; e3éuudp<>@oo0s180H00051812 1 Cross-linked, water-swellable polyner and
pet hod for producing the sane 5 Description The present inventi mwmmmmmmm”m
to a crosslinked water-swellable addition polyner and to a proc

producing it. 10 Crosslinked water-swellable addition polyners, whigkyate
al so known as hydrogel s or as superabsOrbents, are capable of absorbing a
multiple of their own weight of aqueous fluids. They are widely used in
hygi ene ar tOrolses]lisked amtéirapeellaslznipodypenamid metand foe pridducifigey
contai n polgyweesased units of 15 water-soluble ethylenically unsaturated
nmononers, such as carboxylic acids, am des and the |ike. Incorporation of
crossli nlgjl s%lrtieéll n the addition polymer provides water-insoluble

addi ti on “polyrmer The degree of crosslinking determ nes not only the water
solubility of the addition 20 polyners, but also their absorptive capacity
and gel st Mérgrhesery sinvepitagn | vadajels $or angrds Hrigkddswatventapddablbecause
they def or mddadesn asolapelri eddptess Wrecebsr fexapppldactihe bodywei ght of a
wearer, causing the pore structure of the addition polymer to collapse and
to prevent .St fel Ui r 5 tr th.can be
achi evegl% CEBE% k@&%&ggk ls‘ggl%tebnlm d Qlﬁkgg Fﬁoalzﬁn %uc‘g@?lﬁ gcl)rgptl ve
capacity o%f(nf’ﬁ gﬂg?f’chrc?ﬁegﬁl he?s SREF%FP%’E %’ﬁst’eIaIrSnc?)‘? 1?/35?[ -swel | abl e
pol yners i @PEREPENG G r“&’étt&BF% ¢F dhEign ovasve Hh twv@feradoRtd dBiud dgddThenn

pol ymers 3@reowidely asedntiachymiane bodyciesi dsich he dkaperctalslaeitragti ons
are washednapkinghad thaudeket FheahohphiN pERpREIiEEdt OnTied @yfi orate. A

further jundasitalb fulOReR yeﬁica/@yehngweuw@@ RAbMEBS 5 duoh_agel - bl ocki ng.
el - bl ocki g 856H1 [> g ¥ @wemtn%[ the P 268 BLoLDe AP ng addit i on

pol ymer par |s | eads to

t he format C6A5H ”ék’tf%?r rsuléF | &Y ‘?h‘W?l Eﬁ ﬁﬁ’i%e%&iimedﬁ PFP}E ‘?Sfor fluidto

di f fuse i nWgtenelpmriubdieeafftkiqrorolypere- | Bhey degegef of Skaseliskéngabl e

addi ti on pdeyeensnedirctt 40lposivesaterpeoperibidlyandethé dndjitimbsor bency,

hi gh gelaospoepgérs, ughaasqutiseis Gbsbabeite ecdpacdel- BhdcdeIngtrangthow

extract abl gefl 5 agdd Q5 10WEGA1 196-AR 484 rdegd d e thhbbeks mﬁ%ngh@pl ymer s

whi ch are 4 fﬁfrﬁp@x{ %n“ﬁ ﬁ %J&%%Lk@kefém&gﬂﬁﬁe E étf'raee
bkt

t f t d a
(ot i) a6y yPPECEE1 SStingl EBR PYh Stadshere el e ? bei ng a

mono( met h) SELyRPRE eice LOOPTEVRRK HUEHNEF | §FauisddAor of nekuist ﬁBF?ﬁ?%‘%‘ ene

gl ycol s 28ndgef hetténgtth cenpbeemhisyiedgbess erigghefr gmeaslink eidngdids bt h

pol yol s or tHis péddddsalthyl apssptdvebcapac ytarifdese addNR AN podBfledi scl oses
a water-swel | abl e hydrocol [ oid pol ymer which contains 0.005 to 0.10 nold of

el Sacryl ofl L Rente e FiTar e Bkl B PITD 36Ty e heirier sel ect e
frombwal%f’itq? :}g H’d% SC%e wagerds"f]‘ ﬁ% T

a d:L

| am YHoiar ratio
of 1:1. t6°]T'e 15nt‘?/\é’t°é‘|ta§$\e‘r’+gblté’dé(déﬁ't‘?% rf&eyﬁéFEa%%f’rPIt?e 5?85&?% 34F an
economi cal vaahe@roffh whieht ¢3RS theoaksarriHgie cABRaHER,tolBletPr AoDa3 063
teaches a préoesised amdesitable s qpestiucof ormter-credtabkagwliymeespasticl es -
of pol yner gGQLbléb}&rfgl Ngke-B5TsERI Y bbbdEt € athdh fenidheses rinél Bgr SEGRIE S

g?“fﬁet hel EHd @é,’t?&%ntgoaﬁeﬁﬂw EEO 6‘%1&%1%3573??61{6% ;bdt*é?c gﬁé\%ﬁfeam end
conti nu§§s g % a‘i we(ifl %QlSDE‘Le tzorma f é%r?‘ig € rrer gel

"GLOSSI]
by feedi ng¥ ﬁcgdﬂl@iﬁfs %o?ﬁff’cﬁiﬂd’f f\%t éilu’s%liifbldé ﬁﬁﬁ%e’t’?ﬁﬂ é:ll?ieCBP‘:F
unsat ur at ednhenbeer s and crosslinkers into a mxing kneader having at |east
Z5 two axially parallel rotating shafts equipped with a plurality of
kneadi ng amdeté ans ROMeledd £61 BREIHIS sWBL CAL TOMRM tiBE SebifledRCRELIERT r 0duced

fromth%ougagggééﬂae obg ti@@lﬂ@mffr ﬁ@gﬁeamﬂs&fbehbg MhiGH gelhgtw&cyﬂﬁl ng

heat of | or at.l on [
IS A AR o o o sEeptotitid on o
wat er - swel FABFEIQRAY ti on pol ymers is carried out in a mxing kneader, the
mass under goi ng addition polynerization is subjected to shearing for ces
whi ch causpEtRel S5 4ea484t Geder itiesi dedidcalphirdingapblymins patithcatat e

addi ti ouspgkw@fabﬂw;sdhw di &Qaé‘sﬂ@.%k%/rﬁkﬁ%nﬁéﬂ temBsndtid@rpehys®ri zi ng

reacton. FLapgindt She LEOR JoBRoBlt, By fai?%‘*{f*%t“"%mhg"%ﬁﬁér?fz. g

mass depenég‘eg%aa gra tﬁe ) 5‘§Fé’§i’)ﬁ SHEPh OB i‘r%’?wor?g’r %P

unfavorabl e conposition gives rise to lunpy or viscous nasses in the course
of the pol ynerization, whereas a favorabl e conposition | eads ”m‘“mﬁmmml’l"mm
whi ch crunbl e apart to | eave uniformfine granules.
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45 [t is anoOdP@S18DE the present invention to provide crosslinked

wat er - swel | abl e additi on pol yners whi ch have a bal anced performance profile
with regard to absorbency, gel strength, 0000051812 3 acquisition rate
and extractabl es and mhich shal | al so Be advantageously preparable in a

conti nuous process. have found that "this ob£ect is achieved b
conbi nati o QSTTPOSIeé‘EeE?W% % MPL9I PRERB I CEEE PRTEY e dOMOEMBER) & Bf]atl 0. The

