PF 71835 EFRA&¥ucti on of pol yners by neans of controlled radical

pol yneri zation Description 5 The present invention relates to a process for
preparing polyners by controlled free-radical polynerization. Furthernore, the
i nvention . Lhi . s and al so the use of
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conponent with the nononer | eads to disproportionation of Cu(l) halides to
formcCu(ll) halides and netallic Cu(0).. I n Chem cal Reviews, 109,
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possible to use this effect on an industrial scale and to optimze the
reaction rate further. A particular challenge in the SET-LRP process is given
by a high heat of reaction evolved in a 25 short period of tinme, which can be
i nfluenced only inconpletely by neans of tenperature control. A subobject of
the present invention was therefore to provide a process which nakes it
possible to control the rapid heat evolution in the reaction. SET-LRP
processes carried out on an industrial scale, in particular, using a
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PF 71835 EFI %%e preparation of block copolyners, particularly block
copol yners of acrylates and nethacryl ates, the nethod described in the prior
art-using Cu salts slows the reaction rate and i ncreases the introduction of

copper i ntamjdnentwatitthé mdgorne (¥4 to didabdIEsnaSER} 8L halls R KRSIE Halides
i nventi ongyascliieceiopre to provide processes which do not have these

di sadvant ages 1 n bl ock copolyner formation. These and ot her objects are, as
can be seen fromthe disclosure content of the present invention, achieved by
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be subst i SET-€BPi mo@syesposkd It ossitieitto raty ool fed-fadialf pokendribsm®s, reptRhenirall y not
&DRESeRG Q@%?c&r{ﬂ’dliedt hﬁﬁﬁeraéﬁ)é Rk tdnC I S@éEéﬁ MRhisT 3k YCoﬂ'FBEreHDtro c&rﬁ@ﬂlohglr E\(P‘ pi mes, by
Cl - Cral ko g}}éﬂ@@ g eR Giﬁda?b Cf;('r%e(} tRB%U cqbggé’ ?1{ SteP @3?%&%V68?0”h‘3?%§°eﬁ‘a ere

t hese mayP ﬁswg\/\%é'ée e?ﬁﬂ@laf‘dtdéﬁ”ﬁ'@aﬁﬁﬁ%fotcfﬁ’ﬁ??'z@\m‘%féa‘?“ﬁﬁ &ftefuabPy not nore
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challenge in respect of the rapid evolution of heat. A subobject of the invention was therefore to

30  provide a process which allows reactions to be carried out on an industrial scale while adhering
to safety requirements.

A further object of the present invention was therefore to provide SET-LRP processes for
preparing polymers, which processes allow control of the molar mass distribution of the

35 polymers to be maintained even at elevated polymerization temperatures. A further object of the
present invention was to provide SET-LRP processes for preparing polymers which allow the
polymers to be made available in a very short time.

In general, SET-LRP processes were frequently carried out on a laboratory scale, and there is

40  therefore a need to provide processes which allow adaptation of the reaction conditions and
starting materials to industrial scale production. In particular, improvements in the catalyst, the
reactor type and the way of carrying out the reaction are objects of the invention.



15e: opti Bﬁgl1p§5 one or nore inorganic halide salts, and conprises the steps i)

addition of the catalyst a., ii) optionally addition of nononmers of the
general formula (1), 20iii) optionally addition of solvent d., iv) addition of
I i gand c v) addition of initiator b., vi) addition of nmonomers of the

gener al tion addj ti on anic halide salts a, 25
with the %6\? &5 tag?ﬁ?“ t‘ﬁ bl dF?Fi"ﬁ’ %ﬁf r!"i” ¥ D %’1%9095%@%% PS BF the
general f BERaryatss) the snegpdrdeseribedin haweer ait eding Gesaisslons thhwactop rafetand t he

| ast of t meregsasyise infrpductign afrdpper intdPthe freauttib polyatr. heatsér sobsijecd bf thb@ragamoner s of
t he geper alerftioh Makandrétbrei 16 pPhvaaflodeBsdseidrE@ehdtPRvY BrselishfbRESd Renid@st of
the steps, éfp)o rdey}orrﬂ%ﬁﬂ)nv) is carried out. Preference is Iikewse given to

addi ng at as 30 the nmonomers of the general fornula (1)

si mul t aneousl y wlth the |l ast of the steps i), iv) and v). Preference is

li kewse §heperancootagdphigctaitard, eagstanpbe seesf frometheotiesivene ahtenhef deneraabntf or nul a
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havi ng a particul ar nunber of carbon atons. The nunber of carbon atons can be
selected fromthe entire range fr a tg2b, (thel udi ng a and b; a is at least 1
and b is always greater than a. FMspecifi cation of the chem cal
conpounds or of the substituents is/gi by expressions of the type Ca-Ch-V.

Vis here a class of chem cal compbunds For cl ass 40of substituents, for
exanpl e al kylwiggapounds or al kyl substituents. PF 71835 5 Hal ogen is

fluorige, chlgrine r n brom ne or i odine,

part| (H:ul arl ;&%re (94@ @F@P&ermgh g? C%Iﬁylep Bg%re EF?Q&& ens are the groups
Wé @i@ PrageeRbly HNexsCz-aligd arrticglagy ereterabiy -OCN, - NCO,

- SC]\I - NCS IR ddg ldi Gr-Caaey] @Cﬂfékrébif Hve:-Cealivd, parigiledt pefefabty !ﬁ he various

substi t uent s Riaves Clo)OR! | GO MNHRTE SHOGRSRTCOCGRDCAL Ky(k0)GH, oM, @Rt Hekajin or

branched hydrocar C exanpl e
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such as nethyl, ethyl, propyl, |sopr0ﬁyl or at-Co-ial kyl, n-butyl, sec-butyl,
tert-butyl, 1,1-dinethy|ethy| penty - thylbu 1, 1- dinethylpropyl,

1, 2-di net hyl propyl, 2, 2- dlnethylpro yI -et hyl pr pxﬁ hexyl, 2- met hyl pentyl,
3- et byl pentyl, 1, 1- dlnethylbutyl 1+-2-di met hyl bu 1, 3-di net hyl butyl ,

2, 2-di et hyl butyl, 2, 3- dinethylbutyl 3, 3- dlnethylbutyl 2- et hyl but yl ,

1,1, 2- tr| met hydl pré)@Tyé - aﬂz&%%{; %)%0 a(lI: ﬁ&y’n%ﬁggéa ; et%\phelxhlyl 1- net hyl pr opyI

1- ethyl met Ipr octyl, 2- ethylhexyl
2,4, 4- tr| rret Hg%/ 2o—aTy'inr§fe§abﬂye'F?péﬁ‘%{ hyl butyl, nonyl or decyl and al so the

i soners ther 15@%‘*@2@”% Rféfeyah*ye(ﬁe(iﬁaﬁ(w aarmutaafvgmferalﬁﬁﬁnCs}aikw anched al kyl

gr oupz®hi ch has firr @emiclilzk G--29-aR AT RonpRiouaio BR:fdrasy mealk}soned above) and is bound
via an oxygerrrat w (¢,Q,)-alkfi0reRXBRY &, Caky QefrAld C @73' koxy,
preferably C - QN-na rtYl;uPz fz; {%%?tl cLWiaqu ﬁg/;ap}r{g%er aLhPé%lfeQ%o oX I’such as

nmet hoxy, et hoxy, pr opoxy 7g2f'c20- Al kenyl : unsaturated, st ral ght -chain or

branched hydrocarbon radicals having from2 to 25 20 carbon atons and a doubl e
bond i n awierptwi subsiityenfsdrs, B% &fphed RC2»@naah ke mjdrrupted B ion€Boabk elidroatgmef er abl y
C2- 0, 89 al iseny bostuphwiige Gé-riGthbat emsk heRrdton®! D BMhore raROPSERIablydrRT Openyl, 1-
met hyl et hr‘ﬁ@héltharﬂs QH&%@Mkula@y % ot r?'loxlé%ﬁ'gé' ba lf]v pﬁf‘félmng no%mBFeﬁH&Pé’ L

2- met hyl -
ool KA PR R e S SRS b o fh%?e ShiF. P ToRy |
1- et hyl - 'TO'BGF%thP”’”ESr?étj Rgficularly rrefarpbly ngtrﬁ@rphlymtnrebumeﬁw NRER%ret hy1- 2-
30but eny| C(=D)NBIRIYyC=D)ROHAPIQR'S-IMBRRY CN 2NOL) Cendyd-slkyl -Oretfykexd: &yt enyl
]2-' l’zfe'([j@ﬁ/ | Eeﬁ‘ylbﬂl ﬁ@ﬁéf&cy@es REERYbEmM3 dPHéE@gﬁBh'gwhére Ihedl H%S/hb(é]ws?e tBHéUB@tﬂMlsd not

i me ,p%?ge [ - 1- propenyl ,
l-ethyl- 2 prope qxeﬁmér% b h%%éﬁ ﬁRﬁ@E%@%gﬁeﬁmngﬁ %&%ﬁyl 5- hexenyl, 1-
nmet hyl- 1- pentenyl, 2-nethyl - 1- pent enyl, 3-nethyl - 1 pent enyl ,
4-nethy|-|-penteny|, 1- net hyl- 2- pentenyl, 2-nethy|-2-penteny|,
3- et hyl - 2- pent enyi, 4-nethyl-2-pentenyl, 1-nmethyl-3-pentenyl, 35
2- met hyl - 3- pentenyl, 3-nethyl -3-pentenyl, 4-nethyl-3-pentenyl,
1- net hyl- 4- pentenyl, 2-nethyl 4-pentenyl, 3-nethy|-4-penteny|,
4- et hyl -4-pentenyl, 1, 1-dinmethyl-2-butenyl, 1,1-dinmethyl-3- butenyl,
1, 2-di met hy1-1- butenyl 1,2 dlnethyl 2- butenyl 1 2- dlnethyl 3- butenyl
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3, 3-di net RY¥183%but ynyl , 1-ethyl - 2-butynyl, 1-ethyl-3-butynyl,
2-ethyl -3-butynyl or 1l-ethyl-1- nethyl-2-propynyl and al so C7-G o-al kynyl such
as the isomers of heptynyl, octynyl, nogynyl, 15decynyl. Cs-GC s-Cycloal kyl:

