, 'gﬁh , s _
V|nyf%ﬁ|o ane ll%ﬁ%%lthlag%ﬁggxléghy ogazgies d3 vinyl

lré%ergf\fhﬁyéf:epﬁeiacaémy vaN‘\’r’éélylﬂO@rtYéfPém@It@m:
IH&&idgéﬁﬁbéﬁlde vﬂﬂyiﬂﬂﬂg%oﬂgghy|”@ﬂarndehﬁ@@o%enated

IVI Ibenze , and al so the,

f or. exanpl.e
Va:‘rl?%i‘?ffaazr(ﬂh T oxy 2f ﬁEl‘l ﬁall% AT aRfno-given  to
fqnpﬂhym&ﬂmzmmgandhgn|ﬁyuéwﬂp fringli onehézed ggﬁé@&tes,
nig ncLi | inzed .compound., .l n_.a ion,

éﬁ?égﬁxﬂ ék#%n%%ngglgg% & Chr&ars |W%thcﬁp%.§a§8f5ks
&ﬂﬁ/qméykﬂavéﬁa hydr oxyl and/or am no and/ or nercapto
functionality and/or an olefinic functionality in a
substituent. Such nmononers are, for exanple,

VIR | IERGSSH neSamL- RRy| PRT HAEBEE, RBvi AyYpyhréPDEBnéree

solvents. Preference is given to toluene, xylene, H,0,
acetates, preferably Dbutyl acetate, ethyl acetate,
propyl acetate; ketones, preferably ethyl methyl
ketone, acetone; ethers; aliphatics, preferably
pentane, hexane; alcohols, preferably cyclohexanol,

butanol, hexanol, but also biodiesel.

Block copolymers of the AB composition may be prepared
by means of sequential polymerization. Block copolymers
of the ABA or ABCBA composition are prepared by means
of sequential polymerization and initiation with

bifunctional initiators.

In addition to solution polymerization, ATRP may also
be performed as an emulsion, miniemulsion, micro-

emulsion or suspension polymerization.-
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2-vinyl pyrrolidone, Nvinylpyrrolidine, 3-vinyl 15
pyrrolidine, Nvinylcaprolactam N-vinylbutyrolactam

hﬁgr?969?i$98¥é”y'th'azo'es and hydrogeﬁé&?ﬁp2?07/0513o4

vi Nyl 0xazo Particul ar preference is give

copol yneri zing vinyl esters,1&inyl ethers, fumarates,

mal eates, styrenes or acrylonitriles with the A bl ocks
20hand/rorl yBieligeks onThecqr ocbes qzer fyermpet f orbed standard

ag¥eQ§ngen:Jédﬂ% ﬁ§°b¥égéérepﬁ%ﬁe Q%%%t %Igb%SQSﬁPe The

uene, x acetates, preferab
a@@lﬁm@rlé@hy@nacé%%mg?raZSHEWop?@oacéﬁhteunﬁé%éhégl In

D{;@ﬁ@fé@ y @&t hyls mehBykveket one, @aget eRageet BErs;20°c to
hatics, prefer agﬁ% Ogentane hexane; al cohol s,
10°Ch

oPSh o5 abPy eEGE PR X EPartcl0” theRaoTOT BB RS 2D LY
b pdiesel Lo 3 BPock copolyners of the AB conposition

may be prepared by neans of sequentia

pol ymeri zation. Bl ock copolynmers of the ABA or ABCBA
cﬁm@0§bﬁymarar@bmﬁép&ﬂedlbya¢mwméan¢¢ seghenbiealinvention

r{%%/ %éﬁf‘ﬂ} g%vf@d Jnhr?éf %a&%&g %&geetlaen%elght of

ors tlon to solution po ynerlzatlon

ArFpveey 21096 gdémﬁeraﬁﬁwn&20a§0§ngdﬁﬁﬂsuomore preferably

Nt Ny @l G1 QMmoo Gher REBH iR Fak-231$PERSEPBen 7500 g/mol
pol yneri zati on. WO 2007/ 115848 PCT/ EP2007/ 051304 - 16

T p%$y%%9i%d??%n can be perforned at standard
pressure reduced pressure or elevated pressure. The

y rlzatlon Jgenmperature { I's,.uncritj 1 .
gg%ergf hggever %ge r%%%e(#oﬁéﬁﬁ%?% 5welght
Z@mtrmleﬁmrabhy dfeJ@@tb asograrfderﬁbrler greefar abl §. ofore
%f&;@ béms%ﬂpgwr%& obta ned,dn,accoy dance with

I nvention preferably have a nunber-average
nol ecul ar wei ght of 10 between 5000 g/ nol and 120 000

gﬂ@@'1nﬂ@i£t@feﬁ@é@bﬁ&y_ﬁe5Qn90@o@bﬁﬁhdaWﬂ1&ﬁShas one or
pr ef er abl betmeen 7500 g/nol  and 2 O 0 g/ nol

It
HAS Deet H8nd Phat ?qﬁQIWDQEEﬁFE% wey 1s  radically

transferable under the polymerlzatlon conditions of the
ATRP process. In general terms, suitable initiators

include the following formulae:

R'R?R3C-X, R'C (=0) -X, R'R?’R3}$1-X, RINX,, RR*N-X,
(R uP(0)m-X3-n, (R'0)P(0)n-X3.n and (R') (R%0)P(0)n-X,

where X 1is selected from the group consisting of CI,
Br, I, OR?, SR* Ser!, 0C(=0)R*, OP(=0)R*, OP(=0) (OR%),
OP(=0)0OR*, 0-N(R%),, CN, NC, SCN, NCS, OCN, CNO and N
(where R®* is an alkyl group of 1 to 20 carbon atoms,
where each hydrogen atom may be replaced independently
by a halogen atom, preferably fluoride or chloride, or
alkenyl of 2 to 20 carbon atoms, preferably vinyl,
alkenyl of 2 to 10 carbon atoms, preferably acetylenyl,
phenyl which may be substituted by 1 to 5 halogen atoms
or alkyl groups having 1 to 4 carbon atoms, or aralkyl,
and where R}, R? and R® are each independently selected
from the group consisting of hydrogen, halogens, alkyl
groups having 1 to 20,> preferably 1 to 10 and more
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15 distribution is below 1.8, preferably bel ow 1.6,
nore preferably below 1.4 and ideally below 1.2. The

'ﬁb%é‘é?hﬁ@?smﬂy be any compound whi CPC??§P9§§7P551304

nore atonms or atom groups which is radic
transferabl e under the polynErization cond|t| ons of
the ATRP process. In general terns, suitable
iprefearapty ihcluele & hecddbdrowiaigprisor meyvae:osRiMRAR3GrRuPS

2 N-
Uit eV, BB, A ot g

XITQRRT e XLkex¥si TéiearPPEﬁrtﬁ@lB?ogﬁoﬁéﬁm SRG Grroups,
@ocl Br@Hl CfiR4 219k 1507 ,a@ Réhe 01635 §_Hét‘Rﬂmg 2 to 20
Hed Tz, S0, QNEG2 o)
SNaP3E5T ¥ Ba e Gotat i @FB{H‘E ofnf fipre
Z@r@mmﬁt angyl \Mier\mr@a]ch dsvyﬂrmg;en agmm:ﬁrﬂylbealkenyl
repla de endentl a haI n referably
]Sor?[g 5] %ﬁourpsd lCh ken narﬂ%o cagéoms and
aamns Splﬁogfcertalhrleyi vuhyl ox—:m:iearnyll of>r2 t@lﬂ@@albonaryl

su sti t&ﬁd&?{)abl ya%ﬂ%i enylara%(eqﬁﬁnyl %nsth%uted

y 1to al ogen at ons rou

ravieRy L vbBerecarydn &t od®, definedl k':shove aﬁfredmék@nm is
Rz apd {A%%l_eh;e_1@3@10lzbfnlend@:n_aerml;@ntdr:]leI S@beQisealll}(cE/ﬂor@jﬁé’lﬁ)s in
r.ou consi stin (0] yarogen al ogens, a r S
e (26 089a Y IR oS SRy BY OB ERBLP® one
AP G848t BET/ ER200Z1P5830dted7 bypriedbogdhy (bredefably
car . 0 C [ OUps vi 3 b
CELRAN OOR SOV ghOMRe BEVWIE S hafl @l Pallons
grrRIpsE e ¢rd gr oapd, Qﬁeﬂ@r@bby]psflume obromine or
alksimte on £al kyayly L hatiohd 2st 0D R&BPONa1keny1

