POLYMERI SATION OF CYCLOS| LOXKANES: . - = AN THE PRESENGE?EECFILLERS
This. i nventi.oa relates'to the rl-_-openlng polymeri sati-on. of i@@ld&?ﬁfxanes
in the' presénce ‘of flllers and ¢gdt-al-ysed by ‘phasphazene bases. ,
cycI03|onanes are crltlcal i'nterrediates in the silicone industry,
prlnarlly as’ starting.: npnoness - f.of, polyngflsatlon Several general routes
are known fon‘the preparaLr@n bﬁ='yt103|loxanes Together W th hydr oxy-
endbl oeked Ilnear polydlorgan05|lexanes t.hey are formed as a product of
hydr,.ol ysi s -of. ‘the corre -'”g%gg hAxtures of cyclic
and/or.llnean polyduorggﬁg As gﬁg& g#%%bgghéggﬁﬁ brated or "cracked"
by reaction. in t.he. presencﬁﬂdﬂﬁhﬁﬁiaﬂﬁﬁﬁ<EMEELQER§ base to- forn1an
eqU|I|br|un1n1xture of nore destred cyclics and linears. Vari ous
catalysts ake..known.for-t he pol yreri sati on. of: cycI03|onanes Exanpl es are
alkali - netal hydﬂ@%ﬁﬁégveépkﬁnlr%%%%ﬁsEQQ«EHed€§n€r°EBﬁ%P3xes of al kali -

met al hydr o; cﬁ%e%&@a%aoﬁl sgr@yewémixaﬂ@g ah ‘Bhbappbsése cMdEillers
phosphonltrlle hal i ﬁg somet . ne%éhe er% to as aci di'c phosphazenes)

Such pol yne@da bt Yes| By 85? AF¥5ul k, in solvents (such as

non- pol ar aof pOI&&tﬂb@dﬂb&aﬁ&hV&f&E@riﬂldai amnbsmedlaéasehdbﬂuzklng agent

may be .used | 't .0 [or to add
functional i tsﬁq' ﬁ%ﬁgﬁ'ﬁgé{?&%ﬁﬁgﬁﬁ]{ er i %fg{—iggi%%@%%é%g n%&?r alizing
agent whi chpoéafme@lwat:honhe %%N%t@btget!@rraénéf@ut#ﬁ aom -y £o1 f-hepst cases
cat al yst §r@ 8% alt 3 BR! aflsyét@spmﬂmsprqﬁgethaﬂwﬂe Hastdahl y renoved,
such as by I tration. _: ' cone poly f|IIer n1xtures are psed as a
base for valemé@slogkpricbwée%my@cﬁmq% ngdyi & %ﬁaﬁw@

greases, et@xdﬁheseoﬁ1hydfesyaie<gbnﬂmﬁbbyrpspdndédgby first polyner|3|ng
silicone ol ggﬁ%nﬁ?&ﬂai‘o?%iéﬁgge Rfi':é(:'ﬁ%fes"‘%kh.:{:l?flgeéﬁéﬁ& \i:.%%odﬁ:l ty and

t hen necham
: polydlorgan051loxanes can also be equilibrated or “cracked"

, by reactlon in the presence of a catalyst ‘such as a base to |
_form.an equillbrlunlmlxture of more des1red cyclics and

linears.

Varibus catalysts aré known for the polyﬁerisation.of
cyclosiloxanes. Examples are alkali metal hydroxides, alkali
metal alkoxides or complexes of alkali metal hydrox1de< and
an alcohol, alkali metal silanolates, and phosphonitriie
halides (sometimes referred to as acidic phosphazenes) Such
'polymerlsatlons can be carrled out in bulk, in solvent: (such
as non-polar or polar organlc solvents) or in emulsion An
endblocking agent may be used to regulate the_moleculdz
weight of_ihé polymér and/or to add functionality.

| Polymerisation may be terminated by using a neutralizing
agent which reacts with the catalyst to render it non-active.
- In most cases catalyst residues remain in the polymer
product and are desirably removed, such as by filtration.

Silicone polymer-filler mixtures are used as a base for
various silicone rubber compositions, silicone compouncs and
gréases, etc. These mixtures are generally produced by first
polymerising silicone oligomer into a silicone polymer with
the desired viscosity and then mechanically mixing the



restlti ng sr Ll;:one pol yrrer“ Wi-t A t’ne selected filler. However, such nethods

invol ve.two -di’ fferent types of . processes necessrtatr ng a separate

pol yrrerl satlon step and’™ mi. Xi: ng st ep “Asa r'esul't, the process is

cohpl i‘cat ed and - . di sadvant ageous /on . a. cost basr s.. I.n addltIOI’l it is

difficult in- s.ueh met hods - to mx and disperse-filler into  hi gh viscosity

si{i Cone, polymers -and.: Iar ge amaunts “of energy i -are” Consurred ~This problem

becomes -part i cul arl'y si‘gni ficant. “when the:nol ecul ar wei ght’ of the silicone

pol ynmer. is a d ngelectedlftitle_raits have been

made -t o ove%@ggggﬁﬁgs%ﬂ?gﬁ?g &_'.ywrggiir%ﬁ Frgéo é ThE p ation in the

presence of Howeveki| saeh nethods 4ayodye gf"’?c#bg %T%Ptrré:tyﬂ%f pol yreri si.ng

a _-hydr oxy- gg@%@gggd ggéyglgpimlaj Q)é@ﬁ&a&éd[ﬁolymrlsatlon step and

pol ydi or gandcycl-osi |:.oxane .i n-the presence of; an ‘acidic or neutral

rei nf.orci ngmﬂF‘P-F’ErSSﬁB catal ysed by trifl.ucronethanc *sul fonic acid. EP- A-0

019. 816 di sci oseasaaneébﬁﬁtpftl’mllproqmiwrmr csapilmqawdaﬁrk@droxy endbl ocked

pol-ydi or ganqs rggnocygl e N side presence of
snEiEPEroRBiacn & TRl slel oA fapd ergnd dur 4

an acidic er. and-catal'ysed b sul furic acid or
a sul foni c ddifFicERTALD aq@xowrmdssclteseéXaanﬁe@h%ﬁf&%ﬁe p%‘r];ﬂﬁé% &ty a

hydr oxy-- endpll ‘ﬁk@‘iscgﬁwg'ﬁj I %@rlsnahhelﬁﬁmﬁs VT lemerggni C
er

reinf.oricing or exiending”f asic dror n nQ i Iyst
US-A-4 431 #F¥¢ gPssprmsds tTht OFEPBRS P2 ﬁ ao&’{aﬂ %52‘%3

pol ydi or gan%ehoxsaaemowcﬁner mee.‘z;&m:efothansahd@ne cpo]r}e\uitlr ars esi Bighci ng
filler " and_a- cg E ﬁgt sel ectffieé m. sul furic acid, sulfonic acids,

perfluori naf8d“8fka §u??o?ﬁlc aci¥d, ‘and a conbi nation of uat ernary
ammoni um car boxy Batemphéd bavddean magls ¢o PHRFeEomE h"e‘%%ﬂ?)rRi‘gs]ﬁ%* e been

successf ul F__le gegﬁtsgﬁ%?&g‘,mggt&r@iajrpmtaﬁy ﬂs@é@em@ﬂ @3® successful
AR SRUAL M PR TR
regarded as fidéegl. oWs-A-4 44 _
hydroxy-endblocked polydiorganos:.loxane and/or a
‘polydiorganocyclosiloxane in the presence of an acidic ar
neutral reinforcing filler and catalysed by trifluoromethanc
sulfonic acid. EP-A-0 019 816 .discloses a method of bulk
polymerlsation'df ‘a hydroxy- -endblocked polydiorganosiloxane
and/or a polydlorganocyclos1loxane1n the presence of &n
acidic or neutral reinforcing filler and catalysed by
gulfuric acid or a sulfonic acid. EP-A-0 019 093 discloses a
method of polymer1s1ng a hydroxy-endblocked
polydlorgan051loxane 1n the presence of an inorganic

reinforcing ox extendlng flller and a basic

- diorganosilanolate catalyst. US-A-4 431 771 discloses the
polymerlsatlon of a hydroxy- endblocked.polydlorgan051loxane
'in the presence of an acidic or neutral reinforcing filler
and a catalyst selected from sulfuric acid, sulfonic acids,
perfluorinated alkane sulfonic acid, and a combination of
quaternary ammonium carboxylate and carboxylic acid- While
these processes have been successful with linear starting
materials, they have been less successful with
cyclosiloxanes, as the rates of polymerisation have generally

been regarded as too slow.