nmonocycl i c, Jat ed hy . i from3 5 ring, carbons,
preferably g?&@ycl oal g%g&gfl%?&aﬁegﬁg?’ré&;%\é e@%" '%“%8?”§Eh®y‘f]f,°”%zﬂ‘?‘8’f{eﬁt yl,
cycl ohexyl, cycl oheptyl df E?@‘P"@B&'?’@ﬂr keRY: e1-r-28v it Garae-evriastvyliAsAt ur at ed
cyclic system such as norbornyl or 20norbornenyl. Aryl: a nonocyclic to
tricycli cisamoEtouCn tHengessyisd m conprising from6 to 14 ring carbons, e.g.
phenyl g napht hyl g4 rDEQRYC ' eyl i
particularly pr e;h%F:afﬁ?/rBan%ggﬂglg?rp@?ﬁag%@gﬁéc@| ng s@'s%éé@i &ggHKfy%&rgs is a
nmonocyclic to tricycl'ic aromatic ring system (as mentioned above) which is
bound via an oxygen atom (-0-), preferably a nonocyclic to bicyclic,

particul arly prebesabhye miiabcysdieatsd fenmotina toraprcomgstisy st @oaniSiididéannd :
heterocyclic subsédubioemntiss, whi ch are formally derived fromaryl groups by

repl aggnment of one or nore nethine (-C=) and/or vinylene (-CH=CH) groups by
trivalent or djval ent hei_er atons. Preferred heteroatons are oxygen, nitrogen
and/ or sul fur.% P8 ?'¢Ui"&ar9BFef erence is given to nitrogen and/ or oxygen.
35Het erocycles: five- to twelve-nenbered, preferably five- to nine-nenbered,
particul arly pd.ebgivabilyyntioveoresolvehts; menber ed, ring systens havi ng oxygen,
nitrogen and/or sulfur atonms and optionally having a plurality of rings, e.g.
furyl .-t hi ophenyl, .. ryl, idyl, .indolyl, benzoxazolyl, dioxolyl, dioxyl,
benzi Flnsdazol yle?' h%tﬁg%l[vrﬁ%?(rﬁé{e,'g%gan% EF#'?%;%?IFWI , et hyl qui nol yl ,

di met hyl pyrryl, methoxyfuryl, dinmethoxypyridyl, difluoropyridyl,

met hyl t hi epheanydrses tepieppyl t hi ophenyl or tert- 40 butylthi ophenyl. The

het erocycl es cpnattionhetheeatalygt dound in any way, for exanple via a bond to a
carbon at om ofjt Bgichgk,/ deﬁéfl?(%ﬁné?{on%rshﬂ%éﬁgeﬁ%r laég?e het er oat ons.

Furt hernore, i[ rticul.ar ve- or SiXx-menbere urated

ni trogaen-conpr!%sgﬁi@??lﬁ’ %g%?géﬁe'&&ﬂr”ch are bound PF 71835 7 via a ring
nitrogen and d&nadliton of flitse one or two further nitrogen atons or a further
oxygen or sul fwr additomof initiatoHet er oat ons are phosphorus, oxygen, nitrogen or
sultfur, | Ior eL enabhyditdx)g BBnomkrs HOEE Bedral SoHuIAT (), 5fW[1ﬁse free ;/a:cencels m(iIY)
optional ly beay; - C20- al. AS . rs o e general formula ,
prefe gnce i sa@? %ﬁ%@%@lg%g&léﬁ%m%\gﬁ%%gr%yI ates, substituted

(et h% crylates, N-substituted (meth)acrylam des or N, N-disubstituted

( met h) acr Yittaite @exyisp that He gdi§ereefst tsestiiag of frearmnooars of 1@ gEherabivouns §) ief t he
conponent sarded duo inemedidiely 0éfotelte snaxtpafed tafladt Behg eres B iv)f=0H W) IFgerblablywhi ch are
the. desi 1 e Beaners Moo cf DYEEhv AR I3 Mo e v A e e or T on
of catal y%gt dgl.ih%g%{p rrsl' ’ ?’)r %'{91 Vé.'stﬁ?%f dtogs fsﬁ%%rBQC%{f@WSF 93‘1?5%?%&9%‘%* Cf(;r)ni tiator
b. befhg VPSRNBTEE & e g eeh By el gt ultaperuslysvihtemlasitaf the séfos i hant 0. bei ng

f r om 0. 00BEfarence i Diewige aenintgddinh et lergpert bf tha nohosels\wéihe gdnerbigomgif flom 0 t o
70% by wewighit 60 reitel@pohé laetoffe diadsiide) 8@l t pticuRell, RerdreMvihit 8o Tilieby wei ght
and the Dapeidib@ihy HerrangWhtin 90 rfilfieOFRS @-ﬁéﬁp@g&ﬂ shihRe! Ng from4 to

99. 9898% by wei ght, 1 n each case based anount of conponents a. to
e. t?rget her with nononmer of the general fornula (1). The total anount of
nononet OFXRPREICHe APafyPe GefruHanate. Yordhripuranee atthe sreaentinyeetioni ¢hep0e00% by
wei ght . Peompocudissgr sppsfienisrnaeing 8 pgitivaar tuenbehef carbop atoisoTheofunetak af aesiona.  bei ng

f rom 0. 0008 cBYbd¥eidRidiim thi AR FARRMHLHCS inkRihi 8LAE bB, isReiag 1fén<ta)r9 0.1 to

5% by wei rt L i ng. froma0.001 to 0.5% wei ght,
the pr opo!{rg'?l ﬁ”gﬁg gf%a{s%gﬁ,\q?gﬁt I'—‘éﬂeﬁ%:leﬁff@%@g%ﬁse? @én@g%l/oc '%p?/'dé]ﬁ%ﬁrt?fttQ%sé‘bﬁWB ¥tion of
hal i de_saf €V&" PhEXFTFSIoNd Al eEyBeE%%W-%é?'&H??Ciaﬁs ﬁfaﬁ%ﬁﬁn@alt‘ampov% PBEGFOrti on of
cat al §&t & supsityenispooegomwia @d gerbyounds gteikyl substitperdportion of initiator b. is
fromO0.2 to 25 4% by weight, the proportion of ligand c. is fromO0.002 to 0.4%
by weight, the proportion of solvent d. is fromO to 50% by wei ght, the
proportion of halide salt e. is fromO to 3% by weight. In an enbodi nent of
the process of the invention, Cu(0) is preferably used as a solid, in
particular in the formof a wre, nesh, gauze or powder, in the catalyst a. In
a further preferred 30enbodi nent, the catalyst a. conprises Cu(0) zeolites. In
particular, Cu(ll) is used in addition to netallic Cu(0O) in the catalyst in

t he process of the invention. An advantage of the use of Cu(0) and Cu(ll) is
that the polynerization reaction proceeds in a controlled manner fromthe
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20 In a pPEf&83%d enbodi mnent of the process of the invention, one or nore
halide salts e., preferably NaCl, NaBr, Cad 2, also CuCl2, CuBr2, are used.
Particul ar preference is given here to HaCl or NaBr. The use of NaCl or NaBr
al I ows bl (o} r rylates to be prepared

98% & Qggc}fﬂg %ho?ﬁe %?CKI’XIL@(B ?dlﬁ%%r&@gg%&l rH\e ?rﬂrglnga)mogf)

advant ageous %%e nve 6n of nononers
vi) is caP¥ietpryereieay FH ﬁryfoa?ned. sconti nuously. The nononers of the
general formula (1) are added all at once or in a plurality of partial anmounts

in step VPjeuddfHisyeanaerhogoomHchENE heqi, oress-aiot-3EN, oNeSt-iseen, t he

contr okl eg fraf Iadieah DObyMRIdNaiL8n is carried out in a sem bat ch process.
Seni bat ch processes differ from Batch processes for free-radical

pol ymerizations by a greater variability of the addition of the starting
mater i al s!" 4¢3y, thB?"'ﬁéta’ﬁéerﬁﬁ ifcicatpdderthe wajious sybstituenin barerties foliovdepmesmiess: zat i ons
whi ch- m ni m ze the change in the pol yner conposition over the course of the

react i on. cThg-Alkye S BMAABH oE HARERY ﬁn%:b@dﬂ&rﬂé&cﬁéhwp% ba/ cére&%tol?n@afer ina

b h4 1
he hidard BeRtTa g‘r"g"ff’??ﬁ‘%%%‘é't LOEE N il oL GBnlb R & iR i Tum
quantity OF He'ﬁfgy'l RTBRY éﬁDé’EPp&Lt Oy srvh U tSP?TB“ty"ertsbu%dr’?sd“Fﬁ@V'e%" | east part

of the nopRYer2-Methypewl | 1idimatibdiend 1R dimeitpprepyig?. ednattoimaemyéitehyidopyl, to v.

af t er conmedsgic2mestiyipehtyt, Benatieaehtyn, 1-Asedybagiul b-dpfetsuivhabl Bdifreedibsts at egi es

for monongp_gaRdn |W!im+eﬂfyth@F 813.cirh By yIRGACESHy6a) be 29%&%&@5@5?”“3' ly
&

with Lar t b i 0 whi | e
avoi db%ggfm%gﬁg}%g&f s?%ﬂ&iﬂ ﬁ%@lgroé)yl ﬁ &H{? ng]ylg%’?ﬂld? nt'o” a}ﬁstH& s of the
i nvent i onPMrecBYiPYbRrddimebyredi bak, 366?%"'?@'?3{’%|r@ﬁ3’1|°§d%%tﬁﬁde9dﬁodb@ ina
cont i nuousoperedesef. To achi eve narrow nol ecul ar wei ght distributions in a
controlled free-radical polymerization, it is necessary to achieve a narrow

resi denced %Jeméﬂy ?etfe{]ré Ryt | L k- QhaH]& Hrﬁﬁﬁé&’ézwl gro%ﬁWMoH HSé‘ﬁ?rﬂC?'té! Pl CLEAL ! on

proces cto avi.n ar ac erefore useful .
These28arctBas G T aPIPA T @@igﬁwg K En ARG BiSFT P adth DPEPe a1
stirred v@éeep@'ﬂﬂfoxbﬁqfﬁébﬂv& Cra-alifloxy epgticolpdy preferghly ¢eealioxs sadh aw good
t enper at umethoontthoky, pweoxyi N t he case of strongly exotherm c reactions since
t hey have hi gh heat transfer areas. 10 In a preferred enbodi ment of the

