WO 2006/ 060612 PCT/ US2005/ 043539 Use of Pol yoxypropyl ene and

Pol yoxyet hyl ene Ter pene Conpounds in Enul sion Polynerization 5 This patent
application clains priority from provisional patent application serial
nunber 601633, 050 filed on Decenmber 3, 2004 and non- provisional patent
appl i cat i on WY PUSOSIE12RD 05018 on December 1, 2005. Fi el HCEWWW@”BPR?enti on
10 The present invention relates to enmul sion polynerization using terpene
based surfactants as enulsifiers. The terpene based surfactants conprise
oxypropyl ene and oxyethylene units. The invention also relates to emulsion
pol yneri zation using the sulfate and phosphate salts of the 15 terpene based
surfactants as enmulsifiers. Further resen invention relates to

met hods of using su'éﬁe@n%‘l’|¥‘?x(yﬁ'§’pvlsp?rﬁﬁd EP&%WQ"@rF%P@e bYBRRUNIS T act ant s.
Background of the Invention 20 Polpmmsisn p@gﬁ,@ngﬂaﬁhetl c and natural, have
been enpl oyed in aqueous solutions as thickening and floccul ati ng agents
They have found commercial use in a vari ety of end uses such as wastewater

25 mid ot bi 11 2br o, and Tt oPARSNSTLLRR ety BT UBSTR B O T on,
wi dely used in i noappdtcat@h sepall iuower 6®(§33960§rlad|oniwcembers ZDOpraeﬁemoned ’

t echnol ogy used t he use of

| at ex, produced b ﬁ %eﬁ%ﬁ%ﬁ?@d#ﬁ?&zg ﬁ@%ﬁqh%ﬁﬁ%’cﬁﬁ% is%ogﬁ -of paints

or coati ngs for substrat es is well known in the art. However, such paints or
coatings are adver%ell!yg!!affect!ed by the presence of enmulsifiers required in

the enul sion WO 2 US2005/ 043539 -2 polynerization process.

The emul sifierg often cause foamng in the pai nt or coating. It would be

desirabl e to have an er_ml si fier, havi ng | ow f oan? %
e present invention Telates to emulsion polymerization using

terpene based surfactants as emulsifiers. The terpene based surfactants
comprise oxypropylene and oxyethylene units. The invention also relates
to emulsion polymerization using the sulfate and phosphate salts of the

15 terpene based surfactants as emuisifiers. Further, the present invention
relates to methods of using such emulsions formed from the terpene
based surfactants.

Backaround of the Invention

20
Polymers, both synthetic and natural, have been employed in
aqueous solutions as thickening and flocculating agents. They have
found commercial use in a variety of end uses such as wastewater ‘
treatment, water purification, papermaking, petroleum recovery, oil drilling
25 mud stabilizers, and latex. Latex is a water based polymer dispersion,
widely used in industrial applications.

Polymerization is a preferred technology used to make emulsion
polymers and polymer latexes. The use of latex, produced by emuision
30 polymerization, in the production of paints or coatings for substrates is
well known in the art. However, such paints or coatings are adversely
affected by the presence of emulsifiers required in the emulsion
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effects and inproved stability properties. 5 Furthernore, in |atex

pol yneri zation, surfactants are necessary to provide stable nononer
pre-enul sion, stability during the polynerization, and overall stability of
the final |atex. However, traditional surfactants for polynerization of

| at exes andqyg Raek/Béogis tend to create foani ng upon agit aCirws2@ms43samUse ot her
difficulties during the polynerization process 10 and in the final

formul ations containing the | atex. To overcone this, a defoaner is
generally required. Unfortunately, addition of a def oamer has numer ous

dr awbacks including dewetting of the coating and increased raw materi al
cost. It would be desirable to have a poryherization surfactant having | ow
foam ng effects and inproved stability properties. 15 Summary of the

| nvention This i npelyriesaatipnauperss. dhpeaeisiers oftent saaise fesiming irothe paint

P oroxybropyl ene BRtodiiley RUSIEK, 88GabRIDRAR ARSEIT hadhaplroaAly 2
processes to producé entl sion nmers o such pol'yoxypropylene an

pol yoxyet hyl ene teﬁpﬁaan@asmuv&ns@amwanuwﬁ&ﬁd the resulting enul sion

pol ymer products. The pol yoxypropyl ene and pol yoxyet hyl ene terpene based
surfactants produced by the process of this invention produce emulsion

pol ymers of gréatly i npurtheedior, wplatekipesfmumwnemrtemtmbﬁeime%npt@l ymers
produced from convent | on gngurfactants Par t t he invention is

directed to the uS&V VPBIS BA %QS'SHDN%HQ/@RS}%QW?Ipé’wg‘et”é?tﬂ%he based

surfactants for baaexe@u@talmw@fthé\M#Iaw thewe\aF, ltbaditbRgl suffdehisasr | S
ate surfactants and their sulfate and

directed to the use of 30 aéﬁl‘%
phosphat e sal ts u®aly[erizafion é’f%@”&rﬁ?“'ﬂsé?r&te% it $egiedoarping YPABY e
particularly, theagw@ﬁtan@mauge meﬁ@ﬁi@bl%@&lr%g'?@'gél ﬂ%ét%?p‘i&%ss 3 directed

to the use of al koxyl ates of 6, 6-di nethyl bi c% 1] hept - 2- ene- 2- et hanol
and their sul flAt eaBA ﬁﬂﬁcﬁ'ﬁﬁﬁ&f@“'@?ﬂnﬁ@&t@’ @ﬂﬁt?f’érT@ QY§(=9|°0'IG tf‘ﬁv aenul si on and

l'atex pol ymer i zat iygfyanferid fHeldy FequiB8. BRIoHAXNRIORIIEIFoNEBahYImset hyl ene

t er pene based
numerous drawbacks including dewetting of the coating and increased

raw material cost. It would be desirable to have a polymerization

surfactant having low foaming effects and improved stability properties.
15 |

Summary of the Invention

This invention provides a process for the production of

polyoxypropylene and polyoxyethylene terpene based surfactants, and
20 processes to produce emuision polymers of such polyoxypropylene and

polyoxyethylene terpene based surfactants and the resulting emulsion

polyme'r products. The polyoxypropylene and polyoxyethylene terpene

based surfactants produced by the process of this invention produce

emulsion polymers of greatly improved properties compared to emulsion’
25 polymers produced from conventional surfactants.

Particularly, the invention is directed to the use of
polyoxypropylene and polyoxyethylene terpene based surfactants for
latex synthesis. More particularly, the invention is directed to the use of

30 alkoxylate surfactants and their sulfate and phosphate salts useful in
emulsion and latex synthesis. Even more particularly, the invention is



5 surfactants may be nonionic or anionic. Detailed Description of |Invention
and Preferred Enbodi nents The present invention relates to the use, in

enmul sion 10 pol ynerization, of a terpene based surfactant. The terpene based
surfactant in accordance with the invention conprises at |east one conpound
havi ng t he W 200660602f or mul a: Z- Y- [ CH(R3) - CH(R4) - O n [ CHPCHESPMMRE® 15 in
which Z represents a bicyclo[a,b,c,]heptenyl or bicyclo[a,b,c]heptyl

radi cal, and wherein a+b+c=5 and a=2, 3, or 4; b=2 or 1; and c=0 or 1. R3
and R4, which nay be identical or different, represent hydrogen or a

l'inear, branched or cyclic, saturated or unpsaturated Cl-C22 hydrocarbon 20
radi cal, provided that at |east one of theradicals R3 or R4 is other than

hydrogen; and R5 rg]

ol ou ng: - Son SRR ane DK bRt HyiaBisthe BBy B RUBBIRT & HRPER e mut 2,
represents hydr ogea-etlwmohdmdathéir selfade and pleosphatesalisias efmulsfierousdiiiiy 4+, 1 n
which R which may_o ra(?t be I| denti.cal, 30 represents hydrogen or a

| i near, branched oPm&fSﬂﬂna@ %5¥8?§P§HZ%'Pn unsat urated Cl-C22 hydrocarbon

radi cal , which rrayFbmdﬂmdre)mé ;ﬁ?dlfniyprropymnm&ﬂ@fidx(yéﬂ%@kae RSP EREBANRT/ 043539
4 in the range.1 to 6 z | h %P to n is a whole nunber or
fraction in the rﬁ‘\’f&éﬁ%’ 52'@3}’ EI”HE'PO'@ o ipgicy V\/nol e nunber or fraction in
the range 2-80 inclusive. The Z radical is optionally substituted by at

| east one Cl1-C6 alkyl . 5 radl cal and na corg)ri se a backbone sel ected from
those indicated beERiedbesuiplianetiguenii FRIEKSLRELOAMANSS t he doubl e bond:
WD 2006/ 060612 PCT/ U82005/ 043539

The present invention relates to the use, in emulsion
10  polymerization, of a terpene based surfactant. The terpene based
surfactant in accordance with the inventibn comprises at least one
compound having the following formula:

Z-Y-[CH(R®)-CH(R*)-O]-[CH2CH2-O]m-R®
15
in which Z represents a bicyclo[a,b,c,]heptenyl or bicyclo[a,b,c)heptyl
radical, and wherein a+b+c=5 and a=2, 3, or 4; b=2 or 1; and ¢=0 or 1.
R® and R*, which may be identical or different, represent hydrogen or a
linear, branched or cyclic, saturated or unsaturated C4-C; hydrocarbon
20 radical, provided that at least one of the radicals R® or R* is other than
hydrogen; and R® represents hydrogen, or a group selected from the
following: |
-SOsM
-PO3(M),
25. -(CH,)-COOM
-(CH;).-SO;M

in which formula, M represents hydrogen, an alkali metal or an ammonium
function N(R)4+, in which R, which may or may not be identical,

30 represents hydrogen or a linear, branched or cyclic, saturated or
unsaturated 013022 hydrocarbon radical, which may be hydroxylated, ris



-5e) 7654 / 7b) 1532 C :03(2.2.1] 2d) s 4 3[3.1.1] 25 e
64 1137[3.1.1]] 250. 47 32([4.2.00] 59g) 47 2 Y represents
-CH2-C(R)(R2)-0- or -0-CHR1)-CH(R 2)-0O, wherein
WO 2006/060612 PCT/US2005/043539
-4 —

in the range 1 to 6; z is in the range 1 to 6, n is a whole number or fraction
in the range 0-20 inclusive; m is a whole number or fraction in the range
2-80 inclusive.
The Z radical is optionally substituted by at least one C4-Cs alkyl
5 radical and may comprise a backbone selected from those indicated

below or the corresponding backbones minus the double bond:



R, RR, R',and R 2, which may be identical or different, represent
hydrogen or a linear, branched or cyclic, saturated or unsaturated Cl-C22 5
hydr ocar bon radical, preferably Cl-C6 WO 2006/ 060612 PCT/ US2005/ 043539 -6
In a preferred enbodi ment of the invention a suitable terpene based
surfactant CHONPPP881% he use of Nopol derivative surfactBET@$”Wﬁﬁﬁﬁ?dingly,
the invention further provides for the novel use of Nopol derivative
surfactants to make enul sion polynmers or polyner |atexes. In 5 one aspect,
this invention relates to a nethod of maeki ng Nopol al koxylate surfactants
of 6,6-dimethyl bicyclo[3, 1, 1 Jhept-2-esne-2-eth a nol. The al koxyl ate
surfactants may be nonionic or anionic, The anionic al koxylate surfactants
are preferably sul fates or phosphates of the 6,6 dimethyl bicyclo(3, 1, 1
] hept - 2- ene- 2- et hanol al koxyl ate. Suitabl e al koxyl ate 210 conmpounds are
described in US Patent Application No. 10/820,929, which is herein

i ncorporated by refere —\Preferred al koxyl ated surfactants have the
general formula: 15 //3|) OmX 20 where R is hydrogen, CH3, or
C21-15; nis fromO to 2071 nddawive, mis from2 to 80 inclusive, and X
represents a hydrogen atom phosphate, sulfate, sulphgnate, or carboxyl ate
group. The noiety qualif[re§l by the integer "n" corresponds to oxypropyl ene
units. Oxypropyl ene cans O be substituted 25 by oxybutylene or -simlar

al koxyl ates. The noiety/ qud),ified by the integer "nm' corresponds to
oxyet hyl ene units. The ropyh ene and oxyethylene wunits may be of bl ock
distribution or interm xed in randomor tapered distribution along the
chain. The conpounds of the fornula may al so be descrPbed as al koxyl at es of

