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The present invention relates to the synthesis 
ot optionally alkoxylated polyorqanosiloxanes (POS) :by 

non-hydrolyt~c condensation. More precisely 1 the 
invention relates to the reaction of alkoxysilyl units 

OS Mol, on the one hand, and halo9enosilyl - pref er ably 

chlorosilyl - units Mo2, on the other, by a thermal 
condensation mechanism, in the absence of water and in 
the presence of a catalyst of the LEWIS acid type. · The 
units Mol a.nd Mo2 can belong to one a.nd the saJD.e 

10 startinq silane and/or to several silanes of dif~erent 
kinds. 

IS 

without implying a limitation, the reaction can 
be represented as follows: 

's· / 1---0Me 

Mol 

~Si-Cl-+ 
/ 

Mo2 

~Si- O-Si / + MeCl 
/ '\. 

This direct method of synthesizing polyorgano-
20 siloxanes (POS) has always seexned particularly attrac­

tive as a possible alternative to the indirect methods 
of synthesizing POS by the hydrolysis and/o:r alcoho­
lysis of chlorosilanes, followed by posthydrolytic 
condensation. These indirect methods are the only ones 

25 used on the industrial scale. In fact, apart from its 
simplicity, the direct method would have the advanta9e 
of giving reaction by-products such as, for example, 
methyl chloride (MeCl), a by-product capable of being 
recycled to give methylchlorosilane, which is the 

30 basis, if anything is, of the silicone industry. Fur­
therJnore, by using appropriate halogenoalkoxysilanes 
and/or halogenosilanes and alkoxysilanes, this direct 
one-step method should ~ake it possible to produce POS 
resins which are optionally alkoxylated as required. 

35 Finally, it could be anticipated that adjustment of the 
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initial ratio OR/X ~ haloqen would additionally make it 
possible to control the proportion of alkoxy groups in 
the final resins, where appropriate. · 

Perhaps these were the expectations of the 
05 inventors of patents US no. 2 405 928,. 2 695 307 and 

2 731 485, which describe the ncn-hydrolytic condensa­
tion . of ch.lorosilanes with alkoxysilanes or of halo­
qenoalkoxysilanes with one another. These condensation 
reactions take place in the presence of catalysts of 

10 the LEWIS acid type - FeCl~, ZnCl 2 and A1Cl 3 or, res­
pectively, A1Cl$ and BCl!3 - to give linear or cross­
linked polysiloxanes. 

It should be noted that the condensation reac­
tions according to US no. 2 485 92S preferably involve 

15 cbloroetlloxydimethylsilanes, or possibly methyl tri­
chlorosilanes, and exclusively FeCl3 as the catalyst .. 

It is even stated, in collll1U1 2, lines 51 - 53, that 
Feela is the only desirable catalyst. 

According to us no. 2 695 30?, a halogeno-
20 orqanosilane is reacted with an alkoxyorqanosilane in 

the presence of chlorides of the following metals: Al, 
Zn (Pe, Ca). 

Patent US no. 2 731 485 describes homocondensa­
tion or heterocondensation reactions of silanes - SiOR/ 

2j six, X ~ halogen (Cl) and R = Et - at very hiqh tem­
peratures of 250°C - Joo·c. The catalysts used are 
AlC1 3 and BCl 3 • Such drastic temperature conditions 
are necessarily damaginq. The inventors of said patent 
note the formation of alkyl ethers as coproducts 

30 without ma.kinq any other comments or drawing any 
inferences. 

Without wishing to ~~ny the didactic and 
scientific interest of these known patents, this kind 
of condensation reaction has unfortunately proved 

35 incapable of industrial exploitation. In fact, since 
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the objective which was set was to use these techniques 
to prepare [optionally alkoxylated (e.g. methoxylated)] 
polyorqanosiloxane resins composed in particular of 
siloxy units D {Si03/~), T (Si03 / 2 ) and/or Q (Si06 / 2 ), 

05 or perhaps M (Sio1 ..... 2 ), and optionally carrying radicals 
(OR), one has hitherto been faced with a serious 
proble~ of crosslinkinq control. This results especi­
ally in premature and uncontrollable solidification of 

10 
the resins. 
drawback from 
sis, it being 

Such a disadvantage is a very clear 
the point of view of industrial synthe­
self-evident that irreversibly vitrified 

products are unusable, to mention but one obvious 
disadvantage. 

:Moreover, the fact that these relatively old 
15 patents have not been followed up, either in scientific 

and technical terms or in terms of industrial and 
coJDJDercial exploitation, is an indication of the 
unfavorable technical prejudice against the preparation 
of e.g. alkoxylated POS by non-hydrolytic homoconden-

20 sation or heterocondensation in the presence of a LEWIS 
acid as catalyst. 

Notwi tb.stancUnq, one of the essential objec­
tives which the Applicant set itself was to propose a 
process for the preparation of (optionally alkoxylated) 

25 polyor9anosiloxane resins by non-hydrolytic homoconden­
sation or heterocondensation, said process offerinq the 
possibility of controllinq the crosslinkinq while at 
the same time affordin; a high deqree of flexibility 
and a hiqh d~gree of freedom of maneuver as reqards the 

30 construction of alkoxylated or non-alkoxylated POS 
backbones of diverse types. 

Another essential objective of the invention is 
to provide a process for the preparation of alkoxylated 
or non-alkoxylated POS resins by non-hydrolytic ·con-

35 densation which is simple and economic to carry out. 



_,,.. . .. 

Another essential objective of the invention is 
to provide a process for the preparation of optionally 
alkoxylated polyorqanosiloxane resins by non-hydrolytic 

condensation which is industrially f ea.sible and which 

05 produces technically and commercially exploitable 

resins. 

