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FLUORQALKYL SILICONE COMPOSITIONS

Background

Pressure sensitive adhesives (PSAs) are an important class of materials, Generally,
PSAs adhere to a substrate with light pressure {e.g., finger pressure) and typieally do not
require any posi-cusing {e.g., heat or radiation) to achieve their maximum bond strength.
Aowide vaiety of PSA chemistries are available. PSAs, particularly stlicone PSAs offer
one or more of the following usefil characteristics: adhesion to low surface energy (LSE)
surfaces, quick adhesion with short dwell times, wide use temperature (L., porformance at
high and low teniperature extremes), moisture resistance, weathering resistance (including
resistance 1o ultraviolet (UV) radiation, oxidation, and hunudity), reduced sensitivity to
stress variations {(e.g., mode, freguency and angle of applied siresses), gentleness to skin
and resistance to chemicals {&.g., solvents and plasticizers) and biological substances {e.g.,

mold and fongi).

Fhiorinated release coatings are often used with §?‘E}As, particularly silicone PSAs,

<

greater than 56 725 mam, e.g., no greater than 30 @725 mm at 180 degrees peel angle and
230 em/min (90 inches/min). However, the selection of fuorinated release coatings

available to achieve the desired releass performance is Bmited, particularly for wet-cast

\

K

{e.g., solvent-based, water-based, and hot melt coated) PSAs. For example, fow release
materials provide stable, consistent, smooth release of an adhesive.

The mest common {luorinated release coatings are Hluorosilicone materials with
perdent RCH-CHy- group made from ReCH=CH,, wherein Reds typieally s CFy-ora
CEOFOFCF - group. However, commercially available flucorosilicons release coatings
are typically more expensive, The reasons for high cost of commeonly used fluoresilicone
release materials are belfeved to related o) the lower reactivity of RyCH=(H, o low ¥i teld

hydrositylation reactions, and b) the preparation from expensive Red with two steps, 1)

addition to ethylene to form ReCHCHy-1 and 11} ehimination of HL



iy

(94}

[

20

WO 2015/050928 PCT/US2014/058529

-

The present disclosure provides novel fluoroalkyl silicones that can be used as
release materials or can also be blended with one or more addstional tow surface coergy

3

materials {e.g., fluoropolymers, polyvacryiates with pendent Ry group, lower cost

froxah

%]

fluoroalky! silicones and non-fluorinated silicones) while maintaining the desired low
release characieristics of the instant fluorostiicone material, In addition, in some
embodiments, high blend ratios of low surface energy materials may be used withowt
detrimentally affecting the re-adhesion force of the adhesive affer removal of the blended
release materials comprising the present fuorosilicones.

Applicants have identified high reactive fluorinated alkenes for high yield of
hydrostiviation products (from hydrosilicones) and subsequently providing novel

fluoroalkyl stticones having stmilar or better performance to current products at reduced

pa

05t

Summary
The present disclosure relates o novel fluorcalkyl silicones and use thereof as

release materials. To another aspect, the present disclosure provides release liners

T

comprising a substrate and the release material according to the present disclosure bonded

32

to a major surface of the substrate. In another aspect, the present disclosure providers a
crosslinked or unerosshinked coating comprising the Huoroalky! stlicone release material.
in vet another aspedt, the present disclosure provides adhesive articles comprising
an adhesive having a Srst magor surface and a second major surfage, wherein the first
major surface of the adhesive 18 in contact with a release material according to the present
disclosure. In some smbodiments, the adhesive articles Ruther comprise a first substrate
{or backing) having a first major surface and a second magor surface, whereln the release
material is bonded {o the first mugjor surface of the fivst substyate. In some embodiments,
the second major surface of the adhesive is in contact with the second major surface of the

first subsirate. In some embodiments, the second major swriace of the adhesive is in

'ZJ‘J

%

contact with a second, independently selected release material bonded to the second major
surface of the first substrate, In some embodiments, the adhesive articles further comprise
a second substrate, wherein the second major surface of the adhesive is in contact with a

major surface ot the second substrate.

a®]



ok
Ll

.,4
L

20

NR - heteroatoms, where R_f is & perfluoroalkyl, preferably a C-Us perfluoroatkylh
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In some simbodiments, the adhesive comprises a silicone adhesive. In some
embodiments, the silicone adhesive comprises a pely(diorganosiloxane}. In some
cmbodiments, the silicone adhesive comprises 3 pelydierganosiloxane-polyurea block

£

nhodinents, the silicone adhesive comprises a

2

copoelymer. Insome ¢
polvdiorganosiioxane-polyoxamide copolymer. In some embodiments, the silicone

adhesive Ruther comprises a tackifier. In other embodiments, the adhesive comprises an

In another aspect the present disclosure provides a method of making the
fluoroalky! stlicones by the hvdrosilylation reaction between a perfluoroalky! alkenyl ether
and a hydrosilicone.

Detailed Deseription

The present disclosure provides novel flnoreatkyl atlicones of the formula:

g

wherein

gach R’ is independently an alkyl or aryl

Ry iz a perfluorcatky! group, optionally subsittuted by one or more in-chain —O-, -8~ or ~
*

2

R is-H, -OR*: where R s 2 €y alint
f1is 0 to 2000

mmay be zero, preferably at least 2;

3
¥

p may be zero, preferably 10 to 2000,

=4

n-+ny b s Al

B

loast one;
g is at least 3;
R s H, atkyl, aryl, {CH)eO-CFCHF-ORy, or R

wherein the fluoroalkyl sificone has at least ove Ry group of the formula -{UTH)y-0-

CFCHF-0O-Ry, preferably at least two Regroups , either as R and/or in the siloxane unit

b
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2

with the subseript m. In some embodiments pis at least one, preferably at least 2. Remay
contain §to &, preferably Vto &, most preferably 3 to six, perflnorinated carbon stoms,
in some embodiment the ratio of m to pis from 10010 1o 3:95, preferably the ratio

of nt to p is from 56:50 10 20 : 80

The disclossd fluoroaihyl silicones contain pendent or terminal ~{CH; )0~
CRCHP-0O-Ry group, which may further contain reactive hydrosilane groups {H-8i),

alkoxysilane groups (R70O-81}, alkyl silane eroups (Si-RY, either as R andior in the
stioxane unit with the subscript p. In some embodiments the alkyl and alkoxy groups of
the silicone can be long chains {e.g. Ti5-Csy) , either ag R® and/or in the siloxane unit with
the subseript p.

The novel Huoroally silicone of Formula  may be prepared by hydrosilylation in
the presence of a hydrosilylation catalyst, of a perfluoroalkyl alkenyl ether compound of

the formula

Re-O-CHFCE;-O-{CH 2 CH=CHy 1

wheretn

R is a perflvercaliol group, optionally substifuded by one or more in~chain <O, ~8- or -
NRy'- heteroatoms, where R¢' is a perfluorcativt;

with a hydrosilicone of the fbrmulas

where

each R’ is independe ntly an alkyl or aryl;

nis O to 2000; preferably at least 14

v may be zer;

R is ¥, allyl or arvis

with the proviso that the hydrosilicone contains at Ieast one Si-H group, preferably ot least
two Si-H groups. Thas the silicone unit with the subseript v of Formmls I may be at

least one, preferably at least 2, and/or R® can be H.
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All or a portion of the 8i-H groups of the hydrosilicons may be reacted with the

T

atkenyl ether of Formula I In some embodiments, unreacted hydrosilyl (Si-H) groups

may be converted to other useful functional groups, gs described herein.

The fluoroalkyd silicone of Formula [ have a M, of at least 400, preferably af least
1000, In some embodiments, the Me may be 2000 or gregter, In some embodiments, the
M may be Hmited to 1,000,000 or less: preferably himited to 300,000 or less. In some
embodiments n, m and p are cach grester than one and where the ratio of o to m s greater

X

than one, preferably the ratio of n to m is greater than 10, In some embodiments, R° is H,

....3’

and the ratio of mto p is from 100 0 t0 5:935, In some embodiments, R is ORY (prepared
as described herein).