atons, prefer abI ar bon atorrs and nore
rﬁ%bl“ipla?@yl BVevi Ayl EOoxi% arfALPY ycF YRS apRénypre
cgul:aslﬂ@eﬂydecgr @ips Mhiteh Baveudsta thepdkbonpakbdetadngd 1)

ut ed_by oxiranyl or |Cld aryl,
Rt $10 ar BT OUB LPRBhgT Lhgr y1E Sipstt Geaa ey
aalﬁwnyl hheeeoayylyils askatafl nedaalaoyé anchraidesny| ainsde,
iC 0,C6;2l kyl graups, i
%anyh ?neylﬁ?ﬂg?%?%e hyg}og@noat oﬁsklyprg\f gr‘g jryrgjé:ne2
tﬁr@rf@}@fb]a/t ofptar mosabsthamt éavdby oifal ohen Rpr efRer amg R

radicals are hydrogen; more preferably, not more than

one of the R, R? and R?® radicals is hydrogen.

The particularly preferred initiators include Dbenzyl
halides such as p-chloromethylstyrene, hexakig (a-
bromomethyl)benzene, benzyl chloride, benzyl bromide,
1-bromo-i-phenylethane and l1-chloro-i-phenylethane.
Particular preference is further given to carboxylic
acid derivatives which are halogenated at the oa-
position, for example propyl 2-bromopropionate, methyl
2-chloropropionate, ethyl 2-chloropropionate, methyl
2-bromopropionate or ethyl 2-bromoisobutyrate.
Preference is also given to tosyl halides such as p-
toluenesulphonyl chloride; alkyl  Thalides such as
tetrachloromethane, tribromoethane, l-vinylethyl
chloride ° or 1-vinylethyl bromide; and halogen

derivatives of - phosphoric, esters such as
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fluorine or chlorine when one or nore hydrogen atons

15 are replaced, and preferably fluorine, brom ne or

b j [ hydrogen atomis repl ace
g@ggggs&ﬁi%ﬁgﬁgve 1 to 6 carbon atons ag%%éngbsgyb51304
substituted by 1 to 3 substitgients (preferably 1)

sel ected fromthe group consisting of Cl- to
Gdimekbyxyph@8phoyi] belerndgcl yl, ketyl, acetyl,

am ne, am de, oxiranyl and glycidyl, and m=O or 1;

m=0, 1 or 2. Preferably not nore than two of the R1,

- R apdrRBeuladi careunr eohydibieratamy e PR DI \Eohotthe

neyathbads ongs of phiekRl, cg?oﬁﬁqef@ radi caksaskS of  the
hydrogen, 25 The particularly preferred initiators _,

i HRFEEENbERZYPYS hallhEsS stRMTHe pMaRFBFPBAEEHY RSt roshEals

Eﬁﬂak:}_S(taj kz:j,on@jf@fl'@ﬂabll@enlﬁneol bBRZJyédIJ&%mj desnd more
enz rom de, . 1-bronmo-i.-phenyl et hane a :
LRI ST Y by | EPHARBY SOOBarrFCHTapPar & enBe 730 R
f ihéber mgcvematid cedsbowayt i loe aelldcdedi vatanvesh@hgrhup of
e _hal o the a- _.positiqn, f opyl
gﬁﬁ?onnpggﬁ?%ﬁg§gﬁsneth%PCHZ-Chﬁgropr &22%; fﬁ%%%§| oF
Z:’@hlf:@r@mgﬁpﬂl@ﬁate,PQMSMOX@QﬂIOWQPéijP@H&Fé orsehy| as

Zp@I?QPleP@:% Yicaligte 38r PrRf18hanes Ichedl §Q:8bYendiQesters
tosyl halides such as p-,toluenesuhg?o Iochlorl
h

€,
RGP R | RELYESRAT S 3G Cr alRl oPb Wi &ad group-
Lfthlbé@f@ﬁéhﬁi@blé- Vingydretdole cudldsar | deher avdinwyodtdayllar
romi de: and._hal oge derivati.ves -of phosphoric.e r
SRR SS90 980 FPLTS 8RS BCT) BDGO TG S T DEcRBLE! Soo
dim@t I HSphopyk felbbivdebettvpan t i1 Car aghoui® #00 and
phiLa Qre%e_%lé'btl%blEe%@éﬁﬂhQSO%ynéltﬂ&S!Z‘cﬂ ol 068 initiate
copol yirers is tHat of the 5 macroinjtiators. These ,
f 2@ ur ATRRr onsiteculigr r 8dEeal sPPRSIPEY 3, trefEidbl paid

]gmé@rﬁép@é@péé, f a«g%cmsor Qlaxg& % g&a?_bg i sl veadiecal as_ an
romthe group.o , a . ese, macroradi cal s

S A G LA R e oD ST oy Joe fHe 5 2
stiedimaise podlyel hyl ewgshomat@ojaliypeepylsenss; this type, it
pl()éySbl)g)églgfg; %.%l yelt)arllz? Pl g{”‘ 930 form ABA triblock

copolymers.

A further important group of initiators is that of the
bi- or multifunctional initiators. With multifunctional
initiator molecules, it is possible, for example, to
synthesize star polymers. With bifunctional initiator
molecules, it 1is possible to prepare tri- and
pentablock copolymers and telechelic polymers. The
bifunctional initiators used may be RO,C-CHX- (CH;),-CHX-
COR, RO,C-C(CH3)X- (CHy)n—C(CH3)X-CO3R, ROC-CX;—(CHy)p-CXp-

COzR, RC(0O) -CHX- (CH3) ,—~CHX-C(O)R, RC(0O) -C(CH3) X~ (CHz) n~
C(CH)3X-C(0O)R, RC(0)-CXy-(CHy)-CX3-C(0O)R, XCHz-COy-(CHz)n-
OC (O) CHX, CH3CHX-CO,- (CHz) ,—OC (O) CHXCHs, (CH3) 2CX-COz~

(CH2)n-OC(0O)CX(CH3) 2, XCH-COz-(CHy),-0OC(O)CHXz, . CH3CX;-COz-
(CH;),-0OC(0) CX,CH;, XCHC(O)C(O)CH2X, CH3CHXC(0)C(0O)CHXCHs,
XC (CH;3) 2C(0) C(0) CX(CH3) 2, X,CHC (O) C(0) CHX;,
CH3CX,C(0)C(0)CXpCH;, XCHp-C(0)-CHX, CH3-CHX-C(0)-CHX-CHs,
CX(CH;),-C(0) -CX(CH3) 2, XCH-C(O)-CHX;, CgHs-CHX- (CHy),-CHX-
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pol yet hyl ene oxi de or pol ypropyl ene oxide; pol yesters
such as polylactic acid or other known end group-

{g@g%@%iiééﬂe macr onol ecul es. The ﬁé@gﬁbfsymslsu

each have a nol ecul ar wei ght t ween
15 and 100 OOO pr ef er abl y- be% ween 1000 and 50 000 and
nore preferably between 1500 and 20 000. To initiate
t Bdls ATRE L 10X + 6CHd) s oCHoshHbl eCdfl-U8e(G8lal - CX2-CeHs, o, - m-
MBET QRtRC e sl C@ haye groynsysuikt Al eursuan o, - n- or
|n|t|ator at both ds, for exa 3lelnthe for m_of

