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POLYFUNCTIONAL PERHALOGENATED POLYORGANOSILOX-
ANES AND THE PROCESSES FOR THEIR PREPARATION

The invention relates to (per)halogenated polyorganosiloxanes (POS)
derived from (per)halogenated olefins (e.g. o-olefins) by means of a
hydrosilylation reaction, it also being possible to present said reaction as the
addition of a hydrogenated silicon compound onto a halogenated reactant having
one or more ethylenic or alkynylic units of unsaturation.

Without implying a limitation, fluorine is more particularly intended
as the halogen.

The present invention thus relates to halogenated - preferably
fluorinated - cyclic or non-cyclic (poly)organosiloxanes having at least one
silicon atom substituted by at least one halogenated (e.g. fluorinated) radical Rf.

The present invention further relates to a process for the preparation
of such compounds. .

The role of halogens, particularly fluorine, and the carbon-fluorine
bond in providing organic polymer systems with specific properties is well
known in polymer chemistry.

Tt is known in particular that the effects of fluorination, and more
precisely of the introduction of perfluorinated units into polymers, are:

- to lower the surface energies,
- to improve the thermal and chemical stability and
- to impart organophobicity and oleophobicity properties.

This type of functionalization by halogenation, and in particular by
perfluorination, has been applied to silicone polymers, particularly of the cyclic
or non-cyclic polyorganosiloxane type, since the 1970s.

Silicone oils grafied by fluorinated units are thus available which
have applications in the textile field as stain or dirt repellents or which can be
used as lubricants, as antiadhesives specific for certain adhesives (silicones of
high adhesive strength), as grease repellents or else as antifoams. Fluorinated
silicone fluids can also be formulated with different thickeners to form mastics
or any other sealing and/or jointing materials. '

In crosslinked form these fluorinated silicones can be shaped into a
variety of engineering parts by molding or extrusion.

For further details on these fluorinated silicones, reference may be
made to the article by OGDEN R. PIERCE entitled “Fluorosilicones™ - 1970 -
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John Wiley & Sons Inc., pages 1 to 15.

A first known strategy for the industrial synthesis of silicones
containing perfluorinated units consists essentially in “hydrosilylating” a
dihalogenohydrogenoorganosilane, such as MeHSiCl, (Me = methyl), with an
unsaturated compound carrying a perfluorinated unit and having the general
formula CH,=CH-Rf (Rf = perfluorinated unit). The addition of the silane
onto this olefin yields a perfluorinated dihalogenoorganosilane, which can be
hydrolyzed to produce a functionalized silicone; this can be a cyclic tetramer,
for example. It is possible to subject the latter to a redistribution reaction to
give a perfluorinated linear polyorganosiloxane (POS). The hydrosilylation
reactions which are involved in this kind of synthesis, and which use various
combinations of silicone hybrids and perfluorinated olefins, are known to be
catalyzed by selected metal compounds, particularly certain group VIII metals
such as platinum. Pt/Sn complexes have thus been employed as hydrosilylation
catalysts - ¢f. patent US no. 4 089 882 (SHINETSU). This synthetic strategy
appears to be relatively complex and hence expensive.

With a view to industrial simplification, a second synthetic strategy
has been proposed which is based on the direct hydrosilylation of a silicone-
containing SiH units with an o-fluorinated olefin, e.g. of the type CH,=CH-Rf,
this perfluorinated unit Rf being attached directly to the olefinic CH by a carbon
atom carrying at least one fluorine atom. Here again a variety of group VI
metal catalysts, in particular those based on platinum, are used in this
hydrosilyldtion reaction. It has been found, however, that these catalysts do not
afford very high yields. In particular, the conventional industrial hydro-
silylation catalysts based on platinum (for example of the KARSTEDT type) are
not very efficient. Moreover, it has been observed that substantial amounts of
by-product are generated, obviously to the detriment of the perfluorination of
the silicones. In these known perfluorinated POS, the radical Rf is joined
directly to the Si of the silicone chain. In other words, the linkage in this case
corresponds to -CH,-CH,-(CH,)-_ where m = 0.

It is these linkages which are used in patent US no. 5 233 071.
They originate from the hydrosilylation of a-olefins. However, to overcome the
deficiencies of the hydrosilylation catalysts used in the prior art, the process
described in said patent involves cobalt-based organometallic complexes
[(Co,CO,, Co,CO)PR,),, where R = alkyl, aryl]). Such a technical proposal
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has appeared unsatisfactory because the reaction times obtained are of the order
of a few days and it is essential to use a substantial amount of catalyst (1-2%),
which is particularly unfavorable in terms of the economics of the process.

One appreciable disadvantage of these cobalt-based complexes is
that they catalyze reactions other than hydrosilylation. In particular, they are

capable of taking part in polymerization processes involving the rupture of

epoxy rings. This lack of specificity is particularly troublesome. Moreover,
these are not industrial catalysts.

Patent US no. 5 348 769 discloses linear or cyclic polyorgano-
siloxanes comprising siloxy units D substituted by a first perfluorinated
functional unit of the formula -R*ZRf, and other siloxy units D carrying a
second functional unit of the ether-hydroxyl or alkyl-hydroxyl type. The
linkage or bridge joining Si to Rf in the first perfluorinated functional unit
consists especially of -(CH,) Z, where x = 2, 3 or 4 and Z = NHCO, NHSO,,
0,C, 0,S, OCH,CH,, NHCH,CH, or CH,CHOHCH,. The catalyst used is
preferably chlorbplatinic acid. This is not one of the simplest techniques as it
requires the prior preparation of the perfluoroalkylated olefinic reactant. This
considerably lengthens the synthesis times and hence increases the cost of the
process. . '
Apart from these linkages whose precursors are perfluoroalkylated
c-olefins of the formula CH,=CH-Rf, the technical literature of the prior art
also describes bridges whose olefinic precursors are of the type CH,=CH-D)-
Rf, the chemical bond between (D) and Rf being an ester bond. The latter
results from the reaction of a carboxyl group with a perhalogenated alcohol,
preferably perfluorinated alcohol, and said carboxyl group is generally the
hydrolysis product of an acid anhydride.

Thus PCT patent application WO 94/12561 discloses POS grafted
by fluorinated units only in the o and » positions at the ends of the silicone
chains. These POS a,v-perfluorinated on alkyl ester groups do not exhibit
optimum properties in respect of surface tension lowering or oleophobicity and
hydrophobicity.

European patent application no. 0 640 644 describes perfluorinated
(Rf) silicone derivatives which can be used in cosmetic formulations. These
perfluorinated silicone derivatives are characterized by siloxy units D carrying
three different types of perfluorinated grafts, namely:
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l (l?H-_.O——(CI-!z);Rf

(CH=)|.——-O—'—'CH

l I
CH,0—(CH,)—Rf (CH)—(OR’),—O—(CH,),—Rf

) _ @

|
(CH)—0—CH,

" CH—0—X—R?
CH,—O—y—Rf

3

where R?, R® = alkyl, e.g. CH,;
2<i<16,egi=31<smn<6,<p<200;0<r<50;

the number of siloxy units D grafted in this way is between 1 and 200; and
X, Y = single bond, -CO- or C,-Calkylene.

A common feature of these perfluorinated grafts (1) to (3) is the
presence of ether bonds within the linkage joining the perfluorinated radical Rf
to the silicon. Each of these ether bonds represents a possible point of rupture
by chemical attack, under certain conditions.

' This is a major disadvantage of these known perfluorinated POS
because the labile character of the perfluorinated groups is clearly unacceptable
in certain applications.

This review of the prior art shows that there are no chemically
stable, halogenated - preferably (per)fiuorinated - POS which comprise on the
one hand fluorinated !lateral grafts resulting from the hydrosilylation of
perfluorinated olefins with SiH units and having alkyl and/or alkyl ester
linkages but not ether linkages, and on the other hand other, non-perfluorinated
functional units capable of giving them diverse and varied physical and chemlcal
properties and opening up avenues in numerous applications.

Furthermore, the prior art contains even fewer disclosures of such
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POS which can be obtained in a simple, economic and hence perfectly industrial
manner.

Under these circumstances, one of the essential objects' of the
present invention is to overcome this deficiency of such halogenated - preferably
(per)fluorinated - POS and preferably to provide novel perfluorinated POS
possessing a first type of non-perfluorinated functional grafts and a second type
of perfluorinated bifid grafts each having one or two parallel perfluorinated
chains, said POS thus having a crystalline character which makes them
particularly suitable for application as dirt repellents.

Another essential object of the invention is to provide a process for
the preparation of halogenated - preferably (per)fluorinated - POS, this process
being of the type in which at least one halogenated (e.g. fluorinated) olefin and
at least one olefinic precursor 'having, or capable of having, a different
functional group from the fluorinated grafts are reacted with a POS containing
at least one SiH unit, in the presence of an effective amount of catalyst,
according to a hydrosilylation mechanism, it being necessary for said process to
use available or easily preparable starting materials and also to be based on a
methodology which is simple to put into effect, does not require sophisticated
equipment and makes it possible to achieve high performance characteristics in
terms of the yield and purity of the final perfluorinated POS.

Another essential object of the invention is to offer a
perhalogenation (perfluorination) process of the above-mentioned type which is
characterized by excellent hydrosilylation kinetics and by a high degree of
conversion of the SiH units to SiRoRf units, where Ro = divalent bridge and
Rf = perfluorinated unit.

Another essential object of the present invention is to provide a
process for the perhalogenation - preferably (per)fluorination - of SiH-carrying
POS which allows the use of traditional hydrosilylation catalysts that are simple
to manipulate and inexpensive, for example of the platinic type (KARSTEDT),
without sacrificing the essential requirements of optimum efficiency, yield,
purity of the final products and specificity.

Another essential object of the invention is that the above-mentioned
process makes it possible simply and economically to obtain perfluorinated POS
(e.g. silicon oils) which are at least difunctional. ,

These and other objects are achieved by the present invention, which



relates principally to novel perhalogenated - preferably perfluorinated - POS and
to a novel perhalogenation - preferably perfluorination - process involving the
hydrosilylation of SiH-carrying POS, said process being one of those which
make it possible to obtain the above-mentioned novel POS.

05 The present invention therefore relates firstly to (per)halogenated -
preferably (per)fluorinated - polyorganosiloxanes (POS) of the following
general formulae (I) and (II):

10 ER‘). (GH{E), Sio“}E’ Gf 5502,32535 Siomﬂm’s;o%;__

ER’)z sio%y [az‘),(ef),,(a);——sw, ,Zl

M '
o e e ol
z' ~e' Yy y’

Lty

20  in which: .
« a+b+p=3;a=20r3;b,p=0orl;
z is between 0 and 200, preferably between 1 and 90;
y, is between 0 and 10, preferably between 0 and 5;
y is between O and 50, preferably between O and 25; and
25 e is between 1 and 200, preferably between 1 and 90,
with the provisos that: '
A ifz=0,thenS <z +y +y+e <200 preferably 10 <z+y, +y
+e < 100and {z/(z + y + y, + e + 2)].100 = 3, preferably §5;
a ifz=0,thenS <y + y, + e < 100, b being other than O in at Jeast
30 one of the monovalent terminal siloxy units M;
a ifex0,thenS <z +y, +y+ e < 200, preferably 10 s.z+y, +y
+e < 100and {z/(z + y + y, + e + 2)].100 = 3, preferably 5; and
a ife=0,then5 <y + y, + z < 100, p being other than 0 in at least
one of the units M;
35 « 12 <9, preferably 1 <z’ < 4.5;
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0 <y, <05, preferably 0 < y’, < 0.25;

0<y <5, preferably 0 <y’ < 0.5;

each radical R!, R? on the one hand is identical to or different from like
radicals of the same exponent and the other radical of different exponent, and
on the other hand is a linear or branched C,-C,,~(cyclo)alkyl - preferably C,-
Cq(cyclo)alkyl - group, an aryl, an aralkyl or an alkylaryl, these groups
optionally being substituted,

Gf is an optionally halogenated - preferably (per)fluorinated - functional
monovalent radical of identical or different type in the z or 2’ siloxy units D
and/or the two siloxy units M in which it is present, and having the following
average formula:

(GD -z, h—(ZZ)g_-BZS)j _Rﬂ(

A where h = O or lI;,g=0o0rl;j=0orlandk = 1or2;

a with the proviso that at least one radical Gf is present in said POS (I) or
(ID, the radicals Gf preferably being present to the extent of at least 60
mol%; |

& Z, being a divalent radical of the formula

_(-CmHZm—)—

where m = 2, with the proviso that if m = 2, then at least some of the
radicals Gf are radicals in which g = 0;
A Z,being a mono-, di- or tri-valent radical of the formula

S

: 1]
L
\ e ————

1
o)

+ one or both of the free valences of the carbonyl(s) being joined to
-Z,Rf and, in the case where only one of said free valences is joined to
-Z,Rf, the other then being joined to a hydroxyl;
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o at least one of the free valences of the carbonyls being joined to -Z,-Rf
and, in the case where only one of these free valences is joined to
-Z,-Rf, the other then being joined to a linear or branched C,-C-

- alkoxy; and
e Re = H, aryl or linear or branched C,-Clower alkyl, preferably CH,;
Y. .