The fluorosikyl silicone of Formula I is prepared, in part, with at least one
hydrosilicone having a plurality of Si-H groups as represented by Formula 1 Examples
ot usefid St-H group contaming silicones nclude hydride terminated
polydimethyisiloxanes having the formula HMe:SIO(Ri1Mez 01,8 1Mex H A {CAS 7080021~
93; hydride terminated methyihydrosiloxane-dimethylstloxane c&}paimwra having the

formula HMe:SiO(SIMe 0 SiMeHO 8 iMe H LCAS 68013-23-6); irimethyisiloxane

ferm

ningted polyethythydrosiloxanes having the formula Me:SiO{8 IMeHO ) SiMes (CAS

63 148-57-2); trimethylsiloxane termingted methythydroslioxane-dimethylsiloxane

copolymers having the formula MeSIO{SiMex () SiMeHO ) SiMex (CAS 88037-559-2};

iriethyisiloxane terminated polvethylhydrosiloxanes having the foroula

ELSHSIEHOSES (CAS 245979-95-1)1 hydride terminated poly{phenyl-

dimethylhydrosiloxysiloxanes) having the formula HSiMexO(SiPh{OSMe HYO ), SidMe
all commercially avaiiable from vendors such as, for example; Gelest, Inc. or Dow

Coming Corp. with different molecular weights.

vill be appreciated that the Ry group of the fivoroalkyl compound of Formula If
may be Hnear or branched or 3 combination thereof. The perfluorcalkyl alkenyl ether
compounds of Formula H, in turn, may be prepared by regction of a perfluoro{atkyl vinyd

ether) compound of the formula:

with a compound of the formula

H-O-(CHy }goCH=CHy VI

Ly
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where g and Reare as previousty defined.
The reaction betwesn compounds IV and VI is deseribed 1 US 2005/01 136085

{Furakawa et al.} incorporated herein by refer The perfluorofalkyl ether) of Pormuda

IV, in turn, may be prepared by Suoride ton catalyzed addition of a perfluorinated acid
fluoride to hexafluoropropylene oxide, followed by decarboxylation. according to the
technigues deseribe iy US 6255536 (Worm et al.}, incorporated herein by reference.
Perfluorinated acid fluoride may be obtained from hexafluoropropene oxide by reaction
with MF or by electrochemical fluorination process as deseribed in US6482979 (Hintzer et
al.), incorporated herein by reference. Alternatively, the perfluorinated acid Hoorides may
be prepared by electrochemical flnonination ol aleohols, acids or esters as known in the ant.

Commercial available perfluoroviny! ethers of Formuda IV are, for example,
CFOUF=CF,, CFCFRCF0CF=CF, and CF ;OCECFCFOCF=CF,.

fns the presence of the hydrosilylation catalyst, the compounds of Formula [T are
hyvdrosilaied by the hyvdrostlicone of Formuls TH to produce the fluoroalkyl silicones of

h

s

2

Formula 1. Allor a portion of the SI-H groups may undergo the hydrosiiviation with
compound of Formula H. In the following Scheme §, subscription “q” represent the

number of origingl incchain bvdrostlane unats, m the number of those in-chain nunits

a

substituted by hydrostiviation, and subscript s is the number of in-chain Si-H groups

remaining. In addition, where R" is H, all or a portion of these terminal 8i-H groups may

undergo hyvdrosilylation io provide terminal Ry groups inthe R, In some embodiments, all
of the 8i-H groups, whether terminal or in-chain, will be converted to ~(CsHg)-

OO ORFORy groups. Trwill further be understoad that hydrosilyiation of the flueroalkyl
atkenyl ether of Formmia U can yield two propyt isonwers: propyleng ($1{CHs-) and
isopropylene (SLCH{CHCH,-) when g =3, These two isomers gre iHusirated generically

as —{aHe- as part of H{TH;),

b s
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where

each R' is independently an atkyl ov aryl;

n 188 to 2000;

m may be zerg, preferably at least 1)

s may be zero;

R is ¥, atkyt or avvly

R’ s H, atkyi, aryl or «{CiHg-OCECHF-O-Rg

§ 15 at least 3; and

Ry is a perfluoroal »S group, optionally substituted by one or more in-chain —O-~, -8~ or -

NR¢ - heteroatorns, where Ry is a perfluoroatkyl;

Z

with the proviso that the starting material of Formula H contain at least one, preferably at
least two Si-H groups, and with the proviso that the product of Formula V contains at least

¥

one, preferably at least two OO CHEOR s groups, whether mn-chain represented

'J

the units with subscript m, andfor one or both of the R groups may be - —{C M)
GCE-‘;(}EH 3Ry groups. Additionally, where there is partial hydrostlviation of the
compounds of Formula I, the product of Scheme I will further contain in~chain Si-H
groups, represented by the units with subscript s, and/or one or both of the R7 groups may
be H, It will he understood that the unit with the subscript “s7 represents the propotion of

Si-H groups not rescted by hydrosilation (Le, m + 3 = v).

Adternatively, the Huorcalkyl silicones of the formula | can be made by
hvdrosilylation of perfivoroalioy! atkenyl ether compound of the formula T with either H-
SHRYK, to form ReO-CHFCF-0-(CHy }qiﬂR Xo, wherein X s a hydeolysable group {e.g

ClL GG CHO- and CHLCOHROS),  following  hydrolysis  condensation
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polymerization; or eyehic hydrosilang, {O-8iR Hw-, to § velic stlane substituted with
R-G-CHECF:-O-(CHz ), wherein w is 3 or 4, following by s‘ing opening polymerization,
as known from reported biteratures.

Reparding the hydrosilyiation reaction, numerous patents teach the use of varions
complexaes of cobalt, thodium, nickel, palladium, or platinum as catalysts for
hyvdrosilylation reactions. For example, 118, 4,288,345 (Ashby et al} discloses as a
catalyst for hydrosilviation reactions a piaﬁ:imm«siiexzma complex. Additional platinum-
stioxane complexes arve disclosed ag catalysts for hvdrosilylation reactions 1 US, Pat

Nos, 3,718,334, 3,775452, and 3,814,730 (Karstedt et al). U.S 3,470,225 (Knorre et al)

\

discloses production of organic silicon compounds by addition of a compound containing
stlicon- bonded hydrogen to organic compounds containing at least one nomearomatic
double or triple carbon-to-carbon horwd using a platinum compound of the empirical
formula PERX(RCOCRICOR ™, wherein X 1 halogen, R is alkyl, R 1s hydrogen or alioyvl,
and R" 1 alkyl or alkoxy.

The catalysts disclosed in the foregoing patents are characterized by their high
eatalviic activity, Other platinum complexes for aceelorating the aforementioned
‘zherma.ii}-'»aetix-*au::d addition reaction includer s platinacyclobutane complex having the
formula (PrCLCHp (LS, 3,159,662, Ashby); a complex ol a platincud sall and an olefin
(11.S. 3,178,464, Plerpoint); a platinum-containing coraplex prepared by rea.e;:iing
chioroplatinic acid with an alcohol, ether, aldebyde, or mixtures thereof {US, 3,220,972,

Lamoreaux); a platimunt compound selected from trimethyiplatinum fodide and

hexamethyidiplatinom (US 3,313,773, Lamoreaux); & hydrocarbyl or halohydrocarbyl
nitrile-platinum (1) halide complex (U.S. 3,410,886, Jov): a hexamethyl-dipyridine-

diplatinum todide (U8, 3,567,735, Seviried of al}; 2 platinum curing catalyst obtained
from the reaction of chloroplatinic acid and a ketone having up to 15 carbon atoms (U8,
814,731, Nitzsche et al); 8 platinum compound having the general formula (RP1X;
where R is a cyclic hydrocarbon radical or substituted cyclic hydrocarbon radical having
twe aliphatic carbon-carbon double bonds, and X is a hai@gen or alkyl radical (U8,
4,276,252, Kreis et aly: platinum atkyne © ,mpicx es (11.S. 4,603,215, Chandra st alx

platirum alkenyloyelohexene complexes (U.S. 4,698,813, Cavezzan); and a colloidal
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fiydrosilylation catalyst provided by the reaction between a silicon hydride or a sitoxane

fiydride and a platinum (0) or platinum (1) complex (LLS, 4,705,765, Lewis).

