. 1 "#e3ek?y8884518i126 ?T?cy Cross-linked, water-swellable polynmer and

rret hod for producing the sane 5 Descripti ﬂm]wmmum mmmr i nvention rel ates
to a crosslinked water-swellable addition to a process for
producing it. 10 Crosslinked water-swellable gggltion polymers, which are
al so known as hydrogel s or as superabsorbents, are capable of absorbing a
mul tiple of their own wei ght of aqueous fl uids. The¥l are wdely used in
hygi ene ar€resedinkgdn vwatesi-gyerldabkamAlaper nagkineshaddfeheeyaduginghey
contai n potheresameed units of 15 water-sol uble ethylenically unsaturated
nmononers, such as carboxylic acids, am des and the |ike. Incorporation of
crosslinki pgsStiR9ohn the addition polynmer provides water-insoluble

addi tion polyners. The degree of crosslinking determ' nes not only the water
solubility of the addition E é\;rrers but als hei r abso iLve capacr ty
and gel stTBhdIFSeRE| %“‘f%’i‘ﬁ’r?g‘ Bwi et tsﬂraeﬁﬁ‘i’?ls € |‘§§‘d?/’arﬁ é88ibecause
t hey def or additdemn palapen ang fSPeésEFFQ?eslso@éxWFﬁﬂUé’lPEelbodyvvel ght of a
wear er, causing the pore structure of the addition polyner to collapse and
to pr eve.bt cfégélhemceacq&iéﬁ-tgwealesléIa&ditlbﬁcwmﬁis%wgeéh srfecagkd can be
achi eved bg 8 'a%hg?df{aé@lsé 'oekagea%éaabsa%emsarr%dussébw%fabsorpt' ve

capacity o tio further i er-swel | abl e
pol ymers i3 g’lrn IRt Thct lzf%ey r 3815 N CAS %ﬁh i aqueou‘?vﬁb V\gh?? on
pol yners 3®r%dﬁr§ei ¥t BSRD it Y SRR %dflieﬁw glch t%edéil"?’a%'t éli‘l“étf‘r%lctl ons
ar e washednap¥insyandhthe usike - tﬁbehmrtptmveobﬁmzeyl weitetafriorate. A
furt her 18ndeser-aiollabpe opetlyendta by amsavekbadd engromgref ssuch @sl - bl ocki ng.
Gel - bl ocki pghrEMAES @), famiads ek dHee 18Ks [ atobokBeis s bi ng addi ti on

pol ymer pa&i&&éa%ka w@esoqmerthé SIS gé,ma - pRoSHELL . This | eads to

the formatron % 4# E gut faqr. fluid to

di f f use m‘f"?)tefjﬁé'nﬁg § & C} é??o‘? & te GEEG Por Wt er"SwiP | abl e
addi ti on peetamidegnneh %@thﬁé‘%e‘é%t% FOIBBHLbRY &Hc &Pt adfgh-°3bsor bency,

hi gh geROspolymsiris, hivghakasykheiri apsquptdvei caparidel aptogsd myreaathi ow
extract abl eels aaiviiagslowiged B8Bedfthl @k eddisadbmsagenis- bdxsouslei nhepol ymer s
which are ééf&rnemaablal@m%a % Fashlrenk et Nnaipe eﬁ@m qgnhefot i ee

t |yl d
(et h) chﬁr SR S oﬁ’e*egﬂ*‘%ﬁné‘mw a'a?m‘g"ap g"‘féﬁ%ny bei ng

& honol ot H9LEARAR Bndct e Prevens  DURE APRYTSHTAINGE PR dPoROrTR Kyl enc
gl ycol szénEGJE rﬁ-f—rieHBFB ‘é@ﬂrﬁ%?néﬁfu%\é?q\g’yeﬁ B?‘%h%‘f q;ﬁ§8f‘b?]atq,fd‘5a6§’ds W t h

pol yol s orthiis meducesathe|absionptbye Hapaciypy ook dde. agdiND®0/PP38BEr di scl oses
a water-swel | abl e hydrocol | oid pol ynmer which contains 0.005 to 0.10 nol % of
a pol ymeri zeghiHRsSki DK&FidH BEUwLeisie 18081 | SAYmerbi s tHeir

trisacryl ng faﬁuﬁ E'ﬂaéﬂlro%t ﬁgoml, kL ewlebaecaa&ﬁ&ﬁ%u%@f sel ect ed
from bi égl t°V\ﬁ$% échel | ab d:g.%tsldg‘n t ([ atr%c@gﬂ)f'eefr&gtlo Me ratio

of 1:1. ner s, can in an
econoni cal W?r%ﬁ‘ﬁ?ePfifn ! ’c’-HhtclaHﬁSﬁs (5’6’«?951’1:?8—‘&? Gapacif¥eto dstep! ﬁr?% 063

t eaches a Prburtherf endemabrieoesomﬁmwr vatexr-sieddsblaknal ymens particles
of pol ymer ggbtbliorkdngi négle-bdorking yddaudrs cehenri fdaridweesse thexisngfsegymemt s
cause the sabdb¥E8%n§ CadititGORYBYBFd @At DE1ak Hndedhe tGutdie sdemst ream end

of the sl Lprdedl quéﬂ; a%qs 185 déﬁt%@lf@r oh BESa % rq@,@sssa
conti nuous i(r on |ri§ P es of diti on pol yner gel
by feeding” lghq'a §tist qu o] Nonost I en| gaf

unsat ur at eél“‘rﬂﬁ“?&?ers and crossl i nkers into a mxr ng kneader havi ng at | east

