55 FOR REACTI NG QUATERNARY AMVONI UM MONOVERS | N THE PRESENCE OF
POLYMERS" The present invention is directed to a process for
reacty g quaternary ammoni um nonaners and optional |y nononers

vate directly in 5dry form The-process involves formn
concentrated solution of the respective nononer(s), &n anionic polyner,
initiators and any other reactants, andd. hereafter simultaneously

pol yreri zi ng the monomer (s) and drylng the solution. 10 The nost

general |y enpl oy RQUESS ROR mammmmmmmm
of quaternary ammoni um NDNONEPRESENCGE OF ANIONDCAPOUYMAERE'di al | vl _am nes
such as di net hyl diallylamoni um chl ori de (DVDAAC), yle a final product in
the formof a solution or oil-in-water latex. 15 In order to obtain a dry
solid, it is then.necessary to separate and dry or otherw se isolate the
desired fraction. Typical ’-%Ie Present: Hiayention Hes dizgestedhde ianpyosess

Patent Nos. 2,923, 701; 3,284, 393; 3, 288 770;. 3,461, 163, and 3,920, 599. 20
There are a nu BT ﬁﬁﬂ@PﬁPﬂMﬂQﬂﬂ@? aP§-GE§PﬂB&1@8

utilize a bl end of catlonlc gpnn .0r er nar
nononers with cHREMPEEh rﬂ‘rﬁ??’g' t%Sﬁ[ e§°§3§’ 510
teaches the advgplages 'p%f QB 2,00 %a o%%%r%t'é“ 'réct&y in

5 dry form. The. process involves forming a

concentrated solution of the respective monomer(s), ah
anionic peolymer, initiators and any other reactants, and
thereaftek simultaneously polymerizing the monomer(s) and
drying tﬁe solution.

10 The most generaily employed prior art processes -
for producing'homo-and co-polymers of quaternary ammonium
monomers, particularly quaternized diallyl amines such as
dimethyldiallylammonium chloride (DMDAAC), yield a final
product in the form of a solution or oil-in-water latex.

15 In order to obtain a dry solid, it is then necessary to
separate andldry or-otherwise isolate the desired fraction.
Typical of such methods are those described in U.S. Patent
Nos. 2,923,701; 3,284,393; 3,288,770; 3,461,163; and
3,920,599.

20 ihere are a number of applications in industry
wherein it.is desired to utilize a blend of cationic homo-
or co-polymers of quaternary ammonium monomers with certain
anionic pblymers. Thus, U.S. Patent No. 3,539,510 teaches

the advantages in flocculating applications of utilizing

rizable therewith in the presence of anionic polyners andgfﬁzrg ué
» &3 '-ﬁ\



-2 - high nol ecul ar wei ght ani-onic polynmers which are nodified with certain
cationié} maier-éqluble am no polyners. Qther potential uses include, for
exanpl e, as el ectroconductive agents in photographic, fiber, menbrane or
paper{5 applicafions. Wile the benefits achieved by using such materi al s
wi || be "apparent, the difficulties inherent in their production,
transpderati on and storage are form dable since the water soluble polyners
of ‘opposite charges interact 10-i-onically-in water solution to forma.
precipitate ar sonetinmes a get or pulra@éous coacervate. Transportatiaon
and/ or storage of .such polyner solutions i,s thus very difficult and _the
dryi ng of such e F@Jxﬂcél}ag}'el“?l@htcm QQJMFFEPI whighspyer mefafiad, gy

d 15 . Th d
pal yrer 21 ng am&m%?ﬁ%f”t roNBter RP%' PR BRC BT FRRR=anPERPE
pol ymer o as P IE ef%ygg&% " oS QEBELSERANALs ve

form ng a solu sperS| on emJ 'sion eas one quaternary

anmoni um mno”’igéi‘ﬂé@ 36 Tﬂ?ﬁtfdar‘”ﬂﬂ}ﬁc.[ ibler, membrane or paper

5 applications.

While the benefits achieved by using such
materials will be apparent, the difficulties inherent in
their production.ltransportation-and storage are formidable
since the water soluble polymers of opposite charges interact

10 ionically in water solution to form a precipitate or
sometimes a gel or pultaceous coacervate. Transportation
and/or storage of such polymer solutions is thus very
difficult and the drying of such pre-reacted gels or
coacervates entails considerable energy and time.

15 The present invention provides a process for
polymerizing a quaternary ammonium monomer in the presence
of an anionic polymer so as to form a dry coacervate
directly, which comprises:
| a) forming a solution dispersion or emulsion

20 of at least one quaternary ammonium monomer having the

formula: _
N
CH, = C = CH R
2 2\+/3
N : Y
‘?Hz=‘l"'°Hz/..\R4
_ "2

¢



'2a - where R and R each represent hydrogen, nethyl or ethyl; R and R

ch represent al kyl, aryl, cycloal kyl, hydroxyal kyl or :al koxyal ky|

([ dicals having from1 to 18 carbon atons each, and Y repreé€sents an anion;
n anionic 5 polynmer which is-a hono- or co-polyner of styrene .sulfonate,

al kali metal styrene sulfonate, acrylate or nmethacrylate, an alkali netal

or amoni um salt of a high copol ynmer=ada st yrene or substituted styrendesfith

mal ei ¢ acid, a water-soluble-copolyner -of a styrene sulfonate, 10 acrylate~”

or net hacrylate with acrylam de, nethacrylam de, acrylonitrile, '

met hacrylonitrile, styrene, vinyl acetate, vinyl toluene, nethyl acrylate,

- N-vinyl oxazdheverRpeand By \@3ch yspresentorhydrogrmn-mekhyb-quiethuliof a

sul foal kyl acrylate or carboxyal kyl acrylate or_a carpoxyal kyl 15 cellul ose

ether or st RghAnd RarPachFRPFIIIND alkbl ¢ Pl s LRI per part of the

pol yrer | 71 PP REARER & BTEFR Sl radfofls Fdving BER TR IR o0e
the 0011119 2 B0A Nhe Ghs ' Scrt ! Ay~ HébEdsent £ B Unbhi "ad SHIAY 1Y
| 5 polymer which is a homo- or co-polymer of styrene '
sulfonate, alkali metal styrene sulfonate, acrylété or
methacrylate, an-alkali metal or ammonium salt:of a high
copolymer of_stytene'or;substitutéd styrene with maleic
acid, a-water-soluble copolymer of a styrene sulfonate,
10 acrylate'or'méthacrylate with acrylamide, methacrylami&e;
| ac;ylonitrile,.methacrylonitrile, styrene, vinyl acetate,
vinyl toluene, methyl acrylate, N-vinyl oxazolidinoﬁe or .
N—vinyl pyrrolidone, a homo- or co-polymer of a éulfoalkyl
acrylate or-ca;boxfalkyllacryiate'or a carboxyalky;
15 éellulose ether or starch, in an amount from 0.1 to 3
parts by weight per ﬁart of the monomer(s); solvent, and
free-radical.initiator;
b)  simultaneously polymerizing the monomers
-and drying the solution at-a-temperaﬁure above the boiling
20 point of the solvent; and |

c) recovering the resultant dry product.



