|  METHOD FOR PRODUCI NG POLYMERS BY DI SPERSI ON POLYMERI ZATI ON  Description 5
The present invention relates to a process for produci ng pol yners by spray
pol ymeri zation, to their use for thickening liquids and to a device for
produci ng polynmers by spray polynerization. Further enbodi nents of the
present invention are discernible fromthe clains, the 10 description and
the exanpl egeTHODWOR FROBREINS P& SHHRRBYIHISPRRERON PE AMERIGATION | ed and
the hereinafter still to be nore particularly described features of the
subject matter of the present invention are utilizable not only in the
particul ar Restbiptierti on i ndi cated but also in other conbinations without
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pr oduced. merization 1s carried out at evat e pressure. 35
According to the WO A-96/ 40427 patent application, the spray pol ynerization
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20 aqueous polymer solutions or dispersions.

DE-A-195 06 287 describes the production of thickeners for print pastes. The
thickeners are produced by emulsion polymerization, azeotropically dewatered and

filtered.

25
GB-A-0 777 306 describes the production of polymers by spray polymerization. The
reaction is catalyzed by amides, such as acrylamide, acetamide and partially
hydrolyzed polyacrylonitrile. The polymers can also be used as thickeners for synthetic
resin dispersions.

30

US-A-3,644,305 discloses a spray polymerization process whereby low molecular
weight polymers can be produced. The polymerization is carried out at elevated
pressure.

35  According to the WO-A-96/40427 patent application, the spray polymerization process
is carried out by spraying monomer solutions into a heated atmosphere which is
essentially static. In the process, the monomers in the sprayed droplets polymerize and
the droplets are dried at the same time. At reduced pressure, the water content in the
polymer spheres produced is distinctly reduced, but the polymer particles have a rough

40 surface. At elevated pressure, smooth polymer spheres are obtained. The application
teaches that the particle size can be adjusted via the nozzie orifice.

J. Appl. Pol. Sci., volume 87, 2003, pages 1034 to 1043, and also J. Appl. Pol. Sci.,



teaches that the particle size can be adjusted via the nozzle orifice. J.
App] . Pol. Sci., volunme 87, 2003, pages 1034 to 1043, and also J. Appi. Pol.
Sci., 2 volume 88, 2003, pages 928 to 935 describe the spray pol ynerization
of sodium acrylate. Persulfate only was used as initiator. The experinents
wer-e carried out in an air atnoshere inmcountercurrent. The thickening
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nononer a) e reaction can be’'carried ou e presenc i nert
carrier gasPOlyReNgHNEKe8i&e inert is to be understood as meaning that the
carrier gas cannot react with the constituents of the nononer solution. The
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be |l ed through the reaction space cocurrently with or countercurrently to
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Preferably, ‘the car _ , prererabl'y to an extent of
not 30 | essPh harAtdemsf apRiCiessike ef erably to an extent of not |ess than 75%
returnetb i ng)o t hat leastand initiatgpace as a cycle gas after one pass.
Custonarilyy a ppgki on of the carrier gas, preferably not less than 10% is
renoved fror‘?]the system after every pass. The gas velocity is preferably
such that flowin the reactor is lamnar in that for exanple 35 there are
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The reaction can be carried out in the presence of an inert carrier gas, in which case
inert is to be understood as meaning that the carrier gas cannot react with the
constituents of the monomer solution. The inert gas is preferably nitrogen. The oxygen
content of the inert carrier gas is advantageously below 1% by volume, preferably

25  below 0.5% by volume and more preferably below 0.1% by volume.

The inert carrier gas can be led through the reaction space cocurrently with or
countercurrently to the free-falling droplets of the monomer solution, preferably
cocurrently. Preferably, the carrier gas is at least partly, preferably to an extent of not

30 less than 50% and more preferably to an extent of not less than 75%, returned into the
reaction space as a cycle gas after one pass. Customarily, a portion of the carrier gas,
preferably not less than 10%, is removed from the system after every pass.