25 two axially parallel rotating shafts equipped with a plurality of
kneadi ng appeid dasponéediFoal eaeat sswdlilable oaddit itone psipstranedschnt r oduced

from t hgoupsidaamaepdopér 1022 adeunst YR 8BSoferddys HigRIgelllzeremged ti ng
heat of I eAEM] UddulsPPIdd at8MPYE DD ¥eIVBROLRIAN 8l Y6 YrerBie geluct

di schar ge ? vid cooling o 30 reactor wall's. Wien the production of
wat er - swel FERT%°R4di t i on polymers is carried out in a mxing kneader, the
mass under goi ng addition polynerization is subjected to shearing for ces
whi ch causBE+hel 9854Ans84 tdesiow ibey i Hadd-ebabrhing @oflymers wikichi ave at e

addi t i oasppteperabléheas thy ialicrgs 81 bikeay mdavmetirdombdaat bon hef palkgeeri zi ng
mass whi chg &ﬁé&mﬂetnt‘é’at%e eR4GRQI é&hl%heﬂﬁdbéﬂn t4 eah@Bhnd eXdM@lg af heat of

reaction. ;naﬁcehee(mggﬁg t; QgFg;_. Vf,_ﬁ?hght Ve stelagngol yneri zi ng

mass depen great 0 ion o nononer m xture. An
unfavorabl e conposition gives rise to |lunpy or viscous nass Mrse
of the polynerization, whereas a favorable conposition | ead%“&“\ m

whi ch crunbl e apart to |l eave uniformfine granules. 45 It is ect of
the present invention te-psovide crosslinked water-swellable add'r I on

poI yners V\:hl ch have a baI anced perfornmance profr I e vvrth regard to
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45 2- hydr oygséy/aagiul2oyl oxypropyl sul fonic acid,

2- hydr oxy- 3- nmet hacryl oyl oxypropyl sul fonic acid, allyl phosphonic acid,
styrenesul fonic acid and 0050/ 51812 5

1 -acryl am do- 2- net hyl pr opanesul f oni c CI d. The m)norrers can be used al one
‘or mxed with each g}ﬁher Preferreg mers of grogrp areaﬁf lic acid,
met hacryl i EOBRPREDY DRAREI 3 L MR E) 7C 151 e§Feantio "iﬂ‘ﬁ](g‘ﬁ??? hese

aci ds, acr plashefe edhgropt Ralvadkylane delyaodst Aed WA HhdgrRf GPmRONEALd,

acryl anm dopedpanesiersonf cunsrthiretedi a¢ideyithepelyols or dxanpt e mi xtures of

acrylic acidiantyraiiRacey|bisatlydamided ures of acrylic acid and
acryl am gopropanesul fonic acid or mxtures of 10 acrylic acid and

vi nyl sul fopg 09&Hé%taoTaegsrhg@&Oqeagtgeysf&ellggeg'Z;@a&%pﬁa B Agh Other i

any desired propor g in the
presence ol éCI&r‘EFg?Iallﬁﬁep %Q?nﬁlongﬂ'@rf“‘b]t%) o5t agP W“EE’LHEPSSEWW €5nt ai ni ng
at 15 | easmixpprersthighr gomerisssep bh$t 4 rrifachpladrcentatniyy) farstcond

cr ossl i nkeerosst aikerngndt a | ssaindt aoosEl indklelry sekgetei tfsomnbideel iydl ecul e, the
nol ar r alpi etRérd) JantideB?) akdfiddd and tFEar1gN@Rihe prad.a/mb1hp Adkib opr ef erably
in the range,f£arg §,3sto 7:1 and especially in the range from3:2 to 5: 1.
The tot al am)unt of 20 crosslinker is in the range fromO0.001 to 5 nol % and
preferably in the range fromQ.005 to 0.5 nol % based on the nononers a).

Sui t abl e clBterTsiedile E)F)a%ﬁléu@é‘ne?m%/rs( FePhPaRRARaEedsiRran of pol yhydric
al cohol s whfehom¥palnavangecin & koryinnus wropesd. ther28nsdanceamd usual |y up
to 50 etisyEpnmr-72d d&3abdachespraOpybeess BordeontimsousSpirbdbt€idmolofghydri c

al cohol s aE%oéé‘lﬂﬁc@d‘ Quher ﬁ&uglesa&kagm%uobél hiayiangihg 0eusere® 6 hydroxyl

groups. Suel: 82aSldu g' @k Y TEhibd @ hgrgmenlces Fo
pentaeryth or sor |to referre ers e_pol yet hyl ene

gl ycol Faﬁ? ‘feXteg ﬁﬁamp‘btﬁ/élpﬁ Fe#R 8I dﬁ‘i"?‘f%ttrﬁéﬁ‘r %fs ich are each
derived fr6 iy Méker gl ycol s (whi ch may be consi dered et hoxyl at ed

et hyl en@0gl ycol ) having a mol ecul ar weight from 200 to 2 000. Useful
crosslinkeos D$9 Fsumsbher dexdrithest ai pmddeslsolfpr opartd nubuacpyddiickion of

trimet hyl obpsoppiikedd £l he NBIBCBE 6L, ad'?h'%){bﬁ”fo BesOohelli B I8HcALRg an
propyl ene é%&&l %%u&at&f %@nsgmh a6l @L m@sﬁg%gtﬂgg qylate,

