PF 54850 1 Spray polynerization method Description 5 The present invention
rel at es toP&r54880r oved process for sprayl pol ynerization of free- radically
pol ymeri zabl e nononers. Crosslinked water-swellable polyners al so known as
hydr ogel s or as superabsorbents, are capable of absorbing a multiple of
their own wei ght of aqueous fluids. They are 10 wi dely used in hygi ene
articles, $Spcdypodynoerizatiorsmettedi t ary napkins and the like. They contain

pol ymeri zed units of water-insoluble ethylenically unsaturated nononers,
such as cayboxylic acids, am des and the |like. Water-insol uble polyners are
obt ai ned ?%?81 RMi ncorporation of crosslinking sites in the polymer. The
degree of crosslinking determnes not only the water solubility of the
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t hi s pr ocesistemined aoth@eytheavatersatlbiity ofdhe palymiers but alsortheigabsorptivsudagbed or
trace-hgatgd container (otherw se water vapor would condense on the
product). 30 US 5, 269, 980 descri bes a process for produci ng pol yner
particles. In this process, aerosols are generated from polyner sol utions,
sol uti ons &ffupharmoieyion of wetér-swallable golyroersre theirextracthbles oorstesinBx+ hese aer osol

particles fhagaglies A RASNEURIH wiRth Whtef-SNRIRLR- additioR HoRRRYE cdmbfnto ESHgBET | zed
aerosol part Igs are tog small for use as wat er "35 absorbing resin. In
the WO 96/ Mh%? %nggﬁtwr'&%HleHﬁ%etsl FhsorPipR §9paf:?§y'yrrer i zation i s conducted by
atom z2Bg nononer solutions into a hot, essentially static atnosphere. At
reduced pr eh&EPeA-Ot3a8 180 patent application describes a process for spray polymerization of
water-absorptive resins. In this process, an aqueous solution of partially neutralized
acrylic acid, crosslinker and initiator is atomized into a gas stream and polymerized.
The reference teaches that the gas stream must have a relative humidity of at least
25 30%. At lower relative humidities, the water present in the droplets would evaporate too
guickly and monomer would precipitate in the droplets and would no longer be avail-
able for polymerization, leaving monomer conversion incomplete. A disadvantage with
this process is the need for product removal in a thoroughly insulated or trace-heated
container (otherwise water vapor would condense on the product).
30
US 5,269,980 describes a process for producing polymer patticles. In this process,
aerosols are generated from polymer solutions, solutions of prepolymerized monomers
or monomer solutions and these aerosol particles are dried/polymerized at tempera-
tures above 150°C. Polymerized aerosol particles are too small for use as a water-
35 absorbing resin.

In the WO 96/40427 patent application, spray polymerization is conducted by atomizing
monomer solutions into a hot, essentially static atmosphere. At reduced pressure, the
water content of the polymeric spheres produced is distinctly down, but the polymer

40 particles have a rough surface. At elevated pressure, smooth polymeric spheres are
obtained.



wat er content of the polyneric spheres produced is distinctly down, but the
pol ymer 40 RFa948581 es have a rough surfad®. At el evated pressure, snooth

pol ynmeric spheres are obtained. PF 54850 2 The desired | ow residual water

content should be achi eved wi thout further operations, for exanple drying.
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20 The water content is preferably in the range from 60 to 95% by weight, more preferably
in the range from 65 to 90% by weight and especially in the range from 70 to 85% by
weight.

The monomer solutions which can be used in the invented process contain for example
25 atleast a) a free-radically polymerizable monomer, b) a crosslinker, c) a polymerization
initiator and d) water.

