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Preparatlon of -an aqueous pol yner dispersion The present invention relates
to a process for the preparation of an aqueous pol yner dispersion by free
radi cal aqueous enul sion polymerization of a m xture of nononers having at
|' east one ethylenically unsaturated group, which conprises at |east 30% by
wei ght of nononers having two conjugated ethyl enically unsaturated double -
bonds. AqueBuepportinn of spepavesns podyrersjispersdheral |y known. They are
fluid systems which contain, as the di sperse phase in an aqueous di spersing
medi um pol Wi‘ﬁé ﬁ@ééé?ni( Ileweaeiawemehl abes)pmnsstbﬂgmé preparastibhyodf -
égagg‘l’“ ggl a %“?@é %tdgwgh& &@%ﬁr fedde mlwatrae@éédscleamhaohn
aqueous pol yR%}Y'B‘FE s s’l° éédg lJ‘?no Sr ﬁ”l%t 8£&§éq%%§%ggg¥n§£ ]féub#te S &ée
Rat her, the eFByieR ﬁ]e]ﬁpf‘é‘s%“?%‘iﬁ?c@rf’ﬁ@'s 1°°E“F?€"?ﬁ¥e?‘f ;&?5&% ﬁ}s
pol ymer and weight sohganemenm bavingiivei aenivgatadethplenteaddi¥articles to
form | arger assatubkaded aoublecbonddhi ch can be prevented for a relatively:
| ong tinegign the state of the disperse-phase in the aqueous nedi um by

addi ng di Spe?\éggéés( gﬁftﬁnﬁ§§ S s Qaﬁﬁé’é’?} E'a:r:‘tl.f éh@P&iiyz'MheThe

i nterface be di'spéer r.an qu
results in a8 Eﬁog"s ‘i F“'al‘gg c r'% gse'{stl d?'ggﬁ‘ f;%
a cohesi ve p8fAyfews rfh‘tsrﬂ%sﬁﬁﬂﬁ“?q 5d1"|'l't P@F'Ym?gcﬁ%?‘d'sf difr %’n g‘med
form (assumi rgnaistingnef woplweakinin oft intexrtwinads @elmy nehaingn The
evapor at i s dianéternpfahe godysersipaytieliesinisind’ genenal omindyl dotom 10 to
deactivationighothg, di spersant, by partial or conplete coal escence of the

. di spersed pol ymer particles, said polymer matrix corresponding to a

JEEST R i S e
excessi vel y BehsEormdhermodynamigallsr sgpb }%r%\fﬂteﬁm'ynﬁgé S\BYRFERD he
pol ymer p20t attewpirerter sledycecths aizehefdthedintarigesubetyaesn r!@d-m“ért andhe
formati on -of i Bperdinie wedinanby ¢oxbimdngnehe i smalluprénacy tpattcirleal tbondi ng
(crosslinki n%naf ﬂ@e}é&ﬁ&aﬁﬁq&a&&i@@es; | WhidH GahhBe PpEevEH LR FOXa af ter
formation of ﬁ f? 'l)fmF £8P L lhe béf@é L& gﬁshﬁﬂpéfsé Pnddd 3nNLRG
speci.fic mec agtlagt?s ‘ﬁpe LI € défncb drz.gf:{arsar@g (substances which are

25 capable of stabilizing the interface between dispersed polymer
and aquoeus dispersing medium).

This results in aqugous polymer dispersions being potentially

. capable of forming a cohesive polymer matrix both from their

30 liquid form and from their foamed form (assuming a minimum volume
content af dispersed polymer) on evaporation of the aqueous
dispersing medium and/or on controlled deactivation of the
dispersant, by partial or complete coalescence of the dispersed
polymer particles, said polymer matrix corresponding to a

35 transparent film in the first case under favorable conditions and
to a gelled system in the second case.

While chemical bonding (in particular excessively dense chemial
~ bonding) of different polymer chains within the polymer particles
40 generally tends to be disadvantageous with regard to the
formation of the abovementioned polymer matrix, subsequent
chemical bonding (crosslinking) of the polymer chains
constituting the po.ymer matrix, after formation of said matrix
is complete, is often desirable for obtaining specific mechanical
45 properties (eg. resilience). (775
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These requi renents which are apparently contradictory at a first glance can
be reconciled in a sinple manner if, in preparation of the-aqueous polymer
di spersion, which is usually carrled ouk in a manner known per se by the

free radical aqueo nmul si on merization

procedure ha%h %%%r?%&fﬂ“ﬁ%’ﬁsl"ﬁ‘ ?rﬁuﬁﬁ’?%raﬂr{g‘ sggﬁé}a&%& ] glg ;%Zfﬂ%\w/eél
known to a pelanse sian bedreeongides in fosimpleHARREF ohi 1 H PESEPARRAH
literature: ieyaduesesi podfiiéoldispersionncthiahd iBnyewekly marnied. 081- in 59

et seq. (198ﬁ3nné}(indaha§KEYSelﬂy|ﬂh§hffbéyfﬁuidaataqneouskémulb;opage 35 et
seq. (1966); ?%% '(Eﬂihoﬁélfﬁefiﬂgkheh|ﬁré@ﬁﬂdleEﬁHhsbGQﬁ page
191‘23 ’E

e seq lHlfégltrmHzglpfon F‘f?éér:gec c%%ilzfi %?tso

page 135 -
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doubl e bonds
o33 FRaLgLon Fbafsm@n?"&ﬁgséia 38 ' and

nononmers A aP&gef
2, 3- di net hy| Pubbishars, Naw gq:cln @9&5«)@ Pﬁmda acftid #Rde RiFREEFLONEN
p0| ymeri zasi synthettizrchesdBochpolynererpr Pethds & Bdlsohers Spuingemiariagres .
whi ch are nogetPpn 1989309 Yl hidrene pReséndd vfuacdspernitaands anbied

usual |y reguké‘&f é 9%&& 'igx'lttiaEHPh ﬁ%ﬁbﬁéﬂé?@&ﬂ(ﬁﬁx naoet agodecy!

- nercaptan or

150 %‘e mtgiﬁﬁ GEeally %{‘g}}r {Lgal e PhleanE Of the
RSt autaty SR b gyt b op SN

pol ymer dBQpenmmmMmbeVdemmnﬁBB?hﬁ Qﬁﬂyl%néﬁﬂy-%t“‘%ﬁa%ﬂ‘ﬁér chai ns
whi ch. on t hedeulslé duhdar d scespolymenizedn (refeired sd below s monomera|a).
bonded to ongy e mondmbrsNa td¥e 0iber eRanslet bukatiteme et hyl eni cal |y

unsat ur at ed 59{‘@%@ fita \é’ﬂéc? s@JﬁeﬁE)fﬂﬁgﬂi | PRaigkthyEbsaiiené . pol ymer

matrix is co e activated by sui t'abl e vul cani zati on systens (eg.

_based on sulfur) whi ch are uysual |y incorporated befor %izor mati gn of the
afien. 4

pol yrer - n@Br £%, 8u¢h & FiseRarrdicad 2P84 o L sion, RPLye farriifed
t o under go aovs'pet;nfthﬁ prasenos of menperatd Bt dETPATRERERS Miigh are not
crossl i nki ngtowi high lemd edthtor heitthauticthecuss ofr evbstanden) wirdchr uguably t he

application gagubeeetind Mbllecular weight, such as mercaptans (eg.
tert—-dodecyl mercaptan or n-dodecyl mercaptan), as a rule
30 essentially only one of the two conjugated ethylenically
unsaturated double bonds of the monomers A participates in the
polymerization reaction.

This results in aqueous polymer dispersions whose dispersed

35 polymer coils consist of polymer chains which on the one hand are
essentially uncrosslinked (ie. not chemically bonded to one
another) but on the other hand still have ethylenically
unsaturated double bonds which, after formation of the desired
polymer matrix is complete, can be activated by suitable

40 vulcanization systems (eg. based on sulfur), which are usually
incorporated before formation of the polymer matrix, in
combination with elevated temperatures, and can be caused to
undergo é specific reaction with foriation of intramolecular
crosslinking, with the result that a degree of crosslinking

45 desired for the application can be obtained.
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3 The.prior art nakes use of these relatianships, for exanple, in the
?reparatlon of aqueous pol yner di spersions which are particularly suitable
or the production of imersion articleg (eg. condons or gloves) and of

floamed rubber (of. EP-A 378 380, EP-A 456 33 US- 2 3
804, Gernman T RIEZd K5 PRkER (U5E B Aﬂle%f 18%8“%0% g%%ﬁ%% B
M xtures of tasm@reparation %\M“&P“Feagi-mﬁa déFWFEﬁ?‘E%I‘Y ‘%ﬂ?ﬁ?urat ed
group and copartismlarlycssitdiile fprwbhegprasfuctisonef simpansien: astielesigat ed
et hyl eni cal | yedncindoie6r dgLE¥es )oandsofr fosmmdy rabberd(df. EPeAf 328 380 cal
agueous pog gﬂ 74%%' 9§‘ 'Tﬁﬁélcédaﬁb iy SPECAL2 %dmompsetmﬁant eupeishede Tp

For exanpl ¢ o, o ¥, oA i 080 e 26 eaul v o

- for exanple.
pol ymeri zati on terrper ature results in.only a | ow degree of_ cr,osslinking
whi ch i ncr eaMisstwtesh ofhmopemsze Mhighi bave b deasl ene RIhYIaMSAI ¥ e

pr edet er m negnguiupstieds groop amh diompuhse aatl keasth30baky wejighthoéhmanomers
speci fic ggc é’x’i‘ixﬁf"tvﬂ %Bﬁﬁﬁyawd)fethgleaﬂcm;pbmuaadabgﬂ ddudgubohds are

. gont ggg'meggv b EAH %" By Obnd N IOl AHEL o M duleboull 984 wlzdﬂ%V%théb%t
met hods i s tﬂ%tessﬁéﬁiﬁagéiya?? mtn%?ﬁgggég 9‘9%0% on| uga f?é 5;
bonds is butﬁ%ﬁ‘éﬁé’-“t%@%%yﬂ%ﬁﬁ% iaénr?‘&‘f’er‘?é ?8§ ?&4“5%7 ow
pol yneri zat i 0h7 Eydy At @63s340 |and HEzA 3bfQ&t233) -t he present invention to
provide aiprocess for the preparation of an aqueous polymer dispersion by
free radical TRE U Dl S104k i eRpezatury rsudtsi ik orlyfa Towodegsee
having at |egs pﬁsﬁgp {he el niddeabi . och %@ugolymmmml ses at

I %
220 el Mg e

of the pol yngenditicns gadcAn the %Faﬁ‘g %’r%}‘ a5 P8F§7 %%é??qzﬁ‘aﬂs'gceggglsl:;: o

aqueous eR®0l propexky profilet¢am hﬁalqbitééin%tbiat“@?§§ﬁﬂ“alq‘3ﬂw
t enperat ure Vplcdniizdtdansofotl polyseremstrix gxoduckd.sane (preli m nary)
degree of crossllnklng relative to a free radical aqueous pol ymerization

ﬁg;ghfg out ge £, 1B ﬁisaﬁgﬂgﬁe@ b\feewp@qsﬁroxca%@téé %aiea;uagaaé@'
resonance r eP% 5?];?’? q’l‘@'egf ﬂé %y&tsoﬁﬂﬁgéiﬁﬁ%r T e%‘téng‘ﬁﬂ gﬁ‘%der .
to the poRPnbaving qanjugpted; donhls, bopds fed h%tp Yoes ¥

rate is unsatisfactory at the low polymerization temperatures.

It is an object of the present invention to provide a process for
the preparation of an aqueous polymer dispersion by free radical

30 agueous emulsion polymerization of a mixture of monomers having
at least one ethylenically unsaturated group, which comprises at
least 30% by weight of monomers having two conjugated
ethylenically unsaturated double bonds, which process, in the
case of a given composition of the polymerization batch, takes

35 place more rapidly than a free radical aqueous emulsion
polymerization carried out at essentially constant temperature
Tp, but leads to at least essentially the same (preliminary)
degree of crosslinking relative to a free radical aqueous
polymerization carried out in this manner.

