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perfluorooctanesulfonyl fluoride (POSF). Furthermore, such surfactants have been

described as more environmentally friendly. There remains a need to improve on the

effectiveness and efficiency of such PBSF-derived fluorosurfactants.

Summary of the Invention
We have found that polymeric fluorochemical surfactants having two short

perfluoroalkyl segments per monomer unit, preferably those derived from
perfluorobutanesulfonyl fluoride (PBSF), are very effective and efficient in lowering the
surface tension of organic solvents and water.

The surfactants of the invention can be used as additives to paints, lacquers, inks,
coating, fire fighting agents and the like. They may also provide superior leveling and
wetting of floor finish coatings.

The surfactants of the invention as with the single PBSF segment surfactants are

substantially free of fluorochemical compounds that eliminate slowly from living
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wherein A is the residue of an initiator or hydrogen;
M is a fluorinated monomer;
M" is a non-fluorinated monomer;
G is a monovalent organic residue comprising the residue of a chain
transfer agent,
a represents units from 1 to 50; and b represents units from 1 to 50; which
comprises the reaction product of

(a) units of a fluorinated monomer of the formula

R
| 11
[R:SO; N-(CoHan)].-CHOC(0)-C(R%)=CHs,

wherein Ry is a C; to Cs fluoroalkyl group;
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Mis a fluorinated nononmer; M is a non-fluorinated
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units from1l to 50; and b represents units from1l to

50; which conprises the reaction product of (a) units

of a fluorinated nononmer of the formula RI p [Rf SO2

N-(C nI—IZanﬁQal@-l%(a@l C(R 2)=CH 2, wherein Rf is a C2

to C5 flugy grog Ris alkyl or aryl; R2is
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1), ch) S; urﬁeﬂs df 8 nepdhogeated monodier elthchoraiutyl group; R2

is as def integer fromO to 20;

and Y is %@%g\é@)\&éﬁ E‘ia)n\é a hydrophilic group 1
whenyRerein R is OaNER()Cor 3 i s the reS| due of a chain
transferdhgent such as -SCH 2CH20H, - SCH2COCOH,

Or - SCH 2GR 'y drazenior aka ta Gealkykaroupinot her aspect of

t he presept a method of reducing the
surface tgnlsslacg)\rqgfgﬂsédoﬁl&%u d by adding to said liquid a
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(c) G is the residue of a chain transfer agent, such as -SCH,CH,0OH, -

SCH,COOH, or —-SCH,CH(OH)CH,O0H, and the like.

Another aspect of the present invention is a method of reducing the surface tension
of a liquid by adding to said liquid a polymeric surfactant as defined above. Still another
aspect of the invention is a method of increasing the wetting of a coating mixture on a
substrate by adding to the coating mixture a polymeric surfactant as deﬁnéd above.

One embodiment of the present invention is a method of reducing the surface
tension of a liquid by adding to said liquid a surfactant derived from a polymeric
compound having two perfluorobutanesulfonamide segments in close proximity to one
another and the polymeric compound having a molecular weight of between about 2,000
to about 100,000 grams/mole, or between about 3,000 to about 50,000 grams/mole.

Another embodiment of the present invention is a method of increasing the wetting
of a coating mixture on a substrate by adding to the coating mixture a surfactant derived
from a polymeric compound having two perfluorobutanesulfonamide segments in close
proximity to one another and the polymer compound having a molecular weight between
about 2,000 to about 100,000 grams/mole, or preferably between about 3,000 to about
50,000 grams/mole.

Still another embodiment of the invention are the novel fluorinated acrylic
monomers of formula II defined above.

A more detailed description of the present invention including particular

embodiments is described hereinafter.
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Enbodi ments TheRpresent invention provides a polyneric
surfactant of tlhe general fornula: wherein Ais the
resi due ofR80, (NN(CIRLHT,-OHOLYO)-0gRi)-CNg, i s a
fluorinated nononmer; M is a non-fluorinated nononer;
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n is an integer of from 1 to 10; and

(b)  units of a non-fluorinated monomer of the formula

CH,=C(R*C(0) X -(CoHap) Y 111
wherein X is O, N(R")H or S;

R' is hydrogen or a C; to C4 alkyl group;

R? is as defined above;

n' is an integer from 0 to 20; and

Y is a hydrogen or a hydrophilic group, and

(¢)  Giis the residue of a chain transfer agent.

The polymeric surfactants of the present invention are made from
fluoromonomeric and non-fluoromonomeric units. The fluoromonomeric units contain
two C; to Cs perfluoroalkyl segments in close proximity to one another, a feature which is
retained in the resulting polymer.

Fluoromonomeric units M’ are of the formula
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RIRISO®2 (N1 -(CnH2n)]2-CHOC(O - C(R22 )=CH2, p wherein
Rf is aCto C5 fluoroal kyl group; R is alkyl or
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to 10; and (b) units of a non-fluorinated nononer of

the formula CH2=C(R2) C(O) X -(CnH 2n-) H wherein X is

O NR)Hor S; RLis hydrogen or a G to 4 al kyl

group; R2 is aRdefined above; n' is-an integer fromO
to 20; and Y ig a hydrogen or a hydrophilic grougl and

(c) GIS {@t@n%n)WCHOU{@')JC(R?‘)&@-f ,er agent. The

pol yneri c surtactants of the present i'nvention are
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per f | uor Rligatkylswgr@nts in cl ose proxinmty to one
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[ RS2 (N {s@akiRedrdf GeC( @ 16( R 2) =CH2, wherein Rf is

aC2toC5quoroaIkyI group; Ris alkyl or ar R2

i s hRrafesrgd flugronmemesig gnits are those where Rris CyFo-. (%her preferred units
are those in which R is CH3- or -CH,CHj3. R may also be an aryl group such as phenyl
which may be unsubstituted or substituted by up to five substituents including C, to C4
alkyl, C; to C4 alkoxy, halo, hydroxy, amino, nitro and the like. Preferred substituents
include methyl, ethyl, fluoro, chloro, bromo or iodo.

The non-fluorinated monomer units M" are of the formula

CH,=C(R*)C(0) X -(CoH2n) Y 111

wherein X is O, N(R"), or S;

R! is hydrogen or a C, to C4 alkyl group;
R? is as defined above;

n' is an integer from 0 to 20; and

Y is a hydrogen or a hydrophilic group.