Free-radically polymerizable monomers a) are for exampie ethylenically unsaturated
Cs-Ce-carboxytic acids, their amides and esters with amino alcohols of the formula |
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where R* is C,-Cs-alkylene and R', R?, R® are independently hydrogen, methyl, ethyl,
or propyl. Examples of these compounds are acrylic acid, methacrylic acid, ethacrylic
35 acid, a-chloroacrylic acid, crotonic acid, maleic acid, maleic anhydride, itaconic acid,
citraconic acid, mesaconic acid, glutaconic acid, aconitic acid and fumaric acid and
also the alkali metal or ammonium salts of these acids, acrylamide, methacrylamide,
crotonamide, dimethylaminoethyl methacrylate, dimethylaminoethyl acrylate, dimethyl-



35 acid, a-chloroacrylic acid, crotonic acid, maleic acid, maleic anhydride,
i taconi c aPF®485@itraconi c acid, mesacolic acid, glutaconic acid, aconitic
acid and fumaric acid and also the alkali netal or ammoniumsalts of these
acids, acrylam de, nethacrylam de, crotonam de, dinethyl am noet hyl
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Preferred monomers a) are acrylic acid, methacrylic acid and also the alkali metal or

ammonium salts of these acids, acrylamide and/or methacrylamide, further vinylsulfo-

nic acid, acrylamidopropanesulfonic acid or mixtures of these acids, for example mix-

tures of acrylic acid and methacrylic acid, mixtures of acrylic acid and acrylamidopro-

30 panesulfonic acid or mixtures of acrylic acid and vinylsulfonic acid. These monomers
can be copolymerized with each other in any desired ratio.

Preferred monomers a) further include mixtures of the abovermentioned acids with their
alkali metal or ammeonium salts. For example, mixtures of acrylic acid and its alkali

35 metal salts are obtainable by neutralization of acrylic acid with alkali metal hydroxides
and/or alkali metal carbonates. The degree of neutralization is preferably at least 40%
and more preferably in the range from 60 to 90%. In this connection, a 50% degree of
neutralization, for example from a mixture of acrylic acid and sodium acrylate, means
that sodium acrylate and acrylic acid are present in a molar ratio of 50:50, while a 75%

40 degree of neutralization means that sodium acrylate and acrylic acid are present in a
molar ratio of 75:25.



Preferred nononers a) further include m xtures of the abovenentioned acids
with their PFEH4880i netal or ammoni um saWts. For exanple, nmixtures of acrylic
acid and its alkali 35 netal salts are obtainable by neutralization of
acrylic acid with alkali netal hydroxides and/or alkali netal carbonates.
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25
Allyl carbonates of polyhydric alcohols conform to the general formula Il
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30 where A is the radical of a polyhydric alcohol which may have been alkoxylated with up
to 100 and usually up to 50 ethylene oxide and/or propylene oxide units; and n repre-
sents the hydricness of the alcohol, for example an integer from 2 to 10 and preferably
from 2 to 5. A particularly preferred example of such a compound is ethylene glycol
di(allyl carbonate). Also suitable are particularly polyethylene glycol di(allyl carbonate)s

35 which are derived from polyethylene glycols having a molecular weight in the range
from 200 to 2000.

Preferred examples of allyl ethers are: polyethylene giycol diallyl ethers which are de-
rived from polyethylene glycols having a molecular weight from 200 to 2000; pentae-



O n 30 where Ais the radical of a polyhydric alcohol which may have been
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di acet yl per Qters bumyl yneo ecgﬁosdte Cterrt%utypper noate,

tert- bUt yI methylhexanoate acetyicyciohexylsulfonyl peroxide, dilauryl peroxide, dlbenzoyl perox-
ide and tert-amyl perneodecanoate. Useful polymerization initiators c) further include
water-soluble azo initiators, for example 2,2'-azobis(2-amidinopropane) dihydrochlo-
ride, 2-(carbamoylazo)isobutyronitrile, 2,2'-azobis-[2-(2'imidazolin-2-yl)propane] dihy-
drochloride and 4,4'-azobis-(4-cyanovaleric acid). The polymerization initiators ¢) men-
30 tioned are used in customary amounts, for example in amounts from 0.01 to 5%, pref-
erably from 0.05 to 2.0%, by weight, based on the monomers to be polymerized.

