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Abstract:

The 1nvention relates to a process for producing
equllibration products of organosiloxanes by
rearrangement of the siloxane bond to a cation exchange

resin, the organopolysiloxanes thus obtainable, and the

use thereof.
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EVONIK GCGoldschmidt GmbH, Essen

Equilibration of siloxanes on water-containing

sulphonated cation exchange resins

The invention relates to a process for producing
equilibration products of organosiloxanes by
rearrangement of the siloxane bond to a water-contailning
cation exchange resin, the organopolysiloxanes thus

obtainable, and the use thereotf.

Equilibrations .of siloxanes on ion exchange resins are
part of the prior art. Among the multiplicity of known

systems, the dried Amberlyst ion exchanger (in particu-

lar Amberlyst® 15) is a frequently wused catalytic

phase.

In particular, a process 1is ©presented for the
equllibration of poly (methylhydrogen) -polydimethyl-
siloxane copolymers ot the formula 1 on cation
exchanger resins, wherein the cation exchange resins
can have a water content of 8 to 20 per cent by weight,
and also the equilibration products thus produced ot
the poly (methylhydrogen)-polydimethylsiloxane
copolymers.

Equilibration here is taken to mean the equilibrium-
forming rearrangement of the siloxane  bonds 1n
equilibrated poly(methylhydrogen)-polydimethylsiloxane

copolymers of the following structure.

CH, CH, Hs CH,
| l T ‘
HyC—Si—t O~Si O—S§; O——Si——CH,
| l | !
CHs H CHj CH,
m N

Formula (1)
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Technically, the poly (methylhydrogen) -polydimethyl-

siloxane copolymers characterized by this structure are

obtained by reorganization or equilibration of siloxane

cyclics with longer-chain poly(methylhydrogen)siloxanes
and hexamethyldisiloxane on acid catalysts. As acid

catalysts, use 1s made of, for example, acid-activated

bleaching earths (bentonites, montmorillonites, Fuller’s

earths, etc.) and sulphonated macrocrosslinked cation

exchange resins.

DE 103 01 355 (US 2004147703) describes a process for

producing equilibration products of organosiloxanes by

F

rearrangement of the siloxane bond to a cation exchange

resin in which an organosiloxane used as starting material

Or an organosiloxane mixture 1is brought into contact with

a macrocrosslinked sulphonic acid-group-containing cation

exchange resin at a temperature of 10°C to 120°C and the
resultant equilibrated organosiloxanes are isolated,

which 1s characterized in that use is made of a cation

exchange resin the product P of specific surface area and

—

median pore diameter of which is P 2 2.2 x 103 m3/kg and

the specific surface area A of which is 2 35 m?/g. A dried

cation exchange resin and/or a cation exchange resin

having a (low) water content which is not made more

specific 1s used.

EP 1 367 079 (US 2003224925), 1in connection with the

equilibration of polydimethylsiloxanes on sulphonated
resins and subsequent reactivation thereof by treatment
with low-molecular-weight siloxanes, indicates the
importance of the water content on the sulphonated
cation exchange resin and 1indicates that a water
loading of < 7, preferably 5, per cent by mass must be
set in order to obtain optimum polymerization
conditions.

German Patent Application DE 10 2007 055484.4, which
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was not published at the priority date of the present
application, 1is directed towards a process for the
reorganization of polydimethylsiloxanes on sulphonated
cation exchange resins which is characterized 1in that
sulphonated <cation  exchange resins having water
contents of 8 to 25 per cent by weight are used. With
the option of subjecting the nonfunctional silicone
oils which are obtained 1in such a manner to a
downstream thermal separation process, 1n the context
of this technical teaching, obtaining chain length-
defined polydimethylsiloxanes as stabilizer components

in highly elastic polyurethane foams is described.

Compared wlth the abovementioned Processes for
equilibration of silicone o0ils, the equilibration ot
copolymeric dimethylsiloxane-poly (methyl)hydrogen-
siloxanes, however, 18 much more demandling. A
fundamental problem arises alone from the sensitivity
of siloxanes having SiH groups to water 1n the presence
of strong acids, from which potentially there results
the risk of an SiH-loss by dehydrogenation with
formation of SiOH functions with the possibility of
further crosslinking of the siloxane backbone by
condensation. However, industrial equilibration ot
siloxanes bearing SiH functions still requires the use
of strongly acid catalysts 1n order that the chemical
equilibrium is established in economically Jjustifiable
periods. With regard to the use of acid solid phase
catalysts of the type of the sulphonated cation
exchange resins, this also means that the water content
may not Dbe reduced so greatly that there 1s an
inadequate protic activity on the catalyst. Acid-
catalysed side reactions such as the abovedescribed
breakdown of SiH functions by dehydrogenation can lead
to an unwanted chemical drying of the sulphonated resin
and 1mpalr 1its usability as equilibration catalyst as
far as complete deactivation. This observation 1s of
great 1importance for the use of sulphonated resins as

equillibration catalysts 1n the production of
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dimethylsiloxane—poly(methyl)hydrogensiloxanes, since
process economics are not ensured until use of the
sulphonated resin has Dbeen repeated many times.
Premature deactivation of the solid phase connected
with the necessity of catalyst replacement makes the

use of such systems unattractive.