Phosphazene. bases -are. knoWn, o ‘be’ extrerrel y.strong bases Numerous -

phosphazene basés and . routes f@r itheir . syiithesi s -have been described in
t he I|teratgre for exanple - |n Schwestnger et al- Lleblgs Ann. 1996,
1055-1081. = . " The'use of - a: phosphazene base_ catal.yst for the ring-

openi'ng pol yrrerJ satjon .of a -cycl-osi- oxarge on:a | abor at ory - scal e has
beén; descri bed in. I\/bl en‘be[g and- Mot ler, - 5 ey ,I\/acrorml Rapl d Conmun.” 16,°
449-453 (1995) L Oct Anet hyl cycl ‘ot'et. ra5| T-oxane (D4, ‘where .D-denotes- an .-
- Si (CH[ err])[err O un1n2 Qoé érq&{ |dlbgoggeggm§pytﬁtmngn the
priesence of . mat ﬁe pﬁ tZene base™ g ure used as a 1 -

1
mol ar. 'sol utbaﬂ;ea n mmnreus phosphaz §nd %%’%e’i"hef’rﬁz dri ed
bef ore the \gqlecﬂeléﬁgdés%fi@éﬁ in t(mt 1undeatanear£ﬁm eangithere
contai.ni. ng %j@%ﬂ % ggageg was depr ot onat ed
byt he phosxphmsmge&a% 8d 13t ad Rseht "hitiate the .
reaction. A fﬁ{éﬂds@’ ofeacphosphyséne) beee lﬁ@é&ﬁln@édfﬁy s DR and.

darson - in Pol 34 §6§ab f@tct, S case'
t et raphenyl‘%ﬁq%éﬂﬁw{% Ilgﬁgf‘f)éafoxar}g‘ﬂghl er?yl ﬁgi ¥re ° aﬁ%l og of
D4, was polgdEld deb beEknedeat:aﬁ.bsd Wﬂ@fﬁ%ﬁ ped MOLiSke as in Mol enberg

and ‘Nol | er, -and. %aléh& lRaglﬁ &Sﬁﬁ&honlg 4433)-rmmnqu995\)\/ere careful | y dried

bef or ehand. No f pr esent of t i ons and the
phosphazenwmthylmla?%@%PéaBEebm’i'n agﬁgféfgma%% t han -800ppm

based on ; i(@?wgmmq;f) Was polymerlsemmmméﬁhéﬂ-ophbﬁpﬁ@ene o
base cat al ysts are’we ite of ¢Fe&@pél pxanes in
] espant 454 106 PRI paaeot ersy .

t he presend@resencs ave at _the hexane/ et hanol
activated cadad s ocan ngiles: epiat:nenpmmé}”ﬁa-t i SRSy FETIPOREREE e nave

therefore additionally a E% Y@Ee negagidawhich gasesarepeddum bl e
pol erEI’I satYort cpa} ot eral?)légj\%\n%t b % need. for soI ﬁ
o’penl ng

surpri si nglgut ourtex ket angons atmosgggga KPR 5t
pol yneri satj.on ;96 ThEYREEBAAEX ARES dbigvbtanphesphyzene mrm%wst in

the base to form methoxlde ions whlch initiate the ‘reaction. A

‘similar reaction system has been used by Van Dyke and Clarson
in Poly Prep ACS Div Polym Chem 1996, 37, 668. in this case,
tetraphenyltetramethylcyclotetra51loxane,the phenylmethyl
analog of D4, was polymerised. The catalyst system was the
same as in Molenbexg and Moller, and again all the reaction

components were carefully dried beforehand. No fillers were

present in .any of these. reactions and the phosphazene base
" catalysts were used in an amount of more than 800ppm based on
the weight of D4. '

We have found that phosphazene base catalysts are weall
sulted for polymerlsatlon of cyclosiloxanes. in the presence
of fillers. We have also found that the- hexane/methanol
activated catalyst can’ give erratic polymerlsatlon behaviour.
We have therefore addltlonally sought a catalyst medium that
nges reproduc1ble polymerisation, preferably without the
need for solvent. We have surprlslngly found that it is
possible to carry out the ring-opening polymerisation.of
eyclosiloxanes with a phosphazene base catalyst in the
presence of fillers and of water. In the simplest case.



presence of “fiilters and of iat er:£1n the si npl est case. _

4 - sufficient water an be provided sinply by taking no speC|aI steps to
dry the filler or the cycl osil oxane starting material. -To ensure the
presence of ‘water it is suff|C|ent to avoid totaIIy ‘anhydrorous conditions.
Very 'smal | ampunts, of wateri, e.g. a feM/QDIecuIes ‘have been found to
suffice'to allom/the polynerlsatlon to take place.: Furthernnre ‘we have

f ound - tihat |t is not'. essentjal tig if orm a-.net'hoxi de ion, e.g. by u5|ng '

met hanol , in: cantr; t c Ehﬁ &2e Bpelkciwant i on
t hus' prow dg’él 1613‘ g"és‘é’%é%}e‘:%ﬁﬁﬁblﬁga Bixﬂﬁly bY cenady ape

l rer -4l e t
whi ch conpr issepsetoedryreheh #4@#@96b§%ﬁaé¥bg ﬁ%&?@ |éﬁ?lﬁ [ mxture,

cycl osi | oxa&%%\éfr&ala p@sséﬁwwazr{éaiﬂelsﬁnbbeoprmmamhsasfulﬂflle:rlemmd of
wat er

I nvention: yields, a silic y I Mol tabl e

for use-as &% él"é‘étir F@E’Pﬁ%s‘%ﬂk&fq’%ﬁ%’ Fgg@ﬁ@ﬁér ﬁe}% A"gll rell&r?f%gf glgd

pol ynmer i xtuterysatyl anfewr ommamgea | heuaebeeasiwmﬁ s‘io Sllfflﬁ?et‘—;?l :
hosphazene se acy a i V\@‘% Y, We haka

ElghPy actrfaﬂ d%g él*%%gl%% é?:ﬁ% ?%g%eﬁ?%eé rmﬁﬁg%éétan The -

phosphazenefbasd uhat atSESrnQﬁne$HQH¥l§érF8|ﬁoﬁTh%wm% §ufs Swhi ch

may be pres us‘in w&thaR6L, %n &_ld‘r&h:(étls,c te £nepsion |ard \emrthiivey :

pol.yrer i sation-i n| lati n% speci est hos hngé sga%!e é%a% tﬁoﬂ nionic

form with a strgﬁé BAFS nEu%?V%E;*?QJ PERVRYEF oxi ich is active in

|n;t:at{n? @Qbﬁﬁ&ﬁh?ahlﬁﬂli?one pAEL yinteer - ﬁhdéphamen@ubaseﬂtgﬂh:fﬁmyli?ﬁbrfuI

catalyst. for .the po risatio i 7 S48l kv
ceyeesine fhE e %gglgﬁegﬁgéﬁﬂan & % QYA

proportlon , based. on the wei ght of
cycl osi | oxamé.thAappbbephedenarkg%Sﬁ gnjghe BéeﬁﬁﬁFerﬁﬁ & pridrsmaty £6 -
100ppm . Th gportion of catalyst actually used w |1 be sel ect ed