present i nvmahod atker dihgolypibyleres alysodssindkse wated- somporite
addi ti on pdeiner eeoatai of nhgpahyaeed Zad dsniviigh oo Iyth1a) omatier- 6ol ubl e

nonoet hyl eniGalihy 1 HRASAE Watad 26RPoaR{$es.and b) from 0.001 to 5 nol % based
on the nogonmers a) of a crosslln er conbination 15 bl) of a first

crosslinker_c | east two C ester units |j the

mol ecul e arl® %%)/%ESQ %Je%colr?d"e@r 85@??4& e)&gﬁ%? ¥Fogeifeid pe

(met h) al | ylvhéghuappgains thdO0fprtecht ¥0 med % pé melrymeertlﬂedoﬁrmghtr&em)

bei ng i n t eixtangewhiomdbnprises 40bils- 'Eh'etpiemquyrivenhtmhnahgscflmsmw des
a process faospnehreadnd 25 seeBhé Neeskss IPMREAYCEEDIL1RIa GkBfmShisked,

vat er - SWej leﬁ:l?xb?s?dgl'nlé i KEET ndV@faril%QQH%ﬁée%nag EBESP?%%%L%' on of

a) water-s go]te)% 'yl'enical 'y unsaturated nbnomers

0.01 to 5 d bjo"{ge the nononers a) of a crosslinker conbination bl) of
a first crosslinker containing at least two (neth)acrylic ester units in

t he nol ecul®atandsesl Yo s pddfi t don epoithegisosahi bk repomedi b nap at | east two
(met h) al | ylezoyonieds manhrere inDbecomeimicue ppbesss.atfior dhsbdjcd,0 b2] being
in the renge-hrops 0o ketdned d0pdocdiVifdd dosOidudnsCRRLENtidh IJ¥e range
from20 to SQ8:hyy gﬁtneb?'aﬁ?gléi’@é% %1%%9 J%le%hrﬁdkﬁ Ahla-ddiidl) ated

addi tion polyérrerl zatJ on | huQus |

ear | ng
Wt er - sol B e APPEC K, SEEREREN GRS SRR @Q@%eﬁnmde
for exanpl é’eeFﬁW%W‘?:aﬁrlc\}“ Gﬁ§aPEn°‘%‘Eeéﬂ‘ &9- the %’"@&FBBR‘WP F6®005181 2 4
aci ds, am dwdiaddies} ariewi.t h ani noal cohols of the formula | R1 5 gp- R4~NO
R2 XO( 20) R3 where R4 is CZto C5-alkylene and R, R2, R3 are

i ndependentggy 15y ds 908, . MReBYL ib&d Y lpr@keBE OBV comeﬁeoﬁarmcamlbﬁ%yde
a-chi or oscryTLg Rl T8 %ar‘é'%ﬂ%% S {%&%‘é 31 i f freding en
i taconi c adPdeORF TR ag afor -gaoclg%’llg o é‘éo *36 arts%urﬁéﬁﬂl tic
acid and f dPRPPETS AN &T@SE éﬂéﬁ%lﬁ“tr?etaa’i“léﬁtﬂ é‘r‘ﬁ?ﬁﬁFﬁ 5N a5 1eAstke
aci ds, & ywanpstally naseldelyreratdng ehafbnaaudiPpedi withya aiurediny| of
met hacr yl atkeeadingtdnd dmiamspbhyinacrldmenes dhimdt ephaay nops cubstaocys at e,
di et hyl am nepregytedcintmitfe Gpsidnnl @Mdnebutnd dawh¥taéem end of the
g: g Ey: :nrq&n%%t:h%h@%l quln Eﬁea’g'cﬁ; eﬁhema@eﬁsl%hr@e g, Iate
y 29‘59?@%# f%@é g ebf;i%%'u@% Byl ﬂ&% ?ﬁ@{) moZof tﬂ‘ﬁ ?

The basic acr Ratr es are us e sa
with st r%&eWHEFaWa]g‘a sul fonic acids or car boxyl ic acids or in
guat erni zed form The an| on X- for the conpounds of the formula I is the
aci d radi ca¥heof théreprmdvertabnact deatmr-sivel hebbarddoiylion pelivierer is -
met hosul f attarreédosud fiat @ aixZhg haldadierf, r one andsatiagerge Nty a@@itiofrurt her
wat er - sol Uble yRBALIBY D10t sOEQHPededt® BhihMHPILEELE dPREsh cause the
acryl amgopr,g Baf;‘gsé‘é [AYi%e8CLE o I BNPSROANI KL, RGLE: 2P8 Qaslikgl | et al
and ammnlun]lymer f%e dividing creates new surfaces in the polymerizing

mass which permit water evaporation and an attendant removal of

heat of reaction. It has been determined that the divisibility of

the polymerizing mass depends greatly on the composition of the

40 monomer mixture. An unfavorable composition gives rise to lumpy

or viscous masses in the course of the polymerization, whereas a

favorable composition leads to masses which crumble apart to

leave uniform fine granules.

45 It is an object of the present invention to provide crosslinked
water-swellable addition polymers which have a balanced
performance profile with regard to absorbency, gel strength,



30 Vi nyl sulGa00@5L812l. The other acids may |ikew se be used in the

pol yneri zation either in non-neutralized formor in partially or up to 100
neutralized form Useful water-soluble nonomers of group a) also include
N-vi nyl i m dazol i um corrpounds such as galts or quat erni zation products of
N vi nyllmdazole y e, and. N vinylimdazolines,
Such a1 ARVEFIEH00 a4 A0 6TEY r%% i PRy ) a1ed bd

1- vi nyl - 2- @N@PLApaRYDIY r?ere@erab%?nw-azsen LBPOMS AXPELEFF ne, which are

| i kewi se used in the polynerization in quaternized formor as salt. 40 It
is further weonsivbl Eolind UIRLtNMBADET dty{et Gal hyhivestd Wyakedombl ADnich oF

phosphoniec aekdsg;cf oesxlqmgesauéaA%quongc%icd @5&0%?% acryl ate,

sul f oet hyl rrethacryl ate, sulfopropyl acrylfate propyl net hacryl ate, 45
2- hydr oxy- 3- acryloyloxypropylsulfonlc aci d,

2- hydr oxy- hRePRaRFYY IVERFPPBpIT AT GNLY BEPYLASR 1By FERBELIIMT aci d,

st yr enesul fWeftee-ae¢dlan¢ adddobos BAymMer containing polymerized units of
2-acryl am do- 2- met hyl propanesul foni ¢ acid. The nmononmers can be used al one

or m xedgMahh QAEBrOLHBEL1PHRIBE LAY SPNAUTAKS uRka BLAUNR A MoAbRe RS WL aci d,
methacrylic acid 5 and also the akali netal or ammoniumsalts of these

aci ds, acrlamdead hac Iamd ther vinylsulfagnic acid,

acryl ani doér’opafﬁ@g‘ Bf é)ﬁ {P&%rﬁe?%ﬁme lfeﬁ?gn?)l e mxtures of
acrylic acid aﬁé°ﬁ§ﬂ-h‘&’&‘?§rlq°€‘bééﬁ‘éll°‘?n xtures of acryli c acid and

acryl am dopropanesul fonic acid or m xtures of 10 acrylic acid and

vi nyl sulifsoni ¢ aQi)d.ofTheser P rerueiks iARYr heomapaligesat 2ethad tkthoeach other in
any desired proportin@Rnh)be, IMNQRRES 941l QWP +8: AbfedPley Bl zed in the
presence of a cr ossl i nker combi nation bl) of a first crosslinker containing
at 15 | east tw%? acrgl i cré(gster\ﬁgnlts in the nol ecule and b2) a second
crosslinker co BOPRL S OPRO HETh AMFPIRY AUt s-43% 5 F¥ 1ol ecul e, the
mol ar ratio of bI) (!“thkﬁlbeﬁ%@' PRitRel? dhgemplepvbe7: | to 10:1, preferably
in the ra&@nge from1l:1 to 7:1 and especially in the range from3:2 to 5: 1.
The total anDurheOhoPir W28l bBkEI) it b2 )t beinqnge theopnRgdOfrdmd 05 730! d and
preferably in thejgapge from0.005 to 0.5 nold based on the nononers a).