40 _ :

' For a given monomer composition, a suitable measure of the

crosslinking density is the transverse nuclear magnetic resonance

relaxation time of the protons (1HT;) chemically bondec to the

polymer. In this publication, it was determined, at a sample

45 temperature of 140°C and a !H resonance frequency of 20 MHz, for a
sample of the respective aqueous polymer dispersion converted
into a £ilm at 25°C and then dried for 2 hours at 80°C. The
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terrperature of 140[err] and a [err]H resonance frequency of 20 MHz, for a

sanpl e of the respective aqueous pol yner dispersion converted into a film
at 25[err]C and then dried for 2 hours Elt 80[err]C. The

4 relationship beween [err er and. the cross

descri bed, fﬁ?p %&’eﬁﬁﬂhé[l’ ﬁl’%é'& Blr'?él%‘t‘hl g’égsmngﬂsﬁﬁ%d's | t

finally, basdescrihedy £ort example hdnt Naﬁm%‘?]sﬂ?‘%&él 2% ( (Ffet ?él}egbi%hce
rel axation tieei®f fimalleyi based |crushkafact; thataghet tranmranse pycleart he
one hand, a pRGse¥R: Fesbhane®bididnatabnseink f lanuatomicamulieasnhhvimgret i c
field and rﬁgi % m@;rt é)’@r[ tHetbHe Hadd,Cld ReabtfdN G ananabBelity of

restricts hei d&%ulsn%f)n nC%,F'I rna&hﬁﬁgggt#é tf¥.e9.ti &:ﬁ%ﬁﬂ@hﬁﬂi‘hg Ofe

the greater B# rt transverse nucl ear
magneti c r esBabyRer chadpgt Fbﬁf??-‘rﬂg §F°§t one ca"’rﬂfg‘ﬁﬁl ref ®38nded to
this pol ynermobilityand Theviowen theymebiditymh@ POW%\@‘qjé’un&et' h&ket hi s
obj ect is achreasesk tiecerdsslitkirnddennity; itthe sbprteprimddw ftyansyerse

pr epar ati %l RhcPéa P GiERAEE 18 OLysBHarites &gnsxmdw tfigleeof whﬁ:;mllc agoels

enul si on pol ¥ EIHEP i £amgnebec

et hyl eni cal I% uns&?ﬂrygt °§38§oﬁ%f%%ae€% ?’lrﬁsge}? a?al gﬂ‘gt g30% b? wei ght of
nononer s hav conJ ugat ed et hyl eni cal | y unsaturated doubl e bonds,
wherein a) the total amount of the -nmonomer nixture to be pol ymerlzed S
di vi ded i nt owa hawerfioundothabnthis lebjested@rachievedg pegoyding to the

pref erabl us2iheéntich,] ' b process carhtherpreparatdibnrablan agwecnsi pglymer gt
least ([100/ g}adédsiBH bf?fbééefhdlbéhhﬁqhééi% exillgibn OpolfiferizatiBAOGEra
mxture to bg;pp éTEJf gl?m %tt Pelst ne Behy{@diddy uRbathPeted

first nononef IS |n| t ree
radi cal pol yﬁE‘r"r‘Qat‘&gﬁl\ ﬁPP'Pﬁ%‘ gaﬁ'éog&etb Q of mdtlo %?nﬁlg{rr\ ti
pol yneri zat i SWoveeringaied P‘EhYlenjpﬁﬂ];;ﬂePPE%H‘ﬁ'q?eg FP{’)E{"’ &ﬂqﬂﬁ steoh
stage, be@onning at the pol yneri zation tenperature TP1, vvhere Oferr]C

[err] TP1 [eay] gRgersddl amount of htie mionomenpeixitunee tof be fmhmmedzam on
m xture incr easeaivideé)yix?&: lnEﬁéhoxRé& YorkTohd| ey ahhygeﬁmlmmgsla)z.t 0 a

V‘rnai"hg‘d{“ t&ggé aé‘ﬁ aﬁi&C%‘iE‘h ; b %:Qféfélgi :Lsing
t hen kept const aft &?ﬁﬁ n(Eil %‘Hef 13 é‘r% PQQ a/n{%‘ vg‘ *’89&:[1%%

-10[ err] C28nti| ®monomexMixkure,;te;bs Fired B‘Pnﬁ'f‘ef%ag'? but not
nore t han 90pabymesizessed on t he nononers to be pol yneri zed in the

first polymerization stage, is reached and the pol ynerization
b) the first monomer portion is initially taken together with

dispersant, free radical polymerization initiator and aqueous

30 dispersing medium in the polymerization vessel and is

' polymerized in a first polymerization stage, beginning at the
polymerization temperature TPl, where 0°C = TPl = 50°C, so
that the temperature of the polymerization mixture increases
by at least 20°C (preferably continuously) to a maximum '

35 temperature TP1H, without exceeding 80°C (preferably without
exceeding 75°C) and
the polymerization temperature is then kept constant within
the temperature interval from TP1E to TP1lH -10°C until a
polymerization conversion Ul of at least 60 but not more than

40 90 mol %, based on the monomers to be polymerized in the
first polymerization stage, is reached and the polymerization
mixture is then cooled to a polymerization temperature TP2,
where TP2 = TPl +10°C and 0°C < TP2 < 50°C,

45 ¢) the second monomer portion is added and the monomer mixture
then present in the polymerization vessel is polymerized in
the presence of the polymer already formed and in the

. Thls ‘Sheet Has Been Rep laced
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m xture is then cooled to a polynerization tenperature TP2, where TP2 =
TP1 [err]10[err] C and O[err]CTlerr] TP2 [err] 50[err]C, <c) the second
nononer portion is added and the nononerg m xture . then present in the

e Fat ot vassapes, SE e dEEpESSLY ana pIVndtiS3RUER PhidliRdiOlR"

presence of a di secerdmolymerjsntinn istageonbeginning, At the initiak. ,ng

pol yneri zati on spelgmetiegitionntempexaturienfPR2al so thagoithaetemparaspre of

tenperature-TP2, +58 péBymdricateshainiture dhcreasdsqprelfgrablyati on m xture

i ncreases gpref epahl Ynuous1y9Nby A0 Udakk B itd A axLiflbk vdXad TRRETAXI UM

val ue TP2H ng.@ﬁu\; ex%e%g.ligg $48ce r(él’.'gfép%ﬁ;ye WARh¥niY & UEaiB%C 9566 '%nd

75[err] C) and -1 2 (ﬂxyrrer zation t eratyure .l s ﬂe Kept cq:nsti 4

Wi t hi n the t EhpeR %HzﬁFé%a‘feW%EE#? R ePEo‘ %‘?‘?’i’é‘ gt %ﬂ 2

pol yneri zati on cthectempsragpref intervadsfron ERIH kst Tﬁape'gﬁ% untilog np| o

based on the tot pblpmexidatibnnoonversicno UBeof at psasikefPzbut i net moree&ban

pol Iymél'ritzabi On SHHaRoel i6, Waseleen the avtallhampmity 68 moabiners ntother e i s then

cooled to a E
er

coe oo c aiﬁﬁgﬂniﬁ@%ﬁwwﬁ&mﬁ EP3ge, THY redcted] C
r

err rls | s, then

continued with tRB39 j‘f‘ﬁ e -ﬁégi&{ rf'lﬂ'%g‘r%g)jﬁé :}[e,}eg{ Q:S:Sglé&_ 6? essi,ve
‘pol yneri.zati on sPajweerization temperaturs; Fgépo‘%ﬁ%rﬁé ’f"h'g]t> iy 88ccond
monomer portion 0°C SAB3 &) 58PCihe end of the n th polynerization stage, '
t he pakynerization is continued at a tenperature of fromO to _
S0[err] C, ifdgequhéeﬂrwéd;ﬁeaisomén Untinaed avitm thenvemaiming n-2Ut ot of |
I[Oglr;lne?fzggl @Thﬁ% rbar%gohgtﬁ W%Ecgﬁsﬂgé‘%&&ekﬂzatimb%tages in'a

: il _ » mSbGHe mer
mxture to be pol§RRTT = I@Bﬁ%ﬁ?%%%%ﬁtﬁ%glgsfﬁo%n%heg?%tgﬁgamnonerérbl;%t#g%?ene,
2- met hyl but adi en8®@nd 2, 3- di met hyl but adi ene as nmononers havi ng two :
conj ugat e@%et hyl eni cal | y unsaturated doubl e bonds (nononmers A). The
mononer ni xtepe ad tive poid/ xefr khedn okl podiymgrization istage:i e nay consi st
only of nononer spdlPrér it idhs s COBHY infedC agna Orenigeratued of ffrom for. ¢
g?gggg;tsl ? _a{‘ﬂeh%ﬁc,atié eahifes v(f;ﬁ g ﬁnlk-.S@&i )bdlgﬁ@&%&t_ﬁ&h Wdtitlersion

: COrSl 0

I nvention cont ai ﬁ§°ﬂ%£m goégo%ébﬁ'oggggaf%ﬁﬂfé%t 33970, | r#%%gtrﬁyméggné%r? rtoom .
50 to 60, 25 by wRPgRPlgterized. | - |

. The novel process is suitable, for example, when the monomer
mixture to be polymerized comprises at least one of the monomers
butadiene, 2-methylbutadiene and 2,3-dimethylbutadiene as

30 monomers having two conjugéted ethylenically unsaturated double
bonds (monomers A). : '

The monomer mixture to be polymerized according to the invention
may consist only of monomers A but may also comprise comonomers
35 which differ from monomers A and have at least one ethylenically
unsaturated group. Frequently, the monomer mixture to be
polymerized according to the invention contains from 30 to 90,
often from 40 to 70, in many cases from 50 to 60, % by weight of
the monomers A. :
40 ;
Comonomers which have a high molal water soluybility (= that of
a~rylonitrile) at atmospheric pressure (1 bar) and 25°C are
contained as a rule in amounts of up to 10, often from 3 to 8, %
by weight in the monomer mixture to be polymerized according to
45 the invention. Conventional monomers B are, for example,
a,f-monoethylenically unsaturated mono—- and dicarquflic acids of
3 to 6 carbon atoms, such as acrylic acid, methacrylic acid,
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the nmonomers A.  Cononorers which have - a high nolal water solubility ([err] -

that of acrylonitrile) at at mospheric pressure (1 bar) and 25[err]C are
contained as a rule in amounts of up to 40, often from3 to 8, %by wei ght
i'n the nonomer _mixture to be I ze aecor |n to ventl :
Convent i onal M#dRefedcidy fumar Brz%’)é 3 PRTF o%pﬁy‘?% these
unsat ur at ed mexboxyhir m@dﬁbdiyll’%ﬂdﬁﬂ“&é’foth?’ %H‘#%&‘PBB?\ %&Jt)"rfs a“§u theas
acrylic aci danmhhmrgdmm ,athd, amides of the abovementioned 6

mal ei ¢ acid, P DRbhGe Bty 1 n30d 11§ 26dH tardted, c&fl@o:ﬁﬁh'fcsaeidéheég?. car boxyl i c