Useful initiators c) further include redox catalysts. In redox catalysts, the oxidizing
component is at least one of the above-specified per compounds and the reducing

35 component is for example ascorbic acid, glucose, sorbose, ammonium or alkali metal
bisulfite, sulfite, thiosulfate, hyposulfite, pyrosulfite or sulfide, or metal salts, such as
iron(ll} ions or silver ions or sodium hydroxymethylsulfoxylate. The reducing component
in the redox catalyst is preferably ascorbic acid or sodium pyrosulfite. Based on the
amount of monomers used in the polymerization, from 1:107° to 1 mol% is used of the

40 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.

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
45 components are used in the concentrations of 1107 mol% hydrogen peroxide,
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azo initiators. The process of the invention is preferably carried out using
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polymeri- 5 zation inhibitor and nore preferably with a polynerization
i nhi bi t or VA EgACHRN i Riefesabloepstietbputin BPPASAYIGRSIN vitrichetha MAneNtse Spiytion
hydr oqui nosgn fregaid e fofrh BEMmonédispEREc tidbles. Sunabiafrénio plipees headgpara-
| nhi bi tor s e 0L YREL 15 Rold iRl 8'sad UL Used as storage
stabilizers 1Tn The respective nononers for product safety reasons. 10
Exanpl@g of such storage stabilizers are hydroqui none, hydroqui none
mononet hyl Thedlopiet dinfeteh res@ting inuhey tdwrsks otsprayimeisamthe invention advanta-
2,6-di-tert;: 1 ~ds | 4 ' | ied out in
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descri bed P8Y H8xanple in K. Masters, Spray Drying 15 Handbook, 5th Editi on,
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preference being given to the reaction pressure which results when the offgas system

is open to the atmosphere.

The reactor is purged by a stream of an inert gas and preferably nitrogen flowing

30 through it. A cocurrent operation is preferred; that is, the inert gas flows downwardly
through the reactor. The water vapor content of the inert gas is generally up to 1% by
volume and preferably up to 0.5% by volume. The inert gas velocity is preferably
adjusted such that the flow in the reactor is laminar and is for example in the range
from 0.02 to 1.5 m/s and preferably in the range from 0.05 to 0.4 m/s.

35
The inert gas is advantageously preheated to the reaction temperature of 80 to 300°C
and preferably 150 to 210°C upstream of the reactor.

The reaction offgas can be cooled down in a heat exchanger for example. Water and
40  unconverted acrylic acid condense in the process. Thereafter, the offgas can be at

least partially reheated and returned into the reactor as recycle gas. Preferably, the

offgas is cooled such that the cooled offgas has the water vapor fraction desired for the



tuses as described for exanple in the US 5,269,980 patent. 20 The dropl et

di aneter r@FwB4850g in the course of sprgying is in the invention advanta-
geously in the range from50 to 1000 pm and preferably in the range from 100
to 600 pm 25 The reaction can be carried out in overpressure and in

under pressure, preferably preference being given to the reaction pressure
whi ch r esulkéactivhenpérien of thg @¥gsy/ Sdre8 relfoved Goni the El{@emtdﬁﬁﬁéﬁlﬁééﬂ witlhe react or
is purged By ﬁin%ﬁ[gfé@m of an inert gas and preferably nitrogen flow ng 30
through it. A C6cHFent operation is preferred; that is, the inert gas flows
downwardly through the reactor. The water vapor content of the inert gas is
general | y ®&prticalat poefarenseois given dmdn pneeirtedratedsystenOwhateby a yolhtionesf thEhe 1 nert
gas vel gci IS f. ; j i e reactor is

| am narQanh¥|aﬂsré+eg{eee|§g%%"?ﬁtﬁ%)ﬁ%ﬁggEEI?C? %‘;ﬁe&i g’gﬂ{elor@f‘.’déé]?r%é; and preferably
in the range from0.05 to 0.4 ms. 35 The inert gas is advantageously