20~ HF%&@%TMQC& Wty T d%lRTCA%SKS B Gt ot ﬁye m-

&y | xm}gichgtnh&au ln@ultaf t&ﬁxﬁﬂgmo‘z\séhtmbd)ﬁﬁkzx_ o,-
copol yners. ur rtant group_of initi rs.i
t’ﬂato%pr%CH%Sc%% %opcgﬁ??ﬁ?{ﬁ]ﬁ%:'tl Sonaf™i ﬂFtPal@i&g?éX_éoz‘
Wmmmw)tdxf (ams)4, onaH3cx2ncotmmrooml yexutes, of-i - or p-
e, sy esl.z I S .
R bor i R ok o = M by o et PRIMTR By 4o
tohboepaee. brominandr m@ﬂmnthcoﬁolghm&slm (CeHs) ; R

tf%ﬁ Qgéﬁg p%éﬁ&?%émégbg Qd?bgyngk'qnﬂb Q@'Eb%&Q%Satoms'
use e C_(CH3) X-

(wirHyhn m@f(dpe) xEco Rneﬂgzc- éxanbeﬁz) °|r| exse ceRlic
Egifﬁat&%g~(ﬁ&?)ﬁecﬁgtgggkgd B ﬁﬁhoc(eﬂek%d@ﬁﬂgb&urated

§ED3X'C(O)R RC(O sz %ore aromatlcg 6ér is aromatic-
QHBEHX- 662- (rCHZan%:(nO)CCI—ﬁ@I—BO ( ClE3)eZEx-c002 3Es (GhHRPN to

%ﬁxoa—lg % W%& o%‘)‘z(&R 5%@2%thy%%b§%%e

CHBTHXOED) @) CHXEHBO1 XCEEHD)-TeamecoyexbeHprppionate) ,
ety é?% & 0) %%m%‘%@é&%@)c@( 0) ORCH3, diethyl 2,3-

@«@F@)@“@@}t%)(( cid) 2, a% CHOE( 0) t@_D(Zmonomer used is
%5&7&%&% CHiX t\Wo 2&81193:{115848 WREIGIEP2007 / 3t3@hined

d%f C6H56é:x2 (GH2)ri CX2 C6Hs é
GH I Or W OGOPEXCH2- Ph- CHRX, o,
-morpCI—BCI—D(PhCI—D(CI—B 0,- m or

pcét%@;@ P%cféﬁ%@cﬁ{f gelihi PLaP- GHBEX2Ph- 1 X2CH3 401

FﬂQK}QQQ@Q Pﬁrﬁﬁmmjnmgylyocogpﬁr @pmplexes are described

G- Cgégeu%O s&y - 1%1%ep ﬁ%@&@% CQ.%“on,
Ph OC(O)CX( Y2, CH3CX2- C02- Ph- OC(0) CX2CH3

FRobelkd CobT PRLERY OFERETGS S, -MPhY erﬁl%o%lbﬁeéog%mcr

(Pa1 Badium, rhodium, platinum, ruthenium, iridium,
ytterbium, samarium, rhenium and/or nickel. In general,
it is possible to use all transition metal compounds
which can form a redox cycle with the initiator or the
polymer chain which has a transferable atom group. For
this purpose, copper can be supplied to the system, for
example, starting from Cuy0, CuBr, CuCl, CuI, CuNs,
CuSCN, CuCN, CulNO3, CuNOs3, CuBFy,, Cu (CH3COO0) or
Cu (CF3C00) . |

One alternative to the ATRP described is a wvariant
thereof: in so-called reverse ATRP, it is possible to
use compounds in higher oxidation states, for example
CuBr;, CuCl,, CuO, CrCls, Fey0; or FeBri. In these cases,

the reaction can be initiated with the aid of classical
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chlorine, bromne or iodine; Phis phenylene (C6H4); R
represents an aliphatic radical of 1 to 20 carbon

a%8”§o&9§¥?k§ gmay be of linear, bra”Ch§8T9EP§bﬁ?/051304

ITcC ure, may be saturated or nhono-
poI yunsaturated and nmay cent@i+~ one or nore aromatl CS
or is aromatic- free, and nis fromO to 20).
Pfeéereadicad dgoverertso fisi ngxdm@dleéuhaBydi Ghis initially
dj I gpate) th I
#%% gégngh E%%ﬁ%ﬂywﬁﬁ c&@p&uﬁd% LS Q%ﬁ%oare

rono- propi onat e

2r§aqt@<ﬁorma§hpat: eor faieet hyqadzcadsm W%at@omf the

at1a861 L8 MRQIBL AR | SorkORYer Rederkhe Azaiperhas also
nmol ecul ar weight is determ ned_ fromthe ratio of

i APEF a6 CEGPREmonER t 03 EAR Al Y31 SWRY APRP Mty laszewski

deh aih €doimdl Ebenes Revo92001vo1 1018, 2921752 efidm nant | y
copper conpl exes are described - other conpounds al so
used include those of iron, cobalt, chrom um

nmanganeset obl ybdensm ASRPveérs, thamc o225 hpalddditimnal use

rgfd'%EkaﬂlatHHP”]tﬁgth%@aneﬁﬁi é&q%n yEEgEg'umAssumed

samari um rheni'um and/ or nick n general,
PORBPHPROT bl ereat HPR Wﬁéhsuttheontm%ﬂté%p@@ﬁéé qmmp&’wmds

Q@F EHénh§gﬁ€906X§M8k§oﬂﬁ%Qa&%eﬂﬂﬂﬂééﬂdybdﬂ 5dﬁéleratlon

pol ynmer chain which has a transferable atom
3t t Hike p6|e6‘6’§é°n00665? camrbe AFRNSSSEd €8 t %’E%kf%% in

faetatXatmplwo s8a404ngy. from Cu20, CuBr, Cud, Cul,

CuN3, CuSCN, CuCN, CuNQO2, CuNGB, CuBF4, Cu(CH3000) or
Cu(CF3CO0). 35 One alternative to the ATRP descri bed

i Bha wadkantratimer ebf triamsdg-ical |retakyvépsmoNTRRNGHional

| 5, possibl e ;o gé&?@r&ﬁ%"%‘@hhﬂ tﬂ&&h‘f:én%é' dat | @nm 1 to
st at es, or exa r2, CuCl2 3
ok 0 FbBr Brelfﬁrﬁhége“@%@él theeraaget odn Tan 1be O 3 and

it at ﬁ/@ﬁatbwlemﬁﬂtduef %h@ﬁShcaabe\ﬂibzoo(?/alﬁ8ét& 2:1,
PCT/ .EP2007/ 051304 - e-radj.cal

SSAETEE Al BN TRASCTEAORS| (S50 aduchs | RBcEIdnsifPeRe 2
ned et r cotpaunds, since they are reacted with the free
radi cals obtained fromthe classical free-radical
formers. Reverse ATRP has al so '
The molar ratio of transition metal to bifunctional

initiator is generally within the range of 0.02:1 to
20:1, preferably within the range of 0.2:1 to 6:1 and
more preferably within the range of 1:1 to 4:1, without

any intention that this should impose a restriction.

In order to increase the solubility. of the metals in
organic solvents and simultaneously to avoid the
formation of stable and hence polymerization-inactive
organometallic compounds, ligands are added to the
system. In addition, the ligands ease the abstraction
of the transferable atom group by the transition metal
compound. A list of known ligands can be found, for
example, in WO 97/18247, WO 97/47661 or WO 98/40415. As
a coordinative constitueﬁt, the compounds used as a
ligand have at least one or more mnitrogen, -oxygen,
phosphorus and/or sulphur atoms. Particular preference

is given in this context to nitrogen compounds. Very
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5 been described,. inter alia, by Wang and

Mat yj aszewski in Macronol ecul es (1995), Vol. 28, p.