Hydrophilic groups Y form part of the non-fluoropolymer chain of the surfactant.
As part of the non-fluoromonomeric unit, they include without limitation groups such as -
SO;M, -0SO;M, -COOM, -N(R";Z, -N*(R"),0-, -N(R'),-(CH,),COOH, -N(R"),-
(CH,),SOsH, -(E0),(PO){(EO),-R', or -(PO){(EO),(PO)q-R', wherein M is hydrogen, a
metal ion, NH,", or a protonated tertiary amine; R! is hydrogen or a C; - C4 alkyl group;
EO is oxyethylene; PO is oxypropylene; p is an integer of 1 to about 128, q is an integer
from O to about 54, Z is a counterion such as a halid (chloride, iodide, or bromide) or
acetate, and n is an integer from 1 to 20.

The polymeric surfactants of the present invention contain non-fluorinated polymer
and fluorinated polymer portions as described above. The reaction products include at
least two perfluoro-C,-Cs-alkyl segments in close proximity with one another with
polyacrylates or methacrylates or poly(alkyleneoxy)moieties or copolymers thereof. The

invention includes mixtures of the above described units of fluoromonomers and non-
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polypropyleneoxy blocks or a mixture of blocks. The oxypropylene units can be branched
or linear.

Particularly preferred of these are those containing one polyoxypropylene and
having at least one other block of polyoxyethylene attached to the polyoxypropylene
block. Additional blocks of polyoxyethylene or polyoxypropylene can be present in a
molecule. These materials having an average molecular weight in the range of about 500
to about 15,000 are commonly available as PLURONIC™ manufactured by the BASF
Corporation and available under a variety of other trademarks from other chemical
suppliers. In addition, polymers called PLURONIC™ R (reverse Pluronic structure) are
also useful in the invention.

Particularly useful polyoxypropylene polyoxyethylene block polymers are those
comprising a center block of polyoxypropylene units and blocks of polyoxyethylene units
to each side of the center block. These copolymers have the formula shown below:

(EO)n - (PO)m - (EO)s
wherein m is an integer of about 21 to about 54 and n is an integer of about 7 to about 128.

Additional useful block copolymers are block polymers having a center block of
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known in the art, e.g., U. S. Patent No. 2,803,615, which is incorporated herein by
reference. 4

The above free-radical polymerization may employ an initiator, when A is other
than hydrogen. The term "free -radical initiator" designates any of the conventional
compounds such as organic azo compounds, organic peroxides (e.g., diacyl peroxides,
peroxyesters, dialkyl peroxides) and the like that provide initiation of radicals upon
homolysis.

The polymeric surfactant also includes in the polymerization a chain transfer agent.
The chain transfer agent is a functionalized; i.e. capable of reacting with the monomers of

(a) and (b) to provide moieties in the polymeric chain. In one embodiment the chain
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Ygcryl ate products. C2 to
-per fl uoroal kyl sul fonam do acryl ate starting
mat eThaitHve molyuremmsuﬁaﬁmt nivey alspainyaierif desiredi ¢ Water- solublhzmg

o3 L a2 B B SR R FUE Sk o

I%H{)J AchaBtvut afe ﬁdﬂﬁnmeaw RUIFbRENE I2QnS OV, kel e s ag. £SO M),
exanmple, by f free radical initiated

ar&mbq;qybﬂsz(gjg;,oﬁ(—@)wmh@r@m M is hydrogen, a metal cation such as an
algq[l 5{ %l[(%lﬂ%ret% taﬁ |a{1(9rp &rg, s%d{u?rﬂlp%?e!ssﬁ&%ﬁl:lﬂhp& magnesium, and

the like), or a nitrogen-based cation, such as, for example, ammonium or a protonated
tertiary amine (e.g., (HOCH,CH,),N®HCH;).

Preferred cationic groups include, but are not limited to, quaternary amines, e.g.,
-N*(RY32- wherein R' and 2 are as described above. Preferred amphoteric groups include,
but are not limited to, zwitterionic species, e.g., -N(R"); (CHz), COON, -N(R"); (CHy)n,
SO;H, wherein R! and n are as defined above.

The present invention in another general aspect includes a polymeric surfactant
prepared from the reaction product of the following monomers or oligomers:

(a) a compound of the formula
R O R,

[C4FsSO;—N—(CyHz5)]—CHO—C—C=CH;; and

(b) a compound selected from the group consisting of



pol yal kyl eneoxyacryl ate, e. g., nonoacryl ate or
di acrylate or m xtures thereof. Adjusting the
w@oeerdss@t i on and activity of the initiator, PEEUS2005/046592
concentration of nononers, the tenperature, and the
chain transfer agents can control the nol ecul ar wei ght
of the polyacryl ate copol yner. The description of the
preparation of such ponacryIéleles for exanple
described in U S Patent No. |3, 187,351, which is
i ncor por [@g regeec= starting
nonafluo?%butanegt?fgzan1é§ acrylaFgg descri bed above
are also known in the art, e.g . gy S. Patent No.
2,803,615, which is |ncorporated ﬁereln by reference.
The above free-radi cal pol Ahz tion may enpl oy an
i ni tiator} HOmH@R) i BO bt He )rh&h—ﬁyg?bg [ The term
“free -radical initiator” desi gnat es any of the
conventi onal conpound} §hch as organi c azo conpounds,
organi ¢ peroxides (e.|p.,| diacyl peroxides,

peroxyest@tS(yikE@}qu(;pQ&qudes) and the |ike that
prOV|de |n|t|at|on Pof radical s upon honol ysis. The

WR&JF N .i@a?%%ﬁ Ydart) ¢h 6r lla’;f%?? t6 g cgipﬁ atoﬁ%ﬁ; rlllz is hydrogen or

rans ent
CH|3 aﬂfsfaenntagﬁrftom $ t@l(ﬂ,mman@mtagemédi ;to abaut 128 pad4 és of integer of 0
ﬁ@aCté g with the nmononers of (a) and (b) to provide
Of9PB43%es in the polyneric chain. In one enbodi ment the

chai 0§ casteLoRgRMiit vidh VIRIESBSA fbrfchﬁ'fﬁuﬁd iANRdf adhesive and
agent conprising one” or nore functional groups,

binder| sysiems, ibunay hodediredito éxtluds longiehairyalkplndompounds in the surfactant.

o el s SRS b ey PEr £ B RRARS of BSotmula R0

C (RAPLEE, vdiefRRRQis andalkHI0Fap o204 ca:ﬁb@aﬂoﬁﬁl c acid,
-nErcapto- acetic acid, 3- nercagto I, propanedlm

mekcstrortisuly peneche! thesurfastanst gmlwmypgw| erURs Is Of the

ﬁgg%M&9§gp§ptan and dodecyl mer capt an. The
yal'kyl eneoxy acryl ates used in the above

preparati on can (BO)pPepa(Eed),f r @m cor(ﬂ@bqe(Ezﬂ)], YPO),q
avai | abl e hydroxypol yet hers or pol yoxyal k bene hydr oxy

conpounds such as, f&ﬁ“exanple t he PLU C(tm or
WheTdtt tcb’&g%ﬁtlﬁ&gé%'o\fﬁ% SboupioR ahy Q ﬁ%«ymf%te%ﬂ PoSabdhes4.