hexanedi ol hace %el |ac ates_an C
copol yner s "8PORGHR, 138 ecf&? Iaeﬁ'é'xbwd]enea U§8Y o%gff'ﬁkers
b2) are%%%ﬁrﬁ’cﬂﬂlé{r paralish ré’&la b%t%‘aféﬁl gauiRRasHWAERS2 ci?luzﬂallﬂ‘FYe‘?ﬁ"uers
of pol yhydkneadinmpaods twisgenripghalemdrden whl kb xsdrveydtie t snhgranges 00 and
usual Iy upiher&duckidn¥irenetoxiupe taaah asnd rropyhe dowaritdean neid ,ofaladeal |yl
esters of RQL&IPaSﬂHé eag@pe%d hedCi §8. réb2tion- iHP¥ra81eméve Iyl car bonat es

o CP%'y“ydk*'ﬁ %§ B¢ UL Tl Opk Sy e ibBhat | 'ﬂag@al%% RECH Sy

)
have bee’ﬁ aFRO \7v|th up to 100 and usual ly up to 50 et hyI ene oxi de
and/ or propylene oxide units; and n represents the hydricness of the
al cohol , theexehaplpeosllfACtmregér whtenrsweldabde sadfifrienepabynerdsr dm 2 to 5. A
parti cul ar kyribtedronfteinea nedecmgl kneddesycitha naspaundeérgeirg Addiréogl ycol
di (al 'yl ca&bﬁi&tle)auéhsps Qfubjectb8 W lshedirt lfdxtdésamlaold&tseym@e gl ycol

di (al | Ylsseaaboned g2 %gwt% @g{égyedaofme}g yatiydiee having a

nol ecul ar ht exa PI et hers
are: pol yePﬂ;?% ’u‘?’eﬂq Fegff'ﬁser “‘/\/ﬁf"fﬁa‘%ﬁs l@e?ﬁ% ](f) %1‘ Yet hyl ene
gl ycol s hatrf§ whi QBE‘F‘h‘F "{ﬁéﬁeﬁh?"ﬂ’%’rﬁt?@@ fpd ?%@Gteﬂgﬁ?? a"é"&?ﬁ’ﬁh ¢bI
triallyl ehhat @f neactiohy|iH hespbeen dledierpined dat theidivigibAditpoxki bl e
t o use reaghéOopoPimeatieing alasal Agbends Qreaalydoy! i dpinpes rionobf2bhe

pol yet hyjoeRenShe @i x8hy¥&i oMl RERGsSatid RodpBBit n ikl AlLOhel 1amgy or

pent aer yt NGLL 9l sddisthbsle ! i kne AP\F?@EHertﬂee%%g‘ 430085 8 | WneSLETa Wi L
Jh

pol ybasi c i°C acH op merization of
t he rmnome?@l %‘TQ%]FOE E'pg"é’}t’a?ﬁ’d 1(35 n’h‘g TAFESgS cermHﬁ% %H%ﬁe%& es of the
copol yner s 1pavejauiifegm fire GHarPdBSout in the additional presence of
nmononers of group (c). Useful nononmers of group (c) include for exanple
hydroxyesshyt 85 sirciopljate, ohyuhieoyypsapy linvenyiod eto pydvidy eddvglslinked

met hacryl a&stemaietmswpazddlrabhaﬁéymtﬁ whgEN | Ve lal belanetor

e aCT YL OBkt Eedindel BRolPR] Wil Fobl £1ed AbaBfiletldyf 861 LlediRhnACT Y] I €

acid with s cont nlngfromlto 18°car eg
met hyl acryl ate et hyI acryl ate, propyl 40 acrylate, isopropyl acrylate,
n-butyl acrylate, isobutyl acrylate, hexyl acrylate, 2-ethyl hexyl acrylate,
stearyl acrylate, the corresponding esters of nmethacrylic acid, diethyl

fumarate, diethyl maleate, dinmethyl naleate, dibutyl maleate, vinyl acetate
and vi nyI prop| onate If the nDNomner s of gr oup (c) 45 are used for
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.0050/ 51 8120959l7g8i832preferably contrarotate. The stirring shaft is fitted
with disk segnments in propeller fashion. Useful kneading and transporting
el enents include for exanple close-clearance m xing bars and Ir or U shaped
attachments. 5 The mi xi ng kneader maysbe heated or cooled as required. The
monomer solution .i.s polynerized therein at fro t 0C. under atnospheric
pressure. T‘ﬁ%“%%’r?pl&”afﬁ}\{% NS SP‘H&‘?%%‘F%ST 285 ‘Zg}"gb s%ﬂéi aLEpRS al Iy from 40
to 120C. TREVARSAIAAWSLENDESRALGPES| hN o2 BPI5ABPRYF RFQFESSion of the process
is not less than 70C, particularly preferably not |ess than 80C, especially
not | ess twanh&ELC fouhd ekat t)es bbjeet aisumehheted 685 at hamb G6HE iomabEi cul arly
pr ef er ablsy spe¢if 6 ©rbBani $ss aspacimld speet rheswiditgnr0fe. and the product
tenperature at the point of discharge 15 fromthe reactor not |ess than
60C, particul arl referably nat |ess than 75C. especi al noj | ess than
a5C. The. nile BroseBlc e FhAR AR BhopRataatY Br SN Taet P 19Ed s romoved by
evapor at i oHa BT vitedd aPLe ndddid 108aRe 1 R TicoPERAN 1, PR3 YRRBLERY Udiisehaf ge

and, if necessary, cooling of the reactor walls subject to the proviso that
the fraqoi ap owatentsdlableetonbethyapniedllnn unkavat£fed Mmonodinet€sSarndhan 5% of
the heat of reaction and the fraction of heat renoved by product discharge
is not lesg,th Yonf e 1,Qn. rocess of the

