:bases.‘

E Pox.ma"grsm_'ror{ OF ' CYCLOSILOXANES

This invention relates to the ring -opening

- polymerisation.of cyclosiloxanes catalysed by phosphazene-

cYc1051loxanes are crltical 1ntermediates in the . -~
silicone 1ndustry, primarily'as starting monomers for

3polymer1satlon. Several general routes are known ‘for Lﬁe
-preparation of cyclosiloxanes. Together with hydroxy-
'}endblocked linear. polydlorganosiloxanes, they are formei as a

product of hydrolysis of the corresponding
diorganodihalosilanes._ Mixtures of cyclic and/or 11nea*
polydiorgenosiloxanes”can also be equilibrated or *craced"
by reaction in the presence of a catalyst such as a basz to

_ form an equilibrium mixture of more desired CYCllCB and

linears. _ _
Various catalysts are known for the polymerleatlor of -
cyclosiloxanes. ‘Examples are alkall metal hydroxides, alkali

-metel alkoxides or complexes of alkali metal hydroxides and

an alcohol, alkali metal silanolates, and phosphonitrils
halides (sometimes referred to as acidic phosphazenes). .Such

. polymerisations can be carried out in bulk, in solvents (such

as non-polar or polar organic solvents) or in emulsion. An
endblocklng agent may be used to regulate the moleculai

-weight of the polymer and/or to add functlonallty
.Polymerisation may be terminated by using a neutralizing

agent which reacts with the ¢atalyst to render it non-a:ztive.
In most cases catalyst residues remain in the polymer pcoduct

_and are desirably removed, such as'hy filtration.

Phosphazene bases are known to be extremely strong

bases. Numerous phosphazene bases and routes for their

synthesis have been described in the literature, for example
in Schwesinger et al, Liebigs Ann. 1996, 1055-1081.
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The use - of a phosphazene base catalyst for the. rlng—"f

. opening polymerisation.of a cycloslloxane on-a Iaboratory
- -scale has been descrlbed 1n Mblenberg and Moller, Macromol
-.'-_'Rapld Commun. 16, 449-453 (1995). ' | -

o Octamethylcyclotetra51loxane(D4 where D denotes an

3 -Si(CHJ O- unit) was. polymerised in toluene solutlon in the -

presence of’ methariol and the phosphazene base T (Flgure 1),

“used &as a 1 wmolar. solution in hexane. . -All the components -
were carefully dried before the reaction, which was- carrled

' fout under an argon atmosphere.contalnlng less than 1ppm O, |

f-“and HO. The methanol was deprotonated by the phosphazene _
" base to_form methoxide ions which initiate the_reaction. The
: phosphazene_base“catalyst was used in an amount of at least
'371ppm.based'on.the_weight:of D4. A similar-reaction system

hag been used by Van Dyke and Clarson' in Poly Prep ACS Div

_Polym Chem 1996, 37, €68. . In this case,

tetraphenyltetramethyl cyclotetrasiloxane, the phenylmethyl
analog of D4, was polymerlsed.- The catalyst system was the
game as in Molenberg and M&ller, but was used at

concentrations which were higher based on the weight of D4,

and again. all the reaction components were carefully dried

beforehand
We have found that addition of thls hexane/methano]

- activated catalyst gives erratic polymerlsatlon.behav1oqr.

We have therefore sought a catalyst medium that gives

‘reproducible polymerlsation, preferably without the need for

solvent. We have surprisingly found that it is p0951b1e to
carry out the ringfopeningnpolymerisation of cyclosiloxanes
with a phosphazene base.oatalyst in the presence of watar.

In the simplest case, sﬁfficientiwater can be:provided 3imply
by taking no special steps to dry the cyclosiloxane starting
material. To ensure the presence of water it is sufficient
to avoid totally anhydrous conditions. Very small amounts of
water, e.g. a few molecules, have been found to suffice to