St

Although these platinum complexes and many others are nseful as catalysts in
processes for accelerating the hydrosilylation, processes for promoting the uliraviolet or
visible radistion-activaied addition reaction between these compounds may be preferable
i some instances. Platintum complexes that can be nsed to indtiste ultraviolet radiation-
activated hydrosilylation reactions have been disclosed, c.g., platinum aze complexes
(U8, Pat. No. 4,670,331, Eckberg): (n%eyelooctadionsdiarviplatinam complexes (1.8,
4,530,879, Drahnak); and (12~ -cyclopentadienyhirialkylplatinum complexes (ULS
4,510,094, Dralwmak). Other compositions that are curable by ultraviolet radiation inchde
those deseribed in U.S. 4,640,939 and 4.712.092 and in Buropean Patent Application No.

‘(

0238033, U.S. 4,916,169 {Boardman et al} describes hydrosilylation reactions activated by
visible radiation. ULK. 6,376,569 (Oxman et 8l.) describes a process for the actinic
radiation-activated addition reaction of a compound containing siicon-bonded hydrogen
with a compound containing aliphatic unsaturation, said addition being referred {0 as
hydrosilylation, the improvement comprising using, as a platiows hydrosilylation catalyst,
a {¥ 5» clopentadieny iri{ o-aliphatie)platinum complex, and, as a reaction acceleraior, a
free~radical photoinitiator capable of absorbing actinie radiation, Le., light having »

wavelength ranging from about 200 nm to about 800 nm. The process can also employ, as

a sentsitizer, a conmpound that absorbs actinde radiation, and that is capabie of transferring

encrgy to the aforementioned platinun complex or platinum complex/free-radics
photoinitiator combination, such that the hydrosityviation reaction is inftiated upon
exposure (o actinic radiation. The process is applicable both to the synthesis of low
maiecular weight compounds and to the curing of high mwolecular weight compounds, e,
polymers,

Combinations of the hydrosilylation catalysts and photocatalysts andfor curing
methods may also be used.

The catalyst is typically present in an amount that is cffective to catalvze the
hydrosilylation reaction. More typicaily, the catalyst is present in amounts sufficient 1o
provide as littie as one part of catalyst, ov less, per mitlion parts of the Si-H groups of the

C

silicone polymer. On the other hand, amounts of the catalyst sufficient to provide gs high
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as 1 to 18, or more, parts of catalyst per 1,000 parts of the Si-H groups of the silicons

5

polymer may also beused. All or a portion of the Si-H groups may be functionalized with
the perﬁuemeﬂk}ﬁ} croup,

in the presence of the hydrositylation catalysy, hydrosiiviation of hydrosilicone of
Formula U with the compounds of Formuola 8 readily produce the Suaoroalkyl silicones of
Formula T in high vield under mild conditions, such as at room femperature. The
fluorealikyl allyl ether of formula I demonstrated high reactivity to hydrositicones. and the
reaction may be conirolled by slowly addition of hydrosilicone into the solution of
fluoreatkyl allyl other and catalyst ~ with or without solvent. In contrary, almost no
product was observed from CyFeCH=CH; nader similar conditions, indicating the
significantly higher regetivity of perfinorcatkyl slkenyi ether in comparison with

3

perfluoreatkviethylene.

Regarding the product of Formmla V of Scheme 1, the Si-H functional fuorealkyl

sifteones may be used as a isiix‘-&ki_ng agent, such as to thermally crossiink with silicones

or fluorinated stlicones having a plurality of ethylenically unsaturated bonds ina
subseguent hydrosilviation reaction. I some embodiments, the fluorealkyl silicone may
be subsequently crosstinked by vinyl substiinted siliconest Le . silicone having a plurality

of vinyl groups.

=

.,m

The non-Tluorinated organopolysiloxane polymers (vinyl siliconesy comprising an

average of at least two ethylenically unsaturated organic groups may be formulated with
the Hporealkyl silicone of Formula V. In some smbodiments, the non-Suorinaied

organopolystioxane polymer has & vinyl equivalent weight of no greater than 60,000 grams

-~

per equivalent, e.g., no greater than 20,000, or even no greater than 10,000 grams per

eguivalent. In some embodiments, the non-fluoringted prpanopolysiioxans polymerhas a
vinyl equivalent weight of 2000 to 5000 grams per equivalent, o.g., 2000 to 4000 grams
perequivalent, or even 2500 10 3500 grams per equivalent.

Exemplary non-fluorinated organopolysiloxane polvmers include those comprising
a triorgancsiioxy endblocked polvdiorganosiloxane polvmer. In some embodiments, the
non-fluorinated organopolysiloxane polvmer comprises Rp8100, units (e, "D unils) and

3

Ra810m units (Le., "M" units), wherein each R group independently represents a saturated

o]
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or ethylenically unsaturated, substitnied or unsubstituted hydrocarbon radical, provided
that at least two R groups contain terminal ethylenic vasaturation.

The ethylenically unsaturated radicals are independentiy selected from the group
consisting of the vinyl radical and higher alkeny! radicals represented by the formuds -R-
CH=CH wherein R denotes -(CHs e~ and w has the value of 1-48,

In some smmbodiments, trace amounts of non-Huosar stloxane uniis. te., B0y units
{i.e., " anits) and R8I0z, units (e, "1 units) may be present wherein R is as
deseribed above. In some embodiments, trace amounts of other silicon-bonded radicals,
such as hydroxyl and alkoxyl may also be present.

T

Exemplary non-fluorinated organopolysiloxane polvmer comprising an aversge of
at feast two ethylenically tnsaturated organic groups inclnde those having the formula
MY D MY, wherein M represents M units, £ represents D units, the superseript "vi®
indicates the presence of vinyi-functionel groups, and x 18 the degree of polymerization,
Commercially available MDA, non-fluorinated organopolysitoxans polymers include
those available under the trade designations DMS-V from Gelest Ine {e.g., DMS-VO3,
DMS-VOS, DMS-V21, DMS-V22, DMS-V23, DMS-V35, and DMS-V41 )

&"
Examples of usehul silicone having a phyality o

of viny! groups include vinyl
terminated polydimethylsiloxanes having the formula
HoC=CHSiMe O{8iMexO1:.8iMeCH=CH; (CAS 68083-19-2}; vinvl terminated

dimethylslioxane-diphenyisiloxane copolymers having the formula

HoC=CHS M e O0SiMe O {(SiPO)mSiMe,CH=CH; {CAS: 089531-86-2) vinyl
terminated polyphenvimethylsiloxanes having the formula
HrC=CHSiMePhO{SiMePhO),SiMePhCH=CH, (CAS: 225927-21-9); vinyl-phenylmethyl
terminated vinyiphenyisiloxane-methyiphenylsilosane copolymers (CAS: 8027-82-1);
vinyl terminated wifluoropropyhmethylsiloxane-dimethylsiloxane cepolymers having the
formula FaCUHSIMePRO(SMer O SiMe{ CHCH I CF 0 SiMePRCH=CH; {CAS;
68931984}, HpU=CHSIMeyO~(S1Mer O SiMe{ CHUHL CFRD0) SiMe; CH=CHy,
HyCsCHSIMe O~ SiMe O SiMe{ CHCHC R 0w SiMe, CH=CH,, vinyl terminated
dimctl*}yis;_iis:::{ﬁﬂ&diethyisﬁoxam gopolymers having the formula

HO=CHSIMe O(SiIMes O SIELO 5 Me, CH=CH;; wimethyistiony terminated

viﬁyimei‘h}»‘isiisxame@imethy}siimxam: copolymers

it
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MeSIOEIMe O (SiMe{CH=CH 0 S1Mes ({CAS: 67762-94-1 ) viny! terminated
vinyhmethyistioxane-dimethylsiloxane copolymers having the formula

E‘igfﬁﬂ*ﬁi'i{giMf:gO A SIMeCH=CHOLSiMe-CH=CH,; {CAR: 68063-18-1});

vinyimethyisitoxane homopolymers {oyclie and linear) having the formula
MeSHOSIMe(CH=CH 8RS, and vinyt Testructure polvmers having the formula

MeSHOEIMe U SiMe; CH=0OH 51 all commercially available from vendors such as, for
example, Gelest, Ine,, Morrisville, Pa. or Bow Coming Corp., Midland, Mich, Additionat
useful silicones having a plarality of vinyt groups include a vinyl-terminated fluorositicone
that 1s commercially available under the trade designations "SYL-OFF Q2-7785" and
"SYL-OFT Q2-7786" from Dow Corning Corp.

