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" LADDER- LI KE SI LI CONE POLYMERS' THE PRESENT | NVENTI ON r el Bhayempper2fi
synthesis of |ladder-like silicone polyners and the | adder-1ike silicone

pol ymers so produced. Ladder-like silicone polyners which contain one al kyl
side chain and 1.5 oxygen atons per silicon atomare terned

pol yal kyl si | sesqui oxanes. Due to their .l adder-1ike structure,

pol yal kyl si | sesqui oxanes have good el ectrical insulation, optical
transparency, water repellence, flanme retardance, good heat, weather, water
and chem cal resistance, high hardness and nechanical strength. There are
many publications relating to the synthesis of such | adder-Iike

pol yal kyl si | sesqui oxanes, as well as their various applications.
Conventionally, the | adder-Iike polyal kyl sil sesqui oxanes are synt hesi zed by
hydrol ysis and condensati on of nononers of either alkyltrial koxysil anes
(RSI(OR)3) or alkyltrichlorosilanes (RSIC3) with water in the presence of
an acidic or alkaline catalyst. An early exanple of the synthesis of a

sol ubl e | adder__silicone polyner, ol yphenyl si | sesqui oxanes) is disclosed
in US3017386. @&I?TWQFO%?Y% Npe monomer, (PhSi d 3), was hydrol ysed
in diethyl ether below 25C. The resultant |adder silicone prepolyner

sol ution was washed with water and the 13 Novenber 2003 2 diethyl ether
sol vent then FfRADDER-ITKE SH.ICQNEROLYMERST nt sol vent m xture of benzene,
di phenyl and di phenyl ether. The reaction m xture was further polynerized
at 250C in the presence of an al kaline catalyst to give benzene sol uble

pol yphenyl si | $eRtpRESENT IWENTﬁiﬁrrelﬁH?!td GRSy AfhRsilBF | 3@?-iﬂ?€ ilicone
trichlorosilane type nononers to synthesise VngOUS adder-1i ke

pol yal kyl si | spelgmetssend ¢k, ladder-like ailigbre 506820 praainded)S5399648 ( Yanmanot o),
US5939500, US5981670, US6008310 and US6153689 (1toh) disclose the use of
trichl orosilane type nononmers to synthesize various | adder-1ike

pol yal kyl si | sesqui pxaRefik¥vsilidofd p¥liyBRUhREEARIN bRAGKYY Gidf WRSH LRal
groups, such as hydrogen and vinyl "groups. Exanples of “simlar publications
are EP07864891.5 AuBgerodoms pasiiaR4gm @reorsio®s] yalddike8pRkanckPIn@169889,

JP200159891, 0 3 W9707,1 |1 by Itoh). Howeyer, .
trichlorosiIaﬁggt%%@gﬁgﬁ%ﬁgggng%epgggﬁwgﬁﬁ§wpé¥§§§dﬂ%§'ﬁB?itﬁF@“&ﬂd rel ease
toxic and coringslatien, Ryt chngiaraiRyf WHRS repalléhes PREhA e tarafifoe Misdd Ryt aken in
usi ng the nononers to prevent sucﬁ unwant ed hydrolysis. Also, partial

hydrol ysi s of WeHBernpahandchemical egsistanse, dvghohardupsy atddwe¢hanichlestieagitier - | i ke
structure of any resultant polyners.
There are many publications relating to the synthesis of such ladder-like
polyalkylsilsesquioxanes, as well as their various applications. Conventionally,
the ladder-like polyalkylsilsesquioxanes are synthesized by hydrolysis and
condensation of monomers of either alkyltrialkoxysilanes (RSi(OR )3} or
alkyltrichlorosilanes (RSiCls) with water in the presence of an acidic or alkaline

catalyst.

An early example of the synthesis of a soluble ladder silicone polymer,
(polyphenylsilsesquioxanes) is disclosed in US3017386. The trichlorosilane
type monomer, (PhSiCl;), was hydrolysed in diethyl ether below 25°C. The

resultant ladder silicone prepolymer solution was washed with water and the



Al ternatively, trial koxylsilane type nononers may be used to synthesise
vari ous | adder-1ike pol yal kyl sil sesqui oxanes. The advant dg&Nogmbes 2H

trial koxylsilane type nononers is that they are not nore stable, |ess toxic
and easier to handle during storage and synthesis as conpared with

trichl orosilane type nononmers. US4528390 di scl oses the synthesis of

pol ynet hyl si | sesqui oxanes powder with inproved flow property through

hydrol ysi s and condensati on of 13 No¥enber 2003 3 met hyl t ri met hoxyl si | ane
wi t h agueous ammoni a sol uti on. However, the resultant

pol ynet hyl si | diethylipbrusmdecnd thes replaced bysibE high hpikieg paint wivoph mixuieest be due
to the lowregularity of the |adder-like s C of .

US5026813 i SEPHEn Siphpvh g @83@1‘%5}% F. o ThE sy é’é’é‘ﬁfﬁi %gﬁfgﬁétym hesi sed
by partial hygsi9mysiza &f 2300€ iffithd preseret ofeinhalkdline raatangx yé givecrenzard

n- hexyl tri met hoxyl silane in the presence of NH2C3H5(Me) Si (OWe) 2 cat al yst.
The resul t ant stlella@plyghenylsdlsesqeiopaneyner is suitable for noisture-cure
coating applications. US5081202 discl oses a process of synthesizing high
purity phenyl |adder-like silicone polynmers for protection filns and
interlayer insul at Mgy flatefrpublicatibec tisd sialilafl endht@ssiladb SipeOriondmers #BhSi (Ove) 3
is hydrolyzed with water, to give a |ower molecul ar wei repol yner, which

. ¢ . ¢ ght_p
is further cofddhesiss ivarippe ladasdikee Rofyalollsilsesanioxanes; o fafe agRlenol ecul ar
wei ght pol yph iJsesqui o S5 a sl usi ng
RSi (OWe)3 (R @%ﬂ%}? %y@grgrg%%gcr 99 i ’, %ngﬁ?%‘?%”gggg%&gz% gr oups)
t 0 synt hesi seUSatieBs10| arde USoll 53188 e(Imhp alischmse sthavi st qfetnathivrosilamc typenal

groups for coating applications. .The trinethoxylsilane type nononers are

hydrol yzed wi PIPRRP 1€ sitherize vanes fagderiy oRrivalR S@*&ﬁlé{%ﬂ%wﬁ&r 3 hours.

The residual %‘it'h@ﬁ‘tglengilﬁ‘t'&%ti% ﬁﬁl’&ﬁoﬁ}'%}dﬁgﬁ'sﬁﬁgaé aciﬂ%cnsanhl _%r&gk.yrrers are
in us i |

bl ocked with an excess anmount of bl oc agent . 59162 ses a
process of syHxérepley iofigsimilgh prilicatonsarrenEPGH648HoAYIGETIIHSt iADN7AEd48.ee of 600

to 1000) | adder, ~Sjlji GO r ai or sodi um
potassium ir gzﬁﬁé%‘%%e;ﬁ SFgg%ﬁnég)ﬁg@]lS&ﬁg%nMﬂgw&eJpgﬁ@fsfg%%bar@r | ess
urani um and t ondromsd (diedkeenysi | anes represented by 13 Novenber 2003 4
RSi (Owe)3 (R = nethyl, ethyl, propyl, phenyl and vinyl) are hydrolyzed with
acidic water to produce a | adder silicone prepolyner with polynerization
degree of 5 to 600 I [ Silic r | I Lssubj d, t
dehydrative condengg;&?ger{" ﬁﬁglﬁﬂgi%irﬁgse@%e&gg gﬁﬁ%g‘; eaFiESrlllz (ngﬁgfy;;%q bgnd IS
then purifi edmoystete 280eltdsonododnd eorpdspel pidk@shiceide tfomeytad BperidlicgRe

nol ecul ar wei ght and high purity | adder silicone polyner suitable for

el ectrical inBWsab fakenpplysing: thsmaonomess to pEgYgniosuchr inyanicdabyisel ysipr

synt hesi zi ng i uj V, . i e curable
Me-i sobutyl | ggg e?h}s&:)ér ?]gétj)%g%%oﬁ)@ﬁn%?gé%d&%ﬁggll?gée}gdtgyﬂ[‘)%?l% |(aaYdYEeP§rn§ﬂt gl{eon

hydr ol ysi s of laddspdct stmetunoofomgrssultast poiyeasdrased i n US4746693. US5086145
describes the use of triacetoxylsilane type nononers to synthesise | adder
silicone polyners for heat-resistant coating applications. JP11292971 and
JP2000103855 di scl ag@rmatiid ook ASilahy MpRGRbRinGs Mh@Be BWd h¥ynthesise
fluoro-containing | adder silicone polyners through either the hydrolysis of
f1 uor o- cont ai Wenpssiladdeetiker pelakylsitsesquiommesnt phrdaadvantagte ¢ff ospy of the

| adder-1i ke sili Mele] rs.to achieve high thermal stabiljty. tenpl ate
met hod is di sgiaélgog{gﬁgggezﬁ %én Bt lsitﬁ‘?‘tft P@’ GB]IOFE’&Y? Btﬁéleg e?/se{?%ce? for the
synthesis of Basilty handlerdaeng seie-andkgnibediy as kythpdrts es@urioManRBaneThe

pol yal kyl si | sesqui oxanes are synthesi zed by preamnolysis of the RS 3 (R
= methyl, et h{PC BHOREFS-and vinyl, et al.) nonomers with dianmines to obtain
the coupled dinmer tenplate, followed by the acidic-catal yzed hydrol ysis and
al kal i ne-cat al yzed pol ycondensati on. An advantage of this route is that the
resul t | adder -1 i keUSéb3839Ry Idsicloses gihe oxpmbssisared  (pobimbeyhydsibesqaébxahest t he

synthetic rou'%)gwbgr with ?mgr%%)é Iﬂ%%t gr%pgr?)g th%l?&nﬁglzd\églysis and condensation of



"Study on the synthesis and characterization of the solubI?J hH%h(ﬁglecular
wei ght and | adder-1i ke pol ynet hyl si |l sesqui oxanes", Chi nedé Np¥uRtTL2UGt

Pol ymer Science, 7(2), PP. 183-188, 1989. "Synthesis and characterization
of the soluble, high nolecular weight and | adder-1Iike

pol yhydr osi | sesqui oxanes 13 Novenber 2003 5 and its copol yners", Chinese
Journal of Polynmer Science, 10(4), pp.,361-365, 1992. "In situ poling and
orientation stability of chronophore-bearing | adderlike pol ysil oxanes",

Pol ymers for Adyanced  Technol ogi.es, 7 p. 98-103 994. "The synpthesis and
X-ray diffr acwﬁﬁﬁﬂgmt}&?x&‘ﬁﬁﬁqﬁeg‘f@d&a}‘@qu?k%‘“&?!‘% is‘i’lé‘é%‘aui SIOVFET W

si de- chai n esteh 3k HB:%{ethﬁQish‘Jﬁﬁfoiaﬁé%rdd‘éﬁ'%f‘ﬁ_ﬁ@oﬁf@ﬁ{"Mb&ﬁé,e\ﬁhiclﬁmal9p-

662- 665, 1996. In conclusi'on, there are a variety of synthetic routes to
obtai n a rangee dic todbidlom: tegierityoifyld lagdesiliks eguciiimodtespradndlng a vari ety of
structures and properties. However, it may be appreciated that there are
many probl ens associated with the starting materials, synthetic routes and
properties of the resultant polynmers disclosed in the prior art.

Accordi ngly, thereUS&X031843adiselodesf ar caablayppadymethpler-hexyloflsesquivkanesi zi ng

| adder-11i ke sili,cone,polyne for. t | adder-Lik al rs, thensel ves, and
for compost t | BRI Bp pHeLEiashiSSia ol iy PTH of kSRt ER vent i on
seeks to provhexafirhdReStElnd e IR pRkeite ifaNHIO;HAdemi(OMKE d@tdlyseone
polymers and the 1 adder-1'i ke silicone polymers so produced. This invention
rel ates to a The eesubianidadder silicene sppdymensivitablg fonariastuterquee §patingone

pol ynmers (gener termed pol yal kyl si |l sesqui oxanes) with high | adderli ke

|l
structure reg‘i‘ﬁpglrcf1 0yn,s' control |l ed nol ecul ar wei ght and reactive Si-CH

(silanol) functionality. The | adder-like silicone polymers are generally
sol ubl e in many conmon organi c solvents and are suitable for use as surface

protective materi aUs5081202 adiscloses Sdlpeddesd @ syhehesizinpelighl purieg i pheayice,

el ectrical insulation or optical transparency is required. These substrates
i ncl ude gl assledgdrgsstliconppplymers for pratcciion Lilkgs andyinéerhaygrdnsylging fgmse

pol ymer conpogt LiESirical deviddQV ﬁ@ﬁﬂ{d'n t..invention
there is prov?deg gcarlre(geh%) f?rﬂggpc})%g%?r?gsa po) %&Jé@ﬁ%{?ﬁg%é@aﬁ etosteps of :
(i) reacting givearlgaer madaiular ivenghy fpregtol yreas whatheis foniereontensediin thee

formula: R -Si (ORz)( ) ( wherein Rl, R2, .and R4 are each

i ndependent | ypéﬁﬁ"&%t Sg?f r%ﬁ heS4fl8tip (dnsBYF| ﬁ*l@f: ‘ﬂéla?‘ﬁﬁen,wedglvéyl ,

al koxy, al kenp;d)lyp]@nmgnyésquiggﬁes. cycl oal kyl, heteroaryl or heterocyclyl;
with a solution of an acid dissolved in water having a specific resistance

of at least 18.2 Merr)-cm at a tenperature bel ow about 25C, to give a
prepolymer, and (ii) reacting a solution of the prepolymer with a solution
of an al kal i ne cat HPy431288 dssct@mmthqd@fabl@g@&&adc)s R methyl, wthyh pol yner,

wth a pr eder Sroeh BAPRESHER B ebIS SRR soihdhErBReRl e 0 6 ve
a partially btapokaterpobiytirgiendant functional groups for coating applications. The
trimethoxylsilane type monomers are hydrolyzed with acidic water at 10°C for 1
hour and then at 70°C for 3 hours. The residual silanol groups of the
synthesized ladder silicone polymers are blocked with an excess amount of

blocking agent.