"allow the polymerisation to take place. Furthermore, we have



-".found that 1t ls not essential to form a methoxlde ion, e. g.
7_,by using methanol in contrast to the prlor art teachlng

| Surprlslngly. even lower levels of phosphazene base catalyst

. can be. used where water 15 present, than were used in the _
_tprior art, whllst malntalnlng or improv;ng the polymerieatlon._

eff;l.ciency _ ' ' ' L

_ .- The- present 1nventlon thus provides a process for the -

.-rlng opening'polymerisatlon.of cyc1051loxanes, which"

comprises contacting a cyc1051loxane with 1 - 500ppm by

weight of ' a phosphazene base, based on the. welght of

' cycloslloxane, in the presence of water.p ' -

_ The phosphazene base reacts with trace quantitles ,f
‘water present to form highly actlve hydroxide ions which
initiate the polymerlsatlon.' The phosphazene base will also
react with certain other chemical groups which maytbe .
present, e.g. silanol or alcohol to form‘similarly active
polymer:.satlon 1n1t1at1ng spec1es The'phosphazene base may .
be in ionic form, with a’ strong anlon 'such as fluoride or
hydroxlde, which is active in 1n1t1at1ng'polymerlsatlon

As the. phosphazene base is a very powerful catalys: for
the polymerisation, it can be present in a relatively 1w .
proportion, for example from 2 - 260ppm*by weight, based on
the weight-of cyclosiloxane. ‘The proportion of catalyst
actually used will be selected dependlng on the
polymerlsatlon.product that is sought..

The proportlon of water present in the reactlon is _
preferably at least 0.5, more preferably from 0.5-10 mois per
mol of phosphazene base, most preferably from 1 mol-10 iols
per mol of phosphazene base. It is possible to employ'higher
proportions of water, and this can have the benefit of '
enabling greater control over the polymerlsatlon reactlon, as
described in more detail below. .

In principle, any phosphazene base is suitable for use
in the present invention. Phosphazene bases have the
following core structure P=N-P=N, in which free N ﬁalencies



.

lfare linked to hydrogen. hydrocarbon,-—P=N or —P-N and free P .

valencies are linked to —N or =N. A w1de range of sultable

"fphosphazene bases has been .described in: SchweSLnger et al

(see above) .. Some phosphazene bases are commerc1ally

f avallable from Fluka Chemle AG SW1tzerland The phosphazenef'r

bases . preferably have at. least 3 P-atoms. Some preferred

'phosphazene bases are of the follow1ng general formulaef ﬁ

(~(R‘-~,N) 3P=N-. )'._ (R‘_zﬁ).:., P=NR*"
[((RzN) P=N-), (R N);xp N(H)R] [A] o er
[((RLN) 31:'=1~r-)1,(1=3-‘2_1‘1) P17 (R]7

in which R, which may be the same or different in each
position, is hydrogen or an optionally subetltuted
hydrocarbon group, preferably a C,-C, alkyl group, or in whlch
two R' groups bonded to the same N atom may be linked to
complete a'heterocyclic ring, preferably a 5- or 6-membered
rlng, R*> is hydrogen or an optlonally'substltuted hydrocarbon’
group, preferably a C- -Cho alkyl group, more preferably a C,-C,
alkyl group; x is 1, 2 or 3, preferably 2 or 3; y is 1, 2, 3
or 4, preferably 2, 3 or 4; and A is an anion, preferably
‘fluoride, hydroxlde, s1lanolate, alkox1de, carbonate or

bicarbonate.

~ In particularly preferred compounds, R*' is ;me_thyl, R* ig

‘tert. butyl or tert. octyl, x is 3, y is 4 and A is fluoride

or hydroxide. A preferred compound is the phosphazene base T

"shown in Figure 1.

The polymerisation can be carrled out in bulk or in the
presence of a solvent. Suitable solvents are liquid
hydrocarbons or silicone flulds The phosphazene base
catalyst can be diluted in a hydrocarbon solvent. such as
hexane or heptane, or dispersed in a silicone fluid such as
polydiorgancsiloxanes. Where the phosphazene base catalyst



