23 March 2006 ' DESCRI PTION OF | NVENTION " LADDER- LI KE SI LI CONE POLYMERS'
THE PRESENT | NVENTION rel ates to the synthesis of | adder-I|i kg Mirth 2Z008€e
polymers and the | adder-like silicone polyners so produced. Ladder-Ilike
silicone polynmers which contain one alkyl side chain and 1.5 oxygen atons
per silicon atomare ternmed pol yal kyl sil sesqui oxanes. Due to their

| adder-1i ke structure, polyalkyl silsesqui oxanes have good el ectri cal

i nsul ation, optical transparency, waterl repellence, flane good
heat, weather, water and chem cal resistance, high hardnaﬂﬂmmmﬂmmﬂ ni ca
strength There are many publications relating to the synt e5|s o

| adder-1i ke pol yal kyl si | sesqui oxanes, as well as their vari otfé
applications. Conventionally, the |adder-Ilike polyal kylsilsesqui oxanes are
synt hesi zed by hydrol ysis and condensation of nononers of

al kyltri al koxysilanes (RS (OR )3) or aIkyItrlchIor05|Ian mmg‘nw

water in the presence of an acidic or alkaline catalyst.

of the synthesis of a soluble |adder silicone polyner, *Go0002*

(pol yphenyl si | sesqui oxanes) is disclosed in US3017386. The trichlorosilane

type nononer, pERCRIETRON ORPBENVENTIONSEed in di ethyl ether below 25C. The
“LADDER-LIKE SILICONE POLYMERS”

THE PRESENT INVENTION relates to the synthesis of ladder-like silicone
polymers and the ladder-like silicone polymers so produced.

Ladder-like silicone polymers which contain one alkyl side chain and
1.5 oxygen atoms per silicon atom are termed polyalkylsilsesquioxanes. Due to
their ladder-like structure, polyalkylsilsesquioxanes have good electrical
insulation, optical transparency, water repellence, flame retardance, good heat,

weather, water and chemical resistance, high hardness and mechanical strength.

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’);) or
alkyltrichlorosilanes (RSiCl;) 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, (PhSiCls), was hydrolysed in diethyl ether below 25°C. The

resultant ladder silicone prepolymer solution was washed with water and the



resul tant | adder silicone prepolynmer solution was washed with water and the
23 March 2006 2 diethyl ether solvent then replaced by the RB3Mar&ol(06ng
poi nt solvent m xture of benzene, diphenyl and di phenyl ether. The
reaction mxture was further polynerized at 250C in the presence of an

al kaline catalyst to give benzene soluble pol yphenylsilsesqui oxane. Many

| ater publications use simlar trichlorosilane type nononers to synthesise
various | adder-1ike polyal kyl sil sesqui &anes. For exanple US5081202 and
US5399648 ( Yamanot o), US5939500, US5981670, US6008310 and US6153689 (It oh)
di scl ose the dieélytbbthhr salbhérd thei deplaced lyjpﬂme highnboﬁng point sylvetiamixtere\odr i ous

| adder-1i ke | kyl sj | i t dant t

functi onal —gr BEENS SURheRL Ayl FWRBR PR nite BRAGHTS mABR BRe ST s 1 | ar
publ i cations gbgﬂéﬁ%@@ﬂ@ﬁrcﬁuﬁﬁz g?e%@mce'o&;ﬁﬁalﬁghne %@l 2R68ve %@%36882
JP200159889, P200159891, JP200159892 and W9707156 (all y |toh)

However, tri chdlublogpolyphenylsilsesquimeners are easily hydrol ysed by m)l sture
and rel ease toxic and corrosive hydrochl oride fumes, and special care nust
be taken in using the nononmers to prevent such unwanted hydrolysis. Al so,

partial hydrolysisnphytlaRr FaBRERIOES @88 slnfifd tHiohldFONaARME 6péOmBforhéts ttbe
| adder-1i ke structure of any resul tant polyners. Alternatively,

trial koxyl si | ayndhesigse Wﬁbﬁelaﬂdﬁh@k%epdyéhylﬁkbs%%@mt? .se Fonr iewample
ladder - i ke ppjoeghion,si L3eSqu Oyl t&?xﬁaﬁg% Nt {330985(J4S! '19%?98167 .
a t e, léss toxic

trlalkoxyIsHane{s pPE€ nononers |sf8rs1 e not “nore’s
and easier tuSs00831© and |U&;3153689agleo}ﬁ)ndisawet tiesuse af trichipasidghewtyiph

trichlorosil anm%nomers to synthesize various ladder-like polyalkylsilsesquioxanes with or
without pendant reactive functional groups, such as hydrogen and vinyl groups.
Examples of similar publications are EP0786489, AU6670396, AU706248,
CA2202665, JP311268B2, JP200159889, JP200159891, JP200159892 and

W09707156 (all by Itoh).

However, trichlorosilane type monomers are easily hydrolysed by
moisture and release toxic and corrosive hydrochloride fumes, and special care
must be taken in using the monomers to prevent such unwanted hydrolysis.
Also, partial hydrolysis of the monomers can lead to unwanted voids in the

ladder-like structure of any resultant polymers.