US5859162 discloses a process of synthesizing high molecular weight
(polymerization degree of 600 to 1000) ladder silicone polymer that contain 1
ppm or less of sodium, potassium, iron, copper, lead, magnesium and chlorine,

and 1 ppb or less uranium and thorium. Trialkoxysilanes represented by



Preferably, R is nmethyl, ethyl, propyl, butyl, n-hexyl, ébthexéﬁp
cyanopropyl, vinyl, hydro, phenyl, or 3-glycidoxy propyl ly, R2,
R3 and R4 are independently nmethyl or ethyl. Advantageously, two different
nononers are reacted together in step (i). Preferably, the concentration of
the at | east one nononer in step (i) is fromabout 0.5 to about 4 nol/kg
sol vent . 13 Novenber 2003 7 Cbnveniegtly, the concentration of the at

| east one nonomner is step (i) is fromabout 1 to about 3 nol/kg sol vent.
Advant ageousl ncentrafion of t east. ope n r in.step (i)
is from about ﬁ@@é’l%}b t— @e'i%]t FRYLRPR: Phen &t Y‘&Bﬁﬁrenglﬁ‘g’ng'ﬁ?‘tf’“%n of the
at | east one pageMRhtck WAIbIRS Qtla:{lcﬁ?%h&ﬂg Hﬁgg, gk heE&l?ﬁlleflE:Rant he group
consi sting of benzene, uene ene | Sobut yl one

et hyl ket one, defiret b3 tm@ﬂ(brTmmddsanroopgpregolhmcr isGoajeeteid andelyydrative soI ution

of the at |east one .nonongr I sobutyl . ketone...

Advant ageous| §ondeRsatipR ARt ‘?)Hretsf: ‘?‘“ gﬁ‘é@{e( f:a)t"°‘1|3'§t ‘l‘%oﬁ] @B’E)d{”n@e? Mabout 48
hours. PreferaRbofuiidnNgnd ?@-ﬁfebftﬂﬂatﬁ(ﬁf tc> bBRIn b)hiklH mdl&mabRsighBadd haout 24
hours. Conveniently, the reaction time for step (i) is fromabout 10 to

about 20 hour puritpdadsiat siljemneplolymeriseitabdafor elsatricalipanatingrapplieatioss.ep (i) is
bel ow about 15C. Preferably, the reaction tenperature for step (i) is bel ow
about 5C.

Also, many other approaches for synthesizing polyalkylsilsesquioxanes
have been developed. Moisture curable Me-isobutyl ladder silicone polymers
synthesized by partial emulsion hydrolysis of respective monomers are
disclosed in US4746693. US5086145 describes the use of triacetoxylsilane
type monomers to synthesise ladder silicone polymers for heat-resistant coating
applications.  JP11292971 and JP2000103855 disclose a process for
synthesising high purity fluoro-containing ladder silicone polymers through
either the hydrolysis of fluoro-containing silanes or the conversion of pendant
side groups of the ladder-like silicone polymers to achieve high thermal
stability. A template method is disclosed by Zhang et al. in the publications
given Dbelow for the synthesis of highly ordered ladder-like
polyalkylsilsesquioxanes. The polyalkylsilsesquioxanes are synthesized by
preaminolysis of the RSiCl; (R = methyl, ethyl, phenyl and vinyl, et al.)
monomers with diamines to obtain the coupled dimer template, foliowed by the
acidic-catalyzed hydrolysis and alkaline-catalyzed polycondensation. An
advantage of this route is that the result ladder-like polyalkylsilsesquioxanes are

highly ordered, but the synthetic route is more complicated and expensive.

“Study on the synthesis and characterization of the soluble, high
molecular weight and ladder-like polymethylsilsesquioxanes”, Chinese Journal
of Polymer Science, 7(2), PP. 183-188, 1989. “Synthesis and characterization

of the soluble, high molecular weight and ladder-like polyhydrosilsesquioxanes



Conveniently, the nolar ratio of the water to the at |east one nononer is
fromabout 3 to 1 to about 20 to 1. Advantageously, the rfdNevember P¢)3of t he
water to the at | east one nononmer is fromabout 6 to 1 to about 12 to 1.

13 Novenber 2003 8 Preferably, the nolar ratio of the water to the at | east
one nononer is fromabout 10 to 1 to about 12 to 1. Conveniently, the
concentration of the acid in step (i) iis fromabout 1 to about 15 nol %
Advant ageously, the concentration of the acid in step (i) is fromabout 1
to about 5 mol %  Preferably, the concentration of the acid in step (i) is
from about 2 #rf ﬁbé‘ﬂﬂ‘ﬂ!}n%%l’%hl@ﬁ\;’@w@n?ﬂ BolymegeSeiencs. 10{45tnpp 361-963.5

sel ect ed fromigie ghaup (EARSLAE LMo HAAG WU mdiioft- bAPRSRARELC aci d,

sul phuric aci ace aromat 1 ¢ sul phonic "aci d ant ageousl vy,
t he concent r alikopolgéildxbeespy Bgdphymdor AdvantepT{dhndlopies,iT, pm 2008, 1994.0 about

30 % Preferably, the _concentration t he prepol r in st i S
from a(i)out 5 {"Bh%%@wthgq}s Wt X-ra;i dl(t)tjractlon pstu y X)I}E thle lsédgepr-lgklel) !

polysilsesquioxanes with side-chain ester groups”, Polymers for Advanced

Technologies, 8, pp. 662-665, 1996.

In conclusion, there are a variety of synthetic routes to obtain a range of
ladder-like polyalkylsilsesquioxanes having a variety of structures and
properties. However, it may be appreciated that there are many problems
associated with the starting materials, synthetic routes and properties of the
resultant polymers disclosed in the prior art. Accordingly, there exists a need
for an improved method of synthesizing ladder-like silicone polymers, for the
ladder-like polymers themselves, and for compositions and applications using

the polymer.

The present invention seeks to provide an improved method of preparing

ladder-like silicone polymers and the ladder-like silicone polymers so produced.

This invention relates to a three-stage process of synthesizing ladder-like
silicone polymers (generally termed polyalkylsilsesquioxanes) with high ladder-
like structure regularity, controlled molecular weight and reactive Si-OH
(silanol) functionality. The ladder-like silicone polymers are generally soluble
in many common organic solvents and are suitable for use as surface protective
materials for various substrates where thermal resistance, electrical insulation or
optical transparency is required. These substrates include glass, ceramics,

metals, plastics and glass fiber reinforced polymer composites.



Conveniently, the concentration of the prepolynmer in step i s_about
10wt % Advant ageously, the reaction tinme for step (ii) |slf ?ﬁ‘%%@ﬁ 0.5 to
about 10 hours. 13 Novenber 2003 9 Preferably, the reaction tine for step
(ii) is about 2 hours. Conveniently, the solvent for step (ii) is methyl

i sobutyl ketone. Advantageously, the reaction tenperature for step (ii) is
fromabout 30 to about 80C. Preferably, the reaction tenperature for step
(ii) is fromabout 40 to about 70C Coﬁveni ently, the cat al yst for step

(ii) is KOH in nethanol, Advantageous, I he concentr |on of t cat al yst
sol ution used in s?‘@ﬁorémg) o eaB’%Eﬁm fﬁ?’l‘?fltloﬂr@f”ér ‘a?bP’;?V E’Eﬁ%‘gﬂ?‘? Tati on of
the catal yst Eﬂ)d{laﬁ gL %8 eQQOHBﬁ IH%EE(%{ shep (ii) is from about 5 to about

20 wt% wi th respect t e pre nvenl ently, the concentration of
the catalyst in the reactlon m xture of step (ii) is fromabout 7 wt%w th

Advant ageou he reaction ti f.or step (iii)
is fromabout 1 toPgboufea%u%ﬂ’r%rga’%Fé?@ é‘i‘)loé?te]lef‘ﬁz OPQMOBW”F?‘HEH r step
(iii1) is from abougordui® about 4 hours. Conveniently, the reaction tine for
step (iii) is fromabout 20 t qQut 90C. Advantageously, the reaction time

for step (iii) is from BB(S!(DR%)IOR))(QBOM 80C.

wherein R’, Rz, R® and R* are each independently selected from the
group consisting of:

hydrogen, alkyl, alkoxy, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl or
heterocyclyl;

with a solution of an acid dissolved in water having a specific resistance
of at least 18.2 MQ-cm, at a temperature below about 25°C, to give a
prepolymer, and

(i)  reacting a solution of the prepolymer with a solution of an
alkaline catalyst at a temperature above about 25°C to give a polymer,
and

(iii)  reacting a proportion of the free Si-OH groups of the polymer
with a predetermined sub-stoichiometric amount of a blocking agent to

give a partially blocked polymer.

Preferably, R' is methyl, ethyl, propyl, butyl, n-hexyl, cyclohexyl, cyanopropyl,
vinyl, hydro, phenyl, or 3-glycidoxy propyl.

Conveniently, R*, R* and R* are independently methyl or ethyl.
Advantageously, two different monomers are reacted together in step ().

Preferably, the concentration of the at least one monomer in step (i) is from

about 0.5 to about 4 mol/kg solvent.



13 Novenber 2003 10 Preferably, the bl ocking agent for step (iij)_is a
trial kyl chl orosil ane. Conveniently, the trial kychl orosi | dAdiovember 2003

di met hyl al kyl chl orosi | ane. Advant ageously, the al kyl group of the dinethyl
al kyl chlorosilane is selected fromthe group consisting of nethyl,

3-gl yci doxypropyl, vinyl, hydro and cyanopropyl. Preferably, the bl ocking
agent for step (iii) is hexanethyl disi :joxane. Conveniently, the anount of
bl ocki ng agent used in step (iii) is fromabout 1 to about 90% per nol e of

Si-atons in the polyner. Advantageously, the anmount of .bl ocking.agent used
in step (iii) EVW@Wa%&Pn@nffsg%beﬁ‘the@biﬁoaﬂeqneﬁ%ﬁ“@“w “a“@%&ﬁgffi’ﬁ t he

pol yrer. Pref grabhYy, aﬂ&ﬁS%@gdlgtso%mb' ocking agent used in step (iii) is

fromabout 10 to about 30% p nole of Si-atoms in the polyner.
Conveni ently, the amount of bl ocking agent used in step (iii) is from about

25% According to a further aspect .of e present inventian, there is

provi ded a ne Bﬂ’t‘i‘gﬂouﬂy’o@ﬁ&oﬂg‘i”&atw%ngrle@? QPR PR (1 SHEP ﬁ)cbgordi ng to
anot her aspectroffatole? R $28M mo¥gssivan, there is provided a nethod for
produci ng a pol yner of the invention.

Preferably, the solution of the at least one monomer comprises at least one
solvent selected from the group consisting of benzene, toluene, xylene, methyl

isobutyl ketone, methyl ethyl ketone, diethyl ether and isopropy! ether.

Conveniently, the solution of the at least one monomer comprises methyl

isobutyl ketone.

Advantageously, the reaction time for step (i) is from about 3 to about 48 hours.
Preferably, the reaction for step (i) is from about 8 to about 24 hours.
Conveniently, the reaction time for step (i) is from about 10 to about 20 hours.
Advantageously, the reaction temperature for step (i) is below about 15°C.
Preferably, the reaction temperature for step (i) is below about 5°C.

Conveniently, the molar ratio of the water to the at least one monomer is from

about 3 to 1 to about 20 1o 1.

Advantageously, the molar ratio of the water to the at lcast one monomer is

from about 6 to 1 to about 12 to 1.



13 Novenber 2003 11 According to a yet further aspect of the present
invention, there is provided a nethod for producing a parl8iNevénbepP@Bked

pol ymer of the invention. According to a yet another aspect of the present
invention there is provided a nethod for producing a partially bl ocked

pol ymer conprising the step of reacting a proportion of the free Si-OH
groups of a polynmer with a predeterm ned sub-stoichionetric amount of a

bl ocki ng agent to give a partially bl ofked pol ymer. According to further
aspects of the present invention, there are provided a polyner, prepolyner
and parti al | yPisfeeiladthsonglae ratisf of the waicietet thorat l¢ast ereiaronpmgr is fiemi nvent i on
may be nore readi under.st nd so that further features thereof nay be
appr eci at ed, ?%E‘hﬁ&%gg%éﬁmﬁn F’ﬁOM/be descri bed, by way of exanple, with
reference to the acconpanying drawings in which: FIGURE 1 is an FTIR
spectrum of a | adderlike silicone prepolynmer of the invention; FIGURE 2 is
an FTIR spect I =1 4 . I eYY 1 an; Fl GURE
35 an i roGanvtrRy AR Bt b AES, BaeTH s Bond MR TBbbELr of
the inventionlFhQRE 4 is an XRDspectrunofa | adder-1ike polyner of
theinvention; FIGURE S is an FTI Rspectrunofa partially bl ocked

| adder-11i kesilicone polyner of the invention;andFlIGURE 6 is an

FTI Rspectrunofa partially blocked | adder-1Iikesilicone polyner of the
invention.  Alvivayeobdy, 2GkdndchtAtion sedhdrecieiin,stdph@) infrbmvabegt tiegoms shal |
have the foll ow ng neanings: "Alkyl", either alone or in conbination, neans
an optional | yakaw3malf ed st rai ght - chai n or branched-chain al kyl radica
containing preferably 1-15 carbon atonms (Cl-Cl5), nore preferably 1-8
carbon atons (Cl1-C8), and nost preferably 1-2 carbon atons (C-C2).
Exanpl es of such radicals include nethyl, ethyl, npropyl, isopropyl,
n-butyl, tertPEdergbly, thermopsentmios, pf thedcid inasiep (ihis tromeboutsg kuBavt 3 ei t her
alone or in cgﬂﬁ%nation, means an optionally substituted straight-chain or
br anched- chai n "hydr ocarbon radi cal having one or nore doubl e bonds,
preferably 1-2 doubl e bonds and nore preferably one double bond, and
containing preferably 2-15 carbon atons (C2-Cl15), nore preferably 2-8
carbon atons - a t: P I - ) .« Exanpl es
of such al ken§ re%%n(t:% gﬂi %@ﬁdaesrt‘\gﬁ ﬁ‘?/ﬁ? %‘eéﬁﬁ,ﬁ‘%%gﬁé%%éﬁ%ﬁdﬁt he Iike.
“Al kynyl ", ei hjdrocldbrinecidy phosphotidacid) sulphuriteand, astioptidpaad layorgatest i t ut ed
straight-chain or branched chain hydrocarbon radi cal having one or nore
triple bonds, SPPRAMGaH{y 1-2 triple bonds and nore preferably one triple
bond, and containing preferably 2-15 carbon atons (C2-Cl5), nore preferably
28 carbon atonms (C2-C8), and nost preferably 2-3 carbon atons (CZ-C3).

Exanpl es of sych al kynyl radicals jnclude ethynyl, propynyl, butynyl and
the like. "Al W?geé?}‘%ih’e‘i‘e 5?‘19ﬁ’élf%}°nmltj‘8dﬁ6?%?¥fdﬁ,speﬁé& $ipom abedl of the
type "R-O= ° whayeet o wR:. 1S an al kyl radical as defined above and "O' is an
oxygen

Preferably, the concentration of the prepolymer in step (ii) is from about 5 to
about 20 wt%.