Sui t abl e crossl i nkers bl ) are general ly (nmeth) acryl iC esters of pol yhydric
al cohol s vvhb ?ay have b n aI 0xy lated with up t ? afn iually up
to 50 et hyf8RePHLSTH &HHFB eR§°?5%’%Pe "‘hrﬁrt°§es§u ?%tﬁ% § dric

al cohol §5aF@thmb‘?ﬁsc |P(¥8Ida?t€2n(9 Cﬁﬁéﬁé‘b’&?@d‘iasteﬁaﬂ’ﬂbl#kr]@rnaﬂdtl i@ hydr oxyl
groups, suphlymers hphdied gbypoisesylapcaauéous rsotuthohobHr opane,
pentaerythritol or sorbitol. Preferred crosslinkers bl) are polyethyl ene

gl ycol 30 dijackykatessuith1ROMpaELYH LIS iy ¢9! uth iRiraekyheh&ferd)i @hgar e each
derived from pol yethyl ene glycols (which may be' consi dered ethoxyl at ed

et hyl en coI yi I i gh r t 00.

crossli %l?er If%r ’? ’[(ﬂlgr I ncl“ggy rsle\r/réFet% %h% l?%;rén%%stg ac? a%rosgalnker

tri met hyl ol pr ofSHR 1’53% 39 net hacryl ate, ethyl ene glycol diacrylate,

propyl ene glycol diacrylate, butanediol diacrylate, hexanediol diacrylate,-
hexanedi ol di melhaotfyhafrstr cdicasil yhkeresomtdidingtdadreplsat esoof bl ock

copol ynmers of et hyliagen pxd:Hea iandspeppyl e iaxtie. meheddaef dhacrosslinkers
b2) aresgn particular diallyl carbonate, allyl carbonates or allyl ethers

of pol yhydric ohgl s which, ma Jeen Ikox Iate h to 100 and
usually up to gg f’%yf‘e%eecoonxq eggﬁg}& Con Jerrllle i deieﬁrsl%ts gand al |yl

esters of pol ybasi ¢™8ER MM i¥YalPrYyss ’ifStheo%b%‘B‘ijﬂal'Z 6 Allyl carbonates of
pol yhydric al cohols conformto the general formula O5 ( CHy=CH CHZ -

O CG0- )n A whehe fidladx irsittibeof adll cdlo dR) abgiig/ hyndithe admghdromhioch: may
have beep al koxyl abed. with up to 100 and usually up to 50 ethyl ene oxide
and/ or propylene oxide units; and n represents the hydricness of the

al cohol , ‘[Wexa rasl ngeger fron}lz 19, Of%rc')% %ef er frgmh to 5. A
parti cuI ar %g erred exa 1:I ch R C ound Ts et negg ycol

di (al |yl ca?b’&%aﬁ‘é)jecﬁrfagot%fa %ﬁ%’(’fﬁlﬂé?ajs{}i tlé‘l} FFF?/d eﬁc@’ﬁ'&P?et hyl ene gl ycol
di (al lyl creboreiieatipnchibl ecqiddinieds f $uRHtp oify ehegt Bre egleyetl s having a
nol ecul @6 wei ght from 200 to 2 000. 20 preferred exanples of allyl ethers

are: pol yehhyéenss@ivieohofbat iyllenaichel § Wiathraked desiomrd sf benypalyeh)hyl ene
gl ycol's ha%h@ﬂu@e f@ﬁ%&kﬁé} ﬁioi}lefnﬁeglﬁf s%t% QQQd c.%e_n%aég %]a!}rb'o& !l.lc

triallyl er or trimet pane is furt ss
to use reaction products of ethylene egcoI dlegC|dyI et her or

pol yet hyl ene glycol glycidyl ethers with 2 nol of allyl alcohol and/or
pentaerythritol triallyl ether.



An exanpl e @0@051812bl e allyl ester with pol ybasic carboxylic acid is
diallyl phthalate. 30 The copol yneri zati on of the nononers of groups a) and
b) may - if a change in the properties of the copolyners is desired - be '
carried out in the additional presence,of monomers of group c). Useful
nononers o oup i ncl ude for exa ydroxyet hyl 35 acryl ate,
hydroxypropﬂﬂ% Y‘i{‘?%s I ESEGEE Nyt W’E\ﬁ"lﬂé’?%‘a els iRfdkhey PERYyIa I

met hacxyl at e, acryl onitrile and/or nethacrylonitrile. Al so useful are
esters of acrylic acid or nmethacgylic acid w th nonohydric al cohols

cont ai n| ng from1l to 18 carbon Atons, eg nethyl acrylate, ethyl acrylate,
propyl "1D acrylate, |H§eﬁfR§ﬁy4N@aeﬁ§i?ate ¥ butyl acryl atél i sobut yl
acrylate, hexyl acrylate, 2-et #pexyl acrylate, stearyl acrylate, the
correspondi ng esters of nethacrylic acid, diethyl fumarate, diethyl

mal eate, dinmethyl maleate, dibutyl nmaleate, vinyl acetate and vinyl

pr opi onat e.whefret R¢ Imfaner €sebligylane @nd48! arkd, uBtcafeorindegehgemglt he

wat er - sol ully@rpgky rehéthyill behgﬂ,oﬁe@ﬁdpqm OrReded ctihpoRnBleimblvad R 2 to
10. M0l %pa5afto90 JOAPITY 9 ia0UROORIAELA L 2d18) Seipldy I@e Jdeg er - i nsol ubl e

mononers, i f § fyrrerlzatl ersed in the

or acr llc acpg %dfmdg#) c Fl dl@?
aqueous sol%fIGR: B AN 5 &hi 5‘1; Sl 8&’1 iT¥e7 i ncl ude for
exanpl e et WFE?%% h‘iﬁ?ﬂ“ﬁﬁeﬂ%?‘% "e‘t"r’F@fﬁPéFe%CJcFlast"@lsaSPPlc A%dd: sul f at es,
sorbitan f&tlufagernis sacish,hegghat el adchiend| Sumastivorglidt and stheialdalfiat ty
esters andmeltky| sud fomaindsm Fhktemh dhleiser scde, ueglamida, anount of from O
to 3~ byiswieghbcbpbatidy) thetsRaAR®S,S dnet APl dhihde@hyTenéerdd BN ARy be
carried outdmetwfammm %rﬂb?éé)”a"cbim&? yfﬁ?{]:!n%%‘i:b plrg%haatt%rs Usef ul