;_is 1nitia11y in a solvent such as hexane, ‘the hexane can be -
~ xemoved by evaporation.under vacuum, -and the catalyst '
_dispersed In a silicone fluid to give a stable clear
_solution.' When this. Silicone dissolved catalyst is used for -
_,polymerisation reactions, ‘the catalyst disperses evenly and
'ffgives reproducxble results. .The catalyst can also .be _
lfndissolved in water, and’ this has the’ advantage of moderuting
j;and enabling ‘greater contxol over the polymerisation '
5reaction, as’ described below. ' . o
o The polymerisation.reaction -camn be carried out at
' _ambient temperature or under heating.' Heating, for example
to 100°C or higher, is appropriate when the catalyst actJVity
has been moderated as described below : The time taken foxr’
' polymerisation will depend on the activity ‘of the catalvst in
the chosen system, and on the desired polymer product. 1In
the absence of moderation, the phosphazene base catalysts are
sufficicntly active to convert cyclosiloxanes such as D4 to-
high molecular weight polysiloxane gums-within_a few seconds.
The starting material is'a'cyclosiloxane {(also known as
a cyclic,siloxane). Cyclic siloxanes which are useful ire
well known and commercially available materials. They have.
the general formula (R,S$iO),, wherein R denotes hydrogen or an
optionally substituted alkyl, alkenyl, aryl,'alkaryl.or
.aralkyl group having up to 8 carbon atoms, n denotes an
integer with a value of from 3 to 12. R can be substit.uted,
e.g. by halogen such as fluorine or chlorine. The alkyl
group can be, for example, methyl ethyl n- propyl _
trifluoropropyl, n-butyl, sec- butyl, and tert-butyl. Tae
alkenyl group can be, for example, vinyl, allyl, propenyl,
_and_butenyl. The aryl and aralkyl groups can-be, for '
example, phenyl; tolyl, and benzoyl. The preferred groups
are methyl, ethyl, phenyl, vinyl, and trifluoropropyl.
Preferably at least 80% of all R groups are méthyl or phenyl
' groups, most preferably methyl. It is most preferred that
substantially all R groups are methyl groups. Preferably the



- value ‘of. n ‘is from 3 -to 6, most preferably 4 or S.- Examples'

of SUltable cycllc slloxanes are ‘octamethyl
':cyclotetra51loxane, decamethyl pentacyclosiloxane, cyclopenta_
..(mechylvinyl) 51loxane, cyclotetra {phenylmethyl) siloxane
_"and cyclopenta methylhydr031loxane. One partlcularly
_'sultable commerclally-avallable materlal ls a mlxture of
 octamethylcyclo- tetrasiloxane and
“.decamethylcyclopenta51loxane. _
N f_ Whexe R is methyl the. compound 1s referred to as Dn,
 for’ example, ‘where n .= 4:the compound is called D4l
The reaction mixture 1s generally purged with inert gas,
l-preferably'nltrogen, ‘prior to addition. of the catalyst s0 as -
to remove any dissolved CO,. Because of the extremely pold
reaction, the reaction mixture is v1gorously'm1xed to ensure
' homogenous dlsper51on of the catalyst. Inadequate m1x1ng can.
[result in the catalyst belng encapsulated in beads of gum as .
it is added to the reaction, -and the catalyst then takes some
tlme to dlffuse Out of ‘the gum partlcles, glv1ng a slower
reactlon S :
' The process according to the invention can be used to
make gums of . hlgh molecular-weight for example from 1x1w'to
100x10*. The molecular weight of 3111cone polymers is

limited by the concentration of end groups and in the absence
of added endgroups is determined by the'catalyst
concentration. The catalyst used in the present invention
has sufficient activity to'use the reaction to result in
_polymers in a reasonable time at a low catalyst
. concentration. Uses of these high molecular welght polymers
include high consistency rubber, drag-reduc;ng additives for
o0il pipelines and personal care products. We have found. that
phosphazene. base catalysts when used at'very low
concentrations (2- -500ppm) based on the weight of the
‘cyclosiloxanes produce polymers with very high molecular
weights (1,000,000-100,000,000) very quickly (10s-8h) at
moderate to low temperatures (20-100°C). Molecular weight



.:-changes during-polymerisation can be monitored by sampling
the reaction during polymerisation, and - analysing each sample
by GPC (gel permeation chromatography) to determine the
'molecular weight. Polymers of very high molecular weights
can be obtained almost immediately The process can be used" _
‘to produce ultra high molecular weight materials. - This is by_f
"virtue of the very low: catalyst concentrations needed for the:'
polymerisation, with the Yesult that the molecular weight of "

”L_the polymer produced is dependent on the end group

_ concentration.which is. equal to.the catalyst concentration.

".However, we have found that at very low catalyst

concentrations, such as’ 2ppm, the molecular weight ObtdLned
increases with reaction time. The process may be limited by
diffusion of the catalyst, which is very slow in these high
molecular weight polymers. . B '

~ As an alternative to high molecular weight gums, tne
process according to the. invention can -also be used in
equilibration reactions to produce’ silicone fluids, for
example in.the viscosity range at 25°C of from 1 to
.150,000nmf/s. An endblocker is added in a proportion
calculated to produce the desired molecular neight of
polymer. Suitable endblockers are, for example, '
polysiloxanes in the molecular weight range from 160 upwards,
in particular polydimethylsiloxanes of the general formala
' MD,M where M is trimethylsilyl, D is -$i(CH).0- and x h¢s a
'value of from 0 to 20. The endblocker may have one or more
-functlonal groups such as hydroxy, vinyl or hydrogen. Water
also acts as a endblocker, With the introduction of hydroxy
functional groups. : .
| When the de31red.polymer has been formed, it is usally .
desirable to neutralise the catalyst to stabilise the product
and prevent any further reaction. Suitable neutralising
agents are. acids such as acetic acid, 511yl phosphate,
polyacrylic acid chlorine substituted silanes, silyl
phosphonate or carbon dioxide.



