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Conpounds in Enmul sion Pol ynerization This patent
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application serial nunber 60/633,050 filed on Decenber

3, 2004 and nonprovi sional patent application filed as

RD 05018 on Decenber 1, 2005. Field of the Invention

The present invention relates to enul sion
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a variety of end uses such as wastewater
Field of the Invention

10
The present invention relates 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 emulsifiers. Further, the present invention
relates to methods of using such emulsions formed from the terpene

based surfactants.

Backaground 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 dfilling
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 emulsion
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



treatnment, water purification, papermaking, petroleum

recovery, oil drilling nud stabilizers, and | atex.
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in industrial applications. Polynerization is a

preferred technol ogy used to nmake enul sion polyners

and pol yner | atexes. The use of |atex, produced by

enmul si on pol ynerization, in the productlon of paints

or coatings for substrates is Werl knogn in }he art.
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defoamer is generally required. Unfortunately, addition of a defoamer has
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 emulsion polymers of such polyoxypropylene and
polyoxyethylene terpene based surfactants and the resulting emulsion
polymer 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 surfgctants and their sulfate and phosphate salts useful in

emulsion and latex synthesis. Even more particularly, the invention is
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effects and inproved stability properties. Sumrmary of

the Invention This invention provides a process for
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their sulfate and phosphate salts useful in enulsion

and | atex synthesis. Even nore particularly, the

i nventi on iTedipreseheithvestidrivelateetothe akl,ax Wnaligsn of
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surfactant in accordance with the invention comprises at least one

compound having the following formula:

Z-Y-[CH(R®)-CH(R"-0]y-[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-Cg, 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: |
-SOzM
-PO3(M);
25. -(CH,)-COOM
-(CH2)~SO3M

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 C1-‘sz hydrocarbon radical, which may be hydroxylated; r is



2-ethanol and their sulfate and phosphate salts as
emul sifiers useful in enulsion and | atex
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Y represents —CH»-C(R")(R?)-0- or —O-CH(R™")-CH(R?)-O-, 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,

5 hydrocarbon radical, preferably C4-Cg



based surfactant conprises the use of Nopol derivative
surfactants. Accordingly, the invention further
wonoeosiodes2f or the novel use of Nopol derivati VeECT/US2005/043539

surfactants to nmake emnul sion pol yners or pol yner

| atexes. In one aspect, this invention relates to a

nmet hod of maki ng Nopol al koxyl ate surfactants of

6, 6- di et hyl bi cycl o[ 3, 1, 1] hept - 2- ene- 2- et hanol . The

al koxyl ate surfactants may be n®mi oni ¢ or anionic. The

ani oni ¢ al koxylate surfactants are preferably sulfates

or phosphat®8 pegfetrae egpdirgehef A iBveriend @,Iéble terpene
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gr OUp-allila?(fglaltﬁ)mfaCtﬂﬂ@hiefyi t%chdmr?@er é&ﬂbﬁg.errhicéra'hionic alkoxylate
corresponds o ox opyl e units. propyl ene can

2l so BHNEGBEIS TR EEBP oK BRSTERESERaS? Al e,

al koxwi@bwtbicva@[m,nﬁﬁe)ptm@{eté—b%nevam&@ldt@.t@9%15 Hkoxylate
corresponds to oxyethylene units. The oXypropyl ene and
oxfet HpMPeEnds are described in US Patent Application No. 10/820,929, which

is herein incorporated by reference.

Preferred alkoxylated surfactants have the general formula:

15 H3C/C|_|3

RN

where R is hydrogen, CHg, or C,Hs; nis from O to 20 inclusive, m is from 2
to 80 inclusive; and X represents a hydrogen atom, phosphate, sulfate,
sulphonate, or carboxylate group. The moiety qualified 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 ahd 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.



units may be of block distribution or interm xed in
random or tapered distribution along the chain. The
woaopmderds of the formula nmay al so be descri be#C®@a152005/043539
al koxyl ates of 6, 6-di nmet hyl bicyclo[3.1
. 1] hept - 2- ene- 2- et hanol . Preferred ani oni c al koxyl at ed
surfactants have the general fornula above wherein X
represents a sulfate or phosphate group, and preferred
noni oni ¢ al koxyl ated surfactanté~have the genera

formul a above wherein X represents a hydrogen group.
The ter pendrpigsed avinnicakariaied sddagiarig have e generalfednula

in | at i s
ol i OB THALRY ROIdERIsS Slre or phosphate group, and preferred
Lat ex,nonixiree albasdated issriactante mave thepgdnarelrfsrnolit abnes wingrein

emul si ol ynerization, e widely used in various

appl i ggF‘?%ﬁ%&/@%%mg@gsgiQF}@& adhesi ves, paper

coadti ngs, carpet backing and rheol ogy nodifiers

(HASE). As _di scusse revi ousl t he surfactants use

b Stabi |1 Joerfgene paseCamts s68T et ronte Atk vod) i
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10  paints, adhesives, 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 based 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 modifiers.

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
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surfactant of this invention may be used as

repl acenents for traditional foany emulsifiers

enpl oyed i n enul sion polynerization and elimnate or

avoi d the probl em or drawbacks én the resulting | atex

and its final applications such®as paints, coatings,

adhesi ves, ﬁr rheol ogy nodifiers. In another aspect,

this invent 1 ates to a nmethod of naking an

emul si on pol ymier by enul si on polynerization in the

presence of a/terpene base exanpl e,
an emul si on
pol yneri zat } ur fact ant

havi ng the fornmul a: wh i sthydrio X C2H5.
The Nopol surfactant can b mide i ffere® routes.
For exanple, a preferred surfactant wherein X is a

sul fate, faneRXRMhgdroneZH, &is,Hir oup can be made by
sul fation of the prg%lugt 'of est e2r|_|gfi cation of a 6,6

di met hyl bicyclo [3,1 ,1] hept-2-ene-2-ethanol
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5 example, a preferred surfactant wherein X is a sulfate, for example, —

OS0;s Ha, group can be made by sulfation of the product of esterification
of a 6,6 dimethylbicyclo [3,1,1] hept-2-ene-2-ethanol alkoxylate. A Nopoal
surfactant wherein X is a sulfate --OSO3H, group or suifonate —-SO3 H
group, can be made by sulfating one of the hydroxy! groups of the

10  alkoxylate, or replacing the hydroxyl group with a sulfonate group, and
then esterifying the remaining hydroxy! 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



group, can be nmade by sulfating one of the hydroxyl

groups of the al koxylate, or replacing the hydroxyl
warospetdith a sul fonate group, and then esteri Pgrmng2d08043539

remai ni ng hydroxyl group of the al koxylate with a

vinyl -functional carboxylic acid, anhydride, or acid

hal i de thereof. Enul sion polynerization is discussed

in G Pohlein, "Emulsion Polynerization", Encyclopedia

of Pol ymer Sci ence and EnglneeFQng, vol. 6, pp. 1-51

(John Wley & Sons, Inc. N. Y. 19862 t he
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colﬂ oi dal di spersion of the polynmer or polyner

olution, is called a late e._copononer s whi
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hydroperoxide, benzoyl peroxide, and the like.