I'n a known manner with acrylic aci
met hAbemhiicelyandthemembddigenick b eppalpmer surfactant where the

polyalkyleneoxy moiety is derived from a polyalkylene oxide of formula A where q is an
integer of about 9 to about 22 and p is an integer of about 14 to about 128. Preferred is a
copolymeric surfactant where the oxyethylene moieties are on the outside of the block
copolymer with propylene oxide and p is an integer of about 7 to about 128 and q is an
integer of about 21 to about 54. Another preferred embodiment is the copolymeric
surfactant containing the moiety of formula A where p is about 11 and q is about 21

In one embodiment of the invention the surfactant is a mixture or reaction product

comprising a compound of Formula II and a compound of Formula IIla
O R?

HO—(PO),—(E0),—(P0O);—C—C=CH, Mla



acrylic anhydride. Alternatively, a polyal kyl eneoxy

di acryl ate, prepared in a known manner simlar to the
WOweatsys at es, can be copol ynmerized with t he PCT/US2005/046592

nonaf | uor obut anesul f onam do acrylate to obtain a

pol yacryl ate copol ymer of the present invention. The

above polyneric surfact ant may also contain, if

desired, \ahtwanneR -is bydrbgén arimghplol ar  gr oup t hat may be

ani o gresed pbodifenC Buf -G SO Rbis 1§70 Bnapis

fre?rH'at)@l!ﬁalt R2boE: 1. Ano%gg oferzéld EAb&AMER: 19 the subiaélaM) wher@d is from
car boxyl ates (e. =0) OM wherein. Mis hydrogen,

ab@utff%ttaabo@ailmdsmoatsl‘hﬁ@ akpwtal28. or al kal i ne earth
nmetal cation (e.g., sodium potassium calcium or
magnesi um and the like), or a nitrogen-based cation,
suchMaﬂszw[gxarrpl e, amonium or a protonat ed
tertiary amne (HOCH2CH2) 2N(r) Preferred
cat i biifi Yrigeine thfarrwat ineRtiogrhave simijar hﬁl@eé"ml groperties and can

Sk SR 5w e ) B s
andrthé pebeniertsutfactastssoch bs atorectpowding mnﬂuemootahcsutfpmmhkels,

e.0.,. -NR).2 n COON,. -N(R) 2 (CH2 H, :
oottt T b Rf I pEesgal it oataes P isae s o and effective
inl1BWEd B8 shifaRNOtSE of IR EEH Abol ASRESLd Wﬂ@l‘ WiRsladly, the surfactants of

pol ymeric surfactant prepared fromthe reaction

thp pesgerstinehtipn garf ihprove the webinenadraslianid of ¢qgbng myxtureyn Hsubstrate

toéﬁg’)‘%&[]?g%aglg od B %}He?ﬂﬁorgsﬁ%a %4: 9S®2- N-(CnH2 1Q 2-

ound s€él ected fromthe
gr oupPhecufcGhiisog tlﬁﬁ iﬁvaaldlﬂaﬁﬁ@)tﬁcc( MDviduaIzQr iPeombination to

CCCH2; OR2 HO (PO EQO P-(PQO G&-CC=CH 2; and O
prpguce the desired surface ténsion reduction or wetting improvement.

Fluorochemical surfactants of the present invention have been found to be
surprisingly effective in a number of applications. For example the fluorochemical
surfactants are used as coating additives to provide better wetting of the coating to a
substrate surface, or better wetting of a component within the coating formulation, for
example, enhancing the wetting characteristics of a thickening agent. When use in water
borne coatings, the fluorochemical surfactants are formulated into an aqueous solution or
dispersion at a final concentration of about 0.001 to about 0.1 weight percent based on the
weight of the solution or dispersion. The formulated product can be used in many coating
applications such as floor polishes and finishes, varnish for a variety substrates, including
wood floors, water borne gel applied in the manufacture of photographic film, automotive
topcoats, and marine coatings. The fluorochemical surfactants can be used in other
protective thin layer coatings as well, by preparing a formulation containing a surfactant, a
powder, or a liquid mixture with organic solvents, fillers, and resins, including but not
limited to epoxies, urethanes, acrylics, and the like. Typically, the surfactant
concentration is about 0.1 to about 0.5 weight percent based on the weight of the
formulation. Specific uses for these protective coatings include, for example, corrosion

resistance coatings on electronic components for the computer and telecommunications
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R1-O (EO) p-C-C=CH 2 where Ris alkyl or aryl; R is

hydrogen or alkyl of 1 to 4 carbon atons; R2 is
whyasogsee or CH3; n is an integer from1 to 10PCPUSBORMG6S592

integer of 1 to about 128 and g is an integer of 0 to

about 55. To enhance conpatibility with various

conponents found in many adhesive and bi nder systens,
indtistiyayighsged effice ddushingi, sprhyidg, flongoatingj andahklike. The coatings are

in, f . . | . . .
tyBRRAERA e g Bt FHIFE s B AP PRSHotiHbe S soptine. As
arfl %{amﬂl@ 1R shir@eiamts Batd BTG 10hReRir8mBly dffecale @l pryidRi smooth

