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roup optionally interrupted by oxygen, sulfur, or nitrogen atoms; a cyclic alkyl group, or a Cs to Cyp aryl group; M

is H or a Group I metal or an ammonium cation (NH,R*y)" wherein R* is a C; to Csalkyl, xis Oto 4, yis O to 4 and x + y is 4;

o and R 1s

oxygen,

ero atoms to carbon atoms i1s at least 1:2.

a C, to Ceo linear or branched alkyl group optionally interrupted by hetero atoms selected from the group consisting of an
sulfur, or nitrogen atom; a cyclic alkyl; or a Cs to Cy aryl; provided that when R 1s greater than 8 carbons, the ratio of het-
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THITLE
PHOSPHATE SURFACTANTS
FIELD QF INVENTION

The field of invention is fluorochemical surfactants, in particular
ohosphate surfactants which contain a hydrocarbon diol or polyalkyiene
giycot hydrophulic tail and a fltorinated hydrophobic tail,

BALKGROUND OF INVENTION

For surfactants and surface treatment agents with fluorochemical
chains, longer perfluoroaikyl chains contain a higher percentage of fluorine
at a given concenitration and typically provide better performance.
However, the fluiorinated materials derived from fonger perfiuoroalky!
chaing are more expensivae. Reduction of the fluorine content with delivery
of the same or higher performance is therefore desirable. Reducing the
fluoring content would reduce the cost, but it is necessary to maintain

product performance.

U.S. Publication Number 2009/0038501 Al filed August 6, 2007
discloses fluoroalkyl-alkyl twin tailed phosphate
surfactants which have two dissimilar terminal hydrophobic groups
attached fo a single connecting group. U.S. Patent 5,643,864 discloses
anionic surfactants having at least two hydrophobic chains and at feast
two hydrophitic groups per molecule useful as emulsifiers, detergents,
dispersant and solubilizing agents,

it is desirable to improve surfaciant performance, in particular
lowering of surface tension in aqueous systems, and {0 increase the
fluorine efficiency, i.e.. boost the efficiency or performance of the
surfactants so a lower proportion of the expansive fluctine component is
required to achieve the same level of performance, or to have belter
parformance using the same level of fluorine. Especially desirable wouid
be surfactants having both a hydrophobic and a hydrophiiic group in the
same compound which are fluorine efficient. it s also desirable {¢ have

surfactants that are stable in brine and aggressive media (acid and base)

1
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while still maintaining improved performance. The present invention
provides such surfactants,
SUMMARY OF THE INVENTION
The present invention comprises a compound of Formula 1

ReA-OP(OXO™ M THOROH)  Formula

wherain
Reis a Cgtﬁ-{)g finear or branched perflucroalky! optionally
nterrupted by one, two or three sther oxvgen atoms;
A s (CHaCF2)m{CHo - {CH2)oSQoN{CH3)CHp g,
1 O{CF2)q{CHy)e-, or OCHFCFZ0E-,
mis G 1o 4; n, o, p, and r are each independently 2 to 20; q is 2;
Eisalato ng hnear of branched alkyt group optionally
inferrupted by oxygen, sulfur, or nitrogen atoms; a cyclic atkyl group, or a

Cg to Cqq aryl group;

< 51

whersin R2isa Cyto Ca atkyl, xis 0to 4, yisUto 4 and x + y is 4; and

Risa Cg 1o Cgp bnear or branched alkyl group optionally

oxygen, sulfur, or nitrogen atom; a cyclic -a;jii-iyif;: of a Cg to Cqp arvi
a0 provided that when R is greater than B carbons, the ratio of hetero atoms
to carbon atoms is at least 1:2.
The present invention further comprises a method of lowering the

The presentinvention further camprises a method of providing soil
repetienicy, leveling, and resistanca to blocking 1o a coated substrate
comprising adding {0 a coating base prior to deposition on the substrale a

compeound of Formula 1 as defined above.
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DETAILED DEDCRIFPTION

Trademarks are shown herein in upper case.

solution having a maximum pH of about 4, or a basic solution having a pH

s of at least about 10.
The present invention comprises a compound of Formula 1

Re-A~-OP(OYO~ M THOROH)  Fonmula
wherem
R is a Up to Cp linear of branched perflucroalkyl ophionally
i interrupted by one, two or three ether oxygen atoms,;
Ais {CHaCF2)m{CH2In-, (CH2)oS0N(CHXCH )y,
O(CF2)g(CH)-, or QUHFCFO0E-;
mis Gto 4, n, o, p, and r are each independently 2 to 20, qis 2;
E is a Co to Cag linear or branched alkyl group optionatly
s interrupted by oxygen, sulfur, or nitrogen atoms; a cyclic atkyl group, or a

Cg to Cqp aryl group,
MisHora Group | metal or an Arymonium cation {NHXR’?Y}%
wherein RZ is a CitoCqalkyl, xisDtod yisQiodandx+yis 4, and

R is a Cp to Cgp linear or branched atkyl group optionally
20 interrupted by hetero atoms selected from the group consisting of an
oxygen, suitur, or nitrogen atom; a cyclic atkyl or a Cg tcs:-‘CJ;g aryt;
provided that when R is greater than 8 carbons, the ratio of hetero atoms
-té carbon atoms is at least 1:2.
Preferred are compounds of Formula 1 wherein Ry is a Cg to Cq

s perfluoroatkyl,  Also preferred are those wherein Ry is Cz, Cq or Cp

{odt

perflucroalkyl. Also preferred are compounds of Formula 1 wherein M is

sodium or potassium of an ammaonium cation (NHKREY}* wherein R< is g
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CrtoCgalkyl, xis01o 4 yvis0to4 and x +yis 4 More preferred are
compounds of Formula 1 wherein M is an ammonium cation (NHRe)*

wherein R< is aliioCqalkyl xisOtod yisOtodand x+yisd Also

branched alkyt group z}'@tiic;niaiiiyi-n‘ftermmed Ly oxygen. Mare preferred are

compounds of Farmula 1 wherein E is a Cp to Cyq linear or branched atkyl
group optionally interrupted by oxygen.

Other preferred compounds of Formula 1 are those whersin R is a
inear or branched Gy to Cg alkyl, and more preferably Cg atkyl, Other
preferred compounds of Formula 1 are those wherein R is a Cg fo Cﬁ.{}s
more preferably Cg to Cap. linear or branched alkyl group opti@naié}y
interrupted by oxygen atoms. When R is greater than 8 carbon atoms, the
ratio of hetero atoms to carbon atoms is at {east 1:2, preferably from about
1:2 to about 1:3.

in one embodiment R is a linear or branched alkyl group of about 8
o about 50 carbon atoms, and more preferably about 8 fo 40 carbon
the ratio of ether oxygen atoms to carbon atoms is from about 1:2 to about
1:4: more preferably from about 1.2 to about 1.3,  Within these
compounds, preferably the R group has a molecular weight of between
about 200 to gbout 1250,

Formula 1 is a surfactant containing both a hydrophobic group and
a hydrophilic group. The compounds of Formula 1 are prepared by
reacting either phosphorus pentoxide (Pp0s) or phasphorus oxychloride
(POCHS) with fluorinated alcohal, followed by the addition of hydrocarbon
dicl or poiy{giycet). Typicaily the phosphorus pentoxide or phosphorus
oxychioride is added to the fluorinated alcohol in an amount that is
approximately equivatent mol percent. For example, when phosphorus

pentoxide is used from about 0.4 o about 1.6 mole equivalent of

fluorinated alcohol to Pg@g is added. The mixtwre is heated to 3

PCT/US2010/027784
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temperature of from about 70°C 10 about 120° €, preferably 1o from about
about 3 to about 15 houwrs. A diol or poly{glycot) is then added to the
regction mixdure with continued heating at the above temperature for an
additional time of from about 3 to about 15 hours. The mole ratio of diol or
poly{glycol) to Po0s is from about 1.4 fo about 2.6. This is followed by the
Any of a variety of surfactants can be employed, such as TERGITOL
available from Sigma Aldrich, St. Louis, MO. After about 1 to about 2
hours, ammonia is added with mixing, followed by water, to provide the

phosphate of Formula 1.

Diols usetul in the synthesis of compounds of Formula 1 include Co

to Cgg straight and branched chain alcohols optionally having one or two

double bonds. Examples include 1,3-propanediol; propytene glycol {1,2-
propanediol); difethylene glycal); tri{ethylene glycol); tetra{ethylene glycol);
poly(ethylene glycol)s [PEG(OH)], preferably having from  about 4 to
about 20 repeatl umis, and more preferably from about & to about 15
repaat  unils; polyiethviene  glycoll-polypropyiane  giycob-poly{ethyviene
glycol) triblock polymers [PEG-PRG-PEG-(OH)]: and random capolymers
of ethylens oxide and propylene oxide, preferably with a molecular weight
M Of from about 200 to ahout 1250, Poly{1.3-propanediol)s are available

from E. | du Pont de Nemours and Company, Wimington, DE.

Polyethylene glycols with nominal molecular weights of 200 to 2000 are
available from Aldrich Chemical Company, 8t Louis, MO. Tri-blogk
copalymers of polyethyiene oxide and polypropylene oxide {F“E{? PRG-
PEG) are available from BASF, Mount Olive, NJ.