The gas velocity is preferably such that flow in the reactor is laminar in that for example
35 there are no convection eddies opposite to the general direction of flow, 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 mfs.

The reaction temperature is preferably 70 to 250°C, more preferably 80 to 190°C and
40  most preferably 90 to 140°C.

The concentration of monomer a) in the maonomer solution is typically in the range from



The reaction tenperature is preferably 70 to 250C, nore preferably 80 to
190C and 40 nost preferably 90 to 140C. The concentration of nononer a) in
t he nononer solution is typically in the range from3 2%to 80% by wei ght,
preferably in the range from5%to 70% by wei ght and nore preferably in the
range from 10%to 60% by weight. The solubility of nononer a) in water is

typically not thess Byhr@és‘gﬁk, EHefEPAbIPinQhe Vitig fronP5 B 1t6 7 6%y weidghtank @8sret han 5
g/ 100 g wat er erng)Lie tlFre er%bl @Ott é@iWa%ZS g/100°g o wat er and nost
pref erabl y MGETDD e, Gods OH?/E 'Y %$"" Et hyl eni cal |y unsat urat ed
nononers a) are for exanple ethylenically unsaturated C3- C6-carboxylic
aci ds. TheSEneCNRmIaNEEmatddral) irtwalPlstymedily Inof 1e86 tHan g dteg bivateraci d, 10

et hacryldc i d.. a-chl orpac i~¢ acid, crofonic aci | e d | eic
anhydr ) dbo. Melssp 0 RsRRAES BioB ot o pibb Bl tlest Pt 2§ ffddfenl’c acia,
aconi ti c acvafenail mostareferablyoiad lesadhan ¥bg/ 6@ gaf waler. netal or anmonium salts
of these acids. Further polynerizable nononers a) are

acryl am do anesul foni c.,acid, 15 vi.nyl phosphoni cid, and/ or al kali netal
o Ymoni or CREDEA SR T DpamBrs e P RO i P e RS <o e
used ei t herCé-carbewybuacids. iThese Eampounds iare foaexaraple pcrtic a00umethadylicadided f orm
during {4cge élﬁédfﬂ%rdc?déhicﬂlbm%ﬂi@%kﬂyEx%[ﬁn‘?@édid/, nidlSig bbb afheRicatnl @i or

phosphoni c .aci ds are _.al so. useful, exanpl.es 20 being allylsulfonic acid,
LT bethy! TREPYF 2PE:cHBamRisui) Imarabai Pyi =g Wacall papamyie S P ainde
sul f opr opy| aditcadhalsy thetaikali Znetglcr exyadicro saltogf thesgomadsy | sul f oni ¢ aci d,

2- hydr oxy- 3- nmet hacryl oyl oxypropyl sul fonic acid, allyl phosphonic acid,

styrenesul fonj c cid.a 2-acryl am do- 2- met hyl propanesul foni ¢ acid. 25
Furt her mrﬁd@?ép@)’mﬁﬁ’z@%%omo%% |a$aaec?@wla'ﬁi€@§fd%ﬁ8$%§8?w&' i de, crotonani de,
acryl orfid r i vinylphospiaiy gdidand/of alkgli etabotarmeninoetehy bf vieti$foniglagide The

di met hyl am QiRgtdtids caRGkeilidd Be udedTBItHRY irARRORARRY forRténih RhMially or 100%

di et hyl am n’}O‘FpE;l'O I facr¢(l at di Imat h%EIltam no- butyl acryl ate,

di net hy!l ani" ?%fj At lé{ﬁgﬁp%lpg?’m&f' ¥ ani noet hyl net hacryl at e,

di met hyl am noneopentyl acrylate and di net hyl am noneopentyl nethacrylate and
al so 30 t haysnduddnfially Rddt QB REGGHE Sr ?ﬁ&rphseﬁaaabg akd 4150 D&drlyéxaphdiey | de,