In some embodiments, the 8i-H group of Formula V, Scheme may be converted

1o alkyl groups by subseguent hydrosilviation of an olefin of the formula: CHysCHOH,-

4 1 o - T 4 —~ EEDED .. . . . : e TN : . Ny
RY, where BY s H or Cy-Cyy allov] in the presence of a hydrosilvlation eatalvst.

Again with regard to the silicone of Formula V, Scheme § the Si-H groups may be

onveried to alkoxide groups {(SiH - SEORY and the alkoxy-functional fluoroalkyt
silicone can be subsequently hydrolysis~condensation crossimked by siloxane formation.
(Generally, the hydrides are reacted with an alcohol of the formuda R*-0H to convert all or

\

: . - DN YT gL ¥ 3 oyl s ~N 7 o
a portion of the 3i-H groups to Si-0OR7 groups, where R is a €-Usp alkyl, preferably a

short alky! group for casy hydrolysis. Thus the present disclosure provides crosslinkable,

Huorcalkyl silicones of the formula

H S § .
Si Qe iR
H ¢ R
I{?Hﬁ-QCFEC:HF@~Rf

4 IV

wherein
nis 1o 2000,

nt may be zero, preferably at feast one;

S may be #ere:

t may be zero, preferably at least one;

. < < e - 3 8 A v ey ~ e
1845 H, alkyl or aryl, (UHp)~OCKHCHFOR s or OR* where R s CeCaq atkovl;

S
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g s at feast 3; and

e

By is a perfluovoalkyl group, optionally substituted by one or more in-chain ~QO-, ~8- or —
NRQ« hotercatoms, where Reisa perfluoroalkyd;

with the proviso that the sificone containg af feast one, preforably at least two S{-OR*
groups and the stlicone contains at least one ~«{CH)-O-CFCHF-O-Re grovp, In Formula
TV, the unit with the subscript t may be at least one, preferably at least two, and/or R may
be ~OR*, Further, if only a portion of the Si-H groups are converted to alkoxysilane
groups (S1-ORY, then s may be at least one, and/or a potion of R may be H. Further, the
unit with the subscript m may be at least one, and/or a portion of the R® groups may be ~

=N

3 F o > O
(CH 3 O-CECHE-ORe. In some embodiments R is lower-chain alky! {T-Cig.

- - sl & =3 3 s SR ! 2 . A“'g' 3 . Y X X N =y
preferably C-Cq). In other embodiments R iz fong-chain alkyl {Ci-Csp}

&

Subsequently, these alkoxide groups ($1-OR") may be hydrelyzed by moisture, then
crosstinked by dehydeation, which can be catalyzed by a acid, or acid from a photoacid
generator {(PALG) inttisted by photo trradiation, or a thermal acid generator initiated by
heating to formn stloxane S1-0-81 crosslinked polymers. The acid generator is preferably
free of amines or ammonium conpounds. The crosslinking of the alkoxide substifuied
stiicones by photo irradiation in the presence of PAG is deseribed in US 6129980 or WO
984043% (Liv et al), Incorporated herein by reference.

‘The conversion of all or a portion of the Si-H groups in the silicone to alkoxide

sroups by reacting the hydropolysiloxane with an aleohol in the presence of at least one of

1o

a BP0} and PHO) catalyst according to the methods of U.S.8N 61/739277{Rathore et al)
filed 19 Dec 2012 and incorporated herein by reference.

A wide variety of acid generating materials can be used in the practice of the
invention to catalyze the moisture curing reaction, inchuding ondum saits such as sulfonium
and fodontum salts. Activating the acid gencrating material liberates an acid that initiates
and accelerates crosslinking of the mosture~-curable composition fwough the formuation of
Si-0-Si crosslinks. Activation may be accomplished by irradiating the composition with,
for example, ultraviolet, visible light, clectron beamm oy mictowave radiation. Whils heat
mav be used 10 activate the acid generating material, the compositions of the tnvention
advantageously do not requive this and thereby can aveid undesirable damage to heat

suhstrates.

B
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Although the acid generating material described above is preferred due to the
controlied curability it provides, it has been found that condensation catalysts, such as

strong organic acids, weak Lewis acids, weak organic bases and metal chelates can also be

31

used in the preparvation of the novel silicone pressure-sensitive adhesive. Another

preferred class of condensation catalyst is the strong organic acids having pXa values of
less than about 3 and the ahydrides and armmonium salts thereof deseribed 1 U8, Patent
No. 3,286,815, Exampies of useful strong organic acids and derivatives include
irichloroscetic actd, cyanocacetic acid, malonic acid, nitroacetic acid, dichloregestic acid,
diflnoroacetic acid, trichloroacetic anhydride, dichioroacetic anhydride, diflunroacetic

arthydride, tricthyvlammonium trichloroacetate, trimethylammonium irichioroacetate, and

The condensation catalyst or an scid penerating material is used i amounts of
about 8.5 to about 20 parts by weight, based on 106 parts by weight of the alkoxy
funetional silicone,

The fluoroaikyl silicone of Formula IV contains botk $i-ORY and Si-H functionat

groups are dual curable, which may be contreliably cured inifially via Si-H with a vinyl

siltcone, then moisture or photo-acid cured fram Si-OR” or vice versa.

The fluoroatkyl silicone release materials of Formula can be blended with one or
more additional low surface energy materials {e.g.. a Suoropolymer orsilicone} whils
maeintaining the desired low release characteristics of the Huoresilicone material, even
when the additional low surface energy material itself is not & relegse material. In addition,
in some embodiments, high blend ratios may be used without detrimentaliv atfecting the
readhesion force of the adbesive after removal for the blended release materials of the
present disclosure,

Exempiary low surface enorpy materials that may be blended with the fluoroatkyl
silicone release polymer of Formula | include additional fluerosilicone polymers, including
those described herein, a5 well as non-fluorinated sificones and fluoropolymers.

Flueropolymers can be prepared from a wide variety of fluorinated ethylenes and
non-fluorinated monomers. As used hereln, the term "fluorinated” includes both

perilinorinaied and partialiy-fluorinated materials.

14
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Generally, any knowsn fucorosilicone release polvmer may be used. The term
"fluoresilicone” means a silicone material comprising at least some fluorine atoms on &
pendent groups (.e. fuorealkyl). Exemplary flucresilicone release contings include
release ct}ating compositions derived from organopolysiloxanes having fluorine containing
organic groups and alkenyl groups an organchydrogensiloxane crosslinking agentand a
platinum-~-containing catalyst. Other fluorositicone release voatings may be derived from,

©.42., organopolysiloxanes having Huorine containing organie groups and silicon-bonded

&>

x ~

hydrogen groups, an alkenyd functional organopolysilokane and a platinum-containing
vatalyst,

A munber of useful commercially available fluorositicone polvniers are available
from Dow Corning Corp. (Midland, Mich.) under the SYL-OFF and the SYL-OFF
ADVANTAGE series of trade designations including, e.g.. SYL-OFF Q2-7785 and SYL-
OFF Q2-7786. These Suoresiticone polyvmers ave pariicidarly useful in forming release
coating compositions when combined with a suitable crosshinking agent. One useful

crosslinking agent is available under the SYL-OFF 2-7560 trade designation from Dow