Conveniently, the concentration of the prepolymer in step (ii) is about 10wt%.

Advantageously, the reaction time for step (ii) is from about 0.5 to about 10

hours.



atom Exanples of such al koxy radical s include nethoxy, ethoxy, n-butoxy,
tert-butoxy and the Iike. 13 Novenber 2003 13 "Aryl", dbtYesemberddd or in
conbi nati on, nmeans an optionally substituted phenyl radical or an aronmatic
fused ring radical such as a naphthyl radical. Exanples of aryl radicals
are phenyl, 4-nmethoxyphenyl, 4-fluorophenyl, 1naphthyl, 2-naphthyl, and the
i ke. "Cycloalkyl", either alone or in_conbination, neans an optionally
substituted saturated or partially satarated, nonocyclic or bicyclic alkyl
radi cal, preferably nonocyclic¢, containing preferably 3-10 carbon atons
(C3-C10), nor Breﬁ‘?rég@rtQBF%ﬁCQOIBU@Srf‘ET&*PPa(ﬂ%WbP%Z ks, even nore preferably
3-6 carbon atons (Cs-C6), which is optionally benzo fused and which is
optionally substituted as defined herein with respect to the definition of
aryl. Exanple o i opropyl, cycl obutyl,
cycl opentyl, g?@%% %ﬁll&%§%$€%ﬁ§Jg%ﬁ@%%fﬁ%*?pgﬁﬁﬂﬁﬁ%%ﬁer. " Het er oat ons"
means nitrogen, oxygen and sul fur heteroatons. "Heterocyclyl", either al one
or in conbination, neans an optionally substituted saturated or partially
unsaturated, Ppideisigolstyohe rehotidn Rmpenture TNRGYER) icfronh abbety3d tocabowr ef er abl y
nmonocyclic, heterocycle radical containing at |east one, nitrogen, oxygen
or sul fur atoﬁqiing menber and having preferably 3-8 ring nenbers in each
ring, nore and nore preferably 5-6 ring nenbers in each ring.

"Heterocyclyl"” radicals nmay optionally be substituted on at | east one,
carbon atons n . 0x £ X I, 0%0 ,

aral kyl, het erp}(%tlf}% l??tﬁg{reé\r%{é&;r?%fl}?%a!furg#:r(ﬁp %gn?@{ﬂéqi§ Oél%hgiton%g?dm %%J

al koxycar bonyl am no, al kyl sul fonyl am no and the |ike, and/or on a secondary
nitrogen atom by hydroxy, al kyl, aral koxycarbonyl, al kanoyl,

al koxycar bony ConWtiick19 atha ckilyst fOF ¥tk 92 QK@K méBghgal s. Exanpl es of such
het erocycl yl radical s 1 nclude pyrro?i i nyl, piperidinyl, piperazinyl,
tetrahydrofuryl, benzopyranyl, and the |iKke. 13 Novenber 2003 14
"Heteroaryl ", either alone or in conbination, means a nonocyclic or

bi cyclic, prefdrabageonsinoiby sonesntrationaf the ¢atalyst solptipe usedlincstep (aisi ng at

| east one, nitrogﬁn oxygen or sulfur atomring nmenber and havi ng
preferably 5-%h¥% ﬁﬂhﬁnbers in each ring, which is optionally benzo fused
or saturated carbocyclic fused, and which is optionally substituted as
defined above with respect to the definitions of aryl and heterocyclyl.
Exanpl es of  spgfferlifly ahe @8bnden@4tRIART th a1k in e Faaaby nix i §rQlep (ii? pyrazol yl,
pyridyl, furyl, thienyl, oxazolyl, thiazolyl, indolyl, benzofuryl, and the
| i ke. "Hal ogefromgbguthigl apout 2) wife with respecionithaprepdpmeneans fl uoro, chloro,
bronmo or iodo radicals. The groups indicated above as being "optionally
substituted" nmay be substituted by one or nore substituents selected from

t he groups copsj.st.i o] | kyl | kQ hal ogen.. hydroxy..am nq,  azi do,
nitro, cyano, Eﬁlé?egérﬁ%% {heé%gp%%%?&o%Pﬁg}&ycc?gﬁl’bsgr\?/ he %’%t}oé'alf’lz@lfr? Qﬁéfee?r ocycl o,
al kanoyl am no(ii)asrrdm, abati Thvem wie despeycart baginee, N-al kyl ami di no,

al kyl am no, di al kyl am no, Nal kyl am do, N, N-di al kyl am do,

ar al koxycardonyl am no, al kylthio, alkylsulfinyl, alkylsulfonyl and the

i ke. The nethod of the present invention relates to a three stage method
for Advantageously, the reaction time for step (iii) is from about 1 to about 5 hours.

Preferably, the reaction time for step (iii) is from about 2 to about 4 hours.
Conveniently, the reaction time for step (iii) is from about 20 to about 90°C.

Advantageously, the reaction time for step (iii) is from about 30 to about 80°C.



the preparation of |adder-1like silicone polynmers. Such | adder-1like silicone
pol yners have the general structure given bel ow 13 NouéMoeemizp0®315 R R
RIi-O i ROORSI-OS Rn RRwhere each R nmay be one of various
groups includi ng hydroxyl, al koxyl, alkyl, aryl and hydrogen. The first
step conprises hydrolysis of trial koxyal kyl silane-1ike nononers of the
general fornmula Rr-Si (OR2) (OR3) (OR4) with partial polynerisation under
carefully controlled conditions to gi V& rel atively |ow nol ecul ar wei ght

| adder-1ike oligoners, which will herein be referred generally to as

" pr epol yner s" Preferablp, thp bloghweg sgertt forrseen (Hi)dne iimik deldorogilangbl e f or

synt hesi sing polyners with relatively highly ordered | adder-1ike structure.
The second stage of the nethod of the invention conprises further

wei gt | aider CPIRBSsDry hE Fistkyeb oo bR e o bRl Gatla s "Dorymer <.

Such polyners are in thensel ves a useful product, and may be used in a
vari ety of applications in conpositions, for instance in coatings. However,

such pol yner s A dohdty | A€ 1P Sduptst the dinRShii kT chioAGaRd ist ffecldavention
by the deliberate partial blocking of a proportion of the free pendant

Si - OH groups frein drokroypocysistingvif cinetayke blycldenyprepylg vinypr bytlre eandi ned
anount of bl ocking agent to give a | adder-like silicone polyner having a
proportion of leﬁ“B(BJﬁ?Bgl'si | anol groups and a proportion of free silanol
groups, herein referred to as a "partially bl ocked polymer"”. Such partially
bl ocked silicone polyners may be stored for relatively |ong periods of tine

and 13 Novem%ra@gorﬁe %ﬁncﬁfng a%Ehttf&edif&Pthn)?hbb?a%{c%yldi@iMaH&y al so be used in

a variety of applications an onposi tions, such as coatings and adhesi ves.
The first stage of the nmethod will now be discussed in nore detail. It has
been found that by careful control of the reaction conditions and reagents,
prepol yner s n@pnvemigntlydihe achonavofriidoakny agehl wsdd lim sthp (&Y isl faom tabowtfl ®t r uct ur e

and control | e% m)éﬁ@ul ar it%ﬂt' Thjs . is achieved by careful control of the
reaction tenp&Ef F‘SHH‘OE%O Atoragindhe PAYMEN n starting materials. Suitable
nmononers for the first stage of the nethod are trial koxyal kyl si | anes havi ng
the forrmula given below R -Si(OR2)(OR3)(0OR4) wherein R, R2, R3 and R4 are

each i ndepend@Rtinagi8hf ! Gd afnbMP Jebfo R e RS R 4EPGRY is from about 5

to about 50% per mole of Si-atoms in the polymer.

Preferably, the amount of blocking agent used in step (iii) is from about 10 to

about 30% per mole of Si-atoms in the polymer.

Conveniently, the amount of blocking agent used in step (iii) is from about

25%.

According to a further aspect of the present invention, there is provided a

method for producing a prepolymer of the invention.

According to another aspect of the present invention, there is provided a method

for producing a polymer of the invention.



hydr ogen, al kyl, al koxy, al kenyl, al kynyl, aryl, cycloal kyl, heteroaryl or
heterocyclyl; with a solution of an acid in water at a tdaplrentsf d8Bel ow
about 25C. High purity water having a specific resistance of at | east
18.2M err)-cm shoul d be used in acid solution. Suitable acids including
hydrogen chl oride. The reaction should be continued until substantially
conpl ete hydrolysis of the nononers h occurred. Typically, the reaction
is conplete by 48 hours, and it is preferable for the reaction to be
performed for about 10 to about 20 ho of ~structural

grs. The hi h_regg%arity [

resul ting preP6sAme iadyyeh duidhssaseact gt thsyPressat IyRRENT, thers SPEYidefé nononer
and sol ution Hqg_gﬂ 1% bibRg d" drQP O i%{dhkiBn. the purity of the
wat er, and thgﬁﬁgﬁg&a?sa |§%g%ﬁ% t%e aéﬁgﬁiélugﬁgn 1%3 Novenber 2003 17
Typical ly the nmononmer, such as an al kyltrinmethyoxylsilane, is mxed with an
organi c solvent and i s poured, into a reactor ui pped with a nechani cal
Stirrer, a dr OSFREENR A BbenaPrd afdhe pEser A REn iy BV EdEt | on
tenperature apginydt for GROSIAY aSparfillly) BlockEd HOHTT ESmptRingOkheUkiep aofpur €

wat er containing an acidic catalyst is added i'n a drop-wise manner. After
t he additi on, reapiéng eagrommtion xafuthe ifrce s8i-OHe granpsr af ghtpolymaompthetee t he
hydr ol ysi s react,ion .and the hydraol yzed n s, are rtially condensed to
form the 1 ow ROPEERrAPe sl Saek iRl Fhouf EPlosRe SgPR ik sunphiil

prepol ynmer sobstkédpdlgm@uri fied by washing with water several times unti

t he washi ng wat er approaches neutral pH The prepol yner solution is then
vacuumdi stilled to renove water and nethanol, as well as a part of the

sol vent. The i i.1.S LS. t dr ol ysi s
condition to g}% rﬁfe?] ?@eﬂ%wtgpﬁ?%ﬁ{sy&o@ggggﬁhf é%%relﬁ(?‘ﬁi t&gljcbégﬁ[ggﬁg&gfa t he
prepol yner. Thélymef]pespodynedr ahl @artialip bckdtolater ofitied invaltyoni nert, or may be
functionalised or reactive groups. Exanples of suitable R groups include
nmet hyl , ethyl, propyl, butyl, hexyl, octyl, vinyl, hydrogen,

3- 0l yci doxypropy! . iy ABOREORY invelfith BB mork kel HlivriobBtandRogpgups are

| ower al koxyl groups, such as nethoxyl~and ethoxyl groups. e starting
nmononer s can hathes ddatass ctherdo€ anay dageppreginde the inveditist r widl mpwade and nmay
be used as reaeived Eron1connerc'al.ﬁo%gces. The nononens&gﬁy.alsp be
purified throfigFhribesk bYMrayi o expmale; Wih seiptsPee (9sl8e 290mmMBHBREFEBE Nt r at i on
inthe first gypge is very inportant. IF the concentration is too |low, the
condensation reaction of the hydrol ysed silanol groups wth al koxyl groups
or other silanol groups may be too sl ow and cannot achi eve the required
condensati on | evel der silicon r epol [ I.F the concentration is
Co0 hign  the condERMUREd S aIriRGReaGh BES 1eF fks silipresrigl i oe

i ntroduced i ntwe ihhatibadder -1i ke structure and nmay even cause gel ati on of

13 Novenber 2003 18 the reaction mxture. The preferred nonomer
concentration of tKKOPRESLeEnFRNRspecmm af aladder-lkesilicong pelymer ofilie/ kg

sol vent, nDreER%&&ﬁ;ably about | to about 3 nol/kg solvent. It is to be
appreci ated that thé nononers may be used al one or in conbinations of

di fferent nonomer SFIGUREOB ganinc FEFIR wpatttuns Wit alpagiallgr blbtiedpladdariikel nvent i on
are those nonﬁggueou org?nic.solyents that can readily dissolve both the
starting nonoNEFeRplyRHOIInKeioRed | adder- | i ke pol yal kyl si | sesqui oxanes,
as well as their r i ye.p h eit.S ) fad)

Ket ones - such as,Pﬁ@?§§|¥e?h§f99§?gﬁgégﬁﬁ §§?h§@h¥§beupgﬁﬁ%gﬁ§ng% (2)

Et hers - suchimysnighret hyl ether, isopropyl either; (3) Aromatic solvents -
benzene, tol uene, . khe s nts may he used. as cheni cagl qgr.ade or

i ndustrial grade. Eﬁ%@ggi%ds&w ?hésﬁyFﬂngdg %ﬁﬁgﬁgysmﬁﬂﬁﬁlﬁ@d?ggﬁlted

| adder - i ke peiligoRs solyrhdtofaRomeeidhvald S can be used either individually or

in adm xtures. thhyl ) X
FIGURE 6 is an FTIR spectrum of a partially blocked ladder-like

silicone polymer of the invention.