+ h=0inGf;
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one or both of the free valences of the carbonyl(s) being joined to -Z,-
Rf and, in the case where only one of said free valences is joined to
-Z,Rf, the other then being joined to a hydroxyl or to a linear or

branched C-C-alkoxy;

one or both of the two free valences other than the valence mmm
being joined to -Z,-Rf and, in the case where only one of these two
valences is joined to -Z,-Rf, the other then being joined to OH or to a
linear or branched C,-C,-alkoxy; or

Rb
|
—S'/
1\ |

one or both of the two free valences other than the valence s
being joined to -Z,-Rf and, in the case where only one of these two
valences is joined to -Z,-Rf, the other then being joined to OH or to a
linear or branched C,-C,-alkoxy;

R* = H or linear or branched C-C;lower alkyl, methyl being
preferred; :

- W being a cyclic or non-cyclic hydrocarbon radical, in particular an
aliphatic and/or alkenyl and/or alkynyl and/or aromatic radical, and W also
being devoid of an ether link -O-;

A Z, is a divalent radical of the formula

o= U-CrH2p -

swheren 2 1 and U = O, S, NH or NHSO,, preferably O; and

a Rf being a perhalogenated - preferably perfluorinated - radical and

particularly preferably a linear or branched perfluoroalkyl! radical having
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one of the following formulae:
«= CqF2q - CF3 where q = 0;
- cquq -H where q = 1;

«= NRS$O9 CqF,q-CF3 . Where ¢ = 0 and R* = H, aryl
or linear or branched C -Cglower
alkyl (preferably CH,); and

am NR7SO; Cq F,q-H where q = 1 and R~ is as defined
above;

+ E is a monovalent functional radical, other than Gf defined above, of
identical or different type in the e or e’ siloxy units D and/or the two siloxy
units M in which it is present, and preferably chosen from the groups having
at least one of the following functional groups E, to E,,:

s E =

&==Z Dy (22)3-0";- )
in which:
* Z, is defined in the same way as given above for Gf where m = 2; and

* Z, corresponds to:
at.

where at least one of the free valences of a carbonyl is bonded to an
OH, or else these two free valences are both joined to the same oxygen
atom;

.pe.

A0 ——

“co——

where the two free valences of the carbonyls are each bonded to a
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linear or branched C,-C.-alkoxy;

€.
™~

—WVO-

b€,
e/ -N=C=0
or

=W —NH,

.e€.

-Ev-ﬁ}

the free valence of the carbonyl being joined to a linear or branched C -
C-alkoxy or else to an OH;

.nc.

0)

where at least one of the free valences of a carbonyl is bonded to an
OH or a linear or branched C-C,-alkoxy, or else these two free
valences are both joined to the same oxygen atom;

O

.ge.
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» one or both of the two free valences other than the valence
being joined to Z,-Rf and, in the case where only one of these two

valences is joined to Z,-Rf, the other then being joined to OH or to a

linear or branched C,-C,-alkoxy; or
Ae.

S
N

» R* = H or linear or branched C-Clower alkyl, methyl being
preferred;
* 7. and Z, being identical to or different from their counterparts present in
Gf and described above; and
* W being as defined above for Gf; and
a E, = amine; E, = alkoxy; E, = acyl; E; = acyloxy; E; = hydroxyl;

E, = trialkoxysilyl; E, = amide; E, = ester; E,, = phenol; E, = aryl-

alkoxy; E,, = aryloxy; E,, = ether-hydroxy.

It is to the credit of the Applicant to have produced these novel
(per)halogenated - preferably (per)fluorinated - POS by the careful selection on
the one hand of different species of grafts Gf perfluorinated by Rf, and on the
other hand of at least one second functional group carried by lateral grafts E
belonging to one or more species which are different from one another but in
particular different from Gf due to their lack of perfluorinated radicals.

According to the invention, the species of grafts Gf to be considered
in particular are:

- those with an alkylene linkage -(C_H,_)- where m = 2;

- those with an alkylene linkage (C_H,.),., (m = 0) extended by a divalent or
trivalent hydrocarbon radical W devoid of an ether -O-, and having one or
more perfluorinated radicals Rf;

- those with an alkylene linkage (C,H,), (m > 2) extended either by W w-
hydroxylated and alkoxylated by a radical whose free _end is Rf, or by W
alkoxylated by two radicals carrying Rf;

- those with an alkylene linkage -(C_H,.)- (m > 0) extended by a divalent or
trivalent radical belonging to the general family of the radicals W and joined
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to or forming part of a cyclic unit whose free valence(s), other than that
joined to Si, bonds (bond) with any radical(s) Z,Rf and/or with alkyl, alkoxy
or hydroxyl substituents;

- those with an alkylene linkage -(C_H,)- (m > 0) extended by a trivalent
silyl radical in which the free valences, other than that joined to Si, bond
with any radical(s). Z,Rf and/or with alkyl, alkoxy or hydroxyl substituents;
and finally

- those with a linkage not containing a divalent alkylene radical (h = 0) but
having a radical W directly connected to Si, and also carrying at least one
radical Rf.

All these grafts perfluorinated by Rf have the advantage of being
chemically stable.

Another major advantage of the grafts according to the invention is
that they can be obtained with the aid of industrial catalysts, for example those
based on platinum, such as the KARSTEDT catalyst. Apart from the fact that
they are used in smafl amounts, these catalysts are intrinsically economic,
thereby contributing to a reduction in the cost of the novel perhalogenated
(perfluorinated) silicon compounds according to the invention.

This cost is all the lower because the structure of the linkage affords
rapid hydrosilylation kinetics, high yields and high degrees of conversion of the
SiH units to SiGf units. .

In practice the monovalent radical Rf corresponds to -CF,-CF,,
where q is between 2 and 20, preferably between 5 and 12 and particularly
preferably between 7 and 10. In practice it is also possible to use e.g. mixtures
of Rf in which q = 7, 8 and 9. -

According to one advantageous provision of the invention, the
fluorinated polyorganosiloxanes to which it relates comprise one or more grafts
Gf in which:

h=0or1and g = 1, Z, comprising a group W corresponding to a
substituted or unsubstituted, saturated, unsaturated or aromatic monocyclic or
polycyclic radical preferably selected from the following rings:

~-+ XX
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One of the essential characteristics of the POS of the invention is
therefore that they carry one or more functional radicals E which are of
different type and are preferably grafted onto siloxy units D, said radicals E
being selected for example from the following groups:

« an epoxy-functional group E, preferably selected from the following groups:
3-glycidoxypropyl and 4-ethanediyl (1,2-epoxycyclohexyl);
« and/or an isocyanate group E, preferably selected from the following groups:

o ¢

CH -CH-Q-I

« andfor an amino-functional group E, preferably selected:
- either from the following groups:
NH,-(CH,),-NH-(CH,)-; NH,-(CH,);-;
- or from secondary or tertiary amine groups forming part of a cyclic
hydrocarbon chain (hals), of the formula: '

R2° Rzo

ﬁu —FR”
20

R
R

in which:

v the radicals R, which are identical to or different from one another, are
selected from linear or branched alkyl radicals having from 1 to 3 carbon
atoms, phenyl radicals and benzyl radicals;

v R2 s selected from a hydrogen atom, linear or branched alkyl radicals
having from 1 to 12 carbon atoms, alkylcarbonyl radicals in which the
alkyl radical is a linear or branched radical having from 1 to 8 carbon
atoms, phenyl and benzyl radicals and a radical O;
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v tis a number selected from 0 and 1;

v the preferred radicals R» being methyls, the radical R* being a hydrogen
atom or a methyl radical and t advantageously being a number equal to 1;
and/or

v a hydroxy-functional group E, preferably selected from the following
groups: 3-hydroxypropy! and 3-(2-hydroxyethoxy)propyl. '

These other functional groups E, to E,,, which are e.g. different
from the perfluorinated grafts Gf, offer the possibility of constructing
perfluorinated silicones possessing other functional groups, both multiple and
varied. This is of particular value from the point of view of adapting each POS
specifically to a given application.

It is clear that, in view of their chemical reactivity, the grafts E can
in certain cases be precursors of perfluorinated pendent groups, especially of the
type Gf. These are then supports for the connection of radicals Rf or, in other
words, potential precursors of Rf attachment linkages (Rf prelinkages), e.g.
anhydrides, carboxyls, alcohols, isocyanates, efc. Naturally, hdwever, the
possible substitutions are not restricted to perfluorinated groups. It is possible
to consider fixing any reactive group (crosslinking) to the grafts E.

According to one preferred modality of the invention, the POS are
linear and have the following average formula (I.1):

[(md,(R‘),.s;o,HER’Gmo,,ﬂz—ER’Esao%e—Enwsiom " (Rz);—Sioz,-E-b—-E(H)az(R’)aSiOuz

(1.1)
in which:
« Gf corresponds to the definition given above whereh = g =1orh = 1 and
g=0; |
e E=E E,;

« R! and R?are as defined above, preferably methyl, propyl or butyl;
+ ¢l + d1 = 3 and preferably c1 = 2, d1 = I;

e €2 + d2 = 3 and preferably ¢2 = 2, d&2 = I;

1 <z < 90, preferably 1 < z < 50;

« 1 < e < 100, preferably 1 < e < 60;

0 <y, < 10, preferably 0 < y, < 5;

0 =y < 50, preferably 0 < y < 25.
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: Even more preferably, the POS (I) according to the invention are
perfluorinated linear polymers of the following formula (I.1.1):

(liﬂs <13Ha ?H: CH, h ?Ha

R“siO—(SiO)-y—(Si-)y—(SiO)z € slio*g sicho
PR R

CH, CHb H Gf E CH,

where y, ¥y,, z, e, Gf and E are as defined above and R= and R~, which are
identical or different, are H or C,-Calkyl.

According to one variant of the invention, the POS (I) are shorter
polymers or even oligomers of the following formula (I.1.2):

Ef) w® ), Si0 uza'ER Bfsio yﬂ 3 Sio :ua"ERl)a(GﬂnSiom
: P y

(I.1.2)

in which:
+ Gf is as defined above;
+ Ry, which is identical to or different from like radicals of the
same exponent, is R* as defined in claim 1,
or else corresponds to a functional group (E) as defined above,
preferably an epoxy-functional radical; ’
+ R2, which is identical to or different from like radicals of the
same exponent, is defined in the same way as above;
+al +bl =a2 + b2 = 3;
al,a2=2o0r3;bl,b2=00r1;
0 <y < 100, preferably 0 < y < 10;
0 <p < 50, preferably 0 < p < §;
-> the formula in which R* = CH,, bl = 1 and b2 = 0,

COR"
/
Gf: —(CH,);—CH

coRr"
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where R® and R" are identical or different and are OH, C-C¢
alkoxy or Z,Rf according to claim 1, at least one of the radicals R and R#
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being ZRf, p =0andy = Oor 1,
- and the formula in which R* = CH,, bl = b2 =0,

cor"
/

Gf: —(CH,);~CH

cor?

y = Oand p = 1 to 10, preferably 1,
-» being particularly preferred.
The following oligomers are examples of these POS (I.1.2):

] X&I'Ie
Me_-,SiO—(SiO}—SiM'.z3 .

0=C  “c-0

- |
B ocH)CE,

F,,C
P N\ siMe,0SMe, —H
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Rf . wa

N e

0

A4

0 SiMe,0SMe, ~H
NI
N o

0

o 4

SiMe,0SiMe, —H

F,.C | .
178 —_\_SiMepSiM%_\_OO

F ' . /'—A 0
s —\—SiMe,osmae,—/\—O
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SiMe,0SiMe, -H ;—\__<:—>,0

SiMe,0SiMe, ~H —\_OO

F,,C
N §iMe,05Me, -H -—\_OO

Advantageously Gf is selected from the following list of groups:

C.HyrRf

wherem =22, h=1,g=0,j=0andk = 1;
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.b.
Q
N
_R‘—C~—R
3
.__(CH.)——C2 R\R’——c-—R’
(l)l
where:

-h=1m=20,g=1,j=00orlandk = 1;
- R* = H or C-Calkyl;

- R4 and Rs are identical to or different from one another and correspond to

-(CHZ)' 20 and

- Ré and R” are identical to or different from one another and are Z,-Rf,
where Z, = -0-(CH,)-,, s being between 0 and 10, at least one of these

two radicals R and R’ corresponding to Z,-Rf;

/Rs
—CH z)i—CR’\R7
where:
-h=1,m=20,g=1,j=0o0rl,k=1andi = 2 to 10; and
~ R?, Ré and R are as defined above;
.d.

;‘ECH 2 w=0,1

where:
- h=0ori,m=20,g=1,i=21t010,j=1andk = 1; and
- RS and R? are as defined above;
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where:

-h=1,m>0,g=1,i=2t10,j=0orlandk = 1; and

- Ré¢is as defined above; and

.f. mixtures thereof.