i ncl uded in ithe quaternary amoni um nononer/ani oni ¢ pol ymer sol ution. By
utilizing this process, a nunber:of benefits 5 are achieved. Thus, the

di rectf conversion fromnononer to dry solid avoids the need for the
plurality of steps required by prior art techniques. Furthernore, since the
coacerfate forns in situ and is dried imediately the necessi-ty of handling
a delled solution is avoi ded. By <10.usihg the heat of polynerization to
effect drying, .a nore energy conserving drecess is provided. The process

al so avoi ds the possibility of dangerous exothernms which may occur in a
conventional soloneRersoropelynerizable with cthe quatemnany ammandam t he
heat of polynerization through 15 heat_transfer to a jacket. L -4-
Illustrative exBARPRET3imaybe taclyied inthe q‘&ﬁ%?)&ﬁiém’ﬂ@“hnd R4 are
met hyl to octadecyl %%k%%.radican; i ncl usi ve: met hoxynet hyl and vari ous

hi gher al koxy (BOG°™F 3P+ BRIRE S5 U usi ve)-al kyl. 5 (e.g. ethyl

to octadecyl, inclusive) ﬁ??‘%?ﬁ,%%’i@ﬁtp’f@ ﬁg&ggo@Wrﬁwit%nd

cycl oal kyl radicals. Illus €s “of ani ons Ich may be

represented by Yrar&chievédl i dthusy! 198 eaiseted %&rﬂr&ﬁm&mnmer to
dry solid avoids the need for the plurality of steps

Mononers copol yneri zable with the quaternary ammoni um nononers nay be: @

required by priof art techhiques. Furthemore; since the
coacervate forms in _s_:Lt_g a_nd. is dried immediately the
necessity of handling a gelled solution is avoided. By |
10 using thé heat of polymerization to effect dfying. a nbre
energy conservix;g process is prb_vided. | The process also
avoids the po_ssibility of 'dan'gejz_'.ous e:ﬁbtherms which may
occur in-a conventional so_lution polymérizatiqri so there
is no need to céntrbl the heat of polymerization through

15 heat transfer to a jacket.



hydroxi de, borate, cyanide; carbonate, thiocyanate, 10 thiosulfate,

anate, sulfide, cyanate, acetate and the other conmon inorganic and
orga i c ions. SpeC|f|c exanpl es of nonomers useful herein are the diallyl
qyet hyl-, diallyl di-(beta-hydroxyethyl), dinmethallyl dinethyl,. dinethallyl
- (pet a- hydr oxyet hyI ), 15 diethallyl dinethylordiethallyl A

et a- hydr oxyet hyl ) anmoni um chl ori des, bronides, phosphat es, or L
sul fates. In producing copolyners of= the quat er ni zed anmoni um nononers, any
nononeri c. entities which are substantially non-volatile at the reaction
tenperatures 20 and which contain a single [err] groupi ng and which are
typically copol yrerizable wi'th the quaternized ammoni um m)norrers ‘may be
used. Preferably, the nideWstFatiive examolam afhiradicnds wiich ¥=95

Bral kyl and REGRERSAFAL B, “aﬁ%f‘a&%w&é& & %tafe%ra@i k3¥ the
Byl eyel on AL AR MR T, e Ja L p B | et h
cation, [err] JMQ&.%IEW & Jcﬂ{a[decexy. :.nclus:l.ve)-alkyl
5 (e g. ethyl to octadecyl, inclus:l.ve) radicalss and
the corresponding hydroxyalkyl and cycloalkyl radicals.

‘Illustrative examples of anions wh:.ch may be represented
by Y are the hal:.de, sulfate. sulfonate, phosphate,
hydrox:.de . borate. cyam.de ¢ carbonate, th:.ocyanate, _

10 th:.osulfate, :.socyanate, sulf:.de, cyanate R acetate and
| the other common :.norganic and organic :Lons. |

Specif:l.c examples of monomers useful herein
are the d:.allyl dimethyl, d1a11y1 di-(beta-hydroxyethyl),

.dxmet_:-hallyl dmethyl, -dxmethallyl dx-(beta—hydroxyethyl_),
15-. dietpallyl' dimethylordie’tha_l,lyi di-(beta—hydroxyethyi)
ammonium _chlorides, bromides, phosphates, or sulfates.

" In producing copolymers of the quaternized
ammonium monomers, any monomeric entities which are
substantially non-volatile at the reaction temperatures

20 and which contain a single cnz=c< grouping and which
are typically copolymerizable with the quaternized
~ ammonium monomers may be used. Preferably, the moncmers

are of the general formula:



and [err] and may, in addition, be an aryl radical; and [err] 15 and R each
represent hydrogen, alkyl, cycloal kyl, aryl, alkaryl, aralkyl or _

al koxyal kyl . Preferabl e conpounds represented by the above formul as and : q?
useful as nononers herein include styrene, aromatic substituted l
nmononet iyl and di net hyl styrene; nethyl and other |ower alkyl acryl ates,
acryli®&acid, acrylamde, acrylonitrile, nmethacrylonitrile, vinyl acetate

and the like. 5 - |f a.copalyner is to be produced using the

process of the .invention, the-quaternary -arfroni um nononer shoul d be present

in an anount of at |east 50%. preferably at |east about 75% by wei ght of

the nononeric cWheER Rt EePIPeeRES thydregenni hAdasil AidtYlemsivgiealkatlsi n 10

depends upon the end %fe apﬁlicatio for which the product is intended.
Ani oni ¢ pol yner@F¥hi c YhePTit 33 HReith HPH N Ayl %ol yner s

of styrene sul phanates,_alkaly netal_siyrene l.f onates..., -acrylates and -
nmet hacryl at es. arﬁ]ga%efmﬁ%%q,gi n%’i} %erﬁégceﬁefs‘?fﬁﬂ}eew%t er-insol ubl e
nono- et hyl eni cal | y unsaturated nononers @ad are copol ynerizable with one of