i sobutyl ketone is the nost preferably comonly used solvent that is
suitable in the synthesis of the |adder-I|ike polyal kyl si Iléé@éjﬂpt@k%wés of
the present invention. The first stage of the nethod of the present

i nvention uses high purity water to hydrolyze the starting materials.
Preferably, high purity water with a specific resistance of at |east 18.2
Merr)-cmis used. Theoretically, one {ED| e of the alkyltrial koxyl sil ane
nononer needs only 1.5 noles of water to hydrol yze the al koxyl groups.
However, in practice an excess anount of ter is_u e1 of ensure the
conpl et e hydr ol ysi &S gsedlkeeindhe §(‘“ﬂi"€7‘¥ﬁ’é§lhﬁ‘,’e &hﬁio 18 MeagSof 13
Novenber 2003 19 water to nonomer should be about 3:1 to about 20:1, and
nore preferably fromabout 6:1 to about 12:1. An acid is used to catal yze
t he hydrol ysis reatAlkgll, either hpnt ORIn cprobipationf mehrs anoopsivpaldy subdtituted

b t d i i f d silangl i th
Koy or oupSHa Bemar eeeibrieg: lyeatRSoRng by £ BB o1
catal yst to NRRRRRC,CSs) MBRY préftablPl-stditbonedsihd @)-Cd)f arldBodiDhddérabt i o is

| ow, such as below 1% "the hydrol ysis and condensation reaction rates are
rel atively sl & cartransatems (Ct-Cr)g Examplastafsbnchiadicalsyig¢lydomethyhetsil.sn-and so

producing a ver ow nol ecul ar iaht, pr r the.pplar ratio is too
hi gh, such asprr?éﬂélstoﬁg)ﬁyﬁgt%u%flht\éﬁhbs’ rlbIFef/l |’§le§g§°%tgin%lednt§§%l?%n reactions are

relatively fast, and so irregular cross-linking may occur, giving a
silicone polymer with |ow structural regularity and |ow solubility. The
reaction tenper at urdlkenylf heitherr glongt gy elns wembiatien, k 8jany, Ao \WPH 25C to

ensure a snmoo [ r (o] JVESY ensation
to achieve a %1418ﬁ{ugéﬁo%tﬁghtéﬁﬁﬁg83%?‘-“%%‘2%& Wﬂ%ﬁ”ﬁrﬂ é‘?glf%%% &%ﬂéejr reaction
tenperat ure show dobisle Wdnks, nprafeeatily -115 doablabisutids 1dn@. mBree pefabbly , oriche aci di c
catalyst is diluted with water, and the acidic water is slowy dripped into

the reaction Soihlg ibgadt 6“4(@@@‘&1”#@_ P@ﬁ‘_&ffﬂi’léinztlé_rﬁ?é?oét &tP@SV\ﬁqzl’@lﬁ)’t’H%relr equi r ed
enougn t o ensiERipyil 2 CORE ABs [CIP,) Mhd i biqiahels 2P Publpbfhcte,! 018

certain | evel Cof Bamptandandablkenyl oiditaheinblde oinyk ek yiohdimetadienginahdi s
preferably frglm bout 3 to about 48 hours, and nore preferably from about
10 to about 2BH&&rs. Under the above-nentioned reaction conditions, the
pol ycondensation reaction in the first stage reaches equilibriumand the
nol ecul ar wei ght of the prepol yner does not further increase even when the
reaction time is ihstkeagéd. cithere almicglet in temhipatioe mead) an2 @ptivealkyge

xlr rer;H sr b\gleiogl;%g%dt sri'reaié}lrt-% zﬁllyor ranched ¢ ealsri ﬁye roci:a?bc}nhr%dfci'ilrﬁz}virlsg gl%eori S
more triple bonds, preferably 1-2 triple bonds and more preferably one triple
bond, and containing preferably 2-15 carbon atoms (C»-C;s), more preferably 2-
8 carbon atoms (C;-Cg), and most preferably 2-3 carbon atoms (C>-GCs).
Examples of such alkynyl radicals include ethynyl, propynyl, butynyl and the

like.

“Alkoxy”, either alone or in combination, means a radical of the type
“R-0-* wherein “R” is an alkyl radical as defined above and “O” is an oxygen
atom. Examples of such alkoxy radicals include methoxy, ethoxy, n-butoxy,

tert-butoxy and the like.



The second stage - Al kaline-catal yzed pol ycondensation. In the second
stage, the | adder silicone prepolynmer synthesized in thelBNogambst 2 is
further condensed in the presence of an al kaline catalyst. Typically, the
reaction mxture of a solution of prepolynmer in an organic solvent is
heated to a required reaction tenperature, and then the required anount of
al kaline catalyst is added. The reaction mxture is then allowed to stir at
that temperature for a few hours. Throdgh careful control of the prepol ymer
concentration, catalyst usage and the reaction tenperature and timne,

| adder -1 i ke pol ynefaryli, eithei fiénsr emin cepibinatipar mewis grteptigpallyouibsBtiined. The
reaction condition of the second.sta ma e._controlle j t he

nol ecul ar wei E)l?ﬁny‘;fadf%i: 0§fﬂtﬂ8§‘fﬂg%§“ﬁggdgg Eaﬁml?fezs%o él)gaf‘knypé@ylzgdgg%?'oxanes.
The prepol ymegx£Rfee o radll Aldidaks &8 epthyl, hememioRyphieaylamell@fréplicayklet-er m ni ng
condensation rate and the |adder-|ike structure of the resulted

pol yal ky! si | seaphthybamadthyl,randtle lkcesent i nvention, the prepol yner
concentration is preferably about 1 to about 30 wt % of the total solution,
nore preferably about 5 to about 20% of the total solution. Cenerally, the
hi gher the prepol yreycleindgntitlal i dlone toheinhtg@hisinatidne mednecarl aptimeillght of t he
synt hesi zed pol yner, keeping the other reaction prararr)gcﬁjerﬁ%’ion i stent.

Sui t abl e al kafybsaiutessafuated O ptfiglcsatyratedy magReyels efdacxcliclkyl r um

hydr oxi de and (el AN oY : id i oxi de.
The preferabl %l%gﬁt[gngfl ne g%ltc?% %jdsn?a‘? 213 %Q:%orﬁ& s?d ?%ﬁ%{ﬁgﬁgﬁs s@?gﬁﬁ’oﬁm&

pot assi um hydprefirady (kirbop ragpay €0-Gy), eNemsmbaei prgfetably 3rh ofrbetOrionst o 1
litre of nethanol... Preferabl he amount. of, al kaline. catal yst. | uti on used
S Bbout 5t ol68: Wberibericrshs Deiani BB PEREIDIA | n t he
reaction sol UhiMid hdreinSwitRl RspicBt6T @B deffnRioS 6f ArfIOVWEkampled! #Skuch
concentration, such as about wt% so that the pol ycondensation reaction
rate can be eewildajkydoadicals|iscdudeTigpclepropyl epclpbutyl icqyalopentplecaclohexyl.,s anot her
i mportant paraneter in. deternini t he condensation reaction in the second
stage. Pref er%ﬁ?é’f‘{r‘ﬁ’whﬁ%’i{@f’?gw}p‘gmer ature of the second stage is from
about 20 to about 90C, nore preferably about 30 to about 80C |If the

prepol ynmer concentration, catalyst concentration and the reaction
tenperature are keptletewatomssimeaps pitreserb osyeensng gelfurthstereadervs.i on ti me nay be
used to control the nolecul ar weight of the synthesized pol yners. The

| onger the reaction tinme used, the higher the nol ecul ar wei ght of the

pol ynmers synt hesi zeHdetelody¢l P, pltRgedlbnd OV éntdoabinatibe, weaghtn apaoegly

nol ecul ar wei ght of the S)[/I’lt hesi zed | adder-1i ke nmers may be controll ed

ol

from about 2, Bstituéedaefuatedor G@U‘aﬂlﬁrbﬁﬁﬁwf"ﬁﬁﬁauléftef%ﬁ%f taer dotdlg endsi ne i n
the second st € of Bictd; 31 L@ic bl i Sl dofAinQ5OUPS -
Al t hough the gg’ g(r;’%r goppggﬂééegt%gfga? %Eﬂgﬁeﬂé}?hg se?égg%ﬂ%frggﬁg éﬁe{aﬁ{&&rgf t he
present i nventdastroms niegen,i dxyderabossfuareonm ning meastel wed haviag pirgfetablyy may be
further nodi Lé%d'i n a tbhi r.d stha e of the. inventi.o %?3 roduct partially
bl ocked pol yarsIMESHERPEE R A5t s g™ s BSEPr & R R Mei 1
properties, seachiafp. tBRidRGdCIyR falichls QedsasptiBRAINBY subsRite@n Wb RAdlonkN @
variety of applications and conpositions, for "exanple in coati ;g;s and
adhesi ves. Whestbemataesghy helpgam| dkyll atkowupi kirdroxt oxpe thiexideryll pragkyl,
pol yal kyl sils i.oxa i ach I he.c nsation,seaction,in the second
stage may be g%gﬁ)g e’drlﬁei/er(?%élﬁy l‘r:‘nfg ids“twaggf: %gglgmrnll ed t?lelfoé%?arbonylammo’

alkylsulfonylamino and the like, and/or on a secondary nitrogen atom by

hydroxy, alkyl, aralkoxycarbonyl, alkanoyl, alkoxycarbonyl, heteroaralkyl, aryl
or aralkyl radicals. Examples of such heterocyclyl radicals include pyrrolidinyl,

piperidinyl, piperazinyl, tetrahydrofuryl, benzopyranyl, and the like.



13 Novenber 2003 22 Upon conpletion of the reaction of the second stage, a
proportion of the residual hydroxyl (silanol) groups of tldéovember 2003

pol yal kyl si | sesqui oxanes may be bl ocked by the addition of a bl ocking
agent. A predeterm ned substoichionetric amount of the bl ocking agent is
slowy added in the reaction m xture. The reaction mxture is stirred a few
hours to conpl ete the bl ocking reaction. An excess anount of water is
introduced into the reaction mxture t¥ terninate the bl ocking reaction.
The bl ocked pol yal kyl si | sesqui oxane solution is purified by washing with
wat er several ti meSHelaroarylt, resthpHalone o dn waowinagonamernsap BREYS reut r al .
The partially, bl gcked polyal kyl sil.sesqui oxanes be necaver removi ng
the Soi vent DYy BierERLY RO SRl T B RRERE IR R Ao BRI Bl o T or
this inventiopnd,nttrei@a; okyigen IrlsAIFLs atohd hn%'ﬁﬁsnﬂﬁﬂah@mafli@g rpiéferably 5-6
R5R6R7Si OR8, where R5, R6 and R7, are each jndependently selected fromthe
group consi st FiRg membeiy dpotpsh, ring, kyhich gis kemtipnally, beyza, fused r 9n satpxatadoa| ky | |
het er oaryl or I g r .
3-gl yci doxypr 8%9%5(:&%@%%4’ %%%P’%E%?%Idﬁgg%% Slﬁ%{f%&ed %ngawggragg%%@ an al kyl
group, such asspat ythealefigitions of 4r7) anbrhetdrégpictyitl Exanplesiobsuchilicterddngd gener al
formula of RORLRI| Si O where , R10_ and are ch_ i pdependent |y

sel ected fronﬁ¥W85§WBﬁB‘@ﬁ%@ﬂgﬁma&ob@ﬂnﬁygﬁédgﬁﬂygﬁwwhfﬂﬁpﬂeﬂyFPh$lkynyl,
aryl, cyc!oalhﬁaﬁghqhghgpg%hn neienasxe! yl, such as nethyl, ethyl,
propyl, vinyl, phenyl, 3-g y5|Jgkypropy , hexyl, cyclohexyl, octyl, et al.
(3) O hers, such as hexanet hyl di sil oxane. 13 Novenber 2003 23 Cenerally
speaki ng, the type (2) silane bl ocking agents are nore efficient than the
ot her types of blocking agents (1) and (3). In addition, the hydrochloric
aci d generated froilalngens] @ﬁik‘l‘lﬁiy”r algge jopAn @amb@ﬂﬂ@ctmwsﬂuquéwr@he
condensati on B&%%t%HBmQLmh%E second stage through neutralizing the al kaline
catal yst used ion 1 e Sedon Stage in situ. It is therefore preferable to
use the type (2) silane blocking agents. Functional group-containing

bl ocki ng agents provide a convenient way of introducing functional groups
into the polyal kyl sil sesqui oxanes, giving partially blocked pol yners havi ng
pendant groups suclhagroupsihdicatd pboveemobsing fdptiondlpgebstitmbd chapebe be
further nodified, cross-linked etc. . Theor ti%f I¥& t he content.of%ghe

Fosi dual |si | agRTeLBEow Of marCyReHETS StCul PaiE SrroR g Bk | s

det erm ned by afhe @] Blldded, BdréHe amfdd 87idb, i€, yhs: hdlclkyRhRky ar wei ght
and the blocking level. In the présent invention, |adder-|ike

pol yal kyl si | selkgxyaaseonsk ayaonliylf fletasecyclhonalkamoytdmineacinida gmidinel gr oups

may be synthesj zed adj usting, t redet erm ned anoynt, of .bl ocki ng agent
1o give. parti A5 EroeREEh  RRARARG orRBRERE " BlePonle s a6t o T or
various appli elkyiagiido, NPNedigikalahiydo, abkdxlyeaionigarhiay edlkylthi 285614wie per each
nole Si atons, nore preferably 10 - 30 nol % The | adder-1like structure
regul arity caAlkBlsuldony aed Bieillked by x-ray diffraction (XRD). The XRD spectra
of the polyners of the invention were recorded on a Bruker Powder XRD.
There are generally two peaks in the XRD spectra of the | adder-Iike
silicone polyners. A sharp peak appears at a lower 20 from5 - 10 dependi ng
on the size of theTpeRad R B¢ PrBent GRFhBSP RMIENGD mrééﬂﬁagg%@ﬂho@h@ n
di stance for the polyal kyl sil sesqui oxanes. This peak can be used to
char act er i zedthehpregargtien obfladdeglike rsilicong cpoliyrecref  Sunk ladderdikel ikieonsol yner s.
A wi de hunp-| | ear hi, gher (centered at around 20 - 30)
Pﬁ@nﬁ%@% ggrafﬁléu%bué? glvgn bgl W,

representing nes meér chains. A relatively higher and



13 Novenber 2003 24 sharper peak at 20 = 5 - 10 and a relatively weak
hunp-1i ke peak at 20 = 20 30 indicate a higher |adder-| ijkejostmbsosal
regularity. The | adder-like structural regularity can also be characterized
by 29Si NWR spectra. There are normally two main peaks in a 29S NWR
spectrum A peak (a) at 8 = -55.3 ppm (using tetranethylsilane as the
reference) is related to defective ji-atom; (i.e. those Si-atons not part
of the | adder-Iike regul ar pol yner ?ructure), while the peak ((3) at 8 =
-64.8 ppm corresponds to the respnance gbsorption of the Si-atons actually
incorporated into the regul ar radder-1i ke -pol ymer backbone. The rati o,
[err(a+~3), can be used to ¢har ct erlize & he I!zadder-l i ke structure
regularity of polyal kyl sil sesquijoxanes. Th
illustrated with exanples. All (Jf the reagents and starting materials are
comercially avail able from s¢ufftes such ag: Methyltrimet hoxysil ane
(Z-6070) and phenyl tri net hoxysgi Ilane (Z- 6,12 ) from Dow Cor ni ng;