process O(f: £ %Re’ﬂgl %h&%te@@trﬁ&%‘wgag S}gncgga ﬂgaarocagbog Ha@e%seﬁzgr@%bﬁm g}gl a (1) is

first

initi é%/o 5) %étf%’r%o'ﬁ?ﬂ?cﬁ HIOEFPORd AT ROPIPA {8 SXAMRI P ReralkeBY GREr & t he gener al
formul a (4*159”)4‘ orefasskinil-erofatienyl suchodiuet Greplicenylee grathqugl, ymepebyl o kropanyl,itnor gani ¢
chl ori de, mpiayitiheuyarbuteryt, eftateats] 3-baenyl,lEmathial [i:roﬂ%ﬁyﬁlz nwthyﬁhjﬁﬁide ﬁart h met al

chlori de, mél‘ﬂ yIRashh &Y, Qrmeﬂﬂﬁ:baprdp\%nﬂrcﬁf@r@m ¥nﬁggt91 s‘l n?e(?l e ntg 4qrers havi ng

nmet hacryl up rticularly
pr ef er abI aﬁnglrg e%teny] 1"m%t8ﬁg€blﬁ?ﬂyg %%‘ﬁ ?Wé 1r'§?@9®' t he
free-p I{Lé nYh SRR ?i‘é.‘iqnb&'n3“i‘f§ihyh%'bi“§”¥&anﬁthV'o?1? %J'S)/é 2§mihul@@utamyh Be art, 20
dependentmeﬁhyl 3‘bﬁerwkaﬁmlreethyikﬂeprbmenthnnethylmkmomwmrmdsnejw prégaayls ol vents or
the initi@har-ReRegnt-ealiopropdiye 1rkenydh-HeRéhy! 8akéan 4%5aertyh%fr%&8£ﬁ qvary over
a wide rag -1T e%pﬁ‘gﬁewﬁ &ms WG Ol:}uén%nglrgh%'ﬁ'ﬁp YeGBLE ety so that

t he control I C r|z Ve Y1 of greater
t han 80% PPt P@%t?@fj é{lrf’l"lﬁﬂyb?199”tﬁ'i‘yéf1é"f“%t8h?’ @”@&W r than
90% W t hd- ﬁ‘eﬁ‘y‘siﬁé?rﬂe ﬁeﬂetbﬂ@fp@ﬂ%v y4 methm?npderéeyl tHregihvi-@-pRolend, 2-pethykcul ar | y
pr ef er abl 4+penterhi, 3-r2&h@dpenteayl, Smeoyr-&perittnypartdioethar2-mitédyi, n,t@sstnii@n 1 hour .

The pol yngs btzednﬂétﬂyiuﬂbdté]ﬁl ﬁrzo&ﬁét%glgjbl}t | VG OIS RIS, alslymbaye. after a

CONVeEr si I §s M
(nunber aysrd 9*1 gﬁgﬁﬁ%ﬁﬁ% i m‘fme%%%g% FPBY00 to 200
000 g/ nol” %s?r Lgrbutsyhl Sotinety- 33@&% GOFIHpgt bt avedimgdyirol ar
masse4? geiwé@fyl [yetiye pénignylabethg-Zindemyl, t ettyhddeteski -btbg-1-hutenye 2atity)-2on, i nter
alia, theoutany;endtiyadioorngf 1,1 Ritfrheth@2-prifeng, 1-MiyCRRehe-Bshusted-awep- a W de
range depending on the desired use of the polyner. In the case of seal ants,

val ues of from 2000 to 4000 g/nol are sought. In the case of resins and

t her nopl astics, values of from 100 000 to 150 000 g/ nol are usual. 35 The

pol yners obtained in the process of the invention generally have, after a
conversion of the nononers of from80 to 100% an average nolar nmass Mwv

(wei ght average) of from 1100 to 2 000 000 g/mol, preferably from 2200 to 300
000 g/mol, in particular from3300 to 200 000 g/nol. PF 71835 10 The pol yners
obtalned |n t he process of the |nvent|on generally have after a conversion of
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pol'yneri z&Fi7483% eaction is to take place. In the case of reactions on an
i ndustrial scale, the Cu(0) conprised in the catalyst is at |east partly,
preferably nostly, present in powder fogm the 30particle size of the Cu(0)

powder is ferably significantly smaller or equal to 45 pm and the

proport i onn‘B({')r&{ pgfo?j ?'{yll %rsﬁ{gthw- ¢ &M"éﬁjr%oe”}ﬂln?r?dga'i?r f ‘P'&ﬁﬂe'}y'ﬁ FORISPRER 2% by
wei ght . CBYIFEkeNYh pdenvt aprenT Qjaasasyl. copper meshes or copper wool have the
advant age that the polyner can easily be separated fromthe catal yst after the

reaction. CE@EotAIthlaétréIgl"@-leﬁiﬁ&%&ﬂcﬁecﬂﬁ%‘?&aﬁ{én lg!;?citu Qhé‘\md?@% kPRScRborcOPPEr Wi re,
copper zga : [ op owder as

constit utht%%gP QtQ 5@% %{Hgf@g@ [%s 1t|§rﬁ‘?c§—%§< %W%g?wﬁ)ﬂf elfyg'ylrog?;1é€%’8§y¥$grﬁref%‘fablé'he
process o 2'???'6@”?“ &Ht %Sn,z'(g‘(ﬁ'”fywlc%r?i g 1 PIREYRGIZRIEREYF HPHYY IRPwteici ng t he
resi dual édHlyeHt T-BEthgichpreryrak ocppezikingrescibgs troamtsnyb R-dentytyl ad-partynyl, 4-

pr eci pi t apértymyl, il emetiepk-eivatygr smethyed-petyriychesthg-albuphgceaRes-i-sutgedi £ i-onal | y

o L) et SR b b ST S ST S 0
tenpeggt ur"g% %Eg{gaét,?%ﬁfrﬁ%tﬁ%{%- % yn@h1'fnﬁ&'¥l' 'Q?WH]'#FBGSW' -nggty ’rbt"ﬁ‘éthkﬁ'()’i‘yrrer s
formed. TREAWLSERENGH -PeRENYLrvashY FrPeoiiy ef-getrati-aentayb duratyy Beoentey, at

rel ati vel §.1sdinggthyl@ripént Ui -agmetivh3gpetyaylal 2-dinfeghypB-boesy, HE-dinfathyi-Bbetyhylon i s

car {i edI O&E-d&heth?ﬂm[yayluf-@fhyloi%dtﬁfgw=e7 1-%9wﬂﬁ,%thﬂrﬁ@n@mrxéétmm 02})?: 1|500,
particul a efer 120 : . r om 0 . In a
pref er, ed%ﬁ%’%?ﬁ@n’?%ﬁ%&% %ﬁ%‘?‘f””zv g%'lp“o N :ﬁ% I%gﬁérr%’ éﬁleg{yp yip%rtytn?’gp{’@ym]n'

adi abé ic%ﬁﬁy@f' whi ch has a positive effect on the energy consunption since the
heat of reaction is utilized for heating. -10 In terns of the rate of the
reaction @nGschboribyl mogcldie, sablrated hairooatiog ltoupt hatisg ety a/) eDaRUEE@sst art the
pol yneri za@fm[ms-mwcmap@ww@aoprbpﬁ,-ci&etsutﬁzameb&m,rbya&%xpl?aﬂ;?ohfe@glm 20C to

50C, pref i r i 0 In"order’ not to’ genera an
addi t ,ona fobder 'g“‘? %‘%%??%ﬁ%ﬁ%d. SR e silerf B aedatiot gl ghts whi ch

| eads?f o PRAPFVW nol ecul ar wei ght 15distribution is maintained over the
entire tenperature range (e.g. from30 to 90C). The process of the invention

can be cahuyl: adhamidtycid topiSIRUHFEBatiting BytéHh YoraMRingdron 81 14aRgRarbbRE, caxanpl e, the

o Z{“25iaf%i“ﬁ@gﬁ@ﬁ#@?gﬁ%%jjgﬁe@%@iai"%?%#‘*g? S T
r r:

particul ar milto 20 The pressure conditions generally al so depend
on te?r%er ature and conposition of the system The invention further provides
pol yner s #vios ixamobecydistiairivedic byonmatiarisy ofsteth@s emhtidhietabse) ahich Rebqarecess of

t he i nveniih e oxybee s@michy BREsrapl afesrabldic RAVNECRY B5BARNRIESY Lghts M and
Mv and poérgggmg%gtggs )(yrl\%av/ Mh) lS/i n thgsL aboveﬁent ?oned @nges#lﬁgqg%}%%%ol ynmers
of the invention are preferably honopol yners, random copol yners, bl ock

copol yners, gradient copolyners, graft copolyners, star copolyners or

t el echel i eetpal: Vﬁ*@@ychpawtts#éantar«vhbg efecipenatie dertveg ifperanyl graups by ebecemettatr yl at e

di bl ock copairymees sietine (ab) phdbvedinyiet tacr=rHat @oupd|tl ithlaRekoreearhy mer s,

par ti cul anditoRb@b arralhid AREXEBHR -FEGLES! Hidbs éﬁd/ctplsp@h.p%%gc@gg o¥dIElR @nd bl ock

copol yrer f thacryl' ates, preferab or triblock
copol yner@veg‘ftogméﬁ@%},&-%g\%gm. The invention further provides for the use of
pol yners prepared according to the invention or polynmers of the invention as

t el echel i ldetproryatast Bvef riwgleaimembsiedapthesblygse- tpoingreemimratidaticuraty or 35
reactive wefepnhyevestoGR-remisdrédfty Systeid RNk iozRGh, niLRA ahilBYs Bl Cats S dnd S

seal ants QoA BEINES piukiE df AndBd .fﬂﬁ/l, tdi%fhe AT oy 1"‘(?%!1&11%@%&&%%@“

t el echel | CoRRh YPRr, as ﬁﬁé%oty‘ ﬁorgg ne |t[ or the. act | E@ Wf¥'h, |socp§a ates.

