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50 Preferably, such a process calls for the addition of from about 8 to about 20 molar parts per million,

based on original monomer content, of branching agent. The branched cationic polymeric flocculant has a
solubility quotient of greater than about 40 peroent and has a solution vrscosrty of at least about 2.4 mPa s
measured in a Brookfield viscometer wrth a UL adapter at 25°C.on a 0.1 percent, by weight, polymer
solution in 1M NaCl at 60 rpm, when prepared using said preferred amount of branching agent.

55 According to the present mventron there are also provided non-ionic, water-soluble, highly branched,
polymeric flocculants comprising one ‘or more ethylenically unsaturated, non-ionic monomers, said poly-
meric flocculants having a. solution. vrscosrty of at least about 1.9 mPa s, preferably at least about 2.4 mPa
s, measured in a Brookfield vrscometer wrth a UL adapter at 25 C on a 0.1 percent, by weight, polymer
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where Rs and Rs are hydrogen or. methyl Ry |s hydrogen alkyl of Gy to Ci2 or benzyl, and Rs is hydrogen,
alkyl of Cy to Gi2 benzyl or hydroxyethyl; and Z is as defined above.

Nonionic monomers, suitable in the practice of this mventlon, generally comprise acrylamlde,

methacrylamide; N-alkylacrylamldes such as N-methylacrylamide; N,N-dialkylacrylamides, such as N,N-

55 dimethylacrylamide; methyl acrylate; methyl methacrylate acrylonrtrrle N-vinylmethylacetamide or for-

mamide; N-vinyl acetate or vinyl pyrrolidone.
. Anionic monomers of the present: inyention:are selected from anionic .ethylenically unsaturated com-
pounds. Generally they comprise (_meth) acrylic .acids; sulfoalky! (meth) acrylic acids; sulfonated styrenes;
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of [err] tcAaid-@dnbtbr aguhiél ar@ﬁvelnyﬁtrvmxwabésylskmwm[m faft. These freludd aloshbler mpraaptiner r |
can condi Niodcids; phbsphites Giid Isilfites; st &3 Ssopopylitaitiolm! o sodimohypepioephiter Bighoughamanys
and Z is tdiereaohpioHgaister dpaste maf baempkyedl, X |'s oxygen or - [ err] - wherein
[err] is as utsféxneubiaivpoent hatcbpiimins congentrhtiops efrpbainrirengier keremployed ip@rde| o o
[err] 40 produce a highly branched, waterfseiplylg prpduct: f\dditgpn Elpe Fﬂea@alwﬁ r fqutrqmda?ﬂg a n@? r]
ar e hydr ogelble polyraar ipyodudt end: the pdities efrtegymrh. oawkws sragffﬁrpfqduqesﬁewﬂﬂlct ¥ith 9 f??y|

and [ erds] asglumd'rsg@éh'e méyr'ard@'g[ﬂer r] tol[err ben I dro
i s as def i Rdle @ppYfeationis RPYRS “P?D‘??B’H'é‘? °“°€'IHJFT° t‘F gﬁ"‘a %/"ieb@ded\é% gﬁ% s
| nb-e(nt i on byqréqq@rnaq 1h¥yso! ug%en do@u Ase; fthls mven on solubility quotre is efme he tota
% cationiclty in the p ymer as mined y 'an anion binding technique (CEQ), e.g. colloid fitration,
-\./ divided by the total cationicity as determlned by an analytical technique which does not depend on anion

40 binding, using, e.g., nuclear magnetrc resonance, infra red. spectroscopy or chemical analysis, the quotient
of which is multiplied by 100. The catromcuty is determined by measuring the CEQ as described in Volume
62, Number 7 of the Journal of Chemrcal Education dated July 1985 at pages 627 to 629, which comprises
measuring the cationicity of a solutlon usmg colloid titration to determme the solubility in water. Use of a
chain-transfer agent in concentratlons such that. the solubility. quotlent is less than 30 percent provides

45 products that are not soluble. Only when optlmum concentrations are used, effectuating a solubility quotient
greater than 30 percent, do’ the polymers exhibit the reqmred solubility characteristics. Thus, the soluble
cationic polymers of this mventlon all possess a minimum solubility quotient of over 30 percent, preferably
over 40 percent and even more preferably over 50 percent. Many exhibit a solubility quotient of greater
than 90 percent.

50 In the case of nonionic and amomc polymers chaln-transfer agent is added in an amount sufficient to
provide polymers with solution vrscosrtles of at least about 1.9 mPaes and at least 3.0 mPass, respectively,
as measured in a Brookfield vrscometer with UL. adapter at 25°C on a 0.1 percent solution, by weight,
polymer solution in IM NaCl at 80 rpm and thus achieve requisite solubility.

Actual polymerization may be carried out using gel or emulsion (suspension) polymerization techniques.

55 These techniques are widely known.to. those skllled in the art. '

Emulsion polymerization procedures involve the preparation of two phases. The aqueous phase
comprises the monomer(s), branchmg agent and chain-transfer agent dissolved in deionized water, and
other additives well known to those. skilled in this art, such as . stabilisers and pH adjusters. The oil phase
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MEl®sence of -a chain-transfer agent,
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S Rasrts Rer secr ering the polyner 1nso
I n mat wever , ubl e hi ghly branched, copolyner products are
obt ai nedﬂmﬂ%qrmce wi th the: present i nvention whéen a chain- transfer
agent is~USed, In optinmum conacentration, in conjunction with said branching
agent. Man sk déﬂ&hﬁﬁetpbl@dﬁ&fleﬁremrﬂy:‘enﬁrsﬁn Md\enkﬁﬁﬁl\ﬂ hé aubdue phass leinddetly i n
the art. didhommg 8710C hislf RbAMBGIEIS cryamlr. seydnides modtihet, 210.Zcgntis pf PB% Splyloryethyland
sul fi es trinsthglammasniuns chboride w1 mtscmhorhomdswalehmmwpb‘téhﬂwpmdtam;neatfaamﬂgghd many
(disodium salt), 3.68 gms of 1.5%. 2-propanol as  chain- -transfer agent, 1.0 gm. of 0.245% (10 ppm)
methylenebisacrylamide, as’ branchmg agent (Example 5B), and 256 gms t-butyl hydroperoxide, as a
polymerization initiator, into 1893 gms of delomzed water The pH is adjusted to 3.5 (+0.1) by adding
suliuric acid.
50 The oil phase is prepared by dussolwng 12 0 gms of sorbltan monooleate into 173.4 gms of low odor
paraffin oil.
The aqueous phase and orl phase are mlxed together and homogenized until the particle size is in the
1.0 um range.
The emulsion is then transferred to a one Inter, three-necked creased flask equupped with an agitator,
56 nitrogen sparge tube, sodium metabisulfite activator feed line and thermometer.
The emulsion js then agitated, sparged with nitrogen and the temperature adjusted to 25°C (x1°C).
After sparging for 30 minutes, 0.8% sodium metabisulfite (MBS) solution is added at a rate of 0.028 ml/min.
The polymerization is allowed to exotherm and the temperature is controlled with ice water. When cooling is



di fferent chai n-transfer agents nmay be enployed. It is extrenely inportant
t hat opt'i mum conceritrati ons of ‘chain-transfer agent be enployed in order to
produce a highly branched, water - sER 0BF&458Btiuct .. Addition of too little
chai n-transfer agent produces ‘a“non- sol ubl e ponrrer product and the

addi ti on of too much chain-transfer agent produces a product with too Iow
35 a sol (i i°69?f\9?°§’&§9§f tp y'amtaméhe Rred-lemagratire, thy,0.6% M‘?stswgmea%mafa‘ 'ét'\°t9?ﬁ°
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anal ysig, dlahetoflHagded iy iRl T3 dofitichist thel - fultitbr [futekDR. 0.188 GorCsdhutiernisdosity dngl
det er m neQndhyarbEOSR 8didt@inktions. CEQ as described in Volune 62, Nunber 7 of the

Jour nal of Qhe.mseGasarddcioRiiniifsotRdpadd i cympbBBh parbosea iasheaad 0.1% O, prbriamk
conpri ses Inomalsur.2% goldtiow, as définedhatoid, is tahsfared ditar 8509 (0 SR Warlop blbrsiecigless far havingn
t 0 det er mandnsidaaliageterilof akiotity7 icm andtfayr rotatable kiédes thah erie rebeut #rpe iy digmeptent 2 piades
concentwatpioing upwarth at #hett 30h canglest anditve blgdeg peinting ownward 2898 englas: B bipdecae f
provi des 480 thisk God e sotaterhat agpub 1HH10 @B IKRNoUEHTRP SRMENR ‘?ImeﬁtHﬂ?ﬂs kept at or-below
cokcent r atZPo‘Frguraﬂ Eis fwe ppur ghepring Period; n a sol ubi it ?q\'ﬂOt i iaé 6

percent, do BT‘& %deéﬁ‘{'ﬁ'f‘ “td ?%‘d‘”%Y
sess m ™ um

Thi pCH tzlzhe {oo P% teratle
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more pref gral b Dl crﬁ‘seéﬂ '.roy7 Rel Sither! Ed.,
greater t hﬂlg compo |{bn dgﬁcﬁtﬁe REultd QRLIRLY dre SAPRriRAITARS ¢.
pol yners, al n- transfer agent” 1's..added in an arount sufficient to provide
pol ymerg Wi th ‘sol ution viscosi'ties§"of at |'éast ‘about 1.9[err] and at | east
3.0 [err], respectrvely, as neasured in a Brookfield viscometer with UL
adapter at 25 Con a 0.1 percent solutlon by weight, polymer solution’in
| M NaCl at 60 rpm and thus achi.eve requ15|te solubility. Actual
pol ymeri zation may be carried out. using gel or emulsion (suspension)
pol ymersezati on techni ques. 55 These . techniques are-widely known to those
skilled in the art. Emul sion pol yneri-zation.procedures involve the
preparati on of two phases. The . aqueous phase conpri ses the nononer(s),
branchi ng agent and .chain-transfer agent dissolved in deionized water, and
other additives weli known to those skilled in thrs art, such as
stabrlr?ers and. pH adj usters. . The oil phase 5 —~EP 0 374 458 Bl conpri ses-
t er-i nsol ubl e hydrocar bon- ‘sl ut i on"of surfactant(s) The aqueous phase
an oi | phase are then m xed and -honogeni zed 'in ‘a conventional apparatus
ung,l particle size is in the 1.0 [efr] range and a suitable bul k viscosity
IS obta%ned The enul sion is then transferred to a suitable flask wherein
the emulsion is agitated and sparged with n|trogen for about thirty
m nutes. A polymerization initiator, such .as sodium5 netabisulfite
solution, is then continuously.. added ‘to the solution to begin
polynerlzatlon Polynerlzatlon is. allowed to exothermto the desired
t enper aisur e whi ch i s maintai ned. by coollng unti | . -cooling is no |onger
required. Frnrshed enulsron product is cooled to 25 C.
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In a typjical gel polymerization procedure, mononer(s), branching agent and
chai n-transfer agent are dissolved in deionized water and the pHis

adj usted as desired. The sol uti orEPiG374488Bl i n a pol'ynerization 10 vessel
and sparged with nitrogen with the tenperature ‘of the solution being

adj ust ed to about [err]. An |n|t|at0r is then added, and the pol ynmerization
is allowed to exothermto maX| me temure Once maxi mum tenperature is
attained, the nedia is SOHEBILITH 2 ICOSETY | for about 8 hours.
The result| ng gel i's rBdueRd BCRVGAMEDE/Q-P COPQULNMERS r educed to powder.
Any conventi onal add| t| ves may be used to stabl I i ze the aqueous phase and

oi | pHase sol ution. abI e 15 a tives | n yde a niu “§yl fa]te
et hyl enegj apifiet ghed ace ic aci and lethylgne
triam nepentaacetate (pentasodi um salt See em Pl astl cs