S?ﬁ?é?%?&éﬂ?wﬁﬁ {rventlon Al & s1118one p8YROL: rit1er HiSHAPOTT ON
suitable for use as an electrlcal 1nsulatlon grease, sealants
or as a reinforced polymer mlxture useful in producing
silicone elastomers

The phosphazene base reacts with trace quantities of
water present to form highly active hydrox1§e ions which
initiate the polymerisation. The phosphazene base will also
react with certain other chemical groups'which may be
present, e.d. silanol or alcohol, to form similarly active
polymerlsatlon initiating species. The phosphazene base may
be in ionic form, with a strong anion such as fluoride or
hydroxide, wﬁich is.aétive.in initiating polymerisatior.

As the phosphazene base is a very powerful catalyet for
‘the polymerisation, it can be present in a relatively low
proportion, for example from 1 - 750ppm by weight, based on
the weight of cyclosiloxane. A preferred range ig 10 -
500ppm, more preferably 10 - 100ppm.. The proportion of
catalyst actually used will be selected depending on the
polymerisation product that is sought.

The proportion of water present in the reaction is
preferably at least 0.5 mol, more preferably from 0.5-10 mols
per mol of phosphazene base, most preferably from 1 mol-10



preferably a,{yi east ORIy rmi rmr‘e«'pi:eferably fromO ‘5. 10 mol's per nol of

phosphazene: basé nost preferably from1l not-10 - - ' nol s
per nol of phosphazene base.” 1t i-s pOSS|bIe 10 enploy hlgher proprtions of
wat er, and- i, s:'canihave . the beﬁefrt of . - enablrng greater control over

t he polynerrsatlon r-eact'i on, e q?scrrbed in-nore detail below

I n principle, - any- phosphazene base is sui abl'e for use = in.the

pr ésent. anentlon Phosphazeme bases have. the SRR follownng core

structure Pz h, hcies " ' i nked to,
hydrogen, h n%rtocgyeboﬁ‘o\ﬁ'hé% ﬁBE }E)Q%%’S‘% reeIﬁ 15 poss"Qil i P Le%
| i-nked-:to - J(ﬁh ProRWtéenﬁaﬁggvﬂerwamblt@w ‘can. hapéoaphdzeanef fas#s has
been descri %Bl&r@c ﬁt@geéoﬁﬁré‘i over the k\%ﬁ?m%??%ﬁ%ionszo% %Mos,gg:%zgﬂg 3

bases are c b X aval-l:ahl e fro enm e
The phospha ?ﬁé"n e ‘BQE% %?%’f]erboﬁa"ﬂw -have at- | east 3 P-dtoms. . Some

preferred | Inpmﬂnhapeée WT@V éﬁeriehBaE@' L8V goTerad,; - gl aé

EE%@::%%”;E \PFEERRT (fodst SEPRRRPRE 3995 (Bgve the o
(((R err] N) Feddpring). Fem]%mmm‘é P=-PEN], EIH]‘Fﬂlltﬁbﬁ]free N valdntisy ch

err whi t di e osit
rIT[ydro]gen Or&%e”ﬂzf:x?%ﬁa?fy sg{bsﬁt h&él%%ﬁ&-bbﬁ gﬁocar bon . 6]?0361,& SFSFe?’abI y

a Jerr]-C K?EFHEFWI akk okifksst trcn -MhpEn=N. A W#% mgnge Pfgsadpsebidended to
t he. same N phoaphazebe BaEH@dlaTsObeen des€PNBLETEh %é’lﬁe@i‘?@é&l et rl_-lr’lg,
preferably S drogen or

optionally &%‘3&?‘?‘&1’%&% gpggﬁhazenegb%%%r r"]E’pl v err] Jerr],

al kyl groupavabitabpe efromlFlpka Chemie AG, Switzerland. The phosphazene
' bases preferably have at least 3 P-atoms. Some preferred .

phosphazene bases are of the following general formulae:
( (RPN} ;P=N-) _ (RE,N) ,.,PoNR?
[((RLN) ,P=N-), (R,N), -N()R1' (&) or
[((RY,N) ;P=N-_) ,.(R’,N) «yP17[A1"

1n Whlch R', which may be the same or different in each
posxtlon, is hydrogen or an optlonally substltuted
hydrocarbon group, preferably a C,-C, alkyl group, or in which
'two R' groups bonded to the same N atom may be linked tc
complete a heterq_cycllc ring, preferably a 5- or 6-membered
ring; R* is hydrogen or an optionally substituted hydrocarbon
' gro‘up, preferably a C,-C,, alkyl group, more preferably =
C,~Cyo 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, hydroxide, silanolate, alkoxide,
carbonate or bicarbonate.
In particularly preferred compounds, R' is methyl, R? is
tert. butyl or tert. octyl, x is 3, y is 4 and A is fluoride



defr]- C[errLLaIMyI groupf X‘ls 1 “2ior 3, ﬁreferably 20or 3, yis 1,

2, 3-or 4, préferably 2, 3 or. 4, and A is an anion, preferably
quorlde hydr oxi'de, S|Ianolate -al koxi de, e carbonate or bicarbonate.
I n_part:icul ar]:y« preferrgd conpounds Rerr]. i's nethyl Rerr] is

tert butyl or tert.t octyl, X &8y |554 and A is fluorrde . _

6 - hrydrOX|de A preferred conpound 'S, the phosphazene base | in shown
i\~ F|gure 10y They polynﬁrrsaﬁron canp-be: carrred out- i.n bul k;, or in the
presence of Foign: efpd e

hydrocarbon$§® ‘siF?Q%%%é f#r PRl c&h?%%gkzie%éo%%fgﬁlﬁ taIZif”lsﬂt]y(Il?’:itir?eb(:aE
dituted in a@hygrpﬂa?b@%r%cﬂyent, ‘such -as hexane -or -hept ane,” or di sper sed
in a silicone Tl ?H@ éﬁl@@&ﬁ&ﬁQﬁﬂﬁﬁ@Sthx&ea outii exdihg RIoIphatene
base cat al yst- is’ |m

n-aisol vent -s as -hexan t he -hex ne can be .
removed by B¥SBSREEI h %n%%i"%@fm aﬁﬁ‘“tulﬁéoﬁataﬁ/&aqﬁiesﬁ?}s *n28°
silicone-fl gy uﬁ.d Eyﬁﬁoeasbabé eortisddd copleuflohds . Wikhe moaipélalaemnbase
di ssol ved caft - t h t alyst _
di.sper ses- eﬁ@%? ygﬁdcﬁﬁags‘%gbrogt gﬁ%eﬁ?gggﬁa£ﬁ&%ﬁ§%£? %yg?&%aﬁgalso be
di ssol ved i heuanemrampum, e dilppezgedninge oilineng filvig SNGTeABbl ing

great er Confp %d?éﬁ? ahB8: POLAAB! | sm@z@n:heaghwpha@én@we kedahglsewis
The pol yner Lon eactlon can be ‘ci rrlegﬁgut at, a ent ten%egature or

under- -heat i A§itipddYi by 2 SR EERMSUE™ 88| @P?}(FQﬁ &ns approprlafé.
when the Cai:ah&s&édalsfrlwapbz{‘mdlemdﬁmdeaau“i a@ndi e nwauye:ltow A

f dt t Q f bl
preferre ﬁggg%gﬁg{igug aarlr_%e 'Jlsco‘}x% arlhlig t8 %9\%95 rdan 1P RLef erabl y

SO[err]Cto kKen f or sation wll depend on
the acti vi t podhitite. caflady sthis Stlﬂéc@ﬁéséhsﬁ9%l!’%@nc%xﬁ¥ dFeugesi feq

pol ymer proggﬁgm?figa{:;' Sn ASRNGHH, TRdecathPpst desgiiesiheaiengybang

catal ysts a icrently active to copvert_cycl osil oxanes 'such as D4 to
hi gh nol ecugaFeﬁre?%h{o%‘éﬁ%Je@ Fefultisn aTPewFk :ﬁYI%% can a

dissolved in water, and this has the advantage of moderating:

and enabllng greater control over the polymerlsatlon

reaction, as described below.