Z%I g:s( :)p B gcrgfm{dé {Eﬁléiﬁe @hh _id%al Eﬁﬂai JR1FEHR8 Méfaﬂdzj itkhe
car boxylic aUPB?r'% %FHZ f lg%agﬁéaﬂ g?/%%ﬂttl%f gﬁdct20| d
and its wat elalr@enaWesasJéa)t §n(i| H‘\bﬁ?ﬂﬂymr&i f‘ %eal iem ©t he

amoni um sal preferréd iondmeyr As| Belhrasr VWAL ecbﬁt:emu%prsfﬁkeq) r“E’F’@F‘PEdB-
nononer A, net hacrylic acid is the preferred nononer B. The anpunt of

ot her copaloy Pkl ﬁ’t W%ﬁé§ BEYoNined zaBRE  méHtinetsN b oDh§ 2dt Meast one
unsat ur at ed ql ﬁug eh {24 %sg:utgtécb rrga& mgg,g_gélrcs iQ @ﬁegﬁgmy zed

according to't ya f
monomers C i BiKEEERCHR IBP ﬁ"gaﬁﬂ\{'fﬁ f%é)ﬁf“ 3& &“Vsngbg‘pﬁwné’% gases
from 40 to 500%0bpyweighiht . Thei ameunt mfnslﬁapee{,sé; eis £ZPIRGETAY Ero

vi nyl ar omat i @ogooften SEraudio &e 60y rimaanyi q#e%li&sﬁe‘i@r to-32h (ﬁé’éﬁyr ene,
acryl oni t rig Q:e:. £ hacgyd bl mbfionérs &stake; Hbr amtanple, amdinyldrowartilei ¢ aci d
wWth al kano' mérto &&?%ﬁoatgieﬁ@, R doYhénd ot W-eRtorestpdend,iril e

and net hyl Seagibdial %&g gﬂ}ﬂdﬁi%&r gL&ré damgns&fyﬁc afld s means

o ot ol b by 4 e Sppcfiants S 0

wei ght owhighoptyxene, acrylepityile, aPG%“%‘;'fhiﬁQe npthacrylat "bfarrﬁ)norrers B
and f r2dmpartdculétly pameifghtred monomersnBmoners C.  Mononer m xtures
suitable for the novel process therefore include those which consist of
from30 to 1gAYubiedts WHatOfendl nbeEs prét@sB0Ns Ml hf1eCksd the free

from the gro Ra5287! %&ﬂé&so femYE2Gh P}Qﬁmerization of monomer mixtures

2 rrEthylbmaconsistfmg of

25
from 30 to 100% by weight of monomers A,
from 0 to 10% by weight of monomers B and

from 0 to 70% by weight of monomers C.

30 Monomer mixtures suitable for the novel process therefore include
those which consist of

from 30 to 100% by weighﬁ of at least one monomer selected
from the group consisting of butadiene,
35 : , 2-methylbutadiene and
2,3~dimethylbutadiene,
from 0 to 10% by weight of at least one monomer selected from
the group consisting of acrylic acid,
methacrylic acid, maleic acid, fumaric
40 " acid, itaconic acid, acrylamide and
methacrylamide and
from 0 to 70% rv weight of at least one monomer selected from
the group consisting of styrene,
acrylonitrile and methyl methacrylate.

‘These include in particular monomer mixtures consisting of
-
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2, 3-di net hyl but adi ene, fromO to 10% by wei ght of at | east one nononer
sel ected from ' t he group conS| sting of acrylic acid,
nmet hacrylic acid, naleic acrd furrar|C'7 aci d,

i taconi c acid, acryl am de and et hacr yl am de and
fromO to 70% by ?ﬁé“b 100% byspreight of o R¥tadieBEr ed from.

the group consi stfrem & tQt J9trhy weight of  methacrylic agidjanditrile and
met hyl net hacryl atrom 0Thes20% rhyt medght Qfir t i cadryrlombboibde. m Xt ur es
consi sting of 7 from30 to 100% by

wei ght of % (ﬁgs nt onei ¥ Rchel OmiLfa kY riRigelt afé alsdBuliRabYti foRGl and

fromO to 0 e

m xture rangeasp ?g ebﬁg"%i B}“éééés theg?gﬂg Q-_'; noV Ffﬁcess _
when the anmp W%Fﬂlh’f' & apfe nﬁ%r@r&& “Beﬁnﬂs %Jé’wc?l stributed as
fol |l ows: from 30 to 90% by wei ght of nononers A, froml to 10%
by wei.ght of ntromB30st8 20kl by wefigbhtn £t 0 nkfimeyswB} ght of nononer s
C. Howevego the gxueh a&osamomigh&%be USwshomerkhe amse of the :
fol l ow ng wei ght gigd igi Ryt § by ?,eigf,{:og}m tbncR¥rRYevei ght  of monomner s

A from1l to 10%by welg nmononers B and from29to 50% by
wei ght of nononers C. As in the |or art phocesses in the novel
process, too,BAieYeryckhe RAVe) PrAGe Po i GAs¢of the

frequent |y ceﬁcrll@@rlostwﬁngMélisteébﬁe%OIvf rml ecul ar wei ght regul ators,
(chain traxsfer agents), eg. nercaptans (al kanethiols), advant ageously of 3

to. 15 carbon atorﬁomaaoatéwcm;y vieaguﬁeofor mondmekr80a) he degree of

o asdeeyl cﬁgt“gﬂ ggsi‘) Bhto0e | DcnbieRRls SR CR Mot ator
26+7 54 xaag

In these cadses Fis %rruln?nc?ﬁ‘eﬁﬁl hrerization is
typically carried out, .in each pol yneri zati on stage of the novel process,
in the prederdse igf theopripr Rrtopgocessem,cin ghernovel Pprogessy toghytheei ght ,
based on-the freeuraddéalaymenns emubeigipolymerigation [ia fregeentlse
pol yneri zat | Qarsiiedcouei i 4he BPRbEERt& o \RIO1BEUL £ WelightS regulators (chain
transfer agents), eg. mercaptans (alkanethiols), advantageously
of 3 to 15 carbon atoms, as a further measure for limiting the
25 degree of crosslinking. According to the invention, tert-dodecyl
mercaptan or n-dodecyl mercaptan is preferably used as the
molecular weight regulator. In these cases, the free radical
aqueous emulsion polymerization is typically carried out, in each
polymerization stage of the novel process, in the presence of
30 from 0.1 to 3, frequently from 0.5 to 1.5, % by weight, based on
the amount of monomers to be polymerized in the respective
polymerization stage, of such molecular weight regulators.

Both tlhie protective colloids usually used for carrying out free

35 radical aqueous emulsion polymerizations and emulsifiers are
suitable for ensuring the stability of the disperse phase of the
polymer particles produced, during and after the end of the free
radical agqueous emulsion polymerization.

40 Examples of suitable protective colloids are polyvinyl alcohols,
cellulose derivatives, vinylpyrrolidone-containing copolymers or
polycondensates of naphthalenesulfonic acid and formaldehyde
whose number average relative molecular weight is advantageously
from 4000 to 8000, based on atomic hydrogen. A detailed

45 description of further suitable protective colloids appears in
Houben-Weyl, Methoden der organischen Chemie, Volume XIV/1,
Makromolekulare Stoffe, Georg-Thieme—Ver;ag, Stuttgart, 1961,
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Both the protective colloids usually used for carrying out free radical-
aqueous emnul sion polynerizations and enulsifiers are suitable for ensuring
the stability of the dlsperse phase of tge polymer partlcles produced

during and after th end th ee rad cal £ous e

pol yner.i zat i &79es ﬁp‘l‘%s‘ﬁ& ﬁf‘fé\ OFE'B}?%‘W P&F{zgr a?’é“rﬁﬂwenyl

al cohol s, ceIMﬂ@%ésd@#\&ﬁ |°9§§sev¢¥59 Ber B8R onBiNGSt QWANG t%cﬁ:hﬁlfrrer s or
pol ycondensatpeaauﬁ.tnapthélatmutfn)mayea@l dignificantaisgodulibitshdae thenber
average rel ataiqueoi®! pslindrivaitdbh mediagh,adhagentisdst tbothd Gidhdmer80A0and

bﬁztegcgpvgtsg@ Cah¥enpifdtioh G2t aint B RSS! bR y{b@cﬁwg Es%loﬁw ti%lél e
E:hem e, Vol u(r%el; %teﬁify%%rdswhku#are ig%hie a8 %aﬂ%&(\ﬁ Bt the

| eme
Stuttgart, 198YS1 PEocess, aaneeis olymeroishpss {pnh, vipod BASHaTEL andor
protective cORIPEE E%ﬂ'—-"eﬂle@oGFSe‘—‘WaBéYugéﬁY ‘SH‘f@é'm-ovm ng to their . -
polarity, the nononers B have a significant solubility in the agueous
pol ymeri zald pavERtagesusdly @eedr anilsifieie, 'WhOEk th Aonbdask o amedi nation -

of enul sifi e oeaétwétaaatro&ascafé %&%aaaﬁeewtﬂeﬁcusedpm Je fb§ming

| ntended to éé” 5% sé?fwﬁ&% ivPé b1 24 40! e
di spersi ons ose s are c a ver | for m
Advant ageousF?“E’s’éﬁt Itéﬁef P P§ "Vd:l‘f'%) ’Fit rH “FHmtlﬁ é:e%l"vg |

coll oids ar ei§u9¢§€¥%ﬂ§$@n&*‘ﬁénb@%&p5‘bl&§ BRY kg rﬁnignme@%iamg Ofr e
those whoss mehdonie. niiherel mixtereficf, sunfactants areoused, prle dadivédual

colloids, areohpoiénts it baSodféd) b Rofipatille With bhéraddiier,They may
be ani oni c, S@&h Ssib1 RoOBhEck IS ByThXEdlr ep%éifmili&f; Cé:?détﬂxéh gsusgd.
o Bty |

he i ndi vi d h
E)e?nlganO\S“SIgﬁg %o ché;%rgtfhnggi) e)fpaciurg J'?gjr'ngnar il%i ns Ner or& %gée

doubt . | n geHSER| one, ARFHRET AR sv##bemgépaleo%myaiﬁﬁ ChT TS Jae: amsh P
with noni soecaationic epulspfierse WheseRs sarionia a5di eakinnin emulsifiers
wher eas ani orre gemexalliyorincompatible sithaome goobherl.y Comventdionalle with
one anot her. eﬁienyff&emaireermbﬁléxﬁpiearethéﬁlﬁmbﬁo-etdmwnat ed nmono-,
di- and tri a'z:m éno(l(le qa86r&d o Qms i& n: #268m33 &

radi cal : %gd % glgéé 2a}t e ‘é’L ¥a&£¥ ;%gg( i%aﬁa‘;ﬁm?é)x%&/iaa?l oh

-from3 to 10
Fr e tt®

armoni urn 23| gkb BW]ZEW%’U#%6§
sul furic hal plkalirmetsl mﬁomw salERoPE %Jdﬁ'd-ﬁééféte%twwla!?ﬁéﬁeah om

1 to 70, al kg tadhiedl  offjsulfjurtic Kilf-redstexrndofidithopylntddadkkdnmilanol s
(degree of efheyvedtiod ethbkglatidm: ¥20m 2! t|70,20@1&kel: radidal :CEY) ,tdiC;3)

al ksul foni ¢ ggideeidiyi¥ted alkylphenols (degree of ethoxylation: from 3 to

30 100, alkyl radical: C; to C;2), of alksulfonic acids (alkyl
radical: Cjz to Cjg), of arylsulfonic acids and of
alkylarylsulfonic acids (alkyl radical:'C9 to Cig). Other
suitable emulsifiers are the alkali metal and ammonium salts of
alkylsulfates (alkyl radical: Cj;o to C;g) and of aryl- and

35 alkylarylsulfates (alkyl radical: Cy to Cjig). Further suitable
emulsifiers, such as sulfosuccinic esters, are described in
Houben-Weyl, Methoden der organischen Chemie, Volume XIV/1,
Makromolekulare Stoffe, Georg-Thieme Verlag, Stuttgart, 1961,
pages 192 to 208.

t

40 :