The use according’ to f Avent’ Ia&fypglfrgfg_gncb’&eg?y "OVe S IRYEY i bl ock
copol yner@efﬁﬂwig- dnehrePrisyl. dfvprersidysmettiorapmil.i waRtdpgifiophary bnisdet nodi fi er
for s49r endylthiopdrohiThe héterocwirsl cpmbe shamicgiglbptnit iy keneay, GrephhhlalatLo0dE as

pl ast id_Ci Ztera/dafﬂga@{tonﬂ'ﬁﬁ?é h&&rob@ie dP¥Gond Bronélf @R nhierddibh &L R ord he US?
accordin e bly . s_as.di spersants,
sual Ly s, SR e BBl R S e B P e
processes which allow free-radical polynerization reactions to 5 be carried
out even at el evated pol ynerization tenperatures while maintaining control
over the nolar mass distribution of the polyners. These processes provide
polymers within a very short tine. The invention is illustrated by the
exanpl es, without the exanples restricting the subject matter 10of the

i nvention. Exanples: Exanple 1: Continuous reaction in a tube reactor
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Li gand: hBXd#@3hyl enetri s(2- am noet hyl ) anmi ne (MesTREN) A nunber of experinents
for the continuous node of operation in a tube reactor were carried out. The
experinmental set-up is shown schematicafly in Fig. 1. Fi gure 1 shows: 25 The

experimen Ly . r r .shown in. Fi The reactor
conpri sedelgla ré@%g’:dp?'g%n&e%ﬁ(a &%BEJRE%J nE% &}é’gc'ﬁheﬁﬁ\ﬁn% Waé%'ig'ﬁr DHIY FEA m

i nternal O ¥t “and through each of Whl ch a copper wire having a dianeter
of 1.6 mmand a Iength of 10 m had been drawn and whi ch were nai ntai ned at

t enper at UHetelptcBRrea psosphort:d) @xjdedr rmaigeastx)er aRgeriify oo BR MRFcSeMBF Suifur,

cont i nyou@hagerr@e%@qcésnnéyro%mr@anrsaﬁwcglcn Bakgvia an HPLC purp (P3) and the

sol vent from (B5) via an HPLC punp (P and mxed in a static m xer (ML). The
|n|t|atorII|gand feed was netered in from reservoir (Bl) by neans of the HPLC

purip ( P2) AaREN¥nHEehe senyRlierRels (M refetenes moiventa ysislalehimetivedylatsing a furt her
static nisupstitgieRmefMireryiatesnl-stibstiough(mettoaqylamisiePdr NB-disab&uteer e regul ated via

t he' bal angesn)dtryladidBéin fhéprov@seethe iléntidd4, B6 and B8 make it possible to
swi tchgover to solvent for cleaning the reactors. \Wen required, nonomer or

initi at ori_) and Ctﬁrg}gfbe i ntroduced fromthe reservoir B7 at a point between
the react Eg? RPN FrEQRLEOT NREGBGIET B0 dryrest My Howeieh | s
ef fecti ved§ Uﬁ?ﬁ E“d'@ﬂji?fé@ﬁsﬁ e ingertiop chevay evase vidrmmendsy dapeneingtoh éhaadktired on  of

l'i gand or propertiésadfdtie polyters! Fe8&redd id\yiven foasd stepstorl dfiBtalySiof, heRPABAD.d001t he

;ﬁSCE i 0;1 fol 1@?% eI@fQQH%pr%go%rnof‘?rﬂf#at&#)%lﬁb ﬂ&%%gtg Y. 6’%%& mkg;ﬁﬁe E gf;?t ?a§ y%)

of rm‘r(%rre %rﬁ)cl’ m??%nc B% \Q \62}86131% 1 Oblwﬁ'g% %CWQP@HP”(E’E)?‘HI‘@H d.betg, py

wei ght) . BWQNQF.? ¥ W19 %E@éf@@&t@ﬂ@hh%ﬂe sa#liee. beie P 1 te §Wbybweigktndihed i n a

cont i nuouweptin PimwpeeatiitfEgeaerbicdinuig (|1 leidfeons ¢ i dLaaash%axpetidhtentsch The

;:ﬁnt: nuouaﬁggéd@c{ﬁn AP RXALnOht Of éc@ﬁ@derﬁ@@%@%bé{ﬁérm rdMBmELShd éhelﬂﬂclausel of
e larg ol ecul ar

wei ght l\/ﬁfcé/(\@s (I W@Wﬁ%gnﬁ?rﬁ%f ﬁ’]Enc?] of ﬁ@ ﬁﬂ&gl%rﬁ{uia -Etaﬁd ?érﬁﬁn{nen%fo?o W&iSht at a

pol ydi spe1 S| ‘ig '%4” e”%ﬁ%gim BN RPPIMANgH £2 B'V%ttar Peiug from OWQS

br oadenedi©2se By Weighi| tbe sfoperien pldaiiaferte geing ﬁ@“;@rbfbﬁr’/ebmelmﬂi,éh@ pigpottiemat or .

Exanpl e 2iga8eniHeigdionpt.oCies 9.5bbExpeightnda baposieh olplveRenetihgRoed 0 BOBEL er
METTLER T@@a@taﬁépmgmompa&aﬂgoee.ngsmrﬁW@%Ibs;mfé%m ir%aq h& IR 4.0. 2 m

f Cu e trod d
\OII a a o ri ‘E@gdr?& gt t2"mr%e§{130 @r zlt? HgﬁH?BFOP?)'ﬁOqu g ?{é’ ﬁfq}iﬁ'ﬁglt%]n::?e;ggs
with Fher Q?WGQH & RIRPE(oN OfaRA Cf 'éﬁa@ 0tQ9 0 BArrurveihé truprer@ieihele ar ea per

vol ume of soeMid- ivfrna 09 $je bheeigouihs @rapbriioh ef mine saire. ddint § 6r3% Phevegianpl es
taken at regular intervals fromthe reactor were anal yzed as follows: 25 1)

The sol i dg o6 QARBWES IS ELL Bﬁqe We%ﬁ”ﬁh@ﬁs MRl t?sred-g %gl?j HR73 IR dryer.
The m)nonbeél Pﬁtﬁé%o? Ogf;aanﬂ,be I cul at ed %1?] ornul ation
paranet ers Qj | SCUlAY gﬁ’ﬁuz%if)s@% 6Lt ﬁc y?tﬁ‘e BREPreEEdet er ni ned
by nedh '@t%?%ta' Y °°ﬁ‘é’F ipfRsae ( @ﬂe@iﬁeaﬂm@%@qﬂaﬁr@p(ll)@use@nm adiigmriol ogi es) .
Thi s convnetngﬂ@Omtb@ba]m irf the prolvEsAnd thetinvenfioro An Mavanzge Thiee osd uhtigohave t he
di mensi onsd30QiINs alit dBidmadLtidd leb@dn\WdcBedd0f b @SStdIBKRALNH: ¥hiRYhdenzene- st yr ene
pol yrer h%é nRGg2 particle size of 5 pm The porosities are 100, 1000, 10 000
and 100 00 Angstrom Tetrahydrofuran at 35C was used as eluent. Calibration
was carried out against narrowdistribution polystyrene standards from PSS

(t ypesReday fredier prefaared s badipentk theskelyal sacomeisghtomsr goy2suB@s®Ogs ot 000 000,
659 000, ®RdEze000, 128 000, 67 500, 32 500, 18 100, 9130, 3420, 1620 and 374

g/ mol . 35 M, MN and PDI were determ ned fromthe nmeasur ed nol ecul ar wei ght

distrib t
Lt ol A B P50
distri butqoiﬂ*? i mﬁ gHmﬁB?}%rﬁﬁﬁ’ C%ISB‘&‘P@@” &t RehBUChai ns, with each

initi4tor nolecule startl ng a chain in the case of nonofuncti onal initiators
such as 40 tesirbydss 2f the oo PIreBRNhes 6YRB) to Ty drgdmidnirivseshd romidBE, 71835 14
M( t heor)particERy Bk addd, bloRhBoac{BRRABRY, sliodMikdd Riid dld hdhGEd e uiar >



Mni‘ti at or PPYX18fdner: Miitiator: 10 total mass of the initially charged
nononmer and the nmononer which has run in up to the time of sanpling nass of
the initiator (initially charged) fractigonal conversion of nononer into

| | r t Nomer ich has run in
58 %/ge { h((af:{“ijér?’ggo ngehlglilfhh%}h I%ﬁ@?%g@é%gal Mzﬁ’g"ﬁgﬁ%ﬁ%@%{?b " the i nitiator
(167 gmo1 PR PHRETdR set dF sy PBEERe R BRSE Nt Ao ekper HemmosHRReiRs|
char ge: 13Mtete5pP- copper wire 563.15 g of dimethyl sul foxide (DVSO) 46.929% 15
Addi tion:0.75 gof Me6TRENO. 062% 1. 69gof met hyl 2-bronopropi onat e0. 141% 40. 00
Soryl ot eag St s xRN vidh, iRatieRid ST, A bt Eh FE de i nert
gc: %/,ngse ?c{fﬁ%@{%ﬁr?e%% 9"(rﬁtlﬁt% ,ﬁ%g"erﬂ?re%@p?'?&%to(gﬁ‘?ﬁ&%ﬁﬁ@ﬁgﬂaiiﬁ‘?ﬁ@@%rﬁgﬁ? copper wre
wi th hol \QAB?’”%\ﬁ'ge%@%@a%d'ﬂﬁrgﬁﬁ%@?famee%?mW@Slﬁm’ema@ﬁaltrﬁﬁqrrmnpounds_,
2- br onopr éptivfritereierely added peiyderdatt emkearin partieldrabtemetieetriszsed w th DVBO
25 1 medi anebythafdnensiaisgBaminbanfieathest paatidindasd sdidhhedt i@Bfcdiiesigd i n over a

peri odpof i-N d of the introduction of the feed stream
an afﬁgr-B%&%i%gmﬁ&mgﬁﬁ%lgaﬁ?ig out for 10 hours. During the netered

addi tion, sanples were taken and stabilized with 0.01 g of hydroqui none. The
mi xt ur e wWHs? PREAeE 6BPediman@f Biearasees of 3t Mpstieb ups s nfdeohena wranyre solvetiown i n
Tabl e 1 wesfoobramedrolbishir@oiyols, prefetably ninfetiGo aukisé,onetityl Mnyl Ke@heDdthyl/ Wear /

(g/ mol)  PRletdletn&hanol, $haRel 3orefkddI, 288utdnd?4h-butanol, tert-butanal, glycol, glycerol,

15 ethylene carbonate, propylene carbonate, acetone, lactates, water and mixtures of these
solvents, with the water content of the solvent preferably being from 0 to 10% by weight,
particularly preferably from 0 to 7% by weight, in particular from 0 to 5% by weight, in each case
based on the total amount of solvent. Particular preference is also given to using mixtures of
protic and aprotic solvents as solvent.