pol yneri zat Al ars ncl oun such as

t hi ogl ycol |dce§h?'g &chl)aﬁ %’ﬁd%ft é:gm rcap °6’8t%|¥ or-Y dste’

mer capt opr(S’;}&‘ﬁBPY]a‘i‘fH“}Péﬁ’i‘é( ¢ BBER GO Lt deRiPthieBABPaRAY } dishhacauiate
ammoni a andlmnthﬁ’samleg)@lonanbllhmmlwﬁeﬁhdn@imhﬁéam@npettwya-m ne,

tri et hylzormeehaooy dicd .| Mheahds pt prdydiates die mabhaoeyiates dre amsed in
optional Iy )y 2b€mCOPAnETRBELEZSG VT BteR6H ﬂﬂné&td’leracilasf r M £hilc0 a89as
preferably Jiramgled ﬂé%cagl@SBPCi@ duhtbrRTLSP i‘o(} 5Thebé{n¥€d QPt £8HUGS
ool yrert 2 b oo R SR FoBRU L sl B oE5 M o 1 co

pol ymer i zat®® Qrs e

radi cal s uﬁ&é?st‘ﬂ’é %FPEQ?%‘W%@H&FFHEHS‘“‘*%S faﬁ‘bre fgtg, °B5
hydroper%(lhééédehwlb@eﬂuséﬁém%fé‘g Feesttfat es, azo conpounds and r edox
catal ysts. Preference is given to using water- soluble initiators. In some
cases it i gugddaptwRAUSOLAbUS EmdHofieEesf Odroy iaQuarpol yneri zati on
initiatorsy.{9p Wl%d%ét UL &Sy milvEE 888N AR Hea@id, sodi um

per oxodi sul fggﬁa ot asst, §%3$?<Pﬁar%9ﬁ' gy',&eaéa MoXLahssi ol dudeogen

per oxi de_and ef 0x0 use an oportiagn
or gani ¢ 30erdR¥Y %% ugs?t I’%laé’etlc}%w %?gl%?d’eg eq3PhEie ot hyl

ket one per efenlueer-‘fﬁﬁmeue%hﬁgx&%m%eaéraHMéowd%pw @a%aliar% anyl
per pi val at @p tart0Guingutpel predl . F5efal twahgryisopebhe omnanesat ef -
tart-butyl gpetupsapudycatiacltae t N-bringll ipeda2e Eidwy Icbawannds £,suclr bisbséyts
peri SononaBQaE;@atéﬁ{JIzanibYﬂ pPE&UR £ atre n-{ anh§ T Bildalzoper Beazoat e,

di (2- et hyy ew*%l 1%&99%& a 'd%é%?i&?ﬁ& 1dQ9E>939f C?M”%Ee,
d|(4tart %8% oex

pe o vdi C r| sty
per oxydi ca %af“ﬁgﬁ%fjé“ Ilnijrest ers cunyl
per oxyneodéc:%s{l"hm}t%'e2 ‘%té‘t’i’tlalb‘&fl??°h’é}e 375 15V%?Yl"r?e'tWFﬁB¥ Limidagzoline,
acet yl cycl ohégh| sxg florkewiper uxédiein diheaneyymemizatiide, idi duateayizpdr Hximde
and tart - agyl apesappdecanoate. Useful polynerization initiators further
include g water-soluble azo initiators, eg 2,2'-azobi s(2-am di nopropane)

i nydr ochl &F ég § ﬁ%?%%i? >0 .?3%‘3 gﬁi‘%ﬁ rlﬁ%‘lgmg%‘gﬁ%??eg

_)

'U:

2, 2" -azobi §¥ ?EFl?ﬁ(Rﬁ?B ? 3N rB&hY acid,

4, 4' - azobi &% fﬂ¢%§¥&uﬁﬂ§W&PFE'a§9 Oetﬁﬁé E%W%ﬁﬁﬁylféﬁroﬁu}$ﬁHqQ§ﬂérs ment i oned
are used i accuitsrarsplfopunpyl nesthagxydpte, i n anmounts from 0.01 to 5,

pr ef er aldsy 2f hoar OxPB-taery 10y 1dyypreipysnl basaed aeid; the nononers to be

pol yner i Zeguh&ﬁ?&ﬂ 3 RelthBE LY Soy 1W:yBCbD %,m&yﬂﬁurce%%dcamm%%s ph&niedox
catal ysts, _th 0X ]L%esg conporient. i s 4a | east one of the above-specified
per conpounﬁs and ¥ e re ucing conponent is for 10 exanpl e ascorbic acid,

gl ucose, sorbose, ammonium or alkali metal bisulfite, sulfite, thiosulfate,
hyposul fite, pyrosulfite or sulfide, or netal salts, such as iron(ll) ions
or silver ions or sodi um hydroxynet hyl sul foxyl ate. The reduci ng conmponent
in the redox catalyst is preferably ascorbic acid or sodium pyrosulfite. 15
Based on the anDunt of nononer s used |n t he polynerlzatlon fron1110 5 to 1
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35 effecti \goddosPeyeyi ng the materials introduced at the upstreamend of
the m xi ng kneader in the axial direction toward the di scharge openi ng at
t he downstream end. M xi ng kneaders useful in the process of the invention
are 40 obtainable fromList and are described for exanple 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 2rpgrgdamidpcirnatdydereranesi ififnishatid. Ehee monenens ean degenent
for the 45 usedadilnge aod nit@dspothi eaclelcatent s that a hi gh sel f-cl eaning
effect is obtained, and this high self-cleaning effect is an inportant

T °E°?¥5@%'g’§h afspflé SER Jﬁ%ecgnég A
propel | eryfaé‘gih 55 %E%felﬁ n@ﬁ% F‘éHg‘ Bt PreltBRERL 3T

| ude for
exanpl e cl @§é¥é?@b¢‘an@@/rﬁrxmﬁ§hbﬁ¥%lwe|_ fértlaﬁ%wa@ydsaifta@mm@, 5 The
m Xi ng kneadeylemydbprdmeatesd lépnitociaid as mégturexd. thélteofipnboe rexamplei on i s
pol ymer i zechikhakesNoftaddyalcOat 0d 14QC ierBaEr f IO N, | RiRtESSUISE The

tenper at ur %cﬁmeegémbalr»e faeemzﬂla ges§§P&f1cal Ao af BOMAR 1,Qs12QC. The

maxi num femperl a na.10.pr g [££4 versho n,lé gr gcess 1§ not | ess
than 70C° ﬁgﬁl uI arJr Diefdranfy not 9 &§8% n @on peti B yhot | ess

t han 90C, tcl?QoéXi“?rb%&d “@ﬁﬁe?é?ﬁr%“?ﬁﬁ 1|ne§gyt<|1%ﬁ11rgglcpr BPYFER-arly
preferably not |ess than 80C, especially not |ess than 90C, and the product
t enper at ur @hat mbhem¢xs rif @frodpsahadge pbiyhepirddan eaet preswicd @Fs at han