Dimethylsiloxane-poly (methyl)hydrogensiloxanes are, 1n
particular, valuable starting materials in the
synthesis of PU stabilizers and, here, 1in particular,
for hot soft foam systems. The quality achieved of the
equilibration resulting in these copolymeric hydrogen-
siloxanes 1s mostly documented as soon as 1n the
following step of an SiC-linking modification of the
resultant equilibrated material with allyl polyethers
and/or allyl polyether mixtures. If the molecular
weight distribution and the microstructure of the
resultant oligomers have not achieved the equilibrium
state, hydrosilylation, 1.e. the noble-metal-catalysed
SiC linking reaction between SiH-group-containing
siloxane and allyl polyvether(s) always vyield greatly

turbid silicone polyether copolymers which, when used

as PU foam stabilizer 1in soft foam systems, always

leads to great foam decay up to foam collapse.

The application test, i.e. the use of silicone poly-
ether copolymers 1n polyurethane hot soft foam systems,
which silicone polyether copolymers can be synthesized
via equilibration and subsequent hydrosilylation, 1s
extremely sensitive and 1s thereby a suitable method

for assessing the quality of the contested synthesis

pathway.

The technical problem which is to be solved accordingly
now consists 1in finding a system which permits the
equllibration of Si1H-group-bearing siloxanes, in
particular copolymeric dimethylsiloxane-
poly (methyl)hydrogensiloxanes, 1n such a manner that

the contradictory requirements of rapid equilibration

kinetics, high catalyst stability and optimum product
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quality'are'achieved simultaneously.

Astonishingly, it has now been found that, in addition
to the geometric parameters already specified 1n
DE 103 01 355 (US 2004147703) (specific surface area
and median pore diameter), the water content of the
sulphonated resin used 1s also critical not only for
the equilibration kinetics, the catalyst stability, but
also for the quality which is achieved of the resultant
poly (methylhydrogen) -polydimethylsiloxane copolymers.

In a departure from the advantageous water loading of
< 7, preferably 5, per cent by mass found 1in the
equilibration of nonfunctional polydiméthylsiloxanes in
EP 1 367 079 (US 2003224925), a macrocrosslinked
sulphonated cation exchange resin, in the equilibration
of poly(methylhydrogen)-polydimethylsiloxane copolymers
develops its optimum activity when the product P of
specific surface area and median pore diameter of this
is P > 2.2 x 10 m’/kg and the specific surface area A
thereof is = 35 mZ/g, and the water loading thereof 1is
between < 20 and > 8%.

These findings could in no way have been predicted by
those skilled in the art, since the low water burden ot
a sulphonated cation exchange resin in EPA 1 367 079 1is
a condition for the successful equilibration 1in
nonfunctional silicone o0ils and, in addition, 1t 1S
known how sensitively siloxanes having Si1H Jgroups can
react with water in the presence of strong acids (SiH
loss Dby dehydrogenation with  formation  of S10H
functions with the risk of further crosslinking by

condensation) .

The abovementioned problem is solved in one embodiment

by a process for producing eqguilibration products ot

organosiloxanes by rearrangement of the siloxane bond
to a water-contailning sulphonated cation exchange

resin, wherein an organosiloxane used as starting

material or an organosiloxane mixture 1s brought 1into

contact with a macrocrosslinked, water-containing and
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sulphonic—acidwgroup—containing cation exchange resin
at a temperatufe of 10°C to 120°C and the resultant
equllibrated organosiloxanes are isolated,
characterized in that use 1s made of a water-containing
cation exchange resin, the product P of the specific
surface area thereof and the median pore diameter
thereof of which is P > 2.2 x 10 m’/kg and the
specific surface area A is > 35 m°/g and in addition has
a water content of between 8 and 25 per cent by weight

(based on the mass of the cation exchanger used).

Surprisingly, it has been found that, for example,

. . ® - :
water-containing Lewatit K 2621, as sulphonated 1on

exchange resin, enables the equilibration equilibrium
to be established in an adequately rapid manner with
respect to time and that the hydrogensiloxanes thus
obtained form clear 1liquids which are preferably
starting materials for producing soft polyurethane foam

stabilizers.

These findings are surprising to those skilled 1n the
art, since this polymeric resin, as macroporous

sulphonated ©polystyrene, has an 1i1dentical basic

. ®
chemical structure to Amberlyst 15, and, furthermore,

also demonstrates similar macroscopic properties, as

shown i1n Table I:

Table I:
Ion exchange resin Surface area Median pore diameter
§ . [m*/g] - [nm]
Amberlyst® 15 | 45 25
Lewatit® K 2621 40 65

In addition, 1t was unexpected that the water content
of the cation exchange resin would be able to affect

the equilibrium reaction favourably.
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In a preferred embodiment, the process is characterized
in that 1ow—molecular-—weight organopolysiloxanes, 1n
particular linear organopolysiloxanes, are depolymerized
and equilibrated. In particular, an organosiloxane 1S
5 isolated which 1s in equilibrium of the chemical
compounds. In particular, as starting material, use 1S

made of an organosiloxane the viscosity of which 1s up

to about 10 000 cP.