We have found durlng preparatlon of the phosphazene base
f’catalysts that air reacts very rapidly with the catalyst .
fsolutlons glv1ng a hazy material Whlch eventually 1eads to an._
lnsoluble liquid phase. This is belleved to be due to the -
freaction of the. catalyst with water and/or Cco, to form -an.-
insoluble hydroxide or carbonate salt We have also found
-that this- deactlvatlon of the catalyst can be reVersed:e g.
by heacing, purglng w;th inert. gas or subjectlng the mlxture..
. to reduced pressure. _This makes it possible to moderate or.
'control the polymerlsation reactlon.' This. is particularly _
advantageous in view of the very rapld reaction which occurs
when the catalyst is not moderated.. Because of the very low
levels of catalyst employed in these reactions (which can be
as ‘low as'1 - 10ppm), the reaction w:.th water and CO. needs
to be taken J.nto account to contxol the reaction and obtain
reproduc1ble results. By dlssolv1ng the phospha7ene base in
water, in which it is very soluble and very stable, the
catalyst activity becomes much more controllable and the
polymers produced are of lower molecular weight. This is
caugsed by the water acting as a catalyst inhibitor and also
as an endblocker. The inhibiting effect of the water'candbe
reduced by reduc.in'g the amount of water present e.g. by
heating. At temperatures below 100°C the rate of _
pclymerisation is relatively slow in the: prese'nce' of water .
and/oxr CO,, for example taklng up to more than 24 hours to -
reach gum viscosity. At temperatures above 100%:(e g. 100 -
- 150°C), polymerisation becomes much faster, for example
taking up to S - 60 minutes to reach gum viscosity. Such
control of the reaction can also be achieved if the water is
mixed with or replaced by alcohol (e g. C-C alcohols suﬂh as
methanol or ethanol). : |
We have also found that polymerisation can be prevented
by exposing a mixture of cyclosiloxane and phosphazene base
catalyst to air and/or CO,. The polymerisation can then be
initiated (“command polymerisation") siniply by removing the



a1r and/or C.O2 e.g. by heatlng the mixture (e.g.. to 100%: -

'-3140%:for a, few minutes) . A D4 catalyst mlxture (? - 50ppm

-of catalyst) is stable in air at 20%:£or extended.perlods',
,(up to 7 days) . S ' DR '

- Prier methods for the synthesis of 51loxane polymers by
ring- opening equlllbratlon polymerlsatlon.produced products -
_which may typlcally consist- of ‘small cyclics (5 - 10% Di-
_DlO), macrocyclics (5- 10s'D11 -D50) and polymer (80-90%). The -
present 1nvention makes it pOSSlble to produce polymers by
w'rlng openlng polymerlsatlon*whlch have low levels of -
-.macrocycllcs "By the use of the phosphazene base catalysts
in the ring opening polymerlsation of e. g. D4 accordlng to
‘the present invention, it is p0551ble to produce polymers
-that. contaln less than 1% by ‘weight total of macrocyclics.

Thermogravzmetrlc analysis (TGA)" of the polymers
produced according to the invention ‘shows that they have
enhanced thermal stablllty High molecular welght gums have
been produced with decomp051tlon.onset Lemperatures of more
than 450°C, and silicone. flulds have been produced with
decompositlon onset temperatures of more than 500°C. The
enhanced thermal stability is attributed to the very low
levels of catalyst residues remaining in the. product. The
low catalyst residues also mean that a flltration step is
"usually not necessary, Whlch is a very. signlflcant pProc28s

advantage. T _

The following Examples illustrate the 1nventlon.' ﬂnless
stated otherw1se, all parts and percentages are by welghL
and the phosphazene base used is that of formula I shown in
Figure 1 (commercially available from Fluka, catalogue “umber
79421) .
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'-'Preparatlon o£ Phosphazene Base SOIutzon 1n S;loxane Fluid