According to the invention, a subgroup of particular grafts Gf called

“bifid grafts” are considered which are very especially preferred for the
remarkable characteristics which they are capable of imparting to the POS onto
which they are grafted. The invention therefore further relates to POS of the
type defined above which comprise at least one species (I) and/or (II) substituted
by at least one perhalogenated - preferably perfluorinated - radical Gf selected
from the following subgroup of radicals:

- (D)

C —R™
—— CI'IRg—(CHz );,—-CR'

C _Rll

i

0

where:

o Re and R? independently are H or linear or branched C,-C-lower
alkyl, preferably CH,;

o R and R# independently are OH, linear or branched C-C-
alkoxy or Z,-Rf, at least one of the radicals R and R" being
-Z,Rf; and

o i = 0to 10, preferably 0 to 3 and particularly preferably 1;
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- (ii)
R
. /
smmm CHR —_(CH?)i-SiR.
N
where R, Re, R0, R and i are as defined above;
- (iii)

. ' R
s CHR.
X
RM
where R?, R, R and i are as defined above, it optionally being

possible for the hexyl ring to be substituted; and
-» mixtures of the above-mentioned radicals.

At this stage of the disclosure it is appropriate to dwell for a’

moment on the particularly interesting $pecies of POS compounds according to
the invention which is represented by the perhalogenated - perfluorinated - POS
carrying bifid grafts Gf as defined above. More precisely, the bifid Gf of
interest here are those in which the two lobes each consist of a perhalogenated -
perfluorinated - radical ZRf. These bisperfluorinated bifid grafts Gf are
crystailine and, in particular, impart a degree of crystallinity to the POS which
they substitute. This optimizes the water-repelling properties of the latter,
which thus make very suitable active products in dirt-repelling compositions,
inter alia. : '
These bifluorinated bifid grafts Gf can be associated especially with
monoperfluorinated and/or non-perfluorinated bifid Gf.
The POS of this species comprise at least one species (I) and/or (II)
substituted by: _ _
o at least one perhalogenated - preferably perfluorinated - radical
Gf of formula (i), (ii) or (iii) above, ,
the radicals R and R in the formula in question corresponding
to Z,Rf and preferably to:
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_O—Cn}lircq F2-q_- CF3 ) (q 2 0) '

or
'_'-0 —CH,.—C, F,—H (@21)

o and optionally at least one radical Gf (i), (ii) or (iii) in which
one of the radicals R" or R! is Z,Rf and the other radical R® or -
R is different from Z,Rf and advantageously corresponds to OH
or linear or branched C,-C,-alkoxy.

During the synthesis, those skilled in the art are perfectly capable of
controlling the degrees of substitution of the POS of this species by
bisperfluorinated and/or monoperfluorinated and/or non-perfiuorinated bifid Gf.
It is the intended applications of the grafted POS which determine how these
degrees of substitution should be regulated.

Within this species the bifid Gf with an alkylmalonyl linkage (i) are
chosen more especially in practice.

By analogy with the bifid grafts Gf described above, the grafts E
can be constructed on the same structure. As a result, another advaatageous
characteristic of the POS according to the invention can be that they comprise at
least one species (I) and/or (II) substituted by at least one radical E selected
from the subgroup of radicals E (i), (ii) and (iii) corresponding to the
radicals Gf (i), (ii}) and (iii), respectively, as defined above, the only
difference being that R and R are identical or different and correspond only
to OH and linear or branched C,-C,-alkoxy.

All these grafts Gf and E impart novelty and great technicat value to
the POS to which they are attached.

On the basis of the details given above in respect of the POS
according to the invention and their grafts Gf and E, it can be deduced that the
preferred POS according to the invention are e.g. poly(dimethyl,methyl-
perfluoroalkyl)siloxanes or poly(methylalkyl, methylperfluoroalkyl)siloxanes
where the first alkyl group is propyl, butyl, pentyl, hexy} erc.

Certain linear perfluorinated POS compounds of average formula
d.1), (1.1.1) and (1.1.2) naturally have their cyclic counterparts of average
formula (II.1); in this case, however, the sum of 2’ + y’, + ¥’ + e’ is less
than or equal to 10, preferably 5.

According to an optional but nevertheless advantageous provision of
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the invention, the POS contain, per molecule:

- at least one siloxy unit T and also siloxy units T = -[R#SiO,,],
where R® is defined in the same way as R!, R?, Gf or E, as given above,

- and optionally siloxy units Q = [SiO,,].

As far as the functional characteristics of the products according to
the invention are concerned, it is necessary to emphasize the fact that the
monofunctional or polyfunctional fluorinated polyorganosiloxanes described
above have notable properties of surface tension lowering and oleophobicity
and/or hydrophobicity, inter alia. These properties can be adjusted by
controlling the proportions of grafted or non-grafted units D present in the
fluorinated POS. This corresponds to the molar proportions z, z’, y,, ¥',, ¥, ¥
¢ and ¢’ given by the formulae defined above.

It should be noted that m values of 1 or 2 in Z, of Gf guarantee that
the fluorinated POS in question will have a good heat stability. This property
can be advantageous especially in the context of applicationt of the fluorinated
POS as lubricants.

It is also interesting to observe that, in the case where the
fluorinated POS comprise an amino functional group E, on a unit D or
optionally T, this is not without positive repercussions on the coefficient of
friction of the oil in question. This again is an advantage which can be
exploited in lubrication. _ '

According to one variant of the invention, the functional group or
groups E can optionally be carried by units M or T.

The fluorinated POS according to the invention can take the form of
oils of greater or lesser viscosity, but can also take the form of resins Q and/or
resins resulting from the crosslinking of linear or cyclic POS chains via
crosslinking functional groups which can be present in these chains. -

The invention further relates to a process for the preparation of
cyclic or linear halogenated - preferably (per)fluorinated - POS, which consists
essentially in reacting:

A) at least one polyalkylhydrogenosiloxane - preferably polymethylhydrogeno-
_ siloxane - oil '
B) with at least one (per)halogenated - preferably (per)fluorinated - olefin
which is a precursor of Gf and has the formula (Gf):
' Z Rf
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in which:

o Z, = olefinic precursor of Z, and
o Rfis as defined above,

C) and/or with at least one (per)halogenated - preferably (per)fluorinated -
olefin of the formula Z, Z, ,
in which:

s Z, = olefinic precursor of Z, and
e Z,, = olefinic precursor of Z,,

D) in the presence of an effective amount of a metal hydrosilylation catalyst
preferably based on platinum,

-the reaction product A + C optionally being brought into contact with a
reactant of the type Z, Rf, where Z, is a brecursor of Z, and Rf is as
defined above, to give grafts Gf = -Z Rf and/or -Z, Z,Z,Rf,

E) and finally with a reactant E, formed by an olefinic precursor of E, Ep'being
capable of hydrosilylation by the =SiH of the POS in the presence of D.

The precursor radicais of the radicals present in the final POS are
identified by the subscript “p” following the subscript(s) already indicated.

According to one variant, the precursor E, is of the type Z,Z,,
where Z,, is an olefinic precursor of Z, and Z,, is a precursor of Z,, and Z,, Z,,
Z,, and Z,, are identical to or different from their counterparts present in Gf and
described above. .

In this mode of carrying out the invention, the radicals -ZZ,
grafted onto the POS are brought into contact with at least one reactive
compound carrying a group having at least one functional group E, so as to
produce grafts -Z,ZE. .

In the case where Z, of the anhydride type are involved, it is
possible to envisage hydrolyzing at least some of these anhydride groups so as
to generate free carboxyl ends, and then esterifying at least some of said
carboxyl ends with reactants of the type Z -Rf, Z, being a hydrogenated
precursor of Z,, as defined above, and Rf also being as defined above. The
remaining free carboxyl ends form part of the grafts E. Instead of or in
addition to the reactants Z, -Rf, it is possible to employ at least one reactive
compound carrying a group having at least one functional group E.

In another variant, the procedure is to preconstruct a global olefinic
precursor radical Gf, and/or E, which is then fixed to the POS.



05

10

15

20

30

35

-26 -

In other words, this variant consists essentially in reacting:
A) at least one polyalkylhydrogenosiloxane - preferably polymethylhydrogeno-
siloxane - oil
F) with at least one halogenated - preferably (per)fluorinated - olefin which is
a precursor of Gf and has the formula (Gf):

@@, TR

in which:

¢ Z,is the olefinic precursor of the radical Z,, as defined above, and

e Z,,Z,Rf, h, g, jandk are also as defined above,

+ with the proviso that if h = 0, then g = 1 and Z, becomes an olefinic

precursor Z,,

G) and/or with at least one olefinic precursor E, of E,
D) in the presence of an effective amount of a metal hydrosilylation catalyst

preferably based on platinum.

The precursor Gf, of Gf preferably has at least one of the following

formulae:

@,

I
C—r
/
CH,=— CR——(CH, y—CR’
C__Rll

I
0

10

where R* and R® independently are H or linear or branched C,-C-
lower alkyl, preferably CH,; .

R and R" independently are OH, linear or branched C,-C,-alkoxy
or Z,-Rf; and

i = 0to 10, preferably O to 3 and particularly preferably 1,
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(i)
R
, /
CH,==CR—(CH, }: SR
! \R"
where R?, R:, R, R11 and i are as defined above; and
(i)

. RIO
—=CR
ot = —en Y
. Rll

where R?%, R, Rt and i are as defined above, it optionally being
possible for the hexyl ring to be substituted.

These olefinic precursors Gf, of the bifid grafts Gf have one or two '
perfluorinated groups R®°, R!! (R® and/or R" = ZRf) and are obtained by
reacting:

- at least one alcohol consisting of the hydrogenated radical Z,Rf,
or H-ZRf, i.e. H-O-CH, (X), .., ,,Rf according to claim 1,

- with starting materials formed by compounds of formula (i), (ii)
or (iii ), as defined in claim 11, in which at least one of the radicals R and Rt
is a linear or branched C,-C,-alkoxy,
according to a transesterification mechanism.

As far as the olefinic precursors E, of the bifid grafts E are
concerned, each of them preferably has at least one of formulae (i), (ii,) and
(iii,) corresponding respectively to formulae (i,), (ii ) and (iii,) given in claim
13 for Gf,, the only difference being that R and R" are identical or different
and correspond only to OH or linear or branched C-C,-alkoxy..

The present invention further relates to novel synthons (reaction
intermediates of the process described abbve), each synthon having at least one
of the following formulae:
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@G,)

I

/C —RY
CH,== CR™—CH,)—CR"

C __'_Rll
it
o

where R* and R® independently are H or linear or branched C,-C-
lower alkyl, preferably CH,; and

at least one of the radicals R and R" corresponds to a linear or
branched C-C,-alkoxy, methoxy, ethoxy and propoxy being preferred;
(ii,)

RIO

L -/
CH,=CR—(CH, ) SiR’_-
' \Rn

where R?, Rs, R0, R and i are as defined above; and
(iid,)

RIO

CH, — CR"——.((:H2 )‘——C[
1

R

where R?, R9, R and i are as defined above, it optionally being
possible for the hexyl ring to be substituted.

One of the major advantages resulting from the use of perfluorinated
or non-perfluorinated unsaturated compounds of this type (Z,,, Z,,, Gf,, E) lies
in the possibility of using an industrial catalyst selected from compounds based
on Ni, Pd or Pt, preferably based on Pt. This can be a KARSTEDT catalyst,
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for example, which is advantageously employed in small amounts, e.g. of the
order of 10 to 50 ppm, relative to the POS in question, before hydrosilylation
(Si-H oil).

The methodology determined by the process according to the
invention is particularly simple. The hydrosilylation kinetics are rapid. The
yield and the degree of conversion of the SiH are particularly high. The process
is efficient and economic.

According to a preferred modality of the invention, the POS
containing =SiH units is gradually brought into contact with one or more
halogenated olefins Gf, and the olefinic precursors E, of the grafts E. The
catalyst is contained in one or more of these three constituents POS, Gf, and E,
of the reaction medium. -

In practice the hydrosilylation takes place in as many stages as there
are different olefinic reactants.

The reaction medium is stirred and heated to a temperature between
50 and 150°C. The reaction takes place at atmospheric pressure and generally
over a period of several hours. The degree of conversion of the SiH units is
greater than 99% by number.

As regards the other functional groups E which have been descnbed
above and which can be carried by the silicons of the POS according to the
invention, they can be grafted before, during or after the grafting of the
alkylene radicals perfluorinated by Rf.

The following may be mentioned as examples of the POS which can
be used as starting materials for the process according to the invention:

* linear POS such as polymethylhydrogenosiloxanes, especially those of the
type: )
. Me,SiO(SiMeHO) SiMe,, where s = 10 to 100, preferably 50;
. or MeSSiO(SiMeHO), (SiMe,0) SiMe,, where s1 = 10 to 100 and s2 = 0
to 50; and _
* cyclic POS such as the tetramethyltetracyclosiloxane D’4.

The following may be mentioned as examples of POS which are
capable of being perhalogenated - preferably perfluorinated - by using the
process according to the invention:

Me,SiO(SiMe,0)-(SiHMeO)-, SiMe,

Me,SiO(SiMeHO)-, SiMe,



05

10

15

25

30.

35

-30 -

It has already been indicated above that the at least bifunctional POS
(I) or (IT) substituted by grafts Gf and E can take the form of oils. According
to one presentation variant, said POS can be emulsified with water. Thus the
present invention further relates to an agueous dispersion which contains:

- at least one POS as defined above or obtained by the process as defined
above;

- water; and

- at least one surfactant. :

The oils of the invention can therefore be emulsified without the
addition of an application solvent.