6, 6- di met hyl bi cycl o[ 3. pt-2-ene-2 30 et hanol.
! 3 [2.2.1)

4

e)

g

Y represents —CH,-C(R")(R?)-0- or —O-CH(R'")-CH(R?)-0-, wherein
R', R?, R"",and R, which may be identical or different, represent
hydrogen or a linear, branched or cyclic, saturated or unsaturated C4-Cx

5 hydrocarbon radical, preferably C4-Cg



WD 2006/ 060612 PCT/ US2005/ 043539 -7 Preferred anioni c al koxyl at ed
surfactants have the general fornula above wherein X represents a sulfate
or phosphate group, and preferred nonionic al koxylated surfactants have the
general formula above wherein X represents a hydrogen group. 5 The terpene
based surfad@QM0&0@e2cri bed above are used in latex enuPSTHR248P4PPrs or as
emul sifiers/surfactants in enmulsion polynerization, Latex, water based

di spersions of polyners obtained by enulsion polynerization, are w dely
used in various applications such as 10 paints, adhesives, paper coatings,
carpet backing and rheol ogy nodifiers (HAZR). As discussed previously, the
surfactants used to stabilize the latex can increase foam ng during the

manuf acturi ng of the | qb%r@%&?& %g{blaﬂi 50”15'?4%%&9@&%%%:{%‘3? equire the

addi ti on of a defoaner ve of her 1 nconveni ences su s the
dewetting of the coasddsyriactapbemnyises therusetdidlopolrdesivative sufifatiasts. eyes in the

Shoul d be avor ded. AHraor VB8 TR RRR Renf BvdR ChFEHRe 0 AR hay be
used as 20 repl acedernativé surfactands to raaled erhidsioy pelymless ¢ plysnariatergedni n

emul sion polynerization and el im nate. or, avoi h r.oblem or, dr acks in
the resulti ngngat ag° 3?&?°§t"%‘5 fr]vlqaﬁlonarﬁﬁtqsctgtai rB%tgoé aﬁrﬁgggg b@?ﬂlt@foxéﬁgji ngs,
adhesi ves, or rheokofyctantsioff 6, edmetBbicycieddt Miespt-2srec-ethahols Thavent i on

relates to a met hod, of Ki an _emul si on polynmer. by enulsi o
pol ymeri zation in ?ﬁ@x%?qgéﬁ'ﬂ%éa’gf l’f}fr;'l{}eé]ﬂg@,q& %églé?&'csﬁrrhﬁa?@ﬂ%q Qk%}at%xarrpl e,
an enul si on pol ynesurfsctantoaieqeeferddyy Sumdtesiop phesphuterdf aaié,en in the presence
of a Nopol surfact gnt h?k\)/,i ngo tfﬁqf?rnul a2 }310 2006/ 0@0?]5%
PCT/ US2005/ 043539 dimgthylbicycio[3,1,1]hept-2-ene-2-ethanol alkoxylate. Suitable alkoxylate
10 compounds are described in US Patent Application No. 10/820,829, which
is herein incorporated by reference.

Preferred alkoxylated surfactants have the general formula:

HQ Chy
(1)
S pal

where R is hydrogen, CHg, or C;Hs; n is from 0 to 20 inclusive, m is from 2

15

20

to 80 inclusive; and X represents a hydrogen atom, phosphate, sulfate,
sulphonate, or carboxylate group. The moiety quaiified by the integer “n”
corresponds to oxypropylene units. Oxypropylene can also be substituted

25 by oxybutylene or similar alkoxylates. The moiety qualified by the integer
“m” corresponds to oxyethylene units. The oxypropylene and oxyethylene
units may be of block distribution or intermixed in random or tapered
distribution along the chain. The compounds of the formula may also be
described as alkoxylates of 6,6-dimethylbicyclo[3.1.1]hept-2-ene-2-

30 ethanol.



H3 CH3 0 OX Rn m where Ris hydrogen, CH3 or C2H5. The Nopol surfactant
can be nmade by different routes. For 5 exanple, a preferred surfactant
wherein X is a sulfate, for exanple, - 0OS03 H2, group can be nade by

sul fation of the product of esterification of a 6,6 dinethylbicyclo [3,1,1]
hept - 2- ene- ?ﬁ%{"l’ﬁﬁ%ﬁ‘?lzal koxyl ate. A Nopol surfactant wheP€Fl S&”ﬁ"g‘”fsul fate
--0S03H2 group or sulfonate -S03 H group, can be nmade by sulfating one of

t he hydroxyl groups of the 10 al koxyl ate, or replacing the hydroxyl group
with a sulfonate group, and then esterifying the remai ni ng hydroxyl group
of the al koxylate with a vinyl-functional ycarboxylic acid, anhydride, or
acid halide thereof. Emulsion polynerization is discussed in G Pohlein,

"Ermul sion 15 Pol ymeri ion i ;
Engi neering, vol. 6, ;F;}?feﬁi}-g%fn g%ﬁio\g\?ﬁgy%gﬁécgﬁ@%%:&ﬁ%ﬂ% % Y.Fé,?fﬁ&@!a, 1986),

the disclosure of ak@veorhereiniXvepiesentaadyliaerephosphatecgrevrand. prefeuiegi on
pol ymeri zation is ﬁ‘oni&ﬁ{: SR ORTIES Lt RS hale 1RE BEfet fb{?nMQ 'aBSwegﬂﬁé’rBMr at ed

nononmers or nononer sol utl are disperse cont i nuous ase with the
aid of an 20 enul sKf¢pesenysadydragen golpneri zed with free-radical or redox
initiators. The product, a colloidal dispersion of the polyner or polyner
solution, is called a | atex. The conononers which are typically enpl oyed

i ncl ude such 25 nononer@edsrpase hgdedaurfattanis deetined ahovy beet wsedrie tabg

nmet hacryl ate, buty I - et hyl %?% LVl t her acryl ates,

nmet hacryl ates and %’H%‘?@E&B%%%O&%QS'E Pg%@a%tjﬁi%gg@on_g bl ends, acrylic

acid, nmethacrylic payderiztign.ehatex,watgr based dispersionsf bolgmetsaditainedbypyl esters

of higher carboxyljc acids,than acetjc .acid .g..vinyl . versatate

acryloni trile, acrJTHRCREOMBIT AR el vy Lardim\erhys SepleBlaBSUEES 1 ne

| i ke, and m xt U0 espdihtss adifesives, paper coatings, carpet backing and rheology modifiers
(HASE).

As discussed previously, the surfactants used to stabilize the latex

can increase foaming during the manufacturing of the latex and in the

15 final application and require the addition of a defoamer that may have
other inconveniences such as the dewetting of the coating responsible for
the formation of fish eyes in the paint film. The foaming phenomenon is
also detrimental to paint quality and should be avoided.
The terpene bhased surfactant of this invention may be used as

20 replacements for traditional foamy emulsifiers employed in emulsion
polymerization and eliminate or avoid the problem or drawbacks in the
resulting latex and its final applications such as paints, coatings,

adhesives, or rheology maodifiers.

25 In another aspect, this invention relates to a method of making an
emulsion polymer by emulsion polymerization in the presence of a
terpene based surfactant. For example, an emulsion polymer is produced
by emulsion polymerization in the presence of a Nopol surfactant having
the formula:

30



In the above process, suitable initiators, reducing agents, catalysts and
surfactants are well known in the art of enul sion polynerization. Typical
initiators include anmoni um persul fate (APS), hydrogen peroxide, sodium
pot assi um or anmmoni um per oxydi sul fate, di benzoyl peroxide, 10 |auryl

per oxi de, d@300¢960612but yl peroxi de, 2,2'- azob|S|sobutyrBﬂT@$Pm§?”¥@butyl
hydr oper oxi de, benzoyl peroxide, and the | i ke. Suitable reducing agents are
t hose which increase the rate of polynerization and include for exanple,
sodi um bi sul fite, sodium 15 hydrosul fite, sodium formal dehyde sul f oxyl at e,
ascorbic acid, isoascorbic acid, and m xt.ges thereof. Suitable catalysts
are those conpounds which increase the rate of polynerization and which, in
conbination with the abeue scri bed 20 reduci ng agents, pronote
deconposition of the polyneri*zation initiator wunder the reaction
conditions. Suitable catallysts include transition netal conpounds such as,
for exanple, ferrous sulf ¢ chl oride, cupric

sul fate, cupric chloride tl‘i" litous sul fate, and m xtures
t hereof. 25 Suitable surf * ' ~MO-COR) unction with the
Nopol surfactant include ionic and noni act antlsm such as al kyl

pol ygl ycol ethers such as ethoxylation products of lauryl, tridecyl, oleyl,
and stearyl alcohols al k co| ethers such as ethoxylation 30
products of octyl - ﬁﬂﬁ%ﬁﬁﬁé%&&bg Pﬁé%ﬁ% & phenol, triisopropyl phenol ;
al kali metal or annDnlun1saIts of aIkyI aryl or al kylaryl sulfonates, WO
2006/ 060612 PCT/U82005/043539 -10 sul fates, phosphates, and the |ike,

i ncl udi ng sodi um | aur yl Th&NeRRY! gurfagtant Gam b%WP@Hé’ﬁEﬁrerﬁlr%% d%er sul fate,

sodi um dodecy!| bsnzeﬂ-ﬁn@ulé Qr'é?ér%d s@@&bHrWHér‘éih)fd idiacupsetel fo?@kérﬁbue —and
ammoniumtritertiar ébultj_}é grggeno and penta- and octa-glycol sulfonates,
h

sul f osucci nate sal P50s PGﬁ%B@Imﬁﬁ‘ﬁQYét”Fﬁib@Qloéff@oorﬁMpbﬁ@ﬁfdﬂcam f ester
of sul fosuccinic anéie G‘HH%QnyI‘NByab [DF4Y helRDVdnestlbiHaR b late. AREp4IM di oCt Yl

sul fosucci nate, and t
surfactant whereln X is a sulfate --OSO3H, group or suifonate -SO3 H

group, can be made by suifating one of the hydroxyl groups of the

10  alkoxylate, or replacing the hydroxyi group with a suifonate group, and
then esterifying the remaining hydroxyi group of the alkoxylate with a
vinyl-functional carboxylic acid, anhydride, or acid halide thereof.

Emulsion polymerization is discussed in G. Pohlein, "Emulsion
15  Polymerization", Encyclopedia of Polymer Science and Engineering, vol.
6, pp. 1-51 (John Wiley & Sons, Inc., N.Y., N.Y., 1986), the disclosure of
which is incorporated herein by reference. Emulsion polymerization is a
heterogeneous reaction process in which unsaturated monomers or
monomer solutions are dispersed in a continuous phase with the aid of an
20 emulsifier system and polymerized with free-radical or redox initiators.
The product, a colloidal dispersion of the polymer or polymer solution, is

called a latex.