A mixture of 1.33 g.of hexamethyldlslloxane and 48.67 g P

e.of octamethyl cyclotetrasiloxanevms degassed 1n a schlenk
aflask by bubbling nitrogen.gas through the solution for a'
ﬂperiod of 2 hours.. To the. solution was ‘then added 1 ml of a
.0 M solutlon\ln hexane of phosphazene base I. The solution
v1sc051ty 1mmediate1y'began to rlse with stirring. After g
_eequlllbratzon at room temperature for 24 hours, 'the mixture °
ﬁ“was ready for use as. the catalyst solutlon for the subsequent-
7'polymerlsatlon.of dimethyl cyc1031loxanes.. S

Example'z

' Preparation of Phosphazenenhase.801ution-in Heptane

The catalyst solution in heptane (less volatile than
n-hexane) was prepared as.follOWS: in a Schlenck tube under
nitrogen.49'cnf_of heptane and 1 ml of phosphazene base in
. solution in n-hexane 1 mol/1 were mixed. The concentration
of the final catalyst was 0.02 mol/1.

_Example 3

-High moleoular welght -leoone gums

D4 cyclics- (1kg) was placed in a reactlon vessel under.
nltrogen, stirred and heated to 100%: Nltrogen was bubbled
through the reaction mixture for 30 minutes to remove any CO,
dissolved in the cyclics. The oatalyec was added as a
heptane solution. Polymerisation occurred within 1 minute
and was monitored by torque measurements. When the stirrer
could no longer agitate ‘the mixture it was turned off but
heating was continued at 100°C for the required time between
30 minutes and 8h, followed by cooling the mixture to 25°C.
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:._There is a. correlat:.on between heating and flnal molecular o
welght (as shown 1n the Table 1) . '

. Tah]_e '1‘_. .

sample | Catalyst | Temp | Time:of Mo e Mz "geak..Mw. )
: Conc.. . | °C. - | reaction | Number .| Weight |mMw/Mn | .-
' | /minutes | average | average | -
_ R L. R
1. 25ppm  |100 |30 - 2.79%10° | 1.28x10° | 4.6 9.67x10" -
2 - | 2ppm 100 | 60 | 7.85x10° | 3.08x120°| 3.5 | 1.27x10"
3 2ppwm - 100 |1B0. 6.9x10" . '9.3;10’.' 1.3 3.87x107

Table 1 shows the results for different catalyst

concentrat1ons and tlmes of reaction.

In Sample 1,

polymerisatlon occurred within 30 seconds of adding the

catalyst and the stirrer was turned off after 1 minute.

In.

each case, the product was removed from the reactlon vessel

and stored in glass jars.

The product was analysed by gpc

(gel permeation chromatography and TGA (thermogravimetxic

analysis)).

Further results are shown in Table 2.

Table 2
Sample | TGA. Volatile content
Decomposit :|.on_ (TGa) %
Onset .
Temperature C.
509 .12
482 13
499 13

The results show higher molecular weights and enhanced
temperature stability for these gums.

onset temperatures for gums are below 400°C.

Normal decomposition
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Ex-a'mpl'e_ 4: :

'I'he procedure is as in. Example 3 except that the
,.phosphazene base catalyst is. used in-a- concentrat:.on of Sppm '
.and the. react:l.on temperature is 50°C. The results are sbown
' :Ln Table 3. ' ' C '

. '-i‘._al_‘ile 3

| Reaction | Polymer |mMa: - |Mw. - |Mu/Mn | Peak Mw | TGA
“Time N U5 SRR I -t . {- . . | decomp.

- ' (TGa) - |- S -l | onger-°C
Ae6osec. 3.4 fwe - f- - |- .. |- . ]aee

_ observed -

B 90sec. 8.1 | 1.2x10% | 1.8x10° | 1.5 .- | 1.8x10° | 447
Cci20sec. | 11.3 9.6x10° |a1.8x10% |1.9 |1.9x10t | 466

D 15min. | 74.4 1.6x10° | 2.4x10° | 1.5 | 2.7x10° | 482
E_xa.mpie 5

The procedure is as described in l:.xample 3, except that
the phosphazene base catalyst is dissolved in water and used
in a concentration of 4ppm. - The results are shown in Table
4‘_ - : . .

Table 4

Reaction Viscos-il:y‘ Mn Mw Mw/Mn | Peak Mw | Conversion

Time min. | Cst Number Weight ' _ - % by GPC
average | average
Mw Mw .