Furthermore, the performance characteristics in terms of
oleophobicity and hydrophobicity can be improved by the addition of selected
surfactants.

The fluorosilicones according to the invention can be associated with
conventional fluoropolymers having an acrylate skeleton, the process for the
synthesis of the latter naturally leading to an emulsion.

Other compounds of ionic character, such as salts of styrene/maleic
anhydride copolymers, can be used in addition to the fluorinated POS of the-
invention. | '

In the cases where the fluorinated POS comprise salifiable specific
groups E, this makes it possible to ensure emulsification through partial or
complete salification with a base (COOH groups) or the quaternization of amine
groups. -
In other cases it is necessary to formulate an emulsion. A variety of
solvents (alcohol, ketone, fluorinated solvents, ethyl acetate, erc.) are then used
to dissolve the product first.

The surfactants used for emulsification are ionic or non-ionic with a
high hydrophilic/hydrophobic balance. They are generally selected from the
following compounds:

cthoxylated fatty alcohols

ethoxylated alkylphenols

ethoxylated alkylamine salts

ethoxylated polyalcohols

alkylammonium salts, efc.

According to another of its features, the invention relates to the
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application of the perhalogenated (perfluorinated) silicon compounds per se, as
described above, or those obtained by the perhalogenation process disclosed
above, as:

lubricants,
agents for lowering surface tension,
dirt repellents,
antiadhesives,
antifoams,
oleophobic and/or hydrophobic agents,
raw materials for the production of elastomers for resisting chemical attack
and solvents, and
raw materials for the preparation of a film and/or coating possessing at least
one of the above-mentioned properties.
As regards the particular properties of the perfluorinated (mono- but

especially bis-perfluorinated) bifid grafts Gf, the present invention further
relates to a dirt-repelling composition comprising:

at least one POS as defined above or obtained by the process as defined

above,

and/or at least one emulsion as defined above,

said POS used preferably carrying:

* bifid grafts Gf bifunctionalized by perhalogenated - perfluorinated -
radicals as defined in claim 5,

* other grafts E functionalized by groups other than bis- or mono-
perhalogenated - perfluorinated - groups as defined above,

* and optionally bifid grafts Gf monofunctionalized by perhalogenated -
perfluorinated - radicals also as defined above.

By way of illustration, it may be indicated that perfluorinated POS

which can be applied as dirt repellents in textiles are, for example, those in
which:

*E =

COOH
=(CH ),—CH_
CH, —COCH

Perfluorinated POS which can be used as antiadhesives on paper or
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other substrates, including stone in particular (anti-graffiti agents), are for

example those in which:
e==(CH 2‘00

*E =
)

/ \

==(CH ) s—0~—CH,—CH—CH,

*orE =

EXAMPLES

EXAMPLE I: Synthesis of silicone oils perfluorinated by units Rf
comprising two types of linkages Gf: Gf, = alkylene and Gf, =
alkylcarboxyl, and also containing grafts E

1.1. Synthesis

This synthesis is carried out in 2 stages:

- Stage 1 - preparation of the POS oil grafted by perfluorinated units
Gf, and by acid anhydride units E.

- Stage 2 - esterification of the anhydride groups in the oil of stage

Stage 1

90.8 ml of dry toluene (dried over a molecular sieve) are introduced
into a four-necked 250 ml reactor provided with a central mechanical stirrer, a
thermometer, a vertical bulb condenser and a septum.

The medium is stirred, rendered inert with nitrogen and heated to a
temperature of 90°C.

4.8 ul of a divinyltetramethyldisiloxane solution of-a platinum
complex containing 11% by weight of platinum with a divinyltetramethyl-
disiloxane ligand (KARSTEDT catalyst) are then introduced through the
septum.

17.21 g (0.273 mol of Si-H groups) of a polymethylhydrogeno-
siloxane oil of the structure (CH,),SiO-(SiOCH,H),-Si(CH,),, containing
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1585 meq Si-H/100 g oil (RHODORSIL® H68 from RHONE POULENC), and
50.1 g (0.139 mol) of 3-perfluorohexylprop-1-ene are then run in gradually and
simultaneously over a period of 90 minutes.

24 hours after the start of the reaction, with the degree of
conversion of the SiH groups being only 44% (the maximum is 50%), a further
3.2 pul of the same KARSTEDT platinum solution are added.

2 h 30 min after this further addition, the degree of conversion of
the Si-H groups is 49.5%. 25.13 g (0.179 mol) of allylsuccinic anhydride are
then run in over a period of 90 minutes.

2 x 3.2 ul of the same KARSTEDT platinum solution are added
separately (43 and 50 hours after the start of the first introduction).

72 hours after the start of the first introduction, the degree of
conversion of the Si-H groups is 99%. A devolatilization is then carried out by
heating up to .120 C under vacuum (0.01 mbar) to remove the solvent and
excess reactants. This gives 86.8 g of an oil of the structure

Me, §i0 —— (SiOMe),;— (SiOMe),;— SiMe,
|

|
CH),  (CHy,
l

CF, 0K >=0
T , y
cf, E,ae

Stage 2
7.03 g of the oil described in stage 1), partially hydrolyzed and
having the structure '

Me,Si0 — (SIOMe),;— (SiOMe),—(SiOMe),;— SiMe,

| I
(ICHz)a (CH,), (:;:lH:)3

C(FIS HOOC .
-0 0

OCOOH (o)

\ [ - Y 7 \ Y J

Gy E,ae E, ae
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5.24 g (0.0113 mol) of 1-perfluorooctyl-2-hydroxyethane and 12.6 g of 1,1,2-
trifluorotrichloroethane are introduced into a four-necked 50 ml reactor
provided with a central mechanical stirrer, a thermometer, a vertical bulb
condenser and a septum.

The medium is stirred and rendered inert with nitrogen, 0.15 g of
pyridine is then introduced through the septum and the temperature of the
medium is raised to 50 C.

After 8 hours a devolatilization is carried out by heating to 110°C
under vacuum to remove the solvent and excess unreacted alcohol. This gives
10.35 g of an oil of the structure

- el

M%SIO—(S:OMe)z,—(SIOMe)s (SxOMe)! SlMc3
fCHQS (C8),  (ciy,

i Hode néoc COOCH, CH,CF,,
COOH

e e r /

Gf, E, o e

The infrared spectrum of this oil shows that the anhydride groups
have totally disappeared (no more bands at 1780 and 1860 cm’). NMR
analyses confirm the structure of this functionalized silicone oil.

1.2. Application of the bifunctional POS oil obtained in 1.1

* Grease resistance test:

The grease resistance of the oil of Example 1.1 is evaluated on a
polyamide-6 (PA 6) mat treated with this oil by AATCC (American Association
of Textile Chemists and Colorists) test no. 118-1983, which consists in
depositing drops of standard liquids (at most eight) of decreasing polarity on the
treated mat and measuring the time for which the drop remains on the surface
before penetrating the mat (denoted by t hereafter). Each liquid has a
corresponding number and the perfluorinated oil is assigned a grade
corresponding to the liquid of hlghest number which remains on the surface of
the mat for at least 30 seconds.
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* Treatment of the mat:
The oil KP 307 is deposited in different amounts on a polyamide-6
mat from a solution in 1,1,2-trifluorotrichloroethane; the mat is first placed in
an oven for 14 hours at 30°C and then placed in an oven for 6 minutes at 80°C
and 4 minutes at 140°C.

* Results:

Table 1
Amount of t with t with t with t with t with
fluorine/ liquid liquid liquid liquid liquid
PA 6 no. 1 no. 2 no. 3 no. 4. no. 5
(ppm) ({seconds) {seconds) {seconds) {seconds) (seconds)
700 >50 >50 1 "1 1
1400 >50 >50 39 1 1
2800 >50 >50 >50 36 1
4200 >50 >50 >50 17 2
5600 >50 >50 >50 >50 7
7000 >50 >50 >50 >50 7
The compositions of the standard grading liquids used are as
follows:

liquid 1: NUJOL (liquid paraffin)

liquid 2: NUJOL/n-hexadecane, 65/35 by volume, at 21°C

liquid 3: n-hexadecane
liquid 4: n-tetradecane
liquid 5: n-dodecane
Thus the oil of 1.1 has corresponding grades of 2 at 700 ppm of
fluorine, 3 at 1400 and 4200 ppm of fluorine and 4 at 2800, 5600 and 7000

ppm of fluorine.

EXAMPLE II: SYNTHESIS OF A BIFUNCTIONAL PERFLUORI-

NATED SILICONE OIL CONTAINING Gf, AND E e

262.5 g of a mixture of perfluorohexylisopent-1-ene and -2-ene
(CFCH,CH,C(CH)=CH, and CF,CH,CH=C(CH,),) in proportions of 20
and 80% respectively, i.e. 0.135 and 0.541 mol respectively, and 7.75 g of a
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polymethylhydrogenosiloxane (i.e. 0.122 mol of Si-H groups) having the
following characteristics: -

* Mn = 3160 g,

* 1.585 eq of Si-H per 100 g,

* average structure:

CH,

CH,), SiO{%i-O), o-Si(CH,),
H

are- introduced into a four-necked 1000 ml reactor provided with a central
mechanical stirrer, a thermometer, a vertical bulb condenser and a septum.

The medium is stirred, rendered inert with nitrogen and heated to a
temperature of 100°C. 13 ul (i.e. 100 ppm/total weight of Si-H oil) of a
divinyltetramethyldisiloxane solution of a platinum complex containing 11.9%
by weight of platinum with a divinyitetramethyldisiloxane ligand (Karstedt
catalyst) are then introduced through the septum; after 30 minutes, when the
degree of conversion of the Si-H introduced is 79%, 262.5 g of a.mixture of
perfluorohexylisopent-1-ene and -2-ene (CJF,CH,CH,C(CH,)=CH, and
C,F,,CH,CH=C(CH,),) in proportions of 20 and 80% respectively, i.e. 0.135
and 0.541 mel respectively, and 7.75 g of the same polymethylhydrogeno-
siloxane (i.e. 0.122 mol of Si-H groups) are run in simultaneously over 80
minutes. 3 h 15 minutes after the start of the reaction, when the degree of
conversion of all the Si-H introduced is 76%, 13 ul of Karstedt catalyst are
introduced. 22 h after the start of the reaction, when the degree of conversion
of all the Si-H introduced is 88.6%, 7 g (i.e. 0.056 mol or 2 eqg/residual Si-H)
of vinylcyclohexene and 6.5 ul of Karstedt catalyst are introduced through the
septum. 12 h after these last additions, the degree of conversion of the Si-H
groups is 99.9%. A devolatilization under vacuum (110°C under 1 mm Hg for
2 h) is carried out to remove the perfluorohexylisopent-2-ene and the excess
perfluorohexylisopent-1-ene and vinylcyclohexene. This gives 90 g of an oil of
the structure '
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CH, CH,
(CHy), Si0~(Si-0),«S§-0), 4 -Si(CH, )

CSFU
1 a1 I
Ejye Gfy

EXAMPLE III: SYNTHESIS OF ANOTHER BIFUNCTIONAL PER-
FLUORINATED SILICONE OIL CONTAINING Gf, AND E e

173 g (e 00462 mol) of perfluorohexylbutene,
CJF,CH,CH,CH=CH,, and 5.7 g (i.e. 0.0462 mol) of vinylcyclohexene are
introduced into a four-necked 100 ml reactor provided with a central mechanical
stirrer, a thermometer, a vertical bulb condenser and a septum.

The medium is stirred, rendered inert with nitrogen and heated to a
temperature of 100°C. 17 ul (i.e. 50 ppm/weight of Si-H oil) of a divinyltetra-
methyldisiloxane solution of a f)latinum complex containing 11.9% by weight of
platinum with a divinyltetramethyldisiloxane ligand (Karstedt catalyst) are then
introduced through the septum.

40 g (i.e. 0.084 eq of Si-H) of a poly(dimethyl, methylhydrogeno-
siloxane) oil are'then introduced over a period of 80 minutes, the characteristics
of said oil being as follows:

*Mn = 3750 g,

* 0.21 eq of Si-H per 100 g of oil,

* average structure:

s G
(CH,), S io-:.;of, <8i-0),,~Si(CH,),
H H, '

" When the introduction has ended, the degree of conversion of the
Si-H groups is 98.6% and increases to 99.9% after 40 minutes. A
devolatilization under vacuum (100°C under 1 mm Hg for 1 h 30 min) is
carried out to remove the excess of both reactants. This gives 59.1 g of an oil
of the structure
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CH, CH, cH,
(CH,), 810<51-0),«(81-0), -(;i 0),;78i(CH, ),
CH,

CGPIJ

R I
Ejye  Gfj

containing 0.065 eq of epoxy per 100 g of oil (perchloric acid assay).