i nvention ?% p?ﬁ?’é?’d@@l %grsrp‘gog't%og’%sléﬁaﬁjcﬁ%%amég?ﬂ%%a{%)t &g ?racti on of heat
removed by evaﬁ’é‘?%’t]i’é‘rllé%fcfi\%l?’é’ratfl%mthe reaction mxture is not |less than
30% and preferably not |ess than 40% of the heat of reaction. 30 Preference
is giveldsto prbtesefsa itigisti aressltioker pontdigsingt htinlé twore preferably
not | ess than 70% anskinHeeelat | osteat uhess imamedfdieduldandeat of reaction
is renoved by product discharge and water evaporation. 35 The use of a
defined crossljpkep, conlngh g{‘oé{ii%gﬁwg&%aein‘%hhaé hﬁeaféfto%% ses of the

i nvention even kes 1.t (is? e 1.0 |,spenseoﬁ% acket” cooling entirely.
In this preferred VE‘???)@ﬁ' ORISR TG J1E5E RS renpved via the

cool ing28f the reactor walls. 40 \Wereas the nononmer solution is liquid
right at the sthetmaifart hetjpolofmbli)zatil?), belhegcomsilst eaogeoframhd.7e@acti on
m xt ure changegsovige1a hi ghly viscous state into a crunbly gel. The

pol ymeri zati on produces a gel which is divided by the action of the

shearing 4'§h%<‘r)};§rce%%nit.”58v&é 'iorﬁthsgL[#oqg.% &My c)’ce%%' o%&dtaer%ﬂ &i nuous
e B e i et e B e ot ety Gt 2nd of

trough kneB@EYMLs, YBHCh {GRMDEAEAHAD |ATUSRNE cPRIMtION 9Ad enptied as soon as
the gel has attained the desired consistency. The aqgueous nonomer sol ution
may cont ai 8) t h@atddiscduble i mborpetblUéhDda 1y dh8EEFd A mPASHe s ,C@RRI NUOUS

type m xing kneader is used, the initiators nay also be fed into the m xing

knead h ' ' I ' ' h
monomer *2oP b ?%ﬁ*‘?,s"f-%ﬁg'}lérib A PRkad o oy nehbhle 5], BE JEdetipRl [NC

acconpl i shed b§° 18P inert gas, which may be introduced in cocurrent,
in countercurrent or at entry angles in between. Good m xi hg nay be

obt ai ned for ekbnpbe aifiimgtnoredsddnker atdntaimidgnai keastxeéwe or bubbl e
colums. 15 Wen a(meyl)aet9lsc tegrermunitg khehdenoléculzedndt he nononer
sol utioggi s passed through the reactor together with an inert gas stream

The mass throu uf ¢ i . i refer y not |ess

t han 1000, par??’gu{’%r%] Ste%ggieér%%%gﬂﬁggléé}ls&tgﬁgﬁg %’b&e%ggpgg%al ly not |ess
t han 3000, kg/hnB (’Peefﬁétagﬁy X tfolﬁnﬁ"et M ¥+’ gas flow is preferably
not | ess than 100 1/ hnB8 (reactor volune). The inert gases used may be

i ndependent | y tie mpdem, ratimife bjastesueh deinggbm,thearboge naroxi0d@; 1 car bon
di oxi degosul f ugo 2p:hexafl uoride or a mxture thereof. The inert gas may be
whol ly or partly generated by a chem cal reaction in the m xi ng kneader.
The preferyed. inert is nitrogen., T a I O vart ccordi ng
to the coni\:‘/%‘flsr}gor? 82?&%&0%8%%%’ &eha?c? gpggoféo%e zi\l)slcgp%? er bf”)g/lﬁ%gl | ess
than 0.1 nBSiPhrPIEFERT f%PeFE?%‘b‘T%”"Fﬁ&HO?’?”F&tES.g‘%‘?lte‘é’ﬂeci ally fromo.2
to 12 nB. HhyReIizgbian ridh gophenyisy 3BPRE RF GleRaing ewar&y -content of 35
fromO #85 80% by wei ght, preferably from40 to 70% by weight. This

rel ativel ywh€ey -5i18bUé encieic@Rl eRic N yahheatyr fuede mbhenéig oFehrvby cfrydoes
not clunp §edueRS rbbCe RIRIYY cEHPEEMURNL Y uh S Yot dal €]- %\/bpgca%xmc
production process is notable for short residence tines in the reactor and
hence for a good space-tine yield. Even residence tinmes of below 30 m nutes
in a reactor volunme of 300 1 give fine particles of polynmer gel having a
very |l ow residual nonomer content. This does away with the need for the

ot herwi se necessary 45 separation processes and increases the yield.
Particul ar preference is given to process variants involving a high nmass
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.The crossl ippls@ys5a@heti on is preferably applied by spraying with a solution
of the crosslinker in conventional reaction nmixers or 35 mixing and drying
equi pnent such as Patterson-Kelly m xers, DRAI'S turbul ence m xers, Lodige
m xers, screw mxers, plate mxers, fluidized bed m xers and Schugi - M x.
The spraying,of the crosslinker sol ution may be fol | owed by a heat

treat ment &F&PS: AWCESaBRY ST SdHMAR t ARIAAIFOBPLS RE mhgnFRFMEIR 230C,
preferably 40 at from80 to 190C, particularly preferably at from 100 to
160C, for from5 mnutes to 6 hqurs, preferably from10 mnutes to 2 hours,
particularly preferably from 1¢ mnutes to 1 hour, during which not only
cracki ng gor oduct s but H@t-sB? eﬂ-tR fract¥®ns can be retved. But the drying
may al so take place in 45 the er itself, by heating the jacket or by
blowing in a preheated carrier gas. 0050/51812 13 The crosslinker

conbi nati on used according t~ the invention |eads to water-swell able

addi ti on pwhgnerR?! ges€es9i Gyradkydane rand &), oR? v & uabe eindepeodently operti es,
such as hi ghdAbgeat baeeyiyUndethylload ansbydl .sTheew esipaatidabiscIudecttbens. The

action gfp ébtsaﬁiélgaérgnqesa&d N nleRBaE LY € aefial h@t@étﬁlytlllena@myrrerl zation in