Coring Corp, Other aseful cmssiiﬁking-age\i are disclosed in U8, Pat. Nos. 5,082,706
{Tangney} and 5,578 381 (Hamada ¢ . Qther Soovosilicons polymets are comunerciaily

available from General Blectzic Co. {Albany, NUY.), Wacker Chentie (Germtany ), Akrosid
{Menasha, Wis.), and Lopavex {Willowbroek, HL}. Other fuorosilicone polymers are
available from Momentive (FSR2Z000), and Siliconature (Scotchpak 5741 and M7}

One class of fuoropolymers is based upon fluorinated olefinic monomers such as
terafluoroethylene {TFE), hexafluoropropyiens (HFP), vinyl fluoride (V) vinylidene and
fluoride (VDF) In some embodiments, the fuoroolefin-based Suoropolymers may be
homopolymers or copolymers of flnorinated olefinic monomers. Inv some embodiments,
the fluoroolefin-based flugropolymers may be copolviners of one or more flyerinagted
olefinic monomers and one or more othey monomers, including, e.g., non-fluorinated
olefing such as ethylene, chiorinated olefins such as chilorotrifiuorosthylens, and
fluorinated vinyl cthers such as riflucromethyvivinylether.

in some embodiments, the fluoroolefin-based polvmers may be amorphous
fluoropolymers. As used hereln, amerphous fluoropolymers are materials that exhibit

essentially no crystallinity or possess no significant melting point as determined for

b

st
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example by differential seanning calorimetry (DSC) In some embodiments, the
ameorphous Huoropelymers are elastomeric. In some embodiments the elastomeric

3

fluoropolvmers may comprise, e.g.. interpolymerized units derived from VDF, HFP, and,

i

optionally, TFE mononers, Exampies of such are commercially available from 3%
Company under the trade names Dyneon™ Fluoroelastomer FC 2145 and FT 2430,
Additioval amorphous Sucropolymers include, e, VDFchlorotrifluorocthylene
copolymers, commerciaily available under the trade name Kel-F™ 3760, from 3M

Company. '

In some embodiments, the fluovoolefin-based polymers may be homopolymers and
copoalymers that do exhibit crystalline melting point. Exemplary erystailine
fluoropoivirers include those based on fluorinated monomers such as TFE or VDF such as
polvvinviidene fluonide (PVEF), available commercially from 3M Company as Dyneon™
PV, or thermoplastic copolymers of TFE such as those based on the ervstalline
microstructure of TRFE-HFP-VDF, e.g., those available from 30 under the trade name
Dyneon™ Fluoroplastic THV™ 220

in some embodiments, the fusroolefin-based polvimers may include PYDES
comtaining Tuoroplastic raterials having very low molar levels of HEP such as those sold

under the frade name Dyneon™ PVDF 6010 or 3100, available from Dyneon LLC, of 3¢

Paal, Minn.; and Kynar™ 748, 2800, 9301, available from Bl Atochem North America

A separate elass of fuoropelvmers usefud in some embodiments of the present
disclosure are fusroacrviate polvimers, which are based upon (methlacrvlates (i
acrviates and/or methacrylates) having pendant Huoroalkyl groups. Fluoroacrylate
polymers dertved from fluoroacrvlate monomers and multimethlacrylates such a
polyethylene ghveol diavrviate (PEGDA) or Lé-hexanediol diseryvlate (HDDAY will form
nondinear {¢.g., branched and/or crosslinked) fluoropoivmers. Fluorsacrvlate polymers

dertved from fluoroacrylate monomers and mono-{methiacrylates such as € -Csqo acrvlates

{e.g., Ceyp aorviates such as butvl aceviate, mooctyl acrviate, 2-ethytheryl acevlate, and

Y

octadecyt acryviate} form linear Huoropolymers.

N3

Such fluoroderviate monomers can be polymerized to vield a fuorinated acrviic

<

e

polvmer as desceribed in US 7199197 (Caldwell etallyand US 7297210 (Qui et al). The

L,
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fluoroacrylate monomers can also be copolymerized with one or more comonomers such
as mono-{methjacrylate monomers to produce linear fluoropolymers according to some
crabodiments of the present disclosure. Inn some embodiments, the comonomer may be an
alkyl mono-{methjacrylate. In some embodiments, the alkyl mono-{methjacrylate is 8 Cy~
Csis .84 a Cs 10 Cog alkyl mono-(methiacrylate. Representative examples of useful alkyd
meno-{methjacrylates include methyl(methjacryiate, butyl{methiacrvlate, isobutyl
{methjacryiate, hexyi{methiacrylate, dﬁm,m*igmcm}acmime cctadecyl{methacrylate, and
2-ethylhexylmeth)acrylate.

The ratio of fluorcalky! silicone release coraposition to fluoropolymer (¢.g., Hnear
fluoroacrylate polymer or fluorcolefinic polymer) can vary widely, For example, in some

embodiments, the weight ratio of the fluoroalkyl silicone release polvmer of Formula o

Vr;/

the linear fluoropolymer is no greater than 10:1, no greater than 5:1, or even noe greater
than 311, In some embodiments, it may be desirable to winimize the amount of the
refatively expensive Huoroalkyl siticone release polymer of Fortnula L, while retaining the
required release and readhesion properties. In some embodiments, the weight matio of the
fluoroalkyl silicohe release polymer of Formuda 1o the Hnear Suoropolymer is no greater
than 111, no greater than 115, no gresler than 1,10, or even no greater than 1:20. For
example, in some embodiments the weight ratio of the fluoroaikyl siticone release polymer
of Formuda 1 to the Unear HSuoropolymer is between 101 and 11290, e.g., between 311 and
1:20, inchusive; between 211 and 1:19, inclusive {e.g., between 1:1 and 1:19, inclusive), or
gven between 21 and 113

In other embodiments, the Svoeroalky! silicone of Formula 1 may be blended with
non-fluerinated silicone polyiers, including vinyi-substituted {described supra), hydrogen
{Si-H) substituted silicone polymers, and non-functional silicone polyraers. As previous
described for the viayl-substituted silicone polymers, the hydrogen-substituted and non-
functional silicone polymers may comprise M, D, T and Q wnits. Vinyi-substituted and
hydrogen-substituted (Si-H} silicone pelymers are described in US 7279218 (Qiu et al),

incorporated herein by reference.

The present disclosure further provides coating compositions comprising the

of Formula § in g suttable selvent. Insome embodiments, the

{unn
(e
e
faw
<
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b
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fuoroaikyl
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disclosure provides crosslinkable costing compositions comprising the fluorcalico silivons

X

of Formula 1 and a crosslinking agent in a stable solvent. In other embodiments, the

1

fuoroalky! sthicone of Formula IV, containing hydrolysable 8i -OR? groups, s seifs

o

crasshinking by formation of siloxane bonds,

(¥4

‘The term “coatable™ or "coatable composition” means that the composition is
soluble or dispersible in solvenis or water and is substantially gel-free and, that it can be
applied to a subsirate using standard coating methods, and that # forms a film upon
heating or curing. The coatable compositions of the invention can be used to impart
release properties 10 a wide variety of substrates.

10 The coatable compositions are preferably diluted or dispersed in a Hquid (for
example, water andfor an organie solvent) before conting a subsirate. Preferably, the
coating compositions contain from about 5 to about 13 percent solids {more preferably,
about 2 10 about 10 pereent), based upon the weight of the coating compositdon.

The coatable compositions can be applied o fibrous substrates (for example,

i3 woven, knit and nonswoven fabrics, textiles, carpets, leather, or papery to impart water-
and oil-repeliency. The coatable compositions can be applied to a substrate {or articles
comprising a subsirate) by standard methods such as, for example, spraying, padding,
dipping, soll coating, brushing. or exhaustion,

The composition can then be dricd to remove any remaining water or solvent.