7542 kant of reverse ATRP is t

a@éi tzlt)ngéﬁléggb of netals in the zero o%i%g‘ét%%g?'ag{gtsé?’u
Assuned 10 conproportionati®h with the transition

nmet al conpounds of the higher oxidation state brings
absutigudekermndigremnte t Re rakcen ofor atetr JYRIE- processing
| spdeseri bed dahgdet aklajg YO 9814041k 15 The, flafgine,
ratio of transition netal to nonofunctional initiator

i ¥/ YeNer Bl [y rRPACEREChYAGESENY6SDECTIRB N0 1{PMDETA),
pl’:@ﬁ.@'(@g{aﬁﬁiﬂbbﬁhﬂ}l'} Eﬁihénng@]ﬁNg; 1:1\%, 1 ,qvg;lx?lu sk r S teny 1 -
prefera Wthin the range o .1 to 2.1, wthout
DY A EBRt B ERat ™ nt o chot P Wity e ! i ene-
restramihen. Vdlewahwlar ihd&brmaal o atsi tilen selakbtion and

oelipethons dathatonel g SR AT Lhe 1ok

e rangée o
0b2: theopérsonndk2bladr énpthéeaabl ynwWWOhPR/£H€1bange
of 1:1 to 4:1, without any intention that this shoul d
igﬁose a restriction. In order to increase the _
sehape| Ligeptst emefls Faordigahienssrreptsdangith the
shabhlangempbyntie avai dsthe 39 fanmti urof g aldepared
and, hengi polsymsri zation:-inactive or anor%t allll [ Cy g
cOMPBURUSY By arifsr e aiftfe d “PBPPHBIS syt nt ey pe added
atdi thenretbeibhgaindsuease the abstraction of the
transferable atom group by the transition netal
conpound. A list of known |igands can be found, for 35
eRaapl satip WOI97/Ligd W07/ 4766 tronsWoios/ 408tel is
A&e?én&Qﬁ’Ed'd]@éﬂ vereonathtuenty the compoundsnusedhd@s the
a I gand have at | east one or nore nitrogen, oxygen,
p%%%ﬁ‘%b?%’él%d/rbmkéﬁﬂ pRdr %ltl%ns’ira}@agrlﬁlcqﬂ afehPef e?bé)nce In
| Se@bv&N, | Bhkhirfolcont eXtiH0 iR tiPgeReCAUPANASE VEDY1l to

Vet oF enBBSTE-gPyn oG it byl BT ol P g Creharabay 31

ltgahds, Exahpliesanpclindenidh- bihpyr itthime shoN1N, Nmodse a
" ' . - pent anmet hyl di et hyl enet ri am ne ( PVMDETA),
Nk 5%%%%& hyl)am ne (TREN), N, N, N, N -tetranethyl

For the products worked up in accordance with the
invention, there 1s a broad field of application. The
selection of the use examples does not restrict the use
of the inventive polymers. The examples ghall serve
solely to indicate the wide range of possible uses of
the polymers described by way of a random sample. For
example, polymers synthesized by means of ATRP are used
as prepolymers in hotmelts, adhesive compositions,
sealant compositions, heat-sealing compositions, for
polymer-like reactions or for the formation of block
copolymers. The polymers may also find wuse in
formulations for cosmetic use, in coating materials, as
dispersants, as a polymer additive, as a compatibilizer

or in packaging.

The examples given below are given for Dbetter

illustration of the present invention but do not restrict



5 ethylenedlan1ne or .

1,1,4,7,10, 10- hexanethyltrlethylene- tetram ne.
Val.u tion on the selection a '
O?bt29596%?§?%ggl conmponents can be fou%ngggg?Rz§bBQQO4
person skilled in the art £n2¥0-98/40415. 10 These

I i gands can form coordi nati on conpounds with the

nmehal icoepoimustd rtisd tieadrurntdasedisanobedphepaird
initially as coordinati on conpounds and then be added
to the reaction mxture. 15 The ratio of ligand (L) to
transition netal is dependent upon the denticity of
the ligand and the coordination nunber of the
transition metal (M. In general, the nolar ratio is
in the range of 100:1 to 0.1:1, preferably 6:1 to
0.1:1 and nore preferably 3:1 20 to 1:1, w thout any
intention that this should inpose a restriction. For
the products worked up in accordance with the
invention, there is a broad field of application. The
25 selection of the use exanples does not restrict the
use of the inventive polyners. The exanpl es shal

serve solely to indicate the wi de range of possible
uses of the polyners described by way of a random
sanple. For exanple, polyners synthesized by neans of
ATRP are used 30 as prepolynmers in hotnelts, adhesive
conpositions, sealant conpositions, heat-sealing
conpositions, for polyner-like reactions or for the
formation of block copolyners. The polynmers may al so
find use in fornulations for cosnetic use, in coating
materials, as 35 dispersants, as a polynmer additive,

as a conpatibilizer or in packaging. The exanples

gi ven below are given for better illustration of the
present invention but do not restrict WO 2007/115848
PCT/ EP2007/ 051304 22 the invention to the features
di scl osed herein. WO 2007/115848 PCT/ EP2007/ 051304 -
23 Exanpl es
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Exanple 1 A jacketed vessel equipped with stirrer,
thernmoneter, 5 reflux condenser, nitrogen inlet tube

a@& g5 ?Pifge%%“””e' was initially Char969/§9§g67¢6?5804

a m)sp ere w of n-butyl acrylat

butyl acetate, 0.2 g of copber{l) oxide and 0.5 g of
PMDETA. The solution is stirred at 60C for 15 mn.
Sehsmplent |y, 10 0.47 g of 1, 4-butanedi ol

di (2- brono- 2- et hyl propi onate) is added at the sane
tenperature. The mixture is stirred at 70C for a
pexsFRle zhtion tine of 4 hours. After introducing

at nospheri c oxygen for approx. 5. mn ,to termnate the

rBadPckRied LT EANGEPEEDI Tt acPE T Fs ddFFdO RS -

spbathen ybmhEdnhasd, baﬂtm@eml sth1def orwhandind dropplng
i n_col our__an

t ly b
SBRIED s i rbr el R SRanale vindt 80 e Madelie it
meﬁng af f am-éﬂumyat edcpryésser,e fBl.Oragtioh. butrel neaam?tate,
'd| g Cg?‘ aC%. i I'i‘r:} ”&% | egulsar 8W§| 8'“030 PMDETA. The

al Iy ter m ne
neabut epents. Wmﬁpp@t &ECentomnf 15 @lii’led SSdfseesttly

thegfigtpate, Msthgﬁeggb@rQlﬁ@ﬁk@bﬁﬂﬂﬁﬁhéﬁhY¥S§oﬁmbhate
remai ning_solution is adnmxed with 8 g of _Tonsi| 25

ot i mfFedo FE (*#}%memheﬁﬁr@serastwrﬁed s Fosfde is
a@ﬂlrzt-&ﬂagatl |7té)@lte]9fdlohﬂdar peﬂqm&tmamgﬁ«lsutgné hbdugh laturs .
vat e car,non | a el tz
e PSR lnh L Ao Rl 13 SR TE ot B EPBTgr ¢ &
fracteominabe tsledeieercmammj by EI&aEmSOﬁf tMSgélyretOélGP@Cld
ésu%aﬁéat %@ﬁ&{{éﬁen @@Hﬁﬂﬁb@ Abb@ﬁkekﬁ%enlsh

vessel equlp stirrer er nonet er, r ef
cemEersleand nﬁPP@@éﬁePHﬁéY h%@rf@@d %ﬁ-@p?ﬂﬁﬂgmssoﬁ-eﬁﬁeland

V&S k@&itl %UleCh%&Qa%q NdefeAn Nt ¢ at mpEpherre 1whrblRidh gis

of n ut acrylate, 15.5 ¢ gf but acet at e, qJIZr .
SR (Y GRS and 5 g Er S BhPERACSTRES farliekion-

I"_Shét infer=8d afol@@ﬁlfa(if eighn. Snbseq]mentrhqlecﬂaéh:g evedfoht

1.4-but.anedi ol di(2-bro t hyl i . )

S AR P EB007 081404 oy BLOBLRIAL®) Yoy smc

measurements. The copper content of a dried sample of

the filtrate is then determined by means of AAS.

The remaining solution is admixed with 8 g of Tonsil
Optimum 210 FF (from Siidchemie), stirred for 30 min and
then filtered under elevated pressure through an
activated carbon filter (AKS 5 from Pall Seitz Schenk).
The copper content of a dried sample of this fraction
too is determined by means of AAS and a GPC measurement

is undertaken.