Another essential objective of the invention is 
to afford the preparation of alkoxylated or :non-alkoxy­
lated liquid POS resins composed of units (D) and (Q) 

10 and/or (T) by the non-hydrolytic heterocondensation of 
alkoxysilanes and halo~enosilanes in the presence of a 
LEWIS acid. 

These objectives, .inter alia, are achieved by 

the present invention, which relates to a process for 
15 the preparation o! optionally alkoxylated (OR) poly­

or9anosiloxane (POS) resins by the non-hydrolytic 

condensation of at least alkcxysilyl units (Mol) and 
halogenosilyl units (Mo2), both of which are carried by 
identical (homocondensation) or different (heterocon-

20 d.ensation) silanes, in the presence of a catalyst of 

the Lewis acid type, said condensation reaction qenera­
tin9 essentially :iiSi-O-Si• linkaqes and coproducts XR 

(X = haloqen), wherein the tarqet POS comprise siloxy 
units D, T and/or Q, or perhaps M, wherein the catalyst 

25 is se.lected from metal compounds or mixtures thereof 
based on at least one metal belonqing to group IIIB, 

IVB or VB of the periodic table, qiven in "LA CHIMIE -
dictionnaire encyclopedique" ("CHEMISTRY - an encyclo­
pedic dictionary")· J. Angenaul t - published by DUNOD 

30 08/91, and wherein the reaction temperature and the 

initial ratio OR/X are adjusted so that condensation 
takes place substantially exclusively between the units 
Mol. and Mo2, with extreme minimization cf secondary 
condensation between two alkoxy units OR to give the 

35 by-product RaO. 
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One of the Applicant's achieveJDents is to have 

demonstrated, totally surprisingly and unexpectedly, 
that it is possible to control the non-hydrolytic 
condensation reaction by takinq care to contain the 

05 secondary reactions forming the linka.qe R-0-R which 
·result from hcmocondensation or heterocondensation of 
tbe silanes present in the medium ( alkoxyhalo9eno­
silanes or alkoxysilanes and haloqenosilanes). Allow• 
ing these secondary reactions to take place in order to 

10 control them better by varyinq tbe selection of the 

catalyst, the reaction temperature and the initial 
ratio OR/X constitutes a novel and inventive provision 
of the process developed by the Applicant. 

As is apparent from the foregoing description, 
15 the invention firstly involves overturning th'i! tech­

nical p:rejudice relating to non-hydrolytic heterocon­
densation and homccondensation, and understandinq the 

supplementary phenomenon of secondary homocondensation 
causinq the crosslinking to run away. 

20 secondly, the approacn consisted in identifyinq 
the reaction conditions making it possible to control 
this secondary condensation reaction, which can be 
represented by the followinq equation: 

2 •Si-OR ~ •Si-O-Si• + R2 0 
25 Without wishing to be bound by theory, the 

early solidification observed in the reactions accor~ 
ding to the prior art must be attributable to this 
secondary reaction, which leads to the formation of 
siloxane bridges and hence to an increase in the degree 

30 of crosslinking of the resin. This secondary reaction 

is not considered in the technical literature of the 
prior art relatinq to si-OR/Si-X heteroccndensation 
reactions. As far as Si ... OR/Si-OR alkoxysilane homo-

condensation is concerned, this is only described at 
3S ~uch higher temperatures, namely of the order of 3oo·c, 
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even in the presence of a LEWIS acid (cf. patent us no. 
2 7Jl 485). 

Another important characteristic of the process 
according to the invention is that the tarqet POS 

05 comprise siloxy units o, T and/er Q, or perhaps M. To 
obtain D, it is necessary to use silanes carryinq one 
unit Mel and one unit Mo2 simultaneously, or else on 
the one hand silanes carrying two units Mol and on· the 
other hand silanes carryin9 two units Mo2. For T, the 

10 startinq silanes each carry J identical or ditf erent Mo 

equal to Mol or Mo21 for Q, the startinq silanes each 
carry 4 identical or different Mo equal to Mol or Mo2; 
finally, for M, if present, the starting silanes each 
comprise one unit Mo equal to Mol or Mo2. 

15 Also, in the non-hydrolytic condensation 
process in question, no reaction is observed in the 
absence of halogenosilanes, preferably chlorosilanes. 

To be slightly Jllore specific as regards one 
important provision of the invention, namely the 

20 selection of the catalyst, it may be pointed out that 
the metal compounds useful as non-hydrolytic condensa­
tion catalysts are advantageously: 

25 

- carboxylates, 
- halides, 
- (cyclo)a1kyl halides,· 
- alkoxides, 

oxyhalides, 
- or aixtures thereof. 
In practice, the catalyst is preferably selec-

30 ted from the followinq list: 
TiCl,, ~iBr4 , (~Ph0) 2 , TiCl 2 , *CpTiCl~, Cpa­

VCl2, VCl::H VOC1 31 ZrC1 4 , ZrBr 4 , Zr(OEt) 4 , Cp12ZrCl 3 , 

Cp 2 ZrHCl, Cp2 ZrMe 3 , (C5 Me5 ) 2 ZrC1 3 , (C5Me5 )ZrCl~, CpZr­
Cl3.2THF, HfCl 4 , NbC1 5 and mixtures thereof, the 

3S 2irconiun derivatives being more particularly pre-
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ferred. 
• Ph = phenyl and Cp • cyclopentadiene. 
'l'he di ff icul ty to be surmounted in selecting 

the catalyst lies in f indinq a qood compromise between 
05 condensation rate and selectivity. This can be done 

for exaltlple by usinq the ratio [ (R) 2 0]/[RX] as the 
selectivity assess111ent criterion, in the knowledqe that 
this ratio will increase as the selectivity decreases. 
Also, !o:r example, the J<.inetic.s will be assessed· via 

10 the degree of completion of the reaction, determined on 
the basis of the RCl units formE!Q after a certain time. 