Suitable reducing agents are those which increase 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 steary! alcohoals; alkyl phenol polyglycol ethers such as ethoxylation
30 products of octyl or nonylphenol, diisopropy! phenol, triisopropyl phenaol;

alkali metal or ammonium salts of alkyl, aryl or alkylaryl sulfonates,



versatate, acrylonitrile, acrylam de, butadiene,

et hyl ene, vinyl chloride and the Iike, and m xtures
wohete®ebe12| n t he above process, suitable initi BCOUS2005/043539

reduci ng agents, catalysts and surfactants are well

known in the art of enul sion polynerization. Typica

initiators include amoni um persul fate (APS), hydrogen

per oxi de, sodi um potassium or ammoni um

per oxydi sul fat e, di benzoyl pera ide, lauryl peroxide,

ditertiary butyl peroxide, = ) _ _
2,2 - asziéfeﬁyeﬁ RUsEhgtesnanq ihedike: inglydipp segigroleert siifrte, sodium
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agont SR O e S AR L e Eliate,
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bi sul f Iefw%- éﬁﬁﬂcgc A Igé(&lrsﬂﬁ%gét&,%ulfé&@c@%‘cef legg%ugg%dﬁsodium

sul f oxy asc IC acld, 1'soascorbi ¢ ac
m Rt uredizoxytedeodnyliBrenobiite et afl spfosucainge adidsdisodium n-

e whe Rt S obreTe okl RRERL SsBOne B AR L e

reduci ng agents, pronote deconposition of the
pol ymeri zatii,on initiator under the reaction

0 .
condi t i ons” WRIFFASPESEH SMATY Pol¥mgHertiondyeteratininvolves
net al chargheyWetr tg fedttor drarfesdingBb 8ephrald Srsarsshioad-e

h(‘JIBt aré%ﬁddlsﬁtor? of tfh%rn[ngnuosmer 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 aqueous polymer systems to

enhance the stébility of emulsions of the polymers. Commonly used



chloride, cupric sulfate, cupric chloride, cobalt

acetate, cobaltous sulfate, and m xtures thereof.
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esters of acrylic or methacrylic acid. The styrene/acrylic polymers are
typically similar to the acrylic polymers, with styrene substituted for all or a

portion of the methacrylate monomer thereof.

15 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:
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i nitiation condi PessHdion:t KapliciFsessyie Bengttivorrhesvediatexons

under
agent ,
60- 70
separ a

which the initiator is activated by a reducing

t Hateofidri R PouE on is ndthal |y carried out at
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t fetdgChargen A t vyl " redox" Wtga)t | 4t%BOTM'
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per sul
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prefer
di sper
nanomneg
t er pen
i ncorp

SsDeidnged Wrighpl e, coul d emilsoy pot addioum  0.00%
f SddiamaBicatbligate ni ti at or and.ss0di um reestsgbi s ud. ford e
reduci ng agent at a re@ebson tenmasature of

C. In the above enul sions, the polyner

alabnorex Exfusions a general |y spherical particle,
S&GbnizBd Waker . Wi th a di ageier of abpyt 50 g0y
f&f8cd® about 500 nanomelgls. TN pagli Cul @lgy, t he
eBuBf'ligc%ﬁjatésuri?C[ ants of [é,?é? MMVELLI A ey, 06

syst en

,Iygéggy%thlyllécgialecbt Ve d”UUIH:Ob FTaqyeeys pLJZI:%[%cF

“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
Reactor setup: 1200 m! 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.
2. Add 5% of monomer emulsion (35.5 g). Wait 5 minutes for temperature to
rebound.
3. Add 25% (27.3 g) of initiator soiution 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 hoid for 30 minutes.
7. Cooal to below 30°C, adjust pH to 8 + 0.2 with NH4OH and filter through 100 mesh
screen.

! 9, based on total monomer concentration



enhance the stability of enulsions of the polyners.

Comonl y usednononers in nmaking acrylic paints are
woubosloseaeyl at e, nmethyl nethacryl ate, ethyl acpgrase0s/043539

and the like. In acrylic paint conpositions the

pol ymer is conprised of one or nore esters of acrylic

or methacrylic acid, typically a mxture, e.g. about

50/ 50 by weight, of a high T nonomer (e.g. nethyl

net hacryl ate) and a |ow T nononer—(e.g. butyl

acrylate), with small proportions, e.g. about 0.5%to

about ugasleniesugsiitutions a@érghanae%m prerfaskant pereenheprcentrations,

The viwgre-asdingicated petha fadlowi\gdrialy. i ncl ude vinyl acetate

and butyl acrylate and/or 2-ethyl hexyl acrylate

d/ I ' '
compos 115 X8k Rk magtholsiRSinkcl e Nbainropgry (POY
corfpr i sthdxyfEQ) sufbtesaseindicetedwni t h t he rerral nder being

tar~| 'Frnmi-lrul nct Aarae nf H Innnrul
acid| el ”L,Nb“i.ii L “;g];fg T
g ] o opo
simla aﬁ% @ Obﬁ‘ p re 560, 5POITEO
subst]|| t ire a O pcguqf an of net Lyl at e €sulfate,
mononer thereof I'n order t,quyrt herN|L| Stragg+t he NH4+
[ nvenu (d/{lBel‘l’rM t I(:‘ @a\;@am age@_5(8ner ,UI ll(:‘ f Id Al 0.58
non- i m t44pg exanples arje given. LXAI\/PLES ample [
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 / 34.7 497 60.3
Std Dev (nm)
pH 2.0 2.3 2.6 24 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 ‘alkyl phenol ethoxylate surfactant.