hyd t hyl . .~ _hyd t hyl h | at hyd | at
o by oSV SRl S R e s b Shagile HBRBIRY s “ah ch ar e
obt ai nabl e dsyylateasifppriopyimethacrglgten thydraxgBeaandgideprapygtiionicagithoxani des,
such as_vi hjdFbaz Slefhacki b icRFIBLIRI LE PR HbA LEM! Siglehdaiionic

b o S B 2R e g SIS0 bt ot 0bt o nabl o by
25  Further monomers a) are for example acrylamide, methacrylamide, crotonamide,
acrylonitrile, methacrylonitrile, dimethylaminoethyl methacrylate, dimethylaminoethyl
acrylate, dimethylaminopropyl acrylate, diethylaminopropyl acrylate, dimethylamino-
butyl acrylate, dimethylaminoethyl methacrylate, diethylaminoethyl methacrylate,
dimethylaminoneopentyl acrylate and dimethylaminoneopentyl methacrylate and also

30 their quarternization products, for example with methy! chloride, hydroxyethy! acrylate,
hydroxyethyl methacrylate, hydroxypropy! acrylate and hydroxypropyl methacrylate.

Further monomers a) are monomers which are obtainable by reaction of nitrogenous
heterocycles and/or carboxamides, such as vinylimidazole, vinylpyrazole and also

35  vinylpyrrolidone, vinylcaprolactam and vinylformamide, with acetylene and which can
also be quaternized, for example with methyl chloride, and monomers obtainable by
reaction of nitrogenous compounds, such as, for example, diallyldimethytammonium
chioride, with allyl alcohol or allyl chloride.

40  Itis further possible to use vinyl and allyl esters and aiso vinyl and allyl ethers, such as
vinyl acetate, allyl acetate, methyl vinyl ether and methyl allyl ether as monomers a).



reaction of nitrogenous conpounds, such as, for exanple,

di al I yl di net hyl ammoni um chloride, with allyl alcohol or allyl chloride. 40
It is further possible to use vinyl and ally) esters and al so vinyl and
allyl ethers, such as vinyl acetate, allyl acetate, nmethyl vinyl ether and
met hyl allyl ether as nononers a). 4 The nononers a) can be used al one or
m xed with each or one another, for exaﬁble m xtures conprising two, three,
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groups. 30 Suitable crosslinkers b) are for exanple (neth)acrylic esters of
oYY kRS e T R B o ol R
pol yhydri ¢ Hnesefne &hesraymerizaiion inbibiters cap beifieed ok disepletd/otygenatentg 2 to 6
hydroxyl grsdupseriztishbypimefizAMneNE., BOWIRE an irtry Rl Bleferably nitrogen, through
them. The oxygen content of the monomer solution prior to polymerization is preferably
lowered to less than 1 weight ppm and more preferably to less than 0.5 weight ppm.
25
The monomers a) are polymerized in the presence of a crosslinker b) or of a
combination of various crosslinkers. Crosslinkers are compounds having two or more
polymerizable groups.

30  Suitable crosslinkers b) are for example (meth)acrylic esters of polyhydric alcohols
which may have been alkoxylated with up to 100 and usually up to 50 ethylene oxide
and/or propylene oxide units. Suitable polyhydric alcohols are in particular
C,-C,p-alkanepolyols having 2 to 6 hydroxyl groups, such as ethyiene giycol, glycerol,
trimethylolpropane, pentaerythritol or sorbitol. Preferred crosslinkers are polyethylene

35 glycol diacrylate and polyethylene glycol dimethacrylates, which are each derived from
polyethylene glycols (which may be considered as ethoxylated ethylene glycol) having
a molecular weight in the range from 200 to 2000. Further usable crosslinkers b) are
methylenebisacrylamide, trimethylolpropane triacrylate, trimethylolpropane
trimethacrylate, ethylene glycol diacrylate, propylene glycol diacrylate, butanediol