pr eheat ed {Toe réectars act preferatdyrivacedhaates. Grac@theatin® BQCeferahdy adjasfted alndhy 150 to
210C upst r gy whiBmpeaftirg'is atﬁasst%@@%bw}eg&t)%ﬁerﬁagerhse@ ggdown in a

heat exchanger for e e. ter and 40 unconverted acrylic acid condense
in the pr oEg%ie.”s %ég%)%‘?r,w%{}gés '6f9‘eﬁ’a§"°{,dgﬁ' be at least partially reheated
and ref@rned into the reactor as recycle gas. Preferably, the offgas is

he. PR B4 e e o e o the

I qQn. | S ved .
Syst em andPRgRRY 25 i thse Ve BEarENad soiss b aninelif b died PR AtsrdL "y Ven 1o
an ener gy- rasi aoisture gontent andde $p desirpd residual monemer cahtérdat rej ected in the
cooling of the offgas is used to heat up the recycle gas. The reactors are

prefergply d, ' ' ref |y .ad] e hat the
bt | Cnpora BEnRE B dess ShBS BaRf Sl b BoBs R totit bisbineined HFd o
condensat i 8¥ragtaliesact or waits is largely avoided. 10 The reaction product
can be renoved fromthe reactor in a conventional manner, preferably at the
base via aE§€rﬂ§E¥j ng screw, and optionally be dried to the desired residual
nmoi sture conteht and to the desired residual nononer content. 15 The

i nvented process gives water-swell able polyners having high absorbancy and

|l ow 20 Parts are by weight unless otherwise stated. The dried hydrogel was tested using the

following test methods standardized by the European Disposables and Nonwovens
Association (Edana):

Centrifuge Retention Capacity (CRC):

25
Edana recommended test methods no. 441.2-02
Extractables:
30 Edana recommended test methods no. 470.2-02

Examples 110 8

An aqueous monomer solution consisting of partially neutralized acrylic acid and me-

35 thylenebisdiacrylamide crosslinker was mixed with a 1.0% by weight aqueous solution
of 2,2"-azobis-2-amidinopropane dihydrochloride initiator immediately upstream of the
reactor.

The crosslinker quantity was 0.3% by weight, based on monomer used. The initiator
40 quantity was 0.11% by weight, based on monomer solution used. The degree of
neutralization of the acrylic acid used was 75 mol%.



extractabl es. Exanples: 20 Parts are by wei ght unless otherw se stated. The
dried hydr pged4geps tested using the folg owi ng test nethods standardi zed by
. the European Di sposabl es and Nonwovens Association (Edana): Centrifuge
Retention Capacity (CRC): 25 Edana recommended test nethods no. 441.2-02
Extract abl es: 30 Edana recommended test nethods no. 470.2-02 Exanples 1 to

8 An aqueoUfe FedvtdTRISed Glalilal verticalySuspehdd @be pR§pdcRl bieeNBBOT AIm aengtir yl i c

act d and_ g 384 i PSR RA RG1od A6a 5 AR Bl Yo dlok Rl W Bl 1. 0% bY

wei ght aqueous"s i de
initiator FHEHEA]Aglasy tuhestO2amm ipdiameter Wé@?ﬂpuswn@rtﬂgﬂqe?f&'@ friomethei ty was
0. 3% by wetaph\, mtxdifertiSBE-2000 oieatingeifice daresoligehemtarfroriPalgsi@ntbH yf was 0. 11%

by wei ght, Kaasﬁﬁge RAd BBEOFBERCPS el ks 580 Thmﬁorﬁﬁgrcﬁﬁc@tvagersggﬂn' zation of

the acryli 8@‘%' PF 54850 8

r eact
vertiocally 15 VibthiBo SR Rstosal geneilor yassRia TRl BAJRHY ohad 164 mm i n
di anet er. mignogen andm @ midsinad mestoatet eoluiien inltheractoddpaddition, 19daminog