3- gl yci doxypropyl t ri nmet hoxylrsi+gnre—(Sigpestg A- 187) ,

met hacryl propyl tri net hoxysil ape |(Si | quesit A-186) and vinyltrimet hoxysil ane
(Silquest A-171) from OSI Spectalties, onpton. Exanple 1 In the first
stage, 750 grans (5.5 noles) of nethyltrimethoxylsilane and 2400 grams of
net hyl i sobutwherkeachRe mapibpine weeiqug ierups ancudiegbydsexdqlkemybalkili h a
mechani cal stirrlre(rl, & dgoppi ng funnel and a thernoneter. The nononer
concentrati ol Was 5% 8EHLI / kg solvent. The reaction solution was then

cool ed down to a sub-anbient tenperature within (-15 - 15C) with a salt
ice-water bath. Wile maintaining the sub-anbient tenperature of the
reacti on sol ution,Ths firsl3 S epryerrisopohydralyssx rérlﬁg‘g@/gﬁyi;ﬁ%m‘éﬁ% nol es)
of de-ionize m]%r a : a 131 r (379%
hydr ochol ori gnam r%agpatééegérgg%pﬁf@g?yﬁl gﬁ?fﬁ?%%@%?@gﬁdgérﬁﬂle
constant sti rpolyngerisdiien modar carefullp @htroddde conditionsnengive wakitivély 1lloand t he

nol ar ratio of acidic . .catalyst to.mononmer .was.2 2 mol %  After t addi ti on,
the reaction MYKEHY l%ﬁéf'ﬁ‘ EOWW’Q}W&?’?&?%'E%G relgrg ﬁfj'i'eéfpg’ t he

hydrol ysis regcid oprcpiigmbRe. NYUE by g fmERNOMales iMadiidRatd alirbicapdensed to
form | ow nol ecul ar” wei ght | adder-1ike” silicone pre-polynmer. The | adder-Iike
si |l i cone pre-syolhysising olymersomitheedativalyrhighl s aekeadrlediler-hkostanctpar at i ng
funnel. The | ower aqueous | ayer was renoved and the organic |ayer was
purified by washing with water several tinmes until the washed water reached
neutrality. The prEROLYORI s&gh Wfi @8 Mesod b nthy devweuiodiceiptibedfirmer enove

wat er and nmet hanol, as well as a Part of the solvent. Fi Pure 1 shows the
Fouri er Transdebyémlive pelywerivation rf thoguenolymsrato gine highgtelecnipewsight cone

pr epol yner sy sh.zed i h i r'S e ex he | dual
si lanol gr ou&gaékﬁ?ﬂtkﬁeg%kég%l elﬁlgérlﬁ céfgél%ggcﬁgc}ggt gdr)ir%elt;ﬁoilyglm%rgr'msFs'gtfSﬂ t he peak
hei ght rati o focQhSk @) of themmeclsdsl ansifulgireducptandmypebk usd iarowitB840 cm and
the Si-0O absor%Lii‘on geak at 1124 cnd in ETIR sggct rum The O/ Si0 ratio of
the prepol ynetPPUGHIOAS T Somposiiiopy, doripsianced (IS s 0 25 The yield of the
first stage was 93.9% with respect to the theoretical yield. In the second
stage, the | adder silicone prepolyner synthesized in the first stage with a
concentration of IGowgsH:i SWCKIIP meed wWey da fueiser froedified inchadling sid@gé af t he
presence of al kal.ine catalyst in_the ram of .l OHLE Ve Upon reaction
i xture reachihariaof o el O pdid, HBERLR or P pimBdt o e PR 1
respect to thengiepsi-Qregraips ajskalol ngrogmb,akhich sl bldcked wamhgadded- i nto t he
reaction solution. The reaction solution was then condensed at 50C for 2
hours. Fi gur ei“%‘&ﬁﬂsalf“i’l‘é“If’flW‘@‘b‘&:f‘g%t%fg“ff’a@idﬁweﬂ‘k‘éSthO“e potymer

pol ynethylsile' - S YAt i i e i 0 of the
pol yret hyl si | sesquzi5 g@ﬁ%@yﬁtdﬁgﬁegg ar}oﬂ g% Ség(?:g Ol);t{rg%g()f\/\gg@rﬁgigged to

13 Novenber 2@0@ps2dierein referred to as a “partially blocked polymer”. Such partially

invention will now be

Uit O

blocked silicone polymers may be stored for relatively long periods of time and



0.17, indicating the further condensation reaction of silanol groups in the
second stage. In the x-ray diffraction (XRD) spectrunloflﬁﬁ@V§§%¥ i zed

| adder-1i ke pol ynmet hyl si |l sesqui oxane (Figure 4), a relatively higher and
sharp peak at 20 = 10 and a relative weak hunp-1like peak at 28 = 15 - 30
indicate the higher |adder-like structure regularity. In the third stage, a
proportion of the residual silanol groups of the polynmer produced in the
second stage were partially bl ocked by“%rinethyl silylation with the

bl ocki ng agent, trinethylchlorosilane, 10 nol % of bl ocki ng, agent per nole
of Si atons i#retindhemescliesussfils pndBay alse:bsiscdisa Xerrty of ﬁPﬁlC@ﬁ%ﬂSr ction

m xture at 50 OmT & rng,as%u]g@c .iﬁ%}'e{%a\ﬁﬁésivsets.i rred at 20 - 50C for 2 4 hours
to conplete the dlocking reactio ,I}hen an excess anount of water was
introduced into the reaction mxture to term nate the bl ocking reaction.
The resulting solution was purified by washing wth water several tines
until the washi ng W Brst plageepfdhc f”(ﬁﬂwgd‘flﬁlaélpwb%léscﬂéﬁefii“émp? Wtked pol yner
was recovered by renoving the solvent through vacuumdistillation. The
partially bl ocked polynmer was stable in both solid power formand in

organi ¢ sol ution. TFhHaspeeal fbunfl thdidysoardflecsinreofthe treackiby chnditémscand

pol ynet hyl si | sesqui oxane is 89% Its i ght avera npl ecul ar ight is
2400 measur et 4B TS RERIBRHAERY B M GHATBENE Ry ok eouereyS @ g

pol ystyrenes gg®i2Rfa cdtrolfeddHbiBcudarSPast. thias KTicRicPBE 61 ek fcoh el
partially bl ocked pol ynet hyl sil sesqui oxane synthesized in the third stage.

The OH Si 0 of of the rerstion temperasiio@rd 8y phsl yseef pgriain sledingunaisciale Syiebltesi zed in

bl ocking of t HEnEredt (e e amans feded oo b PR R RN o5

measur ement oforhluér sivér bgswzed pol ynet hyl sil sesqui oxane showed its highly
ordered | adder-1like structure, as the peak (a) at 8 = -55.3 ppmrelated to
the defective Si-atonms was not observed. 13 Novenber 2003 27 Exanples 2

and 3 Ladder-1ike getd i jsaoxane prepolynmers were synthesized in the
sanme manner as the§$§3§#§¥¥§§ |n9Exaane 1, except the different nolar

rati os of water towkeramR", R hyid R ned aacty hrlepeandentiyveslectets &@m A& shown in
Table 1, the nolar ratio of water to nononer should be not less than 6:1 to
ensure the coBpmpransisthedifysi s of nonomers in the first stage. Table 1

Effect of nolar rag] r r h [ foon in the
first stage. NblarL#@?g%h3@?@ﬁp&ﬁﬁggﬁéﬁﬁﬁ%ﬁgw&gEQ?é&%%Q%@H%F%gﬁgy%roIyzed,
unst abl eEX36: hétatdcycliydr ol yzed, stabl eEXI 10: 1Ful |y hydrol yzed, stable

Exanples 4 and 5 Ladder-|ike nethylsilsesqui oxane prepol yners were
synt hesi zed in the sane manner as the first stage in Exanple 1, except the

di fferent nONQA@Ia sANGENSS A bQASH WRAS 4 28EmpAaNRO B¥BW dbokbse, 2Hidhhe
nononer concentration within the range of 0.74 - 2.94 nol/kg sol vent can be
used as it dogurifyovatehlmying a specific resistance of at least 18.2MQ-cm should be used

in acid solution. Suitable acids including hydrogen chloride. The reaction

should be continued until substantially complete hydrolysis of the monomers

has occurred. Typically, the reaction is complete by 48 hours, and it is

preferable for the reaction to be performed for about 10 to about 20 hours. The

high regularity of structural resulting prepolymer may be controlled by the

concentration of the monomer and solution and the temperature of the reaction

mixture, the purity of the water, and the rate of addition of the acid solution.



much effect on the yield and condensation | evel of the synthesized |adder
silicone pre-polymer in the first stage. 13 Novenber 2083Noygnberpts .
Ef f ect of nonomer concentration on the hydrolysis reaction in the first
stage. S/ Nvbnoner Concentration nol/kg solventYield %&i | anol content

OH/ Si OEX40. 7491. 50. 27EXI 1 2. 2993. 90. 26EXS2. 9493. 90. 28 Exanples 6 and 7
Ladder-1i ke net hyl sil sesqui oxane prepol,,ymers were synthesized in the sane
manner as the first stage in Exanple 1," except the different reaction tine
was used. As shown_in Table 3, a | ower prepolyner yield was obtai ned when
the reaction time hwaRc3lsthemapemes, feghy & a‘D‘ih‘tYHé‘mﬁ W@?‘ﬁﬁ‘\ﬁ‘& 15, {gteer

prepol ymer i 'tﬂ%n%éat?licas%We?Y%%f gt@ﬁgﬁeﬁﬁo%ﬁf&aﬁ%p@ggmtplatrﬁ@chaﬁeat ion time

nore than 16 hours. I's als that the re anol content of
t he synt hesi zgiitrqpr epdioppizreg dpmehrasdt » thermontbége ndentheofrequired readttonon ti me

inthe first stage. Table 3. Effect .of reaction tine o }he hgdrql)lrysis
reaction in t KEPEatee aélfja‘@j’éh constant stirring, an excess amount of ultra-puré wate

containing an acidic catalyst is added in a drop-wise manner. After the
addition, the reaction mixture is stirred overnight to complete the hydrolysis
reaction and the hydrolyzed monomers are partially condensed to form the low
molecular weight ladder-like silicone prepolymer. The prepolymer solution is
purified by washing with water several times until the washing water
approaches necutral pH. The prepolymer solution is then vacuum distilled to
remove water and methanol, as well as a part of the solvent. The key point of
the first stage is to control the hydrolysis condition to synthesise the highly
ordered ladder-like backbone of the prepolymer.

The R groups of the monomer may be relatively inert, or may be
functionalised or reactive groups. Examples of suitable R groups include
methyl, ethyl, propyl, butyl, hexyl, octyl, vinyl, hydrogen, 3-glycidoxypropyl,
cyanopropyl, and phenyl. Preferably, the OR groups are lower alkoxyl groups,
such as methoxyl and ethoxyl groups. The starting monomers can be used as
chemical reagent grade or industrial grade and may be used as received from
commercial sources. The monomers may also be purified through vacuum

distillation before use.

The monomer concentration in the first stage is very important. IF the
concentration is too low, the condensation reaction of the hydrolysed silanol
groups with alkoxyl groups or other silanol groups may be too slow and cannot
achieve the required condensation level of ladder silicone prepolymers. IF the
concentration is too high, the condensation reaction may be too fast and voids

may be introduced into the ladder-like structure and may even cause gelation of



S/ NReaction tinme hoursYield %silanol content

OH/ Si 0EX6865. 40. 28EX71693. 90. 26EXI 2093. 20. 28 13 Novenhdp Nowtmbeo gy anp) es
8 and 9 Ladder-1ike polyal kyl sil sesqui oxanes with different nol ecul ar

wei ght were synthesized in the simlar manner as in the second stage of
Exanple 1. The effect of the reaction condition of the second stage,

nanmely, the al kaline catal yst concentrﬁglon and the reaction tine, on the
nol ecul ar wei ght of the synthesized | adder-|ike polyal kyl silsesqui oxanes

was shown in Table 4. Table 4; Effect of the reaction coni;iltlon in the
second stage B8 TAdiogomEtwear Theinjeferred manemey ¢opeeairatien of the present

g;"lgfg%'eg'ﬁ 'm'eal{%o g@;&mmﬁm G5! b6t £ AMAESNRhE GHb R prifel 81 R K MeOH 1

pr epol ymer Chr siduMibwikg dbil2Ail0023003. 3524700174003. 73EX87S086600267004. 0S471
00316004. 4458900398004. 4668600405004. 7217000303004. 3027900455005. 77EX910703
37800693001. 84444300845001. 905443001002002. 26 Exanples 10 to 15 Ladder-1li ke

pol ynmet hyl si | sesqujtogapese \Apgrbclskeaftﬁateﬂﬂé &Rt imay baRedd dloaklRrcnt ent
were synthesized in a simlar manner in Exanple 1. "The residual sil anol

group cont ent campkinatinns raf| difdrent mcmemigtso c he (prgamie solvents [suitatlg for theage.

present invention are those non-aqueous organic solvents that can readily
dissolve both the starting monomers and the synthesized ladder-like
polyalkylsilsesquioxanes, as well as their respective prepolymers. These

solvents include:

(1) Ketones - such as, methyl ethyl ketone and methyl isobutyl
ketone;
(2} Ethers - such as diethyl ether, isopropyl either;

(3)  Aromatic solvents - benzene, toluene, xylene.

The solvents may be used as chemical grade or industrial grade.
Depending on the nature of monomers and the resulted ladder-like polymers,
the above solvents can be used either individually or in admixtures. Methyl
isobutyl ketone is the most preferably commonly used solvent that is suitable in
the synthesis of the ladder-like polyalkylsilsesquioxanes of the present

invention.