40 diacrylate, hexanediol diacrylate, hexanediol dimethacrylate or diacrylates and
dimethacrylates of block copolymers formed from ethylene oxide and propylene oxide.



trimet hyl ol propane, pentaerythritol or sorbitol. Preferred crosslinkers are
polyethyl ene 35 glycol diacrylate and pol yet hyl ene gl ycol dinethacryl ates,
whi ch are each derived from pol yet hyl ene glycols (which may be consi dered as
et hoxyl ated et hyl ene glycol) having a nolecular weight in the range from
200 to 2000. Further usable crosslinkers®b) are nethyl enebisacrylan de,
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formula |l (1) O 10 where A is_the radical of a polyhydric al cohol which may
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al cohol, for exanple an integer t a Aoreferably from2 to 5. A
particularly preferred exanpl e of such g comg’ou nd is ethylene 15 gl ycol

di (allyl carbonate). Also suitable are particularly polyethyl ene glycol

di (allyl carbonate)s which are derived from pol yet hyl ene gl ycols having a
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presence Ofthd Rinkb#oRT SocFth-2080. The initiators c) are used in customary
amounts, for exanple in anounts from0.001 % to 5% by weight and preferably

fromO0.01 %to 1 % by weight, based on the nononmers to be pol ynerized.
Preferred examples of allyl ethers are: polyethylene glycol diallyi ethers which are

20  derived from polyethylene glycols having a molecular weight from 200 to 2000;
pentaerythritol triallyl ether or trimethylolpropane diallyl ether. It is further possible to
use reaction products of ethylene glycol diglycidyl ether or polyethylene glycol glycidyl
ether with 2 mol of allyl alcohol and/or pentaerythritol triallyl ether.

25 A suitable allyl ester of a polyfunctional carboxylic acid is for example diallyl phtalate.

The monomers are polymerized with each or one another in aqueous solution in the
presence of initiators c).

30  The initiators ¢) are used in customary amounts, for example in amounts from 0.001%
to 5% by weight and preferably from 0.01% to 1% by weight, based on the monomers
to be polymerized.

Useful initiators c) include all compounds which disintegrate into free radicals under the
35  polymerization conditions, examples being peroxides, hydroperoxides, hydrogen
peroxide, persulfates, azo compounds and redox initiators. Preference is given to the
use of water-soluble initiators. In some cases it is advantageous to use mixtures of
various initiators, examples being mixtures of hydrogen peroxide and sodium or
potassium peroxodisulfate. Mixtures of hydrogen peroxide and sodium peroxodisulfate



Useful initiators c) include all conpounds which disintegrate into free
radi cal s under the 35 polynerization conditions, exanples being peroxides,
hydr oper oxi des, hydrogen peroxide, persulfates, azo conpounds and redox
initiators. Preference is given to the use of water-soluble initiators. In
sorre cases it is advantageous to use nmx@ures of various initiators,
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amoni um t hi osul fate, ammoni um hyposul fite, anmmonium pyrosulfite, anmmoni um
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x 10-5 to 1pyrosucl)ﬁeI Samumomum su |Q !kaq metalqazsutﬂte alkali metal suffite, alkali metal
thiosulfate, alkali metal hyposuffite, alkali metal pyrosulfite, alkali metal sulfide or
sodium hydroxymethylsulfoxylate. The reducing component in the redox catalyst is
preferably ascorbic acid or sodium pyrosulfite. Based on the amount of monomers
30 used in the polymerization, for example from 1 x 10” to 1 mol% is used of the reducing

component of the redox catalyst.

It is particularly preferable to induce the polymerization through the action of high
energy radiation, in which case it is customary to use photoinitiators as initiator ¢).