to 20 carbon atons. In one particular aspect of the
clsarrpobatrethane qolatangsommukywéme@xgec@rw,rfac@ that aphdifficult to wet,
fornul ae ar B (EQp-(POQ-(EOQp or
Su(cgé)g l-l{'gﬁarf-ef PO q (A (B) wherein p is an integer of 1
t o alwoyll otRét applicatiohs tiknflicrbegatica bu@daradofthe péesent invention
Al ternatively, another enbodi nent is a_ copol yner .
cap herused anwetiing agenther gidityes kryplaqﬁ@@andﬁVél%yer.Ssarﬂlérl?a&gw
| i . Yg i .
S B e gl P W S P i he
suabotahtsIptotide aldeamatit2Bcreb¥edh defeetiddnsities. cldpcuyfagtantds mixed in a
urfactant where the oxyethyl ene leties are.qn the
sabing sefution t%fzﬂ@caa%n% Abput P htasptagy 0 dmirightpgesent based on
th@%i%-nt'o? ol HoRISHd B nARa s Codted 88 WleckdBic Pafls, dypiSally by spin
an 1 hteger of about 2 1 to about 54. Another preferr eg

catibgdf aremampls, thaenisbwoisydrenped osterd weleamhile éris apinning, forming an

the moiety.,of formula A where p.is aboy i
claarons o 1 e B BafonEnPriseReing e PEe Putheloh the water
isSHigpae tWaih alk4ling cldaKérsletched wittegtion@ly dXididinglgass @ remong with

a conmpound of Forrmula Il and a conmpound of Formula | Ha

sady ques Mo @payetene; Ely regoqimiog ceptmedsewied op theHelreWhempsed in
ok SRR TSN RIS ovaF
contaminants from microchannels, which affects resolution and is critical to device
operation. The surfactants provide low surface energy and chemical/thermal stability,
allowing smaller critical dimensions (increased resolution) in the product as well as
improved processor speeds and manufacturability. The fluorochemical surfactant is mixed
in an aqueous solution to a final concentration of about 0.005 to about 0.5 weight percent
based on the weight of the developer or cleaning solution. The mixture is transferred to a
bath, and the electronic parts are either dipped or run through the bath on a conveyor belt.
In a further application, the fluorochemical surfactants of the present invention are
useful in hard surface cleaning solutions to provide improved wetting of the hard surface
and the contaminants to be removed. A cleaning solution is formulated to include about
0.005 to about 0.5 weight percent surfactant based on the weight of the cleaning solution.
The cleaning solution is placed in a dispensing container such as a spray bottle or refill
container for the spray bottle. Upon use, the cleaning solution is sprayed or otherwise
applied to a hard surface such as window glass, a mirror, or ceramic tile, and the surface is

wiped clean with a paper or fabric wipe.
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fromabout 4 to about 10. Another preferred enbodi nent

is the surfactant where q is fromabout 9 to about 22
w@naep73866 about 14 to about 128. Met hods of UseCiiiig2005/046592

surfactants of the present invention have simlar

beneficial properties and can be used for the sane

pur poses as the single group

per f [ngstahothangslicitivm thediosachtmidabsirfaatuits dfehgpesint invention

surfactants, gﬁECh as a_ correspon

afsaist Tul by FHBRLETES WeREIRLRARGICE G R fifkening neeats p Sopngpistor
s&i dfylﬂfgr & e%%i%g{llaltlﬂg AL AIWARSHE THersRFth&hMal Mn)?édf\lvi% 8tRhnol and

ectl I'n Toweri ng the surface tension of
applg:dno passially eentsalizedipolgeaylic iididsay txplcaﬂlbrélawgfaa@waﬁgfspartlcle

32 o BIGREH phOSET 0GR RN PV Ui

h&2RPednARERsfobm idlo it Al8hastd iH rﬁﬁltlia‘za&lba@%ste TH® ethanol is
surfactants of this invention can be used i ndivijdual

evaporated abihn Heted rasin (sbodfebtoraheutde siprreanishy Weight surfacthnt based
o&?ﬁ]esxlv 1 { oequi'é: f S&Er‘?é »V‘@&%MP ;ﬁﬂ(a%\ég g}?@}ead?/ for use. The resulting

Iuoro en ca ctants o present 1nvent
phevet Beebe hsdna atvariety of waps,iisdladihy abs‘oﬁ]ﬁi(dn ofeblolnglaal ﬂulds
nunber of applications. For exanple t flu r chem ca
ggnﬁrataétfah%@nml% 1}, 8 QP RUREEOM, g1 atﬁaP?‘\Taé spargy eefsrated in a

hB?tt tf%edYt%I é\é)@&ilﬁés p@ g&%ér' daf bE Qddedsy W15%t~,ﬁ fRlidd BEwet the

‘better ng o conponent within the coating
résm particlts, @ausMgmelﬁxcarﬁploepureiﬁh@shamsg;anlbe plased imgjcontainer, for

characteri.sti t hi.c a

cTETEP. BBITENE SRIHYEr PHE PGPS a4 B0r S delspaund the
sRdrBs. f10 both indigtel thOctainsS @Hgoﬁa lofiaé & Bol@f ndi-Bdrafddud Waste.
at a final concentration of about 0.001 to about 0.1

wei gfthe flaptshemisakwufagiantstod theargsent ventinn may be psd asfeveling

‘ g%lg SR Irg%rb(ru-ghgﬁlgt?moiaélggr(ﬂlrc%daﬂﬁtsel’ﬁ?ﬁral Hﬁ:t&@ et%r {ks Y& Was

I ons suc |"oor

gf“avlilké&ﬁs,,scx\éaﬁ ptistanklaherhaV pn’uhtefoy adhdssierlayee Sor Wlafdr pdlistgng and
wood fl oors, water borne

Weleu PN slwione, IonBIgGPals PP ﬁ?nsawa%qrq%“%b%@t goatings.
THe Qulg?{tér[@ gl%? Bk S&Fas 1dVHink o Weﬁﬁﬁeﬂﬂﬁ%s f I AS SACH & film

can use n Ot er protective thin coat i ngs as
cmdldnserbqumﬁmmrnardgcadiX—wrﬁlmaamd)APS d‘ﬂmaifgq‘. ngfaatants of the invention
sur f act ant

gy q}%lgesuseﬁ A% p@&glg anfl &u%xggﬁltr?gg}ﬁvl%% #g Ibl'Jlfe lﬁ&g}?r %Q('y,c acrylic,

polyimide, and other materials, as foam blowing additives, as finishing additives for dry
cleaning, as a leveling additive for pen ink, as thickening/oil barrier additives for grease
coatings and grease/PTFE lubricants, and as leveling or wetting additives for green house
film.