The comonomers which are typically employed include such
25 monomers as methyl acrylate, ethyl acrylate, methyl methacrylate, butyl
acrylate, 2-ethyl hexyl acrylate, other acrylates, methacrylates and their



A typical process of enul sion polynerization preferably involves charging
water to a reactor and feeding as separate streans a pre 10 enmul sion of the
nononer and a solution of the initiator. A small amount of the pre-emul sion

and a portiqQp of the initiator may be charged initially at the reaction
tenperature Y8 2PP8HI% a "seed" latex. The "seed” | atex POTBS2WH P B Pesul t s
in better particle-size reproducibility. Under "normal"™ initiation

conditions, that is initiation conditions under which the initiator is 15
activated by heat, the polynerization is normally carried out at about 60-
90 C. Atypical "normal" initiated process,gfor exanple, could enploy
anmoni um persulfate as initiator at a reaction tenperature of 80+ -2C.

Under "redox” initigdiiena f&‘yc?d Whac?ﬁ@raabssty@h&' A n)’l ‘Pd?uﬁ%n%ﬁ/l' LRgginder

which the initiator 1s activated K@W reduci ng ag po yner|2at|on IS
20 nornal |y carri edinylgstess %OWQCCBF fiapdigs theR@cetinanid. gy aiwht i s added as

a separat e sol ut i 0oy Dlcr Abnideianlifl, bldkRAePUAERS vl PEnigHARe. coul d

enpl oy potassi um persu ate ‘as t | t1ator um me e as

t he reduci ng agent tka likg, B@@G‘ﬂxtWﬁSﬂWr ature of 65+/ 2C. 25 In the above
emul sions, the golymer preferably exists as a generally spherical particle,
di spersed in water, with a dianeter of about 50 nanoneters to about 500
nanoneters. |n parti cul lrthe gheve propessestitablednitiatofsatetdweing agkntsheatalystsent i on

Ty be 301 COr POT Al SGhabdlaih LACH BY EnAlFRHMad i ASRNBRRIIB LY St e o

enhance t he st abi I| of enu ner s 084" wo
2006/ 060612 PCT/ USZ'@D!B&IOZIJI}S@EB mclmde amnmnmnsperwlfwd((mgs abydrbgam pexoxitles ar e

butyl acrylate, y. the |ike. In
acrylic paint corrpoggf'lJ ﬁ&tagﬁgﬁj ‘!6%?”%%?{&‘5'1’?%@2%?‘{'%&“ ?PQPS'FOXWBre esters
of acrylic or mMéthdauryllpecoxis dx,tertlarymuqabémxnaerﬁXtazbb:slsebmyrc@hmalt @y 50 by
wei ght, of a high T9. . nmononer (e. h hacryl ate) and a low T9
nononer (e.g. but y;l;ygrgpe,mél[dg) 68%%"@”% %n% 5Ptl ons, e.g. about 0.5%to
about 2% by wei ght, of acr yI ic or nethacrylic acid. The vi nyl -acrylic
pai nts usually include acet.at e an acryl ate and/ or 2-ethyl
hexyl acryl ate and/ or v¥H’ﬁ6'9v ggp%tagenfﬁre\%ﬂ which IncFease The rate of
polymerization and include for example, sodium bisulfite, sodium
15  hydrosulfite, sodium formaldehyde sulfoxylate, ascorbic acid, isoascorbic

acid, and mixtures thereof.

Suitable catalysts are those compounds which increase the rate of
polymerization and which, in combination with the above-described
20 reducing agents, promote decomposition of the polymerization initiator
under the reaction conditions. Suitable catalysts include transition metal
compounds such as, for example, ferrous sulfate heptahydrate, ferrous
chloride, cupric sulfate, cupric chloride, cobalt acetate, cobaltous sulfate,
and mixtures thereof.
25 _
Suitable surfactants which may be used in conjunction with the
Nopol surfactant include ionic and nonionic surfactants such as alkyl
polyglycol ethers such as ethoxylation products of lauryl, tridecyl, oleyl,
and stearyl alcohols; alkyl phenol polyglycol ethers such as ethoxylation
30 products of octyl or nonylphenol, diisopropyl phenol, triisopropyl phenol;
alkali metal or ammomum salts of alkyl, aryl or alkylaryl sulfonates,



acrylic paint conpositions, at |east 50% of the polyner fornmed is 10
conprised of vinyl acetate, with the remai nder being selected fromthe
esters of acrylic or nethacrylic acid. The styrene/acrylic polynmers are

typically simlar to the acrylic polyners, with styrene substituted for all
or a porti¥P 82 et hacryl ate monomer thereof. 15 | nPOVHAYY3FUr t her
illustrate the invention and the advantages thereof, the follow ng

non-limting exanples are given. EXAMPLES 20 Exanple 1 Latex trials 1 to 13
were prepared using the follow ng fornulation: WO 2006/ 060612

PCT/ US2005/ 043539 -12 Description: Acryliq Pressure Sensitive Adhesive
Latex Total Solids (by fornula): 55% Fornmula Active Kettle Charge W W %

BOTM  Dei oni zed VWifgfesSHospRatls, YhdnOM% in%%iné@o@iuﬁﬂ%@@ﬂ@&lﬁté?-sé ufy ©5 0. 10%
192. 05 0.55 Monomer Emul si on Dei'oni zed Water 154.1 0.00°0. 00%' Surfact ant

5.50 3.19 0.58% BRAtyphese! giyeatetherzsufatszsodiign dodenythengeng wifosath, | acryl ate

11.0 11.00 2.00% &Aekokk ideind®hifeo? sQate 2dk SRiurh =gr ans
total nonomer Initiator gg‘f%?? oﬁélf)e?'oni zggﬁ)%l’t' e?f%ﬁ@;ﬁ%ﬁ%ﬂ@%eﬁ%%@% Ammoni um
Persul fate 2.2 2. 2@enta-4mhocteogyco! suifopatpst sulfoserrina H15.594h as disodium

5 ethoxylated nonylphenol half ester of sulfosuccinic acid, disodium n-

octyldecyl sulfosuccinate, sodium diocty! sulfosuccinate, and the like.

A typical process of emulsion polymerization preferably involves
charging water to a reactor and feeding as separate streams a pre-

10 emuision of the monomer and a solution of the initiator. A small amount of
the pre-emulsion and a portion of the initiator may be charged initially at
the reaction temperature to produce a "seed" latex. The "seed" latex
procedure results in better particle-size reproducibility. Under "normal”
initiation conditions, that is initiation conditions under which the initiator is

15  activated by heat, the polymerization is normally carried out at about 60-
90° C. A typical "normal” initiated process, for example, could employ
ammonium persulfate as initiator at a reaction temperature of 80+/-2°C.
Under "redox" initiation conditions, that is initiation conditions under which
the initiator is activated by a reducing agent, the polymerization is

20 normally carried out at 60-70°C. Normally, the reducing agent is added as
a separate solution. A typical "redox" initiated process, for example, could
employ potassium persulfate as the initiator and sodium metabisulfite as
the reducing agent at a reaction temperature of 65+/-2°C.

25 In the above emulsions, the polymer preferably exists as a
generally spherical particle, dispersed in water, with a diameter of about
50 nanometers to about 500 nanometers.

In particular, the terpene based surfactants of this invention may be
30 incorporated in effective amounts in agueous polymer systems to

enhance the stébility of emulsions of the polymers. Commonly used



Reactor setup: 1200 ml 2 piece glass kettle reactor Overhead m xer with

gl ass shaft! Teflon paddle blade PROCEDURE 1. Heat kettle charge to 80C
while purging with nitrogen. Mintain nitrogen purge throughout run, Adjust
agitation for hormgeneous m xi ng t hroughout run. 2. Add 5% of nononer

enul si on (3WO029H0606441 t 5 ninutes for tenperature to reBolHRROOSHBAYY 250
(27.3 g) of initiator solution and hold at 80C for 15 mnutes. 4. Feed the
remai nder of nononmer emnul sion and initiator solution over a 2.5 - 3 hour
period. 5. Maintain the reaction tenperature at 80C throughout the feeds.

6. After addition, heat to 85C and hold foy430 mnutes. 7, Cool to bel ow
30C, adjust pHto 8 0.2 with NHAOH and filter through 100 nesh screen. 1 %

based on total mONAEREmERIR MR dR M BnkIRE LGRS fialiCH?0051043535 - 13

Surfactant substitutions an nges in surfactant’ percent” concentrations,
were as indicated methaseyiate) etbwanylatq angd the likydn acrylic paintsorndsiioss thenpar i ng

Cndi cated: Trial #P4eER FogBHERRSonk e o S U REN O mR e R A o
Substitution modaWQwammtBM@P@_@lEGO/G@@v Byt RO a7HRN mndwﬂﬁlibfgat e
055 Total surfach S MEBRENAD S5 g s ey e e e
Char ge small proportions, e.g. about 0.5% to about 2% by weight, of acrylic or

methacrylic acid. The vinyl-acrylic paints usually include vinyl acetate and

butyl acrylate and/or 2-ethyl hexyl acrylate and/or vinyl versatate. In vinyl-

acrylic paint compositions, at least 50% of the polymer formed is

10 comprised of vinyl acetate, with the remainder being selected from the
esters of acrylic or methacrylic acid. The styrene/acrylic polymers are
typically similar to the acrylic polymers, with styrene substituted for ail or a

portion of the methacrylate monomer thereof.

18 In order to further illustrate the invention and the advantages
thereof, the following non-limiting examples are given.

EXAMPLES

20 Example 1
Latex trials 1 to 13 were prepared using the following formulation:



% Wet 0.05 0.01 0.03 0.05 0.14 CoagulumBOL Wt Git trace trace 0.01
0.01 0.04 (100 mesh BOL % Total 54.39 54.2 54.3 54.2 54.3 Solids 98.9
98.5 98.8 98.5 98.7 Conversion Mean Particle 292.1 / 40 406 7 / 35 1 364.7
/ 361.1/ 400.8 / Diameter / 34.7 49.7 60.3 Std Dev (n 2.6 2.4
2.5 Vi scosiYQ200¢/06140 67. 5 85 70 85 at Room Tenp FreB E/U)SZOG5’W3§}"9O 0
Thaw # cycles 60C Oven Pass 30 Pass 30 Pass 30 Pass 30 Pass 30 Stability
days days days days days BOTM= Based on total nononmer BOTL= Based on total
l'i quid nm= Nanoneter 10 cP= Centi poi se units Rhodapex CO 436(r)
(commercially available fromRhodia Inc.).{s-a sulfated' al kyl phenol

et hoxyl ate surfactant. WD 2006/ 060612 PCT/ US2005/ 043539 -14 Table I results

shovied that 'sim | ar | atex propmiibesa8ae phSsucashiey sshalidieiopol PO EO

sul fates of several

di fferent nol ecul ar wei ght

Total Solids (by formula): 55%
Formula Active
Kettle Charge Wt (g) Wt (g) % BOTM!
Deionized Water 191.50 0.00 0.00%
Sodium Bicarbonate 0.55 0.55 0.10%
192.05 0.55
Monomer Emulsion
Deionized Water 154.1 0.00 0.00%
Surfactant 5.50 3.19 0.58%
Butyl acrylate 533.5 533.50 97.00%
Hydroxyethyl acrylate 11.0 11.00 2.00%
Acrylic acid 5.5 5.50 1.00%
709.6 553.19
550.0 =grams total monomer
Initiator Solution
Deionized Water 107.0 0.00 0.00%
Ammonium Persulfate 2.2 2,20 0.40%
109.2 2.20
Total 1010.8 555.94

1200 mi 2 piece glass kettle reactor
Overhead mixer with glass shaft/ Teflon paddle blade

Reactor setup:

PROCEDURE

1. Heat kettle charge to 80°C while purging with nitrogen. Maintain nltrogen purge throughout
run. Adjust agitation for homogeneous mixing throughout run.