Encycl opedt a/ 88,4oMcG aw Hi | |,  &ctober 33987 pp. 8 114748.. 0 Any7 kreown 7isnit i at or
may be, el'rb'r oyed 4% ini®iate poI'ymerl zat?i-@n. SwI‘abI a6f.08r use-dn t7Ai-8

i nvent i obc are aZdbi si sbbutyron®Prile; Fodi um 'sid fit'é-2sodfrl 745

met abi sulite; Z.7-azobis(2-me¢fyl - 2- iigi noptb}a,ane)”ZQ di p§dr octfofi de;
ammoni um per sul f,gt e ang ferrougggmonijymysul T al g hethydra £.4 Organgc
peroxi des may al so be enployed for polynerizing ethylenically unsaturated
nonones s2aParti ewl arl youssf ul 2er t he ypusposet ofe t hits.rnveswion i7s.s- but yl
hydr oper k1 de. 3&e Modei#f Pl asBPcs Encifelboped! a788, 2M& awHid |, ¢@tober
1982, pp,, 165-8. The prosduct sQ prepared is an unsheared hi Q,h rml ecul ar
wei ght , Aghl y Qrancheﬁl wat er gsol ubl e° 5 a 13) iC, Cétl 0211(:s or rjo -ionic
polymer gpeci al I,,)ﬁ sui tg:dz for use as a c,he,m caj 4 occ;slgl ating, a‘gents,vvgt hout
requi P nget he use of cenirol | edsshear it1Q7att as Nz Opt is@US pess of manges The
floccul ag® on andedewat i ng stages of wshiss i nvest i oso.s0 red gaseswaser from
a di spersion of suspended solids, are carrled out by addln t he unshear ed,
hi ghl'y bf&hched,*®hi gh ho‘? ecul af wei ght'? wat er2-%bl uf®e? ’?b afl oni ¢
or nongi phic pol,.)ererl c}fy: occul% A scil tiony thﬁg‘sl,‘lspe 1% on aljd t hen
using a conygnti on;ﬂ dewat:ggi N apparat uszt.p1 TeRgve - ,erz frog, Ehe
suspensi 9§, produci ng a.c€rystakscl ear affsl uent.ozlhe spr.educés. oof tshi. s
inventioneare useful in.dacilisating asiede range ofiésal i drdisqui ds.7

separation operations. The pol yneric floccul ants may be used to dewater
suspended* 5ol i d¢%and oih?er |ndﬁstr| al 9 udges2 Yor PHeddr a?h%e off -2

cel I ul osft suspddsions] slich as?those fdudd i n? ?%E (5% Edug%\% gtor t he

settl emegli of Vgl,l OUS & nor ganl gosuspenﬁl qns

PREFERRED; EMBCDI,WENTS The f | @i ng exsaiTgl es l, ustrzate theomeseet,
i nventi ofic~ They sare noi.40 be gonstrued .o |i mia t haschai ns2isn amy.manner
what séever. 40 .. EXAMPLES 1 TO 9 A cationic acrylam de

pquner is prepared by enuIS|on pol ymeri zati on. The aqueous phase is nade
by di ssolving 87.0 gns of commercial, crystal acrylam de nonomer, 210.7 gns
of \756% acryloxyethyl 45 tr|nethylannnniun1ch10ride 4.1 gns of anmoni um
sul f at g, 9 gnms of 5% et hyl enedi am netetraacetic acid (disodiumsalt),
3. 68 gns_of 1.5% 2- propanol ;, as chain-transfer agent, 1.0 gm of 0.245%
(10 ppm nethylenebisacrylanlde, as branchi ng agent (Exanple 5B), and 2.56
gns t-butyl hydroperoxide, as a:polynerization initiater, into 189.3 gns of
dei oni zed water. The pHis adjusted to 3.5 (+0.1) by adding sulfuric acid.
45
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50 The oil phase is prepared by dissolving 12.0 gns of sorbitan

nonool eate into 173.4 gns of | ow odor paraffin oil. The aqueous phase and
oi | phase are m xed together and hEmogeaaseBiuntil the particle size is in.
the 1.0 amrange. The emulsion. is then transferred to a one liter,

t hree- necked, creased fl ask equi pped with an agitator, 55 nitrogen sparge

t ube, sodium netabisulfite activator feed line and thernoneter. The

emul sion is then agitated, spargedfABIE) Ini(eoagen and the tenperature
adjusted to 25 C (1 C. After.-sparging for 30 m nutes, 0.8% sodi um
netabi syl fite (MBS) solution is added at a rate of 0.028 nl/mn. The

pol ymeri zation is al Iomeq fo exot herm and t he tenperature i's controlled

with ice vggﬁ:,ru;\/\ﬁg_&écool " Ng IS_EBAG?J'BE .B1 no Fphger®® ésc,’essig% to
mai nt ai n e require terrperature the 0.38% MB uti on ad nr IS

i ncreased ewrd a heating a2vantel applied to mai ntgize t her fenpergakure. y ;e
total pel ydterizatkon tireeotakes approxi-3nmatel yp.46to &7 hour 9.7.%he fo ni shed
enul si on p"r“oduct % therf-®ool ed tD [err%’ The e&xpéri nehisd i s dsepeat et ¢
varying tHg amounf$ of i%sdpr opyl‘:al cohol,» (] PA) Zaifd nefhyd end’besacryitani de
(MBA) in mroportigy to tage 5 nfporer. s Ing solsugiyon %E’s osigtysand § he
solubility quotient are det erni ned and set forthint abl’e” i bel Ow.
Sol uti o wisscosi tyeand saleubilitas quoti emts (CEQ.%» ares det erpri.ged by. 7
prepari ng 7#queous enul sison sol utions. As®.0% agquaeus solutior.ef the o
emtsi on grfoduct #% preparled by Hi%spersihgt 1. 70 -GRanmss bf® 34%Fehul st ot

product intQ a ong |Itel’° beaker cont ai ni. ng, 298 ghLans of de| Qni zed water and
0. 2.gram Q,f‘.breakgg surfgact ant . glﬁne di spErg on |§3ag|i 'tsed éf’, 250 ﬂ)nﬁ for 2
hour s aamagnetyg Stinrgr with g 6 -cm fong byz loCm s di ggeter nagnetic

stirring bar. Thezeol utitom i.s then furthersdil yt.ed tosi),ol% fa@r, SOl 44 Jion
viscosity and unsheared CEQ determ nations. A 0.1% sheared solution is also
prepared f%dr* corrph?l son %ur poses!? Unshea?e’d 0. 1%#80l ution, pgrepar etP f&r om
the 0.2% gdution;sas ddfined abigve;:is ¥ riansf ériéd |n‘t'o‘ a 830§ (3% dz)
Waring bl gpder gl @§s Jar, lgaw ng An insi ge’ gl am§ él’ ut aé m anp‘ % our
rot at abl e bl ades that are about. 4 cmin dianeter, 2 bT f "“poi nt’i ng
upward at about [err] angles and two bl ades poi nti ng dovvnvvard at 30
angles. The.blades are 1 omithick and are rotated at about. 12,100 rpm for
two howes. The sol ution tenperature is kept at or below [err] during this
two hour sr;earl ng” p'é?'l"dd‘ Laret s on VI sc05|ty is determ ned by adding 5.84.
gms of sodi’ 3m chl orl g Qp bta QF " 1% sheared or unsheared pol ymer

sol ution apq stirfipg; ‘° fpxh,ﬂ‘:f 0 B5r SV gEpei ty IS then

det er m nedshy usmg,.. ,I}(b el .J_,\;E.Briqe i,.eJ,\cL.,w.,scogrp,ter with UL adapter at
60 rpm"’sats verr] ([eunru]t)ionsmubuuttvy quotient (CEQ % is determ ned by
‘me@suring '$ol uti oh EERAENI-CEeY/ ARAUTg colloid titration in accordance with

t he above-"meft i onéd‘”ﬂl&?‘t 8ehht AT &d'déseribed in Vol. 62, No. 7, Journal
of\»ehem BAEP" July "YEs, PRHIS 627 "'628°" The conposi ti ons used and t he

resul ts,obtained are set forth in Table 1. 25 3035 40

Table 1 demonstrates the huge, beneficial effect of adding chain-transfer agent on the solubility and
solution viscosity properties of branched cationic copolymers of acrylamide prepared by incorporating a
difunctional monomer into the polymer chain. The observable cationicity, CEQ, is a direct measure of the
solubility of the copolymer.- Soluble copolymers possess a solubility quotient of greater than 30 percent,
46 and those below 30 percent are deemed insoluble. The solution viscosity is a measure of molecular weight
of the copolymer and shows all soluble copolymers to possess very hlgh molecular weights, greater than 1
million.
As can be readily seen from Example 1 the mcorporahon of even extremely small amounts, 5 wppm, of
branching agent causes insolubilization of the copolymer in the absence of any chain-transfer agent.
50 Howsever, soluble, highly branched products with high molecular weight are readily obtainable by the
addition of chain-transfer agent, IPA, in optimum concentrations.
Examples 2A and 2B indicate that polymers falling outside the scope of those clalmed in the present
invention are produced following the art recognized usage of low quantities of chain-transfer agent.
It can be noted-that applying shear to the polymer solution does not significantly affect the solubility of
66 polymers with optimum concentrations of chain-transfer agent, e.g., Samples 4A, 4B, 5A, 5B, 5C, 6A, 6B,
6C, 6D, BE, 7A, 7B, 8A, 9A and 9B. However, the'CEQ(S) data in Table 1 do correspond with allegations in
the prior art, that shearing can rendér insoluble polymers soluble, as discussed above. Note that in Table 1,
IR =(CEQ(S)-CEQ)/CEQ(S), and is a.nieasure of ionic regain. Polymers exhibiting a high IR value are not




45 50 55, 7 EP 0 374 458 Bl SOLUBILITY AND. SOLUTI ON VI SCOSI TY OF CATIONIC

ACRYLAM DE 0-9 COPOLYMERS ‘5 Q9 1 PA y _NBA S. V.
CEQ CEQ( S) | R EXAVPLES. NMDEPW 374 488B1  wppm nmppm mPs s
% % 1A* 40 . o, s . 3.9 181 18.0
76.8 76.6 1B* o 71 16. o
66.0 negesgarify jasoluble as 4;@|med in, the gnor art, and thusﬁ)ls not a measg@ ojlsolubiluty gglmply 81
42.9 rggasge quatlomcny wﬁ@m is recovered in a shearmg prose@s Polymers producad in accor with this 5
25 6 |g nhjan SSOSS a Wld 9 [gnge of IR v:g:es and solubility %r@t a function 9 th%IR value. fly%rs such 4' 1
12. 6 gE h?g,an IR value 3f00 and a solu%llt&%tlen 75(5:ercent 15. 6 1. 49
13.7 ° é@!!&LES1é‘S1 6 2B* - 140 0.25 . - 20 15.6 - 1.78
29.5 6 3A* - 40. 0.5 . 0 3. 67
85. 6 nched ﬁ%{) gﬁ\a@ %@r ar d in theA'mee mannepa in Example 1 ex@ept that polyethylé‘he@ycol '
3. 98 600) d| hadrylate (P e ﬁsubstltuted a’éQhe branchi éem for MBA. sd&\on viscosity and/ - 8
3.53 4 rbﬁ}ty of shadre®and un lymers ared ermmed an orth in Table 2 beiow. 11.7
2.75 . 6 92.2 ' - 5 19.5
1.80 30. 6 93. 7 67. 3 4_'A*' o TABﬂlf)a 0 0 0
2.94 90.0 93.7 3.9 4 A 40 1.0 5 3.9
3. 1.9 8
2 ggfﬂuncgv]%%casng A;}ﬁB‘ko{BalﬂlT? oge &ag O8-AMD cozgd‘méhs PREPARED Wirn 1
11.7 ° +3 537 A—4—40 e 25
19\& Bl | A% 9ELEQPMA 6pSY-mBas | CEQP | CEQ) °b R% 59
39.@ 1 48 16. 3 wpgta 5| mppm/$. 7 30 5 A 40 1.5 0
o w |80 ba s 4%2 78 | T § A a0 | msi ol ws 4
7.8 3 M b1 ..5 234 | 195 a ~ 45.0, - 9041 gl 50.2 b0
15.6 AND Glacrylam@®. 8 94. _3 . 1.6 5B 40 1.5 50
39.0 SEE UEGEND GFTTABLE1 9004 ... 70.1 5C* “40° - 1.5 100
78.0 , I 4G T2 T ) -.' —8U. 735 40 245
As shown in Table 2, above; unsheared _soluble, highly’ branched high molecular weight polymers in
- accordance with this invention can he prepared with alternative branching agents.
EXAMPLE 12
30 . . . L .o .
- A cationic acrylamide copolymer. is-.prepared by gel (dry powder) polymerization. 89.98 gms of
acrylamide, 21820 gms. of 75% .acryloxyethyltrimethylammonium chioride, 0.2 gm of 10%
diethylenetriaminepentaacetate (pentasodium salt), 15.0 gms adipic acid, 1.1 mis. of 20% sulfuric acid, 2.54
gms 1% sodium hypophosphite (100 ppm on monomer), 1.0 gm of 0.254% methylenebisacrylamide are
36 dissolved in 412.33 gms deionized water. The monomer make-up solution is placed in a 0.951 (one quart)
U polymenzatlon vessel equipped with a nitrogen sparge tubs, thermometer and activator addition ports. The
) solution is sparged with nitrogen gas’ for 30 minutes. During sparging, the solution femperature is adjusted
\\, to 6.0°C (¢1°C). After sparging, 10 ml of 2% 2 ,2-azobis(2-methyl-2-amidinopropane) dihydrochloride, 0.8

ml of 0.25% ammonium persulfate and: 0.8 ml 0.25% ferrous ammonium sulfate hexahydrate polymerization
40 aclivators are added. As soon as the monomer make-up thickens, the nitrogen sparge tube is raised to the

top of the polymerization vessel.’ The “poiymerization exotherms in an insulated container to maximum

temperature, at which time, it is placed in-an oven set at 70°C for 8 hours. The resulting tough gel is

reduced to 0.32 cm (1/8 inch) gel.worms, which are air dried for two hours at 85°C and then reduced to