Since the basic principle of the two most important methods for

latex foam rubber production - the Dunlop and the Talalay process

- consist in bringing about the gelling of a foamed ag.eous

polymer dispersion stable at pH of >7 by reducing the pH, the

45 alkali metal (in particular sodium and potassium) and ammonium
salts of Cg-C)g—fatty acids (saturated and unsaturated) and of
disproportionated resin acids obtained from rosin (dresinates)
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radical: Cferr] to (ferr]), of arylsulfoni.c acids and of alkylarylsulfonic
acids-(al kyl radical: Cferr] to (Jerr]). Qher suitable emulsifiers are the
gl[kali)netgl ?nd ammoni um sal ts of al kylgsul fates (al kyl radical: Cferr] to

err and of ‘a | k | sul 4 r to
Clerr]). Fur?%?%ﬁifgg?’éﬂér%ﬁe?#rég meéjﬁ‘;(%gg Zﬁfﬁgﬁﬁﬁlﬁ%‘ sylz are
descri bed i rAGRRARS) PRAymer \di %@ﬁ°ﬁ§rt%r PEEPAERC TS 108 rrg Sd Vi 1,
Makr ool ekul reerBtont.c, Aoy (EliEsiee bhe/potapsiom, sediym ang; pmmpium salfs
208. Since ¢hepdiaditicpate; Pleief athe, tskearist acigorlinaleioct nodd and | at ex
foam rubbeg ﬂxﬂ‘}ﬂ&lt;boacidtb& DaPtapudafly preferpbay [Iwapaeral;oasiaiid n

bringi ng abog{ d%mq_ Q%%hhngﬁogﬁ%eggﬁged aqgreous pol yner dispersion stable at
ng e al kal

pH of >7 by Te met.al (in particular sodium and
pot assi ur and anmoni um sal ts of CJerr]-Clerr]-fatty acids (saturated and
unsat ur at ed)Assl Rfled spebRalymerigaEisR Hhnas: Pds the BeYRY) PrOSRES oRa%
(dresi nat es)from 0.5 to 10, in general from 1 to 5, % by weigidnt begedron the

pref er r edienyhidt Qifstﬁerméﬁ&ﬁﬂsl ZonPel pelyambideed pnl therredipepeiseons to be
. prepared ac é)éﬂt#& %Qt&gﬁ S ogfndiggpfgm{these the potassi um sodi um and

arrgolmun}sal 4 mtic acI olelc acid, stearic acid, linoleic acid
an I nol enic acid are particularl eferred. .l eral aniLoni.c
st abi | i zat | ofuitahle-fzepcpadical @°¥'M¥g€r£%%ﬁ:’r?“p Dﬁg#l S:hgggmé?lt he
novel pr ocestrmgmﬂoaewwsl@muﬂ-ﬁlgér@kﬁmerrlié#-}‘”@oa‘PF j% Prifeiple all
based on lSethosrivhich hbe capabler oft dnikighingrer fzee radidad egupousi ve
pol erEI’I zat '&Huﬁﬁﬂxe oQ Qtfi@éﬁﬁ:nht Si5gogb! e'rliésﬂamagrdbéabotm perixidesi on
Initiators fg A@g@ §° direabp Rl Qb1 8y8Ced WHTRN 4851 On are
f%ﬁ 5@

in principle a‘ill 'QL ngtaleuﬁ':e B@d

aqueous errul SPERP %%1Q§F g i g%;t st-o E xide
per oxi des an¥P®H/RF éﬂﬁﬁ@&ﬂﬂ%"i‘h AT EBF 4:'5;&) E‘Eé‘?& ﬁ ﬁg fiate
conposed 8P fre¢ amsticadefoomakiany aagehbuarweratiﬂ eas %wrb@rfo%h&enam or

hydr oper oxi deréé eradiedlsagueois emuddion npomeEriizasion vat dldw demparatures.
formation and thus permit initiation of the novel free radi cal aqueous

gg‘;'nfgogrgo'%ﬁﬁ g2 ﬁigéc%;&me I@gﬁtgi ts E&é;gsezﬁﬁic it bheefaswc' ng
hyd haRERYH t » Sodium
s X R R e

parti cul ar | yaboesmandiopeddeombines |(yeéea¢p$nisféa§°§wa$¥sm Vexrds a
particularly preferably additionally comprise a small amount of a

metal compound which is soluble in polymerization medium and
whose metallic component may occur in a plurality of valency

30 states. Examples of such metal compounds are iron(II) salts,
such as iron(II) sulfate. Instead of a water-soluble iron(II)
salt, a combination of water-soluble Fe/V salts are also
frequently used. Redox initiator systems of this type which
contain such a metal compound are advantageous in that they

35 permit initiation of the novel free radical aqueous emulsion
polymerization at even lower temperatures. Examples of such
redox initiator systems are ascorbic acid/iron(II)
sulfate/hydrogen peroxide or sodium dithionite + sodium
formaldehyde sulfoxylate/iron(II) sulfate/paramenthane

40 hydroperoxide or diisopropylbenzene hydroperoxide or cumyl
hydroperoxide. Frequently, a small amount of a chelating agent
is also added to such redox initiator systems containing a metal
compound, in order to ensure that the metallic component is
present in the solution and is not removed from the reaction

45 system, for example by a precipitation reaction. The sodium
salts of ethylenedzaminetetraacet1c acid may be mentioned as
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met al conpound which is soluble in polynerization nmedi um and whose netallic
conponent may occur in a plurality of valency states. Exanples of such
netal compounds are iron(ll) salts, sch S iron(II) sul f at e. Instéad of a

wat er-sol uble iron(ll)_salt atlon ter-sql.ubl Fe/V ts are
al so frequenttf™8 Eé gﬁeﬂlﬁp i © f‘f"gb%) %ﬂﬂe@ reHer E&ﬁ. Cai n
such a netal SOBPEBERY % caddeda ALEGRBLE 4% & FAeL %%W%lﬁi“t' initiation of
the novel free radical aqueous enul sion polynerization at even | ower

t enper at ur es rhoX aibhft &f Hitiatetoxo ibe hisetoin SysdlcPolFmer B5801dH Gtage
aci d/iron( d-# L %?Laaswy XAHeRsPEE Odd UL rA1eS bl B 1l RicOB), t £n *oselidiMerom
f ormal dehyde %ngmat@/bg Wight, Hadl B Shg RO  ugdpgr &%fﬁz%r

di i sopropyl beriz tir oper oxi per oxXi

smal | anount A5f 2aFB é déﬁ‘t‘ ‘P% ioﬁ §5 &éﬁﬁg' t YT nﬁeﬁ‘Bx $itiator
systens cont’ émﬁﬁnglannﬂ@ercéﬁpbaﬁﬁt gas gtmesrkerensure that the netallic
conponent is present in the solution and is not renoved fromthe reaction

system faro maﬁhsi:neyt@ tHee AnPohBidw, theatbtal. aniditmts odi oG ES 1Y be
et hyl enedi a Qgﬂ&f Ag ﬂer@i’vf@eﬂﬂﬁ:boﬁ%xﬁﬁner portions, where n
10 exanpl es n fofheh had 2 4 'f:rre%“enﬁ'x}(am o@c%&fé'%fs&%@one”t

i s added di reclyl te’ co Al or to be used

i n each pol yﬁéﬁﬁ¥af.5ha%t5a( ug; th %mt pivaRtasqays, o8 1aTeFTaGRI. 01 to
5, in gener almﬂrlehﬂ;abjpthsiustlww Mgy ladvaptagepusin Reorodeoners to be
polynmerizad® As a rule, polynerization is effected, according to the

-invention, umHer palyméeiiatiaon SbAVSIEIRINCU +4CH6 ik ‘a@ ihethé ripeeitivehe
total amount Bﬁ.yﬂQPEQ@Eﬁu{ %theepfé YdBRFdntageSRety dexldim Fovidess im0 ¢ BRBEgE

portions, gﬁ r Y. f course al so
be greater t% E i Q Bé vefﬁ'tzege%us eo?elsgeggx gal e industri al

product i on. olLymé; *t‘afﬁb&&?ﬁ? 8 totaz amaunt I8 compeged L Rhes ABRURE o
be ai ned &9 pﬁ mpBopers emainipg| yanalymerigad simddie pragedivugeousl y from
70 to 85 nvl p¥lybesization iséagenambrthe ambenpodf memomedsi addét fireshdyt for

pol ymeri zat i @hist pgEymédizatiohastegeiunt i s conposed of the anount of
nmonomer s remai ni ng unpo] yneri zed in,the preceding pol ynerization stage and

the amount ob#BQNELS 24dR0abiepN H&%&;&Q&a&gﬁ&i b 8hi il 4ge)

Furt her nore, noye i,OCeSs 1 N par those

r
enbod ment pﬁrmwrr qse prbadimenits) da yh 5 to 20°C and

the maximum values TPnH in e respective polymerzzation stages
are from 50 to 75°C or from 40 to 50°C.

As a rule, the novel polymerization process is designed in such a

30 way that the composition of the monomer mixtures to be

' polymerized in the individual polymerization stages is
essentially the same, ie. the various monomers are mixed with one
another in a simple manner and the mixture is divided into the
required n portions. Of course, the monomer mixtures to be

35 polymerized in the individual polymerization stages may also have
different compositions.

If, for example, monomers whose residual monomers remaining after
the end of the novel free radical aqueous emulsion polymerization
40 are difficult to remove from the production mixture (eg.
acrylonitrile) are copolymerized, it may be advantageous, in the
final polymerization stage, to increase the relative amount of
monomer types which are relatively readily removable as residual
monomers (eg. butadiene). Furthermore, the amount of molecular
45 weight regulator may be varied from stage to stage if required.
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t-he maxi num values TPnH in the respective polynerization stages are from 50

to 75[err]C or from40 to 50[err]C. As a rule, the novel polynerization
process is designed in such a way t hat ge corrp05|t|on of the mononer

m xtures to be polynerized in the indivi nerization .sta IS
essential | y The ip¢xease in; ﬁEev%R}rmlﬁBﬁg '53"5\‘12 ature ¥h g, é:egﬁﬂifﬁ%r :
in a sinple sacoxdingica kberinventians ig #hﬂe%!“hﬁ’@“?l’tePPwEﬁ’P&?tﬁ%ort i ons.
Of course, tBeagesoreai b athiesged drba pdiphe marseri byt heansd¥f/iadual

pol yneri zat - %aﬁ%ﬂ&‘icakéacbw (dhkf Reabiof PUlymiekigation ldvolied

exanpl e, Qgﬁé $odO5 & HeBb ngﬁé;%@ﬁr Ak EERd vt ial tRe ié'&péﬂ‘td.vaf t he
novel free'ra ueous e UL RALYTEN HeO'&e%E?eﬂ odi ta(alaﬁrmve
fromthe roﬂﬁﬁf"f‘ Wﬁﬁu acra%?'onl tri fa% éﬁ , may
be advant age68§ve¥$|1‘t‘he(aft| Hﬁﬁsgoq rﬁé’rdl POk Bere (LR e&?@

rel ati ve anpweachéd rhefarer tb?pdesmdc mﬁ-%mé%ﬂ#@f“}‘rﬁehﬂlﬁ’%ﬁ%v%?e as
“residual nDnpBREymergationt adictwrs .canubeheoobed ta MPlahbifG izmedbately ar

wei ght reqy ghetedBele b%hb?d:.éé,ofﬂh%t Agfidm Polgmerization remhperature is

fhe. | ncreaseqlBehffa Y HllhtZZALA hdRFALNG! L6 Kl IinbehBib8 HUx UemdC €2hd! NG
to the inven |0|:1 |n IVI ual f0 &gnge%g@édon stages can be achieved in
a sinple mant cgn ?J%%jr a atrc reaction (the heat of

pol yneri-zati on evoI ved remains in the polynerization m xture) until the
respecti ve nhemevekfireearedical agusohsdemplsion PedymeEizabionds Rgupdhy
conver si ons( eark£es ol ian¢heoindbricuailapoP¥memizaXiochastages i stichdabwayr e
the desired EﬁéhWéﬁHﬂ%&bu’&SeI&ﬁaqaehedmt&@ thel YoRymEpization Bateh can
be cooled tog % &efc{,é thnlz@ &gl %les 5§62 {185 1udiHeN8hY RE1 eddIR TS GHE
pol ymeri zati onh ure | J(sj’érgt | ga §8g31 ntﬁt%%gtagﬁgr#%g i}:gi