] ne procesg_gf tlé 8 AN P Qétgsg%a&qgt: ARLOPL il | pﬁtitc §fe¥h1§2
obt ai ned a§nay tf’FﬁRé‘él aﬁ"‘(ﬁ’du%ﬂ't% ch?é@Ss'gess%’PgtlF n"t‘:‘t"t roved

drying pr oﬁé\ﬂﬁ@%ﬂlcmcﬂgr sty aetd kb irBerie anid apdi ?R%rﬁthk@ iexanpl es
whi ch fol | metal hndelmponium i seg tgebf urhse rlcédactaanylafmidbe shearing forces
di si nt eqgrsake@shadityd amitienetyotbnamdad, pdisihyl Bmi fice thlr metRdcAlQ LRl 0Ccess
accor di ng HQméﬂ?yldﬁ\\i%BE\: m&ﬂwutef urd i ngRRhi fHy 10£ct Prdie,from the

e o SagB Py e 8Ol £ dayhPE 1o e%}%t'?% % & -
products. T’ﬁ@em@aﬁt‘gﬁﬁﬁw aCRELY Gy prﬁm§t53ﬁe‘geattr@§rﬁe

surf aces. Asmathmltnm?%@ertﬂ(ipéﬁﬂbﬁt%fan@hélﬁ%‘%ﬂ}’]@ﬁ“lpep?mﬂtﬂdt| on rem)ved
by cool i20gmdtkadry hexeer The dporiat rony lakesc asdsmeflliicryllesads dre iuspdoved
economi cs Qe #d¥n PFOEHEt s 2RiRhOSESSNg ASnvlal Sidsi, MPhlforikg athes
producti onopr 06A%5y118t 200y &ﬂtendmt&reeeaatbﬂm byl 2h$6n t:tleféy uent
grinding operalion ggettgcmn}tl%ee i ple® B8 SYELANAL Lhe Jmdeof action

of the cross |on rests on
the differ 8Rtds HcAlyFhF SRR éct%l‘ii/;?ésm‘BFh‘g?‘HsffttFnk‘é'f ‘tr""é’el(fate or
Cr ossl i B®ehabige pﬁ;ﬁegs@satﬁrrrwmegumw ation, whereas the second
crosslinker possesses allylic unsaturation. The reacti vi ty of the former is
subst ant i akFLh¥theRatetrbasl il mohohées | lgebup! {a)3Qres believed that the
acrylic Crﬁ%iﬁﬁ%ﬁ[ 3012065 Y £RY164 o\bahééﬁifdmlté’akhlﬁ other nonomers in
the early Prhf'i‘g %ﬁ%{?% {5 é%koé‘lﬁa i‘ aﬁft{&n% fﬁ'&ﬁ%@ ggdition
pol ymer |slan 8 Jh é reac IVI ]glrﬁ I C crossll nkers,
suffici &ft Verd aF pet vé‘ihleaBF e PYiE B8 FrG&d %o‘tﬁesde 13 th
pol yreri zaPPbW“?W%@P ehhen A8 RPRHRSPRtERa3ed nfQed P AR dRAYHR1bE <|>1r nked
t oget her viup tovildé spatral imesh fanu. Dissifadl Wobehs-shiabfle mémomeatsi of of t he
shearing fge6es (d) Bheopinshinle GRvpigriatsaablife dompsands) suht aen nay be
"cured”. 4Q,7fe dxn at;la%yuémnna%&ecaé |o'fshll@ir?ydlllﬂﬁ.d5981é RNt | ve and
conpar at, v?:e‘ex % gp‘ H}? fcﬁl I ga
enpl oye f t IQn c | s met hod de er m nes the
free swell 551’?"?3( atzﬂ Prdro éf‘ niﬁa/ett by ld P&+ det er mi ned by
wei ghi ng 0120on¥ '(?'GGBMlg‘“Jfﬁa'@r igg or Joyarsis?n-propydimidazqliaesicl e size
fracti on 10B6ich &6@® Nikpwise asedt énbulte @@ lym85izahion dnzeuateindizedsform
subsequent by sealfad. The teabag is placed for 30 mnutes in an excess of

. 9% by 4 PEI ght sodium chl oride solution (at |least 0.83 1 of sodiumchloride
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40 peroxydicarbonate, diacetyl peroxydicarbonate, allyl peresters,
cumyl peroxyneodecanoate, tert-butyl
per-3,5,5-tri-methylhexanoate, acetylcyclohexylsulfonyl peroxide,
dilauryl peroxide, dibenzoyl peroxide and tert-amyl
perneodecanoate. Useful polymerization initiators further include

45 water-soluble azo initiators, eg 2,2'-azobis(2-amidinopropane)
dihydrochloride, 2,2’'-azobis-(N,N-dimethylene)isobutyramidine
dihydrochloride, 2-(carbamoylazo)isobutyronitrile,
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Useful initiators further include redox catalysts. In redox
catalysts, the oxidizing component is at least one of the
above-specified per compounds and the reducing component is for
10 example ascorbic acid, glucose, sorbose, ammonium or alkali metal
bisulfite, sulfite, thiosulfate, hyposulfite, pyrosulfite or
sulfide, or metal salts, such as iron(II) ions or silver ions or
sodium hydroxymethylsulfoxylate. The reducing component in the
redox catalyst is preferably ascorbic acid or sodium pyrosulfite.
15 Based on the amount of monomers used in the polymerization, from
1:10-5 to 1 mol% is used of the reducing component of the redox
catalyst. Instead of the oxidizing component of the redox
catalyst it is also possible to use one or more water-soluble azo
initiators.
20
The process of the invention is preferably carried out using a
redox system of hydrogen peroxide, sodium peroxodisulfate and
ascorbic acid. In a customary embodiment, these components are
used in the concentrations of 1:10-2 mol% hydrogen peroxide,
25 0.084 mol% sodium peroxodisulfate and 2.5-10-3 mol% ascorbic acid
based on the monomers.