2.20-0.84 mm (9-20 mesh) powder. Solubility' and solution viscosity are determined in the same way as in
45 Example 1 and the results are set forth in Table 3, below.

50
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50 55 8, EP 0 374 458 Bl TABLE | (cont.) 0-9-  IPA " MBA

S. V. CEQ  CEQS) IR_EXAI\/PLES Mol e% Mppm nppm
nPa s % 7 %EM0374468BHO 2.0 0
0 2.24 97.5 98.8. """ 1.3 10 BA 40 2.0
5 3.9 2.36 97.6 . 97.6 0 6B 40 2.0
10 7.8  2.45 92.8  OIABLES 1.6 6C 40
2.0 15 - 11.7 - 244 - 96.4 - 97 3 0.9 6D
40 . SDLUTION VISCGASITY AND SOLUHIETH OF 40:60 G-9:5AMD COROLYMER-GER POEYMERIZATION O] 6E

. _
ig A 8 B gxaH\BIe HYP‘jp%Z\. M&og 84/ %t'@sE CEd% .ggo(g)%ga. éR% 1 6
97. 6 0.7 78 4@ppm mpp@ ( 39.0 2.18
92.7 e] Z0C & 7o) W40 ~_jo00 . 78. 0
1.92 58. O;opr 95.5 o 4B. 58A* . 195 2D i q . 10 . B.2
2.01  42L. 4450+ 7B.8 75 7H. 520 | 8B s 80 -0 - les -
15.5 11243 14003 3.3 | 82 4 BA 283 2@4.8 8%.75 12 1p
6.2 . 6B (0. %00 B3. 10 78 4.[L 8888 820 9251. 5 1.1 25
15.5 3 20 651@ 80256 1®.54 [ferr2es 6®6.8 ®9.8 111D
9.4 /9.1 o0. 4 Yb * o0 0 25
23.5 21546 %2";“;’;“,%’1"‘,%%3,;,,,%62 2+ '85.9 25 9A 60 1.5

m~= molar r millioR 3+ O 88. 3 5.4 9B 60

1 5-/ _(P2insoluble  23.5 2. 46 82.7 85. 3 3.0 30 =
Contr ol Satpte—tS) —streared |JU1 y||r;| sotut on \g- 9

e nxtyeéﬂﬁl lpl ™ iyh gl s e I°ﬁ?§°€’  SrspER e b B
hg mol welg m -gel polymeriz at any chz %
agent 35 9 t%%)’( i PRCEE "f ?
g asut is aPphed in olp tr%to
wppm on ‘a nol ar parts per

mllion 4(%)(;@,9}_,:%1]3 qgm)nst rat es t he huge benef icial effect of adding

chai n-tganster—agent on the solubility and solution viscosity properties of

branched cat Vbl CoobShRYr YoBRlicts B 1666k Vels gbriteob FoRB AP Rlatd romNeWadeOdiaibé Bidsederal
different dosage levels to determme optimum cake solids. Prede‘termined amounts of a 0.2% aqueous

solution of the copolymers are mixed into 200 gms of sewage sludge in a 400 mi beaker using a three

bladed turbine stirrer for 3 minutes at 750 rpm. The flocculated sludge is allowed 3 minutes of free drainage

30 in an 8 cm tube containing a piece ‘of filter medium. Then, another piece of filter medium is placed on top

of the sludge cake, and using a piston press, pressure is applied for a total of 6 minutes in accordance with

the following schedule; 0.1 min. at 69 kPa (10 psi), 0.1-2 min. at 138 kPa (20 psi), 2-3 min. at 207 kPa (30

psi) and 3-8 min. at 276 kPa (40 psi). The sludge cake is removed from the filter medium, weighed, drled

for 16 hours at 95°C, rewsighed and percentage cake solids determined. For comparison purposes,
35 sheared polymers are also prepared and tested as agents for releasing water from sewage sludge. The
sheared polymers are prepared by shearing a 0.1 weight percent solution of various unsheared polymers in
a Silverson L2R mixer. The Silverson mixer is equipped with a-square hole, high shear screen and 3 mm
diameter impeller that is rotated at 3000 rpm for 15 minutes. A cooling bath is used to keep the shearing
solution at about 22°C during the 15 minute shearing period. This degree and method of shearing
40 represents the typical shearing of the prior art as disclosed in EP 0201237 Column 11, lines 1 7-19. The

results are set forth in Table 4, below.
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di functional nononer into the polymer chain. The observable cationicity,
CEQ is 'a direct neasure of ‘the solubility of the copol ymer. Sol uble
copol yners possess -a sol ubility GR3I7AS8E1 greater than 30 percent, 45
and those bel ow 30 percent are deened insoluble. The solution viscosity is
a neasure of nol ecular- wei ght -of -t he copol yner and shows all sol uble .
-copol yners to possess qery high nol ecul ar weisghta, greater than 1 mllion. .. .. .
As can be readily seergfrom- Exanrpl e L,. t he ||soor-p.orat| on of even extrenely
smal | anmounts, 5 wppm&of branchi ng agent calises “i nsol ubi | i zation of the
copol ynmer in the absence of any chain-transfer agent. 50 However, sol uble,
hi ghl y branched produ S w t h hi gh mol ecul ar "‘\Ma'rght are readily obt ai nabl e
by the addition of chafn-t'rarnstér agént! 'l PAm 32i~o_pt| mum concentrati ons.
Exanpl es 2A and 2B indfcate that polymers falling outside the scope of
those clainmed in the pyesent inventiormgage produced follow ng the art
recogrj zed usage of | ALquagtidigs of, £hgin-transfer agent. It can be noted
t hat appl yi ng shear t%%he DAl y&&r sol ut "on does not significantly affect
the solubility of 55 "polynmers with optinmum concentrations of
chain-transfer agent, e.g., Sanples 4A _4B, 5A, 5B, 5C, 6A, 6B, 6C, 6D, 6E,
7A, 7B, 8A, 9A and 9B.gqHoweygle oiyhe CEQ¥S) data in Table 1 do correspond
with 241 egations in tlﬂ‘.prl‘bf' .aZt, that shearing can render-insoluble
polymers sol uble, as discussed above. Note that in Table 1,
| RRCCEQ(S) - CEQ / CEQYS), and is a nmeasyre of ionic regain. Polyners
exhi biting a high -:' ue are n@t 9 e EBP 0 374 458eBle mecessarily

S/

i nsglubl e as cl ai thezpr“lx)r.‘ art = agd t hus FR:s:,ru)g a nmeasure of
solub@Mity. IRis si a measure ‘of cationicity which is recovered in a
shearing process. 4l yners produced in accordance with this invention
possess a w de rangg of IR val ues ana solubility is noteas«function of the
| R val ue. Polyners 3 g:, as Pa°and 6E-haye an IR vadue<gf ‘@ and a solubility
quot| ght of 97.6 pepfcéhit. EXAMPLES 10-11 Branched copol yners are prepared
in the sanme manner. #s in Exanple 1 except that polyethyl eneglycol (MN=
600) di net hacryl atsesl (B CDVA)  I»s subs& tait ed &% 4 he branchi ng agent for MBA
Sol ution viscosity'%ng«0 §gl—lg)r_-l i ty oj shegqu gnd unsheared copol yners
are determ ned and et forth in Table 2, below - TABLE 2 SCOLUTI ON VI SCOSI TY
AND S@.UBI LI TY OF 40: 60 Q- AMD COPOLYNERS PREPARED W TH 15

PEGDVA Exanpl e | PA A PEGDI\/A: - S. V. nPanrse CEQ %
CEQ(S) % IR %3 . nppmes <. 40 «<<kfss  49.4 7.8
2.93 765 i 7=89.5 14.5 11 175 123. 4 19.5
1.88 45.0 : 90.4 ' 50.2 AMD = acrylam de SEE LEGEND COF
TABLE®1 25 As showdin Table 2, abov&, ansheared, sobuhde, highly branched,
hlg/' mol ecul ar V\B|gt§)olynﬂe¢$¢n <.en <<<='.='::
» )
0 %N et
. a-' oo wo N N e e woooo
n e - ) o NN
45 . Sasa888282888
.2 rmonteatnon
se Ja® w J8gSIZdSSIIE
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accordance with this invention can be prepared with alternative branching

agents. EXAWMPLE 12 30 A cationic acrylam de copol yner is prepared by gel

(dry powder) polynerization. 89.98ER)D3%4 458 Btryl anmi de, 218.20 gns.. of 75%

acryl oxyet hyl tri met hyl anmoni um chloride, 0.2 gm .of 10%

di et hyl enetri am nepent aacet at e (pentasodi um sal't), 15.0 gns adi pi ¢ acid,

1.1 ms. of 20%sul furic acigd, 2.54 gnms 1% sodi-um hypophosphite (100 ppm on

mononer), 1.0 gm of 0.254% rget hyl enebi sacryl ami de are 35 dissolved in

412. 33 gms deioni zed water. Jhe nonomer make-up solution is placed in a

0. 951 (%ne quart) polynerizalion-vessel equlpped W th a nitrogen sparge

t ube, ernmoneter and activajor addition pgrts The solution is sparged

wi th nitrogen gas for 30 nlgkfes During sgarging, the solution tenperature

is adjusted to 6.0 C (1 O fter spargings 10 m of 2%

2, 2-azobi s(2- et hyl - 2- ami di nopropane) di hydrochloride, 0.8 m of 0.25%

ammoni ug persul fate and 0. 8 && O. 25@6$§rrous anmoni um sul f at e hexahydrate

pol ymeri zati on 40 activator are addedl® As soon as the nonomer make- up

t hi ckens, the nitrogen spar tube is ralsgd to the top of the

pol ymeri zation vessel. The polynerization é&xothernms in an insul ated

contai ner to maxi mum tenperature, at_ mﬁ|ch-t|ne it is placed in an oven

set at 70 C for 8 hours. Th ¢esu|t|ng~tough gel is reduced to 0.32 cm (1/8

ingh) gel wornms, which are air dried for two hours at [err] and then

reduced to 2.20-0.84 mm (9-20 nesh) powder . Sol ubility and sol ution

vizhgsity are determined in.Jdkhe same way ags in 45 Exanple 1 and the results
et forth in Table 3, bddw. 50 55 10 5 EP O 374 458 Bl TABLE 3

soLuTI &R VI SCOSI TY AND SOLU @I TY OF 40:60_Q 9: AVD COPOLYMER- GEL

PCLYMERI ZATI ON 5 Exanpl e HYP ppm s MBA . S.V. nPa s
CEQ % CEQS) % IR % Wppm . MPPMa12A* 0 5