20 Preferably, the coated composition is heated to a temperature between ghout 100°C. and

ghout 175°C. The coatable compositions are useful as release coatings, and can be applied

to surfaces reguiring release properties from adhesives, Surprisingly, dried costable
compositions of the invention show significant solvent resistance.” The coatable

compositions can therefore be used as release coatings for solvent cast adhesives.,

fod
LAY

Substraies suilable for release contings nclude, for example, paper, metsl sheets,
foils, non-woven fabrics, polyolefin coated paper, and films of thermoplastic resins such as
polyesters, polyamides, polyolefing, polycarbonates, and polyvinyl chloride. Relea
coating compositions can be applied to suitable substrates by conventional coating

T

technigues such as, for example, wire-wound rod, direct gra offset gravure, reverse

]
o]

roll, air-knife, and trailing blade coating. The resulting release coating composiiions can

wovide effective release for a wide variety of pressure sensitive adhesives such as, for

oo
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example, natural rubber based adhesives, silicone based adhesives, acrylic adhesives, and

other synthetic film-forming elastomeric adhesives.

Examples

Bisterials:
CiF,OCHFCROCHCH=CH, (PES) was made from O3FOCF=CF; and HOCHCHsCH;,
by similar procedures described in US Patent Publication No, 2005/0113608, excent that
{.2-dimethoxyethane (from GFS Chemicals, Inc.) was used as solvent.
{,2-dimethoxyethane was obtained fom GFS Chemicals, Inc., Poweil, OH.

“SyI-OH TO48” ts ¢ 100 weight percent solids silane crosslinker {said to comprise
methyihydrogen cyclosiloxane, Viscosity- 30 centistokes) having H-81i equivalent weight
of 64}, obigined ﬁ‘ca“v; Do

“Sy-OHER 70487,

ow Coming Corperation, Midland, MY, under the trade designation

“"P-Cat” (Karstedt catalysty was bis(1,3-divinyl-1,1,3 3 -{etrtametyidisiioxane} platinum($)
{2 wit platinum in xylene), purchased from Gelest, Ine., Morrisville, PA and kept in the
dark before use.

“2-TTBSY, 15 an 80 wil% solution of fluorosiiicone polymer dispersed in heprane, obtained

from Dow Corning Corporation, Midland, Michigan, under the trade designation of *Syi-

O Q2-77857, having the following structure:

Me  Me Me e he
i 1 oy I | |
H, G G Bib O Sttt O Stk O § ~*—O‘}—--S‘* C=CH,
oo ik R i ¢l M -
Mg Me CHy CH Me
CHy 13
L CHy
CyFy

(X = 490; ¥ = 210;

“I2-TTEGT ks g 100 wits flvorasilicone polymer obtained frova Dow Corning Corporation,
Midland, Michigan, under the trade designation of “Syb-OffR (32.7786", having the

following structure:

19
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?Efie" Me 1 !"‘ Me We
H . O Do St Qe S O S o~-qsmc“-c~;.,
ST A e
Me | Me | x[ 5;3?‘%2 Me
GHe
H
CyFa

0 =Y =48)

“I2-73607 13 a 100 wi%s crosslinker, obtained from Dow Coming Corporation, Midiand,

Michigan, under trade designation “SyLOHR Q2-75607 having the following structure:

Ly

Me  Me H Me
Me—Si- 0

T
Me CH,

&

§

g

i
e
Aecssrdosd

U

(X=12, Y=28)

Test Methods

Method for % Extractable Silicone Test

10 The silicone coat weight of a 3.69 centimeter diameter sample of coated subsirate

ES \«»
was deternuned by comparing samples of coated and uncoated substrates using an EDXREF
spectrophotemeter (obiained from Oxford Instruments, Bik Grove Village, T under trade

designation OXPORD LAB X3000).

Urweacted silicone extractables were measwred on cured thin film formulations of

28

is Example and Comparative Fxample samples described below to ascertain the extent of
sificone crosslinking immedintely after the costings were cured. The percent extraciable
silicone, {i.e., the wweacted stheone extractables), a measure of the extent of silicone curs

on a release liner, was measured by the following misthod: The coated substrate sampie

was curved at then iramersed 1 and shaken with methy! isobutyvl ketone (MIBK) for §

e
(207

minutes, removed, and allewed to dry. The silicone coating weight was measured again.
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Silicone extractables were attributed o the weight difference between the silicone coat

weight before and after extraction with MIBK as a percent using the following formula:

Extraciable Silicone% = (a~ b}/ a™* 100%

i

Where &

b .

initial coating weight {before extraction with MIBK); and

H
i

= final coating weight {after extraction with MIBK).

Every number is the average of at least two {ests.

Method for Release Test
Release Test
Arn IMASS SPI0G0 slip peel tester (obtamed from IMASS Ine., Accord, MA) was

used for all release tests. Tests were performed at 21°C at 58% RH. A plece of 2.54 om

wide 3M Tape 610 {commerciaily available from 3M Company, St Paul, MN under trade

£

gsignation “Scotch® Premium Celophane Tape 6187} was laminated to the sample
g p

b

coatings with a 2 kg rubber roller, then peeled at an angle of 1807 at the speed of 2.29

E%’

per minute in 5 seconds. Typically, 3 measurements were made and the mean reported.

Re-adhesion Test on Stainless Stesl

The 3M Tape 610 strips peeled in the Release test were laminated to a steel plate

with a 2 kg rubber roller. An IMASS SP2000 ship peel tester was used to peel the tape at

-

an angle of 1807 at the speed of 30 em per minute in 10 seconds. Tvpicaily, 3
measurements were made and the mean reported. ' When measuring re-adhesion fora
sample, re-adhesion value of a pristine sample of 3M Tape 618 which was not contacted
with release coatings was also determined {(as an internal control) and the data for the

coptral was reported along with the data for corresponding samples

hiethod for Determining Countact Angle

Py

Cloated films prepared i

b3

xamples and Coated Examples described below were

mz
'It’:p]

rinsed for 1 minute with hand agitation in an isopropanol (TPA) bath prior to water and
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hexadecane (HD) conlact angles measurements. Measurements were made using a VCOA-
2300XE video contact angle analyzer {available from AST Products, Billerica, MA)
Reported values are the average of at least 3 drops: cach drop was measured twice, Drop
volumes were 5 uL for static measurements and 1-3 pl for advancing and receding. For
HD, only advancing and receding contact angles are reported because static and advancing

values were found 1o be nearly equal

Preparative Example I {(PED

Preparation of ~[SiMe(C JHgOCHFCF ;008 n-0F-{SiMe H-Olm-, nim = 3367
3 Sc}‘i Rﬂi
; Ri 3 CH =CHCH,-ORS ; é a 11 EE; o v
== Si- S O S O
' Si S B Catalyst” b 4l ! <M
"
CH,-O-Rf

Pt-Cat {40 ppin} and GiF0CFRCHFOUHCH=CH; (8.3 2} was mixed togetherin a.
100 ml round bottom flask followed by dropwise addition of the Syb-Qf 7048 (3 )
flwough a dropping funnel at room teraperature. The addition of Syi-08f 7048 resnlted in
the evolution of heat after 20-60 seconds of stirring. The mixinre was stirved for an
additional 30 minutes followed by the analysis of the mixture by FT-IR {(5-H at ~2160
oy reduced) and TH NMR (Si-H at 4.5 ppm reduced). To isolate the product, any
unreacied/residual CrFOCECHFOUHCH=CH, was then evaporated using vacuam,

Es

Yield- 99% and the ratio of rum was 33:67. Chemical shift of 'H-NMR: 5.8-5.9 {bm&é

o

spiit peaky; .57 (<SiA; 3.9 (b 1.76 {hy 147 (b, 102 (broad), .63 {broad); 0.2

{broad, -SiCHy) ppm.

ols]

Wl
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Preparative Example 2 (PE2)
Preparation of ~fSiMe{CHOQURFCOFOUF dn-Q - [ RiMe -G lm-, néim = 1000

R1 CH,=CHOH,-ORE ’1 A
P TN ' | PSP
A - si-o-f-si-of;
H ¢H, H
CH

b "Pt Catalyst”
|
OH-G-RY

o

[

[/

PEZ was prepared wn the same manner as PET except that PH-Cat {40 ppm) and

CaltOCECHFOCHCH=CH; (28 g} was mixed together v a 100 mil round bottow flask

followed by drop wise addition of the SybROfF 7048 (5 ¢) through a dropping funned at

: re 2 3 e 3 » ~ = s ~ v { o+ o 1y % &
room temperature. Yield- 89% and the ratio of num 18 106:0, Chemieal shaft of "H-NMR:

o]

5.8-5.9 {broad split peak); 3.9 (b}, 1.76 (b}, 1L.47 (b}, 1.02 {broad), 0.63 (broad); 0.24

{hroad, -SICAL) pom.