The fluorcalkyl alcohol used as a reactant in the preparation of

One embodiment of the invention is a compound of Formula 1

wherein A is (CHoCF2mi{CH2)n-, herein denoted as Formula 2,

R-{CH2CFQ)m(CH)n-O-P(OYO” M¥} (OROH)  Formula 2

PCT/US2010/027784
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wherein Ry, R, m, n, and M are as defined above in Formula 1. Prefered
compounds of Formula 2 include those wherein Ryis a Cy or Cp

perflucroalkyl, nis 2, Ris CHaCHp, and mis 0, 1, or 2.

Fuorinated alcohols usetul in the preparation of vanous
embodiments of Formuda 2 are avallable commercially or by syhthesis.
Fluonnated alcohols CgF13CH2CHOH and C4FgCHoCHoOH are
available from E. 1. du Pont de Nemowrs and Company, Wilmington, DE.
Huorinated alcohols are avaiable by synthesis according to the foliowing
Schema 1:

CHCF S
Re {CHACF o1

(¥}

oleum

Re (CHaCF Ju{CHCH ) OH e R (UHR U ) (GHCH )

VD HyO

Scheme 1

The telomerization of vinylidene fluonde (VDF) with linear or
branched perflucrcatkyl iodides is well known, and produces compounds
of the structure R{CHCFy)l. wherein, p is 1 to 3 or more and Ryis a G,
to Ca perfiuorcalkyt group. For e:xampie,‘. see Halague, et al, “‘?Symhesis of
fluorinated {elomers, Part 1, Telomerization of vinylidene fluoride with
perfiioroalky! lodides”, J. Flour Chem. {1838), 70(2), 215-23. The specific

telomer iodides (V) in Scheme 1 are isolated by fractional distillation. The
telomer iodides (V) can be treated with ethylene by procedures described
n U.S. Patent 3,979,489, {Ciba-Geigy, 1976) to provide the telomer
iodides (V1) of Scheme 1 can be treated with oleum and hydrolyzed to
provide the corresponding telomer alcohols (Vi) according to procedures
disclosed in WO 85/11877 (Elf Atochem S.A). The higher homologs (g =

&
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2, 3) of telomer ethylene iodides (V) are available with excess sthylens al
variety of reagents to provide the corresponding thiols according o
procedures described in J. Fluorine Chemistry, 104, 2 173-183 (20003
One example is the reaction of the telomer ethylene iodides (V1) with
sodium thicacetate, followed by hydrolysis,

A further embodiment of the fnvention is 8 compound of Formula 1
wherein A s (LH2)oS0zN(CHaCHa -, herein denoted as Formula 3,

Rf-(CHR)pSO2N(CH3)CHp)p ~OP(O) O~ M *YOROH)  Formula 3

wherein By, R, ©, p, and M are as defined above in Formula 1. Preferred
compounds of Formula 3 include those wherein 0 and p are each 2, Ryis
CeHia, and R is CHpCHg. The fluoroatkyl alcohol used to prepare

compounds of Formula 3 is available from E. 1 du Pont de Nemours and
Company, Wilmington DE. Alternatively the fluoroatkyl alcohol
Re(CHp)oSON({CH }{CH2)o-OH, wherein o and p are defined above in
Formuda {13, 18 prepared by the reaction of a fluoroalkyl ethylens wdide
with potassium thiocyanate in water. The product R{CH;).SCN is distilled
as a colorless hiquid, which then is converted to fluorinated sulfonyl
chioride having the formula R{CH,},80:Cl by a reaction with chioring and
acetic acid over several hours at about 45~50°C in an autoclave. The
sulfonyl chioride is then reacted with an amine, for example, such as N-
methylethanolamine, to produce the fluorinated alcohol of the formula
RACH2)oSO2N(CH3)(CHz )y OH.

. . . -

wherein Als O(CF2)q(CHz ), herein denoted as Formula 4,

Ri- Q{CF2)q{CH2)~OP(OYO~ M *HOROH)  Formula 4

wherein Ry, R, q, r, and M are as defined above in Formula 1. Preferred

compounds of Formula 4 include those wherein g and r are each 2, Ry is

v - - -
......

PCT/US2010/027784
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The flucroalcohols used as starting materials o make the
compasitions of Formuia 4 are availabls by the following series of
reactions of Scheme 2:

i :;-(ii:fi;;ﬁ--(iff‘f::.

alsum S
ROMIF ;0P {CHaCHa ) OH i REOF jOF { CHaCH ),

(VEHD O o
o Vi)

The starting perfluoroalkyl ether iodides of formula (V) in Scheme 2
can be made by the procedure described in US Patent 5,481,028, in
Example 8, which discloses the preparation of compounds of formula (V)

from perflucro-n-propy! vinyl ether.

£y in the second reaction in Scheme 2, a perfluoroatkyl ether iodide
(V} is reacted with an excess of ethylene at an elevated temperatre and
pressure. While the addition of ethylene can be carried out thermally, the
use of @ suitable initiator is preferrad. Preferably the initiator is a peroxide
such as benzoyl peroxide, isobutyryl peroxide, propionyt peroxide, or

5 acetyl peroxide. More preferably the peroxide is benzoyl peroxide. The

temparature of the reaction is not limited, but a temperature in the range of

11076 f0 13070 s preferred. The reaction time can vary with the iniator
and reaction condifions, bt 24 hours s usually adequate. The product is

purified by any means that separates unreacted starting material from the

o Hnal product, but dishiflation is preferred. Satisfactory vields up to 80% of
theory have been obtained using ahout 2.7 mols of sthylens per mole of
perffuoalkyl ether todide, a temperature of 110°C and autogenous

distiliation.

-t
L

The perflucroalkylether ethylene iodides (Vi) in Scheme 2 are

{reated with oleum and hydrolyzed 1o provide the corresponding alcohols

8
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(Vi) sccording to procedires disclosed in WO 95/11877 (EIF Alochem
S.A) Alternatively, the perfiuorcalkyiether ethyl indides can be treated

with N-methyl formamide followed by ethyl alcoholfacid hydralysis. A

temperature of about 130° to 180°C is preferred. The higher homologs (g
= 2, 3} of telomer sthylene fodides (V1 in Scheme 2 are available with
excess ethylene at high pressure.

The telomer ethyiene jodides {VI} in Scheme 2 are treated with g
variely of reggents 1o provide the corresponding thiois gecording o
procedures described in J. Fuorine Chemistry, 104, 2 173-183 (2000).
One example is the reaction of the tejomer ethylens iodides (V1) of
Schame 2 with sodium thicacetate, followed by hydrolysis. The telomer
ethylene iodide (VI} of Scheme 2 can also be treated to provide the
-c@rraspandingthi%eathanfoiés or thivethylamines by conventional methods.

A turther embodiment of the mvention is a compound of Formulg 1

wherein Ais QCHFCF20E-, herein denoted as Formula 5,

R¢- OCHFCFOE ~OP(O)O™~ M *){OROH)  Fosmula 5

wherein Ry, R, E and M are as defined above in Formula 1. Preferred
compounds of Formula 5 include those wherein Ryis GiFy and R is
CHoCHp.

The fluproalcohols used as starting materials o make the

compositions of Farmula 5 are prepared by reacting 8 dioxane with a diol

in the prasence of an alkall metal compound. For example a dioxane of

formula ROCF=CFy is reacted with a diof such as HO(CH2)OH in the

presence of an alkali metal such as KOH typically in a sealed stainless
steel reaction vessel at about 70°C for about 8§ hours. The diol is used at
about 1 to about 15 mols per mol of ether, preferably from about 1 to
alkali metal, alkali earth metal, alkali hycimxide? atkali hydride, or an alkali
amide. Preferred are alkali metals such as Na, K or Cs, or alkali hydrides.

such as NaH or KH. The reaction is conducted at a temperature of from

PCT/US2010/027784
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ahoul 40°%C 1o about 120°C. The reaction can be conducted iy an oplional
sotvert, such as sther or nitrile,

The compounds of the present invention of Formula 1 are
tensions of about 18 dynesicm or 18 mN/m (milli-newtons per meter) are
required. The surfactants of the present invention provide “fluorine
efficiency”. The term "Huoring efficiency” means o increase the sfiiciency
lower proportion of the expensive flucrine component is required 1o
achieve the same leve! of performance, or to have better performance
using the same level of fiuorine. Compared with conventional flucrinated
surfactants, the fluorine content in the surfactants of the present invention
is from aboudt 50% {0 about 70% lower than in conventional flucrinated
surfaciants.

The above compound of Formula (1) is g fluorinated phosphate
surfactant which lowers surface tension atl very low concentration. Such
surface tension values in a medium, typically a quid are less than aboud
25 milli-newtons per meter, preferably less than about 20 milli-newtons per
meter, at a concentration of the surfactant in the medium of less than
about 0.2 % by weight, and preferably less than 0.1 % by weight. The

surfactant is charactenzed by its efficiency in lowering the surface tension

at low concentrations by selective adsomtion on the interface, which is

determined by the amphiphilic nature of the surfactants. The term
“amphiphilic” means attraction to two different kinds of media. The
surfactants comprise a water-soluble hydrophilic part and a water-

insoluble hydrophobic part.