Example 2

A jacketed vessel equipped with stirrer, thermometer,
reflux _coﬁdenser, nitrogen inlet tube and dropping
funnel was initially charged under an N; atmosphere with
15 g of n-butyl acrylate, 15.5 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
0.49 g of 1,4-butanediol di(2—bromb—2~methylpropionate)
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is added at the sane tenperature. The m xture is
stirred at 700C for a polynerization tinme of 4 hours.

A&565ob995g95ghn9 at mospheri c_oxygen fobg§PEF9607§o§h§o4
e react ecy

term na ion, 0.8 g of n-do
mercaptan 5 is added. The sok4it+on whi ch had been
greeni sh beforehand spont aneously becones red in
cobourddad aatrethsol $aner ecémperdiesrout . THpe mixture is

LPLVERERORE % G Cpbeda MoTRAAN AL Bh tine of 4 hours.

evat e ressure trati on. The mean nol ecul ar
wAf §RE amrpﬁ@cmge&ﬂmsmﬁm REIPR hEOF o RPRF Odfr-e © Min

ftB?'tE?m@};ﬁh@é{jntﬁ@g r%c%lﬁgn”?@ts@r @mmf tsﬂ dU&acﬁﬂpﬁ@rcaptan
content. of. a dr.ied sa e o0 e filtrate i s

déFerﬁq@ﬁ?tw'%%%nsSBEBEASn ﬁg“f%ha hadg b&?&tl&ﬁ?%?lSh
aﬂﬁféﬁdhahﬁhéquaﬁhiﬁﬁkmﬁ bé50ﬁb§HﬂHﬁZiﬁ ko ldummnd a

stirre or. 30 qrion en. filtere

uﬁﬁérsghévatéﬁﬁﬁps§ﬁ¥§;f%rougﬁ fl&@ |va?ed%baqgfeCted
fbit ereafhAKSD 5 ﬁnomﬂaﬂdte§ﬁnnea&ﬂmmkﬁlltﬂMEl@@ppﬁhe mean
d§8189ﬁ19£ %eQBh%d ﬁéo%oggbﬁlgga%@ﬂgﬂtté%%ﬂfibutlon

term ned y means O C measur enment

i arandéredien daterEined Y EXBRpleasuAclgekEt edDfeskaPer

egohpeed Vit h st grhen, sARpIBMI®r the ekliuxrgeadenserchen
nitrogen inlet tube ang dropplng 25 funnel is

i APEPEPEYSdhBY gBBRURdRF 2A° N2 at nosphere with 15 g of
n butyl acrylate, 15.5 g of butyl acetate, 0.2 g of

d f T
CPRR P il Bs® 80820 0581 MBI, IRG 9 UbEOThdiain
1thbmmmnéﬁDoFFd|@20mr6ndCEemeEhyl§¢@§K@daﬁ@¥ @@um;n and

added akltﬂa%réam% Jdrfgeer %}E\%té@e B}éEHﬁEe' s th%b'ubhed an

at 70C for a ynmeri zation tine hours.

Af t
|%@?bﬂ@%?ﬁgc%¥hﬁ§pﬁé?F@roiﬁﬁgn5féFongF&% 3?%%%15qg?nk
trena nggeﬁﬁ’h%drﬂﬁ;ﬁd gcma O/§b@r<ifed'|—cmﬁmﬂleopbf rrum%l&;i?%tlon

m Sudchemi e a 0 t wat re adde
L6 SaLE s tarCrb R ER=RS BF| P Sel So0as meas chent
slivseqdentakéehtration is effected under pressure
t hrough an activated carbon filter (AKS 5 from Pal
Seitz Schenk). The nmean nol ecul ar wei ght and the
nedrpakativei Bpameletki buti on are finally determn ned

by
A jacketed vessel equipped with stirrer, thermometer,

reflux condenser, nitrogen inlet tube and dropping
funnel is initially charged under an N, atmosphere with
15 g of n-butyl acrylate, 15.5 g of butyl acetate,
0.2 g of copper(I) oxide and 0.5 g of PMDETA. The
solution is stirred at 60°C for 15 min. Subsequently,
0.48 g of 1,4-butanediol di(2-bromo-2-methylpropionate)
is added at the same temperature. The mixture 1is
stirred at 70°C for a polymerization time of 4 hours.
After introducing atmospheric oxygen for approx. 5 min
to terminate the reaction, 8 g.of Tonsil Optimum 210 FF
(from Siidchemie) and 4% by weight of water are added to
the solution which is stirred for 60 min. The
subsequent filtration 1is effected under ©pressure
through an activated carbon filter (AKS 5 from Pall
Seitz Schenk). The mean molecular weight and ' the

molecular weight distribution are finally determined by
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nmeasurenents. The copper content of a dried sanple of

t hht o hs then determ ned by nean f
Eggngpgséilggxhjgacket ed vessel equi pped \%\IIC? Eété???é?,s.mo";
thernoneter, ref |ux conden3®rs nitrogen inlet tube

and dropping funnel is initially charged under an N2
aBROspkeseraimehts10 Theofcomidy | comtéraicr 9F ape drisd8 gpmple
Obbubyl £2ELEALE i s0rRell GL-CPRPELA! by O¥LEL aDE Ba§.

of PMDETA. The 10 solution is stlrrvedyat 60C for 15

m n. Subsequently, 0.47 g of 1, 4-butanedi ol

dik3mpLren®- 2- net hyl propi onate) is added at the sane
tenperature. The mixture is stirred at 70C for a

pR| yiketald ofets8E @lnd phedr SvittAf tek rirakr, odiitimgmeter,

at heri c oxygen for.,approx. 5 nmn 15.to term nate .
t]ﬁggi‘g’éct?%ﬂe%gir g o?lﬁfﬁ%?%ap%%‘g%%a#&fbei sarhdg]de Oppbing
Thensel uf s onnwhiieh lgadhsegedgeckirs lan Bef eretveplhere with
speni aneo C Lp_col.qur sql

g oy R Ry CREPRALE 1 B Ol 3L B0 Aodace,
0f - Ang el @V ateiRneEBur ©#ide r ahfon? - The nefén EMPETA.  The
”Qb@&t‘l@ﬁ wel gitti andhh t be nloecut s wei ghty | disiddRptdQn y,

are finally determ ned by SEC neasurenents. The copper
contén? 8f & dritefeesidice ot h@nama e iy rgpionate)
dﬁéeg&@@@a& byt megtis Cﬁfan%\S.telﬂﬁae—H‘Ea:dJﬁé’mi Mmhyg Saldaduren is
IS adm xed wi of _Tansi Optimum 210 FF _(from
STHENBT O T SUTFT efOT oF 90 M7 ARbr 17 1 G o OuZS:
uhfieer elirvabddcpngs st sifieaigh arvgerct fonat egprarbord min
filter f Wtz k The COPREY.

c%éﬁt gr?trg@#@gédr?g%n ggh}%ltgggf tﬁﬁ{q‘frégt izon%so too eitsha]flOl
des er APAed - by TheansSet UARS  an#ha c&PC hchsuPefignt gregnish

upsestakend Woo20RHeb12848 FEdoEEZ00-60518040120r and a

Conpar ati ve Exanpl.e 2 A jacketed vessel equipped with
0 r Bo LB ROTB GRS, S BEmdEnoGFo CHPES ogers  fected

iy etnebitibe cdadr efpivag ed-wieelsure | M lttd@add yorchargedmean
L%E%%céihﬁawéigﬁépgﬁkﬁ ggérhmlecular weight distribution
are finally determined by SEC measurements. The copper
content of a dried sample of the filtrate is then

determined by means of AAS.

The remaining solution is admixed with 8 g of Tonsil
Optimum 210 FF (from Sidchemie), stirred for 30 min and
then filtered wunder elevated pressure through an
activated carbon filter (AKS 5 from Pall Seitz Schenk).
The copper content of a dried sample of this fraction
too is determined by means of AAS and a GPC measurement

is undertaken.