Preparative Example 3 (PE3)
Freparation of —[SiMelC i HOCHECF QU )n-0] - [Sile H-Qfm-, nim = 3367

T4

R \ CH,20HCH,-ORS

R
L]
«Mbswa»»r ol B A
c
s

L In “Pt Catalyst’
H

PE3 was prepared in the same manneras PED except that Pe-Cat [40 ppmi and

CaF-OCF,CHFQCH,CH=OH; (16 ) was mived together in a 1O mb. round bottom flask

28 followed by drop wise addition of the SvI-O 7048 (5 g} through a dropping funnel at

room temperature. Yield- 99% and the ratio of num {s 67:33. Chemical shift of "H-NMR:

5.8-5.% (broad split peaky 4.57 (<8iH); 3.9 (by; 1.76 (b), 1.47 {b), 1.092 {broad), .63
{broad); 0.24 (broad, -SiCH:) ppm.
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Preparative Example ${PE4)

Preparation of =[SiMe(CyHOCHECF ;00 F jn-0F-{ SiMe H-O Jm-{ Side - O f . nimip
a3/ ” 37433

3
R1 R1 3 £
i ol 1 CH,=CHOH,ORE . F?’ v p R1 AL
e i == L i o . i
prSt Ot $i-0 = - —— b G O } St Gt
1 ‘ Pt Catalyst” i B - ip
R CH, RY
CH?
{.,,H@,*O Rf
PE4 was prepared in the same mamner as PEL except that Pt-Cat (40 ppnt] and
FoOCF:UHPOUB:UB=CH;y (5.4 ¢} was mixed together in 2 100 mL round bottom fask
1 followed by drop wise addition of the Syl-Off 7048 (S p) through a dropping funnel at
roomn temperature, Yield- 99% and the ratio of nfm/p = 0.30/0.37/0.33, Chemical shift of
HNMR: 5.8-5.9 (broad split peak); 4.57 (-SiF); 3.9 (b 1.76 (), 147 ¢b), 1.02 (broad),
0,63 {broad); 0.24 {road, -SiUHD) pps.
15 Preparative Examples 5-13 (PES-PEL3)
Preparation of fluerinated alkenes:
PES-PEI] fluorinated alkenes were made according to the following reaction with
different Ry and different space linkages as shown below by similar procedures deseribed
1 US Patent Publication No. 2005/0113609, except that 1 2-dimethoxyethane (from GFS
20 Chemicals, Inc.) was used as-solvent, The PES-PEI3 fluorinated alkenes were
consequently useful for making various Suorinated silicones.
Re-OCEFCFy + HO(CHy I -CHsCH; = ReOCHFCF-O-(CH x-CH={H;
25 PES: GFOCHPCEOCH CHSCH,, b.p. 112-115°C

.
St
Lt
[

CsFOCHPCFO(CH B OHSCH,, b.p. 136-138°C
CiF,QCHFCERO(CH, UH=CH,, b.p. 78-72.5°C139 mmHg
CiFQUHEFCEOCH W CH=CH;, b.p. 93-94°C/26 mmilg
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PES:  CoFOCHFCROCH pOHSCH, b.p. 93-97°C/5.3 mmig
PELD: O OCHPCROCH, )yCH=CH,, b, 101-103°C3.2 mmHg

1ETLIS4°C
9284 /26 wamHg
CTETENC Yemmblg

PELL: CROICF 1 0CHFCRO(CH ,CH=CH
PE12: CFOCE 100 m_*m@{cﬁg}agcgfzﬁg‘
PEL3: B 00 F(CE R OCHFCRO(C H nOH=CH,,

P
o
o=

o

,,
g

,,
!

Examples §- 19 (EXI -EX}?}} and Comparative Examples 1-12 {CEX»EEEE}

EX1-EX19 coating solutions were prepared by first dissolving PET, Q2-7785, and
(32-7786 thoroughly in a mixture of heptane/ethy! acetate (80:20 mixture by weight) to
result i 10 or 20 wi % solutions then mixing PRI solution with either (2-7783 solution ov
32-7786 solulion thoroughly. The concentration of the PEV(Q2-7785 mixture or PEV/Q2-
7786 mixture in the coating selution was either 10 or 20% by weight.

CE-CELR coating solutions were prepared by first dissolving (27560, §2-7785,
anted Q2-7786 thoroughly in a mixture of heptane/ethy! acetate (80:20 mixture by weight) to

sult in 10 or 20 wi % solutions then mixing Q2-7560 solution with either Q2-7785

solution or Q2-7786 soiution thoroughly. The concentration of the Q2-7560/Q2-7783
muixture ov Q2-7560/Q2-7786 mixture in the coating solution was either 10 or 20% by

weight.

The resulting EX1-EX19 and CE1-CE12 coating sohutions were then coated on a

Zomil {6.058 millimeter (mun}) thick polvester terephthalate (FET) Slm (oained from
Mitsubishi Polvester Film, Greer, SC, under the trade designation “Hostaphan ™ 38AR”,
which has one side chemically treated or primed to smprove the adhesion of silicone
coatings} with different size of Mayer bars for ditferent coating weights., All coatings wers
cured at 120 °C for 2 minutes in an oven equipped with solvent exhaust, Table I, below,
sumnmarizes the compositions of the conting solutions as well as the size number of Mever

bars used for preparing the coatings.
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Fxample

Ratio of components in coating

solution {parts by weight)

- Solution

- {wtha)

- concentration

PLL

Q2-75360

027786 |

NMever

har used

8

-

i

$

{

EX4 1 b ¥ 16 18 &
CEY { i 32 O g 6
CE2 & i 32 { 120 &
CE3 & i 32 {3 20 12

LORd 0 i1 18 10 6
CES 0 12 0 26 &
CES ¢ 32 0 20 12
XS 1 0 ] o ¢ 3
EX6 1 o 8 0 29 &
EX7 i o 8 0 30 112
CE o 1 0 15 10 6

[#5]

0

{

£
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o]
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EX1D 1 { e ¢ 10 6
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X111 0 S ) 10 6

EX12 1 |0 16 0 20 6

EX13 i O i6 O 24 2

P EXT i & 8 & 20 6
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Table 2

Example Initial coating Afler extraction % Extractable
weight {gsm} coating weight {gsm) | silicone

X1 $.309 (.282 8.6

BEX2 8.627 0.601 4.1

|

X3 1.245 ‘ 1137 8.

X4 (3.238 ‘ 0.232

L

2 2.5
CEI 038 0.29% 6.2
CE2 L0638 Y 4.8
CE3 | 1.240 1197 34
CE4 0.239 6.226 5.4

The water and hexadecans contact angle measuyrements were done for EX5-EXY and CES-

fw\

CE& samaples using the metheds deseribed above. The results are summarized below n
Table :
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Release testing of EXI0-EX19 and CES-CEI2 were done using the methods described

above. The results aresnmmarized below in Table 4.