The present invention further comprises a method of Howering
surface fension of an aqueous medium comprising contacting the medium
with a composition of Formula 1 as described above. Any of a wide
variety of media are suitable for use in the method of the present
invention. Typically the medium is a liquid. Preferred are aqueous,

hydrocarbon, and halocarbon systems. Examples of suitable medium

10
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include a coaling composition, iatex, polymer, floor finish, ink, emulsifying
agent, foaming agent, release agent, repellency agent, flow modifier, film
avaporation inhibitor, wetling agent, penetrating agent, cleaner, grinding

agent, electroplating agent, corrosion inhibitor, stchant solution, seldering

L

agent, dispersion aid, microbiat agent, pulping aid, rinsing aid, polishing
agent, personal care composition, drying agent, antistatic agent, floor
polish, or bonding agent. Adding a composition of the present invention to
the medium results in lowering the surface tension of the medium due to
the surfactant properties of the composition of the prasent invention. The
i composition of the present invention is typically simply blended with or
added to the medium. A low concentration of about 0.1% by weight of
surfactant is sufficient to lower surface tension to less than about 22
miN/m, preferably iess than about 20 ndim, more preferably less than
about 18 miNim.

18 The present invention further comprises a method of pzr:mfi-dingsoii
repeflency, leveling, and resistance to blocking to a coated substrate
comprising adding to 8 coatling base prior to deposition on the substraie a
compound of Formula 1. “Leveling” as used herein refers to the uﬁ;t_ffern';ﬁiiy
of coverage of thaafati%ng srx«%’hen-aap;:«iisieé to g stibstrate, }Et_'isu ndesirabie to

m have streaking, surface defects, or withdrawal of the cogting from the
substrate surface at the edges or otherwise, An even coating will provide
a supernor dried coating on the subslrate swrface. "Blocking™ is the
undesirable sticking together of two coated surfaces when pressead
together, or placed in contact with each other for an extended period of

25 time, after the coating has dried. When blocking occurs separation of the
sutfaces can result in disruption of the coating on one or both surfaces.
Thus resistance to blocking is beneficial in many situations where two

coated surfaces need to be in contact, for example on window frames.

Suitable coating compositions, refarred to herein by the term

W “coating base”, include a composiion, typically a iquid formulation, of an

11
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creating & lasting film on the substrate surface. These are conventionsl

paints, stainsg, and similar costing compositions.
By the term "alkyd coating” as used herein is meant a conventional
lieyuid coating based on alkyd resins, typically a paint, clear coating, or

stain. The alkyd resins are complex branched and cross-linked polyesters

containing unsaturated ahphatic gad resdues. Conventionat alkyd
coatings utilize, as the binder or film-forming component, a curing or

drying atkyd resin, Alkyd resin coatings contain unsgturated asliphatic acid

residues denved from drying oils. These resins spontansousiy polymerize
in the presence of oxygen or air 10 vield a solid protective film. The

polymerization s termed "drying” or "curing” and occurs as a result of

autoxidation of the unsaturated carbon-carbon bonds in the aliphatic acid
’Qﬁfﬂi,}{)-neﬂfﬁf the ojl byatrrmspher Ichygen Whenappi;@ﬁ to a surface
as a thin liquid fayer of formulated atkyd coating, the cured films that form
are relatively hard, non-melting, and substantially insoluble in many

organic solvents that act as solvents or thinners for the unoxidized atkyd

resin o drying oil, Such drying ofls have been used as raw materials for

oil-based coatings and are described in the literature.

By the term "urathane coating” as used hereinafter is meant a

conventional liquid coating based on Type | urethane resins, typically a

paint, clear coating, or stain. Urethane coatings typically contain the
reaction product of a polyisocyanate, usually toluene ditspeyanate, and a

polyhydric alcohol ester of drying oil acids. Urethane coatings are

classified by ASTM D-1 inlo five categonies. Type | urethane coatings

contain a pre-reacted autoxidizable binder as described in Surface

Coatings Vol. 1, previously cited. These are also known as uratkyds,
ursthane-modined alkyds, oll-moditied uretnanes, urethane oils, or
urgthane alkyds, are the largest volume category of polytirethane coatings
and include paints, cear coatings, or stains. The cured coating is formed

by 8ir oxadation and polymerization of the unsaturated drving ol residue in

the binder.

12
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By the term "unsaturated polyester coating” as used hereinafter is
meaant a8 conventional liguid coating based on unsaturated polyester
resins, dissolved in monomers and containing miiators and catalysts as
neaged, iypisa:ily as a pant, clear coating, or gel coat formulation.
Unsaturated polyester resins contain as the unsaturated prepolymer the
product obtained from the condensation polymerization of a glveol such as
1.2- propylene glycot or 1.3-butyvlene glycol with an unsaturated acid such
as maleic {or of maleic and a saturated acid, e.g., phthalic} in the
anhydride form. The unsaturated prepolymer is a linear polymer
containing unsaturation in the chain. This is dissolved in a suitable
monomer, for instance styrene, to produce the final resin. The film is
produced by copolymetization of the lineay polymer and monomer by
means of a free radical mechanism. I he freg ragicals can da generated
by heat, or more usuatly by addition of a peroxide, such as henzoyl
perexide, separately packaged and added before use. Such coating
composttions are frequently termed "gel coal” finishes, For curing
coatings at room temperaiure, the decomposition of peroxides into free
radicals is catalyzed by certain metal ions, usually cobalt. The solutions of
peroxide and cobalt compound are added separately {o the mix and well

stired before application. The unsaturated polyester resins that cure by a

free radical mechanism are also suited to irradiation curing using, for

instance, ultraviotet light. This form of cure, in which no heat is produced,
is particularly suited to films on wood or board. Other radiation sources,

Ffor instance electron-baeam cuning, are aiso used.

By the term "water-dispersed coatings” as used herein is meant
coatings intended for the decoration or protection of a substrate composed
of water as an essential dispersing component such as an emi,s-i-sim,’.iatax,
or suspension of a film-forming material dispersed in an agqueous phase.
“Water-dispersed coating” is a general classification that describes &
number of formulations and includes members of the above desaribed
classifications as well as members of other classifications. Water-
dispersed coatings in general contain other common coating ingredients.

Water-dispersed coatings are exemplified by, but not imited to, pigmented

13
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seaters, stains, and finisheas, coalings or masenry and cement, and waler-
based gsphalt emulsions. A waler dispersed coating oplionaily contains
surfactants, protective colfoids and thickeners, pigments and extender
pigments, preservatives, fungicides, freeze-thaw stabilizers, antifoam
agents, agents to control pH, coalescing aids, and other ingredients. For
fatex paints the fiim fﬁfr'ming--mfat{ef'iai is a latex polymer of acrylate acrylic,
compasttions are described by C. R, Martens in "Emuision and Water-
Soluble Paints and Coatings" {Reinhold Publishing Corporation, New York,
NY, 1865}

By the term “dried coating" as used herein is meant the final
decorative and/or protective film obtained after the coating composition
has dried, set or cured. Such a final film can be achieved by, for non-
limiting example, curing, coalescing, polymerizing, interpenetrating,
radiation curing, UV curing or evaporation. Final films can also be applied
in a dry and final state as in dry coating.

When used as additives to a coaling base the compounds of the
present invention of Formula 1 as defined above are effectively introduced
to the coating base or other composition by thoroughly stirring it in at room
or ambient temperature. More elaborate mixing can be empioyed suich as
using @ mechanical shaker or providing heat or other methods. Such
methods are not necessary and do not substantially improve the final
compaosition. When used as an additive fo latex paints, the compositions
of the invention generally are added at about 0.001 weight % to about 5
Preferably about from about 0.01 weight % {0 about 1 weight %, and more

preferably from about 0.1 weight % o about 0.5 weight % s used.

Floor waxes, polishes, or finishes (hereinafier “floor finishes”) are
gensrally water based or solvent based polymer emulsions. The

surfactants of Formula | of the present invention are suitable for use in

such floor finishes. Commercially available floor finish compuositions

14



CA 02753223 2011-08-19
WO 2010/107983 PCT/US2010/027784

typically are gquecus emuision-hased polymer Composiions comprising
One OFf More organic solvents, plasticizers, coating aides, anti-foaming
agents, surfactants, polymer emulsions, metal complexing agents, and

waxes. The particle size range and solids content of the polymer are

L

usually controlied o control the product viscosity, film hardness and
resistance o deterioration. Polymers cantaining polar groups function to
enhance solubility and may also act as wetting or leveling agents providing

good optical properties such a high gloss and distinetness of reflected

image.

i Preferred polymers for use in floor finishes include acrylic polymers,
polymers derived from cyclic ethers, and polymers derived from viny!
substituted aromatics. Acrylic polymers include various poly{alkyl
acrylates), poly{alkyl methacrylates), hydroxy! substituted iny‘*{ai&yi
acrylates) and poly(alkyl methacrylates). Commercially available acrylic

15 copolymers used in fioor finishes include, for example, methy
methacrylate/butyl acrylate/methacrylic acid (MMA/BA/MAA) copolymers;
methyl methacrylate/butyl acrylatelacrylic acid (MMA/BAJAA) copolymers,
and the like. Commercially available styrene-acrylic copolymers include
styrene/ methyl methacrylate/butyl scrylate/methacryl ¢ acid

w o (SIMMABAMNMMA) copolymers; styrene/methyl methacrylate/butyl
acrviate/acorylic acid (S/MMA/BAIAA) copolvmers; and the like. Polymers
derived from cychic ethers usually contain 2 0 5 carbon atoms in the ning
axiranes, oxetanes, letrahvydrofurans, tetrahydropyrans, dioxanes,

25 trioxanes, and caprolactone. Polymers derived from vinyl substituted
aromatics include for example those made from styrenes, pyridines,
conjugated dienes, and copolymers thereof. Polyesters, polyamides,

polyurethanes and polysiloxanes are also used in floor finishes.