10 Preferably, use 1is made of siloxanes and H-siloxanes

which have 3 to 200 Si atoms.

In a further embodiment, use 1s made of a water-
containing cation exchange resin the median pore
15 diameter of which 1s at least about 65 nm and the

average specific surface area of which 1s about 30 to
50 m%/g.

The water content of the cation exchange resin 1S
20 preferably 8 to 20 per cent by weight, in particular 8
to 15 per cent by weight.

The rearrangement 1s preferably carried out at a
temperature of about 35°C to about 100°C.

25
According to the invention, the process is carried out,
in a further embodiment, continuously; a fraction
having the desired boiling range 1s separated off from
the outflowing organosiloxane mixture, the fraction
30 having the unwanted boiling range is recirculated into

the feed of organosiloxanes.

In particular, use 1s made of a mixture of
hexamethyldisiloxane, poly(methyl)hydrogensiloxane and

35 siloxane cyclics as starting material.

A further embodiment 1s the use of organosiloxanes for
linking SiC Dbonds, wherein a mixture of these

organosiloxanes and allyl polyethers 1s brought 1nto
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contact with a platinum metal complex and the poly-
slloxane which is obtained is used as soft polyurethane

foam stabilizer.

Using the present invention it is possible to produce
organohydrogensiloxanes made up statistically
uniformly, having a defined equilibrium of linear and
cyclic compounds by equilibration of a mixture of
methylhydrogenpolysiloxane and cyclic or linear, if
appropriate hydrogen-functionalized, polysiloxanes
using a defined macrocrosslinked sulphonic-acid-group-
contalning cation exchange resin. Reference is made to
DE-A-21 52 270 with regard to these and further

definitions.

It 1s necessary to ascertain that all soft foam

stabilizers (polyethersiloxanes) which have been pro-

duced on the basis of Amberlyst® 15, Purolite® CT 169 D

(surface area 35 to 50 mz/g, median pore diameter 24.0

to 42.5 nm) or Purolite® CT 165 (surface area 2.5 mz/g,

median pore diameter > 100) as ion exchange system, are
generally turbid liquids which lead to the collapse of
the PU foam. Essential parameters for describing the
catalyst phases to be used according to the invention
are therefore the specific surface area and porosity,

1.e. the median pore diameter. If a product is formed
from the two wvalues, this has the character of an
1inverse density (volume: mass) and permits a clean
differentiation of the functional ion exchangers from
ion exchangers which are not according to the

invention.

For the 1on exchanger Lewatit® K 2621 used by way of

example, the consideration is as follows:

40 m*/g x 65 nm = 2600 m° nm/g = 2.6 x 107> m’/kg.

The preferably sulphonated cation exchange resin used
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according to the invention having water contents

between 8 and 20% by weight can be produced proceeding

from cation exchange resins having relatively high

water contents by physical and/or chemical drying.

Physical drying can proceed, for example, 1n a drying

cabinet, preferably at temperatures of 40 to 100°C,

wherein, to support the drying, it 1s also possible to

employ reduced pressure or to apply an 1inert gas
stream. The drying progress achieved can be observed
and controlled during this process by regular water
determination (for example by Karl-Fischer titration or
by differential welghing) . Alternatively, the
sulphonated cation exchange resins used according to
the invention can also be chemically dried by bringing
them 1into contact with siloxanes of 1low molecular

weight as described for example i1n EP 1 367 079.

Production of the sulphonated cation exchange resins
used according to the 1invention having water contents
of 8 to 20% by weight can optionally also proceed from
cation exchange resins of reduced water content. For
this, the cation exchange resin is brought i1nto contact
with water. In the simplest case 1t 1is sufficient to
store the sulphonated resin in a conventional
atmosphere for a defined time period so that 1its
intrinsic hygroscopicity leads to an 1ncreased water
loading.

If the sulphonated cation exchange resin which 1s
defined with respect to its water content 1s used for
equilibration of polydimethylsiloxanes, it can Dbe
advantageous to admix the reactant system with defined
amounts of water, in particular to effectively
counteract water depletion of the resin - and in this
case 1n particular below the 1limit according to the
invention of 8% by weight of water - <caused by
interactions with other components of the reactant

system. The addition can proceed continuously or

batchwise. The addition  of water  necessary 1f

appropriate can be determined by determining the water
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contained in the reaction discharge or optionally by
(regular) determination of the water content 1n the

cation exchange resin.