'The polymerisation reaction can be carried out at
ambient t-emperat'ure or under heating. Heating, for example
to 100°C. or higher, is appropriate when the catalyst act ivity
has been moderated as described below. A preferred
temperature range is 40°C to 200°C, more preferably 50°C to
150°C. The time taken for polymerisation will depend on the
‘activity of the catalyst in the chosen system, and on the
desired polymer product. In-the absence of moderation, the
phosphazene base catalysts are suff:.c1ent1y active to coavert.
cyclosiloxanes such as D4 to high molecular weight polyrners
wichin a few seconds. .

_ The starting material is a cyclosilo_xahe (also known as
a cycllc siloxane). Cyclic siloxanes which are useful are
well known and commercially available materials. They have
the general formula (R,SiO),, 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 substituted,



The’ startr ng.: mat‘ierl al ks A cyclh QSH oxane (al so known:as..a cyclic siloxane).
Oyclic siloxages whi ch are -useful Are’wel | .known .and ‘conmerci al ly avail abl e
mat erial s. They have the gener al fior.nul a (R[err]Sl O, wherein R denot es
hydrogen or - an optlonal ly :subist it yt ed al kyl.,; al kenyl., aryl -al karyl or

ar al kyl  gr otp* Havi ng upi'to 8§ car~boh ‘at onsy n denot es an i_nt eger wrth a
val ue” of - from3 t0-12. R Can bE*SubStltUted

7 e.g Lo by -hal ;ogen-; such as, fI q‘ortne or- chJ orrne The al kyI group ,ca_n be

f or. exanpl &' iy +ghen! Y, %ﬂ@%rbehu%me The -alkyl
exanpl e, rreth{/g‘lget yﬁam @LBP Htrrsf -uero gtl J . sec- utyI and
Vi

tert-butyl . KeOUR. K@riyl egr éeﬁx\éﬁﬁmlﬂee'f‘@ﬁ y#’ CRY1 ¢ propenyl
and butenyl T,_h_,eﬂu@xr ro’gﬂfl ahabkyylgrm};paomejl bendf berexhupﬂa prtm‘r I,
totyl, and- benz The pref rre rou yi yI Vi nyI
and trifl uordkf edéﬂ - gHSuaEx &F&bg g ?e%?% o A) o;{%&? Ellf& U r@%’t hyl or
phenyl. - gr oufagnd rmﬂiergrle.’f er;[‘a}el 'grryrét&nyd aralkylsgmgpspceﬂeb?redft?hat o

subst anti al | aII th Prgke b8 yabyss of nis
from 3 to- Gg’fﬁﬂﬁ g’fh p1* §lg? Xﬁd% iil &ﬁ%urf)l?ggi&e}c cl |c si | axanes
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catal yst. | ntmsduavaEll félezane:
tetramethyltetravinylcyclotetrasiloxane, cyclotetra

;; " (phenylmethyl) silbxéne{aﬁd cyclopenta methylhydrosiloxane.
One particularly suitable commercially available material is
@ mixture of octamethylcyclotetraSlloxaneand
decamethylcyclopenta31loxane

Where R is methyl -the compound is referred‘to as Dn;
.for example, where n = 4 the compound is called D4.

The reaction mixture is generally purged with inert gas,
pieferably nitrogen, prior to addition of the catalyst =go as
to remove any dissolved CO,. Because of the extremely capid
'feaction, the feaction mixture is vigorously mixed to ensure
homogenous dispersion of the catalyét.,llnadequate mixing can’
result in the catalyst being encapsulated in beads of gum as
itjishadded to the reaction, and the catalyst then takes some
‘time to diffuse out of the gum particles, giving a slower
reaction. _

The process according to the invention can be used to
make.polymers of high molecular weight, for example from
1x10° to 10x10°. The molecular weight which is given as
number average, unless otherwise indicated, of silicone
polymers is limited by the concentration of end groups and in
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y sl om/ln es Lecul ar
wei ght pol yRBLacular weigtendblRedkmersngt HEeRA dbd eﬁ*@&&rt.o rgeular
to. can be obtained almost 1mmed1ate1y. The process can be used

to produce ultra high molecular welght materials. This is by
virtue of the very low catalyst concentrations needed for the

- polymerisation,’ with the result that the molecular weight of

the polymer produced is dependent on the ‘end group
concentration which is egual to the catalyst concent
We have found that at very low catalyst. concentrations, such
the molecular weight increases with reactlon time,

ration.

as 20ppm,
'The process may be 1imited by diffusion of the catalyst,
which is very slow in these high molecular weight polymars.
An-endblocker may be added in. a proportlon calculated to
produce the desired molecular welght of polymer- Sultaxle
endblockers are, for example, polysiloxanes in the viscosity
range at 25°C of from 0.5 to 150, 000mné/s, .in particulaxr
‘hexamethyldisiloxane or polydlmethyISLloxanes of the ge-eral
formula MDM where M is trlmethylsllyl D is -Si(CH,),0- and X

has 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.
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: reduced pressure. This makes: it possible to moderate or
" control the polymerisatlon‘reactlon . This is. partlcularly
advantageous in view of the very rapid 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 20 - SOppm). the reaction with water and CO, needs
to be taken into account to control the reaction and to
obtain reprodu01ble results. By dissolving the phosphazene
base in water, 1n which it is very soluble and very stable,
the catalyst act1v1ty becomes much more controllable and the.
"polymers produced are of lower ‘molecular welght This is |
- caused by the water actlng as a catalyst inhibitor and zlgo
as an endblocker. The inhibiting effect. of the water can be
reduced by reduciog'the emount of water present, e.g. by
heating. At temperatures below 100°C the rate of
polymerlsatlon in the presence of water or Co, 1s relatively
slow, for example taklng up to more than 24 hours to resach
high viscosity. At temperatures above 100°C (e.g. 100 -
150°C) , polymerlsatlon becomes much faster, for example
taking uvp to 5 - 60 minutes to reach high viscosity. $&uch

control of the reaction can also be achieved if the water is
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' by ring-opening polymerisatlon‘whlch have low levels of

macrocyclics. By the use of the phosphazene base_catalysts

in the ring opening polymerisation of e.g. D4 according to

the present invention, it is possible to produce polymers

that contain less than 1% total by weight of macrocyclius

Thermogravimetric analysis (TGA) of the polymers

produced according-to the invention shows that they have
enhanced thermal stability. High molecular weight gums have
been produced-wichfdecémposition onset temperatureg of more
than 450°C. The énhanCed the;mallstability-is_attributed to
.tﬁe very low levels of'Catalyst residues remaining in t ke
product. The low catalyst residues also mean that a
, filtration step is" ‘usually not necessary, which is a very
significant process advantage.