"the foregoing to produce water-sol ubl e poFyners. When wat er-i nsol ubl e
conononers are enployed, they are used in argpunts insufficient to inpair

the water-solubility . il
5 P - 0-C-Rg
0

-0-C - ORg

Q=0

-R7

/’\é |

or. : 0
10 o - n_— ORg
where RS and Rg each represent a radical selected from
alkyl, cycloalkyl, and alkoxyalkyl radicals or hydrogen
or an alkali metal cation, R, has the same meaning as Rs
and Rg and may, in addition, be an aryl radical: and Rg
lS'and-R9 each represent hydrogen, alkyl, cycloalkyl, aryl,
alkaryl, aralkyl or alkoxyalkyl. .
- Preferable compounds represented by the above

formulas and useful as monomers herein include styrene,



of the resulting copolyner. Conononers used with the sul phonates,
tes and net hacryl ates above are acryl am de, nethacrylam’de, .
nitrile, methacrylonitrile, styrene, vinyl acetate, vinyl toluene,
thyl/ acrylate, Nvinyl oxazolidinone, and 25 N-vinyl pyrrolidone. O her

of high copolyners of styrene and subK i ut ed styrenes with mal ei c aciwe;

a I ¢ polyners which may be used are the alkali netal and amonium salts -

homo- and COaPBthF 359555.3@& eahkm&ﬁaﬁazhﬁaganan_diﬁaebpryatwén?,cryl ates * -

such as soldiums “ethyl acrylate and sodi um car boxyet hy
car boxyal kyl meeh{ ¥l aa@ 6thersisweh 8§kfﬂrbei€¥178i8§l &ctyliosscid,
car boxynet hyl nethyl cellul'ose, carboxynethyl hydroxyethyl cellul ose and
starch. Addi acepdbmyde? aceylepitribe}omethacrplomitribeanvbnyl pol yners

whi ch are not- water-soluble, in which case it will be necessary to utilize:
either a nonaggqtatesand| thatlékea nutual solvent so as to provide a uniform
di stribution of the nongneric conponents 't hroughout the anionic polynmer 10
sol uti on. 5The anount ahf BhEORALYREroistthe berPredpeed MetRgcthe| yrer to be

e 1| SRR dRope' BEoPERRSRELSH LEBH 550t Pty SubREnLE BBBRASE" "

.should be present in an amount of at least 50%, preferably

acryl ate,

at least about 75% by weighﬁ of the monomeric components.
The particular anionic polymer employed_herein:
10 depends upon thé.énd use épplicatién for which the
product is intended. Anionic polymers which may be
utilized herein are thé homo- and co-polymers of styrene
sulphonates, alkali metal styrene sulfonates, acrylates
and methacrylatgéi The comonomers may be water-soluble
15 or water-insoluble mono-ethylenically unsaturated -
monomers and are copolymerizablé with oné of the
foregoing to produce water—spluble polymers; When
water-insoluble comonomers are employed, they are used
in amounts insufficient to impair the water-solubility
20 of the resulting copolymer. Comonomers used with the
sulphonates, acrylates and methacrylates above are’
acrylamide, methacrYlamide, acrylonitrile,
methacrylbnitrile, styrene, vinyl acetate, vinyl
toluene, methyl acryléte,,N-vinyl oxazolidinone, and
25 N-vinyl pyrrolidone. Other anionic polymers which may
" be used are the alkali metal and ammonium salts of high
copolymérs of styrene and substituted styrenes with maleic
acid; homo- and co-polymers of sulfoalkyi acrylates

and carboxyalkyl acrylates such as soldium sulfo-



15 per part of the nononeric conponents. It has been found that the | ower
concentrgtions oT_ponner result in higher conversion of the nononmer to
pol ymer and hence the desired degree of conversion shoul d be considered
when deciding the relative anmounts enployed. The preferred anmounts of

pol ynmer 20 conprise 0.25 to 1 part per part of the nononeric conponent(s)
CGener ally, an aqueous nediumis used as the pol ynerization vehicle for the
redaction al though organic soIVean,,QgF,Lpularly those which-are [err]
carbon conmpounds cont ai ni ng hydroxyl, Ketone, al dehyde, ester or halide 25

substi tution, ”E‘)ét'ﬂ‘gl“%%‘}gil\ﬁgb' thhﬁoﬁiﬁmof:a§l-lﬁg¥§glrm%\f/i”éérggﬁée 0s€ Sone

safety problens in proces I n sonme cases t vant ages over

the use of water catboRkydaxytekellulbBemetReesdgathabkccarboyméfRyl
manuf acture of | ow nol ecul ar wei ght polyners may be acconplished by using a

sol vent with a gredileloseansheborgmethpl nB8hylatellulbse, \OatBogymetiyl e
the need for aqueous chain transfer agents 5 coupled with | arge anounts of
cat al yst used tohydroxyetbyiabedlubbseuand stagbh.coapditiienablyat er.

Anot her advantage to the use of nonaqueous solvents is that the particular
nonomer to bé poPpfemayeWishytpantidigecqestainl anioni¢ palymersowlvieh t han
It would have in water. In 10 su | gher concentrations of

h casei, hi € o
reactants coul d BéeeﬁﬁFoy€89£ﬁﬂ°3P9éFer PhVBgﬁh-ﬁﬁ?erb%JY Eﬁ.bQTRF¢%§§%FY_'

to utilize either a non-aqueous solvent or a mutual
solvent so as to provide a uniform distribution of the
monomeric components throughout the aﬁionic polymer
10 solution. |
The amount and the choice of the particular anionic
polymer to be used will depend upon the properties required
for the end use application. The anionic
polymér is used in amounts of 0.10 to 3 parts by weight
15 per part of the ﬁonomerié comp§nents} It has been found
that the lower conéentrations of polymer result in higher
conversion of the monomer to polymer and hence the desired _
degree of conversion should be considered when deciding the
relative amounts employed. The preferred amounts of polymer
20 compriée 0.25 to 1 pért per part of the ,monomeric component(s).
Generally, an aqueous medium is used as the
polymerization vehicle for the reaction although organic
-solvents, particularly those which are C,_g carbon compounds
containing hydroxyl, ketone, aldehyde, ester or halide
25 substitution, may be used. While the use of such solvents
does pose some safety problems in processing,.in some cases

they provide advantages over the use of water which may make



approach is especially useful for reactants which form high viscosity

utions at |ow concentrations in water. Additionally, as was-discussed

S\ it may al so be 15 necessary or desirable to utilize a’non-aqueous
and/ or a mutual co-solvent in the instances wherein anionic

ymefs are utili.zed which are not soluble in water. It is to be noted,

t ha y proper choice of solvent mxtures, it is possible to utilize aQy
conbi nation of water-sol uble-20 and/or jat er-insol ubl e nononers and ani oni c»s
pol ymers. Mhet her water or~other sol Vet & (both hereinafter referred to as