The above applications are not meant to be limiting but only exemplary. The
following section provides working examples that describe in particular and by way of
illustration the present invention. These working examples are provided as illustrative and

are not to be deemed to be limiting on the invention.
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limted to epoxies,

Typi cal |y,

ur et hanes, acrylics,

and the |ike.

the surfactant concentration is about 0.1

w0 o00abmaste 0. 5 wei ght percent based on the wei ghtT/U8200$1€46592

formul ati on.
coati ngs i ncl ude,

for exanpl e,

Specific uses for these protective
corrosi on resistance

coatings on el ectronic conponents for the conputer and

t el ecommuni cat i onsi ndust IEXAMRESe,

of fi ce brushing,

sprayjng, flow coating, and the |ike. The coatings are
typi €% Yappl i ed, dried, and cured, |eaving the

rn ?ﬂ%ﬁg fbpduct Wt rNﬁné‘Stﬂu@tu?@&Id/&g an gy aiabile
the surfactant s have ‘been Fmg to be extrenely d

nr esent | n\/nnfl on

can—-be used-as wetiing

g;):’alfr:‘@ I tlhg:ﬁm( ggﬁ?)ﬁ%(q\z*\emﬁ)@1 Lg%'ﬁc, K d'ﬁch Mllwaukee
i e s e A

dramati ¢ decr ease
is mxed in a sol
concentrati on of 4

about 0.01 to about O.

in defect densities.
ent solution to a find

1 ananfc fa¥d
vvvvv age
addi t iBHEAY n phot or e3|2slt‘§°x>’8g\)’£ ind cleeani Alrich
solutions in the rr&%@%@@k@ﬂa@ é&rflbm c rmt%*l?all als
Wiesh o308 A)Bhot gr esi sts, the surfactants pylaybelmade as

Thdesstibédaimt1d$hPat No.

Al 6,664,354 (Savu et. al)

1 wekghiple 1, Part A.

percent based on 1

m Xt yhg7s®Acoat ed
Spi n coating. For

ne welrght of the sol uf

O @ RBCBEA K 950’ CachMtd S,
exanpl e, the mxture I

I Pfdy bémddd 43Qescribed
tnyoscpadrw 3hys,151,
s dr opRedplent o

R

S SPEiItH,80¢omeHItNg af

! eVerSié%%Aldﬁgh

t he co®@&Mhhg on thé

UDSEOB [HetRAR: RARE
> waf e Cs(o§mgppéd' W

g portionm of
h al KGgmnaldrich

ct cancgﬁ\d etched
renoved With sol ve

coating is cured (

devel gper and cleaning s di¢

!;’]EISI“§UWI O’LgP iLIII(
SHeppyie B Y%\ﬁen "

n th
e—f]

gases, or

The resmal zﬂkﬁgich
sed i N

uorochem-cal

sur f addBHR enabl eg

m cr ochannel s, V\,hl

m%lfe Whymr

ch _aff ectetheresol uti on

ST TGt

'ts frepgha-Aldrich
and is

criti cMEKo devi cq
| ow surface ener gy

» opeMathiytahtyl Ketwonsur f ag
and cOHsCECiher mal

tant i g’x{% LXidheh

stab

al Boneragptsmed,l er ¢ri Hs(atizcgii{(rmm){j}m(m(l ncr eased

r esobidbhRloli N the product as wel |l as ifpr ov exjgma-Aldrich

pT O% iaspEeds gnd manuf act,ur apnirity. [The Sigma-Aldrich

fluorochem cal surfactant M xed in an aqueous

solution to a final conat of about 0.005 to

about 0.5 wei ght per cent A’ the. wei ght of the

e ICJ4 A”‘ earnr g —sotuti UII The i xture TBASF Corp.,

L7 SRS Florham Park, NJ
TEGME triethylene glycol methyl Sigma-Aldrich

ether
Test Methods

Surface Tension Measurement

Surface Tension was measured using a Kruss K10ST tensiometer (mN/m; @ 25°C),

available from Kruss GmbH, Hamburg Germany.
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bath, and the electronic parts are either dipped or

run through the bath on a conveyor belt. In a further
wappbiozaté on, the fluorochem cal surfactants oPCT/182005/046592

present invention are useful in hard surface cl eaning

solutions to provide inproved wetting of the hard

surface and the contam nants to be renoved. A cl eaning

PrapartifiorD6f [IC3F S0, NCHS &, CHOK | ude about 0. 005 to about
0.5 wei ght percent surfactant based on the wei ght of
the cleaning solution. The cleaning solution is placed

I N aa 4heP REKeR Yo BoRbRET00D U 1Ak, FuS@Lh DAriek %etgfﬁng mantle,

refill contalner for tﬁlg spray bottle. Upon use
canideszser, mifrageh uletp Deas- Stk fyp dndtheondroetar was dpapgadewth 0 a

cABRaAIER AT LR e PPk B8R o Bl hopage 000

TRaRBurewds Mekited at¥eBax hild Medd BRiebRbpia ARKillaadr. Ohe niik@ire was
fl uorochem cal surfactants of the gr esent invention

caples tgabeufi 306 uadgraiicesentpargseend NaOEHa (30 ép methapal; 480.0 g 1

. L i
o SERAD, TR 3y LAt
untlet Ractiumafiiorh aapspisdE i Geﬁlthiomal “pioplahgl (6510th; alsi meld) was added to

thg%‘:ﬁ{fg h fﬁ%ﬁu&%ﬁe leyglsd A 8{)‘%#@?%3 Syst l@‘%t he nsumg
m )RQIreQ'gdS angeﬁ}ﬂl PR v@anggOG QlLealt'SU"@QB{%e Qin@s%ﬂﬂ@lﬁz‘ remaining

azar transform bi ol ogi cal waste into
ongamic ﬂayzawdm swaxme;it and dfied ietinavai atil20%y fond rheues dAnabsis dfghe

t t 0.5.t hqut
A M AR o
S@‘?ﬂ(dl@})ﬁH&@HE@H)’@Qﬁﬂ @s"}ﬂajbﬁéﬁﬁp&ﬁhtsUV@cuuﬁh@lstlllatlon at 150 to
es