The filier.used in the invention, depending on the type,
plays the role of rheological control additive, reinforcer,
extender or agent for imparting conductivity, etc. The
fiiler may be a reinforcing filler such as fumed silics,
precipitated silica, gel-formation silica, fumed titanium

dioxide or carbon black; or an extending filler such as



beeh: produced ;wrth decor‘rpdsrtrron Onset terrperatures of rmre t han 450[err]C
The enhanced-. t~hermai stabj | |ty L .t ri bot, ed to the very l.ow | evel s of
cat-al:yst resr ‘dues’ r emai i ng 'i’ n “t'he”product. <+ The | ow catal yst resi dues al so
mean-that a. frltratron step* |s usually not - necessary,‘ which is a very

si gnificant. process advant age The f| 1ler. used’i:n'the. invention,
dependr*ng ont'tthe . type,: pl aysh the r\al e of ]1' heot 0gl- ‘talf gontrol additive, .
rei nf orcer, e]>q<tender or ?gent f or’ g rrpartrng conductivity, " etc The filler
may bearernorcr ifier | LEi.ga,

gel - forimat i a’é?? i ‘i" %%H ?&rghg'gr BxXI Zéidu&%uﬂt‘aﬁlﬁé tﬂ?g?hké%ﬁ

ext endi ng . fsiliama&erchnmesmm Odeec 2 B r%ic ﬁJo\EGé-F: QP-EFrPﬁBchPFcate

al umi.nium g &?‘Miﬁrdeal ’é@l@@uﬁr' baﬁséﬁatemdllacye}t € tERguRSALTX Daé fe.
Zi nc < OXi- de ; c drat oraced “@ar: iron oxide, ‘cateci um carbonat e, -
clay, ti: tammdrﬂé% POWdrﬁrGSI grae ﬁﬁwder or -graphite. . Preferred

fillers are fi neweﬂéﬁfétecflrlmeifscraeengiﬁelyexsrlderdorresmfmanagefauemrs

Exanpl f h: L5l . bon. bl ac h
Fumeh S111 Cho% SEHAT SHBRoUEREs GO ROI TP FadiarsthbERag (0 oo

earth, ‘and -&apBsn thlzok andirphiots, si’hecaealuﬂl'oraﬁ el Beﬁ»sca have particle

sizes in t 0 I an ) rfiage asmak ghgr t han 50
ul err] /49, ﬁ%?gf%/ tE%éj%/e 5?%8%3 gf?' g&‘&él’&eoxr‘m%lﬁ%ef glﬁ'gr gr‘nfg filler -
i s funed siéarehuiand £umesh éertﬁrléus‘uﬁ‘a%bd%r edher TR 85§1m$5€1‘75(e€‘f?/ g.

gl 1 {Cgl fi lhl L e hp%‘@l@f@fsqrz%:é' inSb_lll.&éS@@l%ﬁf&ﬁ&aﬁg&aﬂﬁopﬁebnﬁmg agents..
ui t abl e r-ophobi si ng acen s i ngl ude. shor 20xanes,
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used: depend n the tXBe of
filler and @re thretgrabloneusiase -tReased Boly EW%& Sng| gpe
' Suitable hydrophobising agents include short polydimethyl

‘giloxanes, hexamethyldisiloxane, silanes, Sllanol endblocked
dlmet:hyl siloxanes or fatty acids. Preferably hydrophob'LSlng
agents are used which result in di- or triorgano silyl groups

belng present on the surface of the fillers..

The quantity of filler used depends on the type of
filler and on the application of the silicone polymer-f:ller
mlxture A strongly'reinforcing filler such as fumed silica
or prec1p1tated ‘silica will generally be employed at from 1
to 70 weight parts per 100 weight parts total cyclosiloxane.

. The highest reinfofcing-perfcrmence is obtained for thise

' range of additien. ‘Other fillers may be used at from 1 to
200 weight parts per 100 weight parts total cyclosiloxane,
put the optimal quantity is appropriately determined by
experiment. The filler'may be a single filler or two or more

 fillers may be used simultaneously,.whether they be all
reinforcing, all extending or a mixture of both types of
fillers.

- The silicone polymer-filler mixtures produced by the
method of this invention are useful in producing curable
conpositions which yield cured silicone elastomer. They can
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vulcan|S|n
of the cured silicone elastomer can be altered by the type

and amount of vulcan1s1ng agent used to cure Lhe composition.
Typlcal changes due to such choices are well recognised in
the art. The organic peroxide vulcanislng'agent can be
present in amounts from 0.1 to 5 parts by weight per 10
parts by weight of the filled polydiorganosiloxane,
. preferably from 0.5 to 2.0 parts by weight.
The embodiments of the method of this invention which
'give a polymer having hydroxyl groups on the ends can be
further mixed with curing agents to. yield curable -
compositions. A number of methods are known for combini ing
hydroxyl- containing polydiorganosiloxane in an essentially
“anhydrous mixture with a curing agent to yield a one part
curable composition. The compositions cure to silicone
elastomers upon exposure to the atmosphere Methods-are
available based upon tri-functional and tetra-functional
silanes as crosslinking agents as well as short polymeric
crosslinkers. Among the functional groups used are acetoxy

radicals, alkoxy radicals, amino radicals and amido radicals.
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pol ymer- fi | nelediiXé Usecly (B aity1d 2h@0a 21 yI0F 84 § LU1BAt rﬁ%%dc%ﬁpﬁ}é%hem |
ally

| i phat'i di.cal I 5 | ecyl €".such as’ “and di cal
can’bo. conbPRER = FErL78 AFAHR, SRTBRLPLDRPR PRI RE RIS bokRee | | Ovane

havi-ng -an aievige @i awmmgaaf tmawesthan otwd anidehdn-Boa@Ria ,-hg}éﬁr@ﬁ‘é_n_per

mol ecul e, \ i1yl atio atal ysi. .1 a. _Platigumcontaining
Cotal yst | i poGofis BEY iRtde . 0anERE Sy B hoo 11 a B o st Y P8 8 et gt
pl at i num pePlatingmreonfamining catpgmet pbh yah emypands isidfanéent The
organohydr ogesei désane das tPeRsephrt Moy Wrd i PAE H1 AU b¥-LR;1PEgYi de from

at | east one_sili,con-honded hydrogen atpmper = unsaturated nonoval ent
al i phati c r2if chPY Height BBH&%FB?@%HB%%ﬂ%ﬁ%W%: ke pol ydi or ganosi | oxane in
the - m xt urergareilyrditgensiliosiane {soprdbdic tia 2u@riRlieRer§eahitity to

provide from at least one silicon-bonded hydrogen atom per
unsaturated monovalent aliphatic radical int he
polydiorganosilbxane. The polydiorganosiloxane in the
mixture preferably contains from 0.0l to 2.0 mol percent
unsaturated monovalent aliphatic radical.

' The silicone polymer-filler mixture of this invent ion
can also be combined with the additives normally used with
silicone polymer-filler mixtures such as thickeners,-
pigments, heat stability additives, oil.fesiSCance additives
and flame retarding additives. ' | _

_ The following_Examples-illuétrate the'invention. Ualess
stated otherwise, all parts and percentages are by'weight; |
and the phosphazene base used is that of fdrmula-I'shown in
Figure 1 (commercially available from Flﬁka, catalogue numbér
79421). Plasticity was measured according to ASTM D92¢

Pl

protocol and results are expressed in mm.