"sol vent s") u ne.r tant g, should be _uniformy dispersed .
t hr oughout t%é%ngﬁgﬁlﬁﬁsggsﬁﬁg‘Or B stBF MBPHEAGEPRE BEfspeWsants or
emul sifiers |j _ a4 Lel.en ol.yvent. . sed to dissol ve
or disperse F%ég§%%§§n§%%8%§o§§% neggsb?§t%%ogéﬁéﬁgi#%ggﬁeggtPﬁﬁn9y§ten1
in order to gagikehtaWethha Beb¥EBLi 2hhaRebaks r @ifle L f pp i end
product. Anounts of solventa?n t he range gf 10n?gg88%?geﬂmg?5%?'o?ﬁghe
reacti on m xiwouddwellimjnaeeakthy heeds€dr dh€eddBUBhath &ehMB8RES HgeHrdl ||
~depend, in part, 5 upon the particular drying.method enpl oyed. This,

ext rusi on &ndoupleddwithglprgecameunascofisvakthyyspenseddtat makaher solids
| evels, e.g. 70 to 90@6dr{ solids, while spray drying and flash drying are

usual |y carrrempagabie moleculay, wejgbt| cdmpoinds) inywatert heApotherr ed

pol ymeri zati on o L _ _
advantage to the use of nonagueous solvents is that the

particular monomer to be polymerized mayjhave a greater
solubility in the solvent than it would have in water. In
10 such cases, higher'concentrations of reactants could be |
employed and greater through-put realized. The latter
- approach is espeéially-useful for reactants which form
high viscosity solutions at low concentrations in water.
Additionally, as was discussed above, it may also be
15 necessary or desirable to utilize a non—aqueous.solvent
and/or a mutual co-solvent in the instances wherein anionic
polymers are utilized which are not soluble in water. It
is to be noted that by pfoper choice of solvent mixtureé.
it is possible to utilize any combination of water-soluble
: 20'and/or water-insoluble monomers and anionic polymers.
Whether water or other solvents (both hereinafter
referred to as “solvents") are used, the reactants should
‘be uniformly dispersed throughoﬁt the-medium in solute ox
'émulsion form, using dispersants or emulsifiers if neceséary.
25 Sufficient SOlveﬁt'should be used to dissblVe or disperse

the componehts'hbmogeneouSIy throughout the reaction system

")



10 and drying nethod, is generally carried out at levels of 30 to 85%
preferably 40 to‘QS@b solids. The reaction is carried out using
conventional free radical polynerization techniques, nbost conmonly in the
presence of ‘a free-radical initiator or free-radical 15 precursor.
Initiators which are useful in the enbodi mnent wherein water or aqueous

al cohofie sol utions are used as sol vent, i nclude the water-sol-ubl e peroxy
catal ysts, preferably a water-solubl.e sglt of persul furic (pérdisulfuric)
acid, which salt is preferably used .ifn 20 conbi nation with a sulfoxy type

of reducing agegt,. o GLheL e¥amph§3,00 PRLYEET {Aakt 2010k 1A O Sndl Ll i€
e i‘llﬁ e g # e I ac

useful include i'norgani'C and organi c ro S, €.

per oxi des, the Br ,AREYyrmSBRANEREHLEE] | BhdhREY SEK¥O1PEAOXI% SEhé¥hnge of
hydr oper oxi des and esters thereof, the various 25 water-sol uble

peracetates, penohker sd®sbyPRetahbosat €he PEAEELSH fixPeF$ NeFDD ag&ser£1 1y
the ammonium and alkali- —~ -10 - nmetal salts of peracetic, percarbonic,

perboric, perphbephsedc, Whesambuntcofindopeentsonsedwills; depehdatinn part,
soluble ferric salts capable of yielding ferric ions, e.g. ferric anmoni um
sul fate and f &r nponsttieupastigularedrying pethedremployedi nefhys wastrusion
polymeri zati on S ulendering Processes are usually cpecated at Tigher
solids levels, é.g. 70 to 90% dry solids, while spray |
drying and fla#h dryipg are usually carried out at 10 to
hO% dry solids. Drum drying, the preferred polymerization
10 and drying method, is generally carried out at levels of
30 to 85%, preferably 40O to 65%, solids.

The reaction is carried out using conventional
free radical polymerization techniques, most commonly in
the presence of a free-radical initiator or free-radical

15 precursor. Initiators which are useful in the embodiment
wherein water or aqueous alcohélic solutions are used as
solvent include the water-soluble peroxy catalysts,
preferably a water-soluble salt of.persulfuric |
(perdisulfuric) acid, which salt is preferably used in

20 cdmbination with a sulfoxy type of reducing agent., Other
examples_of polymerization initiatofs which are useful
include the inorganic and organic peroxides, e.g; the
diacyl.perdxideé, the primary, secondary and tertiary alkyl
peroxides and hydroperoxides and esters thereof, the various

25 water-soluble peracetates,.perchlérates, percarbonates,

perborates, perphosphates, e.g. the ammonium and alkali-




\ be used and the residual free ferric ions present thereon wll provide
gﬁg necessary initiating activity. Such water-soluble initiators as _

nt} oned above 10 by way. of exanple are generally enpl oyed iin conbi nation
a water-sol uble activator, for instance, oxygen- containing,
_ ur - cont ai ni.ng conpounds’ that are capabl e of undergoi ng oxidation., -
JAllustrative exanples of such activators or adjuvants .include sul fur
..di oxide, the alkali- 15 metal (e.d. sodium and potassium bisulfites, -
hydrosul f.ites, thiosul fates, sulfuroudfacid (or conpounds whi ch engender
sul furous acid, e.q. alkali-netal sulfites_and ethyl and other alkyl
sul fites), Wlo@@%tﬁsg&ﬁ Peraceticc Rergarbondc . BegbeFd€ sul finic acid and

f i dine sulfinic acid. 20 Lf alkali-nmetal sulfites. e g. sodi Ifit

or 51 i | ar FHESRPSIARICTA CIP R RIB C A, BT Ird S i andhe. aquoous
lution al | Aacidy e g subfuric acid,. |

anount “wnt e RN R BOR ARARS AL AP ek

conpound enggpleld i Far¥ild Wniibhith Gultdltd oA RREE sogiflf act ual

initiator concentration necessary to effect polymerization under the

process @& WulFat@di HrORS pieFvided RebdditentiC Whete PHLGMRrdzZatibhe
reaction time and the free-radical initiating tenperature of the initiator.
5 Accordi n@gind ddydngnitiaka @lacey en @ drasr Wriersi dastbligon drums

may be used and the residual free ferric ions present

thereon will provide the necessary initiating activity..
Such water-soluble initiators as mentioned.above'
'io.by way of example are_generally-empioyed in éombination
Qith'a water-soluble activator, for instance, oxygen-
containing,'Sulfur4containing cdmpounds that are capable
of undergoing oxidation. Illustrative examples of such
-actiﬁators.orfgdjuvants'include'sﬁifur dioxide, the alkali-~
15 metal (e.g. sodium;and potasSium)-bisulfites,'hydrosulfites.
thiosulfates, sulfurous acid (or'ccmpounds which engender
sulfurous acid, e.g. alkali-metal sulfites and ethyl and
other alkyl sulfites), various organic sulfinic acids,
e.g.'p-toluene-sulfinic'acid'and formamidine sulfinic acid.
20 If alkali-metal sulfites.'e.g. sodium sulfite or similar
compounds which engender sulfurous acid are used, the
aqueous solution also should contain a Strong-acidt e.g..
sulfuric_acid,"in"an amount which is at least chemically -
equivalent to the amount of such a compound engendering

25 sulfurous acid that is employed.