35  Useful photoinitators include for example a-splitters, H-abstracting systems or else
azides. Examples of such initiators are benzophenone derivatives such as Michler’s
ketone, phenanthrene derivatives, fluorene derivatives, anthraquinone derivatives,
thioxanthone derivatives, coumarin derivatives, benzoin ethers and derivatives thereof,
azo compounds, such as the free-radical formers mentioned above, substituted

40 hexaarylbisimidazoles or acylphosphine oxides, especially 2-hydroxy-2-methyi-
propiophenone (Darocure® 1173). Examples of azides are 2-(N,N-dimethylamino)ethyl
4-azidocinnamate, 2-(N,N-dimethylamino)ethyl 4-azidonaphthyl ketone, 2-(N,N-di-
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per oxi de/ hydroxynet hyl sul finic acid, sodium persulfate/ascorbic acid,
anmoni um pegoxodi sul f at e/ ascorbi ¢ acid and hydragen peroxi de/ ascorbi c acid,
photoi ni t | ol Bonditer SGioRTBRbAE e Cad Birmestil 92

phenyl ] - 2- hydr oxy- 2- net hyl - 1- propan- 1-one, and al so m xtures thereof. The

nmononer  sol THd 1 of BRdrRter WaluBsn B0t AERSRE Hut, dd mebhBroabitiabqdifeendied) eeger
sol uti IS .hQ dec!ym ve 20 pH of

But. to. nmeet product.r irements, the .
Che  pol e PPt HETH AL BhE Areaeht U o an o ) SR M Beiad stie Bl ge
via the pHhof hrenenomenselution. Molyorers fRylcpamets dnplicalionsdior exaami.isbavlidons, for
exanpl e, sheuved pevaoandt! of around 7. The reaction is preferably carried
out in apparatuses which are also suitable for spray 25 drying. Such
reactors are described for exanple in K. Msters, Spray Drying Handbook,
5t h Edi t i onfhelieadlicinis prederably sagied cpBintappeatuses which are also suitable for spray

25  drying. Such reactors are described for example in K. Masters, Spray Drying
Handbook, 5th Edition, Longman, 1991, pages 23 to 66.

One or more spray nozzles can be used in the process of the present invention. Usable
spray nozzles are not subject to any restriction. The liquid to be spray dispensed may

30  be fed to such nozzles under pressure. The atomizing of the liquid to be spray
dispensed may in this case be effected by decompressing the liquid in the nozzle bore
after the liguid has reached a certain minimum velocity. Also useful for the purposes of
present invention are one-material nozzles, for example siot nozzles or swirl or whirl
chambers (full cone nozzies, available for example from Diisen-Schlick GmbH,

35  Germany, or from Spraying Systems Deutschland GmbH, Germany).

Preference for the purposes of the present invention is given to full cone nozzles. Of
these, those having a spray cone opening angte in the range from 60 to 180° are
preferred and those having an opening angle in the range from 90 to 120° are

40  particularly preferred. For the purposes of the present invention, the average droplet
diameter which results on spraying is typically less than 1000 um, preferably less than
200 pym, more preferably less than 100 um and customarily greater than 10 pm,
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25  The reaction space of the polymerization reactor can be carried out in overpressure or
in underpressure, an underpressure of up to 100 mbar below ambient being preferred.

The polymerization reactor preferably has a carrier gas flowing through it. Cocurrent
operation is preferred; that is, the carrier gas flows downwardly through the
30  polymerization reactor.

The polymerization rate and the drying rate typically have different temperature

dependencies. This can mean, for example, that the sprayed droplets dry before the

desired conversion has been achieved. lt is therefore advantageous to controi the
35 reaction rate and the drying rate separately.

The drying rate can be controlled via the water vapor content of the inert gas. The
water vapor content of the inert gas is generally up to 90% by volume and preferably
up to 50% by volume.

40
The polymerization rate can be controlled through the identity and amount of the
initiator system used.
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A portion of the reaction offgas can be removed from the system and replaced by fresh
carrier gas, in which case unconverted monomers present in the reaction offgas can be
separated off and recycled.