The waxes o mixtires of waxes that are used i1 floor finishes

W include waxes of g vegetabla, amimal, synthetic, and/or mineral onigin.

.....

stearin, beeswax, oxidized polyethylene wag, polyethylena emulsions,

15
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polypropylens, copolymers of ethyiene and acrylic asters, hydrogenerated
cocanut ofl or soybean off, and the mineral waxas such as paraffin or

ceresin, The waxeas typically range from 0 to about 15 weight percent and
preferably from about 2 to about 10 weight percent based on the weight of

the finish composition.

When used as addifives o a floor finish the compositions of the
present invention of Formula 1 as defingd above are effectvely introduced
ta the compaosition by thoroughly stirring it in at room or ambient
temperature. More elaborate mixing can be employed such as using a
additive 1o floor finishes, the compositions of the invention generally are
added at about 0.001 weight % to about & weight % by dry weight of the
composition of the invention in the wet composition. Preferably abotdt from
about 0.01 waight % fo about 1 weight %, and more preferably from about

0.1 weight % {0 about 0.5 weight % is used.

Foor waxes or polishes are water based, solvent based and
polymer. The sufacianis of the present invention are suitable for use with
any of these, Waler-based and polymer waxes dry to & high gloss without
hutfing: solvent-based wax requires vigorous buffing. Water-based wax is
recommended for asphait, wi‘nyi},_ vinyl asbestos and rubber-tiled floors:
solvent-based waxes produce a hard, shiny finish and are best for wood,
cork and terrazzo floors. Self-palishing waxes, such as polymer or resin,
will yellow or discolor and wear off in heavy traffic areas; they should be

stripped off and reapplied after three or four coats.

foaming in a medium comprising contacting the medium with a compound

of Formula 1 as defined above. The compound of Formula 1 of the

compourids of the present invention of Formula 1 are effectively

intraduced to the medium by thoroughly stirring it in at room or ambient

18
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temperature. More slaborate mixing can be employed such as using a
mechanical shaker, mechanical mixer, or providing heat or other methods.
More vigorous stirring will typically produce a larger amount of foam. A
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The surfactants used in the method of the present invention can

both create foam and maintain a stable foam in aqueous solution over a
pentod of ime. The degree of foaming and the iime a sigbie foam s

i maintained are useful in vanous applications, Foaming is an important
praperty of fiucrasurfactants that are used as additives for cleaners,
drifing fluid additives for foaming, and fluid additives for oilfield stimulation
activities. In cleaning solutions, foam is often used to promote adhesion of
the active cleaning ingredient on the surface. The agqueous or solvent

13 based drilling fiuids foam ﬁméin-g drilling and thus aid in the removal of fines
from the well around the drill-bit. The addition of the flucrosurfactant
boosts the drilfing fuid foaming properties. if these fines are not efficiently
removed, they can result in damage to the drill-bit head, costing time and
money. 1he flucrosurfactants atso boost pmperﬁasaf the stinmi-aﬁan

2 Huids dunng well freatments, such as hydraulic fracture treatments oF
matnx treatments, performed 1o restorg or enhance well produchivity of ol
and gas wells. The surfactants of Formula 1 and the method of providing

foaming of the present invention are uselyl in these applications.

The surfactants of Formula 1 and the method of providing foaming

of the present invention are also useful in applications requiring an

Red
i,ga;

aggressive {acidic or basic) medium. Examples of such applications
mchide stehing processes in the manufacture of electronic or photovoitaic
components, or in aggressive ceaning solutions. For aggressive cleaners
and etching applications, it s undesirable to have additives that creale

w foams susfainable over a long time perind. Such sustained foams require
the use of defoamers dunng disposal and can create complications durning

manufacturing processes. Thus, providing foaming that s not maintained

17
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over a long time period, but instead disintegrates quickly in highly acidic
and basic condittons, are dasirable. The surfactants of Formula 1 and the
method of providing foaming of the present invention provide foams that
quickly disintegrate in aggressive medium. The foams provided by the

or basic medium, preferably in about 10 minutes, and more preferably in
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about 5 minutes. Thus, the surfactanis of Formula 1 and the method of
providing foaming of the present invention are useful in these applications.

QOvearall the surfactants of Formula 1 and the methods of the present
i nvention are useful in a3 wide variely of end-use applications. The
surfactants of the present invention provide compounds having surfactant
effects at low concentrations, such as below 0.5% by weight in water. The
compounds of the invention contain tess fluoring (improved fluoring
efficiency), have a lower surface tension or are generally comparable {o
15 conventional fluorcalkyl surfactants. The inventive compounds provide the
advartage of altering surface properties, such as repellency, leveling, and
resistance to blocking, using less fluorine to achieve the same level of
performance, or provide better performance using the same level of
fluorine, as pnor art mn*;p-@siitiéans. Thus the improvements in the
 surfactant characienstics reduce overall manufactunng cost while
improving the performance of the surfactant products. The surfaciants of
the present invention also provide the advantage of stability in brine and
for a phosphate functional surfactant. This slability means the surfactants
23 are useful to provide surface activity and foaming properties in a variety of

applications.

MATERIALS and TEST METHODS

examples herein.
w o 1) CoF sCH:CH,0H available from Sigma Aldrich, St. Louls, MO.

2) CabgGHCRFCHUEHOH

18
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Ethylene (25 g) was introduced to an autogiave charged with
240 °C for 12 h. The product was isolated by vacuum distillation to
provide CsF:CHCFCHCHyl Fuming sulfuric acid (70 mb) was added
stowly to 80g of C4F:CHyCFCHLCH: and mixture stirred at 80 °C for
solution and heated at 85 °C for 0.5 h. The botton laver was separated
and washed with 10 wi% aqueous sodium acetate, and distilled to provide
CaFsCHLCFCHCHOH + bp 54~57 °C at 2 mmHg (267 Pascals).

3} CaFrQCFCRCHCHOH
CsFrOCFCFa! (100 g, 0.24 mol) and benzoyl peroxide {3 g} were

gas sequences was then executed at -850 *C and ethylene (18 g, 0.64

mol} was introduced. The vessel was heated for 24 hourat 110 °C. The
product was collectad iy a botlie. The product was distitled giving B0 g of
Cab QU CFUHCH iy 80% yield. The boiling point was 56~60°C at 2b
mm Hg pressure (3325 Pa).

A mixture of CiF-OCFCFCH:CH,l (300 g, 0.68 mal} and N-
methyl-formamide {300 mbL}, was heated to 150 °C for 26 hours. Then the
reaction was cooled to 100 °C, followed by the addition of water {o
separate the crude ester. Ethyl alcohol {77 mb) and p-loluene sulfonic
acid {2.29 @) were added to the crude esler, and the reaction was slirred
at 70 °C for 15 minutes. Then ethyl formate and ethyl alcohol were
distiled out to give a crude product. The crude product was dissolved in
ather, washed with ,aques:}us sodium sulfite, water, and brine in turn, then
dried over magnesium sulfate. The product was then distilied to give 109
g of CaF:0CFCFCHCH,0H in 85 % yield. The boiling point was 71~73
°C at 40 mmHg {5320 Pa).

4) RHOPLEX 3829, formulation N-29-1 is available from Rohm &
Haas, Philadelphia, PA.
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5} MAB paints are paints having an acrylic semi-gloss resin with 84%
gloss at 85 degrees gvailable from M. A. Bruder and Sons, inc., Broomall,
PA,

6} TERGITOL 15-S-9 is available from Sigma Aldrich, St. Louls, MO.

7} 1.3-Propanediol and poly(1,3-1 3-propanediol) are available from
E. 1. du Pont de Nemours and Company, Wilmington, DE.

8} Tetra(ethylene} glycol and poly(ethylene glycot) are available from
Sigma Aldrich, St Louds, MO,

Test Method 1 - Wetling and Leveling Test

To test the performance of the samples in their wetting and leveling
ability, the samples were added to a floor polish (RHOPLEX 3829,
Formulation N-29-1 ,_ available from Rohm & Haas, Philadeiphia, PA)).
Vinyl tites, 12 inch by 12 inch {30.36 cm X 30.36 cm) available from
interfuse Vinyl Tiles by Estrie, Sherbrocke, QC Canada, were thoroughly
-deaned by -wettiiﬂg the files, addﬁing a8 powdered oxygen bleach cleanser
and scrubbing using a green SCOTCH-BRITE scouring pad, available
fram 3M Company, St Paul, MN. This scrubbing procedure was used to
remove the pre-existing coaling on the tiles. The tles initially had a
untfform shiny finish; a uniform dull finish indicated coating removal. The
tiles were then air-dried overnight. A 1% by weight solution of the
sutfactant to be tested was prepared by dilution in deionized water,
Foltowing the resin manufacturer protocols, a 100 g portion of the
RHOPLEX 3829 N-29-1 formulation was prepared, followed by addition of
0.75 g of the 1% by weight surfactant solution, to provide a test floor
colish.