% n

era
tion foPSTBHALST fP ¢ |
:‘ p\égnr liglncalo &&Eé%%&rerﬁﬂ Pov the Ecﬁgalgsr:p?a 100 | VRPS Eﬁ\e/'?he

i ndi vi dual20pdnjtiaticn |mpscag@se i ¥8 %@hb&iw tansk the £red xadicalhe t ot al
anount of thenpeiyesriizntthen hdded (amt andelle fall tatc oneepeteithe st age

(including agy)pRestzdfilon \9edbél I & ipdl e £ 0266HEN A8t bfféOtéd. USedkhe
W thout the E{‘ gil ilcpbi $zdtioh" fé@é&ﬂi'et algnal Puié‘eche operating

pol ymeri zati-On _Vess

SE1cadl bt pb! ;
free radi cal PFRPEVES (ﬁlﬁ g‘f’ﬁﬁﬁ %%%é@g 21 eé&}’g'( ilzgt(? 8once E%Faqm%g fe
pol yrer | z#5i eReyating %sHGFyﬁ% &n Fgme]ff*l?c Traay £1y £xom 1 to

‘quasi - adi ababiciponangecasesi Sroprbdeddreatas Ak m%ﬁﬁenoﬂY%ﬁat%%Pe‘égur e
aI SO i ncr easssopi tie tfemperayure i indreaset bypextaunad. téwperature regulation

when the operating pressure has reached its natural maximum value
in the quasi-adiabatic procedure.
30 ! . .
Preferably, the predominant amount (= 50%) (as a rule, however,
at least 10%) of the.total required aqueous dispersing medium is
added to the first polymerization stage, since this increases the
contact area (heat exchange area) with the polymerization vessel.
35 The monomers to be polymerized are added to the polymerization
vessel in the respective polymerization stage, preferably in a
form preemulsified in the agueous medium.

In the first polymerization stage, a seed latex may be added.if
40 required (usually not more than 1% by weight, based on the

monomers to be polymerized in this stage). This measure

generally ensures a controlled polymerization sequence. For

example, the use of a polystyrene seed latex whose polymer

particle diameters are about 30 nm is possible in this context.
45
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operating pressure is usually from1 to 15, frequently from1 to 6, in many --

cases from1l to 3, atm It is often advantageous to stop the tenperature
i ncrease by external terrperature regul atypn when the operating pressure has

reached its ur Xk mum ue the u3| ad| t.i C _pr

Preferably, Pﬁée ﬁ@&ga ﬁéﬁt%ﬁiﬂfn?# 7t P ggaﬁhtﬁ 5%‘1%§Wg glynée[r

| east 109 ofdisRexrsdeR obtain ukhe sQied, or Fﬁ@s AR Be ABILweRREd o t he
first pol ynerby means Qtfagbe m Pﬁl dispanasantesFrequenhivacvweight gvaxage
exchange ar eajiameitierishdy, pof \from 50t torR0kmmg! in Tenywasesr from S to

po: ymeri zefb 5 a&lﬂeqt&%&@omh&w | gRé 'éHh\d%S%iumé‘ éda&ehesEecas V€ rule

pol yneri zatiq ey e e

medl um  In tH ﬂ‘“ gn%%é%f;%af HIOEH, 1‘ YZS'%%m%e Ry e

required (usu%ﬂ ye bégé‘al Bbners to be

pol yneri zed |¢i-ﬁﬂﬁr§a§!‘§g@7¥ ofhicougeasbe addadeinl the mlxec%mq'ed

pol yneri zat i cizaddgnestage Fin andexpto, achieves dhef desjxgd polywarizatibd at ex

whose pol ynerediitersdba dhd i aiddtLondD Etabl1hgat to G ithecagtiedls S

cont ext . polymer dispersion. 12 The final size of the

pol ymer particlés of the agueous pol yner dispersion obtainable by the novel

process can be influence neans of the a of dispersant. Fre tly,

el ght aver adRsRerBoErs DHAFATE,0RuPR A8 B0 ALLBLH TaKal PERRRPStas AR Bom 50

to 150 nm araddesk geringcthe mlgepndeome\;msaémm ardegstq stakiXizem 30

to 60, in ferchealplf oéntH® dquess Bispersingmmedbumi ndrhehadddtyoerof afmall,

further free antfiintal ofNstictigleleaBdoDytél Spachaas SpdEssiumC UL s8Lde added

:ogl ;rr:rgr |r g;?lecﬁdt\é‘iseQWHﬁiorid@tahrﬁ%gté’&?idn{‘ c:g@&ﬁbet ?fat%fiﬁ.':.‘é!@z& hejglesi regﬂs
shertd ﬁagw%@%eﬂethg el et e e il %gif, at s Ay

pol ymer dlspers

phosphat e, nm#f ﬂa'ﬂ?ﬁ?% he ‘éﬂ?ﬁ%‘?mnﬁoﬂ% ’E"ﬁt i3nthe Rhafs afo
stabilize zthepqémmsr pm;tm(i%metég@r sing medium The addition of snall

anounts of strong electrolytes, such as potassiumsulfate, potassium
chl ori de and/me &aﬁtmﬁtsuiézatc& thacné\bé]atpi%cebﬁ eséwbrtﬁampefoxse t he

est abl i shment gQfycliig infdﬁn‘&ob¥n?és 1 moh RYmay Cidtd dd bRY
the novel pr &2 otch%‘lg de hel Ti S8 L1 r“e& gf‘ i g’ﬁt&g’?‘}é q’uak'egrg !
mononers) ’f E&%Y SRRiR P alzt oMt oiis preferably

“pol yneri zat i @(ffgpggg qp TR ¢10°C. If required, a further polymerization
initiator is added. The adduct of acetone with the bisulfite

anion in combination with tert-butyl hydroperoxide (and, if
required, a transition metal ion) is preferably used as such (cf.

30 DE-A 4 419 518 and DE-A 4 435 423), since this initiator system
results in only little subsequent crosslinking.

To terminate the novel free radical emulsion polymerization, the
polymerization reaction is as a rule stopped by adding

35 polymerization inhibitors, such as diethylhydroxylamine, and
unconverted monomers are then removed in a manner known per se by
deodorization (preferably stripping and/or steam distillation).

As stated above, aqueous polymer dispersions prepared by the
40 novel process are suitable, through their singular nature, as
equivalents to the synthetic cold rubbers, in particular for the
production of immersion articles (condoms, gloves) and of
latex-based foamed rubber (for examp.e, mattresses and carpet
backings). The relevant production processes are known per se to .
45 a person skilled in the art. '

————
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total polynerization conversion of [err] 95 nmol % is preferably effected

at TP1 +10[err]C. |If required, a further polynerization initiator is added.
The adduct of “acetone with the bisulfi t-i anion in conbination with
tert-butyl hydroperoxide (and, if requi éd, a transition netal ion) is _
pref erabl y ufseqeantiih EP&FPQEEAFGE $9 SYeh AR atigxidants OB)  since this

i nitiator sybaeterisidesy ianeoalso |addedetoubhe aaneousr potymerkidigpersdons

t elr. m.nat e t hebtaiwable aecopdingl terohles invepoignprioat to nstlxélhean_ _

pol ymeri zat i fRLdin i p [)8) ®0
inhibitorsg %Egﬁ?@ i%t h?fﬁﬁy%?%i;ﬂir%ﬁ%gg gﬁ%%r@%%grgteed ﬁgﬁéﬁs arggdt hen
renoved in-a’heh Wn per se by deodorization (preferably stripping
and/or steamdistillation). As stated above, aqueous pol yner di spersions
preparéd by CompamatiivepExenples'® amd Bisamples BRudort hke rnovedgpracenst ur e,
as equi val engshé opdlymen)irhBibn owarlchririblesst in alar tases ainded’ anh;
producti on OhthoEEHere® Andl ri€h Sthd @AAILTEn & BVRBUMAATtRioA A X whdeRTacts

f oanmed rUtibef,e{-L()&s W&b&en”ﬂéé s and carpet backings). The rel evant-

production processes are Rnown per sé€ to a person skilled in the art.

13 Frequently, antiaging agents, such as antioxidants or bactericides, are
al so added ténihé RXHR 9B REingieher si ons obtai nabl e according to the
invention prior to such an application. Exanples of these are Naugawhite,
W ngstay and Proxel [e88] XLZ ofowgwemti ve Exanpl es VD and Exanpl es BD for

the novel 18rocess (thespol yger pgadi 0% \WeTeRGER ¥ willightNaghbosd SRALAERT an

Nerr] atmosphere and with the ? d |40k §Qﬂ%§?&%@£9‘ﬂ£&§zemxﬁ%§§%5
-here as an oxygen acceptor) VBi m Xture consisting o g
of water, - 76 g of 8*45% strength by wei ght aqueous sol ution

of the sodiumsalt of #odecgl befizRaral®P (Whi4501 (45% strength by wgight
8 g of Tanol[err] NN 4501 é&¢aé6us seigtlobyoficilghtsodium salt of a
aqueous s@Pution of the sodi unhgphthallen@sulfonic acid/formaldehyde

napht hal enesul f oni ¢ aci d/ f or e, gdghwiflate (number average refSEHRIRY1RcLAHEDEr
average rel ative nol ecul ar weight: 6500)) wel ght ™ 6500)), 0,8
» , M

g of sodiumsulfate,

0,8 g of sodium sulfate,
3 g of tert-dodecyl mercaptan,
25 22.8 g of methacrylic acid (6% by weight)
148.2 g of acrylonitrile (39% by weight) and
209 g of butadiene (55% by weight)

was initially taken in a polymerization vessel (stirred
30 pressure-resistant reactor of V2A stainless steel) and cooled
to 10°C.

Thqreafter, while maintaining the temperature of 10°C, first
a mixture of '

35 ' '
-3 g of water and - . This Sheet Has Been Replaced
ot o otsoaimasienice | {IIANIL

- and then a mixture of P

40

0.05 g of the sodium salt of hydroxymethanesulfinic
acid, :

0.015 g of Sequestrene® Na-Fe (mixed Na/Fe salt of
ethylenediaminetetraacetic acid) and

45 3 g of water :
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3 g of tert-dodecyl nercaptan, .. 22.8 g of nmethacrylic acid
(6% by wei ght) 148.2 g of acrylonitrile (39% by wei ght) and
209 g of butadi ene (55% by wei ght) 14 Vas initially taken in a
pol ymeri zati on vessel (stirred pressure-resi stant reactor of V2A
stai nl ess steel) YRkP @gﬁi‘ aded 31l #% 8PfecC. Thereafter, while
mai ntai ning the tenperature of 10[err].C, first a mxture of
3 g of water mrsblution of 001 g 9f eh 80listrengthi byiweight aguedushen a
m xture of cumyl @ydPopero®ide Bolaedonnma g of hytknwameithaneaadéd nic

gflhsl cnedi S5 et g?%faggtopgé SEﬂ@LSWh‘iEﬁ[ seﬂmé\_a%za%lsﬁw@& d¥¥ebtedolvhi N

14 were each "SHdE q; FiBiAg &‘onc?ﬁ raturq %%|1l?tlc'n o te%f fga%ﬁog ént%(y
strength by wei gkﬂ°]é’&l?€&5§t WBr'ﬁ?)%r%&F"& O§rHt e er
was then added polamerigatien wag tsé"PPEﬂ chy mﬂd}ﬁsrﬁzﬁi*@?w effected

whi | e mai ntaining the tenperature of 10[err]C. After 11 hours, the

pol ynmeri zajg on conversigon wag St Waltely, After 24 hours, the

pol yneri zation was stomp d by a5idigtfyThydit13mine, 6 g of

wat er, 0.2 of ~di e |_h I n
t he SOdI um sal t of hydrdeme?h ée% flggfiguﬁ{ siiter hydroxymetha?xgéalgh

8.7 g of 25%strength by wei g‘?‘ﬁlda ous anmoni a

sol uti on, at a poldyierigatedHR5Eoatengn byt welght| ageous,ampendd ni ng
nononers WeS e substantially rermllmtibyx,strl ppi ng by nmeans of st eam
The filmof the resulting aqueous pol yner dispersion had a [err]T[err]

value of 3.8 MB. a4 a polymerization conversion of 95 mol %. The remaining
monomers were substant;ally removed by stripping by means of
steam.
20
The film of the resulting aqueous polymer dispersion had a
18T, value of 3.8 ms.