2. Add 5% of monomer emulsion (35.5 g). Wait 5 minutes for temperature to
rebound.

3. Add 25% (27.3 g) of initiator solution and hold at 80°C for 15 minutes.

4, Feed the remainder of monomer emulsion and initiator solution overa 2.5 - 3
hour period.

5. Maintain the reaction temperature at 80°C throughout the feeds.

6. After addition, heat to 85°C and hold for 30 minutes.

7. Cool to below 30°C, adjust pH to 8 £ 0.2 with NH4OH and filter through 100 mesh
screen.

! 94, based on total monomer concentration



ranges. 5 Table 2. Latex trials conparing control surfactant to Nopol
propoxy (PO/ ethoxy (EO sulfate as indicated: Trial # 6 7 8 9 Surfactant
Control Nopol Nopol Nopol substitution Rhodapex 5P0/3E0 5PQ 5E0 5P0/ 7EO

CO 436 Sul fat &, Sulfate, Sulfate, NH4+ NH4+ NH4+ 9% BOTM Total Surfactant
0.58 0.58 0.%%2YoBW61%, BoTM Surfactant in 0 0.025 0.03 0PEFUSKEEN43E9Char ge
Wet  Coagulum 0.05 0.05 0.08 0.06 (BOTL) %Wt Git Trace Trace 0.01 0.11
(100 nesh BOTL) % Total Solids 54.4 54.2 54.2 53.7 Conversion 98.9 98.6
98.6 97.7 Mean Particle D aneter / Std 292 / 40 260 / 32 257 / 23 288 / 19
Deviation nmpH 2.0 2.4 2.4 2.7 Viscosity1geP) at Room Tenp 78 88 80 85
BOTM= Based on total nononer BOTL= Based on total liquid nnm= Nanoneter cP=

Centi poi se units  gygactant substitutions and changes in surfactant percent concentrations,
were as indicated in the following trials.

Table 1. Latex trials comparing control surfactant to Nopol propoxy (POY/
5 ethoxy (EQ) sulfate as indicated:

Trial # 1 2 3 4 5
Surfactant Control Nopol Nopol Nopol Nopol
Substitution | Rhodapex | 3PO/2.5EQ | 5PO/3EQ | 5PO/S5EQ | 5PO/7EOQ
C0-436 Sulfate Sulfate, Sulfate, Sulfate,
NH4+ NH4+ NH4+ NH4+
% BOTM 0.58 0.58 0.58 0.58 0.58
Total
Surfactant
% BOTM 0.0 0.0 0.0 0.0 0.0
Surfactant in
Kettle Charge
% Wet 0.05 0.01 0.03 0.05 0.14
Coagulum
(BOTL)
% Wet Grit trace trace 0.01 0.01 0.04
(100 mesh
BOTL)
% Total 54,39 54,2 54.3 54.2 54.3
Solids
% 98.9 98.5 98.8 98.5 98.7
Conversion
Mean Particle | 292.1/40 | 406.7 / 35.1 364.7 / 361.1/ 400.8/
Diameter / 34.7 49.7 60.3
Std Dev (nm)
pH 2.0 2.3 2.6 2.4 2.5
Viscosity (cP) 140 67.5 85 70 85
at Room
Temp
Freeze / 0 0 0 0 0
Thaw #
cycles
60°C Oven Pass 30 Pass 30 Pass 30 Pass 30 Pass 30 .
days days days days days
Stability

BOTM= Based on total monomer
BOTL= Based on total liquid
nm= Nanometer
10 cP= Centipoise units
Rhodapex CO-436® (commercially available from Rhodia Inc.) is a
sulfated ‘alky! phenol ethoxylate surfactant.



Rhodapex CO- 436 is a commercially avail able sulfated al kyl phenol ethoxyl ate
surfactant from Rhodia. WD 2006/ 060612 PCT/ US2005/ 043539 -15 The results
shown in Table 2 indicate that simlar |atex properties can be achi eved
wi t h Nopol %Eglﬁulfat es of several different nol ecul ar ranges.

Tabl e 2 furtHer?%P9% 3 rates the effect of adding Nopol 5 ?’BUE %’W?E‘ﬁte to
the kettle charge and the ability to vary the particle size in the final

| atex (conpare to Table 1). Trials 7-9 were perforned to "tune" the particle
size of the Nopol PO EO sulfate so that they were in the 250-300 nm range.
Rhodapex 10 CO- 436 (trial # 6) was also ifythe 250-300 nmrange. The
particle size was controlled so as not to cause interference or variations
in tests that can be affected by particle size variation, such as freeze /
t haw, foam ng, Ca++ and mechanical stabilit 15 Table 3. Latex trials
conparing control surf al@bint qult%@wedﬁhﬁﬁﬂﬂ{ﬁ r(gpey propeftindzgn bEO) sul fate as

Subst |t uti on Rhodaiae CroT Db PLRR U By e 2 e i PlieEhihpon
Sul fate, NH4+ NH4ranBpBgl+ 20 Ca++ Stability Passed Passed Passed Passed Test
(hi ghest (0.01 (0.0O1 M (0.01 M (0.01 M concentration passed) Foam

Test- 42 28 28 30 Initial Height (mM) Foamtest - 40 26 25 24 Height after
5 minutes (nl) 25 Fadenlt katex triafcaipaping 2entrol surfactant to Nopol propoxy (PO)/

ethoxy (EO) suifate as indicated:

Trial # 6 7 8 9
Surfactant Control Nopol Nopol Nopol
substitution Rhodapex 5PO/3EO 5PO/5EO 5PO/7TEO

C0O-436 Sulfate, Sulfate, Sulfate,
NH,+ NH4+ NH4+
% BOTM Total
Surfactant 0.58 0.58 0.58 0.58
% BOTM
Surfactant in 0 0.025 0.03 0.03
Kettle Charge

% Wet
Coagulum 0.05 0.05 0.08 0.06

(BOTL)

% Wet Grit Trace Trace 0.01 0.11
(100 mesh

BOTL)

% Total Solids 54 .4 54.2 54,2 53.7
% Conversion 98.9 98.6 98.6 97.7
Mean Particle
Diameter / Std 292 /40 260/32 257123 288/19
Deviation (nm)

pH 2.0 2.4 2.4 2.7
Viscosity (cP)
at Room Temp 78 88 80 85

BOTM= Based on total monomer

BOTL= Based on total liquid

nm= Nanometer

cP= Centipoise units

Rhodapex C0-436 is a commercially available sulfated alkyi phenol ethoxylate surfactant
from Rhodia.



Hei ght after 15 mnutes (m ) Mechanical Passed Passed Passed Passed
Stability (Waring Bl ender 20,000 rpmfor 5 mnutes) Surface tension 39.01
43,05 42.05 41.19 (dynes/cm 30 Film Aspect Good cl ear Good cl ear Good
clear Good clear filmfilmfilmfilm FIT (# cycles) (0} %Oé 80 §0)
stability 60 WIEOHIss 30 Pass 30 Pass 30 Pass 30 St abfFFG200Aays da s
da s M- nolar WO 2006/ 060612 PCT/ US2005/ 043539 -16 The results in Table 3
continue to show that Nopol PQ EO sulfates of several different nol ecul ar
wei ghts produce simlar |atex properties such as nechanical, chem cal and
tenperature stability, filmquality and sygtace tension, conpared to the
control surfactant. Filmaspect was 5 excellent for all |atexes tested in
Table 3, yielding draw downs that are clear and free of defects. No

observabl e difference was seen between the control and Nopol PO EO sulfate
latex films. The resul t 5hg restiipshown igiTaple 2 indicate that similaaiateppigpenies EO

| f at f |~/ E K '
sul fates of several.,gdib a%h%{)‘éd\mﬂ‘,\ﬁBH&I@fO/E@"é&hét@si)gé’efllg%rdﬁﬁ%thy@%‘ﬁuce

latex with | ower foam ng properties, as seen In niti oam hei ght
as well as |ower faowighhéanges. ARl 2 further ilusteatsetha effeelipb edding Negall t s: 180 Peel

and Loop Tack Test e B4 b PRGN boRe TaflS o6 Vi tEQaReelsdel | Load

- Ncm) 6 Control Iatex
in the final latex (compare to Tabie 1).

Trials 7-9 were performed to “tune” the particle size of the Nopol
PO/EQ suifate so that they were in the 250-300 nm range. Rhodapex
10  CO-436 (trial # 6) was also in the 250-300 nm range. The particle size
was controlied so as not to cause interference or variations in tests that
can be affected by particle size variation, such as freeze / thaw, foaming,
Ca++ and mechanical stability.

15 Table 3. Latex trials comparing control surfactant to Nopol propoxy (PO)/
ethoxy (EO) sulfate as indicated:

Trial # 6 7 8 9
Surfactant Control Nopol Nopol Nopol
substitution Rhodapex 5P0O/3EOQ 5PQ/5EQO 5PQ/7TEO
CO-436 Sulfate, Sulfate, Sulfate,
NH,+ NH4+ NH4+
20 Ca++ Stability Passed Passed Passed Passed
Test (highest (0.01 M) (0.01 M) (0.01 M) (0.01 M)
concentration
passed)
Foam Test ~ 42 28 28 30
initial Height (ml)
Foam test - 40 25 25 24
Height after 5
minutes (ml)
25 Foam test - 40 23 21 22
Height after 15
minutes (Ml)
Mechanical Passed Passed Passed Passed
Stability (Waring
Blender 20,000
rpm for 5 minutes)
Surface tension 39.01 43.05 42.05 41.19
(dynes/cm)
30 Film Aspect Good clear | Good clear | Good clear | Good clear
L film film film film
F/T (# cycles) (0) (0) 0) ()]
stability
60°C Oven Pass 30 Pass 30 Pass 30 Pass 30
Stability days days days days

M= molar




Rhoda ex CO- 436 7 Latex nmade with 11.06 2.41 Nopol
made with 13.34 2.81 Nopol 5P0/5EO0 Sul fate

5P0/ 3E0 Sul fate 8 Latex
9 Latex made with 13.18 2. 66

Nopol 5P0/7EO0 Sulfate 15 Four PSA | atexes were tested for peel and tack
properties. The latex trials tested are described in Table 2. Loop Tack
Testing: 20 YAMIFAD s e prepared by drawing down the ne®ETHISRPEBI3[Rt ex ont o
PET filmwth a 3 ml 3" drawdown bar. The draw downs were allowed to air
dry, and were oven cured at 105C for 5 mnutes prior to covering the film
with rel ease paper. A 1" wide strip was cut fromthe PET/ adhesivel rel ease
paper "sandw ch" and cut to 7"

|l ong with _t{?_adhesive in the center for 25
| oop tack testing. The ends were taped for the grips, and the testing was WO

2006/ 060612 PCTI USZ005/191%3‘,%&3&4.%%2?@0%#@(:83}4?&@3{@“0@&ﬁaﬁ@ggﬁ%sgg coat ed

PET filmstrip to 1"fromt sur trng t hat

each sanpl e is force@veghdifetent mbiec@8r weighta peodaice Isinitee ladenpropedissur e. The
I nstron Tensi oneteg(r 0 _nul "l o.mnute, and
t he peak force req%écp)eaév}?ig)cr?Hrﬁgﬁﬁb%m'? ﬁeénldggrgp%\%@?? %B@Qeé'%’ qﬂaélg)oarlgeel Test :

The sanpl e prep wasurfackitérisian, dorhparee ta the@montrdisufectbntt d4im aspectvasad t he 10
drawdown was done at

This was done s t%cteh%ﬁlf%%g lﬁ?gﬁoés%a?%E%T%\é&i%ips%f%ﬁBg‘ﬁgghh%ggﬁtehegr ?Snt gr .
grab for the peel tleatandSteendaetbcESNswhsénwalble siffsesree westkeandetwezn tipg essur e
applied to the adhgosnitr\c/)Far?do I%pGO P%%gofsiulfg?e\ivaa}gx hﬁ%t Tll‘|12irésot.lrltrsnir%3 ¥able 3 also

ilustrate that Nopol PO/EO suifates of several different molecular weights

can be used to produce latex with lower foaming properties, as seen in

10  lower initial foam height as well as lower foam height over time.