As cation exchange resins, use can be made in principle
of all sulphonated cation exchange resins. Suiltable
cation exchange resins are for example, those which are
produced by sulphonation of phenol/aldehyde condensates
or of cooligomers of aromatic vinyl compounds. Examples
of aromatic vinyl compounds for producing the
cooligomers are: styrene, vinyltoluene,
vinylnaphthalene, vinylethylbenzene, methylstyrene,
vinylchlorobenzene, vinylxylene and divinylbenzene. In
particular, the cooligomers which are formed Dby
reacting styrene with divinylbenzene are used as
precursor for producing cation exchange resins having
sulphonic acid groups. The resins can 1in principle be
produced so as to be gel-like, macroporous oOr sponge-
like. The properties of these resins, 1n particular

specific surface area, porosity, stability, swelling

and/or shrinkage and exchange capacity, can be varied
by the production process. Preferably, no use 1s made
of gel-like cation exchange resins, but rather of
porous, preferably macroporous, sulphonated cation

exchange resins.

In the process according to the invention, conventional
macroporous sulphonated cation exchange resins can
preferably be used 1n their acidic, what 1s termed the
“H form”. Among the suitable polymer phases of the
styrene-divinylbenzene type which are commercially
available, here, a cation exchange resin 1s preferred,
the product P of specific surface area and median pore
diameter of which is P > 2.2 x 10 m’/kg and the
specific surface area A of which 1is > 35 m‘/g.
Preferably, use 1s made of a cation exchange resin the
median specific surface area of which i1is 1in the range

from 35 to 50 m°/g. Particularly preferably, use 1s made

. ® .
of Lewatit K 2621 (Bayer AG) as sulphonated cation
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exchange resin.

In addition to the use of fresh cation exchange resin
as catalyst, however, a sulphonated resin already used
according to the process according to the invention for
the reorganization of polydimethylsiloxane compositions
can also be used. Small residual amounts of reorganized
material which can then adhere to the surface of the

catalyst do not customarily interfere in this process.

Siloxane raw materials which can be used in the process
according to the invention are all conventional
straight-chain and/or cyclic siloxanes. Preferably,
mixtures are reorganlized, which mixtures possess low-
molecular-weight linear dimethylsiloxanes together with
cyclic siloxanes and hexamethyldisiloxane as chailn
terminator. The upper limit of the wviscosity of the

polydimethylsiloxanes used in this case should

preferably be at most 500 mPas. The chain length of the
siloxane used 1is preferably 1in the range from 2 to
200 S1 atoms.

Si1loxane raw materials which can be used are preferably
mixXxtures comprising or consisting of  Thexamethyl-

disiloxane and/or octamethyltrisiloxane and siloxane

cyclics, such as, for example, hexamethylcyclotri-
siloxane (D3), octamethylcyclotetrasiloxane (D,) and/or
decamethylcyclopentasiloxane (Ds). Preferably, use 1S

made of technical mixtures containing, or preferably

consisting of, hexamethyldisiloxane and also D; and Ds.

The equilibration 1s preferably carried out at a tem-
perature of 10°C to 110°C, preferably at a temperature
of 25°C to 100°C. The equilibration can optionally be
carried out at reduced pressure, atmospheric pressure
Or superatmospheric pressure. Atmospheric pressure here
1s 1ntended to be meant as, 1n supplement to the
definition at the outset, the respectively prevailing

alr pressure of the ambient atmosphere. Preferably, the
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equilibration is carried out at a pressure of 950 mbar

to 1100 mbar, particularly preferably at 1013 mbar.

It can be advantageous to carry out the equilibration

in reaction times of 20 minutes to 7 hours, preferably

of 30 minutes up to 5 hours.

Very particularly preferably, the equilibration 1s
carried out at a temperature of 25°C to 100°C, a
pressure of approximately 1013 + 10 mbar and in a time
period of 30 minutes up to 5 hours, the reaction

preferably takes place at 70°C.

If desired, the equilibration can also be carried out
in the presence of a solvent. Suitable solvents are all
those solvents which, in the equilibration, are 1inert
to cation exchange resin (catalyst), starting materials
and products. Particularly preferably, however, the
equilibration, 1s carried out 1n the absence of a

solvent.

The amount of the cation exchange resin to be used
based on the reaction mixture, which cation exchange
resin contains water within the abovementioned limits,
is preferably from 8 to 25% by weight, particularly
preferably from 8 to 15% by weilight.

The process according to the invention can be carried

out batchwise or else continuously.

It can be advantageous to separate off a subgquantity
having a desired boiling range from the equilibrated
material which 1s obtained as reaction mixture of the
equilibration according to the invention. The remainling
residue of the eqgquilibrated material which does not
have the desired boiling range can be used agaln as
starting material (organosiloxanes) 1n the eqguililbra-
tion. Particularly preferably, 1in particular when the

process 1s carried out continuously, a subqgquantity
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having a desired boiling range 1is separated off from
the resultant polysiloxane mixture and the remainder
which does not have the desired boiling range is reused
as starting material (organosiloxanes) in the equili-
brated material. This separation can proceed, for
example, by a simple thermal separation (such as, for
example, by simple distillation or by similar

measures) .