VD2:As with VD1, except that the polymerization was carried out
25 at 70°C. The polymerization conversion of 95 mol % was
reached after only 6 hours. The remaining monomers were
substantially removed by stripping by means of steam. The
- £ilm of the resulting aqueous polymer dispers:.on had a 187,
value of 0.3 ms.
30 _
VD3: A mixture of

441 g of water,

76 g of a 15% strength by weight aqueous solution
35 of the sodium salt of a secondary

alkanesulfonic acid (C33/C;7 mixture),

8 g of Tamol NN 4501,
0.8 g of sodium sulfate,
: 4.8 g of tert-dodecyl mercaptan,
40 - 22.8 g of methacrylic acid (6% by weight),
167.2 g of acrylonitrile (44% by weight) and
' 190 g of butadiene (50% by weight)

was initially taken in a polymerization vessel (stirred
45 pressure~resistant reactor made of V2A stainless steel) and
cooled to .10°C.

\

- This Sheet Has

1
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VD2: As wi tth VD1, except that the pol ynmerization was carried out - at

70[err]C. The polynerlzatlon conversion of 95 nol % was ‘"reached after
only 6 hours. The remai ni ng nononers verg substantially renoved by

i Sporsi on had-  IHeFRpREEry [vhile oniobh L SHRCCREERLALE AT, LA

441 g of mat@qnﬁxture ot 76 g of a 15@6strength by wei ght aqueous
sol ution _ of the sodiumsalt of a secondary '
al kanesul fonic acid (Cherr] /] &g watiextand) 8 g -of Tanol NN

43501, 5 0.8 gp,¢f ?d'dfmsﬁlﬂt;ﬁ‘tﬁthlonlte 4.8 g of
tert-dodecyl nercaptan, of nmethacrylic acid (6% by -

wei ght), . 167. of acr Ionltrlle (44% by wei ght) and

190 g of butaGPénEhfﬁdngV“WE' ﬁ was initially taken in a

pol yneri zation vessel (stirred pressure resi stant reactor made of V2A

stainless steel) and 0.080@) edft théOsadiynCsalt of hydroxymethanesulfinic

15 - Thegeeafter, while naint acldpg the tenperature of 10[err]C first

. a mxture of - 0.1 g of sodium
dithionite and th n°§5rﬁng QL Lr ElertNa-re ?)!.1%5 g of the sodiumsalt

of hydroxynet hanesul fi aci d, 0.015 g of

Sequestrene Na-Fe and - 3 g. of water wer e each added al

at once. A sol ut wemeoéach 2g3idedolinagosuce. ' At sehytionwfi @i §ht g eficam $03

cunyl hydrisper oxisttengthtibyp weight aguesns=icunylchydropdrioxideddeliutidn din 6

once, after whicly of wReeyWid 2RbhOadd&s Aff aet 8aceidfterBivAiahni Ny the

t t
Ste gggreg g;ea ddi n& 1}RL§££J1Qon was éﬁfé‘éte%vﬁlﬂésmaﬂl?ai&%&@ﬁé @ik iRt e

f 10ecC.
20 After 24 hours, the polymerization was stopped by adding a
mixture of
6 g of water,
) 0.2 g of diethylhydroxylamine,
25 0.3 g of the sodium salt of hydroxymethanesulflnlc
‘acid and
8.7 g 25% strength by weight aqueous ammonia
.solution,

30 at a polymerization conversion of 95 mol %. The remaining
monomers were substantially removed by stripping by means of
steam. '

The film of the resulting aqueous polymer dispersion had a

35  187; value of 4.2 ms. [

. | d
BD1: A mixture of ect Has B“ei ‘liﬁiiie
' 436 g of water, H“\l“ \“l“ ‘
40 0.8 g of sodium sulfate,
8.4 g of Tamol NN 4501,
53.3 g of a 15% strength by weight agueous solution
of the sodium salt of dodecylbenzenesulfonic
_ acid,
45 : 1.6 g of tert-dodecyl mercaptan,

0.02 g of Sequestrene Fe-Na,
of methacrylic acid (3% by weight)

[
N
(1=}
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m xt ure of 6 g of water, 0.2 g of

di et hyl hydr oxyl am ne, 0.3 g of the sodiumsalt of

hydr oxynet hanesul finic . ' 16acid and 8.7 9 25%
strength by weight aqueous amoni sol uti.on, at a

pol yneri zati on conversi®n of995°$’rtﬁ°nl’ol°¥ﬁ§r+%?m(llr? 7§ by weigiiie A2dyer e
substantially removedldy str@ppphdubpdienas(t.5% bysweight) The fil m of

the resulting aqueous pol yner dispersion had a [err]T[err] value of 4.2
ns. BDL:A ”1Xturﬁhéﬁin1tially téidh in @ Pb1YdSlzation vessel {s¥irfedOf

sodi um sul f e sure-—rgs:.stgnt[ YealeBP! +0%oa stainless %%eél& ntPf a
15% st rengt |g : gg gﬁ utlon d

salt of dodecylbe f aci d, 1.6 g

of tert-dodecyl nercaptan, 0.02 g-of Sequestrene Fe-Na,

12 g of methdtherdeaftar, dwliile mainéadhing the temperature of 10°c, flrst
16 78 g #fmidcuyeosttrile (19.5% by weight) and. 110

but adi ene {@7.5% by weight) was initially taken in a polynerizati-en—vesset

(stirred pressure-resigtant re d f V2A stainless steel and cqol ed
to 10[err]C Thereaft%% %56&};9;,;@53 Wﬁig

S (it
first a mxture of %{ra#talmg Ihﬁterrperat ’é

dithionite and then a nlxture of 0.04 g of the sod
hydr oxymet hanesuldndiithen a mixture of
18
- 0.04 g of the sodlum salt of hydroxymethanesulfinic
acid and
5 g of water
20 were, K each added all at once.

Thereafter, a solution of 10 g of water, 0.08 g of a 15%
strength by weight aqueous solution of the sodium salt of
dodecylbenzenesulfonic acid and 0.1 g of an 80% strength by

. 25 weight aqueous -cumyl hydroperoxide solution was added all at
once, after which polymerization was effected by a
quasi-adiabatic procedure until the temperature of the
reaction mixture was increased continuously to 50°C. This
was the case after 1.5 hours. Polymerization was then

30 continued for a further 2 hours while maintaining the
. temperature of 50°C. The resulting conversion was then 70
mol %. '

The polymerization mixture was then cooled to 10°C in the
35 course of 10 minutes by indirect cooling. .

A mixture of

110 g of butadiene (27,5% by weight),
40 78 g of acrylonitrile (19.5% by weight),
12 g of methacrylic acid (3% by weight),
25.6 g of a 15% strength by weight aqueous solution

of the sodium salt of dodecylbenzenesulfonic
acid and
45 1.6 g of tert—-dodecyl mercaptan



. ' BASF Aktiengesellschaft 950881 0.Z. 0050/46398
acid and 5 g of water were each added all at once. Thereafter,

a solution of 10 g of water, 0.08 g of a 15% strength by wei ght aqueous
solution of the sodiumsalt of dodecyl bgl enesulfoni c acid and 0.1 g of an
80% strength by wei ght aquegus ¢ I'o xi de_sol uti ogn was added all
at’ once, after M%%Pyﬁ%‘??dzét]:io \Aﬁg"%f‘? d PR Y‘aeﬁ’cﬁ?stl"%vﬁﬁﬁff .
procedure until tThereefberatQels afolfh‘bhﬁPe%Rﬂil%sﬁfﬂ-ktafe was i ncreased
continuously to HjfaroxjfietHdiesulfinibcacite difssodlvedSimdurg of water, was

Pol yreri zation wagdeldeB1E0a¢ igherd (hoscp, further 2 hours while maintaining -
the tenpergure-of 50[err]C. The resulting conversion was then 70 mol %

The pol yneri zatiQn m.xture t.hen copl ed t err I n 0
mi nut es by i ndi ré’ét"a&é&hﬁ Wals“,&it‘ﬁ“x?g gé fowagE 631 (ﬂthﬁuggg ’éengtjh
(27.5% by wei ght py weighg aqu?j’“’oﬁ"&lé?&‘l”brﬂq rtheseééu%%W Wi ght ), 12
g of nethacryli cledecylbénsenesadifghiy, acid £l 9.1gg of an BY% st—rengtlh by
wei ght aqueous saleiigh@naqueous cumyl hydodpdroxidedsoDutidn wals added all at
dodecy| benggnesuldyii, Cafter which polymé@Fizht3M was efﬂeéied)b{oﬁ

tert-dodecyl mer E ﬁdiab tic roc dure unti the temperat was then
added all at onc 0.t nf%g

neri,zatl on of
the sodi um salt dieeCtioR B, i ELeed Siueyety ik 93@,*%
wat er, was addee 4t a@o%@fﬁg[ﬂtq]lgginning of riehe yseceném ution of 68
g of water, 0.1 gpodfymerigatinn stggk), theé\polymgikizatiewronyversionninfthise
sodi um sali1s of secdndepylpmerizaciochl stadge avi2d wad 69 mal @&, bas&Q%nitingt h
by vwei ght aqueRul amMoht B meREMeXs G Yl Bbi fRetbBrfefAHELhdk! stige.
once, after whi C[i-hh%%xgg&é dt%n"‘@ @éé@ﬁne%gys& mol %q,u%%lseﬁdhé‘ i

procedure until ur.e of |on

nc
continuously to f%gw Nt tﬁ\lsam“mf‘ ‘?fem(" uFR %ﬁtpé’ﬁ'yf“ﬁéﬁ%‘& Nty
"of the second ﬁ%??"i-‘dﬂ Sixtnrg s t‘?’n’@%&P?ﬁ%‘? i5t4088 1B the Sawrsen
this 2 ond pd thAeminutesdbystindiéreei? cogddngoand|wag stdsyedofior e
. further 5 hours while maintaining this temperature
(postpolymerization). To stop the polymerization reaction, a
mixture of 5 g of water, 0.24 g of diethylhydroxylamine and
_ 8 g of 25% strength by weight aqueous ammonia was then added.
25 The polymerization conversion at this point was = 95 mol %,

' based on the total amount of monomers to be polymerized. The
remaining monomers were substantially removed by stripping by
means of steam. The film of the resulting aqueous polymer '
dispersion had a 187, value of 3.7 ms, ie. a product of the

30 same quality as in the case of VD1 was obtained in less than
half the polymerization time.