The first stage of the method of the present invention uses high purity
water to hydrolyze the starting materials. Preferably, high purity water with a
specific resistance of at least 18.2 MQ-cm is used. Theoretically, one mole of
the alkyltrialkoxylsilane monomer needs only 1.5 moles of water to hydrolyze
the alkoxyl groups. However, in practice an excess amount of water is used ot

ensure the complete hydrolysis of the monomers. Preferably, the molar ratio of



13 Novenber 2003 30 Table 5 |listed the residual silanol ggﬁoents 5(5?)3t erns
of the peak height ratio of O/ Si0 of the synthesized |a LT

pol ymet hyl si | sesqui oxanes with different blocking | evels. Increasing the

bl ocking level from5 to 30 nol % the residual silanol content gradually
decreased as the evidence of the OH Si0 decreased fromO0.10 to 0.01. Table
5. Effect of blocking |evel on the resjgdual silanol content of the

synt hesi zed | adder-1i ke pol ynet hyl si | sesqui oxanes S/ NBI ocking | evel nol %

I()flog% ?IE%Z?E%E%E g&g%ﬁ&%@‘tﬁﬁg}f%@lﬁ)ﬁ%@b %@EX!E% feP AP o cedur e

descri bed i n BRigliao bt 12yt hesi zi ng pol ynet hyl si | sesqui oxane can be used
to synt hesi ze ot her polyal kyl sil sesqui oxanes. The al kyl groups of the
sui tabl e al kyl tri met hoxyl sil ane nononers include ethyl, propyl, butyl,

cycl ohexyl, phenyl . cyanopr | _and vinyl dr . Xyl
pol yphenyl si | sesqufngéﬁés gﬁf@%%@%%%fg%d@&S S;/Jrgé%llogg)&h%an c%ﬁlcli%snosfati on of
phenyl tri met hgyyhsohREaridaht QWsegichi@ndaetisibicaaital (dghe gnchaxangilagoll. | n the
first stage, 453.4 grans (2.29 noles) of phenyltrinet hox?/I silane and 1000

a

grans of MBK goups withradlierye groups @nd otleasilerol growpsnobsnaelar rat® sbthénber 2003
31 concentratjQn 9 . S . i (o] L.Qn: was then
cool ed down t%aglg}lx%\%l)éb?%mt%ﬁbélléglgll p}éggﬁtmf/ggglr% %g@ﬁ% aﬁit eeJn%a# (r?élg)y\ﬁ’i ng the
subambi ent t enRgrsthirag iow NSs,r acliydesl ysiolaud i @hAdendationX teatitorotatésl @re2 gr ams
(22.9 noles) of de-ionized water _and 4.93 graps (0.05 nol es) of

concentrat ed TeiFiyhylomeclipe ripsulting dn \pestial Jholypis pofmaspmers, #pd tRe react or
under the con . il | .al; ' s 10:1
and the nol ar Eﬁog?%lgé %fvreg%l |é;lr Jggctua yﬁlg%tg&%égﬁngmée %B&ﬂ%gﬁ?&%’{ %\)}H?er t he
addi ti on, thehighasddhoas moxdt thap W&s the ihydmilysisvanccatdenyalién reactions afthe

resul ted | adder si]icgone prepal r solutiaqn was purified by shing with
hater sever al KEY GTE: 1L A SUEGEIORE BRI dune dosy EFARS t STas

prepol ymer SOEM&h@PwY&ﬁ%&Qﬁﬁbtﬁ’rﬁpfégﬂi‘aﬁiysin'd|1$»$§ol§19ili'i)€.”DVe wat er and met hanol ,
as well as a paft of the solvent. "The "hi gher silanol content (OH/ S0 =
0.56) of the prepolyner as conpared with Exanple 1 showed the | ower
condensation | evel pf the hydrolyzed epyltrinmeth | silane. The yield of
Che Tiret otage alhosagien reriigdnaRtity soef ol bednfBdey ML
prepol yner sypidresd Z@dureNa tdgoolth lshdw SleadRnWMakd) df BotRT @B OhyHIBIsi§ Ofigent r at i on
of 20 wt% in MBK solution was further condensed in the presence of 7 wt%

of the al kal i pendgasasipy e aghigyerhighlymedetpd lddar-lkes gawsture.o Preferaplye sl yner .
The reaction |t ] e f h si | anol
content (OH S?e%fH%Jf Qﬁ?\éﬁ;ﬁu&%gﬁcglrl&gé;%@%s&fgg_ﬁ\goﬁ%&gle%ghg%sfg ’38@@‘55 reduced
to 0. 04, indi sdllicngtalyseisf dinttdiewith ovace nadtheostidie actdranslowls diipped| ingr oups i n
t he second stage. Upon the conpl etion of the second stage, .the residual

si lanol gr oup¥FofeafiiRfy &pluton jie JireP BpJEIaHon (Rmperalire KiEHN vifie reqwredp| o5 of
trinethyl chl ofQ8ilAne . Mol e of Si atoms. The reaction m xture was
stirred at 30 - 80C for hours. Then excess anount of water was introduced
into the reaction mxture to term nate the bl ocking reaction. The bl ocked

adder st11cone congl ¥ 0lih ot HEPuRH bl fibe ng BRNIeRT0 thidle YR ©
complete hydrolysis of alkyltrialkoxylsilanes and a certain level of
polycondensation of the hydrolyzed monomers, and is preferably from about 3
to about 48 hours, and more preferably from about 10 to about 20 hours. Under
the above-mentioned reaction conditions, the polycondensation reaction in the

first stage reaches equilibrium and the molecular weight of the prepolymer does

not further increase even when the reaction time is increased. The weight



13 Novenber 2003 32 water reached to neutral. The yield of the synthesized
pol yphenyl sesqui oxane is 91.5% Its weight average nol ecdfafoveirheyRi03; s
6229. The residual silanol content (OH Si0) of the pol yphenyl sil sesqui oxane
was 0.02. Figure 5 shows the FTIR Spectrum of the synthesized

pol yphenyl si | sesqui oxane. Exanple 17 The procedure described in Exanple 1
can al so be used to synthesize | adder-]|ike silicone copol yners through
hydrol ysis and condensation of two al trial koxyl silanes. This exanple
denonstrates how to incorporate the epoxy functional groups into fhe

pol yal kyl si | s&&gracoRalseulan Betbh of tb%P%@%’Wﬁéy%Wegn‘grﬁ?‘E AHTstoHagst 15t wo

al kyl trial kox i pdhoWhi ch one nononer bears a pendant epoxy group.
In the first g%éﬁﬁg?mggbﬁ dqgians (2.7 noles) of phenyltrimethoxylsilane,
70.8 granms of 3-glycidoxypropyltrinmethoxylsilane (0.3 noles) and 1000 grans
of MBK were introduced into a reactor. The nomer concentration was 3.0
nol / kg sol vent andTﬁ%%ﬁcﬁﬂ)‘FQFger’aﬁﬁ@ﬁB‘?'cﬁﬁ’é(ﬁ% I?‘;?Y‘f?é‘ W59 | ane to

3gl yci doxypropyl trinmet hoxyl silane was 9:1. The reaction solution was then
cool ed down to below 5C with a salt ice-water bath. While maintaining the
sub- anbi ent t enper bt theeseodndt $tage; elxc tadder Shdant i ppepolymeri symthesized i64@ gr ans

(30 nol es) of .de-ionize ter and 5.92 granms (0.06 nol es). of ncentrat ed
(37% hydrochf‘bstti%agefcilsd%\%%raﬁcaﬁanﬁ? oft séﬂr?eécﬁ’t 8?tﬂ1eaﬁ‘éaﬁﬁ o"‘t‘r’?%ff er the
constant stirfingalyTBR Rt mifiurOoof so‘l\?fkﬁroftpﬁbfﬁgﬂ%/a o ani®sdlvemd the

0

mol ar ratio of "acidic catalyst to nononmer was 2. After the addition,
the reaction i# beatedetoviarequired readtieyy tempetpiere agl thontky) requived pasunttefd | adder

silicone prep ner | yt.i on urified b i i . e ver al
s unt 1t AR FRA et BoelRpRU PRy §F Mo anblpd Rk B

(OH/ Si 0) of theRieRel foies fuvashdissl 8. ThEbEgHY carethl odontrbE of i ths tpregokgicrnwas

90. 2% 13 Novenber 2003 33 In the second stage, the | adder silicone
prepol ynmer sy#feIseiratiog, fatalysiaisager and the srgetion empersaurp aahimentadderdikeent r at i on
of 10 wt% in O ki r [ . prese - of 7 W %
of the a|ka|iﬁ@§§ﬁﬁhk§%t&PfgﬁﬁE@#§%E§dﬁﬁgagﬁﬂ%fgg5@%%95% ﬂﬁ% %%ggﬁlyner.
The reaction salditionost theSedone Btage Ak eadnabll&DG ddist thelnvleaularMagighti | anol
cont ent (C]—I/Sig% of the copol yner synthesized in the second stage was 0. 19.
The hi gher oOHPEihg synfhepzeddaddstriky pRlyalkylnilseptitionanes he first stage indicat ed
the partial ring opening of epoxy groups during synthesis. Upon the
conpletion of the second stage, the residual silanol groups of |adder

si |l i cone copol yner Thermepilpnke dondentratith vl reodf tthé meajby |pakdnmtasi inane per
nole of Si atqns_at.30 - 80C.for 3 hours.. Then.the reacti sol uti.on was
Seirred with SR FOMSEIRHPT gaeoi 9s IR ike Brisk et st fatllaeli

hydr oxi de di swﬂ;;m?mﬂméﬁ@x@mrm Qh WAd epredént aTRVefibn,! eEBEr@ESEm&V er ni ght
to termnate the blocking reaction. The addition of sodiumhydroxide is to
neutral i ze theonyenEtpnas praferally ibewt ktogatiogt AhwtPofdhe dsalisabienopersed epoxy
rings during [ L) c r | Lt i was t hen
purified by V\ggﬁﬁr%p\%ﬁ?ﬁ S\i%)t%;rg&ts%@gggfheﬁ {)J%gogn?an q?ﬁnga Shhl%glééﬁ v?/:'ra er reached
to neutral. Tpepylyaled coficenhiaticiy nhidRighereie molecular weight of the synthesized

pol y(phenyl - co- 3- gl yci doxypropyl ) si.|l sesqui oxane was 88.9% Its wei ght

aver age nol ecBPRMCHTEMHPE Hgothsis ropction Brarameders RoRstathe FTI R Spectrum of the
synt hesi zed pol y(phenyl - co- 3-gl yci doxypr opyl ) si | sesqui oxane. The resi dual
silanol content (OH Si0) of the copolynmer was 0.05. Exanples 18 to 21 The
functional group cOnidadilniabkglihadataelystsiikeugesl malak hydiokiles guclorasediuman al so

be synt hesi ze hr ough bl ocki ng, t he .non-funct.i.onal . pol yal ky] si | sesqui oxanes
w th Tunct | onSYorgFg And P HRnEy Stk e LGEHES St & thagneltum ofide.

The preferable alkaline catalyst solution is a methanol solution of potassium

hydroxide (KOH), prepared by dissolving 1 gram of KOH into 1 litre of

methanol. Preferably the amount of alkaline catalyst solution used is about 5 to



13 Novenber 2003 34 the third stage. The non-functi onal

pol yal kyl si | sesqui oxane used in this exanple is ponnethQﬁ%WF§@§ﬁgx3xane
synthesized as in stages 1 and 2 in Exanple 1. Table 6 lists the
functionalized | adder-1i ke pol ynet hyl sil sesqui oxanes synt hesi zed by

bl ocking with respective functional bearing bl ocking agents. Table 6.
Functi onal pol ynet hyl sil sesqui oxanes slnthesized by bl ocking with
respective functional bearing bl ocking~agents S/NR in bl ocking agents:
R(Mez) Si - C1Bl ocki ng | evel nol % of Si -at onsResi dual cont ent

O S5 DEX183- gk A0y e PIPODTIOX i e RS SOERDO 8 e el 1

1 CYan0Pr OBYly 1 5 ZRcs Oyl Mol PG SRS REGHARCAL 0D, SSQRRY s moans

"includes or consists conprisin means "1 ncluding or consisting
of '. The feapslyemddnsatbp seadtiomratehenibe rcesilyicogtraisicr i ption, or the fol |l owi ng
clainms, or the acconpanying draw ngs, expressed in their specific forns or
internms of a neans for perform ng the disclosed function, or a nethod or

process for attai nirpg e{iGiedi RedtRACRMpEAMIIE is AROMPPIAPSTaAE Paraf@Yer in
separately, or in any conbination of such features, be utilised for

real i si ng t hedéteneiningothe i condénsaticne rdagtions in e eeond staps. NBregarly. 803 35

CLAIMS: 1. A nethod for producing a | yner. conpri S| f: (i
reacting an oFeﬁﬁth?IbteW{??‘frBH?@}e %{:orfcgﬂgge léﬁg’%nﬁoﬁépqﬁgb{;ﬁﬁ(ﬁ@%?%r mJI( a?
R -Si (O?Z)(O?g,)e@éﬁﬁ} aBOR30ItH abdut 86, R3 and R4 are each independently
selected fromthe group consisting of: hydrogen, alkyl, alkoxy, alkenyl,

al kynyl, aryl, cycloal kyl, heteroaryl or heterocyclyl; with a solution of

an aci d di ssol ved j iyt el NaYicatodty SRECLLLG o ERESHARGR o8 il chéfil 18- 2

Merr)-cm at a tenper el"owabou 0 grve a prepolyner, and
temperature are kept constant in the second stage, the reaction time may be used

to control the molecular weight of the synthesized polymers. The longer the
reaction time used, the higher the molecular weight of the polymers
synthesized. In the present invention, the weight average molecular weight of
the synthesized ladder-like polymers may be controlled from about 2,000 to
about 100,000 through adjusting the reaction time in the second stage.

The third stage — Partial blocking of silanol groups.

Although the polymers produced by the second stage of the method of
the present invention as described above are in themselves useful, they may be
further modified in a third stage of the invention to product partially blocked
polymers. Such partial blocking of the polymers changes their properties, so
that the partially blocked polymers may be useful in a variety of applications

and compositions, for example in coatings and adhesives.

When the required molecular weight of the ladder-like
polyalkylsilsesquioxane is reached, the condensation reaction in the second

stage may be quenched by the third stage described below.



(i1) reacting a solution of the prepolyner with a solution of an al kaline
catal yst at a tenperature above about 25C to give a pol ydéMNovemkgr 2003 )
reacting a proportion of the free Si-OH groups of the polynmer with a
predet erm ned sub-stoichiometric ambunt of a bl ocking agent to give a
partially bl ocked polymer. 2. A nethod according to Claim1l wherein Rl is
nmet hyl, ethyl, propyl, butyl, n-hexyl, cycl ohexyl, cyanopropyl, vinyl,
hydro, phenyl, or 3-glycidoxy propyl. 2 A method according to daim1l or 2
wherein R2, R3 and R4 are independently methyl or ethyl. 13 Novenber 2003
36 4. A method accbpen eempletiemgt thaeeastion pbthp sewadistige.dl RIPPE o F Bien t wo

di fferent nongneg re reacted .together. i s i . t hod ,accordi ng
to any one of “onet, RufentinGufol MSCbL b PRERIsbsesiyiafilR B e ot

| east one nonpREKed WyStIRP ddiditions of roBledOME dgeht. t 0 Aalppedetedmieli/ kgb-sol vent .
6. A method according to any one of the preceding clains wherein the
concent r at i onsteichiomeirig amenai ofothe Heorking pgan is sloply jayldadsing theieadiont 1 to

about 3 nol /kg. % . . r di recedi ng
cl ai s mhereiﬁuéﬁ%'ggﬁhgﬁ?géngﬁnggsgﬁgggfhﬂggéﬁs%ﬁéoﬂgﬁgﬁ%?kpﬁkggep (i) is
from about 2 teact&da0UAn 3x¢ew$ Algumafweitds.is Shirodueslt ihedthacewtion ndxtue @ny one of
the preceding clainms wherein the solution_of the ai .l east one nopnoner

conprises at (cgBuateghe blogkingrreadtiope dits Plogkstpelyalkylsysssaeigrancsioluignos
b , I eVl i . I ,
enzene, 10 ugg@éﬁi&ﬁ %Bsyl{r&éewhﬂh \arﬁ‘rngGAaéhaé tiﬁ%egr\ﬁml i pn oftBWaskone

di et hyl ether I Sopro t her. according to any ore of the
precedi ng cl aivaer apEpadhes nwerad.olTht ipartially Hdvoked polyekkslisilsasquinpamesmarayconpri ses

met hyl isobutyl keton 10. A nmethqd acgcording.to any one of the preceding
clai s wher ei TE iavaredly fegipvig Be pelyerd by Jaguup fisM4loh about 3 to about 48
hours. 11. A nethod according to any one of the preceding clains wherein

t he
Suitable blocking agents suitable for this invention include:

(1)  Silanes with the general formula of R°R°R’SiOR®, where R°, R®
and R’, are each independently selected from the group consisting of:

hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl or
heterocyclyl, such as methyl, ethyl, propyl, phenyl, 3-glycidoxypropyl, hexyl,
cyclohexyl, octyl, etc., and where R® is an alkyl group, such as methyl or ethyl.