Given that the reaction rate increases much 

'lllOre rapidly with temperature than the proportion of 
R2 0, it is possible to adjust the reaction rate without 

15 substantially modifyinq the composition of the resin or 
the qases. 

According to the invention, the principal 
•SiX/•SiOR condensation reaction, which is accompanied 
by a secondary =SiOR/=SiOR homocondensation reaction, 

20 takes place under pa:rticular thermal conditions. Thus 
the reaction temperature is advantageously set at a 
value between 70 and 21o·c, preferably between 100 and 
iao·c and particularly preferably between 130 and 
1so·c. 

25 'l'o prevent the secondary eSiOR/iiieSiOR homocon-

30 

35 

densation :reactions from becoming too pronounced and 
thereby detracting from the satisfactory runninq of the 
process, the appropriate catalyst is selected for 
example from those mentioned above and the reaction 
temperature is adjusted so that the mean proportion of 
Rao, the sUbsidiary copr.oduct of the tormation of the 
linka9es •Si-o-Si•, remains below 10% by weiqht, pre­
ferably below St by weight and particularly preferably 
below 4i by weiqht, based on the coproduct RX. 

It is worth emphasizinq that, in a preferred 

I 
I 
l 

I 
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variant of the process according to the invention, the 
non-hydrolytic condensation reaction in question can be 
carried out in a closed vess~l. 

As an alternative, it is also possible to 
OS envisage evacuating or discharqinq the gases formed 

durinq the reaction. Said ·evacuation can be performed 
continuously or batchwise. 

In a pref erred mode of carrying out the process 
of the invention, the silanes used are capable of 

10 prod.ucinq siloxy units D and T or D and Q after conden­
sation, the catalyst used is based on Zr and the 
initial molar ratio r • OR/X is set below or abcve a 
critical value ra, dependinq on whether it is intended 
to obtain a solid or liquid resin respectively. 

15 Each catalyst has a corresponding ratio re 
defininq the critical gellinq point of the ultimate 
resin via proportions by weight of the startinq reac­
tants. 

By way of example, it may be indicated that r 0 

20 is equal to . about l. 3 5 for a catalyst of the zrcl,. 
type. 

As tar as the reaction times are concerned, 
they a~e preferably· between 1 and 30 hours so as to be 

compatible with industrial productivity requirements. 
The preferred starting reactants accordinq to 

the invention are on the one hand alkoxyorganosilanes 
each containin9 at least one Mol to the exclusion of 
Mo2, and on the other hand halogenoorganosilanes each 
containing at least one Mo2 to the exclusion of Mol. 

30 By way of a practical and non-limitinq example, 

35 

it is specified that the followin9 starting materials 
can be used: 

* at least one alkoxysilane of the !ollowinq 
formula; 
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where R and R'- are identical or different and are 

hydroqen or a hydrocarbon radical, preferably alkyl 

and/or alkenyl and/or aryl and particularly preferably 

methyl, ethyl or propyl, butyl, phenyl, (meth)acrylate, 

05 epoxide or vinyl, methyl being more particularly 

preferred, and n - 1 to 4, 

* and at least one halogenosilane of the 

formula 
Ra,_:msi(X) .. 

10 'Where X = halogen, preferably Cl, R2 is as de:Cined 

above for R and S.1 and m = 1 to 7 .. 

According to an advantageous provision of the 

invention, the POS resins prepared contain residual 

alkoxy groups carried by si1oxy units D, T and/or Q. 

15 These residual qroups offer the opportunity to 

qraft en a variety of chemical functional groups, for 

example crosslinking qroups of the ethylenically 

unsaturated type (e.g. vinyl, c~eth)acrylate) or of the 

epoxide type (qlycidyl, ethylepoxycyclohexyl). Mydro-

20 qen could also replace some of the residual OR groups. 

It should be pointed out that the tunctionali­

zation of these resins can a1so originate from the 

initial substituents R~ and R2 of the silicons, as well 

as from the radicals R of the unreacted OR groups. The 

2j chemical functional groups in question are the same as 

those mentioned above. 
In a variant, apart from the units (Mol) and 

(Mo2), the condensation reaction accordinq to the 

invention can involve metal units (Mo3), preferably in 

30 the form of metal alkoxides and/or metal salts sucn as, 

for example, chlorides. 
This makes it possible ulti•ately to introduce 

metallic elements such as · 1anthanides (e.g. cerium), 

titanium, iron, zirconium o:r mixtures thereof, inter 

35 alia, into the POS resin to 9ive mixed (Si/metal) POS 
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resins. 
In practice, the reactants carrying (Mo3), such 

as metal alkoxides and/or salts, can be incorporated 
into tne startinq reaction medium in appreciable 

OS amounts, for example in concentrations of up to 80 

~o1%, preferably 50 nol~. 

To complete the range of startinq reactants 
which can be envisaged in the process accordinq to· the 
invention, it is worth notin9 that it is possible to 

10 add units (D) via e.g.: 

* cyclic Po·s, pref er ably oliqomers D._ (where 
t =- number of silicons in the rinq, beinq advanta­

qeous ly between 3 and 20), for example 04 ; 

* and/or haloqenopolyorganosiloxanes such as 
lS a,w-cb1orodimethylsilylpolydimethylsiloxane1 

A and/or POS with trialkylsilyl end groups, 

such as a,~-trimethylsilylpolydimethylsiloxane. 
As regards the order in which the reactants are 

introduced into the reaction medium, it is advantageous 
20 initially to brinq toqether the catalyst and the 

reactant carrying (Mol) (e.g. alkoxysilane), the reac­
tant carry inq (Mo2) (e.g. halo9enosilane) only beinq 

incorporated after a variable period of time. 
Throuqh an understandinq of the secondary 

25 reaction mechanism, the process according to the 
invention makes it possible to control the crosslinking 
phenomenon as well as the ratios D/T and/or D/Q and the 
proportion of OR qroups . the resins obtained. This in 
of!ers the possibility of tailorinq the viscosity, 

30 volatility and rheology of the I resins to the desired 
v-alues. 