5 10 g of nethyl nethacrylate, 15.8 g of butyl

acetate, 0.2 g of copper(l) oxide and 0.5 g of

PN Iutlon is stirred at 60 r
EEéﬁagZ?ﬁssigo 47 of 1, 4- butaned|oICPE&‘/E;EOHW‘051304

d|(2 bronD nethylproplonat2§ -is added at the sane

tenperature. The mxture is 10 stirred at 70C for a

pSbmperataveoExampdeo? 4 hours. After introducing

at nospheric oxygen for approx. 5 min to termnate the

r dacidarete8l gvessFbnsiduigpedmini D1 0 sEFrrety oihermometer,

SHQQ@@Q‘eEoﬁHQnééQby M@tgaéeﬂf weier afgaddadst Qrddifing
solution which is stirred for 60 mn. The 15

fEPPRELi 6f F8itfirddve By IRhNIRT 47 N2 atmosphere with
el ovat eff phesisrl emethbtrgtbes, t oWy adf alicyat ettetate,
ﬁsrzon filter AKS frq Pal

a

Sei.tz Sc K). T
SNES 98 hanfol Bcdl & %gi gWDQIeA- The
dbsnntbuhiamznmnfrmalhy aﬁ%brﬁmnedSbmlﬁECSubsequently,

THRRA TR, 5, The SORRR Ol Pl 20, 01 A DI o

V@BZO@@ﬂQiS8ﬂ@ FCH¢EP%@@5/OE@QEEK3VWQ3 THl e Mixture is

10 Eé@ﬂpksdEé%rmic@cl Exangl 2 S E%ﬁﬂ@' 8£3 (%u hours .

1

w

20

ngarlson Mononer n- BA n- BA MVA MVA
cBREBAL ﬂalttrfsﬁlugﬁﬁeoﬁtr@smﬁgf/lgr (POI9RRer F 25t PERYOX- 5 min

Pegcipirhant t&GAha- BBt i WEOHS- gAdgorieeRt 1- Optimum 210 FF

| ox/ si [ si.l Cu t 0.1
o) oL e B SRR P PR b B9fa o
Adser bertluadiaxy si Whtah alicx/ sstirmédal dosil bCahin. The

aRoxLsLL1 g/ ; al 85%2!:‘;%83‘83/ 'Pﬁ%’é}aé &AQE %g(':dé%‘ﬂ; S%essure

concentration O
p§i §traphen f |uhtrpa1tghonf)1nsa@§mvmed3 @aﬂﬁ@sv@ Ifl@tr?g?/ g %K@ 5

Bt 8m- phalt eeigddiddamk) Equingl #8488 AoB8cdidr- wkidht and

relative to Cu
the molecular weight distribution are finally

determined by SEC measurements. The copper content of a
dried sample of the filtrate is then determined by

means of AAS.
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-0

S content 6 pg/g 48 g/g -

24 gl/g

- (2nd filtration) M

carbon filter

8900 9800 9900 9300 9000 (before purification) Mvt
Wa- 3 1 g4 1.17 1.22 (before purpbiabs 8y odso04
48,2808t 8a88% 5400 000 (aftor purifiocrees007foxh
1.19 1.18 1.22 1.16 1.23 {alier purification) MA =
nmet hyl nethacrylate; n-BA = n-butyl acrylate; n-DDM =
S5Tabdedécyl nercaptan; TGA = thioglycolic acid; MECH =
2 mer captoet hanol; al ox = al um ni um oxi de; ACF =
getivated——carponr fitter— WO 20071115848 ~ nL )
PERER2007/ 05138%ample 28| [Exaipdedd ¢ 8pTopriaeh d Enarle gmcepearison 2
exanpl es that [the alreagy very good fesulits with
aadsorpbents for] the renmoyval of tfansition | nmetal
¥Parexes (in thi d™Basel coppe?  conprBies) f 7 8 MMA
Pel ¥BREnSRkd ons can be cl ear bijpddir vEegbgby the
precedi ng pr eC| pitation with sul phur conmpounds. In
el té@)adduced,—which do not serve torestrict
heciprasent invent;Aon n mopvway, , t-hr ee di iMEer ent -
rca tans usled as regylators |n ra;j ‘I:
2 7 zat | of wioer o ||co'~| f or 5-1 ;’qa\n 1N ThralOX/Slllca
o ]llul —ZCC vWoT O \" L= Ay v | LA Wit LU LA
;mesernien@aamml es. W gbased nm/gt heMATp@ngr o(céssg/gT_he 22 ug/g
PLLTEILERLLGT paranerels were spl ect ed sych that It
REeE€EeSSary Tt o WorkK—wWtrn—par i curarTy mogn——Ccoppe
gisosRht at | ongialdxosilimel ecot/ arlive] ght/ 1156090 slokistliion | alve/silica/
bi functional ijnit iA@;; or.| 15 |t is|evigent fromdthe ACE
esutts—forExanpte—ttmat—cort -‘ngonul g SUI%HUY
onporadsatird dpendih| &-9ety/'9 smhlf 1M9EgceSs0bagdd ot Ha/g
1 heatfiansicti,on metal coprpound, |ead
S content 3.0 mg/g | 3.9 mg/g - 5.0 mg/g -
(after addition)
Equivalents 1.09 1.4 - 1.8 -
relative to Cu’
S content 6 ug/g 48 ug/g - 24 ugl/g -
(2nd filtration)
M, 8900 9800 9900 9300 9000
(before
purification)
M,/ My 1.20 1.18 1.24 1.17 1.22
(before
purification)
M, 8900 9800 9800 9400 9000
(after '
purification)
M,/ My, 1.19 1.18 1.22 1.16 1.23
(after
purification)
MMA = methyl methacrylate; n-BA = n-butyl acrylate; n-DDM =
n-dodecyl mercaptan; TGA = thioglycolic acid; MEOH = 2-
mercaptoethanol; alox = aluminium oxide; ACF = activated
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T enovl

to very efficient precipitation. It is also evident
from the exanples that nore efficient renoval of the

280t 5685(&&\%@& tal conpounds from the %%'T‘}Eb%ob?o 1304

real i zab all thiol-functionalized reagents t

is possible by an al ready-op8iai zed workup with
adsorbents. Neverthel ess, suitable selection of the
pEECﬁpiCéaarlalbuméenhefpamttbalaKamE$ﬁ$tth@tbéhe already

C%ﬂxﬁyege%Hiﬁge 1§§ gggér éﬁ@s rOftﬂQ|§%moval of

nerc tTans such as T I n_nonp la I's probably
nﬁrénéitl@menﬂ@t@énve¢@@P¥eX%%nde@r E?E%lp@@&ﬁts copper

SHERp Bex8s POM @ 6o dMffers Wd1alkli@nish Rel 8k cedidy Diproved
addl?lonal functional group such a

cohol ro
REOHRS oPraredtid %‘?'?fd;?l(t?é&)oncéeﬁ §818}%H5n88m?%%n3§o In
renévakamﬁlé@ea@&@@@@ swih pdtur de onpousdrvd heo dagéscoict the
res dua ur_contents in.the ta ke Ireadg c
CREarEat Rttt Bno oy MR, | BBE §RPrEreft (f8f¥aptans
puseésasaummmﬂaupna)imerbdieaﬂiQmﬂaMEmwgaamonnmmeaseused
igort Feéﬁ@l%@tl( Cg,[fl ci ency over and above this. 35 The

conpari1 so e nol ecul ar wei ghts and nol ecul ar
m@hghpréﬁgﬁtl@&@m@h%sb@@%@éb%%@éa@@th$h%T%BrR{QFﬁﬁ%HnThe

aﬁblmﬁéﬁ%@fw@@af&%ﬁ Y- £ XM BSe 8 v tﬂ}@tt the was
net hods enpl oyed have nqg i nfl uence og%%gﬁ
CREFERIRYTY st itCs. WeF 5007 5842 PETFE %1@82 erpper
Ck@naantﬁatiﬁw&oes$o®0ﬁmjkém@ﬂbmg waadtsi t i B Metcdlution and
ounds #:H1Q?G%“Er sol utions, characterized in
ansi