Latex trials 1 to 13 were prepared using the foll ow ng
formul ati on: Description: Acrylic Pressure Sensitive
wadmdiewa2 Lat ex Total Solids (by fornmula): 55%EoDmusmios/o43539

Active Kettle Charge W (g) W (g) % BOTML Dei oni zed
Water 19 1.50 0.00 0.00% Sodi um Bi car bonate 0.55 0.55
0.10% 192. 05 0.55 Mononer Enmul sion 709.6 553.19 550.0
=granms total nonomer Initiator Solution 109.2 2.20
Total 101 0.8 555.94 Reactor sdthup: 1200 ml 2 piece

gl ass kettle reactor Overhead mi xer with glass shaft/
Tef |l on paddl e bl ade PROCEDURE 1. Heat kettle charge to
80C while RULA Mol Bndlldd MAPEmilPIabApGES 8RB

purge throug
achieved with Nopol PO/EO sulfates of several different molecular weight

ranges.

Table 2. Latex trials comparing control surfactant to Nopol propoxy (PO)/

ethoxy (EQ) sulfate as indicated:

Trial # 6 7 8 9
Surfactant Control Nopol Nopol Nopol
substitution Rhodapex 5PO/3EO 5P0O/5EQ 5PO/7TEQ

C0-436 Sulfate, Sulfate, Sulfate,
NH,+ NH4+ NH,+
% 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 292740 260/32 257 /23 288/19
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 alkyl phenol ethoxylate surfactant

from Rhodia.




run. Adjust agitation for honbgeneous m xing
t hroughout run. 2. Add 5% of nononer enul sion (35.5
wQgRooe¥iod125 m nutes for tenperature to reboundpCBUSAuad043539

25% (27.3 g) of initiator solution and hold at 800C

for 15 mnutes. 4. Feed the remai nder of nononer

emul sion and initiator solution over a 2.5 - 3 hour

period. 5. Maintain the reaction tenperature at 800C

t hroughout the feeds. 6. After” Bydition, heat to 85C

and hold for 30 mnutes. 7. Cool to bel ow 30C, adjust

pHto 8 0.2 vvith NHAOH and filter through 100 nesh

screen. % bage ?I'ﬂs {vH inTRRRE ndicate that §imilar latex properties
changes’ |

concentrati onSur actant substitutions an
sur f actamipe p@mevmt wigh Nopelt PIE agfatesesfsersral difiecett eablecular

conparIREPLBNBES, 4 Tkt Mfsdes M e Bl o

aring con roI sur
et hoxyP O sslidtede thealeetidharge edd trBCEtMFty Basay tha ptaichd size

onoer, BOFS 1BER FebiRBlrb % Fapl! Ui N Nanomet er

Trials 7-9 were performed to “tune” the particle size of the Nopol
PO/EO 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 controlled 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 (PQ)/
ethoxy (EO) sulfate as indicated:

Trial # 6 7 8 9
Surfactant Control Nopol Nopol Nopol
substitution Rhodapex 5PO/3EQ 5PQ/5EQ 5PO/7EQ
CQO-436 Sulifate, Sulfate, Sulfate,
NH4+ 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 26 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
rem 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
1 film film film film
F/T (# cycles) (0) (0) (0) (0)
stability
60°C Oven Pass 30 Pass 30 Pass 30 Pass 30
Stability days days days days

M= molar




cP= Centi poi se units Rhodapex CO 436(r) (commercially

avai l able from Rhodia Inc.) is a sulfated al kyl phenol
wethwwgdate surfactant. Table 1 results showed POatusS2005/043539

simlar |atex properties can be achieved w th Nopol

PO EO sul fates of several different nol ecul ar wei ght

ranges. Table 2. Latex trials conparing control

surfactant to Nopol propoxy (PO / ethoxy (EO sulfate

as indicated: BOTM= Based on tdPa nononer BOTL= Based

on total liquid nm= Nanonmeter cP= Centipoise units

Rhodapex CDhd3ésllts imTablmdesasitinlié {o shaav thabNepsiP P4i@ dulfates

al kyl phenol hoxyl a f romF [ .

Fesul ek e Eoy R WL B el AP R FdBerges

p; opersutiess eadthbeicalc bhevied! and termdepatlirsRaEDYsfilhf quaisy and

of several different nolecyl ar [ ght ranges. Table 2

{urt hetaps (FosioR; amesiad 56 stiorl! Suindrr NG ot S PEF RS

fﬁbf atesztcénzelnt hﬁ_amt_ék&t tﬁb@]p_g@ Tlablié 3, yeeldhg H'rerde\Ons/jlﬂ_ffa]é are

e particle size in e na t t

1). P clear and free of defects. No c;bsewab% &%%er(egge %rs%eeg be%/veeeh the
control and Nopol PO/EQ sulfate latex films. The results in Table 3 also
illustrate that Nopol PO/EO sulfates 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 CO-436
7 Latex made with 11.06 2.41
Nopol 5PO/3EO
Sulfate
8 Latex made with 13.34 2.81
Nopol 5PO/5EO
Sulfate
9 Latex made with 13.18 2.66
Nopol SPO/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




Trials 7-9 were perforned to "tune" the particle size

of the Nopol PO EO sulfate so that they were in the
wa3WeBed1nm range. Rhodapex CO- 436 (trial # 6) pemaSalosn43539

in the 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 [ thaw, foam ng, Ca++

and mechanical stability. Tabl'd 737 Latex trials

conparing control surfactant to Nopol propoxy iPQ)/

et hoxyp eq iyfleweringsthe sdheslye aoatrs PRdi AmTsHEP kxdiren the

i n Tabb® i@t sorecaddetls sstibgenpides oal slachearpissisifergea against

of sevbe &S slirffcervétit thaskeeuirassuigi giet spen dasiometar@avas

| at ex ymedgerpulldbe sanphumaat 128 ¢ mimiteadnd bleaeias 4precamequired to

t eperramave tise wioplwasyrecoideeh qual ity and surface

tension, conpared to the control surfactant. Film

aspect18BafeexTestt ent for all [atexes tested in Table

3, yielding draw downs that are clear and free of

def ectFhe ddmplbpesy abt @ lidief difsrentior Waspes a5t intthateine t he

comt r cdraatewhiapsl ddne E@eslolf erideofltaé PET fillnmas ofpesed to the

resul téentdt. Thiblveasdablessd thhl Aiphgatas” dMRET Megabit Rt upper

sul f at@p tofgrapwarine péifitQr smhdaml S5 yLBstragd BBisusaRNanethe

used tQepdiREUpBlidPloaKe WihdsileOvEited PET MG IRt UhBSrm by

as seqfsiddla 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.
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woaop/oseak Testing Four
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and tack properties.
described in Table 2.