The {est floor polish was applied o the tile by placing 3 mb portion
of the {est polish it the center of the tile, and spreading from {op to botlom
using a cheesscloth applicator, and finally placing a large X" across the
ﬁi@,,;:us'ing-ihﬁ@"ﬁ'.ﬁgziizcator". The “X" subseqguently gj.rwides visual evidence
of leveling at the rating step, The apphcator was prepared from g bwvo-

layer 18 x 36 inch (46 x 91 om) sheet of cheesedloth {from VWR, Waest
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Chester PA), folded twice info an sightlayer pad. One comer of the pad
was then used as the applicator. The tile was aliowed (o dry for 30 min.
and a total of 5 coats (Coating #s 1 - 5) were applied and dried, with the X

test performed after each coating had been dried. After each coat, the tile

L

was rated ona 110 § scale {1 being the warst, 5 the best) on the
surfactant's ability to promote wetting and leveling of the polish on the tile
surface, The rating is determined using the Tile Rating Scale below,
based on comparison of a tile treated with the floor polish that containg no
added surfactant.

Table 1 - Visual Tile Rating Scale for Leveling

w N
| N
\ . ‘ - .1 0w .
w . ' N . a4 N .
: . ’ v ' : ’ K o ., £
\ . . . B
| N
. . o .. - 5, . N R . . A - - . “ .
| ; Ty 1 1vfa -. v & Fiirn nifirant etroakin
and surface defect
N . .
L]

2 Numerous surface defects and streaks are evident but,
- generally, film coats entire tile surface

..........................................................................................................................................................................................

3 | Visble streaking and surface defects, withdrawal of the film
| front the edges of the tie

4 | Minor surface imperfections or streaking

5 | No visible surface defects or streaks

N - .
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\

Test Method ¢ - Surface Tension Measurement

‘Surface tension was measured according to the American Society
Hor Testing and Matenals ASTM & D1331-86, using the Withelmy plate
15 method on a KRUSS K11 Version 2.501 fansiometer (KRUSS USA,
Matthews NC) in accordance with instructions with the equipment. A
vertical plate of known peameter was altached o a balance, and the force
due o wetlling was measured. Each example ¢ be tested was added o
deionized water by weight based on solids of the additive in delonized
2 water, Ai-iamaﬁv@?yeach-mamm@ to be {ested was added to 2% by
weight KCl in deionized water, 15% by weight HCl in delonized water, or
15% by weight KOH in deionized water, each by weight based upon solids

of the example in deionized water. Several different concentrations were

21



"

b

WO 2010/107985

e

CA 02753223 2011-08-19

prepared. Ten repiicales were tested of each dilution, and the foliowing
machine sstlings weare usedq:

Method: Plate Method SFT

interval: 1.0 s

Watted length: 40.2mm

Reading limit: 10
Wiy Standard Daviation: 2 dynasiom
Gr. Acc.: 8.80665 mis®

Results were in mN/m {dynas/om} with a Standard Devigtion of less than
dyne/cm. The tensiometer was used according to the manufaciurer's

recommendations,

Test Method 3 — Contact Angle

Contact angles were measured by the Sessile Drop Method, which
15 described by AL W, Adamson i The Physical Uhaemistry of Surfaces,
Fifth Edition, Wiley & Sons, New York, NY, 1890, Additional information
on the equipment and procedurs for measuring contact angles is provided
by R. H. Detire et al. in "Wettability”, Ed. by J. C. Berg, Marcel Dekker,

In the Sessile Drop Method, a Ramé-Hart optical bench (available
from Rame-Hart inc., 43 Bloomfield Ave., Mountain Lakes, NJ) was used

o hold the substrate i the horizontal position. The contact angle was

the same manufacturer. tach bxampie 1o be {esteq was added {0 MAB
paint at 0.018% by weight based on solids of the additive in the paint. A
drop of test liquid was placed on a polyester scrub test panel {Leneta P-
121 dull black or equivalent, Leneta Company, Mahwah, NJ} and the
tangent was precisely determined at melmint. of contact between the drop
and the surface. An advancing angle was determined by increasing the
size of the drop of liquid. The data were presented as advancing contact

angles.
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The reigtionship between organic hquid contact angles, and the

cleanahility and dirt retention of surfaces is described by A W, Adamson,

surface has greater dirt and soil repeliency, and sasier swrface

L

cleanability.

The {estmethod described herain is a modification of ASTM D48346
~ 89, Slandard Test Method for Blocking Resistance of Architectural
Paints, which is hereby specifically incorporated by reference. The face-

v to-face blocking resistance of paints to be tested was evaluated in this
test. Blacking, for the purpose of this test, was defined as the undesirable
S-tia:-ﬁkingG?te:agemes“ of two painted surfaces when pressed together or placed

in contact with ach other for an extended period of time.

Each example to be tested was added to paint at 0.018% by weight
is  based on solids of the additive in the paint. The paint used was MAB paint

I -

available from M.A. Bruder and Sons, ing., Broomall, PA. The paintio be
tested was cast on g polyester test panel using an applicator blade. Al
painted panels were protected from surface contamination, such as
grease, oll, fingerprints, dust, and the like. Typically, results were sought
W at 24 hours after casting the paint. After the panesls had bsen conditioned
in a conditioned room with controlied temperature and humidity as
specified in the ASTM Test Mathod referenced above for the desired
period of ime, six squares (3.8 cm x 3.8 em) were cut out from the painted

test panel. The ot sections {three pairs) were placed with the paint

f-d
Ly

surfaces face-{o-face for gach of the painis {o be tested. The face-to-face
gpacimens were placed in a 50 “C oven on a marbie tray. A no. 8 stopper

was pigced on top, with the smaller diamster in contact with the

This resulted in a pressure of 1.8 pst (12,400 Pascal} on the specimens.

3 One weight and sfopper was used for each specimen tested, After exactly

30 minutes, the stoppers and weights were taken off the test specimens
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which were removed from the oven and allowed 10 ool in the conditioned
room for 30 mmnutes before determining the resistance o blocking.

After cocling, the specimens were separated by peshing apart with a
siow and steady force. The blacking resistance was rated from 0 to 10,
corresponding o a sfubiesctiw tack assessment {sound made upon
separation of the painted specimens) or seal (complete adhesion of the
two painted surfaces; as determined by the opearator of the method. The
spacimean was pul near the ear 1o actually hear the degres of tack. The
rating system is described in the Table ¢ enlitied Blocking Resistance
Numerical Ratings below. The degres of seal was estimated from the
appearance of the specimens and the fraction of the paint surfaces that
.,ajdhe-fe . Paint tearing away from the test pansl backing was an indication
of seal. A higher number indicated belter resistance to blocking.

Table 2 - Blocking Resistance Numerical Ratings

Blocking - Description of the - Performance
Resistance - Separation - Dascniption
Numerical | 5

Rabngs S
10 | No tack  Perfect
""""""""""""""""""""""""""""""""""""""""""""""""" *mfmfmmffffmmmmmmmmmmmmm?ffmmfmfffmmmmmmmmﬁ
8 - Trace fack - Excellent

h)
A ]

3
) h)

| N ]
. S S S
‘

. b

7 ' Slight tack - Goodivery good |
& Moderate to slight tack | Good
' Moderate tack - Fair

5
4 | Very tacky, no seal - Poor to Fair
‘.

5 — 25% seal L Paor

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu

Tast Method & ~ Blender Foaming Test

The test procedure used o evaluate the foaming of

fluorosurfactants for oilfield applications is a modified version of the
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biender foaming test ASTM D3IS18-88 ~ Standard Test Method for Foam
in Agusous Media (Blender Test). The sbility of the samples {o creale
foam and maintain stable foam in agueocus solution over a penod of time

was evaluated in this test. A blender, graduated cylinder, glass sample

L

bottles and a stop watch were the only materials required. First, stock
sotutions of the testing base solutions were made. These solutions were
hard water, tap water, deionized water, or arlificial sea water. Samples of
100 mi of the fluorosurfactant to be tested at 0.1 % aclive ingredient in the
desired base testing solution were prepared and stirred ovemight to
i ensure complete mixing. The blender was cleansd with copious amounts
of deionized water. Once clean, the blender was assembled for use. The
test fluid sample of 100 mL was poured info the blender jar. The
{emperatire of the tBst fluid was measured with a thermometer ana
recorded. The blender was then run for 20 seconds at 50-60% power.
15 After 20 seconds, the liguid and foam were immediately poured into a 5800
i mb and & tmer was started. This was designated the maximum total
foam height at time zere. The gradusted cylinder was allowed 1o stand
undisturbed.  Additional liquid and foam height {n _mi...} measuremeanis
0 were faken 5, 10 and 15 minutes after the stop walch was started. In
addition, the half-ife of the foam was also recorded. The half-life was the
time when half of the liguid had drained to the boltom of the graduated
cyinder. During this time, any observations of the foam were recorded

such as dense or thin foam and foam persistency. A larger height {in mL)

(i)
" AL

of the foam indicated that the sample foamed more. A consistently high

height (n mb} of foam demonstrated persisient foam. The blender
foaming test was used as an indicator of the amount of foam that a sample

produced and also displaved the persistence of that foam.

Test Method © ~ Nitrogen Bubbling Foam Test

......................................................................................................................