20
In a preferred embodiment of the process of the invention, one or more halide salts e.,
preferably NaCl, NaBr, CaCly, also CuCly, CuBrs, are used. Particular preference is given here
to NaCl or NaBr. The use of NaCl or NaBr allows block copolymers of acrylates and
methacrylates to be prepared advantageously.

25

In the process of the invention, the addition of monomers vi) is carried out continuously or
discontinuously. The monomers of the general formula (1) are added all at once or in a plurality
of partial amounts in step vi).

30 Inan embodiment of the process of the invention, the controlled free-radical pelymerization is
carried out in a semibatch process. Semibatch processes differ from batch processes for free-
radical polymerizations by a greater variability of the addition of the starting materials, e.g. by
means of feed strategies for monomers in copolymerizations which minimize the change in the
polymer composition over the course of the reaction. The free monomer concentrations are

35 generally lower than in a batch process, in particular at the beginning of the reaction, resulting in
the hazard potential of the process being minimized in respect of the maximum quantity of heat
liberated at any point in time.

This means that at least part of the monomer is slowly introduced by combining the components

40 i tov. after commencement of the reaction. As a result of suitable feed strategies for monomer
and optional initiator, the process can be operated continually with large quantities of heat to be
removed (or high reaction rates) while avoiding load peaks.
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In another embodiment of the process of the invention, the controlled free-radical polymerization
is carried out in a continuous process. To achieve narrow molecular weight distributions in a
controlled free-radical polymerization, it is necessary to achieve a narrow residence time
5 distribution in the reactor in continuous polymerization processes. Reactors having plug flow
characteristics are therefore useful. These can be not only tube reactors but also belt reactors,
cascades of stirred vessels or particular milli reactors. Milli reactors allow good temperature
control even in the case of strongly exothermic reactions since they have high heat transfer
areas.
-10

In a preferred embodiment of the process of the invention, an acrylate as monomer of the
general formula (I} is firstly polymerized to a conversion of > 85% using an organic bromide as
initiator. Before addition of a methacrylate as further monomer of the general formula (1), for
example for intreducing a second polymer block, an inorganic chloride, particularly preferably an

15 alkali metal or alkaline earth metal chioride, in particutar NaCl, is preferably added. Telechelic
polymers having methacrylate groups at the end of the acrylate polymer chain can particularly
preferably also be prepared by this process.

In general, the rate of the free-radical polymerization is, as is known to those skilled in the art,
20  dependent on, for example, the temperature, the monomers used, the solvents or the initiator

concentration. The rate of the reaction can therefore vary over a wide range. The process of the

invention is preferably carried out so that the controlled free-radical polymerization proceeds to

a conversion of greater than 80%, preferably greater than 85%, particularly preferably greater

than 90%, within a short time, preferably within less than 10 hours, particularly preferably within
25  less than 6 hours, in particular within fess than 1 hour.

The polymers obtained in the process of the invention generally have, after a conversion of the
monomers of from 80 to 100%, an average molar mass Mn (number average) of from 1000 to
1 000 000 g/mol, preferably from 2000 to 200 000 g/mal, in particular from 3000 to

30 150 000 g/mol. The average molar masses generally depend, as is known to those skilled in the
art, on, inter alia, the concentration of initiator. Here, Mn can be adjusted over a wide range
depending on the desired use of the polymer. In the case of sealants, values of from 2000 to
4000 g/mol are sought. In the case of resins and thermoplastics, values of from 100 000 to
150 000 g/mol are usual.

35
The polymers obtained in the process of the invention generally have, after a conversion of the
monomers of from 80 to 100%, an average molar mass Mw (weight average) of from 1400 to
2 000 000 g/mol, preferably fram 2200 to 300 000 g/mol, in particular from 3300 to
200 000 g/moil.

40
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therefore given to using selected steel alloys such as X1CrNiMoCuN20-18-8 (1.4547),

particularly preferably NiCr21Mo14W (2.4602), as materials for the apparatuses. Preference is

25  likewise given to materials such as glass, titanium (3.0735) and chemical enamels.

In a preferred embodiment, catalyst of the component a. is present in all places in which the
polymerization reaction is to take place. In the case of reactions on an industrial scale, the
Cu(0) comprised in the catalyst is at least partly, preferably mostly, present in powder form: the

30  particle size of the Cu(0) powder is preferably significantly smaller or equal to 45 pm and the
proportion of particles larger than 45 pm is preferably not more than 2% by weight. Copper wire
Ccopper gauzes, copper meshes or copper wool have the advantage that the polymer can easily
be separated from the catalyst after the reaction. Particular preference is given to using
combinations of copper wire, copper gauzes, copper meshes or copper wool with copper

35 powder as constituents of the catalyst a.

5

In a further preferred embodiment of the process of the invention, purification of the polymers
formed by reducing the residual content of copper or copper ions by means of filtration,

precipitation, ion exchangers or electrochemical processes is additionally carried out after step
40 vi).
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The process of the invention can be carried out at temperatures which vary over a wide range.

The choice of temperature depends, for example, on the desired properties of the polymers

formed. The process of the invention can also advantageously be used at relatively high

temperatures. In general, the process of the invention is carried cut at temperatures of from -70

3 1o 180°C, preferably from O to 150°C, particularly preferably from 20 to 120°C, in particular from
30 to 120°C.

In a preferred embodiment, the polymerization is carried out partially adiabatically, which has a
positive effect on the energy consumption since the heat of reaction is utilized for heating.

10
In terms of the rate of the reaction and controlling the molecular weight, it is advantageous to
start the polymerization at low temperatures, i.e. for example in the range from 20°C to 50°C,
preferably in the range from 30 to 40°C, in order not to generate an additional cooling
requirement. The control of the molecular weights which leads to a narrow molecular weight

15 distribution is maintained over the entire temperature range (e.g. from 30 to 90°C).

The process of the invention can be carried out at pressures which vary over a wide range. For

example, the polymerization can be carried out at slightly subatmospheric pressure or else at

elevated pressures. The pressure is preferably from 1 to 50 bar, in particular from 1 to 5 bar.
20  The pressure conditions generally alsc depend on temperature and composition of the system.

The invention further provides polymers which can be obtained by means of the embodiments
of the process of the invention. These polymers preferably have average molecular weights Mn
and Mw and polydispersities (Mw/Mn) in the abovementioned ranges.

25
The polymers of the invention are preferably homopolymers, random copolymers, block
copolymers, gradient copolymers, graft copolymers, star copolymers or telechelic polymers.
Particular preference is given to acrylate-methacrylate diblock copolymers and acrylate-
methacrylate multiblock copolymers, particularly preferably acrylate-methacrylate triblock

30 copolymers and block copolymers of acrylates and methacrylates, preferably pBA-b-pMMA or
triblock copolymers of pMMA-b-pBA-b-pMMA.

The invention further provides for the use of polymers prepared according to the invention or
polymers of the invention as telechelic polymers for sealants, adhesives, polymeric additives or

35  reactive components (e.g. silane-functionalized). When they are used as sealants or adhesives,
use is made of, for example, a well-defined OH telechelic polymer as polyol component for the
reaction with isocyanates.

The use according to the invention of polymers preferably occurs as triblock copolymers in TPE
40  (thermoplastic elastomer) applications, as impact modifier for styrene-acrylonitrile copolymers or
polybutylene terephthalate or as plasticizer/impact modifier for PVC.
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internal diameter) and through each of which a copper wire having a diameter of 1.6 mm

and a length of 10 m had been drawn and which were maintained at temperature by

30 means of the thermostats W1 and W2. Monomers were continuously metered in from a

reservoir (B3) via an HPLC pump (P3) and the solvent from (B5) via an HPLC pump (P4)

and mixed in a static mixer (M1). The initiator/ligand feed was metered in from reservoir

(B1) by means of the HPLC pump (P2) and subsequently mixed with the

monomer/solvent feed using a further static mixer (M2). The flows through the pumps P1

35 to P4 were regulated via the balances A1 to A4. The vessels B2, B4, B6 and B8 make it

possible to switch over to solvent for cleaning the reactors. When required, monomer or

initiator/ligand can be introduced from the reservoir B7 at a point between the reactors

(K1) and (K2) by means of the pump P1.

40 Here, monomer is effectively introduced immediately before or shortly after the addition of
ligand or initiator.
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At a residence time (corresponds to the reaction time) of about 38 min and a bath temperature
of the thermostats (W1) and (W2) of 70°C, a monomer conversion of above 90% was obtained
(molar ratio of menomer to initiator fo ligand of 100:1:0.1; solvent content: 73% by weight).

5 Asignificant acceleration of the reaction could be achieved in a continuous mode of operation
according to the semibatch experiments. The continuous mode of operation offered good
control of the reaction because of the large heat exchange area of the tube reactor.

The experimental molecular weight Mn was about 38% higher than the theoretical molecular
-10  weight at a polydispersity (Mw/Mn} of 1.36. The molecular weight distribution was broadened as
a result of the residence time profile of the tube reactor.

Example 2: Semibatch process
15 Experimental set-up:

Reaction calorimeter METTLER Toledo RC1 with ReactIR 4000, software IC Control 4.0, IC-IR
4.0.
2 m of Cu wire having a diameter of 1 mm were wound around a baffle and introduced via a

20  flange into the reactor. The contact region with the Cu wire increases with increasing fill level,
which leads to a comparable Cu exchange area per volume of solution during the course of the
monomer addition.

The samples taken at regular intervals from the reactor were analyzed as follows:

25 1) The solids content was determined by means of a Mettler Toledo HR73 IR dryer. The
monomer conversion can be calculated therefrom using the formulation parameters.
2) The molecular weight distribution of the polymer was determined by means of a GPC unit
(gel permeation chromatography; Agilent Technologies). This comprised four columns from MZ-
Analytik from Mainz. The columns have the dimensions 300 x 8 mm and are filled with

30 crosslinked divinylbenzene-styrene polymer having a particle size of 5 ym. The porosities are
100, 1000, 10 000 and 100 000 Angstrém. Tetrahydrofuran at 35°C was used as eluent.
Calibration was carried out against narrow-distribution polystyrene standards from PSS (type
Ready Kal.) having a peak molecular weight Mp of 2 180 000, 1 000 00C, 659 000, 246 000,
128 000, 67 500, 32 500, 18 100, 9130, 3420, 1620 and 374 g/mol.