Table 4. Adhesion results: 180° Peel and Loop Tack Testing

Trial # Description Loop Tack (Max 180° Peel (N /
Load -N) cm)
6 Control latex 9.80 2.19
made with
Rhodapex C0-436
7 Latex made with 11.06 2.41
Nopol 5PO/3EO
Sulfate
8 Latex made with 13.34 2.81
Nopot 5PO/SEO
Sulfate
9 Latex made with 13.18 2,66
Nopol 5PO/7EO
Sulfate
15 Four PSA latexes were tested for peel and tack properties. The

latex trials tested are described in Table 2.

Loop Tack Testing:

20 Samples were prepared by drawing down the neutralized latex onto PET
film with a 3 mil 3" drawdown bar. The draw downs were allowed to air
dry, and were oven cured at 105°C for 5 minutes prior to covering the film
with release paper. A 1" wide strip was cut from the PET/adhesive/release
paper “sandwich” and cut to 7” long with the adhesive in the center for

25 loop tack testing. The ends were taped for the grips, and the testing was



using a standard roller for the same nunber of passes at approximately 15
the sanme speed. Cenerally, strong tack and good resistance to peel is
desired in pressure sensitive adhesive | atexes, and both properties can
potentlally be cted by the surfactant used to nmake the | atex. 20 The
data in TabM® &ﬁﬁﬁrlzes the results of the 180 peel aRET/UPHBH4BRE K
testing. NUItlpIe replications were perforned for each sanple. The Nopol

sul fate | atexes showed equi val ent or better performance vs. the control. WO
2006/ 060612 PCT/ US2005/ 043539 -18 Table 5. Latex trials with Nopol propoxy
(PO/ ethoxy (EOQO sulfate as indicated: Tytal # 10 11 12 13 Surfactant
Nopol Nopol Nopol Nopol Substitution 5PQ 19E0 5PQ 19E0 5P0/ 25E0 5P0/ 25E0

Sul fate Sul fate NHfgroomH E%ty gNE‘%SaMU‘bE stnp@oBgFMN%iﬂ eobﬁgrge

0.58 0.58 0.58 S
% Vet 0.11 0.09 0. q@%”“a L{g‘ g‘%‘% Sgr&tﬂ%?% ?& 4 1.27
(100 mesh BOTL) Y dofaly e s b AR

98.9 97.4 5 remove the loop was recorded.

180° Peel Test:

The sample prep was a little different for the peel test, in that the
10  drawdown was done at the low end of the PET film, as opposed to the
center. This was done so that a long “tail” of PET was left for the upper
grip to grab for the peel test. Standard SS substrates were used and the
pressure applied to the adhesive coated PET film was kept uniform by
using a standard roller for the same number of passes at approximately
15 the same speed.

Generally, strong tack and good resistance to peel is desired in pressure
sensitive adhesive latexes, and both properties can potentially be
impacted by the surfactant used to make the latex.
20
The data in Table 4 summarizes the results of the 180° peel and

loop tack testing. Multiple replications were performed for each sample.
The Nopol sulfate latexes showed equivalent or better performance vs.
the control.



Mean Particle 449 /| 43 256 / 28 457 /| 71 408 / 76 Dianeter/ Std Dev nm pH
2.6 2.9 2.5 2.7 Viscosity (cP) 73 78 65 70 at Room Tenp BOTM= Based on
total nononer 5 BOTL= Based on total liquid nm= Nanoneter cP= Centipoise
units SS= s @i nl ess steel PET= Pol yet hyl ene Terephthalate 10 The results
shown in TabV@26LM8¥ t hat similar latex properties can PEE/USRMSALEY wit h
Nopol PO EO sul fates of several different nolecular weight ranges, conpared
to the control surfactant. Table 5 illustrates the 15 effect of addi ng Nopol
PO EO sulfate to the kettle charge and the ability to vary the particle
size in the final |atex. WO 2006/ 060612 PCjg US2005/ 043539 -19- Exanple 2
Latex trials 14 to 27 were prepared using the follow ng formula:

Description: Acrylic Pag a i ' ; % mul a
Active Kettle Charge ﬁ%}e%tﬁ%ﬁ%ﬁﬁhﬂgﬁgﬁfga&%¥ teF:%ﬂ_H {hé)(%%)z‘p’z‘ﬁg&oo r0. 00%
Surfactant 1.74 1.@2indicatesh 192. 98 1. 02 Monomer Enul sion Dei oni zed Wt er

191.67 0.00 0.00% SurfwggzAmt 15: 30 902 I 89% 12 13
Surfactant Nopol Nopol Nopol Nopol
Substitution 5P0O/19EQ 5PO/M9EOQ 5PO/25EQ | 5PQ/25E0Q
Sulfate Sulfate NH4+ Sulfate, Sulfate,
NH4+ NH4+ NH4+
% BOTM Total 0.58 0.58 0.58 0.58
Surfactant
% BOTM 0 0.06 0 0.06
Surfactant in
Kettle Charge
% Wet 0.1 0.09 0.06 0.10
Coagulum
(BOTL)
% Wet Grit 0.03 0.10 0.04 127
(100 mesh
BOTL)
% Total Solids 54.4 54.2 54.4 53.6
% Conversion 98.9 98.6 98.9 974
Mean Particle 449 /43 256 /28 457 1 71 408/76
Diameter / Std
Dev (hm)
pH 2.6 2.9 2.5 2.7
Viscosity (cP) 73 - 78 65 70
at Room Temp

BOTM= Based on total monomer
5 BOTL= Based on total liquid
nm= Nanometer
cP= Centipoise units
SS= stainless steel
PET= Polyethylene Terephthalate
10

The results shown in Table 5 show that similar latex properties can
be achieved with Nopol PO/EO sulfates of several different molecular
weight ranges, compared to the control surfactant. Table 5 illustrates the

15 effect of adding Nopol PO/EQ sulfate to the kettle charge and the ability to
vary the particle size in the final latex.



Met hyl net hacryl ate 260. 00 260. 00 52. 00% Butyl acrylate 235.00 235. 00
47.00% Methacrylic acid 5.00 5.00 1.00% 707.04 509.02 500.00 = grans total
nmonormer Initiator Solution rDel onized Water 98.00 0.00 0.00% Ammoni um
Persulfate 2,00 2.00 0.40% 100.00 2.00 Total 1000.00 512. 04 Reactor setup:
1200 m 2 pi YOPYWUEY21ett1 e reactor Overhead nixer with BFHES0GHMIB? Tef| on
paddl e bl ade PROCEDURE 1. Heat kettle charge to 820C while purging with
nitrogen. Maintain nitrogen purge throughout run. Adjust agitation for
honmbgeneous m xi ng t hroughout run. 2. Add 2% of nononer enul sion (14.14 g),
Wait 5 mnutes for tenperature to rebound..qg3. Add 25% (25.0 g) of initiator
solution and hold at 80C for 15 mnutes. 4. Feed the renai nder of nononer
emul sion and initi aéﬁ;n%{guti on over a 2.5 - 3 hour period. 5. Miintain the

reaction tenperature a C throughout the feeds. 6. After addition, heat to
85C and hol d for 30 ni nhétex trials 143827 Wete prepe@ird 3siag thedioliawingfarmulag wit h NHAOH
and filter through 100 nesh screen. ' % based on total nononer

concentration Surfactant substitutions and changes in surfactant percent
concentrations, were as i ndPESFREEM | n t hAYiBPIWKARY trials. WD 2006/ 060612
PCT/ US2005/ 043539 -20 Table 6. Latex trials conparing control surfactants
to Nopol propoxy (POPR Hi¢d/omeey sul FA*e as indicated: Trial # 14 15 16
17 Surfactant Control Control ContrB‘l’m‘ii?hoda’bCé'Y@C(% Rhodapex AB- Rhodapex

LA- Nopol 5PO Ketile Charge Wt (g) Wit(g) BOTM!'
Deionized Water 191.22 0.00 0.00%
Surfactant 1.74 1.02 0.20%
192.96 1.02

Monomer Emulsion

Deionized Water 191.67 0.00 0.00%
Surfactant 15.37 9.02 1.80%
Methyl methacrylate 260.00 | 260.00 | 52.00%
Butyl acrylate 23500 | 235.00 | 47.00%
Methacrylic acid 5.00 5.00 1.00%

707.04  509.02
500.00 = grams total monomer

Initiator Solution
Deionized Water 98.00 0.00 0.00%
Ammonium Persulfate 2.00 2.00 0.40%
100.00 2.00

Total 1000.00 512.04

Reactor setup; 1200 ml 2 plece glass kettle reactor
Overhead mixer with glass shaft/ Teflon paddle blade

PROCEDURE

1. Heat kettle charge to 82°C while purging with nitrogen. Maintain nitrogen purge throughout run.
Adjust agitation for homogeneous mixing throughout run.

2. Add 2% of monomer emulsion (14.14 g). Wait 5 minutes for temperature to rebound.

3. Add 25% (25.0 g) of initiator solution and hold at 80°C for 15 minutes.

4. Feed the remainder of monomer emulsion and initiator solution over a 2.5 - 3 hour period.

5. Maintain the reaction temperature at 80°C throughout the feeds.

6. After addition, heat to 85°C and hold for 30 minutes.

7. Cool to below 30°C, adjust pH to 9 with NH4OH and filter through 100 mesh screen,

' 9, based on total monomer
concentration

Surfactant substitutions and changes in surfactant percent concentrations,
were as indicated in the following trials.