Alternatively, trialkoxylsilane type monomers may be used to synthesise
various ladder-like polyalkylsilsesquioxanes. = The advantage of using
trialkoxylsilane type monomers is that they are not more stable, less toxic and
easier to handle during storage and synthesis as compared with trichlorosilane

type monomers.

US4528390 discloses the synthesis of polymethylsilsesquioxanes
powder with improved flow property through hydrolysis and condensation of



type nononers. US4528390 di scl oses the synthesis of

pol ynet hyl si | sesqui oxanes powder with inproved fl ow proper t23 Mditlo209b

hydrol ysi s and condensati on of 23 March 2006 3 nethyltrinmet hoxyl silane with
aqueous ammoni a sol uti on. However, the resultant polynethylsilsesqui oxanes
does not dissolve in solvents, which may be due to the lowregularity of
the | adder-like structure of the product. US5026813 di scl oses a curable

pol ymet hyl - n- hexyl - si | sesqui oxane synthesised by partial hydrolysis of the
m xture of nethyltrinmethoxylsilane and n-hexyltrinmethoxylsilane in the
presence of I\m@f&tﬁ(ﬂ‘dﬂ)(ﬁiy(sﬂhm witlat aduyeis. anifhenia esliticant Hasgeer, sthei cone

copolyner is suitable_ for ture cur coatl ap. atlon U85081202
di scl oses a pF%E]té nofyrasf hY SPHIORFNGT aﬂ ‘{]%o ﬁ anffd

silicone pol ygeHge {othe Wv@%%ﬁfa‘n@}“of the 'Iﬁild@tﬂﬁlké sﬂﬁf%fdr@%ﬁhe pRSaHcat | ”9 f' lms  of
el ectrical devices. or PhSi(Owe)3 is hydrolyzed with water to

give a | ower nDIecuIar melght prepol yner, which is further condensed in the
presence of KOH catalyst to give high nolecular weight

pol yphenyl si | Sesqum@ms AR LL03 ahxﬁmb%%ﬁyn?etﬁsﬁlrbﬁ)&yp&né&qﬂgxaﬁi& (Owe) 3

(R = nethyl, et hﬁ met hacryl, vinyl, nercapto and epoxy groups) to
synt hesi se | adyrd esisedéysqaﬂlalbméols@tsmﬂtbmstum offmetbyldamethpuylslansraatd gr oups

hydr of yzed-w PekdRimeRTy g, ih bETERe o ofPaiiSRERRS: Gelllt 5
hours. The reghduadultah! ROGEr AlEHRSCHbIER is SHitiHIE ForZ Adishaddare Sodtingone

pol yners are blocked with an excess anount of
applications.

US5081202 discloses a process of synthesizing high purity phenyl
ladder-like silicone polymers for protection films and interlayer insulating films
of electrical devices. PhSi(OEt); or PhSi(OMe); is hydrolyzed with water to
give a lower molecular weight prepolymer, which is further condensed in the
presence of KOH catalyst to give high molecular weight

polyphenylsilsesquioxanes.

US5491203 discloses a method of using RSi(OMe); (R = methyl, ethyl,
methacryl, vinyl, mercapto and epoxy groups) to synthesise ladder-like silicone
copolymers with pendant 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



bl ocki ng agent. US5859162 di scl oses a process of synthesizing high

nol ecul ar wei ght (polynerization degree of 600 to 1000) | addeMarsl 2G060ne
pol ymer that contain 1 ppmor |ess of sodium potassium iron, copper,

| ead, magnesium and chlorine, and 1 ppb or |ess uranium and thorium

Tri al koxysi |l anes represented by 23 March 2006 4 RSi (OWw) 3 (R = net hyl,

et hyl, propyl, phenyl and vinyl) are hydrolyzed with acidic water to
produce a | adder silicone prepolymer wi4h polynerization degree of 5 to
600. The | adder silicone prepolynmer is subjected to dehydrative

condensat i on RSi({OMe)p(Rsemethybfetiayl, piopsl, iphenyd aind | vimsyl) arechydgolyreshwighri f i ed

by dissolution.,and re-preci,pitatjqn ta..obtain a high | equl ar. I ght and
high purity F%lﬁ‘(‘fe?”aéﬁfIthWHQE‘ﬁfolayhaflersﬂPf’%ﬂﬁ BrePBIry“?que?f{{_Bi%ogm%@\ﬁf’gt i ng
appl i cations. d&4rg®of 5BNBO®t TRE 1ABEY GREIHR r pUldyrﬁé’ﬂ_E REsjeeted e dehydrative

pol yal kyl si | sesqui oxanes have been devel oped. Mi sture curabl e Me-isobutyl

| adder sili copendsasafienris theynieseaes ok an kabine tdatalysé rpnd Sp sherhpurifed 8ys of