30 The nitrogen bubbling foam test procedure was used to evaluate
the foaming of fluorosurfactants in acidic and basic solutions for cleaning

and etching application. First, stock solutions of the testing base solutions
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wera made. These solutions were 158% HCI and 15% KOH. Samples of
20 mb of the flucrosurfaciant to be tesied at 0.1 % active ingredient in the
desirad base tfesting solulion were prepared and stirred overnight o
ansure -@@mgpiete mixing. The sample solution was then added to a
100 mb graduated cylinder {giasg} Nitrogen was then bubbled through
the solufion to produce foam at a rate that filled the cylinder in 20-30
seconds. A fritted glass fube was used to bubble the nifrogen through the
solution. When the foam reached the top of the cylinder, the nitrogen was

tned off and a timer was started. The heights of the foam and liquid in

mi. were measured after 30 seconds, 5 minutes, 10 minutes, and 15
minutes. Observations of the quality and persistency of the foam were
also recorded. The nitrogen bubbling foam test was used as an indicator
of the amount of foam that a sample produced and the persisiency of that

Test Method 7 - Wickbald Torgh Method (for fluonne analyses)

An efficient process for the quantitative mineralization of fluorinated
compourds is the Wickbold torch combustion mathod. The method
{(described in detail in Angew Chem. 86 (1854) 173) was demonstrated io
be compound independent for flucrine-containing compounds. In this
process, the analytical sample was placed in g ceramic vesse] and the
sample, typically, was completely combusted by external heating in a
VIQorous oxygen stream. The gaseous reaction products wee passed
combustion became complate. The gaseous effiuent was then
condensed, and fluoride was solubilized in the agqueous stream which was
collected for analysis. The agueous flupride was then easily measured,

typically using a fluoride lon selective electrode.

EXAMPLES

Fhoasphorus pentoxide (2.52 g, 0.018 moi} was added to
CaF 13CHCHOH (5 g, 0.014 mol) at 80 "C and the reaction was heated o

28
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108 °C for 6 howrs. Propanediot {314 g, 8.041 mol) was added to the
reaction midure at 85 °C, stirred for 3.5 houwrs, followed by the addition of
TERGITOL 15-8-89 surfactant, available from Sigma Aldnich, 8t Louis,
MQ, (2.11 g) at 86 °C. After 10 min, ammonia (2.48 mL, 0.04 mel, 30 %)

was added and the reaction was stirred for 10 min at 70 °C. Water (775

phosphate of Formula 1. The srerauiﬁﬂgpmduct was tested for laveling,
surface tension, contact angle, and resistance to blocking using Test
Methods 1 to 4. The results are listed in Tables 3o 8.
Example 2

Phosphorus pentoxide (1.51 g, 0.011 mol) was added to
CeF 1aCHCHOH (2 g, B.0085 mol) at 80 °C and the reaction was heated
fo 108 °C for 6 hours. Propanediol {2.08 g, 0.0275 mol) was added to the
reaction mixture at 95 °C, stired for 3.5 hours, followed by the addition of
TERGITOL 15-5-8 surfactant, avadable from Sigma Aldrigh, St Lows,
MO, {1.26 g) at 86 °C. After 10 min, ammonia {1.49 mbL, 0.024 mol, 30 %)
was added and the reaction was stirred for 10 min at 70 °C. Water (46.5
mi.} was added and the reaction was stirred at 70 °C for 1 h to provide a
phosphate of Formula 1. The resulting product was tested for leveling,
surface tension, contact angle, and resistance to blocking using Test
Methods 1 o 4. The results are listed in Tables 310 8.

CaF 13CHZCH:0H (4 g, 0.011 mol) at 80 °C and the reaction was heated to
105 °C for 12 hows. Polyethylene glycol (MW 200: 4.4 g, 0.022 mol) was
added fo the reaction mixture at 100 °C and stirred for 12 hours, followed
by the addition of TERGITOL 15-S-9 surfactant, available from Sigma

Aldnieh, St Louts, MO, (1.37 g} at 86 °C. After 10 min, ammonia {1.48 mi,

0.024 moi, 30 %} was added and the reaction was stirred for 10 min at

70 °C. Water (48.5 mbL) was added and the reaction was stirred at 70 °C

for 1 h to provide g phosphate of Formula 1. The resulting product was

PCT/US2010/027784
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tested for leveling, surfage tension, contact angle, and resistance to
blocking using Test Methods 110 4. The results are listed in Tables 3 {0 8.

e é

CaF, %{:HQCHQOH {:\:;,,5 g, .D.,:Dﬂ% in_}‘ at 80 "’C ar;dt;&e: reaction was hesated

to 108 °C for 12 hours. Polyethylene glycol (MW 300Q: 5.77 g, 0.019 mol)

Was aédeﬁ to th& reaction m'mtureat 9-5 “C aﬂti’ stirred f{}r 12 hours,
5-sgma Ai-d:rzach ‘St Louis, MO, (1.24 g) at 86 °C. After 10 min, ammonia
(1.31mi, 0.021 mol, 30 ¢ a) was added and the reaction was stirred for 10
min at 70 °C. Water {46.7 ml) was added and the reaction was stirred at
70 °C for 1 h to provide a phosphate c:;fF@rmum 1. The resulting product
was tested for leveling, surface tension, contact angle, and resistance {0
blocking using Test Methods 1 {0 4. The resulls gre listed in Tables 310 6.
The product was also tested for surface tension in 2% KCI, 15% HC, and
a% KOH gecoramng 1o Test Method 2. The resulls gre listed in Tables ¢
t@q in addition the product was fesied for foaming using Test Methods &

and 8. The results are in Tables 10 to 12,

Fhosphorus peﬂtmd@ {1.26 g, 0.0092 mol) was added to
CeF1aCHCH0H (4 g, 0.011 mal) at 80 °C and the reaction was heated to
105 °C for 12 hours. Palysthylene glycal ¢ MW 4D0: 8.58 g, 0.018 mol) was
added to the reaction mixture at 100 °C anze':i stirred for 121 t_-*i&s:ssuras followed
by the addition of TERGITOL 15-5-9 surfactant, available from Sigma
Aldrich, St. Lowis, MO, {1.22 g} at 86 °C. After 10 min, ammonia (1.24 ml.,
0.020 i, [, 30 %) was added and the reaction was stirred for 10 min at

i “C;‘_ Wﬂt%¥ (38.8 mL) was added and the reaction was stirred at 70°*C

for 1 h o provide a phosphate of Formuta 1. The resulling product was

tastad for leveling, surface tension, contact angle, and resistance o
blacking using Test Methods 110 4. The resulls are listed in Tables 3 6.
The product was also {ested for surface tansion i 2% KCi, 15% HCI, and

15% KOH according to Test Method 2. The resulis are listed in Tables 7

28
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to 8. In addition the product was tasted for foaming using Test Methods &
and 6. The resulls are w1 Tables 10 to 12,

Example 8

Phosphorus pentoxide (1.01 g, 0.0073 mol) was added to

S CeFaCHCH0H (4 g, 0.011 mol) at B0 °C and the reaction was heated to
105 °C for 12 hours. Polyethylens giycol (MW 600: 6 58 g, 0.011 mal) was
added to the reaction mixture at 100 °C and stirred for 12 hours, followed
by the addition of TERGITOL 15-8-9 surfactant, available from Sigma
Aldrich, St. Louis, MQ, (1.03 g} at 86 °C. After 10 min, ammonia (1.0 mL,

i 0.016 mol, 30 %) was added and the reaction was stirred for 10 min at
70°C. Water {31 mL} was added and the reaction was stirred at 70 °C for
1 h fo provide a phosphate of Formuta ’i The resulting product was tested
for leveling, surface tension, contact angle, and resistance o blocking
asing Test Methods 110 4. The resulis are listed in Tables 310 6. The

13 product was aiso lested for surface tension in 2% KO, 15% HOL, and 15%
KROM according {o Test Method 2. Theresulls are listed in Tables 7 o B

and 8. The results are in Tables 10 to 12,

Example 7

20 Fhosphorus peﬂtmd@ {1.88 g, 0.011 mol) was added to
CaF 13CHCH0H (5 g, 0.014 mal) at 80 °C and the reaction was heated to
105 °C for 12 hours. Polypropylene diol (MW 250 5.15 g, 0.021 mol} was
added to the reaction mixture at 100 °C and stirred for 12 hours, followed
by the addition of TERGITOL 15-8-9 surfactant, available from Sigma

25 Aldrich, St Lowis, MO, (1.46 g} at 86 °C. After 10 min, ammonia (1.56 mL.,

0.025 mol, 30 %) was added and the reaction was stirred for 10 min at

70 °C. Water (48,5 mb) was added and the reaction was stirred at 70 °C

b

for 1 h o provide a phosphate of Formuaia 1. The resuting product was
tastad for leveling, surface tension, contact angle, and resistance o
3w blocking using Test Methods 1o 4. The resulis are histed iy Tables 3o 6.
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Example 8

Phosphorus pentoxide (1.18 g, 0.0086 mol) was added to
CoF 12CHZCH-OH (5 g, 0.014 mol) at 80 °C and the reaction was heated to
105 °C for 12 hours. Polypropylene diol (MW 850: 7.82 g, 0.0086 mol)
was added to the reaction mixture at 100 °C and stirred for 12 hours,
foltowed by the addition of TERGITOL 15-5-9 surfactant, available from
Sigma Aldrich, St Lowds, MO, (1.21 @) at 86 °C. After 10 min, ammonia

min at 70 °C. Water (36.3 mlL) was added and the reaction was stirred at
70 °C for 1 h to provide a phosphate of Formula 1. The resulting product

was tested for leveling, surface tension, contact angle, and resistance o

blocking using Test Methods 1 {0 4. The results are fisted in Tables 3106,

Example 8

Fhosphorus ;mm.c:a-xifde (1.08 g, 0.0076 mot) was added to
CaF oCHCFCHCHLOH (2.5 g, 0.0078 mol) at 80 °C and the reaction was
heated to 105 °C for 6 hours. Propanediol {1.18 g, 0.015 mol) was added
to the reaction mixture at 95 °C, stirred overnight, followed by the addition
of TERGITOL 15-S-8 surfactant, available from Sigma Aldrich, St. Louis,
MO, (0.80 g) at 88 °C. ARer 10 min, ammonia (1.04 mL, 0.017 mol, 30 %)
was added and the reaction was stirred for 10 min at 70 °C. Water (32
mi.} was added and the reaction was stirred at 70 °C for 1 h to provide a
phosphate of Formida 1. The resulting product was tested for leveling,
surface tension, contact angle, and resistance 1o blocking using fest

Methods 1to 4. The results are listed in Tabies 3 o 6.