10 574 5.5x10' | 1.2x10° | 2.2 1.1x10° | 28

20 2859 . 7.5%x10 | 1.5x10° | 2.0 1.24x10 | 35

30 13470 6.5x10° | 1.8x10° | 2.8 1.5x10° | 46

600 - |cum 1.5x10° |4.1x10° | 2.7 2.8x10° | 85
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' _Example 6

Polymerlsation of D4 was undertaken in bulk under

' nltrogen in a thermostaced.glass reactor, fltted with a

mechanical stlrrer. ‘The catalyst solutlon in- heptane,

'1prepared -as in Example 2, was welghed in a syringe and

© injected into the reactlon mlxture.' The stop watch was
_.activated as soon as’ the phosphazene base was added to the -
.'cycllcs.‘ Samples were wlthdrawn regularly and quenched.w1th
:'a solutipn of acetic acid in toluene' (5 fold excess compared

to the'initiétor concentration) . _ These samples were analysed'
by capllllary gas chromatography (GC) and size exclusion
chromatography (SEC) . These combined analytical techniques
allowed us to determine. the rela;ive.mass.percentages-of-ail

‘products (small cyclics, linear and cyclics oligomers, and

polymer) over time. Table 5 below shows the resulﬁé with a

_catalyst concentration of 5x10"mol/1 and a temperature of

20°C.



Time

other -

loligo. -

M<1100

Polymer

M>1100

Mpeak "

Zero

98.9

0

19 s

90.3

8.0

T1250007]

46 s

87.2

9.6

. {1es000 |

1 min
15 s

10.9

11,4

{ea.o

225000

1 min
49 s

9.3

1.6

‘| 84.8

| 278000

3 min
2 s

7.8

1.8

" |8s.6

| 267000 |

11
min
30 s

15.2

1o.

2600007

YT
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-:TExample 7

The procedure is as described in. Example 6 except thaL

- the catalyst concentratlon ig 10‘mol/1 and the temperature isj.
- 83“:. The results are shown in Table 6.. '

'Example 8

The procedure is as described in Example 6 except that

.“the catalyst concentratlon is 2. 5x10“m01/1 and- the_:_
~ temperature is 19°C. ‘The results are- shown in Table 7 kelow..



Time

| other :
oligo. -

‘Polymer

M>1100.

Mpeak: |

zZero

98.

M<1100 -

19

18 s

8.

0.4

7.2

1198700 |

27 s

73I

21.8.

1334200

50 s

64.

429000 |

2 min
10 s

50.

41.1

'828400 | -

|3 min
3¢ s

‘32,

ls3a

1640300

- 91




Table 7

Time |[D, ~ |D, D, |, |p, . Ip,- |[D, [py |D, |other |Ppolymer |Mpeai -

_ 1> © | olige. |M31100 |- - . -
_ : ~ { M<1100 | . _ _
zero [98.9 |1.1 |o  |o o~ fo Jo Jo Jo Jo. o .o

®s 195.2 |12 Jo.1 "fo.2 Jo.2 o Jo Jo o o |32 74000

1min [94.3 |1.1 0.1 {o0.2 |0.3 - Jo [o 0 o o lao 121000-

1 min [67,7 |1.7 0.6 0.3 |o.3 o o |o -|lo  le.9 " |28.5 - |335000°
48 s ) : 1 :

2 min |12.1 |3.4 1.3 |o0.4 |o0.4 0 0 0 o' |o.9  |ei.s |229060
18 s : S : : : .. - 1 S

4min |9.6 |4.6 1.6 |o.s Jo o o Jo |o lo.s [e3.s. 200060

4 s

8min 7.5 3.9 |14 |o.8 fo.2 |o o |o |o - [o.5 |es.3a 360000 |

Lr
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'_Example 9 L o -
.Following the procedure 1n Example 6, the effect of the~

tﬂ;concentratlon.of initiator on the molecular weight of the

polymer was - 1nvest1gated. We found that the lower the’

_'.initlal concentratlon of 1n1t1ator, the longer the polymer
" chains for a glven conver91on of D4. -The results for '
"dlfferent initial’ concentratlona of in1t1ator are shown in .~

-;Table 8 below.