(e.qg. fron10 1 to 10% of the npnoner weight). Peroxide initiator
concentrations are typically greater-(e.g. 1-10% than persulfate initiated
systems (e.g. 0.03-3%. In the preferred enbodi ment wherein drumdrying is
enpl oyed, the 10 persulfate concentration will generally fall within the
range of> 0.03-to 2.0% by wei ght -nonqnmer and preferably between 0.05 to 1.5%
with awersulfate concentratlon ranging fromO0.1 to 1.2% bei ng nost
preferred. Wien redox initiation systens are used,: the 15 reducing agent is
i ncorporated into the feed sotution in ampunts of 20-200% by melght based
on the concentration of the initiator. It will be recognized that in cases
wherei n non- aqueous- solthesaatuaknphmyédtortcameénheahnumsmecgssémy &)
the initiator and activator chosen be soluble in the particul ar sol vent.

Sui t abl e i ni ti ae§fecinpodymevieationsunderi the proeess (drying seendidtions own
to those skilled in the art. It nmay also be desirable in practising fhe 25
present inventi GRPER4 &dHPSnbEPFeFe?St%ﬂ% Fﬁ%ﬂe¥%?ﬁﬂ?al?km repckirn time
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a neutral pH,

5 Accordingly, the_initiator level may vary con51derably
(e.g. from 0.1 to 10% of the monomer weight). Peroxide
initiator concentrations are typically greater (e.g. 1-10%) -
than persulfate initiated systems (e.g. 0.03-3%). Ip_the
preferréd enmbodiment wherein drﬁm drying is employed, the

10 persulfate concentration will generally fall within the

range of 0.03 to 2.0% by weight monomer and preferably |
between 0.05 to 1.5% with a persulfate concentration ranging
from 0.1 to 1.2% beiﬂé most preferred.
' ‘When redox initiation systems are used, the
15 reducing ;gent is incorporated into the feed solution in
amaunts of 20-20@% by-weight;'baéed on the concentration
" of the initiator.
It will be recognized that in cases wherein non-
aqueous solvents are employed,.it will be necessary that
20 the initiator and activator chosen be soluble in the
particular solvent. Suitable initiators and activators
useful in this embodiment are well known to those skilled
in the art.
It may also be desirable.iﬁ practising the
25 present invention to add a bufferlto the feed formulation

in order to effectively control the pH of the final product.



sojyas to prevent attack on the processing equi pnent by any acid generafed
dDAing deconposition of the initiator, 5 products of other pH values may
be prepared. These ends coul d not be acconplished by nerely raising
“the initial pH of the feed with caustic since the quaternary am nes
deconpose above pH 10. The partieul ar buffer chosen can be a salt of any
pol'yprotic weak acid, either organic 10 or inorganic in nature. Typi caly
exanpl es of such buffers are-salts of carbqnic, phosphoric, succinic and 0
phthal i ¢ acids. The buffer sel ected shlkl- be conpatible with the
particular feed formulation and should be used in sufficient concentration:
to render a Mdthough #his isespecialdy desimmble imnflanilditatifier needed
wi Il vary dependi ng. upon the type buffer used, the type initiator used and
the desired (ﬁrwﬂ‘r‘i}‘ rﬂfoc%&ry BRadugt Ming rametsrade@ibsary to
produce the peut q% | DI qgct are in H%f order of, 20 to 200% of the
concentrati o% 0 é-’t oeii%#ﬁ%h oﬁ‘?tapﬁﬁ%foé} apls PFPOSF SR Rsppiemandy Rt i vel y,
premat ure _p@ﬁémsg | Zptd e A | .r@t : )<t q:}r?/l‘%@ .can .b : _
ef fectively avoi e?t%/ cont rég Ialﬁnztgl S al gggat%'\%'lc t d&’&ﬁ@r Fat i on
i L1 at or 8 pridtcullien dtidr e VMRl SIS L ool IRECHERLS W1 .
prior to drying, rely upon relatively high tenperat&?e* e.g. greater than
[err] for semislcadcndst be accomplished by merely raising the
initial pH of the feed with caustic since the quaternary
amines.decompose_above PH 10. The particular buffer chosen
can be a salt of any.polyprbtiC'weak acid, either organic
10 or inorganic in nature. Typical examples of such buffers
are salts of carbonic, phosphoric. succinic and phthalic -

- acids. The buffer selected should be compatible with the
particular feed formulation and should 5e used in sufficient
concentration to_reﬁder a neutral pH to the dry product.

15 The amount of buffer needed will vary depending upon the
type buffer used, the type initiator used and the desired
PH of the dry product. Typical concentrations necessary
-to produce the neutral pH product are in thé order of 20
to 200% of the concentration of the initiator, preferably

20 50 to 100%.

Alternatively, premature polymerization (e.g.
without concomitant drying) can be effectively avoided by
controlling the stage at which the polymerization initiator
is introduced into the aqueous dispersion. In processes

25 which,_prior to drying, rely upon relatively high

temperatures (e.g. greater than 60°C) for several seconds

b



-.13 - or nore to achi eve honpbgeneous reactant dispersal, initiator
addition may be ‘del ayed until imediately before or concurrently with the
dryi ng step. Convérsely, in those processes wherei n honbgeneous di spersal
can be 5 effectively acconplished w thout exposing the reactants to

pol ymerization conditions before drying, the polynerized catal yst system
~can bewappropriately selected to generate free-radicals when.the reactants
are exposed to the el evated tenperature of the drying step. In general, 10
processes which rely upon relatively highi¥®nperature (e.g. greater than 70
C) at a high solids | evel s (e.g. less than 40% water) are nost suitably
conduct ed underoxt haoxke| tay exthiewe dtomogenmanym rasdctante disperaalyher eas t he
|l ow tenperature (e.g. less than 50[err] and | ow solids processes 15 (e.g.
more than 50% m@%am% afddition may e dedaves untidhdmmediated yobefore
thermally initiate Eolynerlzatlon catmi%t sytem The reactants are

si-mul t aneous! y $%0l YRty withe Fhey drvdng mtep-e s fonyersedy dlﬁl xt ur e
anmoni um hono- ol yner tgﬂ;t er mnt anlo

f
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catal yst system the reaction tenperature a
catalyst system can be appropriately selected to generate

free-radicals when the reactants are exposed to the
elevated'tempe:ature of the drying step. 1In general,

10 processes which rely upon relatively high temperaﬁure
(e.g. greater than 7o°c) at a high solids levels (e.g.
less.than 40% water) are most suitably conducﬁed under the
delayed initiator incorporation techniques whereas the_low
.temperature (e.g. less than 50°C) and low solids processes

15 (e.g._more than 50% water) are most suitably conducted in

- the presence of a thermally initiated polymerization
catalyst sytem..
The reactants are simultaneously polymerized and
dried to yield the resultant solid mixture of quaterhary

20 ammonium homo- or co-polymer together with anionic poiymef.
Illustrative processes for simultaneously polymerizing and
drying include extrusion, heat-exchanging, votating,
calendering, spray—d?ying, flash-drying and drum-drying.
The polymerization rate will depend upon the reactivity of