EXAMPLE IV: SYNTHESIS OF A BIFUNCTIONAL PERFLUORI-
NATED SILICONE OIL CONTAINING Gf, AND Eae

7.36 g (i.e. 0.0165 mol) of perfluorooctylethylene, C,F,,CH=CH,,
and 30 g (i.e. 0.033 eq of Si-H) of a poly(dimethyl,methylhydrogenosiloxane)
oil having the following characteristics:

* Mn = 3806 g,

* (.11 eq of Si-H per 100 g of oil,

* average structure:

H
] 3
(CH,),SiO?i-O)rgi-O)“-Si(CH, )
H C!H,

are introduced into a three-necked 50 m! reactor provided with a central
mechanical stirrer, a thermometer and a vertical bulb condenser.

The medium is stirred, rendered inert with nitrogen and left to stand
at room temperature. 0.075 g of dicobalt octacarbony! stabilized with hexane
(i.e. 0.25 wt. %/Si-H oil) is then introduced.

The exothermicity of the reaction raises the temperature by 10 C
over a short period. 10 hours after the start of the reaction, the degree of
conversion of the Si-H groups has reached 48.5%. .

The medium is then transferred to a separating funnel and washed
with 3 x 30 ml of methanol. The methanol still contained in the silicone phase
is removed by devolatilization under vacuum at 80°C for 2 h.

25.23 g (i.e. 0.01 eq of Si-H) of the partially grafted oil, containing
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0.037 eq of Si-H per 100 g, and 1.54 g (i.e. 0.011 mol) of allylsuccinic
anhydride are then introduced into a 50 ml round-bottomed flask provided with
a central mechanical stirrer, a thermometer and a vertical bulb condenser.

The medium is stirred, rendered inert with nitrogen and heated to a
temperature of 100°C. 10.6 ul (i.e. 50 ppm/weight of Si-H oil) of a
divinyltetramethyldisiloxane solution of a platinum complex containing 11.9%
by weight of platinum with a divinyltetramethyldisiloxane ligand (Karstedt
catalyst) are then introduced through the septum. 10 hours after the addition of
platinum, the degree of conversion of the Si-H groups is 71.5%; 10.6 ul of
Karstedt catalyst are then added. After 24 hours, the degree of conversion of
the Si-H groups is 97%; a devolatilization under vacuum is then carried out to
remove the excess allylsuccinic anhydride. This gives 26.51 g of an oil of the
structure :

. (‘:Ha CH, oy,
(CH, ), $i04§i-0), -(J i-0), -(i:i-0)4 £ SICH,),

H
CeFye

LS L
Ejce  Gf]

EXAMPLE V: SYNTHESIS OF A BIFUNCTIONAL PERFLUORI-
NATED SILICONE OIL CONTAINING Gf, . AND E;

10 g of toluene are introduced into a four-necked 100 mi reactor
provided with a central mechanical stirrer, a thermometer, a vertical bulb
condenser and a septum. K

The medium is stirred, rendered inert with nitrogen and heated to a
temperature of 85°C. 2 ul (i.e. 40 ppm/weight of Si-H oil) of a
divinyltetramethyldisiloxane solution of a platinum complex containing 11.9%
by weight of platinum with a divinyitetramethyldisiloxane ligand (Karstedt
catalyst) are introduced.

On the one hand 20 g (i.e. 0.0435 mol) of perfluorooctylpropylene,
C,F,,CH,CH=CH,, and on the other hand 5.18 g (i.e. 0.081 mol of Si-H
groups) of a polymethylhydrogenosiloxane having the following characteristics:
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*Mn = 3160 g,
* 1.585 eq of Si-H per 100 g,
* average structure:

CH,

(CH, ),Sio<+-0),° -Si(CH, ),
H

are then introduced simulitaneously through the septum over a period of 1 h.
After 2 h 40 minutes, when the degree of conversion of the Si-H groups is
54%, 8.27 g (i.e. 0.0405 mol) of 1-allyl-3-methyl-5-t-butylphenol are
introduced over a period-bf 30 minutes. After 11 h, the degree of conversion of
the Si-H groups is total and a devolatilization under vacuum (2 h at 70°C under
1 mbar) is carried out to remove the toluene and excess
perfluorooctylpropylene. This gives 31.71 g of an oil of the structure

CH, jﬂ,
. (C}!,),Siq-(sli-O)z,-( i-0), 4 -Si(CH, ),
CeFyy H
L . ] 1
Gf Eg

EXAMPLE VI: SYNTHESIS OF A BIFUNCTIONAL PERFLUORI-
NATED SILICONE OIL CONTAINING Gf, ANDE,

30 g of toluene are introduced into a three-necked 100 ml reactor
provided with a central mechanical stirrer, a thermometer and a vertical bulb
condenser. :

The medium is stirred, rendered inert with nitrogen and heated to a
temperature of 90°C and 2.1 ul (i.e. 20 ppm/weight of Si-H oil) of a
divinyltetramethyldisiloxane solution of a platinum complex containing 9.5% by
weight of platinum with a divinyltetramethyldisiloxane ligand (Karstedt catalyst)
are then introduced.

On the one hand 28.4 g (i.e. 0.0789 mol) of perfluorooctyl-
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propylene, and on the other hand 9.74 g (i.e. 0.154 mol of Si-H groups) of a
polymethylhydrogenosiloxane having the following characteristics:

* Mn = 3160 g,

* 1.585 eq of Si-H per 100 g,

* average structure:

CH,
(CH, ), Si0-§i-0); ,-Si(CH, ),
H

are then run in simultaneously over a period of 1 h 30 minutes. 4 h 40 minutes

after the start of the reaction, the degree of conversion of the Si-H groups is

32%; a further 2 pl of Karstedt catalyst are then added. 1 h 50 minutes after

this further addition, with the degree of conversion of the Si-H groups being

48.7%, 10.2 g (i.e. 0.1 mol) of allyloxyethanol are run in over 25 minutes. 1h

after the end of this 2nd introduction, the degree of conversion of the Si-H is

87.7%; 4 ul of Karstedt catalyst are then added. After 14 h, with the degree of

conversion of the Si-H being 96.5%, a devolatilization under vacuum (75 C for -
1 h under 5 mm Hg) is carried out to remove the toluene. This gives 34.3 g of

an oil of the structure

B Gh o,

@H,>,Si0<s§>>m< :0); 4 <§-O);.,-SiCH, ),
H

CGFIS

1 | L H_!
Gfy Ei3

EXAMPLE VII: SYNTHESIS OF A TRIFUNCTIONAL GRAFTED
SILICONE OIL CONTAINING Gf,, E;ye AND E,

12.3 g (i.e. 0.0275 mol) of perfluorooctylethylene, C,F,,CH=CH,,
and 50 g (i.e. 0.055 eq of Si-H) of a poly(dimethyl, methylhydrogenos:loxane)
oil having the following characteristics:

* Mn = 3806 g,



10

15

20

30

35

-42 -

* 0.11 eq of Si-H per 100 g of oil,
* average structure:

%, 5
(CH,), Si0O | 1-0),«(8i-0), 4§ iCHy),
H C!H3 :

are introduced into a three-necked 100 ml reactor provided with a central
mechanical stirrer, a thermometer and a vertical bulb condenser.

The medium is stirred, rendered inert with nitrogen and heated to
50°C. 0.049 g of dicobalt octacarbonyl stabilized with hexane (i.e. 0.1
wt. %/Si-H oil) is then introduced. 10 h 30 minutes after the start of the
reaction, the degree of conversion of the Si-H groups has reached 34%; a
further 0.049 g of dicobalt octacarbonyl stabilized with hexane is then added.
After 1 h, the degree of conversion of the Si-H has reached 48.5%. The
medium is then transferred to a separating funnel and washed with 3 x 50 ml of
methanol. The residual oil, partially emulsified by methanol, is solubilized in
1,1, 1-trifluorotrichloroethane and the mixture is devolatilized at 90°C under
atmospheric pressure.

533g (z’.e.' 0.017 eq of Si-H) of the partially grafted oil, containing
0.032 eq of Si-H/100 g, 5 ol of a divinyltetramethyldisiloxane solution of a
platinum complex containing 10.0% by weight of platinum with a
divinyltetramethyldisiloxane ligand (Karstedt catalyst) and 6 g (i.e. 0.0434 mol)
of vinylcyclohexene are then introduced into a three-necked 50 ml round-
bottomed flask provided with a central mechanical stirrer, a thermometer and a
vertical bulb condenser.

The temperature of the medium is raised to 70°C and, after 1 h 30
minutes, the degree of conversion of the Si-H groups is total. A devolatilization
under vacuum (135 C for 2 h under 6 mbar) is then carried out to remove the
excess perfluorooctylethylene and vinylcyclohexene. This gives 49.67 g of an
oil of the structure
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CH,

(CH,), Si0<«§i -0)21 J )¢ (ﬁl 0), -Si(CHy),
OCH,

SPH

L 11 ) L
Gfy Ejvye E3

containing 0.0359 eq of epoxy per 100 g of oil (perchloric acid assay).

EXAMPLE VII: SYNTHESIS OF ANOTHER TRIFUNCTIONAL
SILICONE OIL CONTAINING Gf,, E,v¢ ANDE,

271.6 g (i.e. 0.609 mol) of perfluorooctylethylene, C,F,,CH=CH,,
and 400 g (i.e. 1.16 eq of Si-H) of a poly(dimethyl, methylhydrogenosiloxane)
oil having the following characteristics:

*Mn = 6200 g, '

* 0.29 eq of Si-H per 100 g of oil,

* average structure:

fﬂs L qHs
(CH;), Si048i-0),, -(S'i-O)‘ ,-Si(CH,),
H CH,

are introduced into a four-necked 1000 ml reactor provided with a central
mechanical stirrer, a thermometer, a vertical bulb condenser and a dropping
funnel.

The medium is stirred, rendered inert with nitrogen and heated to
50°C. 0.7944 g of dicobalt octacarbonyl stabilized with hexane (i.e. 0.2
wt. %/Si-H oil) is then introduced.

8 h 15 minutes after the start of the reaction, the degree of
conversion of the Si-H groups has reached 30.4%; a further 0.3972 g of
dicobalt octacarbonyl stabilized with hexane (i.e. a total of 0.3 wt. %/Si-H oil)
is then added. After 1 h, the degree of conversion of the Si-H has reached
49.7%. The medium is then transferred to a separating funnel and washed with
4 x 175 g of methanol. The residual oil, partially emulsified by methanol, is
devolatilized at 90°C under 6 mm Hg for 45 minutes.
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597.1 g (.e. 0.211 eq of Si-H) of the partially grafted oil,
containing 0.0353 eq.of Si-H/100 g, 30 ul of a divinyltetramethyldisiloxane
solution of a platinum complex containing 9.5% by weight of platinum with a
divinyltetramethyldisiloxane ligand (Karstedt catalyst) and 30.4 g (i.e. 0.245
mol) of vinylcyclohexene are then introduced into a four-necked 1000 ml round-
bottomed flask provided with a central mechanical stirrer, a thermometer and a
vertical bulb condenser.

The temperature of the medium is raised to 80°C and, after 1 h, the
degree of conversion of the Si-H groups is 94.4%. A further 30 pl of Karstedt
catalyst are then added. . After 8 h, the degree of conversion of the Si-H groups
is total. A volatilization under vacuum (135°C for 2 h under 6 mbar) is then
carried Out to remove the excess perﬂuorooctylethj'lene and vinylcyclobexene.
This gives 591.6 g of an oil of the structure '

. CH, CH: C
(CH, ),S:O-(;-O), i-0)y.4 -0), v ;O),,-Sx(cu,),
CSFI'I E -
n
Gfj Enfe E3

containing 0.0213 eq of epoxy per 100 g of oil (perchloric acid assay).



05

10

15

20

25

30

35

-45-

EXAMPLE IX: SYNTHESIS OF MONO- AND BIS-PERFLUORO-
ALKYL MONOMERIC POS = PRECURSORS Gf, OF BIFID GRAFTS
Gf AND E

Reaction:

{BRD 1776)
CaFu

0
\to c.r,,cn;cmoa
= 0 Cata: Ti(IV) =
d \— \__

- EtOH

258

CiFyq

2018 g (10.09 mol) of diethyl allylmalonate, 2340 g (5.04 mol) of
the alcohol C,F,,CH,CH,OH, 3.8 g (0.016 miol) of Ti(OEt), and 1000 g of dry
toluene are introduced into a 5 1 reactor under nitrogen. The temperature in the
reaction mixture is raised to 95°C and the reaction takes place under partial
vacuum (= 500 mm Hg) to favor elimination of the ethanol. After 5 h of
reaction, a further 7.3 g (0.032 mol) of Ti(OEt), are added. The reaction is left
to-proceed for 120 h. Analysis by gas chromatography indicates that the degree
of conversion of the perfluorinated alcohol is 100%. 60 g of neutral alumina
(50-200 um) are added and the mixture is filtered on board. The light materiais
are devolatilized under a pump vacuum (5 mm Hg, 3 h 40 min).

A vacuum distillation is then carried out to separate the two mono-

and bis-perfluoroalkyl monomers.
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Compound Results/Purity/Characteristics
O _O(CH,)C,F 716 g
(CH,)CeFyz >97.5%
95°C/0.05 mm Hg
oC
~ 2He
1) o
0. _O(CH,)C,F,, " 760 g
Hy ICoFyr 60 ’
y O(CH,)C;F,y White solid, m.p. = 38 C
2) o) :

IR and NMR analyses confirm the structure of these two monomers.