Substitution 436 20 40/S 7EO sulfate % BOTM Total Surfactant 2.00 2.00 2.00
2.00 %BOTM Surfactant in Kettle Charge 0.20 0.20 0.20 0.20 Wt Coagul um
% BOTL 0.01 0.03 0.48 0,06 Wt Git, %BOL 0.04 Nil 1.08 0.01 pH9199
9 Solids, %49.91 49.93 49.68 49.98 Conversion, %97.48 97.71 97.2 97.77
Particle Sl?@%ﬂ’ﬁ”qyaneter nm114.6 123.6 121.1 137.2 % ‘5@\"?3?|0n nm
20.2 18 8.8 21.3 Std. Devi atlon % 17.6% 14.5% 7. 3% 15. 5% Viscosity, 25c
cP 457.9 565.9 535.9 300.9 5 BOTM= Based on total mononer BOTL= Based on
total liquid nm= Nanonmeter cP= Centi poise units Rhodapex CO- 436 is a
commercially available sulfated al kyl 10.2gphenol ethoxyl ate surfactant from
Rhodi a. Rhodapex AB-20 is a commercially avail able sul fated al cohol

et hoxyl ate from Rhodi a. Rhodapex LA-40/S is a comrercially avail able

sul fated al C]?hmh mtﬂwsyLaﬁzeﬁ trials)mnggbilﬁzlg@ontwfsﬁﬂbét?n@t@l:qepﬁ_ﬁ prdpoxyatex
properties of the e po . _su] fate formul ation in conparison
to three commerci a‘%@b%ﬂ@%é“a@ﬁﬁﬁﬁa@fﬁd& Table 6 illustrates '[rﬁat
simlar |atex properdikes were afhi eveds\\O 20064960612 Pel/ USZ200%7 P43539 - 21

Control Controi Control

Surfacta(\t Rhodapex CO- | Rhodapex AB- | Rhodapex LA- Nopol 5PO

Substitution 436 20 40/ 7EO sulfate

% BOTM Total

Surfactant 2.00 2.00 2.00 2.00

% BOTM Surfactant

in Kettle Charge 0.20 0.20 0.20 0.20

Wet Coagulum, %

BOTL 0.01 0.03 | 0.48 0.06

Wet Grit, % BOTL 0.04 ., Nil 1.08 0.01

pH [ 9.1 | 9] 9] 9|

Solids, % 49.91 49.93 49.68 49.98

Conversion, % 97.48 97.71 97.2 97.77

Particle Size

Mean Diameter, nm 114.6 123.8 121.1 137.2

Std. Deviation, nm 20.2 18 8.8 21.3

Std. Deviation, % 17.6% 14.5% 7.3% 15.5%

Viscosity, 25°c,cP | 457.9 | 565.9 | 535.9 | 300.9 |
5 BOTM= Based on total monomer

BOTL= Based on total liquid
nm= Nanometer
cP= Centipoise units
Rhodapex CO-436 is a commercially available sulfated alkyl
10 phenol ethoxylate surfactant from Rhodia.
Rhodapex AB-20 is a commercially available sulfated aicohol
ethoxylate from Rhodia.
Rhodapex LA-40/S is a commercially available sulfated alcohol
ethoxylate from Rhodia.
15

Table 6 shows the latex properties of the Example 2 Nopol PO/EO
sulfate formulation in comparison to three commercially available
surfactants. Table 6 illustrates that similar latex properties were achieved



wi th the Nopol PO EO sulfate conpared to the control commerci al

surfactants. Table 7. Latex trials conparing Nopol propoxy (PO/ ethoxy (EO
5 sulfate as indicated: Trial # 18 19 20 21 22 Surfactant Nopoi 5PO Nopot
5P0 Nopol SPO No SPO Nopol 5P0 Substitution 5E0 sulfate 7EQ0 sul fate 19EO
sul fate ZSEU%WP‘E%PQZSOEO sulfate % BOTM Total Surfact aRET/ESHOSHIHY 2. 00
2.40 2.40 % BOTM Surfactant in Kettle Charge 0.20 0.20 0.20 0.20 0.20 Wet
Coagulum % BOL 0.04 0.09 0.04 0.02 0.04 Wt Git, %BOIL 0,16 0.01 0.01
Nil 0.02 pH9 99 99 Solids, %50 49.94 50.09 49.78 50.62 Conversion, %
97.8 97.72 97.83 97.01 98. 47 Particle Sizg Mean Diameter, nm 149.5 147.7
162.5 191 176.2 Std. Deviation, nm31.1 10.9 16.1 24.9 10 Std. Deviation,
% 20. 8% 7. 4% 9. 9%, {Hé)l\%fgé%’o)éé%&%té domR6d 1Re ORI RBRRAGGM 274 5 BOTM:
Based on total nononer Based on total |qU| nm= Nanonmeter 10 cP=
Centi poi se units TWfagigbise 7 results show that similar |atex properties can
be achieved with Nopol PO EO sul fates of several different nol ecul ar wei ght
ranges, in conparison to the control surfactants (Table 6). 15 Table 8.

Latex trials conparingTeblet’ bhtexdidlacerapariagiNopopobont Gi0ks§thoxyHEN) et hoxy

(EOQ sulfate asindicalfdngicated:

[ Trial # I 18 | 19 | 20 | 21 | 22 |
Surfactant Nopol 5PO Nopol 5PO Nopol 5PO Nopol 5PO Nopol 5P0
Substitution 5EQ sulfate 7EQ sulfate 19EQ sulfate 25E0 sulfate 30EQ sulfate
% BOTM Total
Surfactant 2.00 2.00 2.00 2.40 2.40
% BOTM Surfactant
in Kettle Charge 0.20 0.20 0.20 0.20 0.20
Wet Coagulum, %

BOTL 0.04 0.09 0.04 0.02 0.04
Wet Grit, % BOTL 0.16 0.01 0.01 Nil 0.02
pH | 9| 9| 9] 9] 9]
Solids, % 50 49.94 50.09 49.78 50.62
Conversion, % 97.8 97.72 97.83 97.01 98.47
Particle Size

Mean Diameter, nm 149.5 147.7 162.5 191 176.2
Std. Deviation, nm 31.1 10.9 16.1 24.9 10
Std. Deviation, % 20.8% 7.4% 9.9% 13.0% 5.6%
Viscosity, 25°c, cP___ | 107 | 269 | 252 | 04 | 274.5 |

BOTM= Based on total monomer
BOTL= Based on total liquid
nm= Nanometer

10 cP= Centipoise units

The Table 7 results show that similar latex properties can be
achieved with Nopol PO/EO sulfates of several different molecular weight
ranges, in comparison to the control surfactants (Table 6).

15
Table 8. Latex trlals comparing control surfactants to Nopol propoxy
(PO)/ ethoxy (EO) sulfate as indicated:



WD 2006/ 060612 PCT/ US2005/ 043539 -22 Trial # 23 24 25 26 27 Contra Control
Control Surfactant Rhodapex CO Rhodapex AB- Rhodapex LA- Nopol 5P0 No{i ol
5P0 Substitution 436 20 4015 7EO sulfate 7EO sulfate % BOIM Tot al
Surfactant 2,00 2.00 2.00 2.00 2.00 % BOIM Surfactant in Kettle Charge 0.05
0.15 0,10 0. P8 8%48%1%et Coagul um % BOTL 0. 05 0. 04 0. 01 REUES2059353at
Git, %BOIL 0.06 0.08 0.02 0.01 0.01 H9 9999 Solids, %49.83 50.03
50.11 49.98 50%Conversion, %97.32 97.71 97.72 97.77 98.4 Particle Size
Mean Di ameter nm 140.6 153.1 143.2 137::214 5.6 Std. Deviation, nm17 20.4
20.2 21.3 18.4 Std. Deviation, % 12.1% 13.53% 14. 1% 15. 5% 12. 6% Vi scosity,
25c, cP 180.0 239.4 247.9 300.9 227.0 Foam Test Initial Liquid volune, mn

200 200 200 20020 tmitTat Foam Gerght 425420 #10—355, 3725 —*iegj ght
. Trfal4 A Pyl Ont, T s T P26 A

after 5 mnutes, M 425415 4Ut(l: \3:.30 5IUC°ntI-|e| gttt Cdrter motes;, 415 410
b : n

390 345 365 | hbdriaednt i NCT easGudgibentd! IRk aeperael 13U 105%6:48% 86 %ogiorspo
Substitution 436 20 40/S 7EQ sulfate 7E0Q sulfate
% BOTM Total
Surfactant 2.00 2,00 2.00 2.00 2.00
% BOTM Surfactant
in Kettle Charge 0.05 0.15 0.10 0.20 0.20
Woet Coagulum, %
BOTL 0.05 0.04 0.01 0.06 0.02
Wet Grit, % BOTL 0.06 0.08 0.02 0.01 0.01
pH 1 9] 9] 9] 9] 9]
Solids, % 49.83 50.03 50.11 49.98 ' 50.3
Conversion, % 97.32 97.71 97.72 97.77 98.4
Particle Size
Mean Diameter, nm 140.6 153.1 143.2 137.2 145.6
Std. Deviation, nm 17 20.4 20.2 21.3 18.4
Std. Deviation, % 12.1% 13.3% 14.1% 15.5% 12.6%
Viscosity, 25°c, cP T 180.0 2394 247.9 300.9 227.0
Foam Test
Initial Liquid volume,
m| 200 200 200 200 200
Initial Foam Height,
m) 425 420 410 355 372.5
Height after 5
minutes, ml 425 415 400 350 370
Height after 15
minutes, ml 415 410 390 345 1. . 365
Initial increase In
volume, % 113% 110% 105% 78% 86%

BOTM= Based on total monomer
BOTL= Based on total liquid
nm= Nanometer
5 cP= Centipoise units

Rhodapex CO-436 is a commercially available sulfated alky!
phenol ethoxylate surfactant from Rhodia.
Rhodapex AB-20 is a commercially available sulfated alcohol
ethoxylate from Rhodia.

10 . Rhodapex LA-40/S is a commercially available sulfated alcohol
ethoxylate from Rhodia.



BOTM= Based on total nononmer BOTL= Based on total liquid nnm= Nanoneter 5
cP= Centipoise units Rhodapex CO- 436 is a conmercially avail able sulfated

al kyl  phenol ethoxyl ate surfactant from Rnhodi a. Rhodapex AB-20 is a

comer ci al | y avai |l abl e sul fated al cohol ethoxylate from Rhodia. 10 Rhodapex
LA-40/S i s VRMREI%IZI |y available sul fated al cohol et REHHSAOE436¥m

Rhodi a. WO 2006/ 060612 PCTI US2005/ 043539 -23 The Table 8 results show t hat
| atex particle size can be adjusted ("tuned") by changi ng the anount of
surfactant added upfront in the kettle charge while maintaining the sanme
total anmount of surfactant used in the pobyaerization. (See control
surfactant trials in Table 6, for conparison.) 5 Wwen the control

surfactants and Nopol P%@%lﬁé'bfr@étﬂs‘éﬁ&@lﬂ%@la‘t@&ﬂhélﬁsnzéIagn Eﬁjueﬁﬁt' cl e si ze

range, as in Table 8, |lower Toamng results are Ieve
PO EO sulfate in cb'mqmd "Suyrehaoging éhecamernt of surfagtanbaddddatpfiontiotiielketbet s 10

ExarrpIeSLatextrl #ﬁ)%a t '- forml a:
Description: Vinyl ﬁé@yll 'lg&aal%ﬁ?mﬁgt ex oi?éj’g\'lﬁuﬁgof uﬁa{:tgh '5%1 'Wthgl 7%
Formul a Active Kepblymethatioge (Sge WnterwiactaDétn@mné'abm&rcmmatmano 00 0.00%
Sodi um Bi car bonat e
Dei oni zed V\aétter‘%l SX%QBQGQHEPQB%%*%??QS@%& %/%’%&E@@Efﬁfgg@dm

the same particle size range, as in Table 8, lower foaming results are

achieved with the Nopol PO/EQ sulfate in comparison to the commercially

available surfactants.