Example 10

Phosphorus pentoxide (1.08 g, 0.0076 mol) was added to
CaF:0CFCHUHOH (2.5 g, 0.0076 mol} at 80 °C and the reaction was
heated to 108 °C for 8 hours. Propanediol {1.18 g, 0.01& mol} was added
{o the reaction mixture at 95 °C, stirred for overnight, followed by the
addition of TERGITOL 15-S-9 surfactant, available from Sigma Aldrich,

St. Louis, MO, (0.88 g} at 86 °C. After 10 min, anmwnonia {(0.84 mL, 0.017

PCT/US2010/027784
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mal, 30 %) was added and the reaction was stirred for 10 min at 70 °C.
provide g phosphate of Formula 1. The resulting product was tested for
leveling, surface tension, contact angle, and resistance o blocking using

Test Methods 110 4. The resulls are listed in Tables 310 6.

Exampie 11

Phosphorus pentoxide (0.77 g, 0.0054 mol) was added to
CaFoCHCFCHCHLOH (2.5 g, 0.0078 mol) at B0 °C and the reaction was
heated to 105 “C for 12 hours. Polypropyiene diol (MW 250: 218 g,
0.0086 mol) was added to the reaction mixture at 100 °C and stirred for
12 hours, followed by the addition of TERGITOL 15-8-9 surfactant,
available from Sigma Aldrich, St. Louis, MQ, (0.69 g) at 86 °C. After
10 min, ammonia (0.73 mi., 0.012 mol, 30 %) was added and the reaction
was stirred for 10 min at 70 5. Water (23 mi ) was added and the
reaction was stirred at 70 °C for 1 h {o provide a phosphate of Formula 1.
The resulling product was tested for leveling, surface tension, contact

£

angle, and resisiance {o blocking using Test Methods 1 to 4. The resuils

are listed in Tables 310 8.

Example 12

Fhosphorus peﬂtmd@ (0.77 q. 0.0054 mol) was added to
CsF70CFCHCH,OH (2.6 g, 0.0076 mol) at 80 °C and the reaction was
heated to 105 “C for 12 hours. Polypropyiene diol (MW 250: 2.16 g,
0.0086 mol) was added to the reaction mixture at 100 °C and stirred for
12 hours, followed by the addition of TERGITOL 15-8-9 surfactant,
available from Sigma Aldrich, St. Louis, MO, (0.67 g) at 86 °C. After 10
i, ammonia (073 mb, 0.014 maol, 30 %) was added and the reaction
was stirred for 10 min at 70 °C. Water {23 mL} was added and the
reaction was stirred at 70 °C for 1 h o provide a phosphate of Formulg 1.
The resulting product was {ested for leveling, surface tension, contact
angie, and resistance o blocking using Test Methods 110 4. The results

are listed in Tables 310 6.

31
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Example 13

Phosphorus pentoxide (0.72 g, 0.0051 mol) was added to
CaFsCHCF,CHCH0H (2.5 g, 0.0076 mot) at 80 °C and the reaction was
heated to 105 °C for 12 hours. Polyethylene glycol (MW 600: 4.57 g,
0.0076 Mot} was added to the re-a::tién mé'xture at 05 °C, stirred overni ght,
foltowed by the addition of TERGITOL 15-5-9 surfactant, available from
Sigma Aldrich, St Lewis, MG, (0.71 g) at 86 °C. ARter 10 min, ammona

(0.68 mbi, 0.011 mol, 30 %) was added and the reaction was stirred for 10

min at 70 °C. Water (31 mb) was added and the reaction was stirred at 70
*C for 1 hto provide a phosphate of Formula 1. The resulling product was
tested for leveling, surface tension, contact angle, and resistance 1o

blocking using Test Methods 1 {0 4. The results are fisted in Tables 3106,

Phosphorus pentoxide (0.72 g. 0.005 mol) was added to
CaF 700 FCHCHROH (2.5 g, 0.0076 mol) at 80 °C and the reaction was
heatad to 105 °C for 12 hours. Polyethylene glycol (MW 800: 4.57 g,
0.0078 mol) was added to the reaction mixture at 85 °C, stirred for
overnight, followed by the addifion of TERGITOL 15-3-8 surfactant,
available from Sigma Aldrich, St Louts, MO, (8.70 g) at 88 °C. After 10
min, ammonia {0.69 mL, 0.011 mol, 30 %) was added and the reaction
was stirred for 10 min at 70 °C. Water (30 mL) was added and the
reaction was stirred at 70 °C for 1 h {o provide a phosphate of Formula 1.
The resuiting product was tested for leveling, surface tension, contact

angle, and resistance to blocking using Test Methods 1to 4. The results

are listed in Tables 3 1o 6.

Example 15

Phosphorus pentoxide (1.26 g, 0.0092 mol) was added to
CeF1:CHCHL0H (2.8 g, 0.0067 mol) at 80 °C and the reaction was heated
to 105 °C for 12 ihgusrs} Tetra{sthylene) glycol (3.67 g, 0.019 mol} was
added to the reaction mixture at 100 °C and stirred for 12 hours, followed
by the addition of TERGITOL 15-8-9 surfactant, available from Sigma

32
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Aldrich, St. Louis, MO, {1.06 g) at 86 °C. After 10 min, ammonia (1.17 mL,

70 °C. Water (38 ml) was added and the reaction was stirred at 70 °C for
1 h to provide a phosphate of Formula 1. The resulting product was tested
s for leveling, surface tension, contact angle, and resisfance to blocking

using Test Methods 1o 4. The resulls are listed in Tables 310 6.

Example 18

Fhosphorus pentoxide (1.26 g, 0.0092 mol) was added o
CsF13CHaCHOH (2.5 g, 0.0067 mol) at 80 °C and the reaction was heated
i to 108 °C for 12 hours. Tetra{ethviene) glyeol (4.27 g, 0.022 mol) was
added 1o the reaction mixture at 100 *C and stirred for 12 hours, followed
by the addition of TERGITOL 15-5-9 surfactant, available from Sigma
0.2 mol, 30 %) was added and the reaction was stirred for 10 min at 70 °C.
15 Water (38 mb) was added and the reaction was stirred at 70 “‘Cfor th to
provide a phosphate of Formula 1. The resulting product was tested for
leveling, surface tension, contact angle, and resistance to blocking using
Test Methods 1 to 4. The resulfs are listed in Tables 3o 8.

20 Phosphorus pentoxide (1.26 g, 0.0092 mot) was added to
C“FQGHgCFaCH,gCHﬁOH{E 5 g 00076 mol) at 80 "C and the reaction was
heated to 105 °C for 12 hours. Tatra{ethylene) glycol (&1{3? g, 0.021 mol)
was added to the reaction mixture at 100 °C and stirred for 12 hours,

folfowed by the addition of TERGITOL 15-5-8 surfactant, available from
Sigma Aldrich, St. Louts, MO, (1.17 g) at 86 °C. After 10 min, ammonia
(1.28 mi, 0.021 mol, 30 %) was added and the reaction was stirrad for 10

St
‘e

min at 70 °C. Water (40 mi) was added and the reaction was stirred at 70

H{ested for leveling, swrface tension, contact angle, and resistance to
W blocking using Test Methods 1 fo 4. The resulls are listed in Tables 3t 6.
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Example 18

Phosphorus pentoxide (1.34 g, 0.0092 mol) was added to
CaF700F sCHCH0H (2.5 g, 0.0077 mol) at 80 °C and the reaction was
heated to 105 °C for 12 hours. Tetra(ethylensg) glveol (4.05 g, 0.021 mal)
was added to the reaction mixture at 100 °C and stirred for 12 hours,
foltowed by the addition of TERGITOL 15-5-9 surfactant, available from
Sigma Aldrich, St Louis, MO, (1.16 g) at 86 °C. After 10 min, ammonia
(1.28 mbi, 0.021 maol, 30 %) was added and the reaction was stirred for 10
min at 70 °C. Water (40 mL) was added and the reaction was stirred at 70
*C for 1 hto provide a phosphate of Formula 1. The resulling product was
tested for leveling, surface tension, contact angle, and resistance 1o
blocking using Test Methods 1 {0 4. The results are fisted in Tables 3106,

He A

Comparative Examy

Phosphorus perttoxide {1 equivalent) was added to a
perfluoroalkylethyt alcohol mixture of the formula FIOFLCHOH0H (2.3
equivalents).at 80 °C. The typical mixture was as follows: 1.6% of a=4,

48 3% ofa=0 28.7% ofa=8, 138% ofa=10,03% ofa=12 1.7 ofa=
for 24 hours. Ammonia (30% solution in water, 2.6 equivalents) was
added and the reaction was stirred for 10 min. at 70 °C. Water was added
and the reaction was stirred at 70 °C for 1 hour to provide a phosphate
product. The resulling product was tested for leveling, surface tension,
contact angle, and resistance to blocking using Test Methods 110 4. The

resuits are listed in Tables 30 6.