180 Peel

as | ower foam hei ght

and

PSA | at exes wer e test edCTms2005/043539
The latex trials tested are
Loop Tack Testing: Sanples were

prepared by drawi ng down the neutralized | atex onto

PET filmwith a 3 m|
were allowed to air dry,
for 5 mnutes prior to covering

3"

and

drawdown bar .

The draw downs
e oven cured at 1050C
the filmwith rel ease

paper. A 1Tablede latey ialgaitheNorelpspraydPO) ethoxy (EO) sulfate

PET/ a i el ease paper "sandwi h" and cut to 7"
| ong \%Qﬁdlélﬁé&adhesi ve in the center for |oop tack
testing. Thealé#nds \wer el aped forllthe gripd2 and thel3
testing wawfsetehor med Ngpol ower i Mprehe adhélopele cloatNapol
PET fi | mSsibstitysiono |15POMBROt heSFER19EGt | ANA/ARERD [THRO/RSEO
setting ensures that Sebae samyfate N4t or cidfaiggai nsBulfaie
SS surface with the sM pressure The | At an NHA4+
Tensi onet BEIM Ty usBd@St o pul | O-Phe | pop UpPat (12" 0P8
m nut e t paak force equired to renpve-the | ogp
was 1 e¢or. deldt EBO Peel “Test Th%oganpl e prep was amé
little qfe'f'tt%ééié;rgefor the pepl test, in that the
% Wet 0.11 0.09 0.06 0.10
Coagulum
(BOTL)
% Wet Grit 0.03 0.10 0.04 1.27
(100 mesh
BOTL)
% Total Sclids 54.4 54.2 54.4 53.6
% Conversion 98.9 98.6 98.9 974
Mean Particle 449 /43 256128 457 171 408 /76
Diameter / Std
Dev (nm)
pH 2.6 2.9 2.5 27
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

vary the particle size in the final latex.

effect of adding Nopol PO/EO sulfate to the kettle charge and the ability to



drawdown was done at the |low end of the PET film as
opposed to the center. This was done so that a |ong
woOReiclosocat PET was | eft for the upper grip to gCcawstms/043539

the peel test. Standard SS substrates were used and
the pressure applied to the adhesive coated PET film
was kept uniformby using a standard roller for the
same nunber of passes at approginately t he sane speed.
CGenerally, strong tack and god resi stance to peel is
desired in pressure sensitive adhesive |atexes, and
bot h fx@Awie 2es can potentially be inpacted by the

sur f act ant ; | i 4
sunnarizesL?%g%rgga??£§%$gﬁﬁga%§ dﬁggﬁtgﬁﬁﬂ?%ﬁgiﬁggﬁi
testing. Multiple replications were perforned for each

sanpl e. The Nopekssiptohat e | atgxesaishawed equi val ent or
better performance vs. the control.Table 5. Latex

trials Wglhs | oRkeRoxy (B@)/ ethoxy (EO sulfate as
i ndi cated: BOT Based a@,{.etal smponer BOTL= Based on

total liquid nm= Nanoneter %
Kettle Charge Wt (g) Wt(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 235.00 | 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 piece 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.
. Add 2% of monomer emulsion (14.14 g). Wait 5 minutes for temperature to rebound.
. Add 25% (25.0 g) of initiator solution and hoid at 80°C for 15 minutes.
. Feed the remainder of monomer emulsion and initiator solution over a 2.5 - 3 hour period.
. Maintain the reaction temperature at 80°C throughout the feeds.
. After addition, heat to 85°C and hold for 30 minutes.
. Cool to below 30°C, adjust pH to 9 with NH4OH and filter through 100 mesh screen.

~N O Ok N

' o4, based on total monomer
concentration

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



cP= Centipoise units SS= stainless steel PET=
Pol yet hyl ene Terephthal ate The results shown in Tabl e

wo 2edsmendibat simlar |atex properties can be aebrasems/ 043539
wi th Nopol PO EO sul fates of several different
nol ecul ar wei ght ranges, conpared to the control
surfactant. Table 5 illustrates the effect of adding

Nopol

PO EO sulfate to the kett]e charge and the

ability to vary the particle size in the final
| at ex. Exanple 2 Latex trials 14 to 27 were prepared

usi ng ag{ f.oll ovmn fornmul a: s%lptlon Acr%/)ﬁ{’(P

Pai nt 1320 FateH 118 8 ICPEP2{1RY CPUFQTSHETCtaRIE IR FOPRLATQPOXY

ACt | VPR KethblP(EDPIBIEEs WHCBEEM 1 192. 96 1.02

l\/bnomar mulsion 707 04 509
[ Trial # | 14 T 15 | 16 | 17 |

Control Control Control

Surfa(_;tar_'t Rhodapex CO- | Rhodapex AB- | Rhodapex LA- Nopol 5PO
Substitution 436 20 40/ 7E0 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 114.6 123.6 121.1 137.2
Std. Deviation, nm 20.2 18 8.8 21.3
Std. Deviation, % 17.6% 14.5% 7.3% 15.5%
Viscosity, 25°, cP | 457.9 | 565.9 | 535.9 | 300.9 ]

10

15

BOTM= Based on total monomer

BOTL= Based on total liquid

nm= Nanometer

cP= Centipoise units

Rhodapex CO-436 is a commercially available sulfated alkyl
phenol ethoxylate surfactant from Rhodia.

Rhodapex AB-20 is a commercially available suifated alcohol
ethoxylate from Rhodia.