60C, parti edbabhynpéef@mdihytDoh BES ot Iaa@liégc&%@q%ﬁéfyc&maﬂn%% ghan
85C. Theléﬂei%%]gfef t{rg%%ﬂh%%rgﬁgctgsécﬂe waddit {Lf?”upeo'n% éhiét cgtﬂzj}l emoved by

t h
and. i1 hgssgeaﬁﬂcr%%so%w o FoP R AT £y LHATT V8, BEEREL LB BRG0, 68t hat

the fracti dheoPohest er'eﬁﬁ‘\‘?ea%?re‘i/aawd’ré’?l Bh) of° WflePeilBI R thes&aPHBN 5~ of
t he heat offrp@alt?oh tndOt:Re Preferadivofinhthke yamwsydédobyl p¥ ddudt: 1desdhar ge
i s not | esesphahalby iof theerhegé Dfomr dact tons: 25 Theetptal emsowit blie

inventi gid ceoBEBigkaPINs Gar EhedrMbe ifFomUGNOGL WRY 5t han%tmfp’x%%kaﬂlpf heat
renoved Dby ;qvapgralian f}fomwat 865 fEpm tshﬁoiﬁatﬁ&ée%“ g‘%hérxﬁoﬁoﬁné}%t ess than

30~ and prefera 'y not Tess fhan 40~ of the heat of reaction aﬂ’r ef erence
is given to processes wherein in total not |less than 50~, nore preferably
not |ess t REATEBLS LRPSEIJBEPEF IR hATS GERSTHEY dFethy APl Yo SSt6FSr 8fict i on
i s renovedpPyypyérictalgiohehar gelanmayaheve chegroredkesilated Midhuge 8¢ a

def i ned 28r a9 and eusw=drilyi nat tons50 retaydend aocizieMmand /bheppomcleseeoxdfiet he
invention @welsB&eStddleP@ssiRy@r i alicopensecand tih paekedurol ing entirely.
In this pre Eé{oﬂ(h}éﬁﬁéb Afs HRG1RLOESSS 2 18 B dl‘o%cfleqmﬂ@gsv'ﬁléhh%s

cool i ng of C 4 [°s uid
ri ght gt t g%égf % elg’l gi?cepol et ?ﬂétkfﬁ gg ﬁ ﬁ%ée%@/tlﬁél egc(h on
mixture chaRGBLEY REY Kea bl i a>°éwam§yﬁlg§| ILYeRY
pol yner i3Pagildarplatrics Rod¥ethiRiene i9dvapyi deethpcrriates iYoH o arfesach
sheari ng 49ekrdvedstiaont @oayéi:hxalqnemghydedlsc(whmry mggl be s iglegedt | nuous
type m xi ngthaﬁyﬂﬁed ethyednet Ey@sl) havih§chaiggedudhr thei flowvisbmeaoy end of
wgug]hxﬁae ) §h@o@0mg%>ﬁuf19c§8£épih1@rst Bg)”fa(ﬁherV\'iﬁelé\de ?rg??g? 22283&1 as
%9?@? i%?ﬁlagggg Epfépgyiati @&iﬁgk l E&q gng

the gel has a ous, nono ol ution
may cont’d hEtfgt %?ﬁylzi‘tt&r Fﬁ k3 %’bﬁ l?cr]‘P’Sﬁ1£L %‘fré’ §ir meﬁe‘%{‘ 9 BH‘P nuous
type mi xi n§iRABALREE ?“&%Sdl?hed%%rﬂ’l&FBr sheypesiod %éa(fre\ﬂlaltﬁtro the m xi ng
kneader separanefio¥ rdimethecnphatrerorsdiaciplate?r iapd dimgdiaoraliazasi oh, the
nononer SoblbtRNcdolpmeirer abl yriyleard bRioé dmbigtodllenygefidelhis is
acconpl i shed by neans of inert gas, which may be introduced in cocurrent,

'Ogt g?‘;g&%r GUEEGDT . :]955561 %@E%@f‘ gelsxf‘es ipn QPE;‘(.’)&%% 59991%@4}% %¥80bbl o

O e O koD oot PR et S G THoATLS ABreY
sol ution i §a§as§w HOFYRAt RS Fiddt s teodRl A WEBALER YHhdrt 5@as stream
The mass t ktbuybpaitoxiget endbonfprmyydese suidd ivavitss pnefallafll pshets |eks
than 1000, ppaybasid adrpopieierabigs.not | ess than 2000, especially not |ess
than 30Q@, kg/hn8 (reactor volune) 20 and the inert gas flowis preferably
not |less than 100 1/ hnB (reactor volune). The inert gases used nay be

i ndependently nitrogen, a noble gas such as argon, carbon nonoxi de, carbon
di oxi de, sulfur 25 hexafluoride or a mxture thereof. The inert gas may be
whol |y or partly generated by a chem cal reaction in the m xi ng kneader.
The preferred inert gas is nitrogen. The reactor volune may vary accordi ng
to the conversion desired. 30 The reactor volunme is preferably not |ess
than 0.1 nB, particularly preferably fromO0.2 to 20 nB, especially fromO0.2
to 12 nB.



The gel obt?@,mi 13 he polynerization has a water content of 35 fromO to
80~ by weight, preferably from40 to 70$ by weight. This relatively |ow

noi sture content of an already free-flow ng gel which does not clunp
reduces the energy subsequently required for drying. 40 The production
process is notable for short residence®ines in the reactor and hence for a
good space-Alilyd grebenat@me i polubyideia iaheohols bednfinr30 tei hbe egengrad
react or volforuak 300 1 give fine particles of polyner gel having a very

| 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 praxress variants involving a high mass
throughpu‘rl whi ch permts residence tiljnes of bel ow 20 m nutes and

0000051812 11 even belcgy=l&z-rcpytes—crhg—perhor mance characteristics of the
addition polynmers may bé further inproved by subsequently heating the
addi tion p%lj%rr%r 5 gels for several hours at from50 to 120C, preferably
from70 to 0& The pol ymer gel leaving the reactor is subsequently stored
in a del vessel at from50 to 120C, preferably at from 80 to 100C. The
del ay tiTe & ssgeheradicaly @h 6 polvhidsicsalpekdlerdtiiop Peprave 3R ni nut es.
The vessel alzoxgtatedrwidth tapetbopQ0 kartd usudDly sumlteo 5poeshplend @mxisle a

cl osed vessfld/be phbSFleheslbixght varttdimang applied. The drying step can be
carried outy 3eGELLAE: (dhe hakAoND. PIACERSER1IL SEBEPL A i Ul di zed
bed, on a t%rtoug 42 ClJ qtul at! grqddrlylfqegagglt on&a vaguu%n [N belt or
with th id fi et Ohdve aryi RGS. Bt pre eYaf)ﬁ/m nd&r 2t e %dtlpr_(g‘?§ Ye in a
si ngl e- sCr RSERELHR reXAMRt S ﬁ%eﬁ‘g‘F}\‘/é" GPERAPRY b Aty lgBeyakycyeldl (phiyl

dryi ng stepgarbopats by FJsp ©4r PREHL@UaL guatability age polyéethschens kneader

at fromb5 tgdyado0, dp(allagrialklaybbnave A0 vihd cBOar Heariawdafiloat pd Yy@nhiQehe 170C.