BD2: A mixture of * This Sheet Has Been Replaced
w6 g o vaser, - HRRAImRA ||||
0.8 g of sodium sulfate,
8.4 g of Tamol NN 4501,
53.3 g of a 15% strength by weight agueous solution

of the sodium salt of a secondary
40 alkanesulfonic acid (C;3/C;7 mixture),

1.6 g of tert-dodecyl mercaptan,

0.02 g of Sequestrene Fe-Na,

12 g of methacrylic a.vid (3% by weight),

88 g of acrylonitrile (22% by weight) and
45 100 g of butadiene (25% by weight)
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total amount of nononers to be polynerized in this stage. The
pol ynmeri zat'i on conversion was 80 nol % based at this time on the total
anount of nonomers to be polynerized. T pol ymeri zat ion mxture was

then cooled to 10[err] C in the cour of 1Q m putes rect cool i ng
and was stirred M@s gnitially tq‘?é‘FnSEHO%rE"Wézﬁﬁt?ﬂ dﬁ‘?i Rﬁ# :

t enper at ur e resspoeyresistantorpactor magde VDI %ﬁﬁ?rll)z apd o'PP‘?Je%ﬂ: t%%n,

a m xt ure of 19eg.of water, 0.24 g of diethyl hydroxyl am ne and 8 ¢
of 25% strength by wei ght aqueous ammoni a was t hen added. The

pol ynmerizatd on ¢ a Yy ke gr]:?fﬁgelrg}_l % of 10dtasgd on

t he total z;jrmunt %*Qéékg&rtswﬁﬂ ggg%f%/lr'rerl ze urrengi ni ng ‘mononmer s
wer e SUbstantlaI Eﬁﬁ V@ by stripping. by means of steam The fil m of
the resul ti ng aqueous pol yner di spersion had a [err]T[err]- value of 3.7

ms, ie. a product of tHe3 gsafewgteriandas in the case of VDl was
obtained in less than 0.04ha f ofhehposoddum zaltoaf thydroxyhbEhdnesud Limdcof

436 g gfg-water, 0.a2idgd of sodium sul fate, 8.4 ¢
of Tanmpbl NN 4501, 53.3 g of a 15% strength by wei ght aqueous
sol ution of the Sec

al kanesul foni ¢ a@ng F&’ér?]‘?j(’f[té‘r"f'] i Xt ure), ThlSSilGe@

tert-dodecyl nercaptan, 0.02 g of Sequest R"PI"'ced

12 g of-methacryli 5.c] cb (%% watexiand ) H
acrylonitrig e (22% by eeightyg afdsodium dithidniteg’ of % by

wei ght) 18 Wasinitlally_takenlna

pol ymeri zati on vessel é d pressure-resistant reactor made of V2A
steel )- and cool e¥*8 ¥ '?%‘h aszTﬁ'ﬁ?’%’after, whi | e maintaining the
tenperature of 10[err]C, a mxture of . 4.3 of water and

0.04 g of the sod emdution ¢if FPdgoRy atemeuPBi @ief a 15% strength bysci d
and then 20m xt uweight agueousbsdlutbén vt ¢heaaddium salt of -

dodecylbenzenesulfonic acid and 0.1 g of an 80% strength by
weight aqueous cumyl hydroperoxide solution was then added
all at once, after which polymerization was effected by a
quasi~adiabatic procedure until the temperature of the

25 reaction mixture increased continuously to 71°C. At this
time (1.5 hours after the beginning of polymerization), the
polymerization conversion in this first polymerization stage,
Ul, was 85 mol %.

30 The reaction mixture was then. cooled to 10°C in the course of
'~ 10 minutes by indirect cooling.

A mixture of

35 100 .g of butadiene (25% by weight),
- 88 g of acrylonitrile (22% by weight),
12 g of methacrylic acid (3% by weight),
25.6 g of a 15% strength by weight agueous solution

of the sodium salt of a secondary
40 : alkanesulfonic acid (C;3/C3j7 mixture) and
1.6 g of tert-dodecyl mercaptan

was then added all at once to the polymerization vessel.
‘Thereafter, 0.04 g of the sodium salt of
t. 45 hydroxymethanesulfinic acid, dissolved in 9 g of water, was
added all at once (10°C).
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0.1 g of sodiumdithionite were added all at once. A solution of 10 g of

water, 0.08 g of a 15% strength by wei ght aqueous solution of the sodium
sal t of dodecyl benzenesul foni c acid and
aqueous cunyl hydroperoxi de sol ution wa§ t hen added al | at once, after

whi ch pol yneri zaFiBallts &modntien RE 58, 9,0f watodnd-d Or8cq 43® Ffmendthe -
tenperature of th¥ veight agueonsuselitioncgfcthe srdinogely of & igeaandaryAt

this time (1.5 halkanedu¥fonikeabidi (Cy3/0;Oinimehyepramiio.ang, ofhan 80%

pol yner i zat | On CQR¥EAGLIbY WellBh€ dduetusPeunyer hyddd os:iaeesowtidwsza%
mol % reacéh&é‘ q "dxy eo\‘i@é té?élezc%kéﬂ {:&M ”LQoh“wé{%b a 8}
10 mnutes by indirect c% g m X{ ure

(25% by wei ght), # of %‘P‘iﬁdg‘r‘f {%1 (PR HETFPRERERTS © #ie) | one
of methacrylic aEPGc'f%% Rt th{.x}creasedzgogumgouw $01808C 1 @ﬁg ttFP-By

wei ght aqueous sbtimei th.5 hours after thepbeghnningliafintbel secdénd secondary’

al kanesul foni c apbﬂyﬁéiiﬁathbﬁ[Sta&erﬁ>ﬁuer pplperizationlcbnvgrsi¥n in this

tert-dodegyl nersé@é@@ ek Dol sl ot adlel, 82, Wﬂombhe%p%ma lomalchen -

vessel . Ther eaft w0 ftlpgn%ggs sth $§ é‘g fd ni c
aci d, dissolved a d al e er i
16 ' Finally, aﬂgo?%mﬁwge%n S e\ﬁaﬁefl 5=1§ "mi 3(1 95ed

wei ght aqueous sbime|em e ﬂiﬁéakmtsalft m@!“"ﬂ?%d‘@nb&r 9°1Ymer-‘-zed° The
al kanesul f oni ¢ apolyriedfizatlioq] mixfure wasr theancodlell ool0%h iB0%he course

strength by wei gbf BOUSiNttesUBY! iNditierite el iifg Sdild wWagnsvifred foxdaed al |

.procedure until g

continuously to i;ﬁ%%i’ %’g%ﬁig ). em to%lﬁgé g}ﬂ

of the second ™ 2a8i 8h "ﬁff&
this second BoPHnerdStasteangthdy wezlshwasm%wnbasw dthenmyadded.
t ot al am)ant of Theoekprerdzbtiow|conversddni at tthis podgt.was = 95 mol %,

?5@1% %%g;l‘i%ni' n

at once, after V‘@%ﬁ&&ﬁ'%ﬁ%ﬁkzaﬂﬁh ia3nehiAghe dib tem;@rﬂﬂ?fé adi abat i c

based on the total amount of monomers to be polymerized. The
remaining monomers were substantially removed by stripping by

means of steam. The film of the resulting aqueous polymer
dispersion had a 18T; value of 4.4 ms, ie. a product of the

25 same quality as in the case of VD3 was obtained in less than
half the polymerization time.

.BD3:As for BDl. However, the temperature increased to 51°C in
' the first polymerization stage (duration: 1 hour).
30 Thereafter, this temperature was maintained for a further 2
' hours (Ul at this time: 80 mol %) and cooling to 10°C was
effected only thereafter.

Similarly, the temperature increased only to 54°C in the

35 second polymerization stage (duration: 1 hour). This
temperature was then maintained for a further 2 hours (U2 at
this time: 83 mol %, Utot at this time: 90 mol %). After
cooling to 10°C, stirring was carried out for a further hour

- at this temperature. Utot was then = 95 mol %. After

40 stripping of the remaining monomers, a 1T, value of the film

was determined as 4.2 ms.

BD4:As for BDl. However, the temperature increased only to 35°C

in the first polymerization stage (duration: 0.5 hour). This

45 temperature was then maintainéd for a further 3 hours (Ul at
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The pol ymerization conversion was 85 nol % based at this time on the
total anount of nononers to be pol yneri zed The pol ynerization m xture
was then cooled to 10[err]Cin the cour of 10 mnutes by indirect
cool i ng and was st| rred for a hour s | e rral a| ni

t enper at ur e &8t bR 2ot Bh)an d’ &9 R hicid ? 4]%3&% on
a m xture oft egesitm er, 0.24 g of diethyl hydroxyl am ne and 8

of a 25% strength by wei ght aqueous ammoni a was then added. The

pol yneri zation CQH.MQ!.&i:Dﬁ, ahel ltefpratirerdackeaséd Ynlylo’B0ooc ibaned on

the total gmount safonR ﬂgabﬁom%z{g i(a8fatidie: 0. 5 asamm rﬁl@norrers

wer e substantlalls rem) S pi The f

~the resulting aq& %‘f%ﬁ‘% R:faexg R nﬁd aQSf‘eu(r%rf']h%% J}?l Lféizog%'4 4
nms, ie. a producthdP H'%e 60 mgle qu‘é qtt 3?*' 's'hi'-ﬁ ‘E 'cége o*“

obt ai ned in | esscerbing to HACE, t slelymdingnivas zearmied oks. foBDB: fm@:hfeé'r 3BDI
However, the tenheussudt thie ¢amperaturel] elUtdE was) then 2hed5 modt 8. After

pol yneri zalgi on skagep ﬂuj&;ﬂ Qme tel@ifidng monomées £af T, vdlue bENERE afitne -

was naintained fg D s (UL at this tinme: 80 nmol % and
t 4.1,

cooling to 10[errf& Fected onIy thereafter. Simlarly, the

tenperature increased onI to 54[err]C.in the second pol yneri zation

stage (durat tA% FOEIr *Th t u S Al for a
BBA: A3 e rBD However ; JTRjc wap £ 8°Gra s FORERSHRPTR nitihed
further 2 hours tempexature timcreased oy tol 439C Umothet first tine: 90 -nol
% . After 15 copbliymertizationr stége stduratignval leanr)i.cdThis tenpexatmreher
hour at thi syhgNpRéimiliftathed #&S o Eaethér rd rPuraDl(udt atfifls time:
stripping of theghs rﬁ)nqm @Qggix?%%[z?aé]%se@f]fe\é@gﬁ %tﬁ%ésl:@ar.

was determnm ned a r.at %‘éﬁ
ration:

I ncreased only t%"’ﬁjs %’I" l]'C tfﬂp?%tuﬁ rg‘f‘mS%T r;"}gt |g8n
0.5 hour). This Secordpalymenization wtagerhdnraticns flolh°3’~'?urt 3 hours

(Ul at 20 temperature was then maintained fgxr a furbhert2 rhourds (F3| aty
and cooling to 16hesriimeras3chbict cditmt! wt this heimeaf ®Ormol ). Simlarly,
the tenperature increased only to 30[err]C in the second pol yneri zation

stage (duration: % érmcggl)in T}Ebs%’o% Eggﬂ?{@ 'yaps \Q@?ri@& t{@'f&ahnﬁg#@é

furth 3 h tt
w ater oo BRuFE @t s éFrfiﬁ"l’%ﬁﬁWan BESt P8 tBERG & DPoPOL $1r i rer 3
hours at 2Ris teﬁﬁ%?’étqﬁré-PPiBﬂo? viehe memali {‘b’i‘? ]“‘QJE’“‘HEP'% 182y galue of the

£film was determined at 3.8 ms.
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stripping of the remaining nononmers, a [err]T[err] value of the film
was determned at 4.1 nms. BD5:As for BDl. Howe :

Furt hernore, the t enperature increasid only. mm T Ty first
pol ymeri zati on stage (duration: 1 hour). This tena ﬂ””l ""'g;" mhen
*. ¢ 80 mwl

mai ntained for a further 2 hours (ULl at this tine: * d
cooling to 20eccdpdmpas effected only thereafter. Simlarly, the
tenmperature increased only to 42[err]Cin the . second pol yneri zation

stage (duratipn: Alzm"ehs-fa'ﬂ!éhe prebefReict Wi anaaqadeus Pulymeirned for a
oy o aer clEasion Jy frde TRaiCel Muetus Wlbiflod Bolykeftzadiofiie
2 hours at this taerﬁ}écggfﬁr%. né%“vﬁ?#%%éé]%eﬁr aég SJ'?%%%%‘E gk??%i'
stripping of the YSAERPREG FFRNRr ¥h S-h["e‘?‘?ér r tvggﬁt 0% B¥ weight qf
was det erni ned atmoRogexs A having two conjugated gghylenigally ungapupeted for
the preparation afoubleahondss whelredar di spersion by free radical
aqueous emy si on pol ymerization of a mxture of nononers having at