3.9 (i) 12B* . . s 25 $ 19.5 (i) 10 12C

75 s 25 19.5 ¢ _,3 (i)™ LS - . - - 12A
100 5 3.9 : ?-’2.83 ' . 84.6 87.7 1.2 12B
100 10 7 - 2. 88 i &« 87.0 § 92.5 1.1 12C
100 25 : . 2.98 1 .= 86.8 32 89. 8 1.1 * =
Control Sample 15 so |un1hypopho§ph|te|nnnﬁ mol ar parts per
mlliome(i) = |nsoluble '~ Table 3 démgnseratessghat this invention can

n
8.

be used to prepare unsheare?i,soluble hughly branched,
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Table 4 clearly shows that the: polymers of this invention consistently give higher cake solids than other
55 polymers of the prior art and perform at significantly lower dose levels than the sheared, insoluble branched
polymers. Furthermore, while it was confirmed that although shearing improved performance of insoluble
polymers, it is still substantially inferior to the unsheared copolymers of this invention. A further advantage

of the copolymers of this invention is that high cake solids are obtained over a wide dose range.
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hi gh nol ecul ar wei ght copolyners by gel polynerization and that any

chai n-transfer agent can be used so long as it is applied in optinmm
concentration. EXAMPLES 13 - .17 EP 0374 4588B1copol ymer products aretested as
agents for rel easing water fronrsemage sl udge - at ~several different dosage
| evel s to deternine optinum cake:solids. Predeternined anounts of a 0.2%
aqueous Eﬁﬂﬂﬂﬁﬁd_oi.the copol yners are mixed.into 200 gns of semage sludge-'

in a 400 n1 beaker e bladed t rblne stlrrer é
750 pm T FOCER E@ﬁ"”%ﬁéag”; i rmm@r gt
?inl '?e(r:m? 8 861{‘:{ tgolrg[ c'imes rpm umggﬁg ar&en[
n@e eai'g o?th%'lt'a eI
press, pressure 6 nlnutes |n accordance mnth t he
foll owi ng schedule 0 1 nln. at 69 kPa (10 psi), 0.1-2 mn. at 138 kPa (20
psi), 2-3 mn. at 207 kPa (30 psi) and 3-6 mn. at 276 kPa (40 psi). The
sl udggy cake is renoved fromthe filter nmedium weighed, dried for 16 hours
at 95 C, rewei ghed and percentage cake solids determ ned. For conparison
pur poses, 35 sheared polyners-are also prepared and tested as agents for
rel easing water from sewage sludge. The sheared pol yners are prepared by
shearing a 0.1 weight percent sol ution of various unsheared polymers in a
Silverson L2R m xer. The Silverson m xer is equipped with a square hol e,
hi gh shear screen and 3 nmdianmeter inpeller that is rotated at 3000 rpm
fok_15 minutes. A cooling bath is used to keep the shearing solution at
about 22 C during the 15 m nute shearing period. This degree and net hod of
shegglng 40 represents the typical shearing of the prior art as disclosed
in EP?0201237 Columm 11, lines 17-19..-The results are set forth in Table 4,
bel ow. 45 50 55 EP 0 374 458 B1 [err] [err] [err] [err] [err] [err]
[err] [err EP 0 374 458 B1 5 :

25
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[ert] [err] [err] [err] [err] [err] [err] [err] 50 [err] Table 4 clearly
shows that the polyners of this invention consistently give higher cake
solids than other 55 polynmers of EP©374i468Bart and per form at
significantly | ower dose |evels than the sheared, insoluble branched

pol yners. Furthernore, while it was confirned that although shearing

i nproved performance of insokuble polyners, it is still substantially

inferior to the unsheared cogol ymers of this invention. A further advantage -

of the copolymers of this |n¥«,ent| on is that high cake solids are obtained
over a Wi de dose range. 13 @ EP.Q 344 458 Bl EXAVPLES 18- 21 The procedure

of Exanf)le 13 is repeated Jsung.é.dli.ﬁ.e.redt.sludge material. In Exanples 18
and 19 an alternative mxi hgtmet R6d 'S Us&d. "1 st &ad of using a three bl ade
turbine stirrer, the polynger2and sewage 5 sludge are tunbled in a 0.95 1
(1 quart) jar for 3 mnutep ‘at 48T pme The vake:sgl i d percentage is
deterniped and the resul ts} afe &K fOXtH KL TamBl5, below 10 15 20 25 30
35 40 45 50 55 14 EP O B74 458 Bl _ R
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Again, polymers of this invention outperform insoluble branched polymers and sheared polymers and
65 perform at lower dose levels, The method of mixing can be seen io have no significant effect on the
parformance of this invention’s polymer flocculant product.
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[err] 10 25 [err] 30 35 [err] [err] [err] Again, polyners of this i nvention
out’perform i nsol ubl e branched pol yners and sheared pol yners and 55 perform
at | ower dose |evels. The net hod EFf0 8t4458PB1can be seen to have no
significant effect on the perfornmance of this invention's polyner

fl occul ant product EP 0 374 458 Bl EXAMPLES 22 AND 23 The procedure of
Exanpl e Eéﬂﬁﬁfﬁéﬁéﬁgéﬁ varying.: ‘the l'evel of cat|0n|C|ty and usi ng two

sl udge typ The results are set forth i err] |
255635 [ 38 oo i (e o Ll e ey el b U
copol yjrer oP=Uh 'R 128 OUG{ performs both the insol ubI e and the shear ed,

“branched copol yners produci ng hi gher percentages of cake solids at |ower

dose | evels. EXAMPLES 24 - 30 5-The- procgdq e of Exanple 13 is repeated,
varying the concentration and type of br f%lng-agent The results are set

forth in Table 7, bel ow *0 2% .a
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15 20 25 30 35 40 45 50 55 17 EP O 374 458 Bl [err] 20 [err] [err] 40
EP 0 374 458 Bl EXAMPLES 31 - 35 The procedure of Exanple 13 is repeated
using a variety of |PA and MBA :conEROt37446®B3. The results are set forth _
below in Table 8, below 5 10 20 35 45 [err] [err] EP 0 374 458 Bl Tabl e
8, above, further shows that higher cakes solids-and superior dewatering
are obt ai nedThg yaheared.ypnehady sq'mg_rﬁs%ﬂ'm,f oltyis inypriion pitparfers ot b insiiblecand the
pr epar ed Vineared; bsanched co nergraqueing-higher percentages of cake solids at lower dose levels.

EXAMPLES 24 - 30

The procedure of Example 13 is repeated, varying the concenfratidn and type of branching agent. The
results are set forth in Table 7, below. '
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5 The | owest mol ecul ar wei ght copol ynmer of this invention is analyzed for

bul k viscosity at

| ow concentration for conparison with | ow nol ecul ar

wei ght branched copol ynmers of PedP,0 374 458389, 145. The results are set forth
in Table 9, below. 10 15 20 25 30 35 40 45 50 55 20
[err] 15 30 25 30 45 The polyners of this invention are of much higher

mol ecul ar wei ght than those discllosé
Pech had viscosities of 2200 to
per cent.

60

- &
N Qo nNoo
EYRR VRN U

qBa

EP 0 374 458 Bl 5

PEGONA

in Pech. The 55 polyners disclosed in
600 nﬁh s at a concentration of 20 wei ght
Pol ymers of this i nvent ijonZHave a viscosity of 5,570 nPa s at a

significantly | ower concentratio oE~onIy 2.3 weight percent, i.e. they are
of nmuch hi gher nol ecul ar weights.| 28| 5 EP 0 374 458-B1 EXAMPLE 37 The
procedure of Exanple 1 is repeat d= 8d pwoduce 5heare€ and unsheared
polymeric floccul ants possessing|suligtantially the sanme solubility and
viscosity characteristics for co awlsdh’purpoSES The 5 sheared pol yner
sol uti;pn, 37B*, is produced by s eau ng s or 60&mi nut®s at 5000 rpmw th a
Si | verson hoanenlzer E@waterln i gfcarried out u5|ﬂg a tunble m xing
met hod of Greenwich, CT.%2[err] udéq. cnon 5
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improved dewatering results of this in:vention are once again easily seen from Table 7, above, when an
allernative branching agent is used, producing higher cake solids at lower dose levels.
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Pol ymer sol ution characteristics and dewatering appllcatlon results are set
forth in Table 10, below. 10 15 20.25 30 35 40 45 50 55 22 EP 0 374 458
Bl 5 10 [err] [err] 25 30 40 [err]EBOS?hdS&Beld in Table 10, is a neasure
of the yield of dry sludge after the belt press procedure has been
conpl et ed. The cake rating is a qualitative description of the physical
propertleéE e where a ratlng 55 of 5 is the worst case, the cake
bei ng very s |ck nnve fron1 he filter press ned
t hus resul t| ”’?i?fd'%’&”glfl Br"’peﬂ 497V § 'Péﬁ?‘é@@ﬁt"gp ’Hré‘“%%s'rth" fﬁi'é'@

© orth owm a o
where the caie rel"eases very aS|Iy fromthe press material leaving it
clean wth no residual particles of sludge. 23 EP 0 374 458 B1 It can be
seen from Table 10 that, while a sheared pol yner possessing substantially
the same viscosity and solYbility characteristics as a polymer of this
i nvention produced siml Ncake solid percentages at equival ent dose
| evel s,othe yield of slu and the cake quality are inferior. H gh dry

sludge yield is desirable e for economy, and non-sticky easily removed cakes
are desirable for ease ot,gllter cleanlng and 5 thus long filter life.
Bot h Exanpl es 37A and 37B ¥{epresent pol yners possessing sinlar solution
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val ues as the sheared polyner, 37B*, with 37A having a slightly | ower CEQ%
and 37B having a slightly higher CEQ% It can al so be seen that shearing
does not cause a substantial increr@d74 46881 yner viscosity. Exanple 37B* is
sheared at a rate of 5000 rpmfor about 1 hour; this represents t he

conventional manner of application of the rror art. previ ously
nment i oned, '@plp $ aboye rtgfthstesfgrrﬂ that higher, gokes ﬁ?"ﬁﬁa S adns ée"raée"tt@afet?ﬁn@e%wh?y

for the éﬁ'j%ﬁ of uashpspf. Selublse PronrBed oPIYRRER RIPREFRIVIB IPA ST MBARy enti on which are
producedggﬁyﬁgggy to- use form EXAMPLES 38 - 40 15° Br anched '
honDpon acryl anmi de are prepared in the. presence of a chain-transfer

agent by the, ‘%E%sts'm%l% R Vgt o Ré%dmgﬂﬁf”uﬁ&?;&%ﬁn Ia) PcF?or'%rkE%?cﬁ% Cat iow 7O

conpari sej 1145, Th
acryl am agtamt ﬁqhgd‘b,hpn 0 chgrn trans er agent are a? ®

prepared. S earrng |s performed for 15 m nutes at 3000 rpm The polyners'
are thgn tested as flocculants in a silica settling application. The silica
settling procedure conprises treating an agqueous m xture of 150 gns 20
silica (-74[err](-200 nmesh)) dispersed in one litre of water with 12.1
g/metric ton (0.027 Ibs/ton) of polymer. The results and conpositional
information are set forth belowin Table 11. TABLE 11 25

FLOCCWEATI ON OF SI LI CA WTH HOMOPOLYACRYLAM DE Exanpl e | PA % VBA
S. % nPa s Settling Rate cnm sec wppm nppm 30 38

1.0 7.5 3.5 3.28 0. 618 38A* 0 7.5
3.5 1.85 0. 452 38A(S)* 0 7.5 3.5

1. 66~ N.F. 39 1.0 15 7.0 2.88

0. 511 ?89A* 0 15 <70 -+ 1.55 0.382 35
39A(S)* 0 15 . 7.0 1.51 N. F. 40

1. 25 11.5 2.02 0. 470 40A* 0 25
11 5 1.29 7 NF.40A(S)* 0 T 25 "11.5 '
1.28 "~ N.F."* = Conttol "Sanple (S) = Sheared Pol yner S.V. =