Further embodiments of the process according to the

invention result from the claims.

The equilibration products according to the invention
and use thereof are described by way of example herein-
after, without the 1nvention being restricted to these
exemplary embodiments. If hereinafter ranges, general
formulae or classes of compounds are cited, these

comprise not only the corresponding ranges or groups of

compounds which are explicitly mentioned, but also all
subranges and subgroups of compounds which can be
obtained by taking out individual wvalues (ranges) or

compounds.

With reference to the examples hereinafter, the advantage

of the present invention will be demonstrated.
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Working examples:

Preparation of the sulphonated ion exchange resins used
in the example according to the invention and in the

example not according to the i1nvention

Lewatit® K-2621 in the commercial form having a high

water content was placed in open evaporation dishes for
a time period of 8 or 18 hours in a drying cabinet
heated to 60°C and then transferred in the still warm
state to inertized vessels with exclusion of molsture
and stored. The water content, according to
Karl-Fischer titration, was 25% for the resin dried for

8 hours and 12% for the resin dried for 18 hours.

Amberlyst® 15 was obtained directly in the commercial

form containing 5% of water. A subqgquantity of this
resin was stored under a conventional atmosphere for
approximately 5 hours, so that owing to the 1intrinsic

hygroscopicity, a water loading of 10% was established.
Example 1:

Production of a hydrogensiloxane (example according to

the i1nvention)

A mixture consisting of 223.0 g of decamethylcyclo-
pentasiloxane (Dsg), 20.2 g of poly(methyl)hydrogen-
siloxane PTF1l (SiH content: 15.75 val/kg) and 6.9 g of
hexamethyldisiloxane HMDS (61.5 mol of Ds: 0.135 mol of

PTF1l: 0.865 mol of HMDS) was admixed with 3 m-% of the

predried ion exchange resin Lewatit® K-2621 (12% water

content) and equilibrated with constant stirring for
6 hours at 70°C and, after the reaction mixture was
cooled, the 1on exchange resin 1s separated off Dby
filtration. The content of active SiH was determined at
1.26 val/kg by gas volumetry (destruction of a weighed

siloxane sample using a sodium butylate solution). The
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viscosity of the hydrogensiloxane was 86.4 mPas (25°C).

931 -NMR spectroscopy assigned to the hydrogensiloxane
obtained according to the invention a median structure

which may be represented by the following formula:
(CH3) S10-[ (CH3) 2S10-161.5[ (CH3) HS10~-}¢.551 (CH3) 3

The sulphonated ion exchanger separated off by filtra-
tion was used analogously to the described procedure 6
further times for the equilibration of abovedescribed
hydrogensiloxane, wherein the SiH contents of the.
equilibrated material were in the range between 1.26
and 1.27 val/kg, and the viscosities between 85.5 and
86.8 mPas. Accompanying “’Si-NMR spectroscopy confirmed

the above cited structural formula.

The repeatability of the reaction confirms the

reusability of the cation exchange resin.
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Comparative Example 2:

Production of a hydrogensiloxane (not according to the

invention)

A mixture consisting of 223.0 g of decamethylcyclo-
pentasiloxane (Dg) , 20.2 g of poly(methyl)hydrogen-
siloxane PTF1l (SiH content: 15.75 wval/kg) and 6.9 g ot
hexamethyldisiloxane HMDS (61.5 mol of Ds: 0.135 mol ot

PTFl: 0.865 mol of HMDS) was admixed with 3 m-% of

Amberlyst® 15 1on exchange resin (10% water content)

and equilibrated with constant stirring for 6 hours at
70°C and after the reaction mixture was cooled, the ion
exchange resin was separated off by filtration. The
content of active Si1H was determined at 1.26 val/kg by

gas volumetry. The viscosity of the hydrogensiloxane
was 74.3 mPas (25°C).

*731{ -NMR spectroscopy assigned the same median structure

as 1n Example 1 to the hydrogensiloxane thus obtained.

e
—

No significant differences from Example 1 are shown.

Nevertheless, comparison of Examples 4 and 5 show that

the behaviour is different:

(CH3) S10-[ (CH3) 2S10-161.5[ (CH3) HS10-16.551 (CH3) 3

Comparative Example 3:

Production of a hydrogensiloxane (not according to the

invention)

A mixture consisting of 223.0 g of decamethylcyclo-
pentasiloxane (Ds) , 20.2 g of poly(methyl)hydrogen-
sl1loxane PTF1l (SiH content: 15.75 wval/kg) and 6.9 g of
hexamethyldisiloxane HMDS (61.5 mol of Ds: 0.135 mol of
PTF1l: 0.865 mol of HMDS) was admixed with 3 m-% of a

®

moderately predried 1on exchange resin Lewatit K-2621

(25% water content) and equilibrated with constant

stirring for 6 hours at 70°C and after the reaction
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mixture was cooled, the ion exchange resin was

separated off by filtration. The content of active S1H

‘was determined at 1.26 val/kg by gas volumetry. The

viscosity of the hydrogensiloxane was 75.2 mPas (25°C).