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

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



500.00 = grans total nononer Initiator Solution 100.00
2.00 Total 1000.00 512.04 Reactor setup: 1200 m 2
woiemdegiiass kettle reactor Overhead m xer wi t RCGIUES®S/043539
shaft/ Teflon paddl e bl ade PROCEDURE 1. Heat kettle
charge to 82C while purging with nitrogen. Mintain
ni trogen purge throughout run. Adjust agitation for
honogeneous m xi ng throughout run. 2. Add 2% of
nmonomer enulsion ( 14.1 4 Q). “¥Ait 5 minutes for
tenperature to rebound. 3. Add 25% (25.0 g) of
i ni ti atibrthedlapel BR/ERGUlide gorpagsbie th@pon@olrﬁomm%rglal 4.
Feed the.LERRI nder of nononmer enul sion and initiator
solution over a 2.5 - 3 hour period. 5. Mintain the
reacti on tenperature at 80Q0C t hroughout the feeds.

7. Gool 1o BRGS0t pfﬁaﬂﬁi?{“%épp%?éxmgﬂ‘*og? o

fi bt ersutfhtecsghdit@@dnesh screen. 1 % based on t ot al

PEE-B-B-HER

|| *n\rg:l L,OllL,ci"ltI rat+on

18 | 19 | 20 | 21 | 22 |
SUFfaQta')t Nopol 5P0 Nopol 5PO Nopol 5PO Nopol 5PQ Nopol 5PO
Substitution 5EQ sulfate 7EQ sulfate 19E0 sulfate 25EQ 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 08.47
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 | 94 | 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
(PQ)/ ethoxy (EO) sulfate as indicated:



Surfactant substitutions and changes in surfactant

percent concentrations, were as indicated in the
woabdomebarg trials. Table 6. Latex trials conpar Pag/US2005/043539
control surfactants to Nopol propoxy (PO/ ethoxy (EO

sul fate as indicated: BOTM= Based on total nononer

BOTL= Based on total |iquid nm Nanoneter cP=

Centi poi se units Rhodapex CO- 436 is a commercially

avai | abl e sul fated al kyl phenoR2et hoxyl ate surfactant

from Rhodia. Rhodapex AB-20 is a commercially
avaiel#abl e sul fated al c8hol et hoxyl ate fr26m Rhodi &6 27
Rhodap ex LA-40/S i@ cammekabal |y awabl abl e sul f at ed
afe enAB- e Nopol 5P0
al %ﬁﬁ tIOet hoxy| fafesafer i | Retgfense- Taltvierctias owslonstao | Nopl &Po
| aO} €X ITUtPﬁI t1tes UI lII I:)(dllpl e NOPOIFPU O SUrtTate
fogur?ﬁ g i n conpar/ odn Ito gbbee comg%[)cl ally, g 200
a_ . 2 tants: I[aDT € 0 IIIUbI.ldI.B‘> I.Ildl.
S Cja%;eex propertdd%s vvereoa,gh evedyyl15h the Rpgpol 020
@ £O Sul rate conpared tjo ttie controt Ccomerciat
S Ant ot
Sine 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 | 9] 9 | 9] 9 | 9 |
Solids, % 49.83 50.03 50.11 4998 | 50.3
Conversion, % 97.32 97.71 97.72 97.77 08.4
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°%, cP_| 180.0 239.4 247.9 300.9 227.0
Foam Test
Initial Liquid volume,
ml 200 200 200 200 200
Initial Foam Height,
ml 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 | . . 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 alkyl
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.



Table 7. Latex trials conparing Nopol propoxy (PO/

et hoxy (EO) sulfate as indicated: BOTM= Based on total
wonnwesc1BOTL= Based on total [iquid nm= NanonmeCeUsids/043539

cP= Centipoise units The Table 7 results show t hat

simlar |atex properties can be achieved wi th Nopol

PO EO sul fates of several different nol ecul ar wei ght

ranges, in conparison to the caontrol surfactants

(Table 6). 15 Table 8. Latex tPPats conparing control

surfactants to Nopol propoxy (PO/ ethoxy (EO sulfate

as i ndi cat SeBEDk-S Bsvitiel soew that datexBadicier siBoREbBadpgted

Rnodariauness iy gnfiBind SRRA S of FortSeh £Bka Bl Dbt e kette
al kyl ghaegeolvhitet maiydiaing trsusdrae taialt arhowrhoRhotkaant used in the
polymerization. (See control surfactant trials in Table 6, for comparison.)
5  When the control surfactants and Nopol PO/EQ sulfate were adjusted to
the same particle size range, as in Table 8, lower foaming results are
achieved with the Nopol PO/EO 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 Wt (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%
Vinyl 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




Rhodapex AB-20 is a comercially available sulfated
al cohol ethoxylate from Rhodi a. 0 Rhodapex LA-40/S is

wea ewaedriei al | y avail abl e sul fated al cohol et hegyluat®s/ 043539
from Rhodi a. The Table 8 results show that |atex
particle size can be adjusted ("tuned") by changi ng
the anount of surfactant added upfront in the kettle
charge while maintaining the sane total anount of
surfactant used in the pol ymar’izgg‘ti on. (See control
surfactant trials in Table 6, for conparison.) Wen
t he cofthessr Selutidrect ant s and Nopol PO EO sul fate were
adj ust pelodidtersane pariti cls@o $i zen.goangepovas i n Tabl e
8, | oywerbeamyyng resulty aresachi evsd w.éd% [ he Nopol
PO EQ sulfate 1n conparijson to|thg gamgssel ally
o e L4 S 28 1o 32

CPpar €O usST 11y U11T

Descr HSPTEHE ikl Acry

\
Ty T\
1

D

%% Sol i ds

(by f or-mul n)- 5 0.00%
10.70 0.58
Total 1000.00 517.08
Reactor setup: 1200 mi 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 NH4OH and filter through 100 mesh screen.

OO O WN

! o, based on total monomer
concentration

? tert- butyl hydroperoxide, 70%

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



Kettle Charge W (g) W (g) BOTM 1 Dei oni zed Water

199.50 0.00 0.00% Sodi um Bi carbonate 0.50 0.50 0.1 0%
waQte@80dd2 50 Monorer Enul sion 689. 30 514. 00 500C0M@S2005/043539

grans total nononer Initiator Solution 100.00

2. 00Chaser Sol utions Total 1000.00 517.08 React or

setup: 1200 m 2 piece glass kettle reactor Overhead

m xer with glass shaft/ Tefl on _paddl e bl ade PROCEDURE

1. Heat kettle charge to 800C wHi1e purging with

ni trogen. Maintain nitrogen purge throu?hout run.