25 Particular preference is given to an integrated energy system whereby a portion of the
heat rejected in the cooling of the offgas is used to heat up the cycle gas.

The reactors can be trace heated. Any trace heating is adjusted such that the wall
temperature is not less than 5°C above reactor internal temperature and condensation
30  atreactor walls is reliably avoided.

The reaction product can be removed from the reaction space in a conventional

manner, preferably at the base via a conveying screw, and if appropriate be dried to

the desired residual moisture content and to the desired residual monomer content.
35

The present invention further provides apparatus for producing polymers by spray

polymerization, comprising

) a heatable reaction space,
40 i) at least one apparatus for droplet generation in the upper region of the reaction
space i),
iy  atleast one carrier gas feed in the upper portion of the reaction space i),
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20 The source of radiation is not subject to any restriction; preferably the source of
radiation is coordinated with the photoinitiator used. Preference is given to using UV
lamps, preferably having a power output in the range from 0.5 to 20 kW and more
preferably in the range from 2 to 10 kW, examples being iron-doped mercury lamps.

25  The process of the present invention advantageously combines the production and
drying of a polymeric thickener in one operation, wherein the heat of polymerization
can simultaneously be used for drying.

The process of the present invention makes it possible to produce polymeric thickeners

30 which, owing to their small particle size and the associated large surface area, are fast
dissolving and at the same time, owing to the droplet size set in the course of the
spraying of the monomer solution, have a low fraction of fine dust, especially particles
having a size of less than 10 pm.

35 The process of the present invention can also be used to produce smaller polymeric
particles which are subsequently phlegmatized in a conventional manner, for example

by suspending in technical-grade white oil.

The polymeric thickeners producible by the process of the present invention are useful
40  for thickening liquids, especially aqueous systems.

The polymeric thickeners obtainable by the process of the present invention are water
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t hi ckeners _f or  aqueous Séstems exanpl es bei ng paper coating sl |qps, pi gnent
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are al so usgedaslss bhthe present invention is not less than 5000 mPas, preferably not less than

10 000 mPas and more preferably not less than 20 000 mPas at 23°C.
25 Examples:
Example 1 {comparative example)

7.8 kg of acrylic acid, 22 g of irgacure® 2959 (1-[4-(2-hydroxyethoxy)phenyl]-

30  2-hydroxy-2-methyi-1-propan-1-one from Ciba Spezialitditenchemie, Switzeriand) and
12 g of 2,2-azobis(N,N’-dimethyleneisobutyramidines) dihydrochloride (V44 azo
initiator from Wako Deutschland, Germany) were dissolved in 10 kg of water. This
solution was spray dispensed in a heated spray tower 8 m high and 2 m wide filled with
a nitrogen atmosphere (100°C, gas velocity 0.1 m/s in cocurrent). In the top third of the

35 spray tower the droplets traveled past 6 iron-doped mercury UV lamps (6 kW each). A
dry white powder was obtained at the base of the spray tower. The average patrticle
size was 11 pm. This powder formed a clear solution in water. A 1% by weight solution
had a pH of 7 and a viscosity of 2000 mPas.

40 Example 2

- 7.8 kg of acrylic acid, 7.8 g of polyethylene glycol diacrylate 400, 22 g of



cosnetics, exanples being hair cosnetics such as conditioners or hair
set.ting conpositions or as thickeners for cosnetic formulations and for
surface treatnment of Ileather. 20 The viscosity of 2% by wei ght aqueous
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traveled past 6 iron-doped mercury UV lamps (6 kW each). A dry white powder was

obtained at the base of the spray tower. The average particle size was 12 um. This

powder formed a clear solution in water. A 1% by weight solutionhad apH of 7 and a

viscosity of 36 000 mPas.