(2)  Trialkylchlorosilanes with the general formula of R°R'R!!SiCI
where R°, R and R" are each independently selected from the group
consisting of:

hydrogen, alkyl, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl or
heterocyclyl, such as methyl, ethyl, propyl, vinyl, phenyl, 3-glysidoxypropyl,
hexyl, cyclohexyl, octyl, et al.

3) Others, such as hexamethyldisiloxane.



reaction tinme for step (i) is fromabout 8 to about 24 hours. 13 Novenber
2003 37 12. A nethod according to any one of the precediﬁah@Y%Wﬁﬁm%Herein
the reaction tine for step (i) is fromabout 10 to about 20 hours. 13. A
nmet hod according to any one of the preceding clainms wherein the reaction
tenperature for step (i) is below about 15C. 14. A nmethod according to any
one of the preceding clains wherein thﬁ reaction tenperature for step (i)
i s bel ow about 5C 15. A nethod accordi'ng to any one of the preceding clains
wherein the nolar ratiq of the maher to ﬁ%ﬁt one nononer is from

hge.at I
about 3 to 1 to ab@ﬁ'ﬂerﬁlb’ tSB"af!nglé.eﬁlyP&t( Filape HOFKHg AECIUSH\AIG RO ¢t he
precedi ng cl algge ﬁ{aﬁ'éﬁ'e% gﬁ%r {S@Jle?%f Bﬁ)tckﬂg?d%clt{[@??gﬁ%i@%‘htaﬂﬁitﬁh, Ingast one

nononer i s from about about 12 thod according to
any one of thkydrocdaili agd gbmeirated Woar the rbledkéngmehetionr aniedfeofivelhquewwher to t he

at | east one pononer is fromabquf 10 to 1 tq about 12.t.0 1. 18 .. A nethod
according to GfiyfoBs S".l‘ffo“trﬁ%c“ﬁl“e(géfi‘? ﬁﬁoﬁﬁ?éﬁaﬁ%ﬂ!ﬂﬂﬁ%ﬁ%ﬁ?hﬂn%ﬁﬁcéﬁ@%t i on of
the acid in sgRAydivked M the QRLAPESe ih sit@. BROWErelSre PRIFGAIE % ud tHBTYpRI

according to any one of the preceding clains wherein the concentration of

the acid in stQpsilany bleckingragapisut Fungtipnab@meupscontdinging blocking agents
provide a convenient way of introducing functional groups into the
polyalkylsilsesquioxanes, giving partially blocked polymers having pendant
groups such as vinyl, alkyl, epoxy and hydrogen, which may be further

modified, cross-linked etc.

Theoretically, the content of the residual silanol groups of the
synthesized polyalkylsilsesquioxanes is determined by the regularity of the
ladder-like structure, molecular weight and the blocking level. In the present
invention, ladder-like polyalkylsilsesquioxanes with different content of
reactive silanol groups may be synthesized by adjusting the predetermined
amount of blocking agent to give partially blocked polymers having different
properties suitable for various applications. Preferably, the blocking level is 5 —

50 mol% per each mole Si atoms, more preferably 10 — 30 mol%.

The ladder-like structure regularity can be characterized by x-ray
diffraction (XRD). The XRD spectra of the polymers of the invention were
recorded on a Bruker Powder XRD. There are generally two peaks in the XRD
spectra of the ladder-like silicone polymers. A sharp peak appears at a lower 20
from 5 - 10° depending on the size of the pendant R group, corresponding to the
inter-chain distance for the polyalkylsilsesquioxanes. This peak can be used to
characterized the degree of regular structure of the ladder-like polymers. A
wide hump-like peak appears at a higher 26 (centered at around 20 — 30°)

representing the thickness of the polymer chains. A relatively higher and



13 Novenber 2003 38 20. A nethod according to any one of the preceding
clains wherein the concentration of the acid in step (i)lﬁébeﬁﬁiggﬁut 2 to
about 3 nol % 21. A nmethod according to any one of the preceding clains
wherein the acid in step (i) is selected fromthe group consisting of
hydrochl oric acid, phosphoric acid, sul phuric acid, acetic acid, and
aromati c sul phonic acid. 22. A nethodﬁﬁccording to any one of the preceding
claims wherein the concentration of tHe prepolyner in step (ii) is from
about 1 to about 30 wt%_ 23

. A net hod di t t di
cl ai ns mhereiﬂmﬂﬁﬁp@@h@éWf?érﬂ@gg gﬁﬂggc iﬁ%ﬁ?ﬁﬁgpiggggggm?%%T9§§p¥?gﬁ1'ng
about 5 0 abgytiy A0, Y Mendfradhi TR RAUAGE N, Lo any one of The preceding

cl ai ms wherein the concehtration o e prepolymer in step (ii) is about 10
wt% 25. A nethod according to any one of the preceding clainms wherein the
reaction time for step (ii) is fromabout 0.5 to about 10 hours. 26. A

met hod accordi ng t'Phea[b)dd&nl‘il(eo.&rllcﬂﬁalpfegﬁﬁﬂkn&lﬁhl@é 6 ohbRERHPed bg *fSact i on
time for step (ii) is about 2 hours. 27. met hod ?ggording to any one of
|

the precedi ngNRibpestrahdheterara permadly fepmaippeaks épa (151 NMB speaiin- Asobut yl
oo 20 bERPA RS LhP b s E Rl BB FOGEARG S ANIRguher o1

the reaction ¥ tur e rom abou about 13

Noverber 20034ei8cti2- Sifattmt N@E. agsersiiaemd aodpurtoor tief lddder-bkeeggilarg cl ai ns
wherein the reaction tenperature for ste ii) is fromabout 40 to about

70C. 30. A mepdlpaensicetaehgihils ﬁl@ypf‘@he(ﬁbfgt %Ih% -b4-8 Wi [OreIPandssowtEr ei n t he
| f srirar . B _ .
catal yst Tor %%8@51%&9 'aig?déﬁtﬁdéq\(};'u&‘e %E@ﬁg%ctua?@ngfrémﬁsﬁfawyﬁ‘ﬁﬂé @t © any

one of the prece erelrn conc ation of the catalyst
sol uti on usedladgerslikeppolymdr baskbdneut Thkgrafio, B/(a+p), can be used to characterize

the ladder-like structure regularity of polyalkylsilsesquioxanes.

The invention will now be illustrated with examples. All of the reagents
and starting materials are commercially available from sources such as:
Methyltrimethoxysilane (Z-6070) and phenyltrimethoxysilane (Z-6124) from
Dow Corning; 3-glycidoxypropyltrimethoxylsilane  (Silquest  A-187),
methacrylpropyltrimethoxysilane (Silquest A-186) and vinyltrimethoxysilane
(Silquest A-171) from OSI Specialties, Crompton.

Example 1

In the first stage, 750 grams (5.5 moles) of methyltrimethoxylsilane and
2400 grams of methyl isobutyl ketone (MIBK) were put into a reactor equipped
with a mechanical stirrer, a dropping funnel and a thermometer. The monomer
concentration was 22.9 mol/kg solvent. The reaction solution was then cooled
down to a sub-ambient temperature within (-15 - 15°C) with a salt ice-water

bath. While maintaining the sub-ambient temperature of the reaction solution, a



32. A nethod according to any one of the preceding clainms wherein the
concentration of the catalyst in the reaction mxture of 13Nepenier $003s from
about 5 to about 20 wt% with respect to the prepolynmer. 33. A nethod
according to any one of the preceding clains wherein the concentration of
the catalyst in the reaction m xture of step (ii) is fromabout 7 wt%w th
respect to the prepolyner. 34. A nethod according to any one of the

precedi ng clains wherein the reaction ¥ime for step (iii) is fromabout 1
to about 5 hours. 35. A nethod according to any one of the preceding clains

wherei n the radguieqf Wlngrams (Sxmeles) pf f§-ignizedrbeagsiull- P emsp@uli2l4 hours.
36. A t hod dj t f cedl ' -n.th
Conction 11 merpi) o BcEReREY (2PF) BlardelIIOREE b oBu RAREHF R TF

according to gRyesier @idet iR @ns@fdititfing| dhasnoMerativ roftwier wambaamert | ne f or

step (iii) is fromabout 30 to about 8QC. 13 Novenber 2003_40 ]%8 A
met hod accor dway 10d and then@olgr retife ob peidiEdsatal v | e TRRNCRIE 352 2hBOI5F-ocki ng

e ha wmor Bk b addiidh, bt ALAHLE ThRHAS A Ginred Sovethithl OB Aol 19 1O

Claim 38 wherein t kKychl'orosilane is a dine osi | ane.
40. A nethod esmpledi thg HydroDystd readionnwist dienhytdnelyzddkmbnemers thadfpattiedlydi met hy|
al kyl chlorosilane is selected fromthe grqup consisting of nmethyl, 3

gl yci doxypr oan,deWeW‘P ,forﬁy@fvvomamulewmb&ég@qrth fﬁ‘cﬂn‘hﬁ%%’gy‘ﬁ@c ing to

any one of Iﬁa{dﬂ@r-ﬂkets‘?li%%e%?@ﬁg?kgﬁf EufRP&Hd fhgn %ﬁﬁErréd’fntc}fE%&aﬁthﬂ ) is

hexanet hyl di sil oxane. 42. according to any one of the preéceding
cl ai ms wher ei funble Jie untvenfaqidons Kayey aagseremaysé chnidnthe tagani¢ ilayer ivsasf r om
about 1 to about,.90% per. .nole of Si-atons.in th ol r... 43. A net hod
according to B‘T"F)‘/f“’dﬁ@ SﬁaSIPH% Withowatsr ﬁ‘@veﬁa}q:ﬂ% Wr‘iﬁrt%i H%?ff?g %ﬁ%ﬁ?‘: bl ocki ng
age tnL usefl | Np&luRRty | Th pregol ek intwa thén dRauh GitcBes rdifdve wafterSi - at ons
in the polyner.

Pory and methanol, as well as a part of the solvent. Figure 1 shows the Fourier

Transform Infrared (FTIR) Spectrum of the ladder-like silicone prepolymer
synthesized in the first stage. The content of the residual silanol groups in the
prepolymer can be characterized in terms of the peak height ratio (OH/SiO) of
the silanol absorption peak at around 3340 cm™ and the Si-O absorption peak at
1124 cm™ in FTIR spectrum. The OH/SiO ratio of the prepolymer synthesized
in the first stage was 0.25. The yield of the first stage was 93.9% with respect
to the theoretical yield.

In the second stage, the ladder silicone prepolymer synthesized in the
first stage with a concentration of 10 wt% in MIBK solution was further
condensed in the presence of an alkaline catalyst in the form of 1g
KOH/1MeOH.  Upon reaction mixture reaching the required action
termperature of 50°C, 7 wt% with respect to the prepolymer of alkaline catalyst
solution was added into the reaction solution. The reaction solution was then
condensed at 50°C for 2 hours. Figure 2 shows the FTIR Spectrum of ladder-
like polymethylsilsesquioxane synthesized in the second stage. The OH/SiO of

the polymethylsilsesquioxane synthesized in the second stage was reduced to



44. A nethod according to any one of the preceding clainms wherein the
amount of bl ocking agent used in step (iii) is f r om aboutl3 Novenpea it 30%
per nole of Si-atons in the polynmer. 45. A nmethod according to any one of
the preceding cl ains wherein the anmount of bl ocking agent used in step
(iii) 1s fromabout 25% 13 Novenber 2003 41 46. A nethod for producing a
prepol yner as defined in any one of the preceding clains. 47. A nethod for
produci ng a pol yner according to any ofe of the preceding clains. 48. A
prepol yner obtainable by any of Claims 1 to 21, or 46. 49. A pol yrer
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9 10% !V 100/& ocked polymethylsilsesquioxane synthesize in the third stage. The OH/SiO

of the partially blocked polymethylsilsesquioxane synthesized in the third stage

was further reduced to (.07, indicating the partial blocking of the silanol groups
taken place in the third stage. The *’Si NMR measurement of the synthesized
polymethylsilsesquioxane showed its highly ordered ladder-like structure, as the

peak (o) at & = -55.3 ppm related to the defective Si-atoms was not observed.
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Examples 2 and 3

Ladder-like methylsilsesquioxane prepolymers were synthesized in the
same manner as the first stage in Example 1, except the different molar ratios of
water to monomer, methyltrimethoxylsilane, were used. As shown in Table 1,
the molar ratio of water to monomer should be not less than 6:1 to ensure the

complete hydrolysis of monomers in the first stage.

Table 1: Effect of molar ratio of water to monomer on the hydrolysis reaction in

the first stage.

10 }[ M1
m&( PB4

Molar ratio
Water: Monomer Remarks
EX2 3:1 Partially hydrolyzed, unstable
EX3 6:1 Fully hydrolyzed, stable
EX1 10:1 Fully hydrolyzed, stable

Examples 4 and 5

Ladder-like methylsilsesquioxane prepolymers were synthesized in the
same manner as the first stage in Example 1, except the different monomer
concentrations were used. As shown in Table 2, the monomer concentration
within the range of 0.74 — 2.94 mol/kg solvent can be used as it does not show
much effect on the yield and condensation level of the synthesized ladder

silicone pre-polymer in the first stage.
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Table 2: Effect of monomer concentration on the hydrolysis reaction in the first

stage.
S/N Monomer Concentration Yield Silanol content
mol/kg solvent % OH/Si0
EX4 0.74 91.5 0.27
EX1 2.29 939 0.26
EXS 2.94 93.9 0.28

Examples 6 and 7

Ladder-like methylsilsesquioxane prepolymers were synthesized in the
same manner as the first stage in Example 1, except the different reaction time
was used. As shown in Table 3, a lower prepolymer yield was obtained when
the reaction time was less than 10 hours. On the other hand, higher prepolymer
yields were achieved by those experiments with the reaction time more than 16
hours. It is also found that the residual silanol content of the synthesized

prepolymer appears to be independent of the reaction time in the first stage.

Table 3: Effect of reaction time on the hydrolysis reaction in the first stage.