Table 4

hmmpi Coating | Release Readhesion | Release type

weight (g} (gem) {gfom)

»%

Control tape for | NVA NM 384,17 - INAM
CES-CELID

CES

o
o
[
P
pad
N
&0
e
e

- Smooth

CEID - Smooth

P

g

£z

s

(5% ]

Lo

d i}
|5

§od

g bl
la s

Cad

¥
Py

Control tape for | N/A N/M
EX10-EX

WM

]
s
Pt
153

EX10 0324 sss Smooth

EY
Gord
L

v

EX11 U030 448 Smooth

4
Control tape for | N/A P NIM
EXNIZ-EXLT

[ ]

2
st
e

N/

EX12 £.631 1 4.88 2802 Smoeth

BX13 1245 484 2897 Smooth

EX14 0.627 3,38 304.9 Smooth

EX1S 1.294 3.07 314.1 Smooth

EXi6 0.613 1.54 2812 | Smoath

EX17 1.280 65 2782 Simoath

Comtrel tape for | N/A NiM 262.0 MNAM
CEXIE-EXIS
Vand CE1L-CRAZ

Smooth

L]

EYTR N/M 143,

ek
L
A~
o

Smooth

e
]
Lo f

CEX19 NAM t42 | 168,

B Wint Smoath

e,

A6 187,

4

e 3

Bz N Smoih

[E]
s
P

2.1 207,

N/A means not applicable, N/M means not measured.
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What 1s claimed is

i, A fuorcallov] silicone of the formula:

L%

sach R’ iy independently an alkyl or aryl;

Ryiy a perfluoroalky! group, optionally substituted by one or more fn-chain ~O-, -
S- or -NRy'- heteroatoms, where Ry is a perflucroalkyl, preferably a € -Cs
perfhuoroatkyl;

10 R4 -H, -f,;};a_“; where R s a C-Cy alkyl

P may be zero,

n-h o p s at least one;

=
e

at

it

east 3;

1%

R is i, alkyl, anyl ~{(CH)-O-CFCHF-ORg, or RS,
whersin the Suorpalky! silicone has at least one fluorinated group of the formula -

(CH)-O-CF,CHF-O-R,

20 2. re flucroaikysilane of claim 1 wherein Ry is a C-Cy pertivoralky! group.
3, The fluoroaiky! silicone of claim 1, wherein Ry is selected from CF;, -CFECF;, -
Callg, -Ualy, -Cstyy, ~UsF i, CEFO(CE: 1O -, (CF pNICE, h U~ ~CFOH T,
and CaF00FCFHCF,-
23
4, The fluoroaikyi sihicone of claim 1 wherein Ry s of the formula O F 30 -{0-CiFau b,

[

where ris at least |, s s at least 2, and t1s from | to 10,

31
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The fluoroalky! silicone of claim 4 wherein each of subscripts rand s are 30 6.

The fluoroalky! silicone of claim 1 whersin Ryis of the formula CF e NICFa -

CFae-, where 1 is at least

e

N

& fluoroaltkyl stlicone of clanm 6 wherein each of subseripts roand sare 310 6.

q
trerd
)

he fluorcalkyl silicone of any of the previous claims where the ratio of m to p is

-~

from 180 : § 1o 585

The fluorcalkyl silicone of any of the previous claims where the raticofmto p s

from 30:50 1o 20:80,

10, The Quorealkyl silicone of any of the previous claims having a M, of at least 400,

The fluoroalkyl silicone of any of the previous claims wherein m is at least 2,

12. The fiuf}ma}_k}v‘i sificone of any of the previous claims whersin R is ~{(CHa)-0-
O-Re where ¢ is ot least 3 and Reis a perfiuoroalkyl group, optionally

substituted by one or more In-chain O, ~3- or ~NRy - hateroatoms.

The flnoroalkyl siicone of any of claims 1 o 12 whereln p is at least L and R is HL

4. The fluoroalky! silicone of any of claims I to 12 wherein pis at least {and R s ~

O-R7, where RY is OOy alkyl,

L

The fluoroalky! silicone of any of the previous elaims wherein p is 10 1o 20060,
A method of maling the Suoroalkyl silicone of elaim 1, comprising

&

hydrostiviation of a perfluoroaliy! atkeny! ether of the formula:

RO CHEFCF O CH o CH=CH, wheredn

L
2
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Ry is a perfluoroalkyl group, optionaily substituied by one or more in~chain (-, -
8- or «NR¢' - heteroatoms, where Ry isa perfluoreatkyl;

with a with a hyvdrosilicone of the formula:

_ R? - . 31 “““ ‘ F;-{*
RO~ — S0 ———8-0t—Si-R?
Rs E H YR where
3 cach R is independently an atkyl or arvl;
nis O to 2000; and
v may be zero;
R is H, alkyl, or anvl,
said hydrosiiylation in the presence of a hydrosilylation ecatalyst;
16 with the proviso that the hydrosilicone contains at least one Si-H group.
i7. The method of claim 16 wherein the perfluoreatky! alkenyl ether is prepared by
reaction of a perftuoro{viny! ether) of the formula:
ReO-CF=CF;  with a compound ef the formula;
13 HAO-{UH )2 CHSCH,
g is at feast 3; and
Ryis a perfluoroalkyl group;
it the presence of a base catalyst.
20 i8. The method of elaim 16 wherein the hydrosilyviation product 13 of the Tormula:
CH,~OCF ,CHFOR,
g
where
Ris s wdependently an alkyl or aryl
nis {10 2006,
25 m may be zero when R is SCHa - O-CECHE-O-Ry;
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s may be zere when R is 1

R is I, RY or -CHy)-O-CF,CHF-O-Ry

q is at least 3

Riisa perﬁucrozﬁk}:‘i group;

with the provise that the silivone contains at least one 8i-H group and af least one ~

{(\ H ‘3_:}(; (0 }‘1 CHER SETCUPR.

=

The method of claim 18 comprising the further step of alkoxylation of the 8i-H

groups with an alcohol of the formula RVOH, where R €-Cy alkyl.

20, The product of claim 19 of the formula:

wherein

1 15 8 to 2004;
my may be zore when RV s —{CH - O-CFUHE-G-Ry

t .z‘nay' be zero when RS is ORY,

kvl or arvl or ORY where B is Hoor C-Cy atkyl or ~{CHa)-O-CFCHF-

>
o

s
bEs3

s
,.M
ford

ol

{:}*R{;
Reis a perfinoroalkyl group,
with the proviso that the silicone comains at least one, preferably at least two Si-

OR? groups and at least one -CHy)-O-CFCHF-G-Re group.

[

A release Biner comprising 8 backing and a layer of the cured coating of the
{luoreatkyl silicone of any of claims 1-15 on at least one major surface of the

backing.

=

)
s
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26,

P2

o]
o

28,

34,

=~

The release Bner of claim 21 wherein at least one of R® angd R of the {luoroalkyl
T . 4 X 4 s B Fat) ]
sificone s ~OR°, where R™ 15 (-Cy alkyl

The release liner of claim 22, wherein the fluoroalkyl silicone 13 motsture cwred.

The refease Hner of clatm 21, wherein at least one of R™ and R of the fluoroalkyl

silicone is H, cured with a vinyl silicone.

The relzase Haer of claim 24, wherein the fluoroalkyl silicone is hvdrosiiviation

cuved in the presence of a hvdrosilylation catalyst,

The release liner of clabm 24 wherein af feast one of R and R of the fluoroalky!
silicone 18 M, and at least one of R™ and R of the fluorpalky! silicone s -OR4 and
is cured by hydrosilylation with a vinyl silicone , and moisture or photo-acid cured

o~ v 4
from Si-OR°

The release liner of claim 22, wherein the floorealkyl silicone is photo trradiation

cured in the presence of & phofoacid generator.

An adhesive article comprising {1} a release liner comprising a backing and a cuved
release coating comprising the fluoroalkyl silicone any of claims 1-135 on at least
oné surface of the backing, and () a pressure-sensitive adhestve in contact with a

surface of the release Hner

The adhesive article of claim 28, further comprising a second backing adhered to
the adhesive surface on the opposite sueface of the release liner
The adhesive artdele according to any one of claims 28 to 29, wherein the adhesive

*’emprw a silicone adhesive,

1e2
LAy
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[R¥]
s

The adhesive article according to any one of claims 28 to 29, whersin the adhesive

comprises an acrylate adhesive.

32 A coatable release solution comprising the Huoroalkyl silicone of any of claims |

1o 13 and a solvent.

5]
Lt

The coatable reicase solution of claim 32 further comprising & non-fluorinated

organopolvstioxane polymer.

34, The coatable release solution of claim 32 further comprising & linear

finoropoiymer.

L
(%]

T

he coatable release solution of claim 34 wherein the lingar Huoropoiymer is a

3
¥

Huorcalkyl gerviate polymer.
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