Sol ution Viscaosity | PA = Isopropyl alcohol MBA = Met hyl enebi sacryl am de
N.F. = No floc forned. 45 As can clearly be seen from Table 11, above, the
unshear ed honopol yacryl am de of the present invention possesses
characteristics as defined in the appended cl ai s and. out per forns hono-

pol yaasyl ani des prepar ed mnthout any chain-transfer agent. Note that
shear ed honopol yacryl am des are not so wuseful in silica flocculation
applications. EXAMPLES 41 - 43 Various branched cationic acrylam de
copolynmers are prepared in the presence of chain-transfer agent

35
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55 by the enul si on pol ymerization procedure described in Exanple 1. For
corrparl son purposes,. cationic acryl anm de copol yners are al so prepared

wi t hout chain-transfer agent. The EROJ7445&8Bt set forth in Table 12, bel ow.
24 EP 0 374 458 Bl TABLE 12 PREPARATI ON OF BRANCHED CATI ONI C COPOLYMERS

5 Exanpl e Cati oni ¢ Mononer Mol e % | PA % VBA

S.V. nPa s wppm wppm 41 . A 40 1.5 25
25. 4 2.10 41* - A z 40 0 25

25. 4 1.80 10 42 - B 10 1.5

25 14. 2 2.24 42* ° 10 0 '

25 514.2 1.45 43 - 10 1.5

25 13.0 2.17 43* ' > woo 10 0

25 13.0 .~ 1.50 A = nethacryl ofydri$ithyl ammoni um net hosul fate B =

nethacrylanldopropyltrlnethylannnnlun1cﬁl riZdgd 4 = diallyidi nethyl ammoni um
chloridg * =Control Sanple 20 As can be seen from Table 12, above, other
cationic copolynmers having characteristics defined in the appended cl ai s
are formed EXAMPLE 44 25 A branched cati.agi ¢ honopol yner of.

di met hyl am noet hyl acryl ate nethyl chlorigdg salt is prepared in the presence
of chain-transfer agent by the enul si on2pgl \Bri8rd zati on procedure described
in Examgl e 1. For conparison purposes, shaar<de.and unsheared branched
honmopol ymers of acryl oxyet hyl tri met hyl ammoni um chloride (Q9) w thout the
adgLtion of any chain-transfer agent are also prepared. Shearing is
performed for 30 15 m nutes at 3000 rpm Sludge dewatering tests, as
defyped above, are performed and the results along with conpositional data

are set®forth below in Table &3, below- ER NG OF GREENW CH.
CT[err]/[err] SEWAGE SLUGE- 3§ | PA oSaV CEQ Dose
Yield Cake Solids Example of % wppn nppn1 mPa s % -
kg/t (I b/ton) 44 1.0g 35 «44.1 2.00 39.1 9.8
(21.9)84. 3 21.8_ 1114 ¢25.5)88{ 0 23.6 13.3 (29.2)98.0
24.0 ' w w EI oo o v
: : | .°- .°- ?— °un
- = ~
s} <
w =
30 ' po
35 >
p— “ <
v ;j :
\/ ox 333: ~
0 .
3 | e
-] I ]
- ] o -
. e
45 cuW ~em >
P
: L3
ad e m e

The polymers of this invention are of much higher molecular weight than those disclosed in Pech. The

55 polymers disclosed in Pech had viscosities of 2200 to 3600 mPa s at a concentration of 20 weight percent.

Polymers of this invention have a viscosity of 5,570 mPa s at a significantly lower concentration of only 2.3
weight percent, i.e. they are of much higher molecular weights.
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14.%6 (32.8)93.2 23.2 44* 0 25 31.5 1.84  26.5

9.8 (21.9)A 45 11. 4
(25.5)A A 13.3 (29. 2)8]EF00374458322 2 14.6 (32.8)89.7 23.5
44(S)* 0 25 31.5 - . - 9.8 (21.9)85-9
22.6 11.4 (25.5)86.1 22.1 50
13.3 (29_§¢J§££é 24.4 14.6 (32.8) 95.2 - 21.9 ¢ =
Cont r ol | e 55 kg /t kl|0 Tam of real per netrlc t on of
sewage S gﬁ g;ogeﬂjr m o oduce shea ed and I Ioc&:a
sing stagy ng g%ara vusco |st géor m?gﬁpnept{%ose

dem)nsﬁ ra gdfﬂlé'f’er % %5’

nizer. Dewa arne ou
defi ned b ﬁ 6 I g&%@‘ 365Gl t|n
capabllltles t%an sheare an uns e onnpo yners prepare w t hout
the addition of chain-transfer agent. 5 EXANPLES 45-47 Again follow ng the
procedyre of Exanple 44, honopolynmers are prepared from 45) nethacryl ox-
ytri met hyl ammoni um chl ori de; 46) et hacryl am dopropyl tri net hyl anmoni um
met hosul fate and 47) diallyl- dirnethylanmoniumchloride. Sinmilar, high
nmol ecul ar wei ght, branched, water-soluble polymers are recov- 10 ered. _
EXAVMPLES 48-51 Fol | owi ng the procedure of Exanple 28, non-ionic, branched,
wat er 1ol ubl e, hi gh nol ecul ar wei ght 15 honopol yners are prepared from 48)
N- hyl acryl am de; 49) NN-di net hyl acryl am de: 50) N-vinyl pyr- rolidone and
51) "N-vi nyl net hyl acetam de. I n each Instance, excellent polyners result.
EXAMPLES 52-55 20 Again follow ng the procedure of Exanple 1 except
t hat~t he acrylam de is replaced by 52) N nethyl acryl am de; 53)
N-vi nyf net hyl f or mani de, sinmilar copolymers are produced. Many vari ations of
the present invention will suggest thenselves to those skilled in this art
in light of the above detailed description. For exanple, instead of using
met hyl enebi sacryl am de as a branchi ng agent, any pol yfuncti onal nononer
conpoypnd may be used, including glycidyl acrylate; dialdehydes, such as 25
gl yoxal . A nunber of chain-transfer agents nay be’ used instead of i sopropyl
al cohol, such as sodlunrhypophosphlte nercaptans and sul fites. Mnoners
may i ncl ude any ethylenically uhsaturated acryllc or V|nyI mononers. O her
useful non- onmers may conprise. sodlunlacrylate 2- acrylanldonethylpropane
sul fonate and vinyl acetate. Al so

Séf E’%.f’ Qrpst 539
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contenpl ated are all nethods of polynerization and dewatering processes. 30
EXAMPLE 56 Preparation of a high nolecul ar weight, branched, sol uble

di met hyl am nonet hyl pol yacryl am de EPOQ 374458Bat er ni zed derivative 35 To 378
parts of the backbone pol yacrylam de from Exanple 39 is added a m xture of

| ow odor paraffin solvent (106 parts) and sorbitan nonooleate (9 parts). A
preformed m xture of 60% ag@®eous di net hyl am ne (39) parts and 37% aqueous
formal dehyde is then adde@ 3 th m xi ng over 1/2 hour keeping the
tenperature below [err]. Th® readi Qwies Lhen cern,eted by heating for 204
hours at [err]. Then, 5.2%40 quanidine nitrate (30 pars) is added to

gi ve the di net hyl am nonet hyI at ed polyacrylam de with 22. §% pol ymer solids
and a CEQ of over 30% InZa pressurl.z.ed I RaELOrm ot Nyl ihl oride (54 parts)
i s added over 2 hours to 23% pasts afekheed! detdylani nongt hyl at ed

pol yacryl ami de prepared abBove. THi st Rt uP& *s TMeh heatsdd to [err] for 3
hours tg ensure conplete quqterni zation. The resultant auaternized

di met hyl am noret hyl at ed pol#acryl am de has 45 a CEQ of oyer 30% Both high

nol ecul ar
unquat er ni zed di
floccul ants and
acryl ate/acryl a
agMsous phase |s—-;
acryl am de. nnnongrt
as chaig }
as anchlng agenmt

al gohol ,

wei ght, highl y br anehed » 80| uhd @, guaterni z&d and
phyl am i hylat @de ol zac.aylamdes arg effective
gedat eri ng Qi d's "EXAVPLES™57"TO' 59" 50 A 'ani oni c, armmoni um
=c¢ copol yngfr o & eprapwoedo.tsymerm?§ on pog yneri zation. The
de by di scd xu:ng&&?ﬂ: 156 As i wommer ¥cal (50%
64.0 §iy qf acr\ZJlEat’ld,' Z; T~ gns i sopropyl
ransf e ge,,n,L,,_, e @NB (ﬂ‘ 0. 2@'9‘,% et Iyl enebi sacryl am de,
0.6 gﬁ‘l f tAE drsodi uthsal t- o~ et hylienedi am ne

tetrace‘l"l c acid, =3 as cbe"iatq ng agent, and 1.€ gnms of @20%t - butyl

hydr oper oxi de asaq,polynegi
The pHis=
hydr oxi de.
monool egte into 173.
The aqueous phas@ 4
the particle sizé&3

wat er .

atgon igiti atgr [ r;:o 107. 0 myns of deioni zed
aglj usted to 6.5 by adding 4.49 gns of @%ammnl um

The oelYphase is . prepared by dissolving 17.5 &ms of sorbitan
5 gnms .0% l.ow odgr pargffingil. 26 , EP O 374 458 Bl
nd oi |l Zdhade..are®m xed%t ogether. and Hormgenl zed until
s in tNe® 170 [err] ranfe. The enulsidn is then

transferred to a:e liter, three-necked, creased flasgpeqd pped with an

agitator,

ni t r og8ria spar ge t ibe, SOdI um rre.t,.abl swfite B@wi vdtor feed line

and t hemnonet er. a5 mﬂ si.on®i s thgn agid at ed,. sffar@d with nitrogen

and t he tenperat urd
0.8% so&i 3

m nut es,

0.028 M/mn. The
is controlled wlf:

“
(O

35

40

60

55

adj ust o [erf] ([eTr]). "fter} Sﬁgrgi‘hg for 30
m met alli sul fite (MBS) solution isisafded 3at a rate of
ghol yrmer qti on is allowed to exot hgt &Han(I the tenperature

li ce watjad . sWhen eooling Is 3
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The yield, in Table 10, is-a measure of the yield of dry sludge after the belt press procedure has been
completed. The cake rating is a qualitative description of the physical properties of the cake where a rating
of 5 is the worst case, the cake being very sticky and difficult to remove from the filter press medium, thus
resulting in a dirty filter. A rating of 0 represents the best case, where the cake releases very easily from
the press material leaving it clean with no residual particles of sludge. '
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no Jongér necessary to maintain the required temperature, the 0.8% MBS
solution addition rate is increased and a heating mantel applied to

mai ntain the tenperature. The totER0BM 48881 zation tinme takes approxi- 10
mately 4 to 5 hours. The fi'nished emul sion product is then cooled to [err].

The experi nent |s r rying the anounts of |so 0 aI cohol IPA)
and met hyl A % % H%“{ h"gﬁ (9?'%"?‘8’&” 3% isc Stv

;0: uti Oneq\ﬂurv%acl,el:l g y Ieveter C[Se?g of [2) and tﬁe tbopt Od or ry Iu He |
ol uti on Ji 3¢ ﬁ iaiﬂ BT ar %rgas% &% g arJZ' on.
A 0. 2% a%%y % gﬂaa%q ra3bfl B éﬁﬂgsrﬁt

1.70 gra@ueg as%h S ﬁdl%r pﬁ 37Anlli n&a% iﬂb 'sﬁ&tl

gr ams i Smigih cEE4OR bareiibo W8 s&in 1R Jima ifial Sk aa;mer Q&suy

di spersi eginph 284 it %Sndd atta eIt Sdbm'pfnpfor a)omu{oﬁr, PR rébrdBBENRE bonvertibrial REnndMok N 2
6 cm | ongopiatidn 6IMnGli pRBREE I ASTBHENSREIY Grichidnbd, | tRE eksbhsive B & Wdnis@fing Prabiee Ns

di | ut edl troébsdanborinb ppiditien of ghlythedd/fictbltdtsed tiinvbnficdIwhich afd r6dupddeEip adadghof Or
conpari sose fpone poses. Unsheared ‘0. 1% sol ution, prepared fromthe 0.2%
solution, as deflned above, is transferred into a 8509 (30 oz.) Wring

bl ender Q_%MELEE -Bdvi ng 20 "an'inside diameter of about 7 cm and four
rotabl e bl ades that are about 4 cmin dianmeter, 2 blades pointing upward at
about 80 &¥Ryried hamepolvnersisf gerdamide pratrren: ageéiwﬂw\me%?"e& of[aeqhpir-transfgr agent byhibe

bl ades aP'E"'&°"rrﬁ?'¥'Pﬁ”é‘¥'°’arPEP°8Ff”@ F‘?ﬁP‘éﬁeéd" xangpie) e Fep Camparison nRUrRepest §heamd #nd .
The_sol ut“?sB‘??’et" W?F‘@PQ'%"%g 18y . t a0 FB% aéF'Pj" ‘Hﬁ‘r‘i“ "’?’Fﬁ"éa %a'ha

shear i ng 9 .:0 headng i 65E:T""(‘i °\9|f%é b o ! f)'ga’fi g tsd?