The additi ¢ykehyNkdwipPladinBedcibir Mealatabtom B osybf aceopost crossli nked.
Surface postcrosslinking may be carried out in a conventional nanner using

dried, geuynd_.and classified pol r articles.. To effect .surface

post cr ossl %ﬁ_ﬁlfﬁﬁregoex%“@% § Sggjag%ﬁgl c"),a'f%%reg%c?rlen'g pv?nlﬁ’ﬁg{‘ %e %r’?c]tyicc())r%al groups
of the additPEAY ot HESs "By B %ﬁ%"ﬁg LT RPIYEERY LSRRG THEALS PArEnS

t he additi gnmpdeGeiar 3B ighitt FEPRSZOGQ ter ér ABP y Hentrperybr¥ivil dvriaddebus

sol uti on. Etrbeaqoeocusinedhylpdpropgne driedilnl waitter-.miscibl funriganipossbblent s
as wel | astéatiee. r&addiah proahventst attyabsdfilyzoluahgage idiharder et hanol ,
| sopr opa@%0l, .9y e AELIONE g13eoPUL L Al 1P@ShEF OSFH ke s 11 BE| 406, @ncBX8TP! €: -

di - I yaliygi . i i dyl ph honat t hyl
ol yool o Py o) PR EEeR S SHRLTY P Dol val kyl ene gl ycol o, 40

- al koxysilyl conpounds, - polyaziridines, aziridine conpounds based on

pol yet her s 28r e3aipRle taft &d SHyErBtarHING, eFbeT &XidpPelpPas ¢ LATRCHVASEet hane,
45  00000%t842i9 Mdialdglly phithaebats. pol yam doam nes and al so their reaction
product $%i t h epi chl orohydrin, - polyols such as ethyl ene glycol,

1, 2- propan@fkOtopdl ynet-i2ut 28846 Ol thedhibe8h&ts J®IgMBLbET 8] V&l biPabyet hit ene
gl ycol' s hayl pg, A0, auerage E‘B#Sﬂ’i ofekght cgéé/l?'&-egg ié‘od@%q‘eaé'—' pand -
pol ygl ycer ql ent aer yit rgto sorbitol, the e oxxl ates of_these polyols
b thei 1 GEFBPES (i B 9 £ iehedo phpalioa, sh ROARMEFS, 7, SAGCE R tne
carbonate HFeipl prRAefe Of aPhoHRLD, L1nCLudddinTc exaral YR YeEsYuch as
urea, tHPoarenlatpiativdresypderyhrdiradate, vdrcayethyi metkhanrylate,
deri vati veaydbosypmazolli methpot yiatay,olacnesoniri lendnpobyi socyanates, 15 -
di - and pohythh&®}TvHiekisenPAUsKisise#al afe ddter@X8@Piérylic acid or
met hyl enebia( {6 oRf 1 QTR DRER YheHBrJR) 18" 2 TR TNEoh P4 I AP A6 184 Sy
carbon atoms, eg methyl acrylate, ethyl acrylate, propyl
40 acrylate, isopropyl acrylate, n-butyl acrylate, isobutyl
acrylate, hexyl acrylate, 2-ethylhexyl acrylate, stearyl
acrylate, the corresponding esters of methacrylic acid, diethyl
fumarate, diethyl maleate, dimethyl maleate, dibutyl maleate,
vinyl acetate and vinyl propionate. If the monomers of group c)
45 are used for modifying the water-soluble polymers, up to 20, eg

from 0.5 to 20, preferably from 2 to 10, mol% based on monomers



20 - conpoupdeobsigng two or nore bl ocked isocyanate groups such as, for
exanpl e, trinethyl hexanet hyl ene diisocyanate bl ocked with

2,2,3,6-tetranet hyl pi peridin-4-one. |f necessary, acidic catalysts may be
added, for exanple 25 p-tol uenesul foni G acid, phosphoric acid, boric acid
or amoni um di hydr ogenphosphate. Particularly suitable postcr ossl i nkers are
di - or pol yg! y@i®dWse8onpounds such as et hyl ene glycol diglycidyl ether, the
reaction 30 products of polyam doam nes with epichlorohydrin and

2- oxazol i di nehevatBEre iaso5h i knosek s | DO dsedptaf exabdopagmeiredabios,pr ayi ng

with a sol %a;orbeoffﬁ@@ycap@ﬁéfs@ae&nl eh&qa{%lsoeaiuﬁf&ptayoaeahg%ﬁ or 35
m xi ng a”g 95&%“' PREDE, SUGH18% £ PRL e;{nsc%dée%' Y dRdip1e PO Plated

tur bul enc® T XEr's odi g Pt <ed bed
i xers and ZRRUAR eOLS Tﬁ@‘%’ﬁ’ﬂé}??ﬂgcﬁ?t‘%é”éﬂogé‘?}'%k%‘?lf?&Fﬁt'| Bﬂr%ﬁﬂrbe

fol | oned byfattesstersat aemxydessd prehEydlsl y ekhowy s soshint ar yEattyat
from80 to &3zs phdf ellapl sulddnatebt OThSGErud s190€&rs pard ucedat h yapraxfoamnabl vy
at from 1004 OrrHi0G, £5085s fHyoRIe3 gRENUEESA tdh @nBOMESomdYLTagr.ably from 10
mnutesv\}]g 2 hours, particularly preferably from 10 minutes to 1 hour,
during not lonI crackl gg p{)oducts egié o vent fractpons can be
r enoved. BuT g Ry ?aﬁﬁrg &Yi lefS HPIRREFCi Psel f, by
heat i ng the"‘-}%@lﬂ@t’fl’olao ?ﬂ’cﬁﬂtﬁ@nl ReguterSat Haetak rﬂ@ﬁmﬁaézatl‘UDOOOSI 812
13 The cr oss#gullegorgoihehiedd dioruswdmpbe ditdiongompoutds i sweht 89n | eads to
wat er - swel | el y13editi & ofic b yieRtappPpoOsEeaRilzsy agChiertaiptestbhinemd) uabl e
hydr ogel 1 raneiddt@propsiedl ahd nabc RaRey , Us8&dc 0@ ralft ah 5 OrdraWe

extractable { Ctak&?n@ﬁia-mﬁi lngg o) g}_qfa Egmiﬁéc%eih'agoﬁgﬁl Qur se of the

addi tion po‘il Lop 1n nvention Loyl es addition
pol ymer par*t F’Bhnep’ost'féfﬁﬁﬁa’ﬁﬁ\’/ea’nt“ﬁﬁggﬁg Noro PSS *HHE addi ti on
pol ymer partlcles are obtained as a finely flaked product which possesses
di stinctly Thepmonededs ya ng pr epdr opeionaddyi ) stmosurdppliyher toeg aritthi eechnd
10 i nvento vexrxaipl €somid c hedf @bk pwpré frarabdlyy fesh ZdGogebsuneesediza 1gct i on
of the sheafidy0 shorsessg) Ssynb%ggﬁ%e Ud¥ud BolhbLby i \Ehéeg rOOMIRY Jen the

course of t 0Ggae1 8L '1'3Qo£9 #71VEB i’&atél% t

a |IcatI0r§b%TyR}e0rC ;fromq‘trlh ér E FW% CI’OSS |n

SRR IR S I T £ IR A R i A
to friabl e, theoRgRYBET 533tiprproatet sonsmhdog; sxatRft AFEX 1885t he pol yneri zi ng
mass geney Atwsy opevpsifdsc dwdrpgen pexanide , t her prffdiesi opzof cenpoundst and