I ng product may be us in a_variet way
16361 G0 Rgn@USERIBH G S G5 KT HG P BB A et od,

for exanple, in an operating room and encapsul ation
of sharps generated in a host of medical procedures.
Pr'Ebﬁaﬁ@MdEFan[CJF@S@N@H@@HQE@H@@(O;(DH#CH&ds t hat wet

the resin partic caus to occur. The,
Shar BebieameRedgpurLbpton J0EBhTAReited uith & EHsneet, Sirer,
m@l‘g ein‘i@t oi&%n@ﬁiﬁ@ﬁﬁme@?@aw%m% C%g@@ﬂﬁ@bHD@HZhCHOH

S arou e sharps n both 1 nstances,
(2@ér6t guOrﬁé)rmob) ahds PHSK (2550 g)surades @ nitthzan putgsz BhaiBask was heated

aﬁ%@ﬁ%légt%h{a%ﬁj @i,oq%h]g@lég/asf é}gé ?a(ﬁ%ané% %oofh‘l/ttéoglell" g{: gr?s%?ng solution

wHREdAMtBtor £ iusingiafkiée bath afd @fetHydthies (3018l g; 0.30 mole) was added.
sem conductors, for inks such as gravure coat, screen

Apryilond chleride K% hral 0.9 mele) Wasaddeshdrapyise oxgieabopbeneoup followed
by R/}Eﬁalaﬂg pﬁg}l%thlazme. The temperature of the flask was held below 40°C during

these additions. The temperature of the mixture was elevated to 50°C for one hour, then
cooled to about 30°C, and washed with DI water (3 x 150 mL aliquots). Analysis of the
resulting amber solution was consistent with the structure:
[C4F¢SO,N(CH3)CH;]),CHOC(O)CH=CH,.

Example 1; Preparation of FC-1/ Pluronic 44A; 30/70
A three-necked round bottom 500 mL flask, fitted with a condenser, stirrer,

nitrogen inlet, cooler and thermometer was charged
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Wafer CWP solutions, for hard coats for plastic

| enses, and for lubricant spray coatings. The
wewobatisent s may be used as | eveling or wetti NECT/US2005/046592

additives for films such as filmcondenser, mcrofilm

medical X-ray film and APS film The surfactants of

the invention nay al so be used as wetting and

[&B&S(?ﬁ@@HQﬂ}H}Q]M_PM(O)ﬁ?#@EﬂGﬁ,O g)r‘élimibmw@ a;mg/ (70.0 g), 3-
acrylic, polyinide and.othe teri .
meR Mol ARrroRLe 08 im0 atnd AmafFig B yhe ensuing
mfER WaRk Yep RS Prhl R\ RhdsNBirdAdL bl Ritidden R§Eled 418 he@fed to 700C under

thickening/oil barrier additives for grease coatings
a gitrdggy pagef@BRBUrL Bdddnak’ AIBNT @sl 0 g wesiaddedandibe flaskgvas
addi i ,ues for een use, film The above application
kG & ¢ S TR Tl Bhise e e STl By o,
yitldldgMis@us Bghidon provi des wor ki ng exanpl es t hat
describe in particular and by way of illustration the
present invention. These working exanpl es are provided

' j: t b d to be
Efty 21l b R TCATCH IO LRAPESTRTEC 1Y Dot
Met hadisreSuedked eodreiisitiom Sdanilrfbisk fitte8uritlag eonlensir catirrer,

was measure g%in% a Kruss KI OST tensioneter (niNm
nigggRaciniet.£9aler At BEFRIRFIRE WasChargid, Hanbur g

i ,2 . .
R AR MDA ek abiiecid
(1610 g)r mer¢aptaproppnadint (3e) g)k ethitbarstate (190 Orggad “AdBYT (0.75 g). The

Dean-Stark tr an her.nonet.er was _charged with
crehig st Bk Sd dyes SRRk AR Bl olfissing peated o
7EQARIEr Ditrdpéh Papé 8 Hotiss. AdditionAATBNC (0119 gyagashidasdshd the
at reflux and dried b%‘azeotropic di stillation. The
flagkvasrkepii g 0co ovesaighb Ths paxt Bogc!eas gelution fesuliedh pur ge,
and NaOCH3 (30% i n nethanol; 180.0 g 1 nole) was
added. The m xture was heated at 500C for one hour,
stripping off methanol under vacuum from an aspirator.
|, 3-di chl oro-2-propanol (65.0 g; 0.5 nole) was added
to the flask and the tenperature was el evated to 800C
and hel d overnight. The ensuing
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m xture was washed with D

water (300 nL at 8Q0C)

three tinmes and the remai ni ng organic | ayer was
waeepanadsedd and dried in an oven at 1200C for 1p¢DUS2005/046592

Anal ysis of the resulting yellow brown solid was

consi stent with [G4F SO2N( CH3) CH2] 2CHOH and

CAF9SO2N( CH 3) CH 2CH(OH) CH 2C1 as nmj or conponents.

Tatds V8 RfedeStdnkioatvags at 150 to 1800C (at 0.1 nm Hg)

VI el ded f(‘Al:Qle\I( FJ—R\LH?] 2CH (259 0 ag) reparat on
Exsmpte- ;[ 935@2%0—[3) CH2] 2 Surrface”f'ensmn
t hr ee- necked round bottom 500 |t1 1Lt h a

condenser, stlirrer, nitrogen %%%t g% 2 ﬁﬂNﬂh}
Et her nonet er wapPRharged with ()6:4F98@N( CH3) CRR.42CHCOH
(704 6-g,—0.-3 nol nd MeEKI {250 0O n\ yhdeft—a
Eﬁﬂtrogen purge“kmﬁe flask wap 0Heated and app?EQinately
E)?Y mt—of—VEK frstittedf the sof uti o 22. ghe
ensui ng solutjon was cooled o 50C using anlice bath
cand triethyl anbe® (30. 3 g; O 30 nol e) was addead.