Adplasy. algptewttrials ¢wmPaivgoeREd Bsirfariantsgta Nopal RERROXY

(RA) ethoxprdBO3ssilfste @d istigatednmul si on (20.68 g). Wait 5

[firaiit es for tenperatwsd to reteodnd. 3 30Add 25%8(P5.0 32

g) of initiator solution and hold at 80C for 15

rieseripten
Surfactant A

. Control Control Nopol 5PO Control Nopol 5P0
Substitution, %BOTM Rhodapex LA- Rhodapex LA- 7EO suifate, Rhodapex LA- 7EO sulfate,
Total Surfactant 40/S, 1.5% 40/S, 1.5% 1.5% 40/S, 1.5% 1.5%
Surfactant B
e b Controt Control Control

Substitution, %BOTM Rhodasurf Rhodasurf Rhodasurf Nopol 5PO Nopol 5PO
Total Surfactant 3065, 1% 3065, 1% 3065, 1% 30EQ, 1% 30EQ, 1%
Wet Coagulum, %
BOTL 0 0 0 0 0
Wet Grit, % BOTL 0.09 0.07 0.26 0.38 0.28
pH | 7.4 | 7.3 | 7.15 | 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 149.8 159.63 184.6 148.17 186.06
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, cP___| 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 after 5
minutes, ml 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
(nonionic) from Rhodia.



4 . Feed the remai nder of nononer enul sion for 3.75

hours and initiator solution for 4.25 hours. 5.
woORsi0aa12t he reaction tenperature at 80C t hr orgiwsk005/043539

the feeds. 6 . After addition, hold at 80Q0C for 15

m nutes. 7. Cool reactor to 65C. Add chaser sol utions.

Hol d tenperature at 63+/-2 0C for 20 m nutes. 8. Cool

to bel ow 300C, adjust pHto 7. 867' 5 with NHAOH and

filter through 100 nesh screen®"T % based on total

nonomner coa entration 2 tert- butyl hydroperoxide, 70%

Sur f act ant Xtbar YRS Z@rRgTsRdy alvallablp sulfatechalcohol
percent coRPeR?ig(RYRYIC) (lemeRRRYia.ndi cated in the

following trials.Table 9. Latex trials conparing

control su t
sulfate asT%ﬁgib?ng/g :tﬁer_lrgi@ %bgﬂ%@@%@%@ép @5%%)&5@”3
Ba8 ed Whifhtusea bolbabARiPNBETIacBAL WrantanbARknd agwintbniun:
mno”@&ﬁéﬁt@ﬁfsgﬁ té@féje units Rhodasurf 3065 is a

a

commerci al Ty "avai al cohol ethoxyl ate
Anionic surfactants, such as sulfated alcohol ethoxylates, 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/EQ sulfate (anionic) and also a Nopol
PO/EOQ (nonionic). In Trial # 30 the Nopol PO/EOQ 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.



(noni onic) from Rhodi a. Rhnodapex LA-40/S is a
comercially avail abl e sul fated al cohol ethoxyl ate
woOamemao@) from Rhodi a. Table 9 shows the | at eRCT/US2005/043539
properties of the Exanple 3 fornul ations, which uses
both an anionic surfactant (Surfactant A) and a
noni oni ¢ surfactant (Surfactant B). Anionic
surfactants, such as sulfated cohol et hoxyl at es,
carry a negative charge. Noniofiic surfactants, such as
al cohol ethoxyl ates, have a neutral charge. Sone | atex
formul ati ons use both types of surfactant to optim ze
certain properties, such as stability and resistance
to salts. The results in Table 9 conpare two
comerd?HISy avail abl e standard surfactants to a Nopol
PO EO sulfate (anionic) and al so a Nopol PQ EO
(nonionic). In Trial # 30 the Nopol PO EO sulfate is
suBst it u BAlYMEFizatioe ssoaciest campriaing atleastareaompdund having
Trial a%o?r’nﬂiagﬁ:e Nopol PO EO is substituted for the
control nonitonic surfactant. In Trial # 32, both Nopol
surfactants were substituted for the control

surfactants. j b [ l e, 9. sipslar t ex
properties mef%'véﬂé{rﬁ@v)gghﬁ)h&f{gﬁ@%ipf”ﬁgged h?
sur f asthentis Z répfeisentd o groupeaving lthistallewvieg fofmadlal ower

f oam ng



properties were achi eved by substituting the Nopol

PO EO sul fate for the control
woerodsastant . Cl ai ns:
conpri sing at

ani oni c
1. A polynerization surfacPamtus2005/043539
| east one conpound having a formula (I):

Z-Y-[CH(R3)-CH(R4)-On-[CH2CH2-O m RS (1) wherein Z
represents a group having the foll ow ng

f or mul a: wher ei n:

differen
cyclic,

radi cal ,
or R4 is

Rl, R2,*

di fferent,: rep[f"e%]ent hydrogen or a li near,

cyclic,
r adi cal X

t, r

R3 and R4, which nay be identical or
epresent hydroged®or a linear, branched or

saturated or unsaturated Cl-C22 hydrocarbon

provi ded that at

at b

i

sat

n 9

20 inclu
from2 t

v
8

| east one of the radicals R3
er than hydrogen;R5 is hydrogen - SGBM
CH2Jr COOM or -(CH 2)Z-SG3M Y represents
) O or -OCHR 1)-CHR 2)-0, wherein
R 2, which nmay be identical or
branched or
rated or unsaturated Cl-C2 hy)drocar bon
s an integer or fractional nunber from Qo
! mis an integer or fractional nunber

i nclusive. 2. The polynerization

sur fact anty0f kkeli m 1 wherein said conpound has

<)

d

g)

wherein:

R? and R*, which may be identical or different, represent hydrogen or a
linear, branched or cyclic, saturated or unsaturated C4-Cy, hydrocarbon
radical, provided that at least one of the radicals R® or R* is other than

hydrogen;



the formula: wherein X represents a hydrogen,

phosphate, sul fate, carboxylate, or sul phonate group
wandeRed@2 hydr ogen, CH3 or C2H5. 3. The pol ynePCTASRME/043539

surfactant of claim2 wherein said conmpound has the

formul a: 4. The pol ynerization surfactant of claiml

wherein said polynerization surfactant is nonionic. 5.