25 the monomers, reactaht concentration, the,eﬁficacy of the

catalyst system, the reaétion temperatuxe and the




-:14- polymeri zation tinme. The nost appropriate thermal conditions depend
pen the boiling point of the solvent and al so upon the particul ar
pparatus used to sinmultaneously dry and polynerize the honogeneous
ersion or solution. 5 Usually the sinultaneous drying and o
merization tenperature will range between 60-250 C, preferably being
eOnpl i shed at less than-[err]. Drum-drying processes enpl oying doubl g
druns and capabl e of drying and pol-ymerizing the reactants 10 within 1
mnute to 15 minutes tine -interval_afyreaction tenperature ranging from
60-170 C are preferred_dependi ng upon the boiling point of the solvent. The

t enper at ur e polymenidtoion | tind.s  AMYE WS RIprIPr TR Natbs@1As to provide
the desired final honp- or co-polynmer. The pol ymerization 15 and drying
condi t'i ons arenditions \ddpercbnipan |tk oilingpwriait GRltHy We1sRead, the
amount of solution retained at any tinme in the reservoir forned at the nip
bet ween. t he aRdirl sth@RIe thepartimrlan appaadtus ffsed itee stmulitaniecasdy and
i nproved product functionality is acconplished by 20 dissolving the
reactants i taé'?Cij A marikas hhe) honoganeaus disperaion cur \soilution.a

eri od of 5- ,nut.es. The rface t erature of. the drumdrier should
Panée 0 §5ﬁ§%éTl§J€5e 51mull$neous ing and polymerization _

temperature will range between.60-250°c, preferably being
accomplished at less than 200°C. :
Drumfdrying processes employing double drums

and capable of drying and polymeriZing the_reacﬁants

10 withih 1 minute to 15 minutes time interval at reaction
témperature ranging frop'60-170°é are-preferred depending
upon'the-boiling-poinﬁ of the solvent. fhe température and
reaction time 13:apprqpriatelYfmaintaiﬁed so as to provide.'
the desired.finél homo- or co-pblymer; _The,pdlymerization

15 and drying conditions are éffectively controlled by tﬁe
_qperatiénal drum speed, the amount of solution retained at
any time in the reservoir formed at the nip between the
'drums and thefd:um temperature. Most effective manufacture
and improved product functionality is accomplished by

20 dissolving the reactants in water and maintaining the
solution in the reservoir for a period of 5-15 minutes.
The surface temperatnre'of the drum-drier should :angel
from 120-160°C.' Excessive drum speed or excesSiﬁely low
temperatures may result in incompleté polymérization

25 whereas excessively slow speeds at the elevated temperatures

can char the product and are uneconomical.



from 120-160 C. Excessive drum speed or excessively.low tenperatures nay
result in inconplete polynerization 25 whereas excessively sl ow speeds at
the el evated tenperatures can char the product and are unecononical . -t he
honbgeneous -di spersi on or solution application to the drier is at a rate
sufficient to permt its drying and.polynerization into the desired hono--
or co-peryner. Excessively thick films or-non-uniformapplication can 5
restlt in inconplete or non-uniformpol ymerization and drying of the
product. Conversely, too thin an appl+ch®i®en can resuft in product charring
(especially at elevated tenperatures) or inefficient production. In . -
general, the drum dryi ng FRreckemegereens fisprerairnon splwkian |3ppkicatipn

t hi ckness rangi froml1l ml to 50 mls (0.025 to 1.25 wth 8 ml to. 10
150003 100 58 Hh BELRG b:phap rate R Flet St i Ratt dts diving
produced in she or . ti fo Y. ke ground t.0 a suitable particle size as -
desi r ed. Particgég B?ig*%l\%%mﬁg%ﬁn(% ; _é%s:(rﬁ _%%el‘ﬁrné’%. YP$Teo
0.074 mm haveﬂgg t rat ]y usaf | ppl.lcations
such as floccul at |£ngggmi N e@%ﬁpér%‘ g%‘-q'g(ﬁxg/ﬂn%rp?lg'%%ggg’v%n lonally
enpl oyed. Thes drd&sh 9rafuticdiidletd i ndH-SREI&fimi %gtlggeaq%%gwxﬁhem or

will forma coacervate therein depending 20 upon t gree of conversion
of the nononerigrgMPBEile product. Conversely, too thin an application

.. can result in product charring (especially at elevated
temperatureé) or inefficient production. 1In general. the
drum drying processes typically.provide a dried film of a

10 thickness ranging from 1 mil to 50 mils (0.025 to 1.25 mm)
with 8 mil to 10 mils (0.2 to 0.25 mm) being optimal. If
desired, products which afe produced in sheet or film form
may be grouhd_to a suitable parficle size as desifed.
Particleé of size 30 mesh (U.S.S.S.) (sieve opening 0.59

- 15 to 0.074 mm) have beeh found to be partiéularly useful in
end use applicétions such as flocculating wherein these
homo- and co-polymers are conventionally employed.
- The dried product will either disperse in the
aqueous system or will form a coacervate therein depending

20 upon the degree of conversion of the monqmeric components.
While it is difficult to characterize the precise chemical
composition of the final product, analysis, to date,
indicates that the resultant product may comprise homo-
or co-pqumer_of the monomers mixed with ﬁhe anionic polymer

25 or graft copolymers of the monomeric components and the

anionic polymer. It will be recognized that the specific



ile it is difficult to characterize the precise chem cal conposition of
“t@g final product, analysis, to date, indi.cates that the resultant, product
ﬁgh conpri se honmo- or co-polynmer of the. mononers mxed with the anionic
ofymer 25 or graft copol yner.s of .the nononeric conponents and .t he anionic
pol ymer. It will be recogni zed that the specific -16- product formed,
wi Il depend, in part, on the reactivity of the nononers as well as t how
ratio of nononer to polyner in the-feed solution. The follow ng exanples
are exenplary of the 5 process herei# 1EXAVPLE | This exanple illustrates
the reaction of dinmethyl-. diallyl ammoniumchloride in the presence of
sul fonat ed ptodict cfoxmed\ willlcrdegendl i rin) pexte (b dhe erdactdstitiy on 10
doubl.e roll drumdrier was cleaned to renove surface rust and dirt. The
drums-wer e toferths dronameis (RS 9eeldpasg gheygapics famenameute and rot at ed
at 1.5 RPM The gap was set_at_m ni num and the bl ade at 138 kPa (20 psi g) .
15 #)&Ihrt&e fred %f-%x 1 and Mx 2, were prepared using
t he conponents and a
Amount (a. ) '

r’r%nt os.lnl.oovv%nbgele%tvgmpln rEZ:-ldrl'ee netxemplary of the
5 process herein.
- EXAMPLE I
';‘his example iliust_rates_ ‘the reaction of dimethyl-
diallyl ammonium ‘chloride in the presence of sulfonated
polystyrene. A 61 cm. ( 2’4 in.) wide (diameter) cast iron
10 double roll drum drier was cleaned to remove surface rust
and dirt. The drums were then pre-set with 586 kPa
(85 psig) steam presSur'e and rotated at 1.5 RPM.
The gap was set at minimum and the blade at 138 kPa
(20 psig). | L
15 Two mixtures, designated Mix 1 and Mix 2, were

prepared using t_he components and amounts shown below. |

Ingredient: ' o : Amount (g.)
Mix 1 De-ioziized-water . _ 4hy.s
Sodium thiosulfate = . o - 0.98
20 ' . Sodium carbonate ' R 0..83
Sodium persulfate - 1.2

Mix 2 =~ Sulfonated polystyrene (28% in water) 1265.