';Tanleaq_'

[catalystl t calculated . | Mpeak -~ .--% Polymer
mol/l . Mn B obtained S Lo
5.0x10" ifo)goo' - ] 260,000 | 87-4
2}5x103_ ; 3éa,ooo . 360,000 ~ |85.3
1.0x10* | 2,461,000 | 2,360,000 | 27.8
7.5%10% 30,000,000 | 1,540,000  |24.0

' The.calculated.Mn values were similar to experimental Mpeak
- except for very'low'concentrations'of initiator. Thue, in
 the absence of endblocker, the concentration of 1n1t1ator
controlled the molecular weight of the polymer. At verv low
concentrations of initiator, the'theoretical Mn.can be very
hlgh (greater than 10x10ﬂ Howeuer, this was not observed

. in practice probably because the products became too viscous
" for the polymer to attain its theoretical molecular weight.
It will be p0551ble to obtain higher molecular welghts by

reaction in solution.

Example 10

Following the procedure of Example 6, the endblocker
MDM (DC 200 £luid, 10cS) was used during polymerisation of
‘D4 to control the molecular weight of the polymer. For each



'519 :
~target.molecular weight (Mpeak expected) 1mol’of endblocker'
_.per mol of polymer was used. One .can calculate a theoretical
' molecular weight (Mpeak calculated) at. partlal conversion of
. D& as follows.' B ' '

: -.'Mpeak Calculated Mpeak Expected X% Polymer

si The results in Table 9 below show ‘that the molecular weights
gdetermlned.by SEC-are 1n accordance Wlth theoretical Mpeak

'fTabie_9:7-”

[catalyst] | T Mpeak : Mpeak Mpeak %
mol/1 («C) expected calculated | SEC ?olymer
(at 100% .
D4)
conversion
10 41 400,000 150,000 217,400 | 27.6
10+ 25-65 | 100,000 75,000 67,000 | 75.1
107 is5 200,000 33,000 . 40,000 | 1.6.7
10 55 200,000 160,000 212,300 | 78.6
Example 11

In a similar way to that in Example 10,

the effect of

water acting as an endblocker leading to SiOH functionai

polymers of various sizes was investigated. Reactions were

' garried out with various concentrations of water premixed

with thelcommercial solution of phosphazene base (1lmol/.. in

hexane) .

Table 10 below shows a good match between

theoretical calculated Mpeak and experimental Mpeak
determined by SEC.
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 Table 10

- ._ 't.cata-ly'st'].'.‘ T ) '[ﬁgojo o .%':. o Mpeak o Mi:_eék
(ppm) o " {mol/1l - .| Polymer calculated SEC
. 5 _. - : '_.,1'oi : .. _' "4;.(.)0x;|.'0" .4;'-‘.3 L 100 000 i 90, ooo"
-- 5. .'- _1o'é_,_ ;31..-00xll0"’ . 42-.'7 - -"1o_o,'ooo_ : ._' 117,000
s |ss  |a.asxier {2005 | |ass,000 450,000
20 . | s |ei7oxaoi |23.5  |2s6,000. !292,000

It is.thue'pcssible to'eynthesise silahol—endedﬁpol?mer with
. controlled molecular welght. Thus, the process of the .
invention can be used to prepare short: chaln ollgosiloxane

. diols. Water also has the advantage of slowing the
polymefisetion.down to allow much more control over the
polymerisation.. S '

Example 12

Following the procedure in Bxample 6 various
neutrallslng agents were tested to neutralise the phospnazene
base catalyst. Reactions were undertaken at 100°C under
nitrogen. The initial concentratlon.of catalyat was 15ppm in
each experiment. Vinyl endblockers (a short chain
polydimethyl siloxane hav;ng v1nyldimethy1 silyl endgroups
and having a degree of polymerisation of from 5 to 10 an
" average) were used in order to avoid high viscosity products
and permit a faster neutralisation. After 30: minutes of
reaction, the neutralising agent was added to the flask.
Vacuum (15 mBar) was applied 15 minutes after neutralisation,
and the reaction was either maintained at 100°C or heated at
150°C. In order to collect any volatiles (cyclics), the
flask was equipped with a condensor and a cooling trap.
Heating and vacuum were maintained until no more volatiles
were collected. The results are given in Table 11 below.



. Table 11

Compbﬁrid"used_t;p o 'Str:l.pplng '..'MaSS':cyc_lics' -
quench ~ - - ‘temperature |collected
catalyst SR B R T B0 I
'co;',' Co e oo T alre
Acet:l.c acid -~ 100 R EE
Silyl phosphate . fisot - |s.es

| polyacrylic acia  Jaso . [1sl00
co, S 150 ; 65.50

| 'I‘he compounds obtained afterx quenchlng the reaction mixture
with CO, or acetic acid were stable at 100°C under reducsd
pressure. However, with CO, as neutralising agent at 150C-
 under reduced pi‘essﬁr.e, depolymerisation occurred indicating
the neutralisatioh was reversible. With silyl phosphat= or
‘acetic acid as neutralising agent the polymer obtained was
stable up to 150°C.