25
Example 4

7.0 kg of acrylic acid, 0.8 g of acrylamide, 7.8 g of polyethylene glycol diacrylate 400

and 33 g of 2,2’-azobis{N,N’-dimethyleneisobutyramidines) dihydrochloride (V44 azo
30 initiator from Wako Deutschland, Germany) were dissolved in 10 kg of water. This

solution was spray dispensed in a heated spray tower 8 m high and 2 m wide filled with

a nitrogen atmosphere (120°C, gas veiocity 0.1 m/s in cocurrent). A dry white powder

was obtained at the base of the spray tower. The average particle size was 15 um.

This powder formed a clear solution in water. A 1% by weight solution had a pH of 7
35  and a viscosity of 32 000 mPas.

Example 5

33 g of 2,2-azobis(N,N’-dimethyleneisobutyramidines) dihydrochloride (V44 azo

40  initiator from Wako Deutschland, Germany} and 7.8 g of polyethylene glycol diacrylate
400 were dissolved in 20.8 kg of aqueous sodium acrylate solution (37.5%). This
solution was spray dispensed in a heated spray tower 8 m high and 2 m wide filled with
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and 0.8 kg of acrylic acid were dissolved in 18.7 kg of aqueous sodium acrylate
solution (37.5%) and 2.1 kg of water. This solution was spray dispensed in a heated
spray tower 8 m high and 2 m wide filled with a nitrogen atmosphere (120°C, gas
velocity 0.1 m/s in cocurrent). A dry white powder was obtained at the base of the
25 spray tower. The average particle size was 15 ym. This powder formed a clear solution
in water. A 1% by weight sclution had a pH of 7 and a viscosity of 37 000 mPas.



10 pol yethyl ene glycol diacrylate 400 were dissolved in 18.7 kg of aqueous
sodium acrylate solution (37.5% and 2.1 kg of water. This solution was
spray dispensed in a heated spray tower 8 mhigh and 2 mwide filled with a
nitrogen atnosphere (120C, gas velocity 0.1 ms in cocurrent). A dry white
powder was obtained at the base of the spray tower. The average particle
size was 14 pm This powder formed a clear solution 15 in water. A 1% by
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3. The proggss. according to claim1 or 2 wherein the carrier gas is
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2. The process according to claim 1 wherein at least 50% of the carrier gas is

recycled into the reaction space after one pass.

3. The process according to claim 1 or 2 wherein the carrier gas is nitrogen.

4. The process according to 2 or 3 wherein the carrier gas passes cocurrently
through the reaction space.

5. The process according to any one of claims 1 to 4 wherein the monomer a) is
acrylic acid, vinylpyrrolidone, quaternized vinylimidazole, acrylamide,
quaternized dimethylaminoethyl acrylate andfor diallydimethylammonium
chloride.

6. The process according to any one of claims 1 to 5 wherein the initiator c) is an
azo compound, a redox initiator or a photoinitiator.

7. The process according to any one of claims 1 to 6 wherein the initiator c) is a
photoinitiator.

8. The process according to any one of claims 1 to 7 wherein the droplet size of

the spray-dispensed monomer solution is adjusted such that the polymers
obtained have a primary particle size in the range from 10 to 150 pm.

9. Apparatus for spray polymerization comprising, in combination:



4. The process according to 2 or 3 wherein the carrier gas passes
cocurrently through the reaction space. 5. The process according to any one
of clainms 1 to 4 wherein the nononer a) is acrylic acid, vinylpyrrolidone,
guat erni zed vinylim dazole, acrylam de, quaternized di nethyl am noet hyl
acrylate and/or diallydi nmethyl ammonium chloride. 6. The process according
to any one of clains 1 to 5 wherein the initiator ¢c) is an azo conpound, a
redox initiator or a photoinitiator. 7. The process according to any one of
claine 1 to 6 wherein the initiator cjsis a photoinitiator. 8. The process
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conpr essspace defines the lower portion of the reaction space volume.

10. The apparatus according to claim 8 wherein the carrier gas recycler comprises
a compressor.