35  Mn, Mw and PDI were determined from the measured molecular weight distributions.

The number average molecular weight to be expected theoretically, Mn{theor), is calculated

from the assumption of equal distribution of all reacted monomer molecules over the chains,

with each initiator molecule starting a chain in the case of monofunctional initiators such as
40  methyl 2-bromopropionate (MBP).

The formula used is:
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stabilize E 0..0 of hydroqui none. The m xture was then cool ed and
dr ai ned. ﬁ%C“P fine rized in Table 4. Table 4: M //Kinn / t/

m nCony / Iniggghante) ( gﬂ?}rﬂﬂ }JPDIOf copper wire
563.15 g of dimethyl sulfoxide (DMSQO) 46.929%

15 Addition: 0.75¢g of MesTREN 0.062%
1.69g of methyl 2-bromopropionate 0.141%
40.00g  of dimethyl sulfoxide (DMSQ) 3.330%

Feed stream 1: 594.41g of methyl acrylate 49.535%

20
Procedure:

The initial charge was introduced and made inert 3 times with 8 bar of nitrogen. The reactor was
heated to 70°C. The copper wire with holder was subsequently installed, the MesTREN and
methy! 2-bromopropionate were added via a lock and the latter was rinsed with DMSO.

25 Immediately afterwards, the feed stream 1 was started and metered in over a period of 240
minutes. After the end of the introduction of the feed stream, an after-polymerization was carried
out for 10 hours. During the metered addition, samples were taken and stabilized with 0.01 g of
hydroguinone. The mixture was then cooled and drained.

30  The course of the reaction shown in Table 1 was obtained:

Table 1:
Conversion / Mythear |
t min % Ms 1 {g/mol} (g/mol) PDI
0 0.0
45 5.3 5033 581 1.94
90 9.0 5652 1989 1.76
172 6.3 5312 2661 1.85
200 5.9 5741 2894 1.80
240 54 5781 3178 1.82
300 9.1 10446 5360 1.33

420 56.4 54301 33119 1.26
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Alternative procedures sometimes resulted in a significant slowing of the polymerization.

A premixed initial charge of ligand and initiator prepared before the actual reaction (i.e.

5 significantly before addition of the monomer) gave slowed polymerization reactions. The greater
the time between premixing of ligand and initiator and the addition of the monomer, the more
slowly did the polymerization reaction subsequently occur. Presumably, premixing of ligand and
initiator leads to activation of the initiator, i.e. short-lived free initiator radicals are presumably
formed and quickly terminate in the absence of the monomer. In the subsequent addition of the

10 monomer, these initiators are then presumably no longer available for a reaction and the
polymerization reaction slows significantly or hardly any reaction occurs.

In the case of premixing of ligand and initiator before the actual reaction, it was likewise found
that the molecular weight control deteriorates since the experimental number average molecular

15 weights are significantly above the theoretically calculated molecular weights. This is probably
attributable to the fact that fewer free initiator radicals start chain growth as a result of
premature bimolecular termination reactions.

The observations in respect of slowing of the reaction and melecular weight control for the
20  various procedures were less strongly proncunced at a reaction temperature of 70°C than at
50°C.

Example 3:

25 a. Batch process reaction calorimeter

Initial charge:
13.11g  of copper wire
563.15g of dimethyl sulfoxide (DMSO)  46.929%
30
Addition;
0.75¢g of MesTREN 0.062%
1.69¢g of methyl 2-bromopropicnate 0.141%
40.00g  of dimethyl sulfoxide {(DMSO) 3.333%
35 594.41 g of methyl acrylate 49.535%
Procedure:

The initial charge was introduced and made inert 3 times with 8 bar of nitrogen. The reactor was
heated to 70°C. The copper wire with holder was subsequently installed, the methyl acrylate
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92.5 64599 51486 1.46 20 b. Addition of nononer together with addition of
initiator and catal yst cf. Exanple 2. giitial charge: 13.11 g of copper wre

563. 15 g Qifas gbrfg%t f\}M TR%IU Jn%e%ﬁ E)MS Qopro%zo%zge%vezrg added dire qu aﬁenrvards via a Eogk

MEGTREN and the latter was rinsed with DMSO. Samples were taken during the reaction and stabilized
with 0.01 g of hydroguinone. The mixture was then cooled and drained. The results are
summarized in Table 2,

5
Table 2;
Conversion / Mptheo f

£/ min % M,/ (g/mol) {g/mol) PDI

0 0.0
15 40.3 32112 23683 1.25
45 70.7 49881 41504 1.18
138 91.2 50818 53539 1.14
190 93.5 81257 54902 1.18
260 95.8 87978 56241 1.18
320 97.0 69533 56964 1.14
410 97.9 70221 57498 1.15
500 100.0 68237 58738 1.25

b. Batch process in the laboratory

10 A reaction apparatus comprising a round-bottom flask, reflux condenser, internal thermometer
and gas inlet for nitrogen was briefly flushed with protective gas. The copper catalyst was
wound as wire having a length of 2 m around the blade stirrer of the apparatus or else added as
copper powder (300 mg). 1072.8 g (8.37 mol) of butyl acrylate, 250 mi of methanol and 750 m!
of methyl ethyl ketone and also 30.1g (83.7 mmol) of diethyl dibromoadipate and 1.93 mg

15 (8.37 mmol) of Mes-TREN were added in succession. The mixture was then heated by means of
a heating bath which was maintained at 60°C. Within 5 minutes, the internal temperature rose to
reflux temperature (70°C). The heating bath was removed. To moniter the degree of conversion,
the solids content was determined. About 45 minutes after heating, the temperature dropped
back to 58°C and the degree of conversion was 91%. The average molar mass was

20 Mn=13700 g/mol, and the PD] M./M, was 1.17.

General procedure for the SET-LRP in the laboratory experiment for the further examples:

In the laboratory, the polymerizations by means of SET-LRP were carried out basically as
25 follows:

The glass apparatus comprised a reflux condenser, gas inlet for nitrogen, stirrer (blade stirrer or
magnetic stirrer), internal thermometer. The Cu wire was wound around the blade stirrer or
around the magnetic stirrer. In some cases, Cu powder or Cu zeolites were used as solid. The
30  apparatus was flushed with nitrogen before the reaction. The flask was charged in succession
with monomer, followed immediately by solvent, initiator and ligand. The apparatus was then
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m xture Wiy ???e‘?{ CROSTRY él"}‘?éﬁtyp*ﬁﬂ &}Oélgfeﬂ %{P@J%Wﬁﬁﬁ’?qllié’ﬂ’rﬁeﬁ Updll e 5.
Tabl e 5: #Kingioff regigal mumemer andgoient) byweeeans of g/ rish) eveppbralr.OCiGracteriggtich of 90
5. 0 5028 @4dblymer was carried out by means of GPC under the above-described conditions. The

product was additionally analyzed by 1H-NMR using CDCl; as solvent on a 500 MHz

" 10 spectrometer from Bruker.
Example 4: Polymerization of butyl acrylate

Results of the experiments are summarized in Table 3:

15
Table 3:
Mn(theor) Mn{exp) Conversion
No. X Solv [g/mol] [g/mol] Mw/Mn %]
1 25 MeCOH 3800 3200 1.19 95
2 500 DMSO 48000 59800 1.25 75
3 200 - 23400 20000 1.15 78
4 200 MEK 25600 23000 1.25 95
5 200 MEK/MeOQOH 25600 22100 1.29 95
6 200 MeOH 25600 26200 1.14 95
7 1500 MeOH 150000 116000 1.4 81
8 10000 DMSO 680000 480000 1.4 79
Solv: solvent, MEK: methyl ethyl ketone, MeOH: methanol, No. 5: MEK/MeOH = 50/50 (by
volume);

External temperature T = 60°C
20  [BAJ[IVIL] = x/1/0.1 (molar ratios)
Conversion: conversion of butyl acrylate monomer
Experiment No. 1 was stopped after 4 hours, and the remaining experiments were stopped after
6 hours.

25 Example 5: Procedure for the reaction depending on the time of addition of the monomer

a. Monomer is (partly} initially charged

Initial charge:
30 13.11g  of copper wire
563.15g of dimethyl sulfoxide (DMSO) 46.929%

Addition:
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73.7 85683 43305 1.13 857 92.6 105670 54404 1.21

10

15

20

25

0.75¢g of MesTREN 0.062%

1.69g of methyl 2-bromopropionate 0.141%

40.00g  of dimethy! sulfoxide (DMSQ) 3.333%

74.30g  of methyl acrylate 6.192%
Feed siream 1;

52012 g of methyl acrylate 43.343%
Procedure:

The initial charge was introduced and made inert 3 times with 8 bar of nitrogen. The reactor was
heated to 70°C. The copper wire with holder was subsequently installed, MesTREN and methyl
2-bromopropionate were added via a lock and the latter was rinsed with DMSO. 12.5% of the
monomer was then metered in over a period of 5 minutes. Feed stream 1 was subsequently
metered in over a period of 210 minutes. After the addition of the feed stream was complete, an
after-polymerization was carried out for 20 hours. Samples were taken during the metered
addition and stabilized with 0.01 g of hydroquinone. The mixture was then cooled and drained.
The results are summarized in Table 4.

Table 4:
M/ Mytheo |
tf min Conv/ % (g/mol) {g/mol) PDI
0 0.0

30 43.9 100860 24411 6.40
93 422 15732 23509 2.80
162 35.1 19585 19536 1.70
210 29.2 20288 16249 1.39
275 31.1 22918 17319 1.28
300 45.2 34078 25144 1.21
345 64.0 45591 35628 1.27
390 76.9 51519 42786 1.27
450 82.8 55269 46089 1.31
510 85.2 68523 47389 1.42
1140 92.5 64599 51486 1.46

b. Addition of monomer together with addition of initiator and catalyst
cf. Example 2.