EXAMPLE X: SYNTHESIS OF POS SUBSTITUTED BY BISPER-

FLUORINATED BIFID GRAFTS Gf, AND BY GROUPS Elpe = -
PRELINKAGE Gf

217.3 g of dry toluene are introduced into a 1000 ml reactor under

nitrogen and heated to 98°C. 2.2 ul of KARSTEDT catalyst (11.5%, by weight
of Pt) are then added. 24.6 g of a silicone oil containing Si-H units, of the
structure Me,SiO(SiMe,0),,(SiMeHO),,SiMe, (Si-H content: 11.27 mol of Si-

H/kg, i.e. 0.277 mol of Si-H), and 230.2 g (0.222 mol) of the bisperfluoroatkyl

monomer described in Example no. 1, in the molten state (= 70°C), are run in
simultaneously over 2 h 15 min. The reaction is left to proceed at 98°C for
21 h 40 min. The degree of conversion of the Si-H units is 79.3%. 50.6 g

{0.361 mol) of allylsuccinic anhydride and 2.2 ul of KARSTEDT catalyst are
then added. The reaction is left to proceed at 98°C for 50 h. The degree of
conversion of the Si-H units is virtually complete. The reaction mixture is

heterogeneous. On standing at 25°C it separates out cleanly into two phases.

The product phase is filtered on a BUCHNER funnel and washed with toluene
to give a white solid. Water (= 100 ml) is added and the reaction is left to
proceed for 17 h at 25°C. Toluene is added to remove the free monomers.

After decantation, the toluene phase is withdrawn and the solid is then filtered
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off and dried under vacunm at 25°C under 5 mm Hg. 465 g of a white solid
are recovered. IR and NMR analyses confirm the structure of this silicone oil.
The melting point is about 65°C and elemental analysis gives a fluorine content
of 53.8%.

Me;SiO(8iMe20),5(SiM e O)s5(SiMeO);sSiMe3

COH
COH

2 El e
o <

CsFi7 (PHO 127)

- EXAMPLE XI: SYNTHESIS OF POS SUBSTITUTED BY MONO-

PERFLUORINATED BIFID GRAFTS Gf AND BY GROUPS Egge =
PRELINKAGE Gf

145.2 g of dry toluene are introduced into a 1000 ml reactor under
nitrogen and the medium is heated to 94°C. 5 ul of KARSTEDT catalyst
(11.5% of Pt) are added. A mixture consisting of 578.5 g (0.936 mol) of the
monoperfluorinated monomer described in Example VIII and 105.6 g of a
silicone oil containing Si-H units, of the structure
Me,Si0(SiMe,0),{(SiMeHO),SiMe, (Si-H content: 11.27 mol of Si-H/kg, i.e.
1.19 mol of Si-H), is then run in over 2 h. The reaction is left to proceed at
94°C for 28 h 30 min. The degree of conversion is 53%. A further 5 ul of
KARSTEDT catalyst (11.5% of Pt) are then added and the reaction is left to
proceed for a total of 69 h 30 min. The degree of conversion of the Si-H units
is 73%. 96.2 g (0.925 mol) of allylsuccinic anhydride are then introduced.
The reaction is left to proceed for 128 h. The degree of conversion of the Si-H
units is 96.5%. About 100 mi of water are added and the mixture is stirred for
15 h at 25°C and left to decant. The organic phase is devolatilized (5 h at
120°C under 2 mbar) and 1330 g of a viscous oil are recovered. IR and NMR
analyses confirm the structure of this silicone oil and elemental analysis gives a
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fluorine content of 41%.
M%SlO(SlM(‘.gO)zs(SMtO)sz( MeO)lsSMea
F17Cs\/\0
Gf,
B (PHO 128)

EXAMPLE XII: SYNTHESIS OF POS SUBSTITUTED BY MONO-
PERFLUORINATED BIFID GRAFTS Gf AND BY GROUPS E;ge =
PRELINKAGE Gf

775 g of dry toluene and 0.2944 g of PtCL(PhCN), in CH,Cl,
(catalyst solution: 0.0169 g of catalyst in 1.8429 g of CH,CL) are introduced
into a 1000 ml reactor under nitrogen. The mixture is heated to 80°C and a_
solution of 134.9 g (1.5209 eq of Si-H units) of a silicone oil of the structure
Me,SiO(SiMe,0),,(SiMeHO),,SiMe, is run in over 2 h. The reaction is left to
proceed at 80°C for 24 h, a further two 0.15 g portions of the Pt catalyst
solution being added. The degree of conversion of the Si-H units is 69.79%.
106 g of allylsuccinic anhydride and 59 ul of a KARSTEDT catalyst solution (Pt
content: 11.5%) are then added at 80°C. The reaction is left to proceed for
24 h. The degree of conversion is 96%. The reaction mixture is devolatilized
(120°C, 5 mm Hg). The oil obtained is washed 6 times with 250 ml of water.
Devolatilization is repeated to give 852.5 g of a viscous oil. IR and NMR
analyses confirm the structure of this silicone oil.
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Me;3SiO(SiMe;0)s(SMeO)s3(SiMeO)y7SiMe;

o
\ COH
Fx‘?CS\/.\O =0 CO,H.
o

Elfe
Gf,

B (BRD 1778)
EXAMPLE XIII: SYNTHESIS OF POS SUBSTITUTED BY BIS-
PERFLUORINATED BIFID GRAFTS Gf, AND BY GROUPS Ege =
PRELINKAGE Gf '

* 50 g of toluene and 12.5 mg of Pt in the form of a KARSTEDT
catalyst are introduced into a 5 1 reactor under nitrogen. The reaction mixture is
heated to 85 C and a mixture consisting of 400 g of dry toluene, 874.94 g
(0.864 mol) of the bisperfluorcalkyl monomer described in Example no. 1 and
625.06 g of a silicone oil containing Si-H units, of the structure
Me,SiO(SiMe,O)m(SiMeHO),,SiMe, (1.55 mol of Si-H units), is run in over
3 h. The reaction is left to proceed for 4 h at this temperature. The degree of
conversion of the Si-H units is 55%. 1901 g of a clear oil are recovered.

95.6 g (0.682 mol) of allylsuccinic anhydride and 0.1653 g of a
KARSTEDT catalyst solution (11.5% of Pt) are introduced into a 2000 ml
reactor. The reaction mixture is heated to 105 C and 950.6 g of the previous
silicone oil containing Si-H units (3.412 mol of Si-H units) are run in. The
reaction is left to proceed at this temperature for 4 h. The degree of conversion
of the Si-H units is 96.3%. 500 ml of water are then added. The reaction is
left to proceed for 7 h under reflux. The mixture is cooled and devolatilized
under 3 mm Hg at 110°C for 4 h. 781.6 g of a viscous oil are recovered. IR
and NMR analyses confirm the structure of this silicone oil.
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Me3SiO(SiMe20)00(SiMeO)s(SiMeO)zoSiMes

GsF1y . (BRD 1784)

EXAMPLE XIV: SYNTHESIS OF POS SUBSTITUTED BY BISPER-
FLUORINATED BIFID GRAFTS Gf, AND BY GROUPS E, (hals) =
PRELINKAGE Gf ) _

93.01 g (0.442 mol) of allyloxy-HALS and 0.1651 g of a
KARSTEDT catalyst solution (11.5% of Pt) are introduced into a 2000 ml
reactor under nitrogen. The mixture is heated to 95-98°C. 949.6 g of the
silicone oil containing Si-H wunits of Example 6, functionalized to the extent of
55% by the monomer containing bisperfluoroalkyl units described in Example
no. 1, are then run in over 2 h. The reaction is left to proceed for-2 h at
100°C. The degree of conversion of the Si-H units is complete. The mixture is
left to cool and 50 ml of toluene are added. The medium is devolatilized for
5h at 110-140°C under 2-5 mm Hg. 755.5 g of a very viscous liquid are
recovered. IR and NMR analyses confirm the structure of this silicone oil.
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Me;3SiO(SiM e O)z00(SiMe O);5(SiMe0)3oSiMe3

m—2

GfB

E2 (hals) (BRD 1785)-

EXAMPLE XV: SYNTHESIS OF POS SUBSTITUTED BY BISPER-
FLUORINATED BIFID GRAFTS Gf, AND BY GROUPS E, (hals) =
PRELINKAGE Gf '

5 g of dry toluene and 1.2 mg of Pt in the form of a KARSTEDT
catalyst (11.45% of Pt) are introduced into a 250 ml reactor under mnitrogen.
The reaction mixture is heated to 95 C and a mixture consisting of 20.24 g
(0.02 mol) of the monomer containing bisperfluoroalkyl units described in
Example no. 1 and 69.15 g of a silicone oil containing Si-H units, of the
structure MeSiO(SiMe,0),,,(SiMeHO),.SiMe, (0.1 mol of Si-H urﬁts), is run in
over 1 h. A further 25 g of toluene are added and the reaction is left to proceed
at this temperature for 1 h 10 min. The degree of conversion of the Si-H units
is25.8%. _

18.99 g (0.0963 mol) of allyloxy-HALS and 20.76 mg of a
KARSTEDT catalyst solution (11.5% of Pt) are introduced into a 2000 ml
reactor under nitrogen. The mixture is heated to 98°C. 119.39 g (0.0715 mol
of Si-H) of the silicone oil containing Si-H units, functionalized to the extent of
25.8% by the monomer containing bisperfluoroalky! units described in Example
no. 1, are then run in over 1 h. The reaction is left to proceed for 1 h at
100°C. The degree of conversion of the Si-H is complete. The mixture is left
to cool. It is devolatilized for 6 h at 140°C under 3 mm Hg. 86.1 g of a very
viscous liquid are recovered. IR and NMR analyses confirm the structure of:
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Me3SiO(SiMe;0)220(SiM e 0)s(SiMe0)oSiMes
o
. \ o
Fi;G— © —
o

EXAMPLE XVI: SYNTHESIS OF POS SUBSTITUTED BY BISPER-
FLUORINATED BIFID GRAFTS Gf, AND BY GROUPS E, (hals) =
PRELINKAGE Gf

120 g of monomer 2 containing bisperfluoroalkyl units described in
Example IX and 3.5 sl of a KARSTEDT catalyst solution (11.5% of Pt) are
introduced into a 250 ml reactor under nitrogen. The reaction mixture is heated
to 90°C. A silicone oil containing Si-H units, of the structure
Me,SiO(SiMeHO),,(SiIMeOEt0),,SiMe, (0.105 mol of Si-H units), are then
introduced over 1 h 30 min. The reaction is left to proceed for 46 h at 90°C.
The degree of conversion of the Si-H units is 96.4%. The medium is
devolatilized for 2 h at 200°C under 3 mm Hg. 127.6 g of a viscous clear oil
are recovered. IR and NMR analyses confirm the structure of this silicone oil.

Me3SiO(SMeO)15(?MeO)338Me3
OEt
E3

F17GsCH,CH;

i
CH,;CH,GsFy7

Gfp ‘ - (PHO 118)
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EXAMPLE XVII: DETERMINATION OF THE DEGREE OF
CRYSTALLINITY

Table 1 below collates the degree of crystallinity measured by X-
rays on some monomers and functionalized silicones.

These results show the organization resulting from the particular
structure of monomer 2 containing bisperfluoroalkyl units described in Example
IX.

Differential thermal analysis performed on the same products also
shows a crystallization peak. '
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Table 1
Structure Degree of crystallinity/
Crystallization
temperature
CiFiy 68.9Z (on sample as such
‘{ /—/ at room temperature)
36°C (maximum of the
_ crystallization peak)
o \—-\
S (BRD 1776)
Me;SiO(SiMe0);5(SiMe0)s:SMes | 41.4% (on sample as such
OEt ' at room temperature)
o 44°C (maximum of the
] crystallization peak)
/0 .
F17CsCH,CH; =0
?
CH;CH;GsFs5
(PHO 118)
Me3SiO(SiMe;0)5(SiMe0)ss(SiMe0);5SiMes 41.4% (on sample as such
at room temperature)
o 53% (after remelting and
: recrystallization)
\ COH s
cobl 59 C (maximum of the
F,-,Cs\/\o —0 co;n crystallization peak)
) o
2 PHO 127
CsF17 ( )
Me;SiO(SiMe;0);(SiMe O)s2(SiMe 0),¢SiMes
amorphous product
\ CO,H
F"Cl\/\o =.0 COH .
o
: . > (PHO 128)
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EXAMPLE XVIII: SYNTHESIS, . EMULSIFICATION AND
APPLICATION OF POS CONTAINING MONOPERFLUORINATED
BIFID GRAFTS Gf AND GRAFTS Ege

XVIHL 1. The oils of the following structures were synthesized by following the
operating protocol used in Examples IX, X, XI and XII above.