DJ.methyldJ.allyl 'ammoni-um chloride '
(63% in water) 187

25 _ Both mz.xtures were prepared in separate containers
and purged of d:.ssolved oxygen us:.ng a 15 minute subsurface

nitrogen 1n3ect10n .

&
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Mx 1 Dei oni zed wat er ) 44.8 Sodiumthiosulfate

0.98 20 .- Sodium carbonate - ~0.83 Sodi um
persul fate L 1.2 Mx 2 . Sulfonated pol ystyrene (28% i
wat er) 1265 -Dinethyldiallyl amoniumchloride (63%in water) _

187 25 .- Both mi xtures were.prepared in separate containers and

pur ged~gf di ssol ved oxygen using a 15 m nute subsurface nitrogen injection.
-17F A feed mixture was then prepared-using equal parts of Mx 1 and Mx 2
and the feed m xture fed into the nip Jetaveen the rollers at a rate of 50
m. per mn. so as to ensure.a residence tinme of at |least about 5 min. 5 in
the reservoir. As the draefeqd ouiixcture wessl then prapares usingaegualaped
off and the resulting sheet ground on a Cunberland G anul ator using a 16
mesh screen (siP3etshiMix 11 and)Mixngiand £hy fieed mischwre @8 Hnge and
Brookfield 10 Viscosjty measured at 25% solution in water ave the
fol | owi ng resul ¥ke niP Refwescdhe roldexrs AF @ Fate of 50 ml. per min.p 29

pH S0 as to ensure a residence time of g%(ieast about 5 min.

~ 5 in the reservoir. As the dried product formed on the drums,
it was scraped.off and the reéultihg sheet ground on a
Cumberland Granulator'usihg a 16 mesh screen (sievé opening
1.2 mm). | |
Analysis of the prOduét (with pH and Brockfield
.'10 Viscosity measured at 25%.solutibn in water) gave the |

following results:

Moisture (Cenco - 90 - 10 min.) | | 2.2%
pH - | 6.0
Brookfield Viscosity at;22°c . “ _ 0.074 Pa.s
15 (Spindle No.2 at RPM) . - (74 cps.)
' Residual monomer o ' 15.9%
Color (Gardnmer) : ' 2
| | EXAMPLE II

In a manner similar to that described in Example
20 I using a 25.4 cm. (10 in.) wide, 20.3 cm. (8 in.) diameter

drum, two additional samples were prepared.

A (g.) B (g.)
Mix 1 Sodium Persulfate 2.74 . 2.51
Deionized Water 11.8 - 10.9
25 Mix 2 Dimethyldiallyl ammonium 274 . 251 -
chloride (63% in water)
Sulfonated Poiystyrené 72 132

(26% in water) :



ookfield Viscosity at 22 C 0.074 Pa.s 15 (Spindle

.2 at RPM (74 cps ) Residual nononer _
g. 9% Col or (Gardner) 2 EXAMPLE Il In a
nner similar to that described in Exanple 20 | using a 25.4 ¢m (10 in.)
de, 20.3 cm (8 in.) diameter drum two additional sanples were prepared.

A (g.) - B(g. ) Mx 1 SodiunJPersquate ' 2. 74 =
2.51 Deionized Water - . -+ 118 ©10.9.25 Mx 2 £
Di net hyl di al 'yl ammni um - - 274 _ 18 - 251 chloride (63%in water)
Sul f onat ed Pol ystyrene 72 132 (26%in water) - 18 -
Anal ysis of the produghafysis gga@ﬁg FodQVvE ggelﬁqg*gﬁ? s: A
B pH f§ ks Br ookf%el d
Viscosity the- fbﬁﬂ@wfﬂgsresults, 4.700 Pa.s (2200 cps.). (4700
cps.) Residual nononer 11. 0% 10. 9% Moi sture
4. 2% 5.0% : A o B
5 Brookfield Viscosity 2.200 Pa.s 4.700 Pa.s
| _ (2200 cps.) - (4700 cps.)
Residual monomer ; 11.0% 10.9%
Moisture | b 2% = 5.0%

EXAMPLE IIT

| 10 | U31ng the procedure descrlbed in Example I,
addltlonal products may readily be prepared us1ng other
gquaternary ammonlum monomers as the sole monomeric
component or combined with other copolymerizable monomers
as, for example, acrylamide or acrylic acid. Similarly,

15 the monomeric cohponents may be reacted in the presence

of other ahioﬁic polymers as, for example, polyvinyl
toluene sulfonate. Finally, if desired, solvents other
than water may be employed. Particularly useful is a

methanol/water'mixture,



EXAMPLE |11 10 Usi ng -t he procedure described-Ln Exanpl e
addi ti onal products may readi 'y be prepared usi ng ot her !ﬂhﬁ umuannnnlum

mononers as the sol.e mononeric conponent or. conbi ned mnt uMIHMH
copol ynmeri zabl e: nrononers as, for exanple, acrylan1de or

Similarly, 15 the nononeric conponents may be reacted in the presence of
ot her- a®¥'oni c polyners as, for exanple, =pdPyvinyl toluene sul fonate.
Finally, if desired, “sol vent s other thaipraamer may be enpl oyed.
Particularly useful is a methanol/water “m xt ure. -19- CLAI MS 1. A
process for polyner|2|ng a quat ernary ammoni um nonomer .in the presence of
an anionic polynmer so aslto fbrmt@pQﬁ%/ﬁgya@e#va@eidanKn|qpabmﬁneny

conpr i _stes a) axﬁﬁdﬂuﬂgm%néﬂéytiﬁfhﬂié Ws%'n@@ 13 sm&ﬁmc%poiymgi- kegﬁm
one quaternary noner _havi ere an

each represent H rﬁﬁ§§méﬁ Fét 9PN %i#lreﬁggﬁhd"€&¢¢a 9@35& P&&ent al kyl ,
aryl, cycloal kyl, hydroxyal kyfoeming leoﬁpdmypnrddsn@rssmm\nrngmn#gwn o6 18

carbon at onss 1%@61@3&%%%{.3%% ampidnd MnORonShe R HA¥1ing IQQEYHB{—mMH:Ch
is a honp- or co-polymer of styrene sul f onat e, alkall nmet al