To do this, the invention successfully proposes 
choosing certain particular ~etal catalysts, preferably 
ZrCl 4 , and adjusting the reaction temperature and the 

35 initial ratio OR/X. Part of the achievement of the 

I, 
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invention is to take account of the undesirable Si­

OR/Si-OR homocondensation reactions. 
The following . Examples of SiCl/SiO~e non­

hydrolytic heterocondensation will provide a better 
05 understanding of the process accordin9 to the invention 

and will clearly re'Veal its numerous advantages and 

practical variants. 

10 
EXAMPLES 
l: - Preliminary Comparative Example: Prepara­

tion of resins in the presence of Feels 
In this Comparative Example, methoxylated poly­

siloxane resins composed of units D and ~ (denoted by 

OT (OMe) ) and uni ts D and Q (denoted by DQ ( OMe) ) were 

15 prepared usin9 ferric chloride, FeCl 5 , as the catalyst. 
The chosen catalyst concentration is 0.1 •ol of FeCls 

per 100 mol of silicon and the reaction temperature is 
11o•c; the reactions are carried out in a sealed tube 
to prevent distillation of the reactants. 

20 1) Resin D/T ( OMe) 

Target ratio D/T: a.so 
Target proportion of OMe 9roups per silicon 

atom: (OMe/Si)~~n•~ ~ o.s 
stoichiometry of the reaction: 

25 3.72 MeSi(OMe) 3 + 2 MeSiC13 + 1.86 Me2 Si(OMe) 2 + Me2 SiCl2 

Ratio O~e/Cl ~ 1.86 

2) Resin O/Q(OMe) 
Target ratio D/Q: 2 

Target proportion of OMe 9roups per silicon 
30 atom: (OMe/Si)~~n•i • 0.8 

Stoichiometry ot the reaction: 
3.72 Me2 Si(0Me) 2 + 2 He2 SiC1 2 + l.86 Si(0Me)4 + SiC14 

OMe/Cl • 1. 86· 

lt should be pointed out that the theoretical 
3S empirical formulae of the tar9et resins are identical 
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in both cases: 

SiMe;a. - 3 :I ( OMe) 0 •. 9000 - 032 .. 

The proportion of bridqin9 oxyqen per silicon 
is less than 1, i.e. less than the proportion in linear 

05 or cyclic polysiloxanes ( O/Si • l.) • The resins are -
theretore expected to be of very low molecular weight, 

liquid and of low viscosity. However, a solid resin 
was obtained in both cases. Different experiments 
carried out at atmospheric pressure, at 60°C, with a 

10 condenser oooled to -Jo·c and using a flushinq gas of 
high purity (<5 ppm of H2 0) qave the same result. 

Analysis of the qases formed during the con­
densation reaction (GCfmass spectrometry and 2.ff NMR) 
made it possible to demonstrate the formation of 

15 dimethyl ether, Me3 0, in addition to the expected 
methyl chloride. The formation ot Me2 0 originates from 

condensation between two methoxy qroups: 

20 2 ' / -Si-0-Si~ 

/ ' 
The solidification observed in the previous 

reactions can therefore be attributed to this secondary 
reaction, which leads to the formation of siloxane 

25 brid9es and hence· to an increase in the degree of 
crosslinking of the resin. 

This secondary reaction is not considered in 
the literature relating to Si-OR/Si-Cl condensation 
reactions. In the case of alkoxysilanes, the Si-OR/ 

30 Si-OR condensation reaction is only described a.t much 
higher temperatures, namely of tne order of Joo•c (US 
no. 2 731. 485), even in the presence of a Lewis acid. 
Thus it has bean possible to check that the methoxy­
silanes used (Si(OMe) 4 , MeSi(OMe) 3 and Me~Si(OMe) 3 ) do 

35 not react under our conditions (11o·c and 0.1% FeC15 ) 



- 13 -

in the absence of chlorosilanes. Likewise, no reaction 
is observed in the presence of MeCl. On the other 

band, if a small amount of chlorosilane {O.l equiva­
lent) is added, a substantial evolution of Me2 0 is 

OS observed which ceases when the Si-cl groups have been 
consumed. 

Reac~ion (at 110°C, 0.1% FeC13 ) [Me2 0]/{MeCl) 

10 Me 2 Si(OMe) 2 + 0.1 Me 2 SiC12 0.85 
MeS1(0Me) 3 + 0.1 MeSiCl3 0.68 
Si(0Me) 4 + 0.1 SiC14 0.37 

Ir - First series of se1ected cata1ysts 
15 It has therefore been shown that Me2 0 is formed 

durinq the . thermal reaction of a methoxysilane and a 
chlorosilane in the presence of Feel~ catalyst, regard-
less of the units D,. T or Q used. This secondary 

reaction leads to an increase in the d99ree of cross• 
20 linking of the resins and can cause the resins to 

solidify. Furthermore, the two products MeCl and Me 2 0 
have identical boilinq points and are difficult to 
separate. 