-

unsat-urated: rmnp\}al &nt Al tha*U cirfadiccal . - |7 "The 'sil i cone polymer-filler
m xt ur e of thrs ‘invention. can also be conblned wth the additives nornally
used-wi th S|I|cone polyner fiiller.m xtures . such:as.thickeners, pignents,
heat stabili, t.y add| tii- ves oi li-resi:stance ‘additi-ves and fl ame retarding
addi ti.ves. ... . The foI I owi ng.- Exarrpl ‘es 14I ustrate the invention. Unl ess -
st at ed- othermnse atl*parts and’ percentages .are by wei-ght, and the
phosphazene base used g - thatof - formid a’l shown:in Figure 1 (conner0|ally
avai | abl.e fram.FlLuka; catal ogue _nunber 79421)7 . .Plastici ty was neasured
accordi ng t.E*ASRAE 26 xprot ocol ‘dnd results are expressed in mm .

14 fV S Exanple 1 L ~Prgparation of : .Phosphazene Base Solution in
Si'l oxarie Fl B%Ié&&% %Bsk §3lﬂaioﬂei«am§t]mataheslﬂlmdne and -

48:67g of o?#gﬁgfﬁﬁ c,ycfot etrasﬂox sed & k by -
bubbling nitrogeA BARERERORGH: the; % gﬁgzabg%}*gag? g Lours"I %?)

sof ution waget B%Eaﬁﬁéﬁgl 1¢y1:1@£eerasnoxane1was Misgagsedrin @

phosphazene Dba

[ Qyﬁgi lan 0 gan to _
rise with sElagsknBY. waHng nltrogeghgals ?ﬁgﬁ tle ‘room tfeﬁrrrgef%b%t %re for 24
hour's, “the’ _@e&tluaeof 2 hoursvds Taathe fs@rlumenaxae heh%fat%ﬁ%&# HlufoR for
the subsequent 5 M solPtf.gﬁ’ é’méﬁaﬁ{é Qﬁ g,?og Fg{gEQME B¥&e 0p) | O @ liut ifdpe

presence of N PoI AL |rsat ion of .
D4 Cyclics mstcbemyesmm@ietem#zﬁs%r@dnse dit s‘?‘H*&%m Into

a 250.n. ro%ggquggggﬁghasg f&&m}némtémddmﬁe for 24 hours, the mixture

was ready for use-as the ~catalyst solutlon for the’ subsequent
polymerlsatlon of d1methy1 cycloslloxanes in the presence of

filler.
Example 2

Polymerisation of D4 Cyclics in the P;esence‘of MS75D Fumed
Silica '

Into a 250 ml round bottom flask equipped with a
mechanical stirrer was added 100 g of
octamethylcyclotetra51loxaneand 3 g of Cabot MS75D fun=ad
silica. The flask was heated to 100°C and.purged;by bubbling
.nitrogen gas through the solution for a period of one hour.
The solution was cooled to 60°C and 0.2 ml of the phosptiazene
base solution added with rapid stirring of ;he mixture.
Polymeriéat‘ion began immediately and a very viscous gull was
obtalned in 2 minutes. After heatihg to 150°C with a
nltrogen puxrge and coollng to room temperature a gum with a

plasticity of 236 was let-:ained.



nmechani:cal™ stiker was added’ ,100:.9 ‘of 0 s octanethyl cycl ot etrasi | oxane.

and 3 g of. Cabot VB75D f umed”. PR silica. The flask was heated to

100[ err] C and" purged - by bubbl ing- - mtrogen gas.through the solution
for a period:of gne’hour. , The sal ut'ifon-vias .coal ed to 60[err] C and
0.2 nl of .the phospnazene L base sgéutlon -added with rapid stirring
of the m xturé., - - Pol ererlsatlon b&gan:j mredi ately and a very viscous
gun-was - i obtal ned.in 2 m;putes. Aftef heating. to 150[err]CW|th a

ni trogen pu#‘e ancilvéool ing to" roomterrperatu‘re a gumvmth a

pl astii Ci ty S. qQbtai ned,: t:nv

15 .- Pol yrherl satlon of .P4. Cycllcs in the Presence of Hydrophobl c

Fumed Si° lic3

t a
R0, ! Rotymentpasien! SEpt Bhites &a‘eé‘i—*ﬁo%’?@é 60" By askoRaULEPe
oct anet hyl ¢cyeimedeSiddickoxane, © 5.9 Of

tetramet hyl t etr avippy- eyélset LT Boshd Qﬁ@d’tﬁmﬁfﬂia’é& g Qtpyté@kﬁth a by -
bubbl i ng nitrfogen ga rough spj u |]§ a peri-od of : one hour.
The $of ut i OFAFRENIESY eﬁtf‘ﬁrﬁﬁ{“é?‘?]aégg% the =+ phosphazene base

sol'ution adMaw&mylagbdo&éttéammoﬂéneh6 g of 'mi xture. Pol yrerisation
D e B ke 20719 L R NS S0l o SIS O Cogqa@mut es.

Af.ter heati rrogen purge a Ing to room
t enper at ur emogtmmfmeﬂ allica 'm@sﬂta@h y?agf hgaedako GHAULHand purged

Exarrpl e 4 by bubbling n:.trogen gas through the solution for a perlod of
" “one hour: The solutlon was cooled to 60°C and 2 ml of the
_'phosphazene base’ solutlon added with Iapld stlrr:.ng of the
- mixture. Polymerlsation began 1mmed1ately and a very viscous
‘gum was obtalned in 2 minutes. After heating to 150°C with a
- nitrogen purge and cooling to room temperature a gum with a
“plast1c1Ly of 314 was obtained.

Example ¢

Polymerisation of D4 Cyclics in the Presence of Hydrephobic
Fumed Silica . ' '

Into a 250 ml round bottom flask equipped with a
mechanical stirrer was added 100 g of
octamethylcyclotetra91loxane,5 g of

'tetramethyltetravmylcyclotetra siloxane and 20 g of Cabot
MS75D silica previously treated with a 1.25:1 mixture oZf
:héxamethyldisilazene:and trimefhylchlorosilane. " The flask
was heated to 100°C and pﬁrged_by bubbling nitrogen gas
through the solution for a.period.of one hour. -The solution
was cooled to GOTZaﬁdJO.S-hl of the phosphazene base
solution added with rapid'stirring of the mixture.
Polymerisation began immediately'and a very viscous gum was
obtained within 2 minutes. After heating to 150°C with a
nitrogen purge and cooling to room temperature a gum with a
plasticity of 354 was obtained.



Pol yreri sat i _?'(izg",qf{-;i B4, Cyglttstjnithe Presence ;of. Hydropfiobrc— -: Fused _
Silica® - " #:-'nt".0 a 250 m Tound bottom flask equi pped with a
mechani cal stirrer was added 100°g-of . .~ - “octanet hyl cycl ot etrasi | oxane,
59 of .- - ctetramethyltetravinylcyclotetra-siloxaneand 20 g of Cabot
MS75D ‘si | i'__c'a..‘-.ﬁr--evj:.ou-‘s.l y treéat'ed wiith-a 1..25:1 m xture of o :
hexanet hyl di siliazane. and trinethyl chl orosi f&ne. -The fl ask . was heat ed
to 100[ err] € and purged. by bubbling nitrogen.gas. .. through the
sol uti-on for ‘Exaspiedsof. . one~hour.” The sofution - = was cooled to
6 err]C and.0. 6 n::of the phosphazene base - =~ solution added with
rapid stirr lhg gf ‘the mxture. - - ..-Polynmerisation ‘began inmrediately and
a very viscoubodumerdsation of 0Pk dh Wi thi'n 2 minutes. After heating to -