Initial charge:  13.11g  of copper wire
963.15¢g of dimethyl sulfoxide (DMSQ) 46.929%

Addition: 075¢g of MeBTREN 0.062%
1.68 ¢ of methyl 2-bromopropionate 0.141%
40.00 g  of dimethyl sulfoxide (DMSO) 3.330%



c. Additi &f 7383%onomer after addition of initiator and catal yst 15

Initial charge: 13.11 g of copper wre 563. 159 of di nethyl sul foxi de( DMSO)
46.929% Addition: 0.759 of Me6TREN 0. 02% 20 1.69g of ETEt hél) 4 330% Feed
2- br onopr @pi : 4 i met hyl sul i-gle ( DMS : o Fee
stream 1: @g%ﬁg%tfﬁgpoﬁéjﬁ%ﬁ %yl Qfarﬁ%wgggla 9.535% PF 71 %’20 Procedure: The
initial charge was introduced and nade inert 3 tines with 8 bar of nitrogen.
The react bfoc@@seheat ed to 70C. The copper wire with hol der was subsequently

i nst al | ed Tha/e¢@RER ganvehsntoblyded2inb oid pred3i tes iieth 8esae ometeRen viha réadi@Glesand t he
| at t er swasedtbdoedeoi 113 BB GG SRINBRSE B ilantd Redfid LAp Rl f eed

stream 1, Zlbpoqndp%ptién%le v(\}é;‘gggoeed\'\\f%sa I%}:ﬂ arr{detﬁle ra%r w6ac:)s rmsendu \.E/iﬁuSDMSO. 5 minutes
- afterwards, feed stream 1 was started and metered in over a period of 240 minutes. After the
addition of the feed stream was complete, an after-polymerization was carried out for 10 hours.
Samples were taken during the metered addition and stabilized with 0.01 g of hydroquinone.
- 10 The mixture was then cooled and drained. The results are summarized in Table 5.

Table 5.
Conv / M/ Mytheo |

f/ min % {g/mol) (g/mol) PDI

0 0.0

45 27
a0 5.0 5028 2941 2.05
135 6.0 4297 3542 2.03
195 3.2 4254 1853 2.16
240 3.4 4046 2004 2.11
300 4.4 4868 2597 1.80
360 26.3 28282 15427 1.38
420 60.1 65105 35313 1.1
480 73.7 85683 43305 1.13
857 92.6 105670 54404 1.21

¢. Addition of monomer after addition of initiator and catalyst

15
initial charge: 13.11g  of copper wire
563.15 g of dimethyl sulfoxide (DMSO) 46.929%
Addition: 0.75¢ of MesTREN 0.062%
20 1.68 ¢ of methyl 2-bromopropionate 0.141%

40.00g  of dimethyl sulfoxide (DMSO) 3.330%
Feed stream 1: 594.41g  of methyl acrylate 49.535%



and the ngﬂ:f?p%acryl ate was subsequently netered in over a period of 240

m nutes. After the addition of the feed stream was conplete, an .
after-pol ynerization was carried out fofg 10 hours. Sanples were taken during
the netergd. Fggétl on and stabilized with 0.01 g of hydroquinone. The mxture
was t hen The results _are summarized in Table 6. 10 Tabl e

6 t/ m n(ﬁ& ral/c%mge JWag 2l Qrﬁgp ed\mg Icpa 5 IN§G |3)t|np9|watb 8papof nitrogen.(Jhg reactgygvag . o
116 0.0 heatesptoORC. Thegm@pegwge with Bgger@vag subsequently installed, MesTREN and methyl
2-bromopropionate were added via a lock and the latter was rinsed with DMSO. Before
5 commencement of the addition of feed stream 1, the initial charge was stirred for 60 minutes
and the methyl acrylate was subsequently metered in over a period of 240 minutes. After the
addition of the feed stream was complete, an after-polymerization was carried out for 10 hours.
Samples were taken during the metered addition and stabilized with 0.01 g of hydroquinone.
The mixture was then cooled and drained. The results are summarized in Table 6.

- 10
Table 6:
Conv / M/ Mytheo |

t/ min % (g/mol) (g/mol) PDI

0 0.0

45 0.0

g0 0.0

118 0.0

176 0.0

240 0.0

300 0.0

360 0.0
420 7.7 15511 4542 1.67
480 33.6 62374 19744 1.16
1200 89.7 154460 52709 1.36

Fitting of equation (1) to the experimental molecular weights in Tables 1 and 4 to 6 enables the

effective initiator concentration compared to the ideal reference to be estimated. This is 33% for
15 Example 5¢, 51% for Example 5b, 61% for Example 2 and 80% for Example 5a.

The GPC was calibrated as described above against narrow-distribution polystyrene standards.

Example 6: Reaction procedure depending on temperature profile

20 a) Increase in temperature from 30°C to 70°C

Initial charge:  13.11g  of copper wire

563.15g of dimethy! sulfoxide (DMSO)}  48.024%
Addition: 0.75¢g of MesTREN 0.064 %
25 1.69¢g of methyl 2-bromopropionate 0.144%
40.00g  of dimethyl sulfoxide (DMS0O)  3.411%
74.30g  of methyl acrylate 6.336%

Feed stream 1: 520.129g of methyl acrylate 42.021%
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via a lock and the latter was rinse DMSO. Feed stream 1 was subsequently
metered in over a period of 210 m nutes and the external tenperature was

i ncreased J#88870C over a period of 40 nminutes during the metered addition.
After the addition of the fegg stresmeayas conpl ete, an after-polynerization

was carriedpMin fop our npl re t@en during the nmetered addition
and st abi H ] O%\?/% @mo%a Gl : i Xxture was then cooled 10 and
dr ai ned. Theaoesul ts Qre summari zed in Table 7. Table 7:

13.6 0206 7969 3.21

60 28.9 8081 16949 2.31
105 62.2 18146 36554 1.30
150 53.8 24748 31574 1.18
210 39.9 27078 23420 1.18
270 36.8 26288 21617 1.16
330 49.5 35079 29076 1.15
390 69.2 47722 40649 1.18
450 77.8 54632 45689 1.19
510 82.8 58236 48653 1.19
1123 92.9 64353 54594 1.27

b) Isothermal at 70°C
15  cf. Example 5a.

Example 7: Block copolymers and the influence of salt

Acrylate block on methacrylate block
20
Without salt
Under a nitrogen atmosphere, 17.9 g (0.14 mmol) of butyl acrylate, followed immediately by
15 mi of methy! ethyl ketone and 5 ml of methanol and also 116 mg (0.7 mmol) of methyl 2-
bromopropionate and 32 mg (0.14 mmol) of MesTREN were introduced in succession into the
25  reaction apparatus. The reaction solution was heated to 60°C by means of a heating bath. After
a degree of conversion of 91% had been reached, 14.0 g (0.14 mmol) of methyi methacrylate
and another 32.1 mg (0.14 mmol) of MesTREN were added in the second stage. After a reaction
time of 6 hours, the degree of conversion in the second stage was 78%. The product was



M Ai nt heo™ T "£%%%i nCony | % g/nol)(g/mol)PDI 0 0.0 30 13.6 9206 7969 3.21
60 28.9 8081 16949 2.31 105 62.2 18146 36554 1.30 150 53.8 24748 31574 1.18
210 39.9 27078 23420 1.18 270 36.8 2628® 21617 1.16 330 49.5 35079 29076
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isolated by precipitation from methano! and the molar masses were determined by means of
GPC. Mn =40 000 g/mol, PDI = 1.85 (bimodal).

With CuCl,

Under a nitrogen atmosphere, 17.9 g (0.14 mmoi) of butyl acrylate, followed immediately by
15 mi of methyl ethyl ketone and 5 mi of methanol and also 116 mg (0.7 mmol) of methyl 2-
bromopropicnate and 32 mg (0.14 mmol) of MesTREN were introduced in succession into the
reaction apparatus. The reaction solution was heated to 60°C by means of a heating bath. After
a degree of conversion of 95% had been reached, 14.0 g (0.14 mmol) of methyl methacrylate
and another 32.1 mg (0.14 mmol) of MesTREN and 3 mg (0.014 mmol) of copper(il} chlcride
were added in the second stage. After a reaction time of 6 hours, the degree of conversion in
the second stage was 33%. The product was isolated by precipitation from methanol and the
molar masses were determined by means of GPC. Mn = 26 000 g/mol, Mw/Mn = 1.37
(monomaodal).

With NaCl

Under a nitrogen atmosphere, 17.9 g (0.14 mmol) of butyl acrylate, followed immediately by

15 ml of methyl ethyl ketone and 5 mi of methanol and also 116 mg (0.7 mmol) of methyl 2-
bromopropionate and 32 mg (0.14 mmol) of MesTREN were introduced in succession into the
reaction apparatus. The reaction solution was heated to 60°C by means of a heating bath. After
a degree of conversion of 93% had been reached, 14.0 g {0.14 mmol) of methyl methacrylate
and another 32.1 mg (0.14 mmol) of MesTREN and 80 mg (2 mmol) of sodium chloride were
added in the second stage. After a reaction time of 6 hours, the degree of conversion in the
second stage was 80%. The product was isolated by precipitation from methanol and the molar
masses were determined by means of GPC. Mn = 42 600 g/mol, Mw/Mn = 1.30,