The pol ynerization surfactant of claim1 wherein said

pol ymeri zation surfactant is akPoni c. 6. The

pol yrrerl zation surfactant of claiml furt

conpr iRfiinbydieseact Qe s-RL(di Eﬁ@"'fz}r&Q@Meogr @l’]‘p )2-SO3M;
%1 4 B S oI o 1 b

I ons nETIZtIOH

surf a®'aRf, Rf aot &’ Mlcmeayebﬁ I@ntlbéﬁtdlffﬁﬁ%ntofepmsenm

gborggg dr Aneaf hrafenedidy g&@bsé’ch st HHGdted Cr-Coo

polsy méwydaedrassi mdicehe pol yneri zation surfactant of

claiml1 characteri n that sai tion has
| ess fOSAIHGCERRY fg C?’8P e6r$ﬁr°HbP ﬂé&u”fg{f‘\ﬁ t hout
usi ng rh RearPMtey®R lor Fratticial ﬁuﬁbacmaﬁtz t6780 inclusive.

10

15

25

2. The polymerization surfactant of claim 1 wherein said compound has

the formula:

HC o

Az F AL

wherein X represents a hydrogen, phosphate, sulfate, carboxylate, or
sulphonate group and R is hydrogen, CHs or CaHs.

3. The polymerization surfactant of claim 2 wherein said compound has

the formula:

Hs CHs :
O/ﬁ(%/\%’SOB_NH4+
CHg . m
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15

20
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claim1. 9. Latex polynerized using the polynerization
surfactant of claiml. 10. A polynerization process

woaopriceiing the step of using the pol ynmeri zati 8AT/US2005/043539

surfactant of claim1l. 11. A process for the
preparation of latex conprising the step of: enul sion
pol yneri zation of a reaction m xture, said reaction

m xture conprising at | east one conmpound having a
formula (1): Z-Y-[CH(R 3)3@H(R4) - g n-[ CH2CH2- O m R5
(I') wherein Z represents a group having the foll ow ng
f#orTime! peol wnterization sWBackard dRelairmti wieraimysaisbpoly@atizatien or

di f.f eren . esent hydrogen or a linear, branched or
89@?&%&'%9\?'&?@?% or unsaturated CrC 22 hydrocarbon
radi cal, provided that at |east one of the radicals R3

r R4 is other. than hydr n; B5 represents. hydragen,
A R L R e
5eREQaRNS aniokid. 2- C(R1) (R2) -G or -0-CH(R _
1)-CH(R 2)-0-, wherein Rl, R2, R 1,and R 2, which may
be identical or different, represent hydrogen or a
l?:i'r gﬁgé polDMBREARA sRFfabiet bielaifiet Hirdepdoprising SLtaGhee

selected from the group consisting of ionic surfactants, nonionic

surfactants, or combinations thereof.

7. The polymerization surfactant of claim 1 wherein at least one of R", R?,
R or R? represent a saturated or unsaturated C4-Cs hydrocarbon

radical.

8. A formulation polymerized using the polymerization surfactant of claim
1 characterized in that said formulation has less foaming than a
formulation polymerized without using the polymerization surfactant of
claim 1.

9. Latex polymerized using the polymerization surfactant of claim 1.

10. A polymerization process comprising the step of using the

polymerization surfactant of claim 1.

11. A process for the preparation of latex comprising the step of:
emulsion polymerization of a reaction mixture, said reaction mixture

comprising at least one compound having a formula (1):

Z-Y-[CH(R®)-CH(R*)-0]-[CH2CH2-0]w-R® (1)

wherein Z represents a group having the following formula:



hydrocarbon radical; n is an integer or fractiona
nunmber fromO to 20 inclusive; mis an integer or
wonewidcenal nunber from 2 to 80 inclusive. 12. pTHAIS2005/043539
process of claim 11 further conprising the follow ng
steps: a) formng a stable aqueous pre-emul sion froma
nmononer and the conpound having forrmula (1), b)
form ng said reaction m xture conprising the
pre-emul sion, an initiator, and'water c) introducing
the reaction mxture into a reactor and adding from1l
to 10% by wei ght of said pre-enmulsion into to said
reaction mxtgre, and d) heating said react’ on mxture
obtained at| the end of step c) to a tenperature of
bet ween 40JC and 90 C to generate a seed fornmed of
| atex parthgles®in dispersion in the water. 13. The
process of c ai M2 further conprising the e) reacting
the seed forned of |latex particles in dispeysion in
the water oft&3ined in step d) with an additiona
anount of Ff '\Cator to produce | atex, and

(3.2.0]

) 0
6 4
! 3 [2.21)
2
d)
5
6 4
! 3 [3.1.1]
2
5 e)
6 4
! 3 [3.1.1]
s £
6 4
l |> ;
1
3
2 [4.1.0]
. g)
6 4
| > ;
1
3
2 (4.1.0]

wherein:

R3 and R*, which may be identical or different, represent hydrogen or a

linear, branched or cyclic, saturated or unsaturated C4-Cy; hydrocarbon
5 radical, provided that at least one of the radicals R® or R* is other than

hydrogen;



f ) optionally, heating the |latex obtained in step e)
at a tenperature of between 400C and 9Q0C. 14. The
wonromases1of cl aim 12 wherein said nononmer i s seCeaSems/ 043539
fromthe group consisting of nethyl acrylate, ethyl
acrylate, nethyl nethacrylate, butyl acrylate, 2-ethyl
hexyl acrylate, acrylates, nethacrylates, acrylic
acid, nmethacrylic acid, styrene, vinyl toluene,
vinyl acetate, vinyl esters of-¥ gher carboxylic acids
than acetic acid, vinyl versatate, acrylonitrile,
acry| Rirrefresdius hgireger), -80a\L €1e3(Myi, rf@HpHP QOIMI @r aléiH:).-
nixtu$§§ t hereof. 15. The process of claim 12 wherein
sai d stk ator is selected fromthe group consi sting