The catalysts selected for overcoming the 
2S technical problel'IL brought to light by the invention, 

namely SiOR/SiOR secondary homocondensation, were 
chosen :by means of the experimental protocol given 
below. 

30 silane 
Dimethoxydimethylsilane and 
are reacted in proportions 

dichlorodimethyl­
of 10/l in the 

presence of various Lewis acid catalysts. 'l'he use of 

difunctional compounds is proposed by way of example in 
order to avoid mass transfer problems with higher JllOle­
cular weights. This avoids the risk of solidification 

35 of the resins which is typical of sealed tube reactors, 
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where stirrinq is not ~ossible and in which the reac­

tion medium should not therefore be too viscous. It 
had also been shown that the formation of Meao is 
maximal for units o. In addition, excess methoxysilane 

OS is used in order to favor the forl!lation of MeaO, if 
appropriate, and facilitate its detection. The diffe­
rent catalysts are used in an amount of 1 mol% of the 
total number of mol of silicon. The reaction is 
carried out at 110 • c i:n a sealed tube and the ratio 

10 [Me2 0]/[MeCl] at the end of the reaction (i.e. when all 
the Si-Cl bonds have been consumed) is determined by 

proton lUIR. 

The degree o:e co;mpletion of the reaction is 
qiven (based on the MeCl formed) after x hours at 

1.5 11o·c. 

20 

25 

The different results obtained for the selected 

catalysts are collated in Table l below. 

TABLE 1 

Catalys't [Me2 0]/[MeCl) Degree of 
comple'tion 

Reference FeC1 3 lX ca:. 2.8 79% (23 h) 
Zr carboxylate 1% 0.25 40% (16 h) 
2rC14 1% 0.23 67% ci2 h 30 min) 
'?1Cl 4 l% 0.03 60% (63 h) 

The results obtained show that the.selectivity 
depends on the catalyst used. The formation of Me2 0 is 

30 maximal in the case of FeCl3 • Titanium tetrachloride, 
TiCl,, is the most selective catalyst, less than 3% of 
Me 2 0 being detected (sensitivity limit of the analy­

sis). In this case, however, the reaction is very slow 
(60% conversion of the Si-Cl bonds in 63 h compared 

35 with 56% for FeCl 3 0.1% in 16 h 30 min). 

' 

, I 
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It seems on the basis of these data that the 

catalysts which offer the best compromise between 

condensation rate and selectivity are zirconium tetra­
chloride and zirconium carboxylate. 

XIX - Second series of selected cata1ysts 
The following reaction is chosen for selectinq 

this second series of catalysts: 
0.4 Me2 SiCla + 0.6 Si(OMe) 4 ~ Me0 • 8 Si(OMe) 1 , 6 00 • 9 + 0.8 MeCl 

10 Cat. lt 

130°C 

The best activity and selectivity are sought. 

In particular, an attempt is made to avoid the secon­
dary reaction of dimethyl ether formation, which is 

15 substantial with a catalyst based on ferric ohloride~ 
2 •SiOMe ~ aSi-0-Si~ + MeOMe 

The difterent degrees of completion of the 
reaction are recorded by 2-H NMR in a sealed tube and 

the selectivity or the reaction is recorded on the 
20 basis of the ratio [Me2 0]/[MeCl). 

25 

30 

'I'be results obtained are collated in Table 2 

below. 
The zirconium derivatives qive the best selec­

tivity /activity compromise. 
Zirconium tetrachloride affords a deqree of 

completion of 89.t in sixteen hours, very little di­

methyl ether bein9 formed. Approximately the same 
activity is found when startin; with the zirconium 
alkoxide Zr(OEt)~· 

'!'he activity of the catalyst depends on the 
temperature. conversion of the SiCl bonds is total in 
25 hours at 140"c and in one hour thirty minutes at 
2oo·c. 'I'be percenta9e of dimethyl ether formed at 
l40°C is 3.5% and increases substantially to 7t at 

35 2oo·c. 
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TABLE 2 

CATALYST I [Me2 0]/[MeCl] DEGREE or COMPLETION 

I OF THE REACTION 

Reference feCl 41 (lC/oo> 0.200 60.0% (16 h) 

. TiCl4 so.010 30.0% (16 h) 

TiBr4 S>.010 29.0% (16 h) 

(Ph0)2 't:LC12 0.036 49.0X (15 h 15 min) 

CpiiC13 SJ.010 2.4% (1:5 h 15 min) 

CpzVC12 :SO.OlO 40.8% (16 h) 

VCl~ s0.010 2.41: (16 h) 

VOC13 :S0.010 25.0% (16 h) 

ZrC14 0.037 88.9• (16 h) 

ZrBr• 0.040 73.6% (16 h) 

2r(OEt:) 4 0.040 SO.BX (l6 h) 

Cp2 ZrCla ~0.010 24.4% (16 h) 

Cp2 ZrHCl 0.050 72.0% (16 b) 

Cp2 Zr:Me3 0.0:30 30.0l (16 h) 

(CsMe5 ) 2 ZrC1 2 :S0.010 4.8:1: (16 h) 

(C5 Me5 )ZrC13 0.025 91.61 (16 h) 

CpZrC13 .2THF 0.032 90.7"/. (16 h) 

Hf Cl4 0,070 96.7% (16 h) 

N'bCl5 0.045 36.0X (16 h) 

Cp • cyclopen~adienyl 

XV - Preparation of resins D/Q(OMe) in the 
presence of TiCl4 and zrC14 

The objective here is to obtain, by catalysis 
35 with ZrC14 (1%), the resins O/T(OMe) and D/Q(OMe) which 
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could not be prepared previously in Example (I) with 

FeCl~. The reactions were carried out at llO"C in a 
sealed tube. 