The addition polymer is obtained by initiating the addition
polymerization of the above monomers and exposing the

30 polymerizing mass to shearing forces. Shearing forces may be
suitably exerted on the polymerizing mass using trough kneaders
or preferably continuous type mixing kneaders. Mixing kneaders
comprise one or preferably two or more axially parallel rotating
shafts bearing kneading and transporting elements which are

35 effective in conveying the materials introduced at the upstream
end of the mixing kneader in the axial direction toward the
discharge opening at the downstream end.

Mixing kneaders useful in the process of the invention are

40 obtainable from List and are described for example in
CH-A-664 704, EP-A-517 068, WO 97/12666, DE—A-21 23 956,
EP-A-603 525, DE-A-195 36 944 and DE-A—4 118 884.

Such kneaders with two shafts have such an arrangement for the
45 kneading and transporting elements that a high self-cleaning

effect is obtained, and this high self-cleaning effect is an

important requirement for a continuous polymerization. The two
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The mixing kneader may be heated or cooled as required. The

monomer solution is polymerized therein at from 0 to 140°C under

atmospheric pressure. The temperature is preferably from 20 to

120°C, especially from 40 to 120°C. The maximum temperature in a

10 preferred version of the process is not less than 70°C,

particularly preferably not less than 80°C, especially not less

than 90°C, the exit gas temperature not less than 60°C,

particularly preferably not less than 80°C, especially not less

than 90°C, and the product temperature at the point of discharge

15 from the reactor not less than 60°C, particularly preferably not
less than 75°C, especially not less than 85°C.

The heat of reaction due to the addition polymerization is
removed by evaporation of water from the reaction mixture, by

20 product discharge and, if necessary, cooling of the reactor walls
subject to the proviso that the fraction of heat removed by
evaporation of water is not less than 5% of the heat of reaction
and the fraction of heat removed by product discharge is not less
than 25% of the heat of reaction.

25
The process of the invention is preferably carried out in such a
way that the fraction of heat removed by evaporation of water
from the reaction mixture is not less than 30% and preferably not
less than 40% of the heat of reaction.

30
Preference is given to processes wherein in total not less than
50%, more preferably not less than 70% and especially not less
than 90% of the heat of reaction is removed by product discharge
and water evaporation.

35
The use of a defined crosslinker combination in accordance with
the processes of the invention even makes it possible to dispense
with jacket cooling entirely. In this preferred version of the
process, no heat is removed via the cooling of the reactor walls.

40
Whereas the monomer solution is liquid right at the start of the
polymerization, the consistency of the reaction mixture changes
via a highly viscous state into a crumbly gel. The polymerization
produces a gel which is divided by the action of the shearing

45 forces into a finely divided crumbly gel. When a continuous type
mixing kneader is used, the gel is discharged at the downstream
end of the mixer by the conveying action of the mixer. When a
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used, the initiators may also be fed into the mixing kneader
separately from the monomer solution.

Prior to polymerization, the monomer solution is preferably freed

10 of residual oxygen. This is accomplished by means of inert gas,
which may be introduced in cocurrent, in countercurrent or at
entry angles in between. Good mixing may be obtained for example
using nozzles, static or dynamic mixers or bubble columns.

15 when a continuous type mixing kneader is used, the monomer
solution is passed through the reactor together with an inert gas
stream. The mass throughput in terms of monomer solution is
preferably not less than 1000, particularly preferably not less
than 2000, especially not less than 3000, kg/hm3 (reactor volume)

20 and the inert gas flow is preferably not less than 100 1/hm3
(reactor volume).

The inert gases used may be independently nitrogen, a noble gas
such as argon, carbon monoxide, carbon dioxide, sulfur

25 hexafluoride or a mixture thereof. The inert gas may be wholly or
partly generated by a chemical reaction in the mixing kneader.
The preferred inert gas is nitrogen.

The reactor volume may vary according to the conversion desired.

30 The reactor volume is preferably not less than 0.1 m3,
particularly preferably from 0.2 to 20 m3, especially from 0.2 to
12 m3.

The gel obtained in the polymerization has a water content of

35 from 0 to 80% by weight, preferably from 40 to 70% by weight.
This relatively low moisture content of an already free-flowing
gel which does not clump reduces the energy subsequently required
for drying.

40 The production process is notable for short residence times in
the reactor and hence for a good space-time yield. Even residence
times of below 30 minutes in a reactor volume of 300 1 give fine
particles of polymer gel having a very low residual monomer
content. This does away with the need for the otherwise necessary

45 separation processes and increases the yield. Particular
preference is given to process variants involving a high mass
throughput which permits residence times of below 20 minutes and
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>10%& ()-41000C. The polymer gel leaving the reactor is subsequently stored
in a delay vessel at from 50 to 120°C, preferably at from 80 to
100°C. The delay time is generally from 0 to 3 hours, preferably
from 5 to 30 minutes. The vessel can be open at the top, but it
10 is also possible to use a closed vessel to which a slight vacuum

is applied.