10 Example 3
Latex trials 28 to 32 were prepared using the following formula:

Description: Vinyl Acrylic Paint Latex

Total Solids (by formula): 51.7%

Formula Active
%

Kettle Charge Wi (g) Wt(g) BOTM'

Deionized Water 199.50 0.00 0.00%

Sodium Bicarbonate 0.50 0.50 0.10%
200.00 0.50

Monomer Emulsion

Deionized Water 154.26 0.00 0.00%
Surfactant A 25.85 7.50 1.50%
Surfactant B 7.69 5.00 1.00%
Sodium Bicarbonate 1.50 1.50 0.30%
Viny! acetate 400.00 | 400.00 | 80.00%
Butyl acrylate 92.50 92.50 | 18.50%
Acrylic acid 7.50 7.50 1.50%

689.30 514.00
500.00 = grams total monomer

initiator Solution
Deionized Water 98.00 0.00 0.00%

Sodium Persulfate 2.00 2.00 0.40%
100.00 2.00




Surfactant B 7.69 5.00 1. 00% Sodi um Bi carbonate 1.50 1.50 0.30% Vi nyl
acetate 400.00 400.00 80.00% Butyl acrylate 92.50 92.50 18.50% Acrylic
acid 7.50 7.50 1.50% 689. 30 514. 00 500.00 = grans total nononmer [Initiator
Sol ution Deioni zed Water 98.00 0.00 0.00 Sodium Persulfate 2.00 2.00 0.40%
100. 00 2. 00 WPP0BEr60612 PCT/ US2005/ 043539 - 24- ChasePCTISY0M/843539

Dei oni zed Water 5.00 0.00 0.00% T-BHP (70%2 0.40 0.28 0.06% 0.00 0.00%
Del onl zed Water 5.00 0.00 0.00% Isoascorbic acid 0.30 0.30 0.06% 0.00
0.00% 10.70 0.58 Total 1000.00 517.08 Reactor setup: 1200 m 2 piece gl ass
kettle reactor Overhead m xer with glass shaft/ Teflon paddl e bl ade
PROCEDURE 1. Heat kettle charge to 80C while purging with nitrogen. Maintain
nitrogen purge thr un. Adjust agitation for honbgeneous m Xxing

t hr oughout run. 2.%'%'@5&%’:0..“ etr-sior—20—68 9 - Wait 5 mnutes for
tenperature to rebgdpgizedaterngy o504l &) 800 APR0%{ or sol ution and hol d
at 80C for 15 mi nute®P @0%)eed the rlenmPfiier B8€8 npA88er emul sion for 3.75
hours and Initiator_solution for 4.25 hourls. 080 | MAOefbai n the reaction
tenperature at 80Q Qdwvnieathaert t he faedssod. Abber adekti on, hold at 80C for

15 m nut es. Isoascorbic acid 0.30 0.30 | 0.06%
0.00 0.00%
10.70 0.58

Total  10600.00 517.08

Reactor setup: 1200 ml 2 piece glass kettle reactor
Overhead mixer with glass shaft/ Teflon paddle blade
PROCEDURE
1. Heat kettle charge to 80°C while purging with nitrogen. Maintain nitrogen purge throughout run.
Adjust agitation for homogeneous mixing throughout run,
. Add 3% of monomer emuision (20.68 g). Wait 5 minutes for temperature to rebound.
. Add 25% (25.0 g) of initiator solution and hold at 80°C for 15 minutes.
. Feed the remainder of monomer emulsion for 3.75 hours and initiator solution for 4.25 hours.
. Maintain the reaction temperature at 80°C throughout the feeds.
. After addition, hold at 80°C for 15 minutes.
. Cool reactor to 65°C. Add chaser solutions. Hold temperature at 63+/-2°C for 20 minutes.
. Cool to below 30°C, adjust pH to 7.0-7.5 with NH40OH and filter through 100 mesh screen.

WO WN

! ¢, based on total monomer
concentration

% tert- butyl hydroperoxide, 70%

Surfactant substitutions and changes in surfactant percent concentrations,
were as indicated in the following trials.



7. Cool
for

20 m nut es.
filter through 100 nesh screen.

B. Cool

tert- butyl_h gr er oxi de,
sur f act ant }3’9¥2 6c!%mcent
trials.

conparing control
i ndi cated: Tri al

reactor to 65C. Add chaser

sol ution

% based

S.

on total no

noner

70% Sur f act ant substituti ons and chan

rations,

WD 2006/ 060612 PCT/ US2005/ 043539
surfactants to Nopol
# 28 29 30 31 32 Description Surfactant A Control

es in
were as indicated i nPCEWZPng ng
-25 Table 9. Latex trials
propoxy PO )Lethoxy EO sulfate as
Cont r ol

Hol d tenperature at 63+/-2C
to bel ow 30C, adjust pHto 7.0-7.5 with NHAOH and
concentration

2

Nopol 5PO0 Control No of 5P0 Substitutiongs%BOTM Rhodapex LA- Rhodapex LA-
7EO sulfate, Rhodapex LA- 7EO sulfate, Total Surfactant 401S.1.5% 401S, 1. 5%
1. 5% 4015, 175010 5% atSknfidlstd aﬁ]gs%ﬁt?dlts‘dﬁéﬂs TBAhEOHopak, Cont ol
Control Rhodasgy/ fetHda9¢ ggggglf@gﬁag,ggtgd g%lopol 5P0 %gta%ll Sur f act ant
3065. 1% 30653006, 1% 3UE0, 176,3DE0, 1%, ' R 00
Wt Git, % LLFUBUU?Usz:stsU. : ; Sol i ds
% 49. 53 49. Tp&Sipdsh o0- 15 149,77  CpNVersioff, % 95, oT96-29 bd.Ué 66 96. 33
Particle Siz (] ametgr, nm 1498 159.§3 184.6 [48717 6. 06 —Std.
Devi ation, nfg ?ﬁ‘ nt %eB RS- §h023°“§§3%27<30nt@t d. '@ekﬁaﬁ Lion, CO%J 3. lf\@pol'ﬁf;@7 13. 83
12. 33 16. 33 | ¥tse@stthy, 250 278 M aen DO e BN | Te &P e,

Surfactant B

- Control Control Control

Substitution, %BOTM Rnodasurt Rhodasurf Rhodasurf Nopol 5PO Nopol 5PO

Total Surfactant 3085, 1% 3065, 1% 3065, 1% 30E0, 1% 30E0. 1%

Wet Coagulum, %

BOTL 0 0 0 0 0

Wet Grit, % BOTL 0.09 0.07 0.26 0.38 0.28

pH i 7.4 | 7.3 | 7145 ] 7.45 | 7.35 |

Solids, % 49.53 49.71 49.28 50.15 49.77

Conversion, % 95.91 96.29 93.02 96.6 96.33

Particle Size

Mean Diameter, nm 149.8 169.63 184.6 148.17 186.08

Std. Deviation, nm 17.9 12.6 25.5 23.2 30.27

Std. Deviation, % 13.13 7.97 13.83 12.33 16.33

Viscosity, 25°c, P | 280 | 285 | 230 | 275.0 220 |

Foam Test

Initial Liquid volume,

ml 200 200 200 200 200

Initial Foam Height,

ml 415 415 385 435 405

Height after5

minutes, mi 415 415 385 435 405

Height after 15

minutes, ml 415 415 385 435 405

Initial increase in

volume, % 108% 108% 93% 118% 103%

BOTM= Based on total monomer
5 BOTL= Based on total liquid

nm= Nanometer
cP= Centipoise units
Rhodasurf 3065 is a commercially available alcohol ethoxylate
(nonioni¢) from Rhodia.



Initial Liquid volune, m 200 200 200 200 200 Initial Foam Height, m 415
415 385 435 405 Height after 5 minutes, m 415 415 385 435 405 Hei ght

after 15 mnutes, m 415 415 385 435 405 |Initial Increase in volunme, % 108%
108% 93% 118% 103% BOTM- Based on total nononmer 5 BOTL=_ Based nﬁhgt al
liquid nEVR2AWAEE? cP= Centi poise units Rhodasurf 306572 058’6 rcially
avai | abl e al cohol ethoxylate (nonionic) from Rhodia. WD 20061060612

PCT/ US2005/ 043539 -26 Rhodapex LA-40/S is a comrercially avail able sul fated
al cohol ethoxylate (anionic) from Rhodia. Table 9 shows the | atex
properties of the Exanple 3 formnul ati ons-265 which uses both an anionic
surfactant (Surfactant A) and a nonionic surfactant (Surfactant B). Anionic

surfactants, such as smhddtped LAl4OPHE a edrimitiaRy afailabr dlifakdf@dbl ve charge.

Noni oni c surfactants, gHekylas (#isd)dloneRAGKY| ates, have a neutral charge.
Some | atex fornul ati ons use both types of surfactant to optimze 10 certain

properties, such as stabi Iitg and resistance to salts, The results in Table
9 conpare two commerci B30!§980ayVs s 'atex propsities #f therxamirig 8 ormwlaionppol PO EO

sul fate (anionisC) yhffh e Both INCRMNic Rikdetant (BUMaeRhEA) addla hbhighic# 30 the

Nopol PO EO sulfate is substituted for the control anionic surfactant. In
Trial # 31 the NogdffagentgByrfactaniiBdtituted 15 for the control nonionic

surfactant. I'n Trigonft Séractifishs PP suftifehafdoRBlethoxylates, carry a negative
charge. Nonionic surfactants, such as alcohol ethoxylates, have a neutral
charge. Some latex formulations use both types of surfactant to optimize
10 certain properties, such as stability and resistance to salts.

The results in Table 9 compare two commercially available
standard surfactants to a Nopol PO/EO sulfate (anionic) and also a Nopol
PO/EO (nonionic). In Trial # 30 the Nopol PO/EQ sulfate is substituted for
the control anionic surfactant. In Trial # 31 the Nopol PO/EQ is substituted

15 for the control nonionic surfactant. In Trial # 32, both Nopol surfactants
were substituted for the control surfactants.

As illustrated in Table 9 similar latex properties were achieved with
the Nopol based surfactants. Table 9 further illustrates that lower foaming
properties were achieved by substituting the Nopol PO/EO sulfate for the

20 control anionic surfactant.



were substituted for the control surfactants. As illustrated in Table 9
simlar |latex properties were achieved with the Nopol based surfactants.
Table 9 further illustrates that |ower %oam’ ng properties were achi eved by
substituting the Nopol PO EO sulfate f% “"the 20 control anionic surfactant.
-27- Clainms: 1. A latex conposition conprising (A) an enul sion
pol ynerj zabl e unsaturated nononer; (B) water; (C) a free radical or redox
i nitiatofMSand (D) a pol ynerization surfactant conprising at |east one
compound having a formula (1): Z-Y-[CH(R3)-CH(R4)-O .[CH CH2- mR5 (1)
wherein Z nepresents a gr onNpudiavinp@idoheorf@kinew ng fornula: a) , 6 5a / 3
(3.2.0] 2 b) 6 54 1 3. L 56 1.1 3[2.2.1] d)
(A) an emulsion polymerizable unsaturated monomer;

(B) water;

(C) a free radical or redox initiator; and
(D) a polymerization surfactant comprising at least one compound having
a formula (I):
Z-Y-[CH(R?)-CHR*-0Js-[CH,CH,-0]-R’ @

wherein Z represents a group having the following formula:

-

7 6
s 4
-~ 1 3
2/ (3.2.0)
b)
7 6
5 4
1 \3
(3.2.0)
<)
b1
6 4
1 1 [22.1]
2 5
5
6 4
1 3 [3.1.1]
D]
b1
s 4
! 3 [5.1.1]
2 ) .
] f)
[}
7
1
[4.1.0]
8)



]
5y 103([31.1] c¢) 56 ~a137311) 21) fid, -~ 327[4.1.0] B
4 2 [4.1.01 -28- wherein: R3 and R4, which may be identical or different,
represent hydrogen or a linear, branched or cyclic, saturated or
unsat urated Cl-C22 hydrocarbon r adi cal 08 provided that at |east one of the
radicals R3 or R4 is other than hydrogen; R5 is -SO8M or -(CH2),-SBM Y
represents -CH, - C(VE?r%RZ) O or -OCHR'")-CHR2)-0O0, wherein R, RRZ, R",
and R 2, which may be i dentical or different, represent hydr ogen or a

linear, branched or cykidR*, ﬁabmmaﬁ&dddﬂﬁcau&ii&te%nafréfﬁs&}tﬁ d%?%gn&idrloﬁalr bon I
an alkali neta

radlcal zisin M represents
or ' ammoni um f unc%| onm.%?%% CyCh'C SaWﬁe(d,ﬂ“ﬁs TP - ﬁsapydéch%ag/raﬁml be
identical, repr eSEfnYléedhl}BdﬂdeDnaoftheradhtdlkﬁ(fror Rbis 3ihehBs l'gam%é‘l?l ic, saturated
or unsaturated Cl-C22 hYd &;}?%ma whi ch may ydroxyl ated; nis
an integer or fractional nu er 0o 20 inclusive; and

Y represents ~CH,-C(R")(R?)-0- or —O- CHR'")-CHR’»-0-,

wherein R!, R?, R’} and R’%, which may be identical or different,
represent hydrogen or a linear, branched or cyclic, saturated or unsaturated C;-
Cy, hydrocarbon radical;

zis in the range of 1 to 6;

M represents hydrogen, an alkali metal or 4r*ammonium function
N(R)4+, in which R, which may or may not be identical, represents hydrogen or a
linear, branched or cyclic, saturated or unsaturated C;-C;; hydrocarbon radical,
which may be hydroxylated;

n is an integer or fractional number from 0 to 20 inclusive; and

‘m is an integer or fractional number from 2 to 80 inclusive.