751 -NMR spectroscopy assigned to the hydrogensiloxane

thus obtained the following median structure:
(CH3) S10-[ (CH3) 2S10-161.5[ (CH3) HS10-]6.551 (CH3) 3
Example 4:

(Further processing of the hydrogensiloxane obtalined 1n
Example 1 to give polysiloxane-polyoxyalkylene mixed
block copolymers)

(1) 259.2 g (0.185 mol) of a polyether of the median
formula CH,=CH-CH,0- (C2H40-) 5 (C3HcO-) 27CH3,

(2) 86.4 g (0.062 mol) of a polyether of the median
formula CH,=CH-CH,O0- (C,H40-) 26 (C3HcO-) 4CH3,

(3) 234.5 g (0.061 mol) of a polyether of the median
formula CH,=CH-CH,0- (C,H40-) 45 (C3HcO—-) 34CH3,

(4) 156.4 g (0.041 mol) of a polyether of the median
formula CH,=CH-CH,0- (CoH40-) 36 (C3HgO-) 33H and

(5) 37.0 g (0.061 mol) of a polyether of the median
formula CH,=CH-CH,0O- (C,H;0-) 14CHs;

together with 15.4 mg of cis-(NH;),PtCl,, were charged
into a flask provided with dropping funnel, stirrer,
thermometer, gas 1nlet and reflux condenser. The
apparatus was rendered 1inert Dby a gentle nitrogen
stream. After the mixture was heated to 120°C, 1n each
case 240 g (= 0.301 mol of S1H) of the
hydrogensiloxanes from Example 1 were added dropwilise 1n
the course of 30 minutes. The reaction mixtures were
allowed to continue reacting for 3 hours and a
quantitative SiH conversion was achieved (determined by
gas volumetry by reaction with sodium butylate
solution). After filtration through a Seitz-K-300
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filter disc, clear, slightly vellowish products were

obtained.
Example 5:

(Further processing of the hydrogensiloxanes obtailned
in Examples 2 and 3 to give polysiloxane-

polyoxyalkylene mixed block copolymers)
Analogously to Example 4,

(1) 259.2 g (0.185 mol) of a polyether of the median
formula CH,=CH-CH,0- (C3H;0-)5{(C3Hc0-) 21CH3,

(2) 86.4 g (0.062 mol) of a polyether of the median

formula CH,=CH-CH,0O- (CoH40-) 26 (C3HcO—-) 4CH3,

(3) 234.5 g (0.061 mol) of a polyether of the median

formula CH,=CH-CH,0- (C»H40-) 45 (C3HgO-) 34CH3,

(4) 156.4 g (0.041 mol) of a polyether of the median
formula CH,=CH-CH,0O- (C,H;,0-) 36 (C3Hg0-)3gH and

(5) 37.0 g (0.061 mol) of a polyether of the median
formula CH,=CH-CH,0- (C,H;40-) 14CHs3

together with 15.4 mg of cis-(NH;),PtCl, were charged
into a flask provided with dropping funnel, stirrer,
thermometer, gas 1nlet and reflux condenser. The
apparatus was rendered 1nert by a gentle nitrogen
stream. After the mixture was heated to 120°C, 1in each
case 240 g (= 0.301 mol of SiH) of the hydrogen-
siloxanes not according to the invention from
Comparative Examples 2 and 3 were added dropwise 1n the
course of 30 minutes. The reaction mixtures were
allowed to continue reacting for 3 hours and a
quantitative SiH conversion was achieved (determined by
gas volumetry Dby reaction with sodium Dbutylate
solution). Despite the quantitative Si1iH conversion, the
resultant polysiloxane-polyether copolymers were
cloudy-opague, slightly yellowish liquids which did not
become clear even after filtration through a
Sei1tz-K-300 filter disc.
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Example 6:

The performance characteristics of the foam stabilizers
produced were tested using a foam formula 1n the

following manner:

In each case 300 parts of a commercial polyether for
producing flexible polyurethane foams, which polyether
had three hydroxyl groups in the average molecule and a
molecular weight of 3500, were mixed with 15 parts of
water, .15 parts of a physical Dblowing agent, the
corresponding amount of the foam stabilizer under test
according to Example 1 according to the invention or to
Comparative Example 2, 0.33 part of diethylenetriamine
and 0.69 part of tin octoate were mixed with good
stirring. After addition of 189 parts of toluene
diisocyanate (mixture of 2,4 and 2,6 1isomers 1in the
ratio 4:1) the mixture was stirred for 7 seconds at

2500 rpm using a Glatt stirrer and poured 1nto a box

open at the top. This produced a fine-pored foam which

was characterized by the followling parameters:

1. Sag of the foam at the end of the rise phase
(denoted by “sag” in Table II).

2. The number of cells per centimetre of foam which

was determined microscopically.