‘it 05gﬁa'psgggiﬁﬁd"EoSPP-an,‘Eeenoerrbtfe m,@,g{k% a

- _ _ _am§1 5 5

150[err] C Wi tBufag g4 1 _
gumwith a = 'dfiié]s’f‘f%i ty of -354 was obtained. . ,
Poyl meri sat.i on of - --Qg:la’an‘sfqilnrgbgapgﬁgﬂfeq;of' Hydr dphobic "° Fumed,
Silica  mecHaHQ.A 250.m round bottom ik eqipped with a
mechani cal stirrer lwaagal %gégﬁeﬁﬁaﬁiﬂ@ed__l_éf&.'mtfhyl,cy_cl-ot etrasi| oxane
apd 24hg'._o_f ',-gﬁﬁ?%&vﬁwﬁpﬁgg@aaw@gﬁ?@%L;ygg_r- aggdc%% h l‘?ﬁ'?;‘%l}%&i]i”m xture
of 1exane basl§Zepsy Ny t-hylghorosi 'ane. ~TF 1lhgams
heat-ed to .109[e§5&%98.a98.guiged f‘{){/é}g%b_gl'ﬁgglnﬁnﬁ%’géﬁ @fs .- through the
sol utiaon for & perr o8 of>b RZHBRand Thémeohyl ERToros ¥sns 00hed %QPSQ[PU] C
T Ve beenemosmastgan ST LT T
Y] ,tl?%uﬁreg%téoqn.. . b%gan Imedrra _ Al vEPgeNiBDUS gum was
obt ai ned on=_’was.v.\:/|;. llrli m~W€§, BFt @rP¢wted mf tomel Houer,r | GLhui £B1@cpLLT o9
in was cooled to 60°C and 2 ml of the ph e
_ . . R ‘1€ phosphazene base solutiocn
a@déd ?1th rapid stirring;of the mixture, Pdlymerisation
b?gan lmmediately andla very viscous.gUm:was 6btaiued in
w:.thu_1 S minutes. After heating.._to 150°C with a nitrog ’:_1
Purge and cooling to room temperaturs . LR <8
20 peratuxr s .
of 376 was obtained, € & gum with a plasticity

Eﬁamplé &

‘Polymersi | ies i |
Eum::e;:::zzon qf D4 Cyclics in . the Presence of Hydrophobic
Into a 250 ml round bottom flask equipped with a
mechanical stirrer was addeqd 120 g of -
pg:gmethylcyclo;et;asiloxane,S“g of
pet:amethy;tgtravinylcyclotetra-siloxaneL 0.38 g
-hexamethyldisiloXane~3nd 15 g of Degussa R972 treated éilica
The_flask_was heated to 100°C and purged by bubbling | |

nitrogen gas through the solution for a period of one hour

. The solution wasg cooled to 60°C and 1 ml of the phOSphazer;
ba?e solqtion added with fapid’stirring of the mixﬁuré'(i;
this case the ratio of end-blocking functicnality to cyciics
was controlled so as to obtain a theoretical number average
Tolecular weight of 50,000). Polymerisation began
lmmediately after catalyst addition and a very viscous gum



purge and cooling to roomteéenpérature-a gumw.th a plasticity of 376 was
obt ai ned. .Exanple 6  Polynerisation.-of D4 Cyclics-in the Presence of
Hydr ophobi c - Fumed Silica - "Into-a-250 m r.ound bottom fl ask equi pped
wi th'.a - mechani.cal stirrer was-added-120 g of ' : D

oct-anet hyl cyel ot etrasi | oxane, 5.9 of .
t et ramet hyltetravi nylcycl otetra-sil oxajn'é '0:38 g hexarret hyI d| si l-oxane  and
15. g of . Degussa R972 treated silica: - The flask was heat ed to 100C and

purged by bubbli.ng ni t Fogen:.gas throu h the.sol uti tef one

hour Thwassdbbitaoneriaéncwléﬂ‘t%“%’["é%sj iﬁﬂ Ehat m‘%? ‘ﬁ) kﬁ_ﬂqSﬂjrarﬁlrzene .

base-sol utllsg)n% é/m,;lrhr@@rdp&trgerang choldd mmlet@merﬁﬁ}%ecase t he
en |'o

ratio of functional it S tdH adlsems to
obtain a Iﬂh@@rrétllf’é‘apgnﬁ%eg“%\)'é %%Ol%lt(eé\(étcj g‘? %F\gﬁ?gg? 50, 000) -

Pol yieri sqtﬂéa@,&eg@& waﬁednal;etqdéﬂ éi‘PQ:a{G&FlyE?TEEGH?’Bn and a very viscous.
gum . nd found to conta1117 olyasmethgl setokanei t hin 5
éa

m nut ee ﬂk&%‘%ﬁﬁpﬁh’&n to 15 err tr I and
cool ed t o'wiatimat ewpbeat averageAﬂ?ﬂd?CN WS H?m%@br ot at e‘aéjat%g

extract ed % eengtand'ar{rgsextract was anai yzed .by GPC (gel "permeation
chromat ogrpa found t o -cont ai n' pol ydi net hyl si | oxane w th a nunber

aver age nol ecul ar vvel ght of 25,000 relative-to ~ pol ystyrene standards.
Exanpl e 7Exm;ﬁ__qg yyrrerl satlon_ of D4 Q/cllcs in the Pr'es-'en(_:,e of Cal ci.um

:'Polymerxsat:.on of D4 Cyclics in the Pres_ence of Calcium
: Carbonate : -

Into a 250 ml round bottom £lask equlpped w1th a
mechanical stirrer was added 100 g of
octamethylcyclotetras1loxane and 10 g of Rhbne-Poulenc
‘Calofort U Calcium carbonate. The flask was heated to 100°C
and purged by bubbling n:r.trogen gas through the solution for

per1od of one hour. At 100°C, 0.3 ml of the pho'-:phazene
' pase solution was added to the rapidly stirring mixture.

Polymerisation began soon afterwards-to y:Leld a viscous fluid

in 5 minutes. The fluid was heated to 150°C with a nitrcgen

purge and cooled to room temperature.
Example 8
Cyclics in the Presence of treated

Polymeriaation of D4

Calcium Carbonat;e
Into a 250 ml round bottom flask equlpped w:.th a

mechanical stirrer was added 100 g of
ctamethylcyclotetras1loxane and 10 g of Rhdne- .Poulenc
calofort SE calcium stearate (3%) treated calcium carbonate.
The flask was heated to 100°C and purged by bubbling
nitrogen gas through the solution for a period of one hour.
At 100°C, 0.3 ml of the phosphazene base golution was added
to the rapidly stirring mixture. Polymerisation began soon



Carbonate -+ " Intoi'a 250 ml :round: bottomflask ‘equi pped with a :
nechani cal stirrer was added" 10@ g of - ectamet hyl.cycl otetrasil oxane and 10
g of “Rhone- Poul enc Cal ofort U’ Cal ci'um carbonate. The flask was heated to
100[err] C - and purged by bubbling nltrogen gas through the solution for

a period of qne hour.. At -10@[err] G 0. 31@1 of the phosphazene base

sol ution was‘added to the rapidly Stirri ng m xture- - “Pol ynerisation. be.gan
soon. afterwards to yield a. vi scous flwd in:'5 mnutes. The fluid was"
heat-ed to 150[err] C.wi t'h a tra r 1% coalred t BehBOAGL €8PEr at ur e:
Exanpl e 8 &t t?—"c’a‘!’%’?ﬂ%rﬁ"sgﬁe S & g%ﬁ &g$|@%1| T the@‘Pr esﬂence o?gtreat ed

Cal ci um Carpeeat @ith a nitpogen PBmedanth@aPlisst bt T?%kt%r%ﬁﬁlfﬂ) {9t h a
mechanical Stirrger waktapedindaycl ot'et rasi | oxane and 10
g of -Rhone- %‘ﬁl%n%h@%a]l d%ﬁ ﬂ%l% %lgum stearate (3% treated cal cium

car bonate " “The flask was heated to 100[err]C and purged by bubbling

ni trogen gas through the solution for-a period of one hour. At 100[err]C,
0.3 m of the phosphazene base dol uti- on was added to the rapidly stirring
m Xt ure. Polymsrlsatlon began..soon .. - afterwards to yield a gumin .