1) Resin D/T(OMe) 
05 Stoichiometry of tbe reaction: 

3.72 MeSi(0Me) 3 + 2 MeSiC1 3 + 1.86 Me 2 Si(OMe) 2 + Me2SiCl~ 

OMe/Cl = 1.86 
2) Resin D/Q(OHe) 
Stoichiometry of the reaction: 

10 3.72 Me2 Si(0Me)• + 2 Me8 SiCla + 1.86 Si(OMe) 4 + SiC14 

OMe/Cl • 1. 86 

With ZrCl 4 , the resin obtained is a very 
slightly viscous product with the appearance of an oil. 
The concentration ratio [Me2 0]/[MeCl] at the end of the 

15 reaction and the t~, i.e. the time after which half of 

20 

2S 

the si-Cl bonds have reacted, are given in 'I' able 3 

below. 

TAJLE 3 

RESIN (D/T) RESIN (D/Q) 

[MeaOl/[MeClJ t-. [Me2 0]/[MeCll t:. 

0.034 15 h 0.060 10 h 

It is found that Me~o is formed in very minor 
proportions under the aetual reaction conditions. The 
secondary reaction is neqliqible compared with the 
condensation reaction resulting in the formation of 

30 MeCl. This hi9h selectivity affords qood control over 

the deqree of crosslinking of the resins. The deqree 
of condensation is excel1ent in both cases: above 99% 

after 64 hours at ll0°C for the resin D/T and after 40 
hours for the resin D/Q. 

35 
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v - Influence of the temperature 
The reactivity and fielectivity of TiCl 4 and 

zrcl, were compared at different temperatures. This 
study was carried out for resins D/Q(OMe) containing 

05 60% of units Q .. 

stoichiometry of the reaction: 

0.40 Me2SiCl2 + 0.60 Si(OMe)4 
The tarqet final composition is therefore: 

SiMe0 .~(0Me) 1 •• oo.e• 

10 Conditions: sealed tubes; l mol of catalyst per 
100 mol of silicon. 

The results obtained are s\llllmarized in Table 4 
below. 

15 WI,E 4 

Catalyst ZrC1 4 l'iC14 

Temperature 10S°C 125°C l40°c 200°G 1os•c 12s·c 140ciC 

20 
ta, (h) 10 2.5 1.5 I 104 ~' 28 
t (end cf 
reaction) (h) 12.5 100 25 1.5 >230 >160 >160 
[Me2 01/[MeCl] 0.03 0.04 0.04 0.08 0.01 0.015 0.02 

% Me20 (w/w) 3 3.5 3.5 7 l 1.3 2. 

25 This Table shows that the reactivity increases 

with temperature. '11iCl 4 is very selective between 
1os•c and l40°C but the reaction time is long. At 

2oo·c, the reaction time is more reasonable (24 h) but 
the selectivity is lower with a ratio (Me~O]/[MeCl] of 

30 0. 08. ZrC1 4 appears to be more advantageous as the 
selectivity at 140°C is better ([Me2 0J/[MeClJ = o.04) 

for the same reaction time. 
It should be pointed out that for the composi­

tion 0.40 MeaSiCla + 0.60 Si(OMe) 4 used here, the 
35 redistribution equilibrium is reached (according to 

2oo•c 
I 

25 
0.08 

7 
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proton NMR) in less than 18 h (ZrC14 ) or JO h (TiCl 4 ) 

at room temperature and in less than l h in both cases 
at lO!S"C. 

VI - Experbent with evacuation of the gases 

formed 
This experiment, co:niprisinq discharqe ot the 

qases formed during the reaction, was carried out using 
the same composition with ZrCl, l.% at 14o•c. The 

10 degree of completion of the reaction (estimated from 

the integrations of the methyls on the silicon) , the 
molar ratio [Me2 0]/[MeClJ and the percentage by weiqht 

of Me3 0 are given in Table 5 below. 

lS TABLE 5 

Time {h) 0 l 2.5 4.5 7 8.7S 24.5 

SiHe2 Cl/SiMe2 l.08 0.84 0.30 0.16 0.06 0.04 <0.01 

20 
Estimated "comp. (%) 0 45 70 75 85 95 
{Me8 0J/{MeCl) I I 0.035 0.042 0.055 0.056 
~ Me8 0 (w/w) I I 3.1 3.7 4.8 4.9 

The· reaction seems to be slightly more rapid 
than in a sealed tube (at t = 7 h, SiCl/SiMe 2 = 0.12 in 

2S a sealed tube at 140 • c) • 'l'he proportion of Me 2 0 
increases during the reaction, undoubtedly because of 

the increase in the ratio Si-OMe/Si-Cl. However, the 
mean proportion of Me2 0 estimated by "inteqratinq" % 

Me:ao '"" f ( dec;rree of completion) is about :3. 3%, i.e. 
30 very close to that obser"Y"ed in a sealed tube at the 

same temperature (3.5%). 

Comments: 
Examples I to v:r show the advantaqe of non-

35 hydrolytic condensation between methoxysilanes and 

>98 
0.10 
8.3 
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chlorosilanes in the preparation or methoxylated liqUid 

resins composed of units D and Q or D and T. 
The participation of condensation reactions 

between two l!lethoxysilane groups with the elimination 

OS of methyl ether, resultinq in an increase in the degree 
of cross linking of the resins, has been demonstrated. 

It has been shown that the selectivity depends on the 
catalyst used, the temperature, the initial ratio 

OHe/Cl and the nmnber of methyl qroups on the silicon. 

10 In the presence of Feel~, which is one of the most 

widely employed catalysts in SiOR/SiCl condensation, 
this secondary reaction does not enable the target 

resins to be obtained (solidification). 
By contrast, these resins can be prepared, with 

15 reasonable reaction ti111es and a small proportion of 
Ke2 0, by usinq catalyats based on metals of groups 

IIIB, IVB and VB, preferably based on Zr. 