Me3SiO (SiOMe )x(SiO Me 2)25( iOMe lySiMes

Table 2
Sample x y R
PHO 105 15 55 C H,
PHO 107 55 15 C,H,
PHO 127 15 55 CH,CH,_C4F, ,
PHO 128 15 55 C.H,

XVI1I. 2, Emulsification
PHO 105
The following ingredients are mixed:
PHO 105: 6g
AD33: 05¢g
GENAPOL X080: 01g
ethoxylated C,, fatty aicohol
Water is added gradually and the ingredients are mixed by hand. A
further 7 g of H,O are then added and the ingredients are emulsified using a
SILVERSTON mixer.
A white emulsion (dry extract = 46.3%, mean particle size = 7965
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The following ingredients are mixed:

PHO 100:
AD33:
Butyl digol:
BRI 72:

25g
05g

125g

05¢g

Water is added gradually and the ingredients are mixed by hand. A
further 10 g of H,O are then added and the ingredients are emulsified using a
SILVERSTON mixer. .
A light brown emulsion (dry extract = 31%) is obtained.
XVII1.3. The following commercial perfluorinated polyacrylates are tested in
addition to the fluorinated POS according to the invention: FC 396 from 3M
and AG 850 from ASAHI. The characteristics of the products tested are give

in Table 3 below: '
X y R Mn % fluorine
(calculated)
PHO 100 0 70 CoHg 49500 45 7%
PHO 105 15 55 C Hg 42500 41.7%
PHO 107 55 15 CHg 24200 20.0%
PHO 127 15 55 CH,CH,CgF, » 65600 54.1%/53 8%%
PHO 128 15 55 CoHg 42500 41,7%/41 1%%
FC 396 poly- |perfluori- CaF, - 17%%
acrylate| nated chain
AG 850 poly- |perfluori- CaFiy 13%%
acrylate| mnated chain
* calculated
*%* determined

Table 3: Global characteristics of the synthesized oils and commercial
products
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XVIIL 4. Application

Two series of tests are performed:

- applicatibn in a solvent

Deposition of 700 ppm of fluorine (impregnation of a 15 g disk of
polyamide (PA) mat) from solutions diluted to 1% in trichlorotrifluoroethane.
The fluorinated POS used are PHO 105, 107, 127 and 128. FC 396 and AG
850 are also employed in solution.

Drying for 6 minutes at 80 C, followed by heat treatment for 4
minutes at 140°C. |

- application in an emulsion

Deposition of 700 ppm of fluorine (application witha guntoa 15 g
disk of PA mat) from the emulsions described above: PHO 105 and PHO 107.
FC 396 and AG 850 are also tested in emulsion. .

Drying for 6 minutes at 80°C, followed by heat. treatment for 4
minutes at 140°C. |

The hydrophobicity and oleophobicity properties are evaluated by
the penetration or non-penetration of liquids of decreasing surface tension (on
three drops of liquid). .

The POS is assigned the number corresponding to the liquid of
lowest surface tension which does not penetrate after 30 seconds in the
oleophobicity test and after 3 minutes in the hydrophobicity test.
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Table 4
Hydrophobicity index Composition: IPA/H,0

0 0/100

1 10/90

2 20/80

3 30/70

4 40/60

5 ' 50/50

6 60/40

7 70/30

8 80/20

9 90/10
10 100/0

Table 5
Oleophoﬁicity index Composition

1 Nujol

2 Nujol (65)/n-hexadecane (35)
3 n-hexadecane
4 n-tetradecane
5 n-dodecane

6 n-decane

7 n-octane

8 n-heptane

The compositions are given-by volume at 20°C.
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Results
Table 6
Oleophobicity index | Hydrophobicity index

FC 396 (emulsion) . 4 4
FC 396 (solvent) 4 3
AG 850 (emulsion) 5 3
AG 850 (solvent) .5 2
PHO 105 (emulsion) 5 2
PHO 105 (solvent) 4 1
PHO 107 (solwent) ) "4 1
PHO 107 {(emulsion) 4 1
PHO 127 (solvent) 6 3
PHO 128 (solvent) 4 1

XVIIL 5. Physicochemical study

5.1. Wetting of the deposits

The utility as a “dirt repellent” in terms of physicochemical
properties can be summed up by the behavior of the deposit towards liquids
(wetting) and its stability over time in contact with a liquid.

5.2. Methodology of the study

The following simple physiéochemical study is carried out:

1* Deposition of the treatment polymer by plate whirler from
0.25% solutions of polymer. FC 396 (Scotchgard), a reference treatment, was
also studied. | _

6 families of samples are studied on this basis - the sample “as
such” or initial sample and a sample baked at 140°C for 4 min. These 2
samples are then taken and subjected to:

either a “leaching™ test consisting in allowing drops of water to fall
from a height of 1 meter for 10 min (initial and washed, baked and washed),
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or an “immersion” test in demineralized water for 30 min (imitial
and immersed, baked and immersed).

The object of these 2 tests is obviously to find out the permanency
of the treatment.

2* Measurement of the angle and its change over time (0 to 60
seconds) in contact with reference liquids (water and CH,L).

The experiments were performed on the following products: PHO
105, PHO 107, PHO 127, FC 396 and the untreated PA66 control.

5.1.2. Results

Table 7 shows the angles obtained after 60 seconds.
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Table 7
Sample | Control PHO 105 | PHO 107 | PHO 127 FC 396
Initial
H,0 50° 90° 50° 115° 100°
CH,I, 30° 70° 90° 90° 50°
Baked
H,0 50° 90° 90° 112° 110° or 75°
CH,I, 50° 80° 90° 95° 50°
Initial
and
washed
H,0 . _ 100° 105° or 70° 103°
(1 point)
CH,I, 70° 92° or 45° 45°
} (1 point)
Baked
and
washed
H,0 100° _ 110° 110" or 80°
CH,I, 85° 90° 60°
Initial
and
immersed
H,0 95°% 112° 112°
CH,I, 80° 90° 50°
Baked
and
immersed .
H,0 : 95° 116° 112°
CH,I, 70° 95° 60° or 90°

Table 7: Change in the angles of test liquids on treated or untreated
surfaces

The conclusions are as follows:

* PHO 127 has a very high oleophobicity and hydrophobicity and
remains relatively insensitive to baking and leaching.

* In general the fluorinated POS products according to the invention
(PHO 105, 107, 127, 128) have a better leaching resistance than FC 396.

* It is not necessary to “overdose” with perfluorinated groups in
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order to obtain the hydrophobicity and oleophobicity properties. PHO 107, in
which y = 15, gives results after baking which are comparable to the other
functionalized silicones containing perfluorinated monoester groups.

EXAMPLE XIX: SYNTHESIS OF NOVEL SILICONES BIFUNC-
TIONALIZED AT THE ENDS BY EPOXIDE AND PERFLUORO-
ALKYL UNITS, OF THE FOLLOWING GENERAL FORMULA:

Rf . epoxide
1 SiMe,O(SiMe,0)xSiMe -—/_

x preferably being 0.

This type of silicone bifunctionalized at the ends by epoxide units
could be useful for rendering surfaces (wood, paper) or silicone-type matrices
hydrophobic and oleophobic. '

Preparation of:

Fl 7C8 |
xsm,osm,

__WO

-a- 300 g of Vi-C,F,, (0.647 mol), 250 g of HSiMe,0SiMe,SiH (1.866
mol) and 150 g of M, are introduced into a 1 1 round-bottomed flask under
nitrogen. 2 g of Co,CO, (2857 ppm/total weight) are then added. The reaction
is left to proceed for 48 h at 25°C. GC analysis shows that the degree of
conversion of the Vi-C,F,, is close to 100%. The mixture is filtered on paper
and the excess M, and M, are evaporated off (100 C/50 mm Hg). The reaction
mixture is distilled under a pump vacuum and 289 g of a colorless liquid
(boiling point: 93°C/6 mm Hg) are recovered. The purity is >98% (GC).
NMR and IR analyses confirm the structure of the product. Si-H content: 1.715
eq/kg (theory: 1.673 eq/kg). Yield isolated: 77%. The following is obtained:

F17C3
- \—SiMezOSiMez —H



05

10

15

20

25

30,

35

-63 -

-b- 23 g of vinylcyclohexene epoxide (0.185 mof), 200 g of the
previous product (GPE 1218) (0.34 mol) and 50 g of dry toluene are introduced
into a 100 ml round-bottomed flask under nitrogen. 10 ppm of platinum/total
weight are then added in the form of a Karstedt catalyst. The mixture is heated
at 90°C for 24 h. The degree of conversion of the Si-H units is close to 100%.
The solvent and excess VCMX are evaporated off. 225 g of a yellowish oil are
recovered whose structure is confirmed by NMR and IR analyses. The purity is
>98%. The a-perfluorinated and w-epoxidized dimethyldisiloxane of the
formuia given above is obtained.



05

10

15

20

25

30

35

[T |||II| IIIII ||III II |II|

WHAT IS CLAIMED IS:

1. A (per)halogenated - preferably (per)fluorinated - polyorgano-
siloxane (POS) of the following general formula (I) or (II):

ER’). (GD(E), sso,-,z‘-E‘ of 510,,)-F R SiO%E}mzsiozgr
(R» H(R (GO E);— s:ou;_-]

fremcffrmor]fpnc] fovn}
z' _e' y 1' Y ! _

(Im

in which:
e a+b+p=3;a=2o0r3;b,p=0orl;
z is between 0 and 200, preferably between 1 and 90;
y, is between 0 and 10, preferably between O and 5;
y is between 0 and 50, preferably between 0 and 25; and
e is between 1 and 200, preferably between 1 and 90,
with the provisos that:
a ifz=0, then5$z+y,+y+e$200 preferably 10 <z +y, +y
+e<100and [2/(z + y + y, + e + 2)].100 = 3, preferably 5;
a ifz=0,then5S <y + y, + e < 100, b being other than 0 in at least
one of the monovalent terminal siloxy units M;
a ifex0,thenS <z +y +y+e < 200,preferably 10 <z +y +y
+e<100and [z/(z +y +y, + e + 2)).100 > 3, preferably 5; and
a ife=0,thenS <y +y, + z < 100, p being other than 0 in at least
one of the units M;

o 1 =<2 <9, preferably 1 < 2’ < 4.5;

e 0 <y’ <0.5, preferably 0 < y’, < 0.25;
e 0<y <5, preferably 0 <y’ < 0.5;
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each radical R!, R? on the one hand is identical to or different from like
radicals of the same exponent and the other radical of different exponent, and
on the other hand is a linear or branched C,-C,,-(cyclo)alkyl - preferably C,-
Ci(cyclo)alkyl - group, an aryl, an aralkyl or an alkylaryl, these groups
optionally being substituted;

Gf is an optionally halogenated - preferably (per)fluorinated - functional
monovalent radical of identical or different type in the z or z’ siloxy units D
and/or the two siloxy units M in which it is present, and having the following
average formula:

G0 ==Z)i @) Z) R,

s whereh=0orl;g=0o0ri;j=0o0rlandk = 1or2;

a with the proviso that at least one radical Gf is present in said POS (I) or
(II), the radicals Gf preferably being present to the extent of at Ieast 60
mol%;

a Z, being a divalent radical of the formula

TCallom )

where m = 2, with the proviso that if m = 2, then at least some of the

radicals Gf are radicals in which g = 0;
s Z, being a mono-, di- or tri-valent radical of the formula

Qe

« one or both of the free valences of the carbonyl(s). being joined to
-Z,Rf and, in the case where only one of said free valences is joined to
-Z,Rf, the other then being joined to a hydroxyl;
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« at least one of the free valences of the carbonyls being joined to -Z,-Rf
and, in the case where only one of these free valences is joined to
-ZRf, the other then being joined to a linear or branched C,-C,-
"alkoxy; and

» R* = H, aryl or linear or branched C,-Clower alkyl, preferably CH,;

ol
-EWE}

e« h=0inGf;
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 one or both of the free valences of the carbonyl(s) being joined to -Z,-

*

Rf and, in the case where only one of said free valences is joined to
-Z,Rf, the other then being joined to a hydroxyl or to a linear or

branched C-C,-alkoxy;

one or both of the two free valences other than the valence s
being joined to -Z,-Rf and, in the case where only one of these two
valences is joined to -Z,-Rf, the other then being joined to OH or to a
linear or branched C,-C;-alkoxy; or :

Rb

|
—S'/
l\ .

one or both of the two. free valences other than the valence mwm
being joined to -Z,-Rf and, in the case where only one of these two
valences is joined to -Z,-Rf, the other then being joined to OH or to a
linear or branched C,-C,-alkoxy;

R* = H or linear or branched C-Cglower alkyl, methyl being
preferred; ' '

- W being a cyclic or non-cyclic hydrocarbon radical, in particular an
aliphatic and/or alkenyl and/or alkynyl and/or aromatic radical, and W also
being devoid of an ether link -O-; :

a Z, is a divalent radical of the formula

- U'CnHZn -

ewheren = 12and U = O, S, NH or NHSO,, preferably O; and
s Rf being a perhalogenated - preferably perfluorinated - radical and
particularly preferably a linear or branched perfluoroalkyl radical having
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one of the following formulae:
== CqF2q- CF3 where q = 0;
-qu?zq -H where q = 1;
== NR"SO, Cq F.q - CF3 where q = 0 and Rf = H, aryl
or linear or branched C,-C,lower
alkyl (preferably CH,); and
== NR"SOy CqF,q-H where g = 1 and R is as defined
above;

E is a monovalent functional radical, other than Gf defined above, of
identical or different type in the e or e’ siloxy units D and/or the two siloxy
units M in which it is present, and preferably chosen from the groups having
at least one of the following functional groups E, toE,,:

A E =

o=(Z Dyos~ Ldgon ™

in which:
* Z is defined in the same way as given above for Gf where m = 2; and
* Z, corresponds to:

at,

where at least one of the free valences of a carbonyl is bonded to an
OH, or else these two free valences are both joined to the same oxygen
atom;

.8e.