Nk
Ciizic-wz
‘R,

where'R1 and R, gach reptesent hydrogén, methyl or'ethyl; Ry
and R, each represent alkyl, aryl, cycloalkyl, hydroxyalkyl
or alkoxyalkyl radicals having from 1 to 18 carbon atoms
10 each, and Y-;represents an anion; an anionic polymer which
is a homo- or co-polymer of styrene sulfonate, alkali metal
styrene sulfonate, acrylate or methacrylate, an alkali metal
.or ammonium salt of a high copolymer of styrene or
substituted styrene with maleic acid, a water-soluble
15 copolymer of a styrene sulfonate, acrylate or methacrylate
with acrylamide,ImethacrYIamide, acrylonitrile,
methacrylonitrile, styrene, vinyl acetate, vinyl toluene,
methyl acrylate, N-vinyl oxazolidinone or N-vinyl
_ pyrrolidone, a homo- or co-polymer of a sulfoalkyl acrylate
20 or carboxyélkyl acrylate or a carboxyalkyl cellulose ether or
starch, in an amount from 0.1 to 3 parts by weight per part
of the monomer(s); solvent, and free-radical initiator;
b) simultaneously pblymérizingﬂthe monomers and
drying the solution at a temperature above the boiling point
25 of the solvent; and ' _ _
c) recovering the resultant dry product.
2, A process according to claim 1, in which the
quaternary ammonium monomer is diallyl dimethyl, diallyl
.~ di-(beta-hydroxyethyl), dimethallyl dimethyl, dimethallyl
30 di-(beta-hydroxyethyl), diethallyl dimethyl or diethallyl
di-(beta-hydroxyethyi) ammonium Chloride,'bromide}
phosphate, or sulfate.



sty en ate or methacrylate, an alkali metal or ammonium
a‘é ﬁ,ﬂ"!l"l m !‘jﬂmt of styrene or substituted styrene with mal eic

| , a*wakterssomu copol ymer of a styrene sulfonate, acryl ate or

et hacrylate with acryl am de, - nmet hacryl am de, acrylonitrile,
‘met’hactylonitrile, styrene, vinyt acetate, vinyl toluene, net hyI acryliate,

- N-vinyl oxazolidinone or N-vinyl pyrrolidone, a honmpb- or co-polyner of\_j

sul foal kyl acrylate 20 or carboxyédlkylo acryl ate or a carboxyal kyl -
cel lul ose -ether or starch, .in an anbunt fromO0.1 to 3 parts by wei ght per
part of the rmnorrer(s),3solk@mc%ﬁaj qcerdiagdi talcladmt ilador2, iwhich a

si mul t aneously pol.yneri zi pg the nonomers and drying the solution at a

tenperature alfAPCLYRETEERPIRMORARAT AelectefoLXem ehYTent arpmaticadlering
t he resul tant sq{ﬁétﬁrtﬁwﬁtmgome%xg %%?J%S%ﬁygl n ?Ofﬁc,ql %r&ﬂ in which the -

quat er nary amroni um nononer 1s

dl (beta- hydr eaehbvler athyE! ddkj14d
- (bet a- hydr oxyet hyJIe%: dlg?hal Iyl t(ﬁynet ?}:Q?{r'lic tha%%lﬁ&de

- (bet a- hydr meymlcxmonmmelmmdrderméoahdenm% g sulfate.

-20 - 3. A process according to claiml or 2, in which a copolynerizable
nononer sel ectadifled m ther sptutiomrigt apakmpunt up to about 50% by

weight of the combined monomers.

4. A process accordlng to any of claims 1
to 3 in whlch the anionzc polymer is a carboxyalkyl
. 10 cellulose ether an alka11 metal or ammonium salt of a
high copolymer of styrene wlth maleic ac1d an alkali
metal or ammonium salt of a high copolymer of a
substxtuted styrene with maleic acid, a hcmopolymer
of an alkali metal styrene sulfonate, alkali metal
15 acrylate, or alkali metal methacrylate, or a
waterfsoluble'copolymer of a said sulfonate, acrylate
or methacrylate with acrylamide, methacrylamide,
-acrylonitrile, stYrene, vinyl acetate, vinyl toluene or
_methacrylonxtrile. | _ _
20 5. A process accord;ng to claum l, in whlch the
quaternary ammonium monomer is: dlmethyldzallyl ammonium
chlorzde and the anlonzc polymer is sulfonated’ polystyrene.
' 6._ A process accordlng to any of claims 1 to 7
in which water, methanol, or a mlxture;thereof_is used as
25__tne solvent; |
.7« A process.eccording.to any of claims 1 to 6,
in whzch the simultaneous polymerzz:ng and drylng are
carrzed out uslng a double drum drier at levels of 30



(4

substituted nonomet hyl and di nethyl styrene, nethyl and—-—ewer—atkyl— |
acrylates, acrylic acid, acrylamde; 5 nethacrylonitr,i - 1L be
and vinyl acetate is added to the solution in an am)u:jg“ﬁl\\m““mn“m o by
wei ght of_the conbi ned nonomers. 4. A process accordi ngs« any of &l atns ¥
to- 3 iAMhich the anionic polyrer is a carboxyal kyl 10 cellul ose ether, an
al kgl iggretal or ammoni um salt of a high copolyner of styrene with naleic
aci”d, an al kali metal or ammoni um sal t;of2Ja=hi gh copol ymer of a substituted
styrene with maleic id, .a honmopol ynmer of an al kali netal styrene

sul fonate, al kal?°r%§’§l c>i'ﬂ'%'sacryl ate, or alkali netal nethacrylate, or a
wat er - sol ubl e copol yner Ofs'a' 234 oéél%; 0%@&&7&%? )ébaaﬁngf neidiaed Ml @be7W th
acryl am de, nethacryl am de, ac?? onitrile, styrene, vinyl acetate, vinyl
‘tol uene or met hagh WioieH rd | epuer is added to thé BblGESSH ahx Girdianguhe
claim1l1, in which the quaternary anmmoni um nononer is dinethyldiallyl

anmoni um chl or i def a20l #che200% by wepght/dhased onl ttheaamaupb|gfithene. 6. A
process according to any of .clains 1 to, 7. in which water, nethano or a

m xture there8f iBitiakenandor pnreder initiator)systensis SMRIWSH o any
of claims 1 to 6

carried out usi nﬁd- n%ﬁ%%ﬁ%%@gﬁgﬁ%\%%ﬁ%éb@ﬂtw g{gif&dar ©

solution in an amount of 20 to 200% by weight, based on

the weight of the initiator.

| 9. A process according to claim 1 substantially
10 as described in any one of the Examples.
B 10. A dry polymeric product produced by the

process of any of the preceding claims.
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to 85%solids. 8. A process according to any of claims 1 to 7, in

a buffer is added to the solution in.an anpbunt of 20 to 200@6by
based on the anount of the 5 initiator; and/or a redox initiator
is enployed by additionally |ncorporat|ng a reduci ng agent in the

_ olution in an amount of .20 to 200% by wei ght, based on the wei gkt ~of
the initiator. 9. A process according to claim1l substantially 10 as .
described in any one of the Exanples. 10. A dry polynerlc pr oduct produced
by the process of any of the preceding
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