1.15 390 66.7A83%722 40649 1.18 450 77.8 54632 45689 1.19 510 82.8 58236 48653
1.19 1123 92.9 64353 54594 1. 27 b) Isothermal at 70C 15cf. Exanpl e 5a.
Exanpl e 7: Bl ock copolyners and the infjqience of salt Acrylate block on
nethacrylﬁqﬁnblock 20 Wthout salt Under a nitrogen atnosphere, 17.9 g (0.14
mol ) of bu y? acrylate, followed imediately by 15 m of nethyl ethyl ketone
and 5 m of nethanol and also 116 ng (0.7 mmol) of nethyl 2- bronopropionate
and 32 ng1(0. Adronees Jor efepkB&T RENNeve e dontolled veedadical poigeesstian whatan tlke 25
reacti on appagajrisizaiidhColl GRCbi @Tbrs GebltddRRAINRSyRERER hencﬁl@e@s%hﬂ@?éﬁera;f a
heati ng bath.kﬁ$&§ﬂ a degree of conversion of 91% had been reached, 14.0 g
(0.14 mol ) of net {u nmet hacryl ate and another 32.1 ng (0.14 nmol) of Me6TREN
were added in the second stage. After a reaction tinme of 6 hours, the degree
of ‘conversion in the second stage|m$;rjéé% TR product was PF 71835 22

i sol ated by precipitation fromnethanal/and the nol ar masses were determ ned
by -neans of GPC. M = 40 000 g/nol,,/PDI\= 1.85 (binpdal). Wth CuCl 2 5Under a
nitrogen atnosphere, 17.9 g (0.14 Rmol) Rf butyl acrylate, foll owed

i medi ately byhé&d m of nethyl ethyl ketone and 5 ml of nethanol and also 116
ng (0.7 mmol )rof @Rt Ayk, 2k, br omopropi onate and 32 ng (0.14 mml) of Me6TREN
wer e i18troduc Jo iiQ S¢(§ Q%%i;on into the reaction apparatus. The reaction

sol uti on was heat_eH' b76UC by neans of a heating bath. After a degree of
conver si on of Rb596 Halrbedl!r eached, 14.0 g (0.14 mol) of methyl methacryl ate
- 10 and anotiRer i82(=D)PBY GEONHRIFT(FOMNRIRE OTRENCaACEONDH,(EN, G, wawml) of
copper (I'1) chl origleoymeseraddedoRsitdre),SRaaRE, IHieEsH, P"(EbﬂbR%r eaction tine of 6
hours, the degree of conversion in the second stage-was 33% The product was
i solated by precipitation from nmethanol and the nolar nmasses were determ ned

by neans of GPC. Mh = 26 000 g/ nol, G 1.37 onodal ). 15 Wth NaCl
Under a nitrogen atnosphere, 17.9 g {(0. 14 nmol) of\ bytyl acrylate, followed
i medi ately by 15 nl of methyl ethyl one and 5 of ,nmet hanol and al so 116

mg (0.48 mmol ) of nmethyl 2- brornopropionate and 32 ng (0.14 nmol) of Me6TREN
vere introducgd iidcsdGCRSSion into the
RS s C1-Czo-a]ky|,
R6  is Ci-Cop-alkyl,
R7 is H, Ci-Cyp-alkyl,
20
where the substituents R?, R®, R7 and R'® may each be interrupted by one or more
heteroatoms in any position, where the number of these heteroatoms is not more than 10,
and/or may each be substituted in any position, but not more than five times, by NRéR9,
C(=0O)NR®R?, C(=0)R'?, C(=C)OR™®, SO3R™, CN, NO;, C1-Cao-alkyl, C1-Coo-alkoxy, aryl,
25 aryloxy, heterocycles, heteroatoms or halogen, where these may likewise be substituted
not more than twice by the abovementioned groups,

R8, R9, R are identical or different and are each, independently of one another, H,
C4-Cag-alkyl, C2-Cao-alkenyl, Ca-Cap-alkynyl, Ca-Cis-cycloalkyl, aryl,
30
is carried out in the presence of
a. one or more catalysts comprising Cu in the form of Cu(0), Cu(l), Cu (II) or mixtures
thereof,
35 b. one or more initiators selected from the group consisting of organic halides and

pseudohalides,

¢. one or more ligands,



20 reacti (ﬂf%&?ﬁgr atus. The reaction solution was heated to 60C by neans of a
heating bath. After a degree of conversion of 93% had been reached, 14.0 g
(0.14 muol) of methyl methacrylate and apother 32.1 ng (0.14 mmol) of Me6TREN
and BOng (2 nmml) of sodiumchloride were added in the second stage. After a
reaction time qf 6.hours, the degree of conversion in the second stage was
80% The pr odugt O&E%%”%%?ea?rwr%?gﬁngsci pitation from nethanol and the nolar 25
masses were determ ned by neans of GPC. Mh = 42 600 g/nol, MvW Mh = 1.30. PF
71835 23 d ai ne. bpiongitocess ricos inpriepiahalig spied, yner s by control |l ed free-radical
pol ynemi zati on, wherein the pol yneri zati on of one or nore

free-radicall i nmononers of the general 5formula (1) RKR 2(1)
R3R4 wher e m?%@%'y%géécﬁ?g{egs 10R2is H, Cl-C4-alkyl, R3is H IR4 is C(=0)OR5
C(=0) NHR15, C( 20y 560 wﬁﬁ%’féﬁe C(=0)OH, CN, aryl, hetaryl, C(=0)O0R5CH,
C(=0) OR5Si ( OR5 Y13 orfrirhyrdtiitioNpICho)derPey ¢ORA rmula®),R5i s Cl- C28-al kyl, R15 is
Cl-C20-al kyl , RpioptidhkiyGmditiok vt soivadi ¢, H, C - C20-al kyl, 20 where the

subst ifouents RRy B&itior ¥ lighiéd 315 may each be interrupted by one or nore
heteroatons in a%di?&s&tﬁﬁi%ﬂm where the nunber of these heteroatons is not nore
each

than 1D, and/ o‘r') na gubstitut ed in any position, but not nore than

five times, by NRSHEN EmaypResREihecerepamula)=0) ORL5, S03R10, CN,

NO2, C1- 020- al ko pplicpsb sddisivy of it ariobalick edlis dnet er oat ons or hal ogen, where
these may |ikew se be substituted not nore than tw ce by the abovenentioned
gr oup R8, i i i : i each, independently of
e e A BRSBTS

Ca- C15- cycl oalK§ Famed St maerigtely egiops rghaly aftes thefast o be sisee ) of) a0d Wne or more
catal ysts conprising Cu in the formof Cu(0), Cu(l), Cu (Il) or mxtures

t her eof , 35hegneesy aqromigitntibimat, msretrethe atidibnfof adnbhers §1) @larmeansik st i ng of

organi ¢ hal ideswandl Bagiedahabigles, c. one or nore ligands, PF 71835 24 d.
optionglly one or nore solvents, e. optionally one or nore inorganic halide

salts, 5 gndr conprises the ste_%s _
. The process according to claim 1 or 2, wherein the monomers vi) are added all at once or in

a plurality of partial amounts.

4. The process according to any of claims 1 to 3, wherein the catalyst a. is added first, followed
25 optionally by the addition of monomers of the general formula (1) and/or solvent d., after
which ligand c., initiator b. and optionally inorganic halide salt e. are added.

3. The process according to any of claims 1 to 4, wherein ligand c. and initiator b. are added
simultaneously.
30

6. The process according to any of claims 1 to 5, wherein solvent d. is added.

7. The process according to any of claims 1 to 8, wherein purification of the polymer by
reducing the residual content of copper or copper ions by means of filtration, precipitation,
35 ion exchangers or electrochemical processes is carried out as a further step after the
polymerization.

8. The process according to any of claims 1 to 7, wherein a transition metal-ligand complex is
used as catalyst.
40



i) additi 6F 7dB3% he catalyst a., ii) optionally addition of nononmers of the
general formula (lI), iii1) optionall y addition of solvent d., 10iv) addition of
ltgand c., v) addition of initiator b.,on |) addition of monomers of the

| f f hal |
oo i b a8 oR R T e 5
general f or FEFTY atf"% I‘{‘:%‘t’rb?ti't‘étﬂd grath )PWEEPFd&F er - Nodpupsttuise! (rseibleetyipnzdaser t he

| ast of the &8¢ eps ds)monoersand v). 2. The process according to claim1, wherein
the addition of nmononers vi) is carried out continuously or discontinuously.

20 3. Eheqpr I rein.t f vi) are
added gl I 1gtﬁ%ﬁp§":}°eg*‘f&?ﬁ%ag? %I"I&a |Ct% !/n‘i’@o oy \r:\fﬁere gr?g%dr?ffcﬁ ﬁ/d%ﬁgﬁﬂgn ﬁper Scess
accordi ng to' 8?1:? B ains 1to 3, vvhereln the catalyst a. is added first,

fol'i owed 250ptionally by the addition of nonomers of the general fornula (I)
and/ or soltv.ehpolyner vafchean i blethinkd byaadrocess dotirtingtodnylaf ciaind 1aptiponal |y
inorganic halide salt e. are added. 5. The pr ocess according to any of cl ains
1 to : r t 0. simul t ane 30 6. The
pr oceés ac%oﬁ] E%OI hgmo'%mg Q]FuH‘h\}qlil&}E %0 rhragg?r%?ﬁ&yﬂmr Cé\‘dded 7. The
process accdoPBHEe 91’33' caPOIE; Graft goRolymsT. %é?@lwqﬁﬁfiechﬁ%lﬁlp@%”@f t he pol ynmer
by reducing the residual content of copper or copper ions by neans of
filtration3. Toeeeé pfdodhieraccdhingno exietzangaE 32 @k t<chElcRENHRA BRdeaRin@cesses is

carried out a@ﬁesﬁ\/eg%é&}ﬁérsélrg&t!@é E&ﬁpotngﬁ’tsp()l ynerization. 8. The process
accor g gng to any o’f claims 1 to wherein a transition netal-1ligand conpl ex

is used as cataly PF 71835 25 9. The process according to any of clains 1
to 8, V\hefl‘élTI'?eé.'FTk?fl POpREr e Ae @lglisw@ﬁtﬂ i12 @6 Btplockeens)yasrsyin IPEs
N- subst i t ut edplcatens) apastinetifidedomatyrdhdaalfisnitistdopalyreets cnpdiybLaehy! ami des are

used as nMONeEBPIFhalstd Or plddBizEYiREES nRBETHHPNG to any of claims Ito 9, wherein
an organi c polydentate amne is used as ligand. 11. A polymer which can be

obt ai ned proc accor to any of clains 1 to 10. -1012. The pol yner
accor ﬁng%‘ﬁ&“ﬁ? prf’i’”ﬁﬁ icﬁord@gé O HBmSHdI3pfer as fisprsantt opol yner, bl ock

copol yner, gradi ent copolyner, graft copolyner, star copolyner or telechelic
polymer. 13. The use of polyners according to clains 11 and 12 as telechelic
pol ymers for seal ants, adhesives, nodifiers or reactive conponents. 15 14. The
use of polymers according to clainms 11 and 12 as tribl ock copolynmers in TPE
applications, inpact nodifiers for styrene-acrylonitrile copolyners or

pol ybutyl ene terephthal ate or plasticizer/inpact nodifier for PVC. 2015. The
use of polynmers according to clains 11 and 12 as di spersants.