Sol t% Csr ic -|7 2% pt‘hes |s se |n f ﬁ%ef Wi /metnc tonct‘g m gf r{)o ymer

sol ut i*on i Gt T b o g1l b i THS0 1 i

determ ne y usi ng rooktie Vi scorreter wrth UL adapter at 60

‘rpm at [err] ([err]) The anl onic coppiyfers are then tested for clay
settling according to t he fo1IOW| ng procedure' 20 gns of kaolinite clay are -
soakeds i n 800 gns—of—dero || Zeo—wat et raduated—cyyi nder for

two hours. A 0[2%reaftffyt P“ﬁ%!t‘%ﬂ" "?ﬂ%”%‘d&cﬂﬁ'ﬂ@%rat elagryl am de
copol ynmer is p|epsnp, aIPAdJQSCI’I bexBear | i ¢rs.v.3fpPasl| (Segmigethterchrse@ 2% aqueous

E

pol ymer sol utipn is di gperses _.-|w;1 ﬁ;.tum% ei oni zed| water which i $ then
m xed with 800}-grs—of 4l ay °-°n9\°'_n Rﬂtﬁ..'. : J Mt h four
up ando down pl ung®s in. fom‘secbihda Bi¥e {i n8.Bakeh for &H8 f| ocqul at ed

he gr®&¥8at ed ¢ylinders
ling M&te (cmlsec) is
m byY¥he recorded tine.

clay interface|t88&ettlle f@ o tHe 30035 | narli8Sof
to the 6000 m | mBRASN 14. 1 €m)| i%5rdcolded| THSEset
cal cul ated by fi 99ding t he0 dist &hcd &% | bd SR 1

The results, alof gltr cofmgsi {Y onal “datp, dr8 sef fort}tFn Table 14, 35
bel ow® 40 45 5JM§ 7 q 372 458781 FABLE 14 AMVONIYL:

Al 'YLATE/ ACRYLA CC]:’C]_ RS- CXI:L% | PN '29CL 5 N.F anpl ¢

VB | PA 40@(3). $ V.o MHa % . S..1 5( S| 1285 Settlygg Ratel cnl's

= Control Sample

“ (S) = Sheared Polymer -

8.V. = Solution Viscosity

IPA = Isopropyl alcohot -

MBA = Methylenebisacrylamide’
5 N.F. = No floc formed.

As can clearly be seen from Table 11 above, the unsheared homopolyacrylamlde of the present

polyacrylamldes prepared without any cham transfer agent Note that sheared homopolyacrylamides are not
s0 useoful in silica flocculation applrcatlons s

EXAMPLES 41 - 43

- Various branched cationic acrylamide. coptj_lymers are pre_pare_d in the presence of chain-transfer agent

55 by the emulsion polymerization procedure described in Example 1. For comparison purposes, cationic

acrylamide copolymers are also prepared without chain-transfer agent. The results are set forth in Table 12,
below.
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wppm  ‘nppm - Unsheared  Sheared |

57A 15 6.9 0 2.39 2.92 0. 147
0.290 571 B 15 6.9 - EP@® 374 458 B3. 09

0.979 - 10 5v¢ - .. --15 6.9 1.5 4.21 -
1. 240 - B8A* 25 - 11.6 0 1.95 2.11 :
0.130 0.160 58B* 25  11.8MBLE12 1 o 2.14

0. 367 58A 25 1.6 1.5 3.55 -

0. 691 - HoAx : FREPARATION OF BRANCHEDCATIONIC COPDLOMERS 1.p1

E)' 112 5 00] géf(am{')?e Catlglg;ggonomer g\eﬁe % l%f ‘25 < Mp)& ,_.\U S.V.ﬂ\Fé'fb‘)’

0. 224 MBA = ngt hyl enepi sacryl:ant de] wopm g wei ghl weamt|s weem frillion 2D | PA

i sopropanol {S.yy = polutign viscpsijy (|S) 1§hepreg nppsms Ml argparfs per
mllion 26 * z4Control Sgnpl e Thblg 14, apove, sglenpnsiy af es qtggat
sol ubl e,, ani 0H| c.42hi ghly brgnched, | copol yjmreisc fl egcUl aqiss ¢an 2pg prEpared
wi t hout the cynbapsonp and expensije sppl| cabi oh @ Hi glysshear 1emui ppent .
Furthernore, ilt eaan be cleacly seeh timt [t hesunghesr gd, 13ani pni @17hi ghl y
branched, copql ymeric| fl occul ants| ofia hel preseht 280 | i t&wenyi or.50

significantly kl_p{ggﬂa[{y xw@ﬁ{yﬁg‘-’n%%rggjl °mt ners ol _the prior art,
se |

effectimg a fgster at | ower dose |evels

g or S
EXAMPLES 60 - 6% = éinacrylamigRerpy el lemmoniup. e 57 is repeated
substituting JafiTdRYIAPBEHPPmORHTHTRN f or anmmni um acrylate 60) Acrllic
aciid; 61) net hacs ghitel $aeiplh; 62) sodi um sul f oet hyl et hacryl at e; 63) sodi um
mettacryl ate; ©4) ftaconic acid, 65) sodiumitaconate, ©6b) the sodrum salt

of 2-acTyla | Oliefined in th
sul f o- pro%%fygﬁggmﬂg& a’ ﬁ?’)% u?‘gla%a Y 5)) ﬂ%@%?@ﬁgg f'agr%r?\eh&gcr?/m? cméa d.
are enpl oyed as anionic nonomers. Unshear ed, wat er - sol ubl e, branched,

ani oni ¢ pohyampiEas f| occul ants are 40 forned simlar to those of Exanpl e
57. EXANPLES 69 - 74 The procedure of Exanple 57 is repeated substituting
vari ous noni AmBrafichd® BNBRE Bordopblyraé oy didwsthgl@mindafhylactiate Methfiabibisdeaar i reparey in the
N-vi nyl mairdghoaae ichei-ekdster /gpntMy ha prhulsian gojidenizanionnprebdure’ 2gsciibeyr Exeopleat. Epr
73) N-vi nydompgrisoropurpbeeseshaared ahdl)unshearbc brancbedt omapatyessif daylenyethyltmbtidanyhaaivind e
are enpl oybidrides(Qrd mitout the adsitiomefrany cligindtaasieradenhareaiso pwbarerd. Shealinguin epréagned for
ani oni Cg P&l nyineesi a8 3p000pwmu Sludae Slowdtering dastst es deffinasicaboye, Eﬁ@ﬂ'ﬁﬂ"éedsaﬂdaheem#t@? Alang,
50 EXANMPLES compasitiqal dpfpcarg,sed fork belew in fTati tinpglew. 57 i s repeat ed using no

noni oni ¢ nononer. 75) Sodium acrylate; 76) acrylic.acid and 77) a mxture
of sodium acrylate and acrylic aci dwl oyed as ani oni ¢ nononers.
Unshear ed, wal er - DEWNE ¥6h OF NGRER] : AGENSLUDGE- occul ants of -
excel I efft stability, are forrred W

- IPA MBA - S.V. CEQ Dose yield cCake Solids

N\ Example .3 Wpom Zpem mPas 3 ks/tftlblton)_: % _
o 44 1.0 35  44.1 2.00 39.1 9.8 (21.9)84.3  21.8

11.4 (25.5)89.0 23.6
13.3 (29.2)98.0 24.0
14.6 (32.8)93.2 23.2

44% o 25 31.5 1.84 26.5 9.8 (21.9)A
p. ' _ 11.4 (25.5)A A
_ 13.3 (29.2)81.0 22.2
14.6 (32.8)89.7 23.5

44(S)* 0 25 T3ALET T~ - 987 7(21.9)85.9  22.6

T 11.4°(25.5)86.1-  22.1
50 L e | 13.37(20.2)81.6  24.4

14.6 (32.8)95.2  21.9

* = CQntrbl Samplé - '
kg/t = kilogram of real polymer per metric ton of dr sevece shude (poxﬂs&r@l
% a = Did not form a cake solid. 1_ permcf&ywshﬁ;‘r

(S) = Sheared polymet
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28 . EP 0 374 458 Bl EXAWPLES 78 - 84 The procedure of Exanple 57 is
repeated varying the branching agent. 78) Methyl enebi s- nethacryl ani de; 79)
pol yet hyl enegl ycol diacryl ate; 5 EPBD3744E8yBX hyl enegl ycol di net hacryl ate; '
81) N-vinyl acrylamde; 82) glycidyl acrylate; 83) glyoxal and 84) acrolein
are enpl oyed instead of nethylenebisacryl am de. Unsheared, water-soluble, .

br anched é[ﬁ‘?'%?ﬂ eb°v w%ﬂ@#?tes ‘F‘?‘GE‘E’GF horpapolymers ptQ-Bpessess eharagteristiss s dafinegin

Exanpl e &9 2R ceRabiiee dheg ehpaced amehegred G0
errglngyl n%‘ P8 Y'Tﬁﬁ’ RyRE Vdg%:ﬁ‘-[\t%d‘g@"f’%’ga'ﬂﬂw%' ?qaﬁtﬁg‘ser agent ?Est ead of

Al h d,. wat er - sol ubl e, branched, ani onlc
_|p§|c3pr05pyhx .ﬁgtgq 47tnlgn$e§g\r/2red 15 d ai lrJns 1. An unsheared

wat er - sol ubbg, b &garsr%rtseamow%ﬁ yRE% g Q&@ﬂ&n'e @ﬂ -
cont ent at.mﬁrfﬁm A Fks wmaﬁrcryéf%&om e e : 9'%"

content  @nginyihhdhiunehioride. Slmrlaﬁ)"ngm%cﬁﬁ wofdhif, Brandhe® wateR dﬁfe' del}m‘érs%ﬁpn%b y Of
at | eapterdd.8 MPa. s as neasured in a Brookfield visconeter with a

adapter at [err] on a 0.1 percent, by weight, polynmer solution in 1 M NaCl
at 60 rpEXAMRES 850! ubility quotlent of greater than 30 percent, or b) when
noni oni c, conprises at |east one ethylenically unsaturated non-ionic
nonomner an(!follmmg ahes priocedie rof \Exaropies i28,ynopdionigt bilasched, whieBsakiBie, bighmadaguiadwaight :
speci 1§ etbmepejurnars gre epared from 48))N-mpibyiacariamide; d9) Mbisimethylstriiemider 50) Sloimglpyry of
at | east rolidoge prozs1) Nvinyipeityiacalamige, Ins9nsie Inptpneg, %?P@J%Pdﬂnefsr‘ﬁﬁmpol yReric

fl Qocul ant. as _defined in claim1 wherein said polyneric flocculant is a
cationi ch | occul ant and is a polyner forned from one or nore

et Md eni cal I sat ur at ed e ect e
met hy Phacy Eﬂ}% 3:%' w'"&"ﬁ-v ny T%?]’ smdar 3 dpoNfE ersE] ) %’;%? éenreﬁ)gged REPPRDT 30
met hyl a \?ﬂg f e pr ti eWé %o% Igd lnl}hrel M‘.X Ji the
YT ol | dgad bkl el L fﬂé @f GG bgars
quat er nagy, M fuitétlo l brfter dom % %J‘% iy ydes, such as

et hagy Yblﬁd%hl RSwABSH df Qﬁérﬁ-trﬂrb‘f@nt Edeﬂl@rrélanye @G& 15|s Shop} I M such as sodium
di met hyI RVFORNOSgAS; Sidtchans 3nd dsspol ynmeric fl occul ent as defined in claim1
wher ei N saiMbng@tery ARy iinciulid ayCathydinically Sunsataléd GINIIE of Ghyl Mnomidrs. Other fubé@ Gadnant
and sai dompa$ ywayr canprifeo soviteh facrgiate;a2-aglaniiahisthypropansbsulfedateo andWiiby sgétatb.calsé one
cati oni ccamsmplated areil mbthedsmd bghymsrizdtibroand Whwatdringprockséasned in cl ai m1 wherein

said polyneric flocculant is a non-ionic polyneric flocculant and is

pol ymer EXAMRLE 56rom one or nore .non-ionic ethylenically unsaturated:
nononer s .40 sel ect ed from: acryl am de, net hyI acryl am des;
N al ki y aRiers " @b.a:hi pqulsl plobl bianoid. ieluble dimathyismingwethlnolyeeryipmide ded ity ny |
acet at e; 18K AR VRS rroI [ done 5. The pol ynmeric fl occul ant as defined in