5 ~m.nutes.- After heating to 150[err]va|th a nitrogen purge and cooling
to- roomterrperature a gumvmteh a pl astrmty of 119 was obtal ned.
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19 St S O GLAIMS 1. . A process for producr ng a
silicone poLy_ﬁEr i I fer. m; xt ure Wm th conprises effecting the ring- open| ng.

pol ynerisation of a cycl os”]_‘ane with a phosphazene base ———-—;-&'\\
char acteri seg gﬂg t e process ;is carried out in t he- BeEsTOfAR R
fillér:and. ofs cthlgsaéee ac‘fdA process ‘aggor di.ng-to C-ai rfg?\?tﬁgphecw . ,,Jl

characterrse nerrsatron i*'s carried out"in the~aﬁeSEﬁeeﬂof”F'om

0.5 nol. .to 1 per of -, phosphazene base.-" 3. . A process

according ta. Clalﬁll or further chqmungglsed i n.that the phosphazene

base corresponds to. oné of the foIIOWAng gener al fornulae

((R[err]N)[err]P N-)ferr], (Rlerr]N[err]P=NRlerr] - - o

Egg[[err%l\N)D[grr] Razl‘in}o&&serﬁrjm_ ~x@@u1c£agriFsi\l(tt)cR§erpqlﬁr§eer-rfpller_ or o
err rr) CREr - in ich.

Rlerr] x‘{ﬂ% %Jaﬁ‘e F -;‘:‘ ere%%e Eiﬁ% t{tﬁ n%; ﬁ 'S hydrogen or an

optionally" sob;smexme@mmfo@arzwﬁogmeﬁanorwartrh ﬁhP@I‘?s ZRP@rb?Sgr oups

bonded. tO t@ﬁaééé@e%t@é&wal%ethénbﬁdcégs COSRIh JaebatoeuCcthe i ng;

R err] hydrogen or_-an o%éronal gubstltuted hydrocarbon group; x is 1,

2 or 3; y j Bresence o2 £3 r‘?&ﬁnfis vahton. - 4. A process - according to

any. of the precedlng dains, ' B . :

2.'_ A process according to Cla:.m 1 further characterlsed in.

that polymerlsatlon is: carrled out in the presence of from
0.5 mol- to 10 mols of water per mol of phosphazene base

3. A process accoxdin§ 'to Claim 1 or 2, further
characterised in that the phosphazene base corresponds to one
of the follow1ng general formulae:

((RN)PaN-), (RN), PNR*
[ ( (R,N),P=N-}, (R},N), P-N(H)R] " [A’] . or
[ (R%,N) ,P=N-), (R',N) _,P]1* (A]"

in which R*, which may be same or different in each position,
~ is hydrogen or a—n-optioﬁally substituted hydrocarbon group,

- or in- which two R‘ groups bonded to the same N-atom may be
linked to complete heterocyclic ring; R* is hydrogen or an
optlonally subst:r.tuted hydrocarbon groop, x is 1, 2 or 3;

y is 1, 2, 3 or 4; and A is an anion.

4., A process according to any of the pi‘eceding Claims,
further characterised in that the cyclosiloxane is of vhe
general formula (R,SiO),, wherein R denotes hydrogen or an
. optionally substituted alkyl, alkenyl, aryl, alkaryl or
aralkyl group having up to 8 carbon atoms, and n denotes an
integer with a value of from 3 to 12 and in that the filler

———— e

AR



further ¢haracterised.in that the cycl osil oxane is of the general fornula
(R[err]Slc»[err] “wherein R denotes hydrogen _or .an optionally substituted

.....

al’kyl , al kenyl, aryI. al kar'yl or aral kyl group haV|ng up ‘to. 8 carbon atons,
and n denotes an - |nteger mnth a value of fron13 to 12 and in that the.

filler -~ . 20 20" .- isa filler selected
frnn1s1laca A, Iuntna tltanlun1d|OX|de carbon bl ack and-cal ci um car bonat e.
5.. “A’'process: accordlng to any one-of .the’ precedlng daims, - further

characterlsed i n hat th rygg Sbhhﬁgna, tx&an&qmtdﬂnxidd.lca‘or"
grouhd quadz 2 & ﬂ %Fcﬁ??ﬁ%ﬁgéeli aéé“g glhas ‘Been nade - hydr ophobi c. 6. A
process. aceﬁggbdmgb&ackngndfCQlE&%ﬂeﬁﬁﬁHQﬂjqa*alns furt her characterlsed

in that the il ler is-present.in an - arourit of from1 to 200 parts by

WEIght per. 100 parts by ht of cyclosil gxa di gARLQELSS
according % any Wopﬁéspﬁﬁﬁﬁﬁahﬁgcrr% Shie fQ")f Fﬁe pr %?a%:ltle jsed in that

an agent - org it lc@te%avyﬁeemsea Tmhitet et iyderatsi Wi\@/dlsl fqially

present, ‘I n-what neri.s n @Iﬁhﬁéﬁdﬂb&y gerifrodeng t he
effect of.. PIQQR?%Qﬂ%QQ FEE@ 8¢2h é%ﬁﬁgg%n F%?%nsb A process

accordi ng tﬂhéﬂﬁﬁéﬁ ﬁadbuhydeopbhhiaeterlsed in t hat the |nh|b|t|ng agent
i s->car-bon di oxi de and/or excess;, . water, and in that t he pol ynerisation

reac |on is‘initiated . by heati o
t 6. - A 'process a%cordlnggto any of . the precedlng Clalms,

-lfurther characterlsed in that the filler ls present in an
amount of from 1 to 200 parts by welght per 100 parts by

weight of cyclosiloxane

7. A process accordlng to any of the preéeding Claims,
further characterised in that an agent or conditions which
inhibit catalyst activity is jnitially present, and in that.
polymerisation is then initiated by reducing the effect of

the inhibiting agent or conditions.

8 A process accordlng to Claim 7, further characterised in
that the iphibiting agent is carbon dioxide and/or excess
water, and in that the polymerisation reaction is 1n1t1ated

’

by heating.

9. A process according to any of -the preceding Clalms,
' further characterised in that an endblocker is present in an
amount calculated to result in a desired molecular weight

raﬁge of pqumer.

io. A process according to any of the precedlng claims
further characterlsed in that polymerlsac1on is Lermanated by
adding a neutralising agent which prevents further catalyst

activity.

Hll\ll\ R \ll\



9.- * A.process according to anyfpf the preceding Cains, further
characterised in that an endbl ocker is present in an . ' anount calculated"
to result in-a desired nol ecul ar wei-ght. range of polynmer.  10. A
process accordrng to any of the preceding clainms, . further characterised
in that- polynerisation is. ternrnated bysq addrng a neutralrsrng agent
whi ch- prevents further catalyst cactivity. .. '
21 - - 11. ‘A silicone el ast oner produced by curing a. srlrcone polyner frller
nlxture roduced by a process aceordin I diomg Cl ai ns.
T P 1%L R sn}.ll;tcgne elagtomer proguEQdaﬂy ﬁriﬂlfaosﬁ‘lq
' :~polymer_f111ezvm1xture produced b

._of the precedlng Clalms S

y ‘a process accordlng to eny

| )