pol ymer i zatdemioxr eabekelsty. crelfengnckicid giwaheto evaiper abten-solorkdases. Thi s

| eads to i MAi@YedoesONoTidshel ehsédei Priaduaivhftagdbuy @eetse MxtiMles 88

si mpl i fyi ng,4:eu8r Bgyﬁﬁéﬂ@al%ﬁgﬁe§§lti@$or%nl fomexﬂrrpmenalsw@féé ign but al so

t he subseq en rindin Jera ed that the
node of acti (Sjtﬁ: g nt Re- ¢t ssl i nk8°d%§§;;§§ﬂgg|§$r;;s:ge %ggg‘g%ﬁiié“bto t he
t

i nvent i otP rfé?toémgf‘ls\‘ﬁgafcﬁ'f MaxERFes F

crossl i nkerparszg@dien biatie Flegr bp| ysedside sa¥sPrePSTiionynYaefiv htexsidnigher eas

t he second presddeakénc hoks doseexahpld iacetipiatetrata peroXhde y emdthiyti ty of -

the former étﬁhy&UhéfaﬁEIp’rﬁrlo)klhbgh%rﬁ-h;ﬁﬁ:ytl.haildﬂfpéﬂiﬁuhaf,tevﬁmedé 30 is

bel i eved t hgla B eraﬁiaél G 08 1%@{;&%@9&@' ytéwibnﬁs}d()f; S{mcattew th the
t

ot her no I t i
oroos| n{?d’?ag Hlt% }% &Ae&gﬁﬁ&é’ %% BS&%{Y%%&%&B@Y EQL%
allylic cr & nEEP%l atPent® ’é’f Nk Fl?%“QJ\?é’lolaﬁﬁre ?Ih 'tbrlllé: 5

conti nued RAFmsdeater HeqobykELi peEbRoateor dbt2tetaw 1PREYA] ghl y crossl i nked
i sl ands naydrexlydn&acbdraget, hdicye bolexyildpespayditanbonasad broken bonds due
to the actidin4ctetbehshiadyicnghéry TEpdridxyfecprisshitiel, oninyorasa of the

pr esent cu I trated
iAot Iﬂ;ﬁ}fo&s}aa‘gm&ﬁm BHcetyD p-g}.%x!yﬁY@ﬂBd?ﬁt\é‘ ngﬁiévgaere'sbéemyﬁg at e

and, ¢o ec%%' ¥€e eéae[ §% phi ch fol
met hods wer’e é{rrpf’ é 2lod Irige entl 6h Ca amt; &CRC%(Hgl,S Thi s rret hod
det er m nes R&¥e3fre %’f/ﬂe'l“}egr P’H‘?ga’b‘?attel‘le ARFEY b hexylenk BRECKLde,
det er m ned 43yl a|sy §hperP6-d200 3£ ben VL0 pgrefu@r?@di teghoamBig12 14 hydr ogel
(particl e geraebdacénaatel00sef8b0pdlymeriigtbien tigeltdgt60s xf 8% hem iinciudee,
whi ch | sasswageguesibylsealednifhecdegbayg g2 planed sforamdfdiddptiopanen an
excess of Qh% d?%ci&‘@éﬂﬁe Sde“U&&% %J(%ensﬁixhléﬂrﬂ}le(z@) 1&8}9@&:%&3 Ae Of

sodi um chl g %fct;'fc{é 29(8a éan?o)lﬁ%@% 188bm€t )%o e,Leabag is then

Yidasagh LA ol ) vl

centrifuge roun % retained by the
hydrogel is deternlned by melghlng back the centrifuged teabag. Absorbency
Under Load (AUL) 0.7 psi (4826.5 Pa) 10 The neasuring cell for determ ning
the AUL 0.7 psi is a Plexiglas cylinder 60 nmin internal dianeter and 50
mmin height. Adhesively attached to its underside is a stainless steel
S|eve botton1haV|ng a mesh S|ze of 36 Vim The neasurlng ceII further 15

o o .= o, e~ - o N 1



25 recordedpesovsigihen the weight is placed on the plastic plate in the
Plexiglas cylinder. A ceramc filter plate 120 nmin dianeter and O in
porosity is placed in the center of a Petri dish 120 nmin dianeter and 30
mmin height and sufficient 0.9~ by weight sodiumchloride solution is
introduced for the surface of the 30 liquid to be level with the filter

pl ate surfaée? Waamhie 1[He(%ﬁqlﬂf”é%ﬂnrﬁeﬂlﬂrt°é’|an5|]a‘fléhlf%'i'or?d‘lé’ﬂ‘é?eﬂndThen a
round filte#,pameobdg-iirtyrniaterdc antdk2Thenpphyper e aliion (8ihhatetamnd
589 from Schéetidred &réchsed )in usitanety oamdunt s¢efar exdngdllecinpbmbentshe

Pl exi gl as cylbfderoicest gl Nb A dPe199 ek 06 NN @ 0P8, N@%%'%l%tt heRs®h aged

t oget her h the Iast S A ght on top of the filter paper and
| ef t therg% Oﬁ)rnlerrlﬁt €S. &Aeg% e%en {i)f this period, the conplete unit is

renoved fromthe filter paper and the Petri dish and subsequently the
vei ght is résefuld inigirtees AutihgradnelidadedoxThat#lstisgl 49 epPnder
cont ai ni ng sawdlyants40thydoxielzing weingteshtt dgebheleadt h)Iieh@fplthetl c plate

and the wei gxktsvé %Q@EQ@%&S ofiklis OarYd R¥le £4826i%y Radnponesdl ilb"?éxed

accordin t Iy p

[ V- W01 900%6 ,_b]rff %5£§§b§9 ae%;@tl gﬁco bQ)SZl c£xg\{ugr] orﬁé\g VI\/{é?tg 1
monomer sol ot nsF"é} thioput %t%m PERY gbﬁ%ﬁrﬁyar a?n’c'j haV| ng

a 77 mol % d%‘glrfe‘éieof oRelet Szaa?-ttlsonsf“é’t‘ &S tiFend ety | s 9 sG%ﬁ@El FPR&1t3%nN of
the acryl i csediuh hydrpwpametindsidifoyyhetehtThef raduging camipenendt imotke t han
0. 1% by wei gddoofcavalest IOtprEfeeabhanasdiibipnmaoid dmaaodiue agrdsulBite. 200

ppm of n?ﬁoﬁ@ééwlonhlfﬁéo&%m%fehaﬁfmefs 2000 pAM R ROStesiaat don < HQUR PPM
of propioni g ,ackd) Jffmto% peutLal eoczfa;t'hgnre &kga.dmt é%HgS 40+33ed 53 ”Ot

nore than 6 ho rs betore S an I on neriz t|on

DGE i on pOTSHIEIar IBRCRER Thoiea Rt T, CPRROPITY (R HesgeRtHn. 0. 00896 by
wei ght of m@gféﬁ BEr 5% e umPseiLbe OB RIEY ORei Fhimre a@ésmﬁel%w aRd