t?h U R G i%o1 ‘et al conpound IS precipitated
byt mesns evfideaddi tfirom ofha steswbie piceci pkeapiieantd that

tggPré%?ﬂ@ﬁ%gmpysuQEﬁﬂ§ o%o%ﬁé&ﬂég' ORsed: 5@&&63§1f9r very

ansi tion netal conpounds 10 from poly
sehat} oﬁepscca%%d%ﬁqsﬂg qp theaitrensitdéRar REERE| %rap@lﬁn%altead

the peegi pEtadlehs Brésd tioNpounts SlsProeassnd ofrom
(SR 10, LEgne! {0 e Comeuthe 10 LLamBr Y o
t beassd tphutt  corpalnd ¢endyudidzgenfrom  the  solution  is
realizable with all thiol-functionalized reagents than is
possible by an already optimized workup with adsorbents.
Nevertheless, suitable selection of the precipitant
allows the particular result to be enhanced even further.
Thus, the use of polar mercaptans such as TGA in nonpolar
media is probably more efficient. Conversely, nonpolar
precipitants such as n-DDM are more suitable in polar
media. An additional functional group such as an alcohol
group (MEOH) or an acid group (TGA) can also enhance the
removal of the excess sulphur compound.

The data on the residual sulphur contents in the table
already show satisfactory removal. Variation within the
process according to the invention allows an increase in
the removal efficiency over and above this. _

The comparison of the molecular weights and molecular
weight distributions before and after the workup from all
examples and comparative examples shows that the methods
employed have no influence on the polymer

characteristics.
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sul phi de, an inorganic sul phide, a nercaptan or a
conpound having a thiol group. 20. 4. Process for

r [ kLktion nmetal conpounds fr
s@ﬁgépggéagggg?ding to claim3, charac erigg%%?ﬁlpﬁ§P04
t he sul phur compound is a -r2gulator customary in

radi cal polynerization technology. 25 5. Process for

r €kevdimgg transition netal conpounds from pol yner
solutions according to Clainms 1-4, characterized in

that the transition metal conpound is precipitated

aflter PspAEAAt I BAT of rNPEINGre Hraasisd on3ometapr pe@arounds
f L ohEMPWIL el AR it et alc1eemRAWIdsed I OM POINAEr the
sol uti ons according to Claim,2, characterized in

{ FRRTSBALER GHF o CORBENER at SorPAC IR i 4ednbYt MeRnS of
netakteeapednd, @iitdEsle lpbetbbatanB5aaquithairentean®fed by
t he grecip%%igt ar e used. 7. Process for renoving

t PSREPt Pén aft“¢8fpounds  from pol yner sol utions
according to Caim6, characterized in that, based on
the co ti of 007/ RPCT/ /0

30" HETLPRRE TR et Al COhpOURG ST oSt oI nargunds
efuPial eROSYBETt heSpleEipnant a@eerdsed. gtoprdeeasn 1,

f BhatgAREIL NGl angi tiwh: Ml ¢oEReUWIESNtS fEOM  sulphur
pol ynmer solutions according to Cains 1 - 7,
cRaBeYBrt zed in that the polymerization is by the

ATRP process. 9. Process according to Cains 1-8,

characterized i 10 that. the transition
cgﬁpou 4°tses d@oﬁ.éﬁr%‘V§F’ FﬁaFﬁétﬁgpyﬁggﬁggti%ﬁppounds

cbupmi sesotypper cenbobhdss i rarcordmpoundse cobkdim 2,

C@ﬁyggaéérigaaoqhuge POLNAS,, 1 s ABRPIRRESEURAMRANSIrogen
no S, Si

enum conpoun ver _conpounds, zinc
coYpBORdS; pant| aHRARYRBAPOUTESPRIFRC Uin ICERROMRILT 2

Pt 3hbBUAN CRAPOHPAS, thubhegigapbconmpounds, iridium
conmpounds, ytterbi um conpounds, sanmarium

4. Process for removing transition metal compounds
from polymer solutions according to Claim 3,

characterized in that the sulphur compound is a

regulator customary in radical polymerization
technology.
5. Process for removing transition metal compounds

from polymer solutions according to Claims 1-4,
characterized in that the transition metal compound is

precipitated after termination of a polymerization.

6. Process for removing transition metal compounds
from polymer solutions according to Claim 2,
characterized in that, based on the concentration of
the transition metal compound, at most 1.5 molar

equivalénts of the precipitant are used.

7. Process for removing transition metal compounds

from polymer solutions according to Claim 6,

characterized in that, based on the concentration of
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conmpounds, rheni um conpounds and/or nickel conpounds.

10. Process according to Caim9, characterized in 20

t hat 5ption netal conpound used I
iﬁgtﬁé826#§§€§%zation is a copper conpoﬁgg(ﬁﬁ§abélggi3°4
Process according to Caim18) €haracterized in that

t he copper conmpound has been added to the system 25
beher e tirhasitdaph ofmdtel potympouzadl i oati nmolse f dr+h gfolar

Rkt Bt O e B3] Pararbr - ch( 000 10

Process according to one of the preceding Claims 30

1g11, §Pﬁ{:é§£ er¢zed idhdfialy t Reapatahyst hsc&0Midgbunds
before the pol ymerization with a nitrogen,_oxygen

SEF M UrPQFYIIRID s pHoY s (Bhp RAERPRHINGh &&8n BRE&RSinto = 7
Ofar Q€+ 8BL £c800hdLAALE thengs IWirch ihe ibhaAsl yOrthe ATRP

netal to forma netal-ligand conplex. 35 13. Process
detdrTPhg to Claim 12, characterized in that the
| i gand used conprises N-containing chelate |igands.

2007/ 115848 PCT/ ERP2007/ 05 -.3 Pr .
Z%%ordgﬁac?%soﬁgggfgﬁé 6%%6%%%@85cﬂé%hs%%Tnggg%ﬁaed +
chlanactbe Zathrisittivat matahi coapeunds usgss §f Bheatalyst
orecedin phed . . o
5 BRI el e e gty i
CPRFReERES zed §PP2Lhat TPHBPPWIES at orCHERMBER nofRmPnds

gfféalﬂ%éﬂé!é‘é entchﬁd&;_nd@,gar ﬁoﬂ.@*b}%ﬂb&ﬁuﬁm i &@n%dﬁ@lu@% 1Gilver
. Process according to.one of .the precedin ai .

CHOPREEATS 2 efETh CRAPOLERE oPFHIF e, SONEABISE by ROdE um
podypenndal i oplatiabky| canpphates, mdqheqium compounds,
TELPRCLY| At ESnoo Il SO Sy VLI ! eéo;?paﬁm et el ium

fumarates, e i taconates, acrylonitriles
areiipeundher rien e oo wadly neRd zab| Bl gke heaprgeeinds .
ATRP and/or m xtures of alkyl acryl ates, alkyl

net hacryl ates, vinyl_esters, vinyl ethers, funarates,
n%@eat%%oc¢§%cdﬁ§¥%@jing to Clai¥1 9, characterizeg in
that the transition metal compound used as a catalyst

in the polymerization is a copper compound.

11. Process according to Claim 10, characterized in
that the copper compound has been added to the system
before the start of the polymerization in the form of
Cuy0, CuBr, CuCl, Cul, CuN3, CuSCN, CuCN, CuNO;, CuNOs,
CuBF;, Cu(CH:COO) and/or Cu{CF;CO0O0).

12. Process according to one of the preceding Claims
1-11, characterized in that the catalyst is combined
before the polymerization with a nitrogen, oxygen,
sulphur or phosphorus compound which can enter into one
or more coordinate bonds with the transition metal to

form a metal-ligand complex.

13. Process according to Claim 12, characterized in
that the ligand used comprises N-containing chelate

ligands.