T AE

i

WO 2010/107985

Table 3 - Surlace Tansion i Deionized Walsr

CA 02753223 2011-08-19

PCT/US2010/027784

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

.aﬂrﬁ &
552

10
11
12

?2 &
?2 7
724

724

_59 1

50.8

65.9
61.5
50.4

48 3

49 2

BO.2

| 3-_2.,8
1.8
4.4
255
251
"21;?’

259

23.0
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7.2
17.5
16.9
17.0

............................................................
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.......................................
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!5

’i? {

“58 2
77
176

Normal surface tension of deionized water is 72 dynefom {miNim)

which is shown in Table 3 as 0.000% concentration of the surfactant in

deionized water. When the phosphates of the present invention of

Exampie& 1 1o 18 were each added at a specified concentration, the

surface tension of each aquecus solution was reduced significantly.

Better performance was obtained at higher levels. According to the results

from the test, excealient surface tension reduction was seen from the

present invention. The surface tension reduction was superior to

Comparative Exampie A despite the Exampies containing less fluorne.
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Table 4 - Resistance to Biocking in Paint

; ; o _ i | ~ :.T. '::,. - : % Yol %E
 Example  Blocking Rating® | uofine {(ppmj™ |

Comparative A | 7.3 110

............................................ e e e e e Be Be Be B B B B e e Be Be B B B B B B e e e B B B B B B B e e e e B B B B B B B e e e e e B A B B B B e e e e B B B B B B e e e B B B B B B e e e e e B B B B B e e e e e e e e e e

*Average of 3 replicates

The dala in Table 4 demonstrates that excellent resistance {o
blacking was obtained from the Examples 1 {o 18 of the present invention

compared to Comparative Example A, while the Examples 1 to 18 had

much lower fluorine content,
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The phosphates of Examples 1 to 18 exhibited excellent wetting

ability in a figor fintsh (RHOPLEX) formulation. They performed equally o

having a higher fluorne content when tested on vinyi tile.
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Table 6 - Advancing Contact Angle i Paint

“* ppm s MICrograms per gram

The data i1 Table 6 showed sxcellent increased hexadecans
contact angle for Examples 1 to 18 of the present invention compared to
the control. The increase in the advancing hexadecane contact angle
correlated with improved soil repellency. The present invention also
performed equally to or better than the Comparative Example A at
significant lower levels of fluorine.
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Normat surface tension of each of 2% KCI, 18% KO, and 15% KQOH
as 0.000% concentration. When the Examples 4 to 6 were each added at
a specified rate, the surface tension of each agusous solution was

reduced significantly. Better perfarmance was obtained at higher levels.
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According to the resuits from the test, excellent surface tension reduction

,&f

was seen from the present invention. The surface tension resulls in 2%
KCi of Examples 4, 5, and © demonstrated the improved surface acltive
was not stable in 15% KC! and 15% KQH, and thus no surface tension

measurameanis could be taken.

Table 10 ~ Blender Foaming in Delonized Water

Foam Volume {mb)

----------------------------------------------------------------------------------------------------------

Exampla -------- e e T T e o
S . Initial [ t=5 min | t=10 min | t=15 min |

 Comparative A L N/A | NA | NA | NA

*The Comparative Example A was not stable in 10% NaQl and thus
the blender foaming test could not be conducted.
The blender foaming results in deionized water and 10% NaCl
shown in Tables 10 and 11, respectively, demonstrated improved foaming
and g more sustainable foam with time over Comparative kxample A,

Foaming properties are desirable for cleaning solutions where the foam is
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used to promote adhesion of the aclive cleaning mngrediant on the surface.
n oilfield stimulation and dritling applications surfactant additives that help

boost the foaming properties of the fluids are desirable.

Table 12 — Nitrogen Bubble Foaming in 15% HGI

| Faam \faium@ {mL}
initial | t* Min t“'i{?} mm t--'i% msn

* The Comparative Example A was not stable in 15% HC! and thus the
blender foaming test could not be conducted.

Table 13 ~ Nitrogen Bubble Foaming in 15% KOH

* The Comparative Example A was not stable in 158% KOH and thus

the blender foaming test could not be conducted.

The nitrogen bubble foaming resulis in 15% HOC! and in 15% KQOH in

Tables 12 and 13 respectively demonstrated a leve! of foaming and

disintegration of foam that is desirable for aggressive {acid and base)
cleaners and eiching applications, The stability of Examples 4, 5 and 6 in
15% HO! and 15% KOH was superior to Comparative Example A.
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CLAIMS
‘What is claimed is:
1. A compound of Formula 1
Rf-A-OP(O)O™ M *)(OROH)  Formula
s wherein
Ryis a Cy to Cg linear or branched perfiuoroalkyl optionally
interrupted by one, two or three ether oxygen atoms;
Ais (CHpCF2)m{CHolpy {CH2)oSOoN{CHa X CHp)p-
O{CF)g{CH2)r of OCHFCF0E-;
11 mis 0to4; n, o, p, andr are each independently 210 20, q s 2;
Eis a G to Cpp linear or branched atkyl group optionally
interrupted by oxygen, sulfur, or nitrogen atoms; a cyclic alkyl group, or a
Cp to Cqp aryl group;
M is H or a Group | metal or an ammonium cation {NHER‘?};}*
15 wherein R2 is a CytoCqalkyl, xisDtod yisQlodandx + yis 4, and

R s a LUp to Ugp inear or branchad alkyl group optianally

oxyger, sulfur, or nitrogen atam; a cyclic atky; or a Cg to Cyg anyd;
provided that when R is greater than 8 carbons, the ratio of hetero atoms
20 fo carbon atoms is atleast 1.2

2. The compound of claim 1 wherein R is 1} a Gy to Cg linear
ar branched alkyl; or 2) a Cg 1o Cgp linear or branched alkyl interrupted by
from about 2 o about 20 oxygen aloms, wherain the ratio of oxygen atoms
to carbon atoms s from ahout 1.2 to abowt 1.4,
3. The compound of claim 1 wherein M is H, sodium,
potassium, or an ammonium cation (NHR< )" wherein R€is a C1 to Cg
alkyl, xisOtod, yisQtodandx+yis 4.

4 The COMpou nd of claint 1 wheremn 1} Ais
(CHoCFom{CHR Y- m=0, 1, or 2, nis 2; Ryis C4Fg or CgFya;andRisa
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Ca alkyl or & Cg to Cyp linear or branched alkyl interrupted by from about
2 to about 20 oxygen atoms; 2} A is {GHQ}GSQN{S'¥*¥-3}{SCH2}§}\G and p
are each 2, Ryis CqFg or CgFq3 and Ris a Cg alkyl or a Cg to Cyp linear

or branched alkyl interrupted by from about 2 to about 20 Oxygen atoms,

3} A is O{CF9)q(CHal-, g and r are sach 2, Reis CoFg or CoFy and Ris

a Cy alkyt or a Cg to C4g linear or branched atkyl interrupted by from

ahout 2 to about 20 oxygen atoms; or 4) A is QUHFURF OB~ Ryts CoFg or
CaFy and Risa Oy alkyl or a Cg to Oy linear or branched atkyl
interrupted by from about 2 to about 20 oxygen atoms.

5. The compound of claim 1 having a surface tension of about

22 mN/m or less at a concentration of 0.1% by weight in water.

0. A method of lowenng the surface lension of an aqusous.

meaedium comprising contacting the medium with a compound of claim 1.

7. The method of claim & wherein the medium is a coating

composition, latex, polymer, floor finish, ink, emulsifying agent, foaming

agent, release agent, repellency agent, flow modifier, ilm evaporation

electroplating agent, comosion inhibitor, stchant soluion, soldering agent,
dispersion aid, microbial agent, pulping aid, rinsing aid, polishing agent,

personal care composition, drying agent, antistatic agent, floor polish,
bonding agent, acid, base, or brine.

\I
L}
L}

8. The method of claim 6 whersin the compound of Formula 1
s applied fo a substrate prior to contacting with the medium.
g, A method of providing soif repeltency, leveling, and

resistance to Mocking to a coated substrate comprising adding to a

coating hase selected from the group consisting of water dispersed

coating, alkyd coating, Type | urethane coating, unsaturated polyester

coating, or a floor polish prior to deposition on the substrate a compound
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10, A method of providing foaming in a medium comprising
contacting the medium with a8 compound of claim 1.

11.  The method of claim 10 wherein the medium is 1) an
agueous or brine medium; 2) a cleaning solution or a medium used in
stimulation treatment in ofl or gas wells or in drilling applications in ol or
gas wells; 3} an aggressive medium and the foam disintegrates within 15

manutes; or 4) an efching solution.
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