V:II - Synthesis o~ other resins DQ(OHe) 

20 A - several resins DQ(OMe) [VII.1 to VII.3] 

were synthesized by this process with an alkylhalo­
qenosilane and a tetraalkoxysilane: 

Me2 SiCla I Si(OMe), 
These resins DQ(OR) were synthesized in a 1 

liter reactor of the Prolabo "bollll:>" reactor type 
(stainless steel) 1 the experiments being compared with 

the sealed tube experiments. 
The reaction is as follows (D/Q = 50/50): 

n Si(OMe) 4 + n Me 2 SiCl 2 ~ 2n MeSi(OMe)Oa;2 + 2n MeCl 
30 Three experiments, VII.1 to VII.3, were carried 

35 

out: 
VII.1: n = 0.01; 7 h at 145*c: sealed tube 

VII.2: n = 0.01; 24 h at 13o•c; sealed tube 

with stainless steel bar 
VII.3: n m 0.89; 2 h at 165°C; 38 bar1 Visco-
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sity ot the tinal resin 70 mPa; degree of conversion of 

SiCl > 98%. 

:a•si IOIR: \ Si 

VII.1 VII.2 VII.3 
D(OR) 2 4.4 4 .. 5 4.6 

D(OR) 19 19.7 19 

D 25.7 23.5 25.6· 

Q(OR) 4 0.4 0 .. 2 0.3 

Q(OR)a 3 3.8 2.9 

Q(OR) 2 12.3 13.9 11.6 

Q(OR) 22.2 22.2 22.1 

Q 13 12.2 13.3 

D/Q 49.1/50.9 47.7/52.3 49.2/50.8 

The distribution of the methoxy qroups on the 
units D and Q can be determined from these NMR integra­
tion values. 

This gives a resin of the formula 

20 [MeaSi(OMe)o.sssOc.717Jo.4s1fSi(OMe)l.ize01.4~eJo.&os (Vll.l) 
The probability of findinq Si(OMe) groups 

around the silicons of the units n and Q is given by: 

p<00
M•) - N51 (-of.ie,/Ng,-p - 0.566/2 - 0.283 and. p<0051 > - 1 -

p(DOMe),.. 0.717 

25 p<QOM•) .. Ns-t(-OMe)/N~,..P - 1.128/4 = 0.282 and p<QOS-t) = 1 -

p(QC'4e) ""0.718 

The distribution of the 51-0Me groups on the 

units o or Q is arbitrary and purely random. The same 
applies to the siloxane bridqes. 

30 :It is then possible to calculate the percen-

35 

taqes of the different sites D(OMe) 2
, D(OMe), D and 

Q(OMe)"'"' ( O :S x :S 4) by assu11.dn9 a perfectly random. 

distribution of the Si-oMe groups. 
This will give: 
% D(OMe) 2 ~ (p<~OK•>Ja X 100 
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% D(OMe) = 2 x (p(DOMe>J[p<~eS~)1 x 100 

% D m:: [pC:OC.S:!.)]3 X 100 

% Q(OMe) 4 = [pC:QCM•)] 4 X 100 

% Q(OMe)~ :::: 4(pCgcM•)]~[pcqoa~)J x 100 

OS t Q(OHe) 2 = 6[pCQCHe)]2(pCQOS~)J2 X 100 

:t Q(OMe) = 4[pCQOM•>][pcqcs~>] 3 x 100 

• Q = [pCCOS~)] 4 X 100 

'l'he experimental percentages deduced from· the 

NMR spectrum are in agreement with the statistical 

10 data. 

15 

Group D(OR)Z D(OR) D Q(OR) 4 Q(OR.)3 Q(OR).e Q(OR.) Q 

% stat 8 40.6 51.4 0.6 6.4 24.6 41.8 26.6 

% VII.1 8.8 38 51.4 0.8 S.9 24.2 43.6 25.S 

% VII. 3 9 38 51.2 0.6 5.8 23.2 45.4 26.'6 

B - Comparison with a bydrolytic process 
Three resins (VII.4 to VII.6) are synthesized, 

two resins by the non-hydrolytic method ( SiCl/SiOMe) 

20 with a ratio D/Q of 39/61 (VII.4) and 63/37 (VII.5), 

and one resin by a hydrclytic process (VII.6) with a 
ratio D/Q of 66/33, from Si(OHe) 4 and 0 4 m octamethyl­
cyclotetrasiloxane (catalyst H+). 

The NMR values obtained are given below: 

25 

30 

35 

.• 
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2 •si MMRi % Si 

VII.4 VII.5 VII.6 
D(OR) 2 7.2 1.7 0.9 

D(OR) 19.5 20.1 21.6 

05 D 12.3 41.8 45 

Q(OR)"' 3.0 0 5.6 

Q(OR) 3 13.8 1.0 16.8 

Q(OR) 2 . 23. 9 1.2 a .a· 
Q(OR) 16 .. 0 18.0 1.2 

10 Q 3 .. 5 10.3 0 

D/Q 39/61 63-6/36.4 67.5/32 .. 5 

VII .4: [Me:aSi(OMe )o.a&90o. sesla. ~Iii[ Si(OMe)i. g201. 04 Jo • .e:r. 