10

15

20

25

30

35

styrenes?~acry|onitri|es, and/ or ot her nononers
pol yneri zabl e by neans of ATRP. 20 17. Process

05869 119%%%a|n116, characterized inFE&PEEZBB?( 04

yner i nabl e by polynerizing a acryla
and/or al kyl nmet hacryl at es- and/ or nixtures whi ch
consi st predom nantly of al kyl acrylates and/or 25
alkyl metbassykatesdiig. $EOOBSSCHbCEMG|ngeped@ne(ﬁlalms

tfglgre ﬁgkggtgkn%ga 1nCQﬁEQC%%FH5§Q1a@O&hQE Rg%d in the

as a_nunber - aver ag I'ecul ar wei t ween
mn@cgvimg ﬁﬁélylllQOl@@GlgﬁrmthhSGowrlPﬁéc@ s Brr I, SCN
agcQyeing, to one of the preceding clains,
characterized in that the polyner has a mol ecul ar
wei ght distribution of less than 1.8. 35 20. Process
acsor dbAgcé s CaaidptBngehabactpsimed d,n chhgbctbeized in

poj has_a_uo| ecul ar ht dlst dbution.of -less_ .
F%%gﬁgﬂ? éﬁ?tﬁ?gSESgagcg%r °h§ to &heQﬁ Ry valent with
pr egardl ngo ctlae nsc t N 20051345848 PCT/ EP2007/ 051304 -
32 characterized in that the polyner, after the
renmoval of the transition netal ound, has no
changeBreegas drAgordhagpdioy rasre p@%pggﬁl @§e§1e<3é@§fr &gl agifms
functiopalizagi om tgiaacss t‘hreanébquﬁart eppergbit faable by
structure, nolecular br anchi_ng .and/
P B B et Gt O §£Lki>f%u1a|caﬁrla 5 %tg?cﬁraflr?gtesr
t orpAensf, thalm@acede@geﬁtalnsnjudharacherszedﬁumdﬂ&ﬂes,
the eC|p|tat|on a d subse ue filtratio

% Wed at anQHﬁa%ﬁure RY ﬁnltrl& g%ggmeen%ﬁ?er
andndﬂ@ﬁﬁ:pQBymérozebﬁeabyomeang od @ﬁ@PbbnﬂﬂQr mixtures
nSngngQ Qé? ’te '“gf¥§frhé€HaEPy§Q@Esth%lﬁ?ﬁwesters

content-in the polyner ution decreases by af | east
g0UevYy weegherss a IBpEAles of t HelprEERpi t atit@rondfes:

é@ﬁﬁé&%@t f'é&f?lbﬁﬁtrliés Pr 0689 o&CCol@dinRg t 0 draiMBrs
characterized in éSAthe metal content in the

ﬁﬂ?%ﬁ%@rk%@Q&?dHV W@%?%d% at | east 95% by wei ght

as a result of the

17. Process according to Claim 16, characterized in
that the polymer is obtainable by polymerizing alkyl
acrylates and/or alkyl methacrylates and/or mixtures
which consist predominantly of alkyl acrylates and/or

alkyl methacrylates.

18. Process according to one of the preceding claims,
characterized in that the polymer has a number-average

molecular weight between 5000 g/mol and 120 000 g/mol.

19. Process according to one of the preceding claims,
characterized in that the polymer has a molecular

weight distribution of less than 1.8.

20. Process according to Claim 19, characterized in
that the polymer has a molecular weight distribution of
less than 1.4.

21. Process according to one of the preceding claims,
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20 precipitation and subsequent filtration. 25.
Process according to one of the precedi ng clains,

ﬁ?ﬁ{%ﬁézzié§94b” that the sul phur Co”p0369/§99697é§51304

y usi ng an adsorbent or an adsor bent
m xture. 26. Process accordipg to Caim 25,
characterized in that the sul phur conpound added is
nthanazedrinedpanalthelt m@eU$kﬁgm&n‘adéﬁmbenﬂunrr%mpval of

gﬁgfg%smw -eta?lot hgrrp %ﬁ E%ft}foor&&mgéso Ogaalramg

aracterized 1 n ur COﬁ'pOUﬂd al

i shei moRvRed |m<&>e1%@<ﬁmd0§mrir%9§e§t &F byunaiigpahization,

agdsQelent: . Qinan i AOSOFbEPL - EXLAT €. s%&u%&ur@rocﬁ%ﬂecular
according to one of the precedin

cla
cYiai gREer PERACIANEhARA( AE PPLSHY a% (HBHCAF ciF R iPYEHOD

by using an adsorbent or an adsorbent nixture WO

2227/1 5848 PCT/ EP2007/ 051304 h Jrocess .
or df h§“E8° P& 28 % & ot %r P e e PRECSIHTe ctatms.

chandstaﬂdeddanalnhaUn2hd pnepapatbehObyanﬁmswpsﬂquent

aQ%?Epggioﬁoa%g ?}% g%[céh rge(tétlrgem e%gtugﬁo‘iﬁss{:éﬁe range

accordi ng aracteri ze
Ib@bﬂ@@naaﬂﬁda@delﬁﬂﬁCn1zed in a second workup step
by using an adsorbent or an adsorbent m xture. 31
Process according tqo Clainms 25 to_30, charac-

t%?rzeHrPﬁeFﬁa?CFﬁédéﬁgoﬁﬁédF“Brth€h§d§ﬁﬁﬁ§ﬁ939)&%ﬁ%@s'

I@hététﬁ@rﬂﬁddO&naMMﬂﬂﬂﬂhﬁ(D@E@1 33ntlnecess the polymer
accordin fo cha acg Jerlzed |n ha

t 28 3B§%$bé%?: ?a??ﬁ dsof en%en1§tur% &= hk 8 a
orgamlc pﬁlyhelyreesplEmbcessaadcauUSﬁguentCfalnsaQson
to 30, charac- terized in that the adsorbent or the

adsorbent mixture is activated carbon. 20 34. Process
a¢tor dPRECESS aIABE T haPact R ized 3in ChaRRCEREIZed in

aghivat edecarRoms f i ndsndsgti nitthe fhétrabilgher solution
decreases by at least 95% by weight as a result of the

precipitation and subsequent filtration.

25. Process according to one of the preceding claims,
characterized in that the sulphur compound added is
minimized by using an adsorbent or an adsorbent

mixture.

26. Process according to Claim 25, characterized in
that the sulphur compound added 1s minimized in

parallel by using an adsorbent or an adsorbent mixture.

27. Process according to Claim 25, characterized in
that the sulphur compound added is minimized in a
second workup step by using an adsorbent or an

adsorbent mixture.

28. Process according to one of the preceding claims,
characterized in that the ligands added are minimized

by using an adsorbent or an adsorbent mixture.
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in the formof an activated carbon filter. 25 35. Use.
of the polyners worked up according to one of the

PhECsgb AP ELgigs 10 hot el ts, adhesive HeRpROShEY 0021304

seal ‘ant conpositions, heat-sealing conp0siTions,

pol yner-1like reactions, in c@smetic applications, in
coating materials, as dispersants, as 30 a pol yner

arleli t i Meocass a sggnpatiry | itver Coaimn28 packagiagterized in
that the ligands added are minimized in parallel by

using an adsorbent or an adsorbent mixture.

30. Process according to Claim 28, characterized in
that the ligands added are minimized in a second workup

step by using an adsorbent or an adsorbent mixture.

31. Process according to Claims 25 to 30, charac-
terized in that the adsorbent or the adsorbent mixture

is silica and/or aluminium oxide.

32. Process according to Claims 25 to 30, charac-
terized in that the adsorbent or the adsorbent mixture

is an organic polyacid.

33. Process according to Claims 25 to 30, charac-
terized in that the adsorbent or the adsorbent mixture

is activated carbon.

34. Process according to Claim 33, characterized in
that the activated carbon finds use in the filtration

in the form of an activated carbon filter.

35. Use of the polymers worked up according to one of
the preceding claims in hotmelts, adhesive
compositions, sealant compositions, heat~sealing
composgitions, for polymer-like reactions, in cosmetic
applications, in coating materials, as dispersants, as
a polymer additive, as a compatibilizer or in

packaging.