The drying step can be carried out according to all known
processes, for example in a fluidized bed, on a through

15 circulation drying belt, on a vacuum drying belt or with the aid
of microwave drying, or preferably under reduced pressure in a
single-screw kneader with intensive kneading of the polymer gel.
This drying step is preferably carried out in a single- or
multi-screw kneader at from 5 to 300, preferably from 20 to 70,

20 mbar and at from 30 to 170°C.

The addition polymers obtained may preferably be surface
postcrosslinked. Surface postcrosslinking may be carried out in a
conventional manner using dried, ground and classified polymer

25 particles.

To effect surface postcrosslinking, compounds capable of reacting
with the functional groups of the addition polymers by
crosslinking are applied onto the surface of the addition polymer

30 particles, preferably in the form of an aqueous solution. The
aqueous solution may contain water-miscible organic solvents as
well as water. Suitable solvents are alcohols such as methanol,
ethanol, isopropanol or acetone.

35 Suitable postcrosslinkers include for example:

- di- or polyglycidyl compounds such as diglycidyl phosphonates
or ethylene glycol diglycidyl ether, bischlorohydrin ethers
of polyalkylene glycols,

40
- alkoxysilyl compounds,

- polyaziridines, aziridine compounds based on polyethers or
substituted hydrocarbons, for example bis-N-aziridinomethane,
45
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(0)- nd polyglycerol, pentaerythritol, sorbitol, the
ethoxylates of these polyols and their esters with carboxylic
acids or carbonic acid such as ethylene carbonate or
10 propylene carbonate,

- carbonic acid derivatives such as urea, thiourea, guanidine,
dicyandiamide, 2-oxazolidinone and its derivatives,
bisoxazoline, polyoxazolines, di- and polyisocyanates,

15
- di- and poly-N-methylol compounds such as, for example,
methylenebis (N-methylolmethacrylamide) or
melamine-formaldehyde resins,
20 - compounds having two or more blocked isocyanate groups such

as, for example, trimethylhexamethylene diisocyanate blocked
with 2,2,3,6-tetramethylpiperidin-4-one.

If necessary, acidic catalysts may be added, for example
25 p-toluenesulfonic acid, phosphoric acid, boric acid or ammonium
dihydrogenphosphate.

Particularly suitable postcrosslinkers are di- or polyglycidyl
compounds such as ethylene glycol diglycidyl ether, the reaction

30 products of polyamidoamines with epichlorohydrin and
2-oxazolidinone.

The crosslinker solution is preferably applied by spraying with a
solution of the crosslinker in conventional reaction mixers or

35 mixing and drying equipment such as Patterson-Kelly mixers, DRAIS
turbulence mixers, Lodige mixers, screw mixers, plate mixers,
fluidized bed mixers and Schugi-Mix. The spraying of the
crosslinker solution may be followed by a heat treatment step,
preferably in a downstream dryer, at from 80 to 230°C, preferably

40 at from 80 to 190°C, particularly preferably at from 100 to 160°C,
for from 5 minutes to 6 hours, preferably from 10 minutes to
2 hours, particularly preferably from 10 minutes to 1 hour,
during which not only cracking products but also solvent
fractions can be removed. But the drying may also take place in

45 the mixer itself, by heating the jacket or by blowing in a
preheated carrier gas.
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the invention provides addition polymer particles which possess
an advantageous morphology. The addition polymer particles are
obtained as a finely flaked product which possesses distinctly
improved drying properties. As is shown by the comparative and
10 inventive examples which follow, the polymerizing gel under the
action of the shearing forces disintegrates into a finely divided
powder in the course of the process according to the invention
without further application of force from the outside.
Crosslinkers and crosslinker combinations which are not in
15 accordance with the present invention lead to friable, tough or
slimy products. The disintegration of the polymerizing mass
generates new surfaces. As a result, the proportion of the heat
of polymerization removed by cooling due to water evaporation
increases. This leads to improved economics for the production
20 process. As well as simplifying the production process, not only
the drying operation but also the subsequent grinding operation
are facilitated.

It is believed that the mode of action of the crosslinker

25 combination used according to the invention rests on the
different reactivities of the two types of crosslinker used.
Crosslinker bl) possesses acrylic unsaturation, whereas the
second crosslinker possesses allylic unsaturation. The reactivity
of the former is substantially higher than that of the latter. It

30 is believed that the acrylic crosslinkers rapidly and randomly
react with the other monomers in the early phase of the
polymerization to form highly crosslinked addition polymer
islands. Owing to the lower reactivity of the allylic
crosslinkers, sufficient crosslinker is available in the

35 continued course of the polymerization in order that the highly
crosslinked islands may be linked together via a wide-spaced mesh
and broken bonds due to the action of the shearing forces in the
production process of the present invention may be “cured”.

40 The invention will now be illustrated by the inventive and
comparative examples which follow. The following test methods
were employed:

Centrifuge Retention Capacity (CRC)

45
This method determines the free swellability of the hydrogel in a
teabag. CRC is determined by weighing 0.200 + 0.0050 g of dried
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determined by weighing back the centrifuged teabag.