Ekample 13 -

Phosphazene base ring- open:.ng polymerlsatlon us:Lng
: [(MezN)3P=N )(P1 [F catalyst _ ,

D4 cyclics (1Kg) was placed in a reactlon vessel under -
nitrogen,,st:l.rre_d and heated to 100°C and stirred for 30
minutes to remove any CO, dissolved in"the cyclics. The
. catalyst [(MezN)sPéN--)iP'] [F] (12ppm) was added as a 0.3 wolar
benzene solution. Polymerisation occurred within 2 minutes .
of adding the catalyst and the stirrer was turned off after S
minutes. Heating was continued for 30 minutes at 100°C
followed by cooling the mixture to 25°C. The product was
removed from the reaction vessel and stored in glass jars.
The product was analysed by gpc (gel permeation
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c':hréniétég_raphy)'.an'd,' fouhd to‘_' have a molecular we‘igl_-;t .Mw.’o,f'
+ 800000. o ST
. '_ ' _ The react:.on was repeat:ed at room temperature in air
.using 100g of D4 cycl:Lcs with 227ppm catalyst '1_‘.he .
- polymer:.sation is slow and: ‘téock 2h to ghow an 'increase in
viscos:.t:y and 18h to form a gum cons:Lstency product.
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‘1" A process: for the ring opening polymerisation of -
_cyc1051loxanes, which comprises contacting a cyclosiloxane
with a phosphazene base, characterised in that 1 - 500ppm by -
weight of phosphazene base 1s used based on the welght of
'cyclosiloxane, and in that it is used in the presence of

water.

i2;.; A process according to Claim 1, further characterised in '
that water is present in an amount of at least 0.5: mols per
mol ‘of phosphazene base. '

3. A process according to ‘Claim 1, further characterlsed in
that water is. present in an amount of 0.5 - 10 mols per wol of
phosphazene base. '

- 4. . A process according to -any of Claims 1 to 3, further -
characterised in that the phosphazene base is present in an
amount of from 2 - 200ppm by weight, based on the weight of
'cyclosiloxane, and in that water is present'in an amount: of at

least 1 molfper mol of phosphazene base.
5. A process according to any of Claims 1“t0'4 further
characterised in cthat the ‘phosphazene base corresponds to one
of the follow1ng general formulae

( (R%N) 3P=N-), (R‘zm 21-xP=NR’

[ ((R',;N},P=N-), (R},N),_P-N(H)R*]*[A"] o

[ ((R',N);P=N-),(R';N), ,P1‘[A]~
in which R, which may be same or different in each position,

is hydrogen or an optionally substituted hydrocarbon group, or
in which two R' groups bonded to the same N-atom may be linked
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té cémpleté'heterocyclié:ring; R* is hydrogen'or an optionally'
,substltuted.hydrocarbon group; X ‘is 1, 2 or.3; y is 1, 2, 3or -
4; and A is an anion.'

6. . -A procesé according to any of Claims 1 to S, further.
:characterised 1n that the cyclosiloxane 1s of the general.
‘formula (R,Si0),, wherein R- denotes hydrogen or an optionally .
substituted alkyl .alkenyl, aryl alkaryl oxr ‘aralkyl group -
having up to 8 carbon atoms, and n denotes an 1nteger w1th a

. value of- from 3 to 12.

7. - Aiprocess accofding to any Qf-Claims 1 to 6, further
characterised in that an agent or conditions which inhibit
‘catalyst activity is initially present, and in that
polymerisaﬁion'is then init;ated by.reducing the effect of the
inhibiting agent or conditions. '

8. . A process according to Claim 7, further characterised in
‘that the inhibiting agent is carbon dioxide and/or excessg
water, and in that the polymerisation reaction is initiated by
heating. | ' -

9. A process according to any of Claims 1 to 8, further
characterlsed in that an endblocker is present in an amount
calculated to result in a de91red molecular weight range of .

--'.polymer.

10. A process according to any of Claims 1 to 9, further
~characterised in that polymerisation is terminated by adding a
neutralising agent which prevents further catalyst activity.