5
QJ"?‘! 1 ers% |:r>]art§ %* tﬂe gaclklyoqg IptI)I)(r:acIyla%?d% omqitxamrﬁe g& is. added a mlxture of low odor paraffin

o/ solvent (106 parts) and sorbitan monpoleate.(s parts). A preformed mixture of 60% aqueous dimethylamine

L (39) parts and 37% aqueous formaldehyde is then added with mixing over 1/2 hour keeping the

N temperature below 30°C. The reaction is then completed by heating for 204 hours at 40°C. Then, 5.2%

40 quanidine nitrate (30 parts) is added to give the dimethylaminomethylated polyacrylamide with 22.7%
polymer solids and a CEQ of over 30%.

In a. pressurized reactor, methyl chloride (64 parts) is added over 2 hours to 238 parts of the
dimethylaminomethylated polyacrylamide prepared above. This mixture is then heated to 38°C for 3 hours
to ensure complete quaternization. The resultant quatermzed dlmethylaminomethylated polyacrylamide has

45 a CEQ of over 30%. _

Both high molecular welght hlghly branched soluble, . duatermzed and unquaternized

dimethylaminomethylated polyacrylamrdes are effectlve flocculants and dewatermg aids.

EXAMPLES 57 TO 59.

50
An anionic, ammonium acrylatelacrylamlde copolymer is prepared by emulsron polymerization. The
aqueous phase is made by dlssolvmg 291.1 grns of commerical (50%) acrylamide monomer, 64.0 gms of
acrylic acid, 2.1 gms of isopropyl alcohol, as chain transier agent, 1.5 gms of 0.209%
methylenebisacrylamide, as branching ‘agent, 0.6 gm of the disodium salt of ethylenediamine tetracetic acid,
56 a$ chelating agent, and 1.3 gms of 20% t-butyl hydroperoxide as a polymerization initiator, into 107.0 gms
of deionized water. The pH is adjusted to 6.5 by adding 4.49 gms of 29% ammonium hydroxide.
The oil phase is prepared by dlssolvmg 17.5 gms of sorbitan monooleats into 178.5 gms of low odor
paraffin oil. : -
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pol yireric flocculant and is_ a polymer formed fromone or nore ethylenically
unsat ur at ed nononers 45 sel ected from (neth)acrylic acid,

sul f oal kyl (meth)acrylic aci ds; sul. Eenaandsssyrenes .unsaturated dicar-
boxylic acids; sulfoal kyl (net h) acryl am des; and salts of said acids. 6. The

pol yneric floccul ent as defined in claim5 containing, in addition, one or
mor e nononi cTHPcATERRES Bhagepndcallphasp. rRErirgektggeliet e, hONPS!fP'RSﬂ yntilrthe paiclgesize is in the

N, N- di al ky'dbt Faéigﬁ des rret hacr I am des; vi nyI acet at e; SO

al kyl (n‘ettr}) "5fﬁ" Pne I'{L%" {aﬂ?ﬁ%l@f’%‘ﬂ‘“mﬂ?'mﬂ
pyrrolido §r°9h p?( a 'ﬁ’l‘ tgqu 'B‘ﬂa h W°’Hﬁ§rh % c 114G
wat er - sdl L}Qlﬂée ﬁprg %Is |t solu £ W 5 & "0

ar |n m u r |Im
pol yrer i zi 4 .om; '"»aﬁ .;xfﬁ Lm"ﬁﬁ, "F gjig s
with at | egSfofie q “EA .n%gg u ot éin d.m% ras .srf@cr g&

mllion baa'ﬁ@@ r%thbr}h i to mau Qe Qaidb aBiroxi-
| east ope &dish B 1d § AbS eﬁ'le ARIHBE om 36 (‘lucﬁ% t%%ol&dqﬁ 55 QC'ﬁH aﬂfSUrlmbﬁt iflrepeated
cationi ¢ fJugmg Weddounts L isBbYTRENSI ( BrfelhatilonBisisacia®idb WiIBA In YloBeishi th Yadef
at | east Inchohi&aTie STRGGNISOsItY s dbtdﬁhﬁéﬂ(ﬁdﬁﬂedfohth FORSTESLRY 14\béibw. SokMionasbagitels at
[err] on aleBrmiingdenypedphring lay aquebLg RinuisiposouIeT. ADERAwIAGuass bolutidn 1 thédtiuisih p@duct BN
| n t he polpyavered by digpadingp!. 70ngeanas of I38¥% esmailslon Erodast infOr one lilePbéake Cdntaliity 28 grams .
C 1L ol MlonBed witerEEXANRIgRR of BreakeB Jurfhtiant.ihe digphmsien ioégitaindaty25@ rpBi/foi Zhours on
be*at ed van3dneiis stires wish & larg kygeemn dlamapr mﬂylswﬂ@ob%ﬂhﬂre@wm isythenrriilgted t079)

poI yet hyl & 'V‘c'b‘!fe’dl acrylate; 5 80) polyethyl ene coI di net hacryl at e;
81)&.N- vinyl a8y Isa?ﬁ"?j’e”'“éﬁ‘)'s ﬂfW?RiSPF f‘é@?’?ﬂ"“&f%‘ pugp: ’&1’ 04 #cpolytion. preperidei n
ar e~enpl oyen 2% spjutigh. aﬁﬂ?‘ 9y sdrapsf &t blﬂ%ﬂ"é?'@dﬁ’ aping,

ipward, at r m thlck
Exarrpl e 5-} T em erature |§ ke grgtaalow 25°C

enpl oyi ng s {?gre rgies a| n rans er agen

| sopropyl a O visco é .ﬁfn@éjby j:g f:nu r’f}&ﬁlaﬁ‘odwo ¥ 6.1% sheared
pol ynerjc & Lk d%fym Psaluisn 8 Shitfing Smﬁn determined by using
vat er - sol ynhdie! LV HdolMRM wikebEHR Witk UL L&Sﬁ“&t%@?pnhét\ésné (:@1136)61“0 I ng agent
content of ffHRNnidnit Gopdlymelary thehetediSd BEElaydetting QBcoRAg Q6! tHeMolibWihng prated (¥ HOGRATs
cont ent  arkasiiviite Blay 2@ soaked in 80MIMIMT@BIoNAK iwatel 1B,a dié Stercgradnhted ¢yMitel/foBW0 Bibury/ AOT
at | east 1.2 folrgolymassolatiorsofrtissdsodiimaciplatak/iaaidel caolymenie beparsd, béidescribed astipt er
at [errd O gn &.tle P2% @quebys dolymeesolylidn is pispeysetin 390 bms Helonized wéterivihidh Gl themtmiga
rpm and avits Gddns eftclay guspension twitihh peyfosatedepiungen aith ®0r ypeand down, piungesih fanhssonds.
noni oni c, Thetipe tasersfonthe fiesguatadytiay interfapd torspitiefrony the 1829tTolmearieql thecamaduder eylinders
mononer artel the $00mireark, (1.6 Gmy e eeserdpd: yheptetting rite fegyseq) incyculated bydiyiding tbe digtance
speci f i ed saBesld41 gp) bysthe recorded timp. Tedesultsnplengi vith opraresitionalslata; e pet {orth ingkeblp 4.0
at(_l east delg%{ err] is nmeasured as specified above. 2. The polyneric
floccul ant as defined in claim1l vvherel n said pol yrrerl c flocculant is a

ca\donl c polyneric

for

br anched, “4MNSGRA met%’?gﬂ TE 1“1‘ E’d?té'?ﬁ g'aﬁ‘ ?%}Ef“s‘i“h’f‘ 5 ° »2 Pladgs pginting
al_apo
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flgcculant and is a polymer formed fromone or nore ethylenically
unsat ur at ed monomers sel ected from acrylam de; nethylacryl am des;

N, N-di al kyl acryl am des; N-al kyl ERGB8y4 458 BESs; N-vinyl 30

met hyl acet am de; N-vinyl nethyl for marri de; vinyl acetate; N-vinyl
pyrrolidone; N, N-dialkyl am noal kyl %{_at es and nethacrylates and their
quaternary or acid salts; N, N-dial kyl#R¥hl kyl acryl ani des and

met hacryl ami des and their gquateinary or acid salts or diallyl

qu met hy| gnmoni uraveadriom A&nvmemnawwmme cobdLymers-ardcasatioNioraiavn clain 1 E
ereln ga TTET occt 1 Cdl | Orl T8 ocecutpnt .
and sal d !S’f‘v{g?@ is t¥Pped £ ﬁ\A yl?"gh‘f‘oaes é(gé#rﬂ\'% Innsﬁ’m"‘gmah CMaast one

cat i oni c {nononer| wppmThengpel yner flloccul ant |as defi ned iUnshedred ||n Sheatedr pi n
sai d pol ymefC Tl oggulfantgd S|a gion{T oy & POl ynenlgs TTdccly ant §ndy 3
pol ymer florgpeg fFonpyone q; " &.g0r -1 ofgc el hyl enLcal lly ypggtujate
nonongy s |4G7¢ Behgctled g‘go aeryl angge, pet hylacryllamdag;
N- al kl yaqr ydgam desas NN died kYl acr yllam ges; N vi aygh net hylo1f3@rrmm01ﬂ;o vl nyl
acet at e; |amgdsvi nlyl 25)yrroh',wlo e.0. |Theeqol yireri c £1 ocqul aygszas jdefi nedfin
claim 1l whessai n saisl pol ynerifc fd ogcul®s8 i $ an ani onijc pwgyneli G-

floccul ant %8Ad ifs & pql y2&2 forored |f r onédonefor nore etlhyloanzcall yo.111
unsat us atjed9Bbnoper® 45 232 gelldct ¢d f+8m (yret h) aeryl ijc eh5Y; -
sul foal kyl (%€t h)jacBYl ijc 2%2 d$; 'Ful fonat¥d siyrenes; ursatdfRht ed di car -

bokyl i ¢ gcuels = memylenedidadribmms h) acryl am des; and salts of said acids. 6 The
pol yneri ¢ ,,f,dpg,cc%@mtpa epg,f"goped in claim5 containing, in addition, ong or

morg. nong n,},g ) sel ected from acryl am de; N-al kyl acryl am des;