A A e e
fr om Pal as SERHHPEANS Oe3s ik, e iRTweg e Rackes B Rhechid Tad Titeperiilo

vi br at 1g thei davewarhend Br tha nittoge. aheﬁ@schlgnegmejvm am@pmsﬁralgrmten@rér osol
generator was used to neter 0.4 I/mn of nitrogen and 1.0 m/mn of mononer

olution inp.the ctor t,l 10I/ n_of it dto
Conct ! on t Inb BRSO Eet By 3F e P € SrR Balr, el Bl YR BN Lo ang
gl ass t ubeanadliked Relativg valvesare fﬁ%@dbﬂﬁadmﬂiagéhmgaﬁﬁﬂﬁgxmeopen at 10 the

downward end for the nitrogen. The Raschig rings served as flow

a1 ca 1280 ¥ SRR ARGl ol s eBIE O £ cporta, based on

the conparative exanple. 15 Tab. 1: Spray polynerization of sodi unif potassi um

acrylate Vatsr cophientordnt B8/ K Nak Temp. | Rel. CRC | Rel. extractables
monomer solution acrylate
[wt. %] [*C1
1* 50.0 K acrylate 154 1.00 1.00
2 60.0 K acrylate 154 1.13 0.78
3 70.0 K acrylate 157 1.65 0.32
4 58.9 Na acrylate 153 1.03 1.11
5 65.0 Na acrylate 159 1.15 0.95
6 70.0 Na acrylate 155 1.46 0.79

* comparative example



Tenp. Ex.nononer solution acrylateCRel. CRCRel. extractables wt. 9% 1*50. 0K
ac | at el54pFEABE00 260. 0K ac | atel541.180. 78 370.0K ac | atel571. 650. 32
458.9Na ac | atel531.031.11 565.0Na ac | atel591. 150. 95 670. ONa ac

| at e1551. 460. 79 * conparative exanple PF 54850 9 W claim 1. The process
for spray polynerization in an inert atnosphere of a nononer solu- tion
conpri si ngWe €ginmt.adi cal |y pol yneri zabl e nononers when the water content of

5 the nmononer solution is at | east 55% by weight. 2. The process according
to claim1 when the water content of the nononmer solu- tion is at |east 65%
by wei ght. 110 j’_he-pﬁ%ceﬁ 8’6@8?3’&9@5’6?%52%@3'1'6 ap|ingridtmogpkerecha menoater 88kt ent  of
t he nononer soltion comprising freg-rddically pdl9atebiyablieemghdmers. whgnethe watee cantentaolr di ng
to any gf the i ~d al action tenperature is in the
range f?om 90 ?ﬁ)&éggﬁﬁéﬂlﬁﬁgnﬁgﬂI%%é\ggg’;b}a‘gﬁgﬁtgi ng to any of the

aforenenti oned clains when the free- radically polynerizable nonomer is
acrylic acRd arithéprocess heaorging to claimd! when Feewagteocmdant af themdonogndreot-ai m 5
when the acryl ijgn ACit b APE5R Ly WREGRACT Yl 1 Cc acid is 20 at |east 40%
neutralized. 7. The process according to any of clains 1 to 4 when the
free-radically polyneriz- able nononmer is a mxture of acrylic acid and

pot assilém acr y[The@roc@ss 8ccording to daiel 1 whemr theokgteecantertt phiheabdromersohdi ng to a

process as per tigh @ dtfeabt Y6% by weight.

4, The process according to any of the aforementioned claims when the reaction
temperature is in the range from 90 to 300°C.

15
5.  The process according to any of the aforementioned claims when the free-
radically polymerizable monomer is acrylic acid and/or methacrylic acid.
6. The process according to claim 5 when the acrylic acid and/or methacrylic acid is
20 at least 40% neutralized.

7. The process according to any of claims 1 to 4 when the free-radically polymeriz-
able monomer is a mixture of acrylic acid and potassium acrylate.

25 8 Water-swellable polymers obtainable according to a process as per claims 1 to 7.