0. 28% by weimgttiagbrsedi um peroxodi sul fate, all the percentages bei ng based
on the nmp@oners present in the reaction solution, expressed as acrylic

aci d. The tfhd §rlekgw &f Qlé/qslvbhelaﬂmmtp&eqferaﬁpﬁséam@a BEedud APl Wei ght
based on acidldy 3ekdh of ﬁ?y(fﬁf o3Rs b@:ksazfaewefs‘sdme&fo% 1061 £ 0td Medde

aqueous nono ass| n

ne f‘ 3 ar, Jtd % ese é R t
nitrogen i MY ‘Ftb ©28°3%e Thd vi"gasth Jf:% f E}h FEARPION ot i on
(di l ute aquisfiss igokhei WWW&PB@e‘?\f r18m &\é’l%a%@%’?ﬁ%n é’&rél”‘lgﬁdl um
per oxodi 3%l § &4 a\nél%tﬁ@dmmpﬁcedm@lﬁarﬁeelanéozuml@ﬁ? ke agepebéd acid
separ at el y baded ankneradnerpateaact or (Li st ORP 250- Conti kneter, from List,
Arisdorf, Switzerland) and m xed 30 therein in the course of being

i ntroduced jy %dh elagaﬁéﬂ;mexi a@ aggme@n beokxﬂ@{atzl% QReSREGH ¢, ensuing
I n the cour S%ﬁge{ﬁzatgﬁ(ﬁ the ng mo qﬁneli‘%ﬁ(:t pbo%lylgl QFI wer e

i nt roduced, P rod Hced in

pol yrer | S4B RREL 2L BRIIILID § RSB PGS ThE ?aewé 308PSE P 8 cool i ng
water in t HEtERdYoP*pEEKRIONASCCPOLEIRTGEPICBATT 01909 £5O9GKT kAdeT§ t he
addi ti on poiyreifeasbby,cdnt imBohsotype tricgen weeadqy®ss ¥dxihg okrgrders -
kneader as ddinpriset of@Sor e flegabl y Ofwe @lruBrvasx 300yl pa481 T&E sitshiagged
gel was driggsegr QUAE: ANkiRMed LG acRAl 9£§n§lgl%nfern%§twﬁﬂcpfarle00 - 800
Vim Thes?’ e'cft‘i9 B?t&g%% fngal?ﬁ‘&'xké’te%'l %h f(&{u%%tdagb Bgﬁi%& are
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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

—t




20 25 30 35pd00d61813abl e Crosslinker 1Crosslinker 2Gel BasePostcrosslinked
pol ynmer consi st encypol ymer CRCExt . pHCRCAULAULEXxt . 16h0. 50. 71 6hpsi psi Conp. PEGDA
-400nonefri abl e, 33. 59. 49%. 0731. 128. 325. 57. 5%EX.

10. 50%el | owi shConp. Tetraal | yl oxyet hangnonevery | unpy44. 434. 4%Ex.

20. 50% nv. PEGDA- 400P- 30, f | aky, 26. 84. 09%5. 8724. 925. 324. 12. 4%&x. '

10. 4090. 109%5%7 it R PEEBAL v (PRETAF 9kt B0.TRE. 686X DT SPRfte35, §3tegwith

20. 4090. 10%isk slegnePESDIR 400PEGL AN A0  jcaky V82 9B. 18%mdi428a828. 225. 05. 7%EX
. 30. 4090. 1o¥atsgor tRRGDAL ihts patyeddyi@nexghplel c thatidlkaikand®nixing

PEG AA- 400 pu0lpet Byl spep gdnegel dieddiertisher 400 P-30 - pentaerythritol
triallyl gther AC - diethylene glycol bis(allyl carbonate) 0 0 0 0 O mN 00
N 000005181 2 18 W cl ai 1. %ossl i nked wat er-swel | abl € addi ti on pol yner
cont ai ni ng B EFIELI SRR Y0P eI P sGPABES FHDIGARTFEni B | y

unsat ur at ednenamsesolubien bs Pedimer Prrd ttdiesepn| at biraad Ooot he0fonoders a)
of a 10 cr cstaddsphericopiesmireonThe) tafipexaftiutret isrmessidrbdy oot adMiteg at

| east two (1RjoR) agsydéLalOSt Skotdnid Std N 2obe, NPL Gak@man dt dmpdiBt @k @nsgcond

crossli ”f@rpre%%i ar g ré‘{oi)ﬁ %Stthév‘gréé@ )3l BXJcOi‘%/ssUQ:ihé% ;,§od he nol ecul e,
th | UV F t 5271%% 10.1. 20 2.
pofyﬁraésr%%%%&arhg&% %f,b ¥hB7%i {P3T EPRBN eI s oF eafaggséf’@a 3858+ om

the group codl S0Py Be £ Pes JSRPeTRELRACRY i esgcithant §®°Cakal i metal or
amoni um sadrrighlendy eprafiedablucngt airsde thnd/ O0°eelper b bly dot 26s8.
Pol ymer as #Haa wedc| nartd ah@ product, tsipeehbuideat ithet p6iRcSdf rkiskchasge
sel ect ed; 4 rPd RBeIEOHPESONDSLERS Bfad BR0O) G 1ict 1881 61 SrOfeR@IYINEET C
al cohol's whi G, qgY,hay& b%@.ﬁeé‘i&?fﬁ" teq Ut L, 4P ds8- 100 ethyl ene oxide
and/ or 30 propylene oxide unifs. 4. Polyner as clained in claim3, werein
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aqueous Sorqhﬁn0356fof 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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preferably not less than 1000 partlcularly 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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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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- 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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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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85 mm in size, which is subsequently sealed. The teabag is placed
for 30 minutes in an excess of 0.9% by weight sodium chloride
solution (at least 0.83 1 of sodium chloride solution/l g of

5 polymer powder). The teabag is then centrifuged at 250 g for 3
minutes. The amount of liquid retained by the hydrogel is
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 Wo. 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 liguid 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 um 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:
45
AUL 0.7 psi [g/gl= [Wp—Wal / [Wa—Wg]
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A 40% by weight monomer solution consisting of acrylic acid and
sodium acrylate and having a 77 mol% degree of neutralization for
the acrylic acid (specification of the acrylic acid: at least
99.5% by weight of acrylic acid, not more than 0.1% by weight of
water, not more than 500 ppm of diacrylic acid, 180 - 200 ppm of
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
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,

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
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
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
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
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
size fraction of 100 - 800 pm., The Centrifuge Retention Capacity

and the extractable fractions are reported in the table.

Surface postcrosslinking:
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100 - 800 um). While the mixer was turning at slow speed, 1 g of
postcrosslinking solution (containing 12 mg of ethylene glycol
5 diglycidyl ether dissolved in a mixture of 33% by weight of
1,2~-propylene glycol and 67% by weight of water) was metered in.
The moist polymer powder was subsequently removed from the mixer
and dried in a Petri dish in a through-circulation cabinet at
150°C for 60 minutes. After the coarse fraction (800 um) had been
10 sieved off, the product obtained was tested. The results are

reported in the table.
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We claim:
1. Crosslinked water-swellable addition polymer containing
5 polymerized units of

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/orx

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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0.7:1 to 10:1.

15 having a solids content in the range from 20 to 80% by weight
being subjected to a free-radically initiated addition
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
40

45