Table II compares the measurements for 2 different
concentrations (1.8 parts/1l.5 parts) of the stabilizers
obtained by the process according to the invention
(Example 1/1-7) and also of the stabilizers not
| produced according to the 1invention (products ot

Comparative Examples 2 and 3).
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Table II:
' I
Example Sag Cells per
centimetre
[Example 1/1 0.7/1.4 15 |
Example 1/2 o 0.8/1.5 14
Example 1/3 0.7/1.4 15
Example 1/4 0.7/1.5 14 B
Example 1/5 0.8/1.4 14 |
Example 1/6 0.7/1.4 15
Example 1/7 0.7/1.4 15
Comparative Example 2 | collapse | n.d.
Comparative Example 3 collapse n.d.

Table ITI shows the reaction results after a total of
7 cycles o0f repeated equilibration using the same

cation exchange resin. It confirms the reusability and

repeatability of the reaction without 1t needing a
“reactivation” or aftertreatment of the cation exchange

resin.
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The embodiments of the invention in which an exclusive

property or privilege is claimed are defined as follows:

1. A process for producing equilibration products of

organopolysiloxanes by rearrangement of the siloxane bond,
comprising:

utilizing a macrocrosslinked sulphonic-acid-group-

containing cation exchange resin 1n a process for the

gr—

reorganization of polydimethylsiloxanes;

recovering said macrocrosslinked sulphonic-acid-group-

containing cation exchange resin by filtration alone;

bringing an organopolysiloxane utilized as starting
material or an organopolysiloxane mixture, into contact

with the recovered macrocrosslinked sulphonic-acid-group-

'

containing cation exchange resin, at a temperature of 10°C

to 120°C, without performing any aftertreatment with an
organic solvent or a mineral acid on the recovered

macrocrosslinked sulphonic-acid-group-containing cation

exchange resin after i1t is recovered; and

1solating the resultant equilibrated

organopolysiloxanes;

wherein said recovered macrocrosslinked sulphonic-
acid-group-contalning cation exchange resin has a P value
22.2x1073 m3/kg and an A value 235 m?/g, and is optionally

utilized 1in the presence of a solvent;

F

wherein P 1s the product of the specific surface area

il
—

and the mean pore diameter of said recovered

macrocrosslinked sulphonic-acid-group-containing resin;

F

wherein A 1s the specific surface area of said

recovered macrocrosslinked sulphonic-acid-group-containing

resin; and

wherein the water content of the recovered

macrocrosslinked sulphonic-acid-group-contalning resin 1S
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between 8 and 25 percent by weight based on the mass of the

recovered macrocrosslinked sulphonic-acid-group-containing

resin.

2. The process according to claim 1,

wherein low-molecular-weight organopolysiloxanes are

depolymerized.

3. The process according to claim 1 or 2,

wherein low-molecular-weight organopolysiloxanes are

|

equllibrated.

4 The process according to any one of claims 1 to 3,

whereln said recovered macrocrosslinked sulphonic-

acid-group-containing cation exchange resin is utilized in

F

the presence of the solvent; and

wherein the solvent is an aliphatic hydrocarbon.

D The process according to any one of claims 1 to 4,

- d

wherein an organopolysiloxane which is in equilibrium

of the chemical compounds is isolated.

0. The process according to any one of claims 1 to 5,

whereln the cation exchange resin has a median pore

diameter of at least about 65 nm.

7. The process according to any one of claims 1 to 6,

wherein the rearrangement is carried out at a

—

temperature of about 35 to about 80°C.

3 . The process according to any one of claims 1 to 7,

wherein, as starting material, organopolysiloxanes are

utilized, the viscosity of which is up to about 10 000 cP.
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9. The process according to any one of claims 1 to 8,

-

wherelin the cation exchange resin has an average

specific surface area of about 35 to about 50 m?/g.

10. The process according to any one of claims 1 to 9,

wherein a fraction having the desired boiling range is

F
—

separated of:

i1

from the resultant organopolysiloxane

mixture, and the fraction having the unwanted boiling range

L

1s recirculated i1nto the feed of organopolysiloxanes.

pre=—

11. The process according to any one of claims 1 to 10,

whereln a mixture of hexamethyldisiloxane,
poly{(methyl)hydrogensiloxane, and siloxane cyclics 1is

utilized as starting material.