2. The latex composition of claim 1 wherein said

compoimd has the formula:

H; H
R n m

wherein X represents a sulfate or sulphonate group and R is hydrogen, CH; or
C,H;.

3. The latex composition of claim 2 wherein said

compound has the formula:

He Cts
Q/h/%*g/\%‘sos-w
CHs 0 m



mis an integer or fractional nunber from2 to 80 inclusive. 2. The |atex
conposition of claim1 wherein said conpound has the fornmula: H3 H3 R m
wherein X represents a sulfate or sulg onate group and R is hydrogen, CH3 or
C2H5. 3. The latex conposition of claFm2 wherein said conpound has the
formula: H3 C& 303-NH4' mn -29- 4. The |latex conposition of claiml
wherein said polynerization surfactant is anionic. 5. The latex conposition
of claim1 further conprising one or nore additional surfactants selected
fromthe group consisting of ionic surfactants, nonionic surfactants, or
conbi nati ons thereof. 6. The | atex conposition of claim1l wherein at |east
one of 4R1, R2, R'ThediteRéomp@iticdseitlaif Sahettialsald sylyrdedatioh Sttt 1sCo
hydrocarbon radical. 7. The latex of claiml in the formof a paint. 8. A
proces$ifoBic.t he preparation of |atex conprising the step of: enul sion

pol yneri zation of a reaction m xture conprising at |east one unsaturated
nononer, a free radical or redox initiator, and at |east one conpound

havi ng sa formul a fhe latex2oMpb§tioMaY cleii RéurtHek coiepldéitiz okd 62 More(ddiiitiohar ei n Z

represents a group having the following fornula: -30 a) J 6 5 4 3.z.0]
surfactants selected from the group consisting of ionic surfactants, nonionic surfactants, or

combinations thereof.

6. 7 The latex composition of claim 1 wherein at least one of R, RZ, R or R?

represent a saturated or unsaturated C;-Cg hydrocarbon radical.

7. The latex of claim 1 in the form of a paint.

8. A process for the preparation of latex comprising the step of:

emulsion polymerization of a reaction mixture comprising at least one unsaturated monomer,
a free radical or redox initiator, and at least one compound having a formula (I):

Z-Y-[CHR’)-CH®R*)-O],-[CH;CH,-Ol-Rs o))

wherein Z represents a group having the following formula:



xb)y J654 1 3[3.20 2506 6437[2.2.1] 35d 6J91~ 2 5
p) 6 ~4x5 64 \ ; 2[4.1.0] 59) 3~ 2[41.0] wherein: R3 and R4,
whi ch nmay be identical or different, represent hydrogen or a |inear,
branched or cyclic, saturated or unsatd8¥ated C]-C22 hydrocarbon radical,
provided that at |east one of the radicals R3. or R4 is other than hydrogen;
R5 represents -SBM or -(CH2),-SGBM -31-

2)
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wherein: .
R’ and R*, which may be identical or different, represent hydrogen or a linear,
branched or cyclic, saturated or unsaturated C;-Cy,; hydrocarbon radical, provided
that at least one of the radicals R® or R? is other than hydrogen;

R’ represents -SO3M, or -(CH,),-SO:M;



Y represents -CH,-C(R )(R2)-O or -OCH (R') CHR')-O, wherein R1, R2,
Rt, and 12'', which nay be identical ordifferent, represent hydrogen or a
| i near, branched or cyclic, saturat edﬁ/fl)r unsaturated C,-Cr1 hydrocarbon
radical; zis in the range of | too;, Mrepresents hydrogen, an al kali netal

or an ammoni uny kipa&kh@DCH, O YR -DD oW ey R - e ™) OR YW HRfeifBY NOt  be
identical represents,hydrogen or a linear, branched or cyclic, saturated
or unsat uRatled? G and 852 wimaias e ndmmticd aT gifferent, ipramtMugrone (i t oxyl at ed: and

nis an iﬂﬁé’aﬂ%F:Q&lfxédasﬁtc;n&ﬂ:aéanﬁ#i@&’&ruén‘s.’%tﬁoﬁ%g‘&:;1(9’ %ﬁ%g%ﬂ;ﬁg pi nis an

integer or fractional nhunber from i'ncl usi ve. rocess of claim
8 further conpziséi g rarge of bid fowi ng steps: a) formng a stable aqueous
pre-enul si on f{‘Io

m.an_unsaturated, nononer. and the onpound havi ng fornul a
PIS o0y Form g FE A AR e PR B el RRERA" S il el o, an

i nitiator N(RHd, inatteeh R odhithmboeiusd gt bh@efitkal kppssens kjdésgnionko a reactor and
addi ng frgm 1 to 10% by weight ~of said p_r,e-(gzr_r)ul_ sion into to said reaction
m xture, aPREnQyanRleEd orsyclicafapped e ynsHued e obidmeaan disthe end of step c)
to a tenpenrhufS RhydBeliueennd0C and 90C. to generate a seed formed of | atex
particles in diSperSion in the water. 10. The process of claim9 further
conpri sing e) %éaainteger ohisactiend npwbsrdepiod td Wiaslupesticles in di spersion in

t he vvatermqpaln%%gr%}Emcg%nﬁg%‘gﬁe%_ﬂie%{&isﬁql%=s§@nal amount of initiator to

produce | atex, 0 ng the latex obtained in step e) at a
tenperature of between 40C. and 90C. 11. The process of claim9 wherein
said nononer is selected fromthe group consisti ng) of nethyl acryl ate,

ethyl adrylate, nehhprocass ofadaip Sfusthergomprisingthe following stepgil  hexyl

I , £s, h I i i h | i d, ,
Tyl ot of ueri AR s RO AEEA A S G e RER G RT3V han
acetic @iﬁhld)un&hﬁlﬁh%‘fﬁhﬁﬂi d.e, acrylonitrile, acrylam de, butadiene,

ethyl ene, vinyl chlorjde and nixtures thereof. 12. The process of claim9
wher ei n sai db)ifarmingisaid reaction |miztegicamprisinghe groepulsdn, an initigten, prdjwejer

amoni um per Sub§ a2 ind WA TR REHI' 66 2 2045 RARFFI To 30Y08Y Wikt
- of said pre-emulsion into to said reaction mixture, and
| d) heating said reaction mixture obtained at the end of step c) to a temperature of
‘between 40°C and 90°C. to generate a seed formed of latex particles in dispersion in the

water.

10. The process of claim 9 further c.oniprising
| e) reacting the seed formed of latex particles in dispersion in the water obtained in
step d) with an additional amount of initiator to produce latex, and
f) optionally, heating the latex obtained in step €) at a temperature of between 40°C.
.and 90°C.

11. The process of claim 9 wherein said monomer is selected from the group
consisting of methyl acrylate, ethyl acrylate, methyl methacrylate, butyl acrylate, 2-ethyl _
hexyl acrylate, acrylates, methacrylates, acrylic acid, methacrylic acid, styrene, vinyl toluene,
vinyl acetate, vinyl esters of higher carboxylic acids than acetic acid, vinyl versatate,

acrylonitrile, acrylamide, butadiene, ethylene, vinyl chloride and mixtures thereof.

12. The process of claim 9 wherein said initiator is selected from the group



L

per oxydi sul fate, dibenzoyl peroxide, lauryl peroxide, ditertiary butyl

peroxi de, 2,2'- azobisisobutyronitrile, t-butyl hydroperoxide, benzoyl

peroxi de, and m xtures thereof. - 13. The process of claim9 characterized in
that 0.2%to 5% by weight of the conpdund having formula (1) with respect

t o t he tatsstingwef ghmonfumpdrarn fate hydegderdperoxide tsodiunp@loyassninz ahmoniuml 4. The
process_of claim 13 characterjzed in that 1 %to 4% by wejght_of the
comounﬁrﬁﬁdlﬂﬁ%a%wy Ryrowide napgyd parexideliteHeary Sulyl PeiexgRt2-df water is
used dugi gD YATR b |, e N $51e0 al ? chagacterized in
that |%to 8% E?r&v\g’:ngﬁ oﬁt %%Bp%%g%lg’u%gz%@?ﬁgaebénrﬁna t?le thvm&?ﬁ respect to
the total weightof the nononers is enployed during the polynerization. 16.

The process of claim 15 characterized 2, t0 5% by wei ght of the conpound
havi ng f%r mul a (|)Thamwe$%§ﬁé%m%élar%rtzswﬂ%¢(-a to Abweraélﬁeﬁ@?s i s

enpl oye ] : : I ' L. [ , paints,
adhesi v%ﬁhgﬁggﬁgégﬁ%%wgh}é@gg%ggn%?iﬁgel tﬁgv%e%??ggg%?%r@%;%@%ggéor ding to
t he propdsmenfationai m 10. 18. The conposition of claim 1l wherein said nononer
is selected fromthe group consisting of nethyl acrylate, ethyl acrylate,
met hyl nethacrylate, butyl acrylate, 2-ethyl hexyl acrylate, acrylates,

met hacr }/A{.at es, acr .p(r\’oc%%‘ &clﬁ%ﬁ{gg&eﬁzgé ;i?;d/tpatslt‘% & gg’o l{)ﬁv&&t &c&leuene,

i
vinyl ace€tate, vinyl “esters o er car rc acl an-acetic acid,
vi nyl  vesmspduat Gaving E6inh0a (1) tithespaet tp tiasfoeke welptht aflivatee is 1&edintiipethe vi nyl
chloride and m xtures thereof.
polymerization.

15. The process of claim 9 characterized in that 1% to 8% by weight of the
compound having formula (T) with respect to the total weight of the monomers is employed

during the polymerization.

16. The process of claim 15 characterized 2 to 5% by weight of the compound
having formula (I) with respect to the total weight of the monomers is employed during the
polymerization.

17. Building materials, paper, paints, adhesives or rheoiogy modifiers comprising

the latex prepared according to the process of claim 10.

18. The composition of claim 1 wherein said monomer is selected from the group
cqnsisﬁng of methyl acrylate, ethyl acrylate, methyl methacrylate, butyl acrylate, 2-ethyl
hexyl acrylate, acrylates, methacrylates, acrylic acid, methacrylic acid, styrene, vinyl toluene,
vinyl acetate, vinyl esters of higher carboxylic acids than acetic acid, vinyl versatate,

acrylonitrile, acrylamide, butadiene, ethylene, vinyl chloride and mixtures thereof.