Acr \/I n\/l chlo

Lde (’)7Qn

30 e n\

\ADC ﬁl

*Irlarl

Eﬁ?opMAse over

TBOME one hour

Oéollomed by Me

and

ICIIUl III dLI e
C%%|OMI4CDC du

enperatu
rlngg4%ese addi

i ons. The t enps

re_of the fTask{ygy

$ nerd
brat ure of

Cti3he m xture W
cool ed to abol

Ex80 ni aliquot

hfolebmyvated to
It ‘3(1)(: an H Wa

bQOC for one hol

shed wi-t-h-Dl
AT A ] vur L"BLIL =T

\Anf
VA

27.5t hen

g?me%al ysis of

0t5he resul ting

[her

b4UI utTom was
[C4F9802N(CH

3?%§I ent W th

2CHOC( O

the structure:
CH=CH 2. Exanpl ¢

26.1
b 1:

EfXpeparation o

three- necked

 BEEAL / Pl uron

ound bottom-500

0.544A;, 30/ 70 A

D M flask—fit

22.1
ad

Coondenser, st

(BExheVrtp Pat. éYo. v
5,342P8@d[ CAF9S

Wagt  nitrogen
hs
D2 N( CH3) CH?] 2CH

o) ot

pﬂlet coole}L
DC(O) CH=CH2 (_30.

0 q)

C-6PLURONI C 44A]

(H:81PU). Pat. ol u
NENB Y67g39y Xt uf

ene (100.0 g) a

rericapt o- 1, 2, - p1
nd " Al BN"

(0.5 d

ap#nedi ol
)) . The

e was degassed

three tines usi

ng

vacuunt ni trog
ni trogen purg

e for 6 hours.

" Al BN'

en cycl €és and heated to 70oC under a
Addi ti onal

(0.10 9)

Thesbeve dpetification hexafmiples landvslstalpe(pnd%w cqrapieteoieaerinitightof the

The. next

T

o kg pE RS DR EEE Hveptiph ™

arota
ince many €

invention can be made without departing from the spirit and scope of the invention, the

invention resides in the claims hereinafter appended.
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Exanpl e 2; Preparation of FCG 1/ CW50A / AA; 55/35/10.

A three-necked round bottom 500 nL flask, fitted wth
w@2@endsecer, stirrer, nitrogen inlet, cool er POTUS2005/046592

t hermonmet er was charged [ CAF9SO2N(CH 3) CH 2

2CHOC(O) CH=CH 2 (55.0 g), "CWH50A" (35.0 g), acrylic

acid (10.0 g), 3-nercaptopropanediol (3.0 g), ethyl
War€LAIM: (100.0 g) and "AIBN' (0.75 g). The ensuing

m xture was g%?asse thre [ si ng vacuum ni trogen

P

times
cycl ks a Bf ac?‘@ﬁ@?ﬁlﬁd Fmﬁgnitrogen purge for 6

hours. Adgiti6naiv™ N' (0.10 g) was added and the
flask was Jé%?ng{ '}6&?(% over ni ght. The next day a cl ear

sol uwhemin Aduthe eesidugtif@n inidatof ackydregesi on val ues The
above spelgf'ffi cati on, 48xa Ieef\,s and data provide a
conpl ete eésca}"ﬂ)clr} gh gron manuf acture and use of the

conposi t i M i9f néhAubdrinaesdt meRomét Nnce many enbodi nent s

of the invention can be nmade without departing from

the spiri® inhmosewient grganiraesidyesamerising the residnepfiaghain
resides i i ms hereinafter appended. WE CLAI M

1. A pol yljrgraentrslﬁgag%@f actant of the formula: A-(Mf)a-(M

h) b- G whea mipresénts anitshftomdsto $0earaf b sprasents usitofromrl to 50; which

hydrogen; M |s ﬁlﬁfl uar i nat.ed nonmer; M is a
non- f I uor HBRTSES RS ASATEPD PEAUE & pnoval ent or gani ¢

resi gatye COHIRIJrai MBrinkied hihbAkEoOthe Forafidd N transfer
agent, a represents units from1l to 50; and b

represents units frotn 1 to 50; which conprises the
reacti on product of |[(a) units of a fluorinated nmononer

of the fornmul a[RSORNSQRHMW L TCHROIQRCRIPECH),- O R2) =CH2,
wherein Rf is a C2-C fluoroal kyl group;

wherein Ry is a C,-Cs fluoroalkyl group;
R is alkyl or aryl;
R?is hydrogen or CH3;

n is an integer of from 1 to 10; and

(b)  units of a non-fluorinated monomer of the formula
CH,=C(R»)C(0) X -(CyHan) Y
wherein X is O, N(R') or S;
R! is hydrogen or a C, to C4 alkyl group;
R? is as defined above;
n' is an integer from 0 to 20; and
Y is a hydrogen when n’=0 or a hydrophilic group when n>0, and
(c) G is the residue of a chain transfer agent.
2. A surfactant according to claim 1, wherein said surfactant comprises the

reaction product of (a), (b), (c), and (d) wherein (d) is a monomer of the formula
Rh—O—C(=0)C(R,)=CH; in which Rh is an alkyl of 12 to 20 carbon atoms.
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Ris alkyl or aryl; R2 is hydrogen or CH3; n is an
integer of from21 to 10; and (b) units of a

wWmoovehbises i nat ed nononer of the fornula CH2=C(P2)/CE1HM5/046592
-(CnH2n.) Y wherein Xis O NRl) or S; Rl is hydrogen
or a G to 4 alkyl group; R2 is as defined above; n'
is an integer fromO to 20; and Y is a hydrogen when
n' =03.or aAhuda@mhiatiording ow plaith é nwher@in ¥indat(edst Gid of $OeM,

o5abs kPeBn BoE SR r % oo R R Ao,
(EQ%), WI%‘ZE@?J R€ d‘; @’@?t(E (p()?dMHérei‘ﬁfM(@flydr()@n aftal iGNNH,", or a

for nul
erh)n@ed:(tez@@(ﬁnﬁQ ﬂdHShydroBm @1‘& @i‘itm(‘s; aékylgt@gpl, E©¥is tthytene oxide;

PQiPaPHSRe PHSSZ fa SRR SR bRt B by of 1 0
ab%at 128, Nidn) in#@es frdHa B th aBodt G2 miG{sHAn ibeBer) from 1 to 20.