S/N Reaction time Yield Silanol content
hours % OH/Si0

EX6 8 65.4 0.28

EX7 16 93.9 0.26

EX1 20 93.2 0.28
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Ladder-like polyalkylsilsesquioxanes with different molecular weight
were synthesized in the similar manner as in the second stage of Example 1.
The effect of the reaction condition of the second stage, namely, the alkaline
catalyst concentration and the reaction time, on the molecular weight of the

synthesized ladder-like polyalkylsilsesquioxanes was shown in Table 4.

Table 4: Effect of the reaction condition in the second stage on the molecular

weight of the synthesized polyalkylsilsesquioxanes.

Alkaline catalyst Molecular weight
S/N | (KOH/MeOH 1 g/1) | Temp | Time
wt% of prepolymer °oC hrs Mn Mw D=Mw/Mn

1 1100 2300 3.35
2 4700 17400 3.73

EX8 7 50 3 6600 | 26700 4.05
4 7100 | 31600 4.44
5 8900 | 39800 4.46
6 8600 | 40500 4.72
1 7000 | 30300 4.30
2 7900 | 435500 5.77

EX9 10 70 3 37800 | 69300 1.84
4 44300 | 84500 1.90
5 44300 | 100200 2.26

Examples 10 to 15

Ladder-like polymethylsilsesquioxanes with different residual silanol
group content were synthesized in a similar manner in Example 1. The residual

silanol group content was controlled by the blocking level in the third stage.
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blocking levels. Increasing the blocking level from 5 to 30 mol%, the residual
silanol content gradually decreased as the evidence of the OH/SiO decreased

from 0.10 to 0.01.

Table 5: Effect of blocking level on the residual silanol content of the

synthesized ladder-like polymethylsilsesquioxanes

Blocking level Residual OH content
S/N mol% of CH,Si03» OH/SiO
EX10 5 0.10
EX11 10 0.07
EX12 15 0.04
EX13 20 0.02
EX14 25 0.01
EX15 30 <0.01

Example 16

The procedure described in Example 1 in synthesizing
polymethylsilsesquioxane can be used to synthesize other polyalkyl-
silsesquioxanes. The alkyl groups of the suitable alkyltrimethoxylsilane
monomers include ethyl, propyl, butyl, cyclohexyl, phenyl, cyanopropyl and
vinyl groups. For example, polyphenylsilsesquioxane was synthesized by
hydrolysis and condensation of phenyltrimethoxylsilane following the same

methodology of Example 1.

In the first stage, 453.4 grams (2.29 moles) of phenyltrimethoxylsilane

and 1000 grams of MBK were introduced into a reactor. The monomer
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concentration was 2.29 mol/kg solvent. The reaction solution was then cooled
down to below 5°C with a salt ice-water bath. While maintaining the sub-
ambient temperature of the reaction solution, a mixture of 412.2 grams (22.9
moles) of de-ionized water and 4.93 grams (0.05 moles) of concentrated (37%)
hydrochloric acid was added drop-wisely into the reactor under the constant
stirring, The molar ratio of water to monomer was 10:1 and the molar ratio of
acidic catalyst to monomer was 2.2 mol%. After the addition, the reaction
mixture was stirred overnight (16 hours). The resulted ladder silicone
prepolymer solution was purified by washing with water several times until the
washed water reached neutrality. The prepolymer solution was then vacuum
distilled to remove water and methanol, as well as a part of the solvent. The
higher silanol content (OH/SiO = 0.56) of the prepolymer as compared with

Example 1 showed the lower condensation level of the hydrolyzed

phenyltrimethoxylsilane. The yield of the first stage was 96.6%.

In the second stage, the ladder silicone prepolymer synthesized in the
first stage with the prepolymer concentration of 20 wt% in MIBK solution was
further condensed in the presence of 7 wt% of the alkaline catalyst (1g KOH/1
MeOH) with respect to the prepolymer. The reaction solution was then
condensed at 80°C for 2 hours. The silancl content (OH/SiO) of the polymer
synthesized in the second stage was reduced to 0.04, indicating the further

condensation reaction of silanol groups in the second stage.

Upon the completion of the second stage, the residual silanol groups of
ladder silicone copolymer were blocked with 10 mol% of trimethylchlorosilane
per mole of Si atoms. The reaction mixture was stirred at 30 — 80°C for 3 hours.
Then excess amount of water was introduced into the reaction mixture to
terminate the blocking reaction. The blocked ladder silicone copolymer

solution was purified by washing with water several times until the washing
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water reached to neutral. The yield of the synthesized polyphenylsesquioxane
is 91.5%. Its weight average molecular weight is 6229. The residual silanol
content (OH/SiO) of the polyphenylsilsesquioxane was 0.02. Figure 5 shows
the FTIR Spectrum of the synthesized polyphenylsilsesquioxane.

Example 17

The procedure described in Example 1 can also be used to synthesize
ladder-like silicone copolymers through hydrolysis and condensation of two
alkyltrialkoxylsilanes. This example demonstrates how to incorporate the
epoxy functional groups into the polyalkylsilsesquioxane backbones through the
copolymerisation of two alkyltrialkoxylsilanes, in which one monomer bears a

pendant epoxy group.

In the first stage, 534.6 grams (2.7 moles) of phenyltrimethoxylsilane,
70.8 grams of 3-glycidoxypropyltrimethoxylsilane (0.3 moles) and 1000 grams
of MIBK were introduced into a reactor. The monomer concentration was 3.0
mol/kg solvent and the molar ratio of phenylirimethoxylsilane to 3-
glycidoxypropyltrimethoxylsilane was 9:1. The reaction solution was then
cooled down to below 5°C with a salt ice-water bath. While maintaining the
sub-ambient temperature of the reaction solution, a mixture of 540 grams (30
moles) of de-ionized water and 5.92 grams (0.06 moles) of concentrated (37%)
hydrochloric acid was added drop-wisely into the reactor under the constant
stitrring. The molar ratio of water to monomer was 10:1 and the molar ratio of
acidic catalyst to monomer was 2.0 mol%. After the addition, the reaction
mixture was stirred overnight (16 hours). The resulted ladder silicone
prepolymer solution was purified by washing with water several times until the
washed water reached neutrality. The silanol content (OH/SiQ) of the
prepolymer was 0.18. The yield of the first stage was 90.2%.
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condensed at 80°C for 2 hours. The silanol content (OH/S10) of the copolymer
synthesized in the second stage was 0.19. The higher OH/SiO value as
compared with that in the first stage indicated the partial ring opening of epoxy

groups during synthesis.

Upon the completion of the second stage, the residual silanol groups of
ladder silicone copolymer were blocked with 20 mol% of trimethylchlorosilane
per mole of Si atoms at 30 - 80°C for 3 hours. Then the reaction solution was
stirred with an alkaline solution of 22.5 grams (0.56 mol) of sodium hydroxide
dissolved in 450 grams of water at ambient temperature overnight to terminate
the blocking reaction. The addition of sodium hydroxide is to neutralize the
generated hydrochloric acid and to close those opened epoxy rings during the
synthesis. The ladder silicone copolymer solution was then purified by washing
with water several time until the washing water reached to neutral. The yield of
the synthesized poly(phenyl-co-3-glycidoxypropyl)silsesquioxane was 88.9%.
Its weight average molecular weight was 6574. Figure 6 shows the FTIR
Spectrum of the synthesized poly(phenyl-co-3-glycidoxypropyl)silsesquioxane.
The residual silanol content (OH/SiO) of the copolymer was 0.05.

Examples 18 to 21

The functional group containing ladder-like polyalkylsilsesquioxanes
can also be synthesized through blocking the non-functional

polyalkylsilsesquioxanes with functional group containing blocking agents in
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In the present specification “comprises” means “includes or consists of”

and “comprising” means “including or consisting of”.

The features disclosed in the foregoing description, or the following
claims, or the accompanying drawings, expressed in their specific forms or in
terms of a means for performing the disclosed function, or a method or process
for attaining the disclosed result, as appropriate, may, separately, or in any
combination of such features, be utilised for realising the invention in diverse

forms thereof.
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CLAIMS:

1. A method for producing a polymer comprising the steps of:

(i) reacting an organic solution of at least one monomer having the
formula:

R'-Si(OR*)(OR?)(ORY)
wherein R', R% R® and R* are each independently selected from the
group consisting of:
hydrogen, alkyl, alkoxy, alkenyl, alkynyl, aryl, cycloalkyl, heteroaryl or
heterocyclyl;
with a solution of an acid dissolved in water having a specific resistance
of at least 18.2 MQ-cm, at a temperature below about 25°C, to give a
prepolymer, and
(i)  reacting a solution of the prepolymer with a solution of an
alkaline catalyst at a temperature above about 25°C to give a polymer,
and
(iii)  reacting a proportion of the free Si-OH groups of the polymer
with a predetermined sub-stoichiometric amount of a blocking agent to

give a partially blocked polymer.

2. A method according to Claim 1 wherein R' is methyl, ethyl, propyl,
butyl, n-hexyl, cyclohexyl, cyanopropyl, vinyl, hydro, phenyl, or 3-glycidoxy
propyl.

3. A method according to Claim 1 or 2 wherein R®, R® and R* are

independently methyl or ethyl.



& ()- 10% & ()-_10% & ()-S#3d_10% & ()-SI1~|[:vU4 9*10% & ()-Z 9' 10% & () -
OY%40% & ()- 9#10% & ()- 93"10% & ()- 9 10% & ()- . 4: <L_3gDgvengben g3

& ()-LZ,10% & ()-LZ 10% & ()-LZ, 10% & ()-LZ, 10% & ()-LZ, 10%

& ()-LLSTXZ d_?vU4  Z,10% & ()-LZ, 10% & ()-LZ 10% & ()-LZ, 10%

& ()-L#31Z, 10% & () - Ldei | qvw <vU4 #3l Z, 10% & ()-LZ, 10%

36

4. A method according to any one of the preceding claims wherein two

different monomers are reacted together in step (i).

5. A method according to any one of the preceding claims wherein the
concentration of the at least one monomer in step (i) is from about 0.5 to about

4 mol/kg solvent.

6. A method according to any one of the preceding claims wherein the
concentration of the at least one monomer in step (i) is from about 1 to about 3

mol/kg solvent,

7. A method according to any one of the preceding claims wherein the
concentration of the at least one monomer in step (i) is from about 2 to about 3

mol/kg solvent.

8. A method according to any one of the preceding claims wherein the
solution of the at least one monomer comprises at least one solvent selected
from the group consisting of benzene, toluene, xylene, methyl isobutyl ketone,

methyl ethyl ketone, diethyl ether and isopropyl ether.

9. A method according to any one of the preceding claims wherein the

solution of the at least one monomer comprises methyl isobutyl ketone.

10. A method according to any one of the preceding claims wherein the

reaction time for step (i) is from about 3 to about 48 hours,

11. A method according to any one of the preceding claims wherein the

reaction time for step (i) is from about 8 to about 24 hours.
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15. A method according to any one of the preceding claims wherein the
molar ratio of the water to the at least one monomer is from about 3 to 1 to
about 20 to 1.

16. A method according to any one of the preceding claims wherein the
molar ratio of the water to the at least one monomer is from about 6 to 1 to

about 12 to 1.

17. A method according to any one of the preceding claims wherein the
molar ratio of the water to the at least one monomer is from about 10 to 1 to

about 12 to 1.

18. A method according to any one of the preceding claims wherein the

concentration of the acid in step (i) is from about 1 to about 15 moi%.

19. A method according to any one of the preceding claims wherein the

concentration of the acid in step (i) is from about 1 to about 5 mol%.
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20. A method according to any one of the preceding claims wherein the

concentration of the acid in step (i) is from about 2 to about 3 mol%.

21. A method according to any one of the preceding claims wherein the acid
in step (i) is selected from the group consisting of hydrochloric acid, phosphoric

acid, sulphuric acid, acetic acid, and aromatic sulphonic acid.

22. A method according to any one of the preceding claims wherein the

concentration of the prepolymer in step (ii) is from about 1 to about 30 wt%.

23. A method according to any one of the preceding claims wherein the

concentration of the prepolymer in step (ii) is from about 5 to about 20 wt%.

24. A method according to any one of the preceding claims wherein the

concentration of the prepolymer in step (ii) is about 10 wt%.

25. A method according to any one of the preceding claims wherein the

reaction time for step (ii) is from about 0.5 to about 10 hours.

26. A method according to any one of the preceding claims wherein the

reaction time for step (ii) is about 2 hours.

27. A method according to any one of the preceding claims wherein the

solvent for step (ii) is methyl isobutyl ketone.

28. A method according to any one of the preceding claims wherein the

reaction temperature for step (ii) is from about 30 to about 80°C.
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29. A method according to any one of the preceding claims wherein the

reaction temperature for step (ii) is from about 40 to about 70°C.

30. A method according to any one of the preceding claims wherein the

catalyst for step (ii) is KOH in methanol.

31. A method according to any one of the preceding claims wherein the

concentration of the catalyst solution used in step (ii) is about 1g/l.

32. A method according to any one of the preceding claims wherein the
concentration of the catalyst in the reaction mixture of step (ii) is from about 5

to about 20 wt% with respect to the prepolymer.

33. A method according to any one of the preceding claims wherein the
concentration of the catalyst in the reaction mixture of step (ii) is from about 7

wt% with respect to the prepolymer.

34. A method according to any one of the preceding claims wherein the

reaction time for step (iii) is from about 1 to about 5 hours.

35. A method according to any one of the preceding claims wherein the

reaction time for step (iii) is from about 2 to about 4 hours.

36. A method according to any one of the preceding claims wherein the

reaction time for step (iii) is from about 20 to about 90°C.

37. A method according to any one of the preceding claims wherein the

reaction time for step (iii) is from about 30 to about 80°C.
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41. A method according to any one of Claims 1 to 37 wherein the blocking

agent for step (iii) is hexamethyldisiloxane.

42. A method according to any one of the preceding claims wherein the
amount of blocking agent used in step (iii) is from about 1 to about 90% per

mole of Si-atoms in the polymer.

43. A method according to any one of the preceding claims wherein the
amount of blocking agent used in step (iii) is from about 5 to about 50% per

mole of Si-atoms in the polymer.

44. A method according to any one of the preceding claims wherein the
amount of blocking agent used in step (iii) is from about 10 to about 30% per

mole of Si-atoms in the polymer.

45. A method according to any one of the preceding claims wherein the

amount of blocking agent used in step (iii) is from about 25%.
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preceding claims.

47. A method for producing a polymer according to any one of the

preceding claims.
48. A prepolymer obtainable by any of Claims 1 to 21, or 46.
49. A polymer obtainable by any one of Claims 1 to 33, or 47.

50. A partially blocked polymer obtainable by any one of Claims 1 to 45.