81; t ggvebmﬁemr@ﬂzﬁ@mmﬁ»@f ogieffﬂ-?e(rmwcgw%@ whgrein
M0 4dm per ox | S, a L..0enzo

per oxﬁg N Isauﬁ']}?hpe‘ﬁ”gﬁg‘ H'é%dqﬂ 'as?tﬁaiPE/g'ﬁﬁEe&‘ﬁ ré%rPSQr?tde,

2,2' - BEABhSH 8PRURYAOBIshEhdEor dycheltagturbedrapp@sairaled Cq-Cx

benzog peroxi de, and m xtures thereof. 16. The
proce ¥IreearPRir#iad) characterized in that use is nade

of fr ﬁr@ On #¥ede? op Yeabivond haRbeOforh etoC@TRAUSHe;havi ng
a (I') wth

formu respect to the total weight of water

used Gusiangnterer PoTaaienal amagh fromy72 torg@ insiusiess of
claim 16 characterized in that use is made of from
10 12.  The process of claim 11 further comprising the following steps:
a) forming a stable aqueous pre-emulsion from a monomer and the
compound having formula (1),
b) forming said reaction mixture comprising the pre-emulsion, an
initiator, and water
15 c) introducing the reaction mixture into a reactor and adding from 1
to 10% by weight 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.

20
13.  The process of claim 11 further comprising the
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
25 f) optionally, heating the latex obtained in step e) at a temperature

of between 40°C and 90°C.

14.  The process of claim 12 wherein said monomer is selected from
the group consisting of methyl acrylate, ethyl acrylate, methyl
30 methacrylate, butyl acrylate, 2-ethyl hexyl acrylate, acrylates,
1

methacrylates, acrylic acid, methacrylic acid, styrene, vinyl toluene, vinyl



1% to 4% by wei ght of the conmpound having forrmula (I)
Wth respect to the total weight of water used during
woOheospebeizer i zati on. 18. The process of cl ai m R2T/US2005/043539

characterized in that use is nmade of from 1% to 8% by
wei ght of the conmpound having forrmula (1) with respect
to the total weight of the nononers enpl oyed during
the polynerization. 19. The process of claim 18
characterized in that use is mtfe-of from2 to 5 % by

wei ght of the conmpound having formula (1) with respect
to t heaastatal vingiagtars of higher ¢rsb@fiie @c@mﬂnafy@@tldmcidwgmyl

the ngg%fggt%l I ati ltn%oa?rg@lﬁﬂy%gnltu:tégféné i vfn?fohlonde and

appl i TORS R ng'ma er

paper, mpmmesﬁxwadhe3|ves or rheol ogy nDdlflers
conprising the | atex prepared according to the process
of claim13.2 1. An enulsifier for use in enul sion
polgymefs. zamaa pfhocesﬁbdcl@?v’@wlﬁe%‘n saltmilistong satecterpBdm the
one conpoun ving a formula (1): , ,
oS- [ HRE Fousietan o RO SRebuiels AvEEPsErPespid ez,
repr esmé§smgé@mnw pa@xpcﬂlgulfa@é |d?wrﬁ’ﬁylf;%r39dhé1 lauryl
[4.1. 0] wherein; i'dentical or

d ffer@wmd?eqjteémpuwyaereg@ﬁ 8-S isaB T BR o
cycli ChyfS@betbRHE beMzoNhRAs AR riixiir{L@ehir ocar bon
10
16.  The process of claim 12 characterized in that use is made of from
0.2% to 5% by weight of the compound having formula (1) with respect to

the total weight of water used during the polymerization.

15 17.  The process of claim 16 characterized in that use is made of from
1% to 4% by weight of the compound having formula (1) with respect to

the total weight of water used during the polymerization.

18.  The process of claim 12 characterized in that use is made of from
20 1% to 8% by weight of the compound having formula (I} with respect to

the total weight of the monomers employed during the polymerization.

19.  The process of claim 18 characterized in that use is made of from 2
to 5 % by weight of the compound having formula (1) with respect to the

25  total weight of the monomers employed during the polymerization.

20. Formulations intended for applications in the field of building
materials, paper, paints, adhesives or rheology modifiers comprising the
latex prepared according to the process of claim 13.

30



radi cal, provided that at |east one of the radicals R3

or R4 is other than hydrogen; R5 represents hydrogen,
wo3sMe061PO3( M 2, - (CH2V-COOM or - (CH2)2- SOBRETNS2005/043539

represents -CH 2-C(R1)(R2)-O or -0-CHR

1)-CH(R 2)-0-, wherein Rl, R2, R 1,and R 2, which may

be identical or different, represent hydrogen or a

i near, branched or cyclic, saturated or unsaturated

Cr C 22 hydrocarbon radical; n-B¢-an integer or

fractional nunmber fromO to 20 inclusive; mis an

i nt egéY!. dkn émalsifieo fraluse imedrisfanaralgmedzagioni sald gsiuladfier

22. T s £ j i .east one

of R, ORENEg o iy Bhe BB AaVhigh B B8 0}

unsaturated Cl-C hydrocarbon radical.

Z-Y-[CH(R®-CH(R*)-0O]s-[CH2CH2-O]m-R° (1

5 wherein Z represents a group having the following formula:

a)

7 6
5 4
1 3
( [3.2.0]
b)
7 6
5 4
Y
> [3.2.0]
5 c)
6 4
! 3 [2.2.1)
2
S d)
6 4
! 3 [3.1.1]
; .
6 4
! 3 [3.1.1)
2
s £)
6
.
1
g
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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 C4-Cz2 hydrocarbon
radical, provided that at least one of the radicals R® or R* is other than
5 hydrogen;

R® represents hydrogen, -SO3M, -PO3(M)z, -(CH,)-COOM, or -(CHa),-
SOsM;
Y represents ~CH,-C(R")(R?)-O- or —O-CH(R'")-CH(R™?)-O-, wherein
R', R% R'',and R, which may be identical or different, represent

10  hydrogen or a linear, branched or cyclic, saturated or unsaturated C4-C»;
hydrocarbon radical;
n is an integer or fractional number from 0 to 20 inclusive;

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

15  22. The emulsifier of claim 21 wherein at least one of R', R?, R", or R?

comprises a saturated or unsaturated C4-Cg hydrocarbon radical.