(CH2) nSCBH, "(EO) p(PO) q(EQ p-R , or (PO q(EO p(PO) q,
vvhereln Mis hydrogen, a netal ion, NH4 +, or a

pr ot pnat ef shhdthila¥cdin ?Q@ clRin Ilswhmﬁmﬁ@ a @, fRiofdallty® group.
C4 alkyl group; EOis ethylene oxide; PO is propylene

oxide; Zis a counterion such as halide or acetate; p

is ag int Rg;ﬁffaagnt]a&&dﬁlg%%laﬁﬁa ; wherefh @i ther&Gfie cffraQHércaptan
o about 54, and nis an integer from1l to 20.

chairr fransfea ragexa@ompdsmg one orinareiydroxsh emena omarb@xYagr@clps
fluoroal kyl group. 5. A surfactant according to claim
1, wherein Gis the residue of a nmercaptan chain
tran&fer AqerfactMrapcordlnggo ohen ds wherewn thy dhamyranﬁm ggent is 2-
or car sur f agtant  ac ik © claim

metealiRERendl, THatRRie 2 ProRteaR S Ther ROk RC

7. A surfactant according to claim 1, wherein R is —CHj; or —CH,CHj3 and R!
is hydrogen or methyl.

8. A surfactant according to claim 1, wherein (b) is a non-fluorinated
monomer of the formula

0 R®

HO—(EO),—(PO);—(EO)p—C—C=CH,

wherein R? is hydrogen or methyl.

9. A surfactant according to claim 8, wherein p is an integer of about 7 to

about 128 and q is an integer of about 21 to about 54.

10. A surfactant according to claim 8, wherein p is about 11 and q is about 21
and R is —CHj; or —CH,CHs.

11. A surfactant according to claim 1, wherein (b) is a non-fluorinated

monomer of the formula

18



mer capt oet hanol, 3-nercapto-I, 2-propanediol, or
nmer capt oacetic acid. 7. A surfactant according to

W@ b@icnriBee wherein Ris -CH 3 or -CH 2CH3 and RRCT/BS2005/046592
hydrogen or nethyl. 8. A surfactant according to claim
1, wherein (b) is a non-fluorinated nononer of the
formula O R2 HO (EOQ) p-(PO g-(EO p-C C=CH 2 -wherein
R2 is hydrogen or nethyl. 9. A surfactant according to
claim8, wherein p is an integer of about 7 to about
128 and g is an integer of about 2 1 to about 54. 10.
A surfactant according to cl@iRf8, wherein p is about
11 and q is about 2 1 and RJjs|-CH 3 or -CH 2CH3. 11.

A sur f actphb-gapo94iE0y-4Posla-uedcHwherein (b) is a
non- fl uori ngt_gd %DLﬁorrgpr_I(of %t he for rruyvrao R2 R -0 (PO

g- ( = ( 0 erein R2 is hydrogen or
net hy q&ﬁ?@ihgﬁﬁgéﬁ@gﬁ%hﬁgcor ding to claim 11,

wherein Ris -CH 3 or -CH 2CH3; R2is Hor CH, qis O
and 2.i s Arsorfaciiaccotding tableim 11 0whergin Raisste Haen akH.CHs; R™ is
ac ding,.to, claim1l er ei is -CH3 or -CH2CH3;
Hﬁﬁ(‘q?{” Risc} ang s HOIP§%?‘F\§E1°§E% t189 to about 22 and p is
fromabout 14 to about 128. 14. A surfactant according

to claim rein the non-fluori nat ed n r 1:S~0,. 52
0 0! A sty Sepordisk Wnelput L B SindlB ARG o RaHiCIT R isH
orSUHS; 3GS fofSHoRAN9 @ atdut DT hdlp &0MGh iabbwtd 4a6 dbs\d 126. sai d

liquid a surfactant derived froma pol ynmeric conpound

having two perfl uorobutanesul fonan de segments in
cl ospy pr oxisfithdtadtAcOit8ingROLRRA 13Mkréin AR RmUAl@rinated monomer X

isO,n’i1s 0, and Y is H.

15. A method of reducing the surface tension of a liquid comprising adding to
said liquid a surfactant derived from a polymeric compound having two
perfluorobutanesulfonamide segments in close proximity to one another and a molecular

weight of between about 2,000 to about 100,000 grams/mole.

16.  The method of claim 15, wherein the molecular weight of the polymeric

surfactant is between about 4,000 and 30,000 grams/mole.

17. A method of reducing the surface tension of a liquid comprising adding to

said liquid a polymeric surfactant according to claim 1.

18. A method of reducing the surface tension of a liquid comprising adding to

said liquid a polymeric surfactant according to claim 2.

19. A method of increasing the wetting of a coating on a substrate surface
comprising adding to a coating mixture a polymeric surfactant derived from a polymeric
compound having two perfluorobutanesulfonamide segments in close proximity to one

another and a molecular weight of between about 2,000 to about 100,000 grams/mole.
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wei ght of between about 2,000 to about 100, 000

grans/ nole. 16. The nethod of claim15, wherein the
wodoeomsas wei ght of the polyneric surfactant PST/US2005/046592

bet ween about 4,000 and 30,000 grans/nole. 17. A

met hod of reducing the surface tension of a liquid

conprising adding to said liquid a polyneric

sur fzg:t anThea@e®od on glaind 19, whatih theliBolebularivbiptit of the polymeric

reduci ng the surface tension of a |liquid conprising
S%@aﬁan@sgét%ean@bwtdxﬁo@ and 3,00 F}@F@és@@ﬂ’f actant accordi ng

to claim2. 19. A nethod of increasing the wetting of

a coating on a substrate surface corrprl sing addin

a codli ngAmsthed ef incrgagingideivetiing ofaqoatpg arAsyRra Saﬁfiace
oItk SRR RE Mbdieris srfactan according to claim 1
to one another and a nol ecul ar wei ght of between about
2,000 to about 100, 000 grans/nole.20. The met hod of
claim19, wherein the nol ecul ar wei ght of the
pol ypEr i CASluotiaste amdnonter b&thedemuddbout 4, 000 and 30, 000
grans/ nmole. 21. A nethod of increasing the wetting of
a coating on a substrﬁate surface conprising adding to
a coating mxture al meric surfactant according to
claim1. 22. ARSQoN- ﬁ&)h&ﬂ%(obﬂ(ﬁsﬁc%r mla R |
[ RfF SO2 N-(CnH2n)] 2- CHOC(O? C(R2)=CH2, wherein Rf is a
2 twh@em&dseeﬂzRqu@ﬂlom kyRgtoypal kyl or aryl; R2 is
hydr ogen Rr qu] s an integer of from1l to 10. 23.
A nononer ate q‘fr to claim?22, wherein Rf is a C4

f | uor oal kpt isgfy@ttigen or CHs;

n is an integer of from 1 to 10.

23. A monomer according to claim 22, wherein Ry is a C4 fluoroalkyl group.
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