12. The process according to claim 2,

wherein the low-molecular-weight organopolysiloxanes

are equilibrated;

whereiln said recovered macrocrosslinked sulphonic-

acid-group-containing cation exchange resin is utilized in

ﬁ

the presence of the solvent;

whereln the solvent is an aliphatic hydrocarbon;

whereln an organopolysiloxane which is in equilibrium

ot the chemical compounds is isolated;

F

wherein the median pore diameter of the cation

exchange resin 1s at least about 65 nm;

wherelin the rearrangement is carried out at a

F

temperature of about 35 to about 80°C;

wherein the starting material is organopolysiloxanes

P

with a viscosity of up to about 10 000 cP;

wherein the cation exchange resin has an average

specific surface area which is about 35 to about 50 m?/g;
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wherein a fraction having the desired boiling range 1s

gre— gp—
e —

separated o: from the resultant organopolysiloxane

mixture, and the fraction having the unwanted boiling range

' bl

1s reclrculated into the feed of organopolysiloxanes; and

whereilin the starting material is a mixture of
hexamethyldisiloxane, poly(methyl)hydrogensiloxane, and
si1loxane cyclics.

P

13. A process for producing equilibration products of

ﬁ

organopolysilloxanes by rearrangement of the siloxane bond,

comprilising:

utilizing a macrocrosslinked sulphonic-acid-group-

containing cation exchange resin in a process for the

P

reorganization of polydimethylsiloxanes;

recovering said macrocrosslinked sulphonic-acid-group-

containing cation exchange resin by filtration alone;

bringing an organopolysiloxane utilized as starting

material or an organopolysiloxane mixture, into contact

wlith the recovered macrocrosslinked sulphonic-acid-group-

P

containing cation exchange resin, at a temperature of 10°C

to 120°C, without performing any aftertreatment, except

with water, on the recovered macrocrosslinked sulphonic-

acid-group-containing cation exchange resin after it is

recovered: and

1solating the resultant equilibrated
organopolysiloxanes;

whereln said recovered macrocrosslinked sulphonic-
acld-group-containing cation exchange resin is utilized,

F

optionally in the presence of a solvent, which has a P

value 22.2x1073 m3/kg and an A value 235 m2/qg;

o=

wherein P 1s the product of the specific surface area

g

and the mean pore diameter of said recovered

macrocrosslinked sulphonic-acid-group-containing resin;
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rh

wherein A is the specific surface area of said

recovered macrocrosslinked sulphonic-acid-group-containing

resin; and

F

wherein the water content of the recovered

macrocrosslinked sulphonic-acid-group-contalning resin 1S

pbetween 8 and 25 percent by welght based on the mass of the

recovered macrocrosslinked sulphonic-acid-group-containing

resin.

14. The process according to claim 13,

wherein low-molecular-welight organopolysiloxanes are

depolymerized.

15. The process according to claim 13 or 14,

wherein low-molecular-welght organopolysiloxanes are

equllibrated.

F

lo. The process according to any one of claims 13 to 15,

wherein saild recovered macrocrosslinked sulphonic-

acid-group-containing cation exchange resin is utilized in

gr—

the presence of the solvent; and

wherein the solvent is an aliphatic hydrocarbon.

1/. The process according to any one of claims 13 to 16,

wherein an organopolysiloxane which is in equilibrium

of the chemical compounds is isolated.

18. The process according to any one of claims 13 to 17,

wherein the cation exchange resin has a median pore

P

diameter of at least about 65 nm.

19. The process according to any one of claims 13 to 18,
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wherein the rearrangement is carried out at a

#

temperature of about 35 to about 80°C.

20. The process according to any one of claims 13 to 19,

wherein, as starting material, organopolysiloxanes are

utilized, the viscosity of which is up to about 10 000 cP.

P

21. The process according to any one of claims 13 to 20,

wherein the cation exchange resin has an average

specific surface area of about 35 to about 50 m?/g.

g

22. The process according to any one of claims 13 to 21,

wherein a fraction having the desired boiling range is

FF
i

separated of:

from the resultant organopolysiloxane

mixture, and the fraction having the unwanted boiling range

1s recirculated into the feed of organopolysiloxanes.

F

23. The process according to any one of claims 13 to 22

’

wherein a mixture of hexamethyldisiloxane,

poly(methyl)hydrogensiloxane, and siloxane cyclics is

utilized as starting material.

24. The process according to claim 14,

wherein the low-molecular-weight organopolysiloxanes

are equilibrated;
wherein saild recovered macrocrosslinked sulphonic-

acid-group-containing cation exchange resin is utilized in

F

the presence of the solvent;

wherein the solvent is an aliphatic hydrocarbon;

wherein an organopolysiloxane which is in equilibrium

ﬁ

of the chemical compounds is isolated;

| -

e

wherein the median pore diameter of the cation

exchange resin 1is at least about 65 nm;
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wherelin the rearrangement 1s carried out at a

temperature of about 35 to about 80°C;

wherein the starting material i1s organopolysiloxanes

wilth a viscosity of up to about 10 000 cP;

wherein the cation exchange resin has an average

specific surface area which is about 35 to about 50 m2/g;

wherein a fraction having the desired boiling range 1is

separated offt from the resultant organopolysiloxane

mixture, and the fraction having the unwanted boiling range

g

1S recirculated into the feed of organopolysiloxanes; and

P

whereln the starting material is a mixture of

hexamethyldisiloxane, poly(methyl)hydrogensiloxane, and

siloxane cyclics.
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