LO——
co———

where the two free valences -of the carbonyls are each bonded to a.
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linear or branched C,-C,-alkoxy;

e,

N

an\y 0.

e’

.5e.
ey -N=C=0
or

e\ —NH,

.£€C.

‘-'EW*:;;}

the free valence of the carbonyl being joined to a linear or branched C,-
C,-alkoxy or else to an OH;

.nC.

where at least one of the free valences of a carbonyl is bonded to an
OH or a linear or branched C,-C,-alkoxy, or else these two free
valences are both joined to the same oxygen atom;

hO

.ge.
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 one or both of the two free valences other than the valence wmm
being joined to Z,-Rf and, in the case where only one of these two
valences is joined to Z,-Rf, the other then being joined to OH or to a
linear or branched C,-C,-alkoxy; or
.e.

e« R* = H or linear or branched C,-Clower alkyl, methyl being
preferred;
* Z. and Z, being identical to or different from their counterparts present in
Gf and described above; and
* W being as defined above for Gf; and
a E, = amine; E, = alkoxy; E, = acyl; E; = acyloxy; E, = hydroxyl;
E, = trialkoxysilyl; E, = amide; E, = ester; E,, = phenol; E,, = aryl-
alkoxy; E,, = aryloxy; E,, = ether-hydroxy. '
A POS according to claim 1 of the following average formula (I.1):

[(H)a (R‘),,sio.a-ER’cfs;o,a—z—ER’BSio,a;—Erm’siomﬂ;:E(R’)z-Sio%‘VE(H)am'bSiOm]

(LD

in which:

Gf corresponds to the definition according to claim 1 whereh = g = 1 or
h=1landg = 0; ’

E=E tE,

R! and R? are as defined in claim 1, preferably methyl, propyl or butyl;

cl + d1 = 3 and preferably c1 = 2,d1 = 1,

¢2 + d2 = 3 and preferably c2 = 2, d2 = 1;

1 < z < 90, preferably 1 < z < 50;

1 < e < 100, preferably 1 < e < 60;

0 <y, <10, preferably 0 < y, < 5;

0 <y < 50, preferably 0 < y < 25.
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3. A POS according to claim 2 of the following formula (I.1.1):
(B, "cH, ?H, CH, CH, CH,
R” SIO—(SIO)_(SI')'—'(SIO) € slio X% SiR
l | |
CH, CH, H Gf E CH,

where y, y,, z, e, Gf and E are as defined in claim 1 or 2 and R~ and R~, which
are identical or different, are H or C,-C-alkyl.
4, A POS according to claim 1 of the following formula (1.1.2):

Eﬂ'u ®),8i0,, a’ER Gfsio yﬂ 35103 (Rl)‘z(Gf)bZSiOm
P .

(L.1.2) .

in which:
+ Gf is as defined in claim 1;
+ R!, which is identical to or dlfferent from like radicals of the
same exponent, is R! as defined in claim 1,
or else corresponds to a functional group (E) as defined in claim 1,
preferably an epoxy-functional radical;
+ R2, which is identical to or different from like radicals of the
same exponent, is defined in the same way as in claim I;
+al+bl=a2+b2=3;
al,a2 =2o0r3;bl,b2 =0or;
0 <y < 100, preferably 0 < y < 10;
0 < p < 50, preferably 0 < p < §;
-» the formula in which Rt = CH,, bl = 1and b2 = 0,

COR'
/

Gf: —(CH,);~CH
11

COR

where R and R" are identical or different and are OH, C,-C-
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alkoxy or ZRf according to claim 1, at least one of the radicals R* and R"

being ZRf,p =0andy =0or 1,
- and the formula in which R! = CH,, bl = b2 =0,

COR™
/

Gf: —(CH);~CH

cor"

y = 0and p = 1 to 10, preferably 1,
— being particularly preferred. :
5. A POS according to any one of claims 1 to 4 which comprises at
least one species (I) and/or (IT) substituted by at least one perhalogenated -
preferably perfluorinated - radical Gf selected from the following subgroup of
radicals:

- (i)
: ICT R
seems CHR —(CH, )-i—CR'

C —Rg" -
Il
0

where:

o Re and R? independently are H or linear or branched C,-C;lower

alkyl, preferably CH,;

o R® and R" independently are OH, linear or branched C-Cg
alkoxy or Z,-Rf, at least one of the radicals R® and R being
-Z,Rf; and o

o i = 0to 10, preferably O to 3 and particularly preferably 1;
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- (ii)
R
. /
s CHR' iR
—(CH, )i-SxR N
Rll
where R?, Rs, Ri¢, R and i are as defined above;
- (ii) i

R]o
- CHR’—(CH,)i——(:(
. Rn

where R?, R, R! and i are as defined above, it optionally being
possible for the hexyl ring to be substituted; and
- mixtures of the above-mentioned radicals. ‘
6. A POS according to claim 5 which comprises at least one species m
and/or (1) substituted by: 3 |
O at least one perhalogenated - preferably perfluorinated - radical
Gf of formula (i), (ii) or (iii) according to claim 5,
the radicals R* and R" in the formula in question corresponding

to Z,Rf and preferably to:
we=(Q—C H;—C, F,;—CF, @20)
or

) — n}I2;l—CqF29—H (qu)

o and optionally at least one radical Gf (i), (ii) or (iii) in which
one of the radicals R or Rt is Z,Rf and the other radical R® or
R is different from Z,Rf and advantageously corresponds to OH

or linear or branched C,-C,-alkoxy.
7. A POS according to any one of claims 1 to 6 which comprises at
least one species (I) and/or (II) substituted by at least one radical E selected
from the subgroup of radicals E (i), (ii) and (iii) corresponding to the
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radicals Gf (i), (ii) and (iii), respectively, according to claim 5, the only
difference being that R and R* are identical or different and correspond only
to OH and linear or branched C,-C-alkoxy.

8.

9.

A POS according to any one of claims 1 to 7 which also comprises:
siloxy units

|
T= E{‘—Silomi‘— '

where the radicals R® of the different units are identical to or different from
one another and are defined in the same way as R!, R?, Gf or E above; and
optionally units

. Q=[5i0,,]

A process for the preparation of (per)halogenated - preferably

(per)fluorinated - POS according to any one of claims 1 to 8, which consists
essentially in reacting:

A)

B)

O

at least one polyalkylhydrogenosiloxane - preferably polymethylhydrogeno-
siloxane - oil
with at least one (per)halogenated - preferably (per)fluorinated - olefin
which is a precursor of Gf and has the formula (Gf)):
Z Rf
in which:
» Z,, = olefinic precursor of Z, and
¢ Rfis as defined in claim 1, .
and/or with at least one (per)halogenated - preferably (per)fluorinated -
olefin of the formula Z,Z, ,
in which:
» Z,, = olefinic precursor of Z, and
» Z,, = olefinic precursor of Z,,

D) in the presence of an effective amount of a metal hydrosilylation catalyst

preferably based on platinum,
the reaction product A + C optionally being brought into contact with a
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reactant of the type Z Rf, where Z, is a precursor of Z, and Rf is as
defined above, to give grafts Gf = -Z Rf and/or -Z,Z,Z Rf,

E) and finally with a reactant E, formed by an olefinic precursor of E, E, being

capable of hydrosilylation by the =SiH of the POS in the presence of D.
10. A process according to claim 9 wherein:

» the precursor E, is of the type Z, Z, , where Z,, is an olefinic precursor of Z,
and Z, is a precursor of Z,, and Z,, Z,, Z,, and Z, are identical to or
different from their counterparts present in Gf and described above, and

» the radicals -Z,Z,, grafted onto the POS are brought into contact with at least
one reactive compound carrying a group having at least one functional group
E, so as to produce grafts -Z, ZE.

i1. A process according to claim 9 or 10 wherein:

o at least some of the precursors Z, of Z, grafted onto the oil A) are acid
anhydrides,_

« at least some of these anhydride groups are hydrolyzed so as to generate free
carboxyl ends, and

« at least some of said carboxyl ends are esterified: .
* either with reactants of the type Z, -Rf, Z, being a precursor of Z,, and Z;

and Rf being as defined in claim 1,
* or with at least one reactive compound carrying a group having at least
one functional group E.
12. A process for the preparation of cyclic or linear halogenated -
prefembly'(per)ﬂuorinated - POS according to any one of claims 1 to 8, which
consists essentially in reacting:

A) at least one polyalkylhydrogenosiloxane - preferably polymethylhydrogeno-

siloxane - oil

F) with at least one halogenated - preferably (per)fluorinated - olefin which is

a precursor of Gf and has the formula (Gf,):

A AR TALS N

in which: .
o Z, is the olefinic precursor of the radical Z,, as defined above in claim 1,
and ' .

e Z,Z,Rf h,g,jandk are also as defined in claim 1,
« with the proviso that if h = 0, then g = 1 and Z, becomes an olefinic
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precursor Z,,

G) and/or with at least one olefinic precursor E, of E,
D) in the presence of an effective amount of a metal hydrosilylation catalyst

13.

preferably based on platinum.

A process according to claim 12 wherein the precursor Gf, of Gf

has at least one of the following formulae:

@)

Gii)

i

C —RY
/
CH,== CR—(CH,}—CR’
\C __Rll
1l
(0

o where R* and R? independently are H or linear or branched C-C,-
lower alkyl, preferably CH,;

o R* and R® independently are OH, linear or branched C-Cg
alkoxy or Z,-Rf; and '

o i = 0to 10, preferably O to 3 and particularly preferably 1;

10
- KR
/

—_— -9 Y
CH,=CR—(CH, ) SK
T \Rll

where R?, Rs, R, R" and i are as defined above; and
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(i)
~RY
 ~Dd
“ =Y
R“'

where R°, R, R and i are as defined above, it optionally being
possible for the hexyl ring to be substituted. -

14. A process according to claim 13 wherein the precursors Gf, of the
grafts Gf have one or two perfluorinated groups R®, Ri! (R* and/or R" = Z,Rf)
and are obtained by reacting:

-» at least one compound with a mobile hydrogen consisting of the
hydrogenated radical Z,Rf, i.e. H-ZRf, according to claim-1, preferably an
alcohol or a thiol, '

- with starting materials formed by compounds of formula (i), (ii)
or (iii)), as defined in claim 11, in which at least one of the radicals R® and R"
is a linear or branched C,-C,-alkoxy,
according to a transesterification mechanism.

15. A process according to any one of claims 9 to 14 wherein the
olefinic precursor E, of the graft E has at least one of formulae (i,), (ii,) and
(iii,) corresponding respectively to formulae (i), (i) and (iii)) given in claim
13 for Gf,, the only difference being that R* and R* are identical or different
and correspond only to OH or linear or branched C,-C-alkoxy.

16. A reaction intermediate (synthon) capable of being used especially in
the process according to claims 12, 13, 14 or 15 and having at least one of the
following formulae:
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CH,=—= CR'—CH, ) —CR'
AN

C _Rll
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o
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where:
o Re and R? independently are H or linear or branched C,-C-lower
alkyl, preferably CH,; and
o at least one of the radicals R and Rt corresponds to a linéar or
branched C,-C.alkoxy, methoxy, ethoxy amd propoxy being
preferred; '
(@)

RIO

4

—— 9 1
CH,_CR—(cn,)i-sm\
Rll

where R?, R+, R0, R and i are as defined above; and

R

where R°, R, R" and i are as defined above, it optionally being
possible for the hexyl ring to be substituted.
17. An aqueous emulsion which contains: :
- at least one POS according to any one of claims 1 to 8 or obtained by the

(iid,)
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- process according to any one of claims 9 to 15;
- water; and
- at least one surfactant.
18. Application of the POS according to any one of claims 1 to 8, or
obtained by the process according to any one of claims 9 to 15, as:
- antifoams
- lubricants
- antiadhesives
- agents for lowering surface tension
- dirt repellents '
- oleophobic and/or hydrophobic agents and
- raw materials for the production of elastomers or films for resisting chemical
attack and solvents.
19. A dirt-repelling composition which comprises:
- at least one POS accordihg to any one of claims 1 to 8 or obtained by the
process according to any one of claims 9 to 15,
- and/or at least one emulsion according to claim 17,
- said POS used preferably carrying:
* bifid grafts Gf bifunctionalized by perhalogenated - perfluorinated -
radicals as defined in claim 5,
* other grafts E functionalized by groups other than bis- or mono-
perhalogenated - perfluorinated - groups as defined in claim 7, and
* optionaily bifid grafts Gf monofunctionalized by perhalogenated -
perfluorinated - radicals also as defined in claim 5.