-cast one ethylencaldhe roralNSfbuiilodd el Oibhonldy MixERIBIto B HolyR@RLzeld 0
by wei ght of NQITETS 4 gvgfrlgotwo fclgn u%ttr %% ynﬁ%lfal Ig ynSaturat ed

doubl e bonds, whereint® 9V g? he? Mol RSP e mRoer=nt &t ure to

be pol yneri zed is divided into n nononer portions, n being [err] 2,

b) the first noddnertheofiksh mendmert partjon aleinisdalhyrtaken togeghen

di spersantis free radiwidh Adbpersamat ifeeei nadicdlopolymerizatduh doiedator

di spersing medi um i n dne aBAbYEE!d ZPereing medium RS ERe %ﬁm&mﬁ&ri zed
0

inafirst polymerizgjds3e1 and ’ep%t BriDE I'{I}Ew gkt ’qﬁg iBLigat i on
t t TP1, wh jO TP |, ] t
pIPELALTE I o ¢ psavel Eésir&ﬁ;gzi?f o R et o
| east-20[err] C to a Where 0% F e Era®Qr Ehaprthe Gemperature L4 ithe

80[err]C &M - polymguolization mixtnre chpereasgscbysat higaste 20°Cobetant

wi thin the tenperat unaxinomnr tehpdraturéPTPilp wilthdutlékeeeding 80°C andintil a

pol yneri zation convergheOpotyme¥izttibRaebmpérdtiire is then Nptionstlas 90

mol % based on the pRRKGRT &, Qt(f?ﬁaerature i.m;%gsar E?Sﬂ t¥1g o PRl —100c
and the Q

F (ﬁle%mggldlzgél ,(t) g Zt age’un't%.lrgago ymerization conversil ¥£reﬁr‘£ Zaq;[ '1%%3@ é& uﬂ&tl S
25

not more than 90 mol %, based on the monomers to be
polymerized in the first polymerization stage, is reached
and the polymerization mixture is then cocled to a
polymerization temperature TP2, where TP2 = TPl +10°C and
0°C < TP2 = 50°C,
30 :
' c) the second monomer portion is added and the monomer
'~ mixture then present in the polymerization vessel is
polymerized in the presence of the polymer already formed
and in the presence of a dispersant and polymerization
35 initiator in a second polymerization stage, beginning at
the initial polymerization temperature TP2, so that the
temperature of the polymerization mixture increases by at
least 20°C to a maximum value TP2H without exceeding 80°C
and
40 the polymerization temperature is then kept constant
' within the temperature interval from TP2H to TP2H -10°C
until a polymerization conversion U2 of at least 60 but
not more chan 90 mol %, based on the total amount of
monomers to be polymerized in the second polymerization
45 ' stage, is reached and the polymerization mixture is then

A
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pol yner i zatlon terrperatu e TP2, where TP2 TPI 10[err]C and

Oferr]C [err] TP2 [err] 50[err]C c) the second nononer portion is
added and the nononer m xture thgn present in the polynerization
vessel is pol ynmeri zed in the preSence of the polyner already forned

and in the presence &oodedi §ped RAkYmERdZpbighciamparatire TP3, whegetjator in
a second pol yneri zat i'TP3 st Y, 210G andn@PGt=TP2 = 50%he ini ti al

pol ymeri zation tenperature TP2, so that the tenperature of the

pol ymeri zation migt urtfne 95@ bg @hen comndeaaaataﬂifé Iemalifli Ag RS MUM
val ue TP2H§M t hout & on fﬁh n-2 8 cé%; ive polymégﬁ%atx stages
pol ymeri zat’ on terrperz?t r net ?ﬁ

t enperature interval iﬁé@?%t??’fﬁf& %r*ﬁ ¢hat for l'tﬁ1 opd monomer
pol yneri zation corivepprsionpard at | east 60 .but not nore than 90
nol % based on the total anount of nmononmers to be polynerized in
the second pol yngyi zatl @he end of tled@gecthi polypmaliedtion sduyepoltyerr i zat | on
m xture isghen rization is continued at a tem Fature of from

toapolyrrerizatlon e rr C.
and O[err]C [err] TP ?E%%‘ 8 ﬁgtotﬁ]'% t]"rz-£ lo ﬁzfe'l‘;eq[ﬁ n]
continued with the r 1'%, basggd,ghzth ngm?‘H‘

successi ve polyneri zme§§a§fésbe polymerizefd.a panner corresponding to that

for the second nononer portion and e) at the end of the n th
polynmeri zajs @) siaagfocéss as claimedPOh WIR{inw i WhetSir @i Miedl & a
-tenmperature of fromO to 50[err]C, if required up.to a total

pol ymer i zat i 35 CANPELELEY ag claimegﬁe]e ‘ir bk §5Jﬂ%lf th Qﬁé%@&a’%ﬁre

total anount ~of rrerl z
clainmed in clai mifcrﬁ)ﬁﬁ? sgag C’TnaltSPEd in

claim1 or 2, whdpdivideal tmm\eaﬁlﬁ'eion Sﬁaseﬁe'as!eeq rR%%thEOPhH‘}%SLYaI ue
to the ma@0mum val-ue.in the i ndi vi dual pol ymeri zation stages takes
pl ace conti nuouslayproéesd\aw @Qaimedsin|atiyrod chaidy DftoC33i Whedeim the

wherein the Henenet ﬂﬁ@dﬁ&t&%@%&ﬂﬁé’ﬁ&&&%ﬁ%ﬂéb& of '
from30-to 100% by wei ght of .I'east one nononer A, fromO to

10% by wei ght o] r.e. nono .
whi ch have at | east gﬁgm 5'8 1%% by we t of at least one monomer A,
. 25 from 0 to 10% by welght of one or more monomers

which have at least one
ethylenically unsaturated

- . ' R group and whose molal
| DD AN solubility in water at
30 R S 1 bar and 25°C =2 the
' molal solubility of
acrylonitrile in water at

1 bar and 25°C (monomers B)

. and
35 - from 0 to 70% by weight of one or more
_ copolymerizable monomers
T which differ from the
This Sheet Has Been R, monomers A and B and have

o T SR

_(monomers C).

5. A process as claimed in any of claims 1 to 4, wherein the
monomer mixture to be polymerized comprises butadiene as
45 monomer A.
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ethylenlcally unsaturated group and

whose nol al ' . soI ubility in water at
1 bar and 25[err]C [err] the 3 : nol al
solubility of ' acrylonltrlle in

wat er at 6. A process as claimed in any of clains b]art°a|$d !Bfﬁ?%‘} cthe
(mononers B) monomer mixture to be polymerized consishgdof - fromO to
70% by wei ght of one or nore _

copol ymeri zabl e mOnoEgeLa 30 to 90% by weight of butadiene, whi ch
differ fropthe - c.on 1 to 108 by weight of methacr {§H1 S ﬁPand B
and have _ i % ne etﬁ enically
unsat urated group | from 9 to 60% by weight of acry onltr nomers C). b.
A process as clained in any of clains 1 to 4, wherein the nonomner

m xture to b@.polAypeocessl anilained intany efccizims 1 rhonbrewherein the
-23- 6. A proc 9&1 rida4 1000 ihnthe yimiivdkdaalspdl ymerizationcstadés is
monomer Mipgf ur e fe@ BB ?:ﬁ? ﬁPé‘sQén%Ies ol molecular wefi RE A0qutatUB.by

wei ght of but adi ene roml to 10% by wei ght net hacryl iC

acid and from9 to 6Q%b welg acryl |tr|Ie A

process as cBai mBdPFRACEFS &% cdpim %’a&"'svxﬂet: i vﬁ\grein B?ymerl zation
in the individuapoppmenisatien dn §h%tgf€l!§i|"9-d“al E%lﬂ@'é-mﬂ-‘mnstmﬁ)rjésence
of nol ecul ar wei gakrriedwwti dns theSpreseqmecofésa mixtnire weopristhqiats lkast 7,

wherein the BﬁleYﬁPétaéﬁzv@ncbm&m dnliati deast e/ ERLLSAELOR &4 ages i s
carried out in thy g g of a mxture conprising at |east one
protective coll ol nd at | east one emulsifier as di spersant s. 9. ‘A

process as clainmed in any of claing 0 8, whergaln t he neri.zation
in the indi vPdua® B&P |°'Eaf’|15§|lm§ aré"ésa’tys“ claimps |]atté’d8by g %/ theyi cal
redox initiator ppdywerizatdionAiprthesindiyidpal npelimerdzationceeagns isto 9,
wherein tl2e paiyiated &y anfreeveadical zeHozvimitiatolresystemcti ve

pol ymeri zation.stage and based on the nononers to be pol ynmeri zed in the

respective pobynRr p£8bddd) a3t @98sméa 1P Entl0f claims 1 to 9, wherein the

polymerization conversion achieved in the respective
polymerization stage and based on the monomers to be

25 polymerized in the respective polymerization stage is from 70
to 85 mol §. :

11. A process as claimed in any of claims 1 to 10, wherein TPl is

from' 0°C to 20°C and the maximum values of the polymerization

30 temperature in the various polymer:.zat:.on stages are from 40
to 50°C.

12, A process as claimed in any of claims 1 to 11, wherein the
. composition of the monomer mixtures to be polymerized in the
35 individual polymerization stages is essentially the same.

13. a process as claimed in any of claims 1 to 12, wherein the
' ‘free radical aqueous emulsion polymerization is carried out
in the individual polymerization stages in such a way that in
40  each case the total amount of the polymerization batch
intended for the respective stage, without the free radical
initiator, is initially taken in the polymerizatioﬁhveséel,
the initiation temperature is established, then _he free
radical initiator is added to the polymerization vessel and
45 polymerization is effected. :

—_
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to 8 nml % 11. A process as clained in any of clainms 1 to 10, wherein

TP1 is fromO[err]C to 20[err]C and the maxi nrum val ues of the

pal yneri zati on t enperature i n the v éi ous pol ynerization stages are
from 40 to 50[err]C. 12. A process as clained in any of claims 1 to-
11, wherei n e A Pregap® sttt iGpisedt ko sRNGFClains Ut &0 dd/pehpreidedtred
in the i ndi vitdheakengod$ e mathopolymepizationsstage althe phiymenizatibd A
process as clai nd¢ conbiyued &t FPAE+1090 up2toVhetatial bbRymerifataion adi cal

aqueous enul si on RAVEPBLOE B¢ OB §5 mcAl i, €d out in the individual
pol yneri zatd on stages in such a way that in each case the total anount

of the polynerization batch epded for, the,respectiye s wi t hout
Che Treo radioal & PROPRLs (oh GLained, 1o (anl BF CIALHS |1 iohd beohhREstn Bach
vessel , t he O !’-Pﬁt?dﬁpft%epa?'ﬁl%@ﬁ §Q§?F55P?shb¥90/tﬂﬂe' 0) eoX e @f the
radi cal initiatortotslasmexht @ft henpnexyndrxumt tonbe eplgimesdded.

pol ynerization is effected. - 24 - 14. A
process aggclained in any of clains 1 to 13, vvherel n, at the end of the -

n th polynerization stage t he pol yneri zati is continued at TP1
+10[err] C uptoa méﬂrlzatlon ?gm"ﬁ‘]*% mol %

15. A process as y M]cl ains 1 %Sﬁmetwee : of the

n nononer portion n] - 10) m)ll I otal anount of
nmononer m xure to be polyrrerl zed "”ﬁ””,”m
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