Absorbency Under Load (AUL) 0.7 psi (4826.5 Pa)

10
The measuring cell for determining the AUL 0.7 psi is a Plexiglas
cylinder 60 mm in internal diameter and 50 mm in height.
Adhesively attached to its underside is a stainless steel sieve
bottom having a mesh size of 36 um. The measuring cell further

15 includes a plastic plate 59 mm in diameter and a weight which can
be placed in the measuring cell together with the plastic plate.
The weight of the plastic plate and of the weight totals 1345 g.
AUL 0.7 psi is determined by measuring the weight of the empty
Plexiglas cylinder and of the plastic plate and recording it as

20 Wy. Then 0.900 + 0.005 g of hydrogel-forming polymer (particle
size distribution: 150 — 800 um) is weighed into the Plexiglas
cylinder and distributed very uniformly over the stainless steel
sieve bottom. The Plexiglas plate is then carefully placed in the
Plexiglas cylinder, the entire unit is weighed and the weight is

25 recorded as W,. Then the weight is placed on the plastic plate in
the Plexiglas cylinder. A ceramic filter plate 120 mm in diameter
and 0 in porosity is placed in the center of a Petri dish 120 mm
in diameter and 30 mm in height and sufficient 0.9% by weight
sodium chloride solution is introduced for the surface of the

30 liquid to be level with the filter plate surface without the
surface of the filter plate being covered. Then a round filter
paper 90 mm in diameter and <20 pum in pore size (Schwarzband 589
from Schleicher & Schiill) is placed on the ceramic filter plate.
The Plexiglas cylinder containing hydrogel—forming polymer is

35 then placed together with the plastic plate and weight on top of
the filter paper and left there for 60 minutes. At the end of
this period, the complete unit is removed from the filter paper
and the Petri dish and subsequently the weight is removed from
the Plexiglas cylinder. The Plexiglas cylinder containing swollen

40 hydrogel is weighed together with the plastic plate and the
weight is recorded as Wp. AUL 0.7 psi (4826.5 Pa) is calculated
according to the following equation:

AUL 0.7 psi [g/g]= [Wp—Wa] / [Wa—Wp]

45
Preparation of addition polymers
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monomethyl hydroquinone ether, < 2000 ppm of acetic acid, <
600 ppm of propionic acid). After neutralization, the mixture was
aged for not more than 6 hours before being used for an addition
polymerization. The addition polymerization was initiated using
10 the following system:

0.005% by weight of hydrogen peroxide and
0.006% by weight of ascorbic acid and
0.28% by weight of sodium peroxodisulfate,
15
all the percentages being based on the monomers present in the
reaction solution, expressed as acrylic acid. The table below
gives the amounts of crosslinker used (% by weight based on
acrylic acid). The crosslinkers were mixed together with the
20 aqueous monomer solution and this solution was inertized by
passing nitrogen into it.

The individual components of this reaction solution (dilute

aqueous solutions of hydrogen peroxide, ascorbic acid, sodium
25 peroxodisulfate and the monomer/crosslinker solution) were

metered separately into a kneading reactor (List ORP

250-Contikneter, from List, Arisdorf, Switzerland) and mixed

therein in the course of being introduced into the reactor, the

addition polymerization speedily ensuing in the course of the
30 mixing.

600 kg/h of reaction solution were introduced, and the gel
produced in the kneader by addition polymerization was
continuously discharged. The temperature of the cooling water in

35 the reactor jacket was closed-loop controlled to 90°C. During the
addition polymerization, 14 m3/h of nitrogen were passed through
the kneader as an inert gas. The reaction volume was 300 1.

The discharged gel was dried, ground and sieved to a particle
40 size fraction of 100 - 800 pum. The Centrifuge Retention Capacity
and the extractable fractions are reported in the table.

Surface postcrosslinking:
45 A Waring lab mixer with mixing attachment and blunted mixing

blades was charged with 20 g of polymer (particle size fraction
100 - 800 um). While the mixer was turning at slow speed, 1 g of
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sieved off, the product obtained was tested. The results are
reported in the table.
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a) water-soluble monoethylenically unsaturated monomers, and

b) from 0.001 to 5 mol% based on the monomers a) of a
10 crosslinker combination

bl) of a first crosslinker containing at least two
(meth)acrylic ester units in the molecule and

15 b2) of a second crosslinker containing at least two
(meth)allyloxy units in the molecule,

the molar ratio of bl) to b2) being in the range from
0.7:1 to 10:1.
20
2. Polymer as claimed in claim 1, wherein the monomers a) are
selected from the group consisting of acrylic acid,
methacrylic acid, the akali metal or ammonium salts of these
acids, acrylamide and/or methacrylamide.
25
3. Polymer as claimed in claim 1 or 2, wherein the first
crosslinker is selected from the group consisting of
(meth)acrylic esters of polyhydric alcohols which may have
been alkoxylated with up to 100 ethylene oxide and/or
30 propylene oxide units.

4, Polymer as claimed in claim 3, wherein the polyhydric alcohol
is selected from the group consisting of ethylene glycol,
glycerol, trimethylolpropane, pentaerythritol and/or

35 sorbitol.

5. Polymer as claimed in any preceding claim, wherein the second
crosslinker is selected from the group consisting of diallyl
carbonate, allyl carbonates and allyl ethers of polyhydric

40 alcohols which may have been alkoxylated with up to 100
ethylene oxide and/or propylene oxide units and allyl esters
of polybasic carboxylic acids.

6. A process for preparing crosslinked water-swellable addition
45 polymers, which comprises an aqueous solution of
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polymerization with continuous input of shearing energy.

7. A process as claimed in claim 6, which includes a step of
20 feeding the aqueous solution together with an initiator and
optionally an inert gas continuously into a mixing kneader
having at least two axially parallel rotating shafts equipped
with a plurality of kneading and transporting elements
effective in providing conveyance in the axial direction.
25
8. A process as claimed in claim 6 or 7, wherein the heat of
reaction due to the addition polymerization is removed by
evaporation of water from the reaction mixture, by product
discharge and, if necessary, cooling subject to the proviso
30 that the fraction of heat removed by evaporation of water is
not less than 5% of the heat of reaction and the fraction of
heat removed by product discharge is not less than 25% of the
heat of reaction.

35
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