VIl.5: [MeaSi(OMe)o.3&900.a1sJo.e3•[Si(OMe)o.s701.s1slo_3s& 

15 VII.6: [Me2Si(OMe)0 • 34700 • 82~J 0 •• 75 [Si(OHe) 2 • 81a0 1 • 5 , 1 } 0 _326 

'I'his 9ives the following probabilities: 

VII.4 VII.5 VII.6 
20 p<DCH•) 0.435 0.185 0.174 

p ( l;:ICS:l. ) 0.565 0.815 0.826 
pCQOMe) 0.484 o.243 0.705 
pcc:ao•;t. 1 0.516 0.757 0.295 

25 The hydrolytic process VII. 6 qi ves completely 

30 

35 

different probabilities of encountering an si-OMe end 
group on units D or on units Q. There is an enormous 
excess of Si(OMe) end groups on the units Q. 
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WHAT rs CIAIMED IS~ 

1. A process for the preparation of optionally 

alkoxylated (OR) polyorqanosiloxane (POS) resins by the 

non-hydrolytic condensation of at least alkoxysilyl 
units (Mol) and halogenosilyl units (Mo2), both of 

which are carried by identical ( homoconden.sation) or 
different (heterocondensation) silanes, in the presence 

of a catalyst of the Lewis acid type, said condensation 
reaci;ion generating essentially ~si-O-Sia linkaqes and 

coproducts XR ( X - halogen) , wherein the target POS 
comprise siloxy units o, T and/or Q, or perhap$ M, 

wherein the catalyst is selected from metal compounds 

or mixtures thereof based on at least one metal belonq­
inq to group J:IIB, IVB or VB of the periodic table, 

qi ven in 11LA CHIMIE - dictionnaire encyclopedique•r 

("CHEMISTRY - an encyclopedic dictionary") J. Angenault 

- published by DUNOD 08/91, and wherein the reaction 
temperature and the initial ratio OR/X are adjusted so 

that condensation takes place substantially exclusively 

between the units Mel and Mo2, with extreme minimiza­

tion of secondary condensation between two alkoxy units 

OR to qive the by-product R~0-
2. A process according to claim 1 wherein the 
metal compounds useful as non-hydrolytic condensation 
catalysts are: 

- carbo>tYlates, 
- halides, 
- (eyclo)alkyl halides, 
- alkoxides, 
- oxyhalides, 
- or Mixtures thereof. 

3. A process according to claim l or 2 wherein the 
catalyst is selected from the followinq list: 

TiCl4 , TiBr4 , (Ph0) 3 , TiC12 , CpTiCl~, Cp3 VCl 2 , 

I lllllll llllll lllll lllll II llll 
* C L M S * 
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VC13 , VOCl~, ZrCl 4 , ZrBr,, Zr(OEt) 4 , Cp2 ZrCl~, Cp2 Zr-
HCl, Cp;aZrMe~ I ( C!llMe$) 2ZrCl:z.I (CsMes) zrcl:a, CpZr-

Cl3. JTHF, HfC14 , NbCl. and mixtures thereof, the 
zirconium derivatives being more particularly pre­
ferred. 
4. A process according to any one cf claims 1 to J 

wherein the reaction temperature is advantageously set 
at a value between 70 and 21o·c, preferably between.loo 
and iso•c and particularly preferably between 130 and 
1so·c. 
5. A process accordinq to any one of claims 1 tc 4 
wherein the catalyst is selected and the reaction 
temperature is adjusted so that the ~ean proportion of 
R2 0 remains below 10% by weight, preferably below 5' by 
weiqht and particularly preferably below 4% by weight, 
based on the coproduct RX. 
6. A process accordinq to any one of claims 1 to 5 
wherein the silanes used are capable of producing 
siloxy units D and T or D and Q after condensation, the 
catalyst used is based en Zr and the initial molar 
ratio r • OR/X is set below or above a critical value 
r 0 , depending on whether it is intended to obtain a 
$Olid or liquid resin respectively. 
7.. A process according to cl~im 6 wherein ra is 
equal.to a~out l.35. 

a. A process a¢Cordinq to any one of claims 1 to 7 
wherein the non-hydro1ytic conden$ation reaction in 
question is carried out in a.closed vessel. 
9. A process according to any one of claims l to 8 
wherein provision is made for discharqinq the gases 
formed during the reaction. 
io. A process accordinq to any one of claims l to 9 
wherein the followinq starting materials.are used: 

* at least one alkoxysilane of the following 
formula: 

111111111111111111111111111111 
* C L M S * 
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(IP·) 4 _.,_Si (OR) :n 

where R and R:i. are identical or different and are 

hydroqen or a hydrocarbon radical, pref er ably alkyl 

and/or alkenyl and/or aryl and particularly preferably 
methyl, ethyl er propyl, butyl, phenyl, (meth)acrylate, 
epoxide or vinyl, methyl bein9 more particularly 
preferred, and n - 1 to 4, 

• and at least one halo9enosilane cf · the 
formula 

R2 ..,_m5i(X). 

where X = haloqen, preferably Cl, aa is as defined 
above for Rand ai and m = 1 to 1. 

ll. A process accordin<J to any one of claims 1 to 
10 wherein, apart from the units (Mol) and (Mo2), the 
condensation reaction involves metal units (Mo3), 
preferably introduced by way of reactants selected. from 
'Jlletal alkoxides and/or salt$, the pref erred metallic 
elements beinq selected from the followin9 list: lan­
thanides, titanium., iron, zirconium and mixtures 
thereof .. 

12 • A process accordin9 to any one of claims 1 to 
10 wherein, in addition to the silanes~ the followinq 
are included as starting reactants: 

'* cyclic POS, preferably oligomers Dt., where t 

is the number of silicon atoms in the ring and is 
between 3 and 201 

* and/or balogenopolyorqanosiloxanes; 
* and/or POS with trialkylsilyl end groups. 

' '""" "''" 1111\ ""' " '"' : 
* C L M S * 
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