N, N- di%&l Ry, % t hacryl am des; "vinyl acetate; so

al kyl (et hi\z ‘g]lf"ég""co%{‘geyl onitrile; N- Vi nyl met hyl acetam de and N-vi n/I
pyrrol i dg process for the preparation of an unsheared x

wat er - sol u‘B‘PPé‘ M%Eﬁ@@er ’Wlﬂ?’\/marl c flocculant said process conprising
pol ymeg i zing cenvel SampleDr € wat er - soI ubI e, ethylenically unsaturated nononers
with at | g1l T T per

mllion ba gleq Q\Iret ! gJ\onQ%tes that r!)? #IOV’I?O IﬁynLran Qd cS ﬁ&&ﬁan&fcaﬁge

| east ong Sﬁ hButqmas ﬁncle g"’b ﬁﬁ ffbebgw grmoré! it can

cati oni Cb CQQW é%ntthattt ur%ﬂ oYdiE Eﬁl&u , h%ﬁl? Qi%ed o@m&ﬁ \‘Bcb@&tsvbfsﬁé’%wsynto
at | east igbordor. Sbritlcary atsbritn IsRearbd BinBAK TobiGihéls \ot 16 PRBIL FY. eiiclily Arabler RERBIRT at
[err] ongap &d&d&ﬁé&ﬁ%sr&k’etéﬁls@ht pol ynmer solution in 1 MNaCl at 60 rpm
in the polynerizing step.one‘or:-nore cationic, 29 EP O 374 458 Bl

* C ExamAlEs 66-68 * water-sol ubl e, ethylenically unsaturated mononers

are used, and the chai n-transfer: agent I's present in an anount at | east

suf fi éfent The pooceduralef Esdnpleb b7 isc tppehtetiasubsiititiog varpos atienit mandmersafos @noronivm t y
ot, i ent acflatgr 8@t Aerylichagid; 38¥) prethaerylic acid; B3) sddivmm stifoethyl owethdctyiate; | 63) sodium

no /i oni mefhpesylate;| 64hitaconicrcid; §R) sodiusmitasonalenéa} meamwr%mﬁg' p-gerylamigo-2-mathylprgppne

et Kyt eni edionaje: GRdhg syﬂwesa't picwli-RepRviacniiata GREP0) adnixtete plotoginm aprylate| apg aqylis geid

havi ng, a'ISreé[\QlS’Vﬁdr@ agigRie Mopag erse Hpsheared; Wﬁ?ﬁsaﬁ?iﬁrtb’%"'leﬁ a&BBﬁPNW"ﬁﬂP%F""ﬁ%{?’?s

per ni F| foyRedRiEg® 05e ofie e Yonomer content, in the pol ymerizing step one

or nore g !ﬁﬁ.ﬁ%cg; t)j‘e non-ionic, ethyleni cal |y unsaturated nonomers are

used, an transfer is present in an amunt sufficient to provide

said br anChI%g pro@&ﬂre' cg@xéi'nplep ¥q§d’eét9d Lllb (ﬁlH+ @Ql‘)usv“ohbmé‘mgmn{éw f%c}ﬂaﬁmsést)y of

at | east phingerjiirRds 70) TRARH nidthyladbtatide’ POV Methyiformamide; 72) vinyl acetate; 73) N-vinyl
pytrolidone and 74) a mixture of acrylamide -and methacrylamide are employed as nonionic monomers.
Unsheared water-soluble, branched anlonlc polymenc flocculants sum|lar to those of Example 57 are
formed. ;

5 EXAMPLES 75 - 77

The procedure of Example 57 is. repeated using rio nonionic monomer. 75) Sodium acrylate; 76) acrylic
acid and 77) a mixture of sodium acrylate and acrylic acid are employed as anionic monomers. Unsheared,

walor-soluble, branched, anionic, homopolymenc flocculants of excslient stability, are formed.
55
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.10, - + visconeter at with a UL adapter at [err] on a 0.1 percent, by
wei ght , 'poI ymer solution it IMNaCl at 60 rpm or c) when said floccul ant
is an anionic flocculant, said polEm@R7&458Btcul ant has a sol ution
viscosity of at |east 3. 0 nPa.s measured in a Brookfield visconeter with a
US adapter_at [Eerr] on a 0.1 percent, by weight, polyner solution in 1M
NaCl at 6 n the pol ynerizing step one or 15 nore ani oni.c, ...
wat er - sol ubl eth eni.cal | aturate NONONErs. ar rpcess’
as def i neg R o eﬁt; %ﬁ?‘ ol Q{t g C OprBi re e NeRopRR

Nt

floccul '1 %s a pol ymer formed from one or nore

), PR
et hyl erl cgl) o kf: nﬁie E@ éﬁﬁ;@g@ﬂi o L U Spptpe
met hacryl AHinPenebhacAh Qﬁ&h)é taﬁi( J, @»BF.M .?JVn{iﬁé ﬂo lé{rit{'){rt
et hyl acetaiidr@SinatNt Btaiple s7EL DY or mam de; vinyl acetate; N vinyl
pyrrolidine; N, N-dialkylam noal- kyI acrylates or methacrylates and their
quat er nar gxampiaxgsd salts; N, N-di al kyl am noal kyl - acryl ani'des and
met hacryl am des and their quaternary or acids salts or diallyl
di met hy| anmuoihe prcetniechf Eedripls. 57 3s reddaied pmploghigssodism thgophusphits s thb ahain-tinstéregent n
when sai dingiehdy o isomodyl @icehel. oAwt unsheasedc atensviublef breabed, aanlopic,salyinedld flocculant is
pol ymeri crecpvoredul ant is a polymer forned from acryl am de in combination
with até| east one cationic nmononmer. 10. The process as defined in claim?7
wher ei n wiMsai d pol yneric floccul ant is anon-ionic polyneric floccul ant,
salLd pol yrrerlc fl occul ant |s a ol yner forrred from-one. or nore non-ionic
et hyl eni cdi | 'g ugigheared, WRIRK ?f%?? '3@'[:'?3(‘-’3'69 ¢ P’g?ﬁh'ét% P@ﬂ“h‘f?f‘ﬁ'é‘ cof from 4
mawac | ami g%molarqggf nl tal mer_cop afﬁg g
pyrroll one of °’ %u %ﬁelﬁaﬁgb “rAz " ?scg;%: ma rﬁg?‘? ned

vnscom or t25 on a Ee% Fyrw en%ht gﬂlygn son yon pO

:‘In clai m7 whepain A ;g]),u'i,ﬁﬂy t&tﬁ %GE
occul ant, sg| hepno ohidRE, 'c%m 96 Gllio&dt bnd ethyibn urgtdd AGRSbnlc! mQ’né?nd .QIES Em re

et hyl eni cal | Y b lidkcaityest st19mﬁ§@%£u$ed%§@6‘d&#i bobedBR (Meth) acrylic
aci ds; sgul f oalgkyien msm ﬁssray dolufiondisbébity ofat!lobsP .8 1Pl sShekbREESs: spbbitiod Bskelr at ed
di carboxylic acids; sulfoal kyl.(reth)acryl am des; and salts of said aci ds.
12. The paoc&ﬁ$omerdelbd:onaﬁt aks BefRbdin it YMARST& ﬁldmmeﬁtﬁﬂodcm iy Bedtiofic polymeric -
fl occul ant .ifecalaniogndds la(popmbym&meddrofﬂ a®Cai ndond. etbyienibalfyOdngatiratod mbhaeesusetboted | S
a pol ymer f cfrome d adrylamitie; 0 mastiylacnylamigles) 0 N, IN-Cialkglacryiamidee:r SN-4Byl  acrylamides;t eivifiyl om
acryl armp de;. thbtalldesthmice rNVimvirimathg!, folvatiiddi dyk péetats: YWvinai plerslidoms N dialipliamirioeliad ;

vi nyl acet atastylstgslepd (methedrylaies gndtheirsquatgmery [op agid salts:eN, Nalcy lprginoalipiadnylarsidastandi de
and N-vi nyl msthactylamifienand thely quaternqsy Pr@e'd@ﬁltsroeﬂ-eluwngfhmr@n-umrselm a dispersion -
of suspended_solids which conprises (a) adding to the dispersion from0O0.1
to 50,000 3'paThP§° wericrflopquiagtps siefingd dnyelaing 1 gyecels) spid polymeric floggylaptds,p éﬂm“"bl"a‘fﬁ’?ﬂﬁed
wat er - 35 - foceuan pdaseid, pohypar ds dgrmeth frofp 3Ty [amId 1 cpobination. wilh A1, least one gationic

polymeric fI'B?f‘E‘ﬂFant having a branching agent content of from4 to 80 nol ar
2y

LS per, % %Bgc%aﬁt SttnL& Acsal P%“? |n éo‘? ﬁb@guu P.)s a(tsrw%.hg &u,}ﬁ.&he
m\x-“”e of 1 f}. M8'08 toﬁr\é%%ﬂa 9&% ér &i‘dﬂv &SM Nt
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7. A process for the preparatlon of an unsheared water-soluble branched polymeric flocculant said
process comprising polymerizing one.or. more water-soluble, ethylenically unsaturated monomers with
at least one branching agent.in.-an amount from 4 to 80 molar. parts per million based on initial

55 ‘monomer content, in the presence of at least one chain transfer agent, whereby
a) when the flocculant is. a catjonic flocculant, the polymeric flocculant has a solution viscosity. of at
least 1.8 mPa-s measured in a Brookfleld viscometer with a UL adapter at 25°C on a 0.1 percent,
by wetght polymer solution in 1M NaCl at 60 rpm, in the polymerizing step one or more cationic,
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- 8. The polymeric flocculant as defined in claim 1 wherein said polymeric flocculant is an anionic

polymeric flocculant and is a polymer formed from one or more ethylenically unsaturated monomers

45 selected from (meth)acrylic acid; sulfoalkyl(meth)acrylic acids; sulfonated styrenes; unsaturated dicar-
boxylic acids; sulfoalkyl(meth)'acryIamides- and salts of said acids. .

6. The polymenc flocculant as defmed in claim 5 containing, in addition, one or more nononic monomers
selected from acrylamide; N- -alkylacrylamides; N,N-dialkyacrylamides; methacrylamides; viny! acetate;
50 alkyl{meth)acrylates; acrylonitrile; N-vinyl methylacetamide and N-vinyl pyrrolidone.

7. A process for the preparation of an unsheared. water-soluble, branched, polymeric flocculant said
process comprising polymerizing one or more water-soluble, sthylenically unsaturated monomers with
at least one branching agent in an amount from 4 to 80 molar parts per million based on initial

55 monomer content, in the presence of at least one chain transfer agent, whereby
a) when the flocculant is a cationic flocculant, the polymeric flocculant has a solution viscosity of at
least 1.8 mPa-s measured in a Brookfield viscometer with a UL adapter at 25°C on a 0.1 percent,
by weight, polymer solution in 1M NaCl at 60 rpm, in the polymerizing step one or more cationic,
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14. The method as defined in claim 13 wherein said cationic polymeric flocculant is a polymer formed from

55 one or more ethylenically unsaturated .monomers selected. from acrylamide; methacrylamides; N-
alkylacrylamides, N N-dnalkylacrylamldes, N-vinyl methylacetamsdes, N-vinyl methyl formamide; vinyl

acetate; N-vinyl pyrrolidone; N,N- dlalkylammoalkylacrylates or methacrylates .and their quaternary or

acid salts; N,N-dialkylaminoalkylacrylamides. and methacrylamides and their quaternary or acid salts or
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12. Verfahren nach Anspruch 7, wobel wenn das polymere Flokkullermnttel ein nichtionisches polymeres
Flokkuliermittel ist, das polymere Flokkuliermittel ein Polymer. ist, das aus einem oder mehreren
nichtionischen Monomeren gebildet wird,- ausgewﬁhlt aus Acrylamld N-Alkylacrylamiden; N,N-Dialkyl-
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Revendications -

1. Floculant polymére ramlflé hydrosoluble non cusalllé ayant une teneur en agent de ramification de 4 &
80 parties par million en moles sur la base de la quantité initiale de monomére(s) et qui,

50 a) lorsqu'il est cationique; présente une viscosité en solution d'au moins 1,8 mPas, telle que
mesurée dans un wscosnmétre Brookfield avec un adaptateur UL & 25°C sur une solution de
polymére & 0,1 pour cent en po:ds dans NaCl 1M é 60 tr[mln, et un quotient de solubilité supérieur
& 30 pour cent,ou .

b) lorsqu'il est non ionique, comprend au moins un monomére éthyléniquement insaturé non ionique

55 et présente une viscosité en solution d'au moins 1,9 mPa.s, mesurée comme spécifié ci-dessus, ou

- ¢) lorsqu'il est anionique; présente une viscosité en solutton d'au moins 3,0 mPa.s, mesurée comme
spécifié ci-dessus. S
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