respect e moagLs, AL sl gant h WITO00A  RSORPAAT oS! Lage e

use of triacetoXxyls noners hesise SI'11E0ne

pol ynmers for bedfyladkt silidte sodyhen@itablp Por eteduricud snsulhBihg 2pRARafiomnd
JP2000103855 di scl ose a process for synthesising high purity
fl uoro-containing | adder silicone polymers through either the hydrolysis

e L e St Er
t enpl at e net haave beetli devklopedi  Moigtheengiratile dle-isobutyhtadderbsilicatel moigmergi ven
pol yal kyl si | S&uTeanBY - PaRe GBIYSPRy PP YBSqil JEHELYe ORI e zed by
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, followed 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



pream nolysis of the RSIC13 (R = nmethyl, ethyl, phenyl and vinyl, et al.)
nononers with diamnes to obtain the coupl ed dinmer tenplate,23Mdrtio2ed by
the acidic-catalyzed hydrolysis and al kal i ne-cat al yzed pol ycondensati on.
An advantage of this route is that the result |adder-I|ike

pol yal kyl si | sesqui oxanes are highly ordered, but the synthetic route is
nore conplicated and expensive. "Study on the synthesis and
characterization of the soluble, high nolecular weight and | adder-1Iike
pol yret hyl si | sesqui oxanes”, Chinese Journal of Polyner Science, 7(2), PP.
183- 188, 1989and By noprdgmersanChiaeserJactmai bf Bblyarer Sefentéyel (64), ppl 291-hogh

mol ecul ar wei and ladder-1ike pol yhydrosi| sesqui oxanesg 23 h 2006 5
and its copol %%Zr s{'},n S_G?'}iﬂ? g4y Gﬂﬁﬁtla%{ _ S@Eﬁ?&ﬁ&%@f”@ﬁﬁ%{ei’f@(‘%@aﬂ%ﬁ'
361-365, 199%ke '15619si§<b6aiaiesppi>dl>19ﬂeﬁrf€r ng/@rrbteatve%o% bi by, 98E103, 1994.

chronophore-bearing I adder- |ike polysil oxanes", Pol ynmers for Adv_anced
Technol ogi es, “The ppynthgsid 033nd19%4ray " WHEaetjont hebidy anfl the ayladderilikact i on

study of the | adder-like pol.ysil|lsesqui gxanes w h,side-chai I
oroubst.  Pol yRBPSTEidfied Sl S SYRCERu povaEs ML AGREE | |
concl usi on, t lTegihoRiglesa8 i, 662-$68f199gnt hetic routes to obtain a range of
| adder-11i ke pol yal kyl si | sesqui oxanes having a variety of structures and

properties. However, it may be appreciated that there are nany probl ens

associated with th [ [ - i t - ties of
the resultant pol ;r}rgérgci&cf’?@grﬁégée eiaﬂaﬁﬁgﬁ%%@%gﬁg& ctggbrb |1nSP§/r%%ﬁ$ere

exi sts a needladder-like potpalkyisitkespiitvamien hayny hesvarleny bR ddmcturéskeandi | i cone
polymers, for the _ladder-1ike polynmers thenselves, and for conpositions
and appl i cat i 8FPettissngHopggeTpdl ngyrbe 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.



The present invention seeks to provide an inproved nmethod of preparing

| adder-1i ke silicone polyners and the | adder-1like silicone pR3IMarerZ060
produced. This invention relates to a three-stage process of synthesi zing

| adder-1i ke silicone polyners (generally ternmed pol yal kyl sil sesqui oxanes)
with high | adder- like structure regularity, controlled nol ecul ar wei ght
and reactive Si-OH (silanol) functionality. The | adder-1like silicone

pol ymers are generally soluble in many common organic solvents and are
suitable for use as surface protective materials for various substrates
where thermal resi dcerding ol ot p'rasait inventicat there ds proyidéd al methadsfoar ency is
requi red. These subst rabﬂvl ncl ude eramcs, netals, plastics and

gl ass fiber rBioPERBARO FEFPESRE %%QS 23 March 2006 6 According to the

present invention there is provided a nethod for producing a polyner
conprising the steps of (i) reacting an organic solution of at |east one
monomer havi ng t he(i) f or makcting @ orggnicGRIMtionrRd)at BraY onasenaer iRvingRhe R3 and
R4 are each mdepegdentjl y selected fromthe group consisting of: hydrogen,
al kyl, al koxy, al ket al kynyl, aryl, cycloal kyl, heteroaryl or
heterocyclyl; with a soRulsl(m]RZt)Goﬁo(catﬁ)d di ssol ved in water having a
specific resistance, of at St a terrpe at ﬁ bel ow about

MB2-cm,
25C, to give a pr%‘é%@r Ra’nB (aPii)Rr%TS(ﬁaFlhgn‘geP%‘FWlVoW ested; Fampthg ol yirer
with a solution of gfflp 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

(ii)  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

(ili)  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 methy! or ethyl.
Advantageously, two different monomers are reacted together in step (i).

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

about 0.5 to about 4 mol/kg solvent.




al kaline catal yst at a tenperature above about 25C to give a polyner, and
(ii1) reacting a proportion of the free Si-0OH groups of the 2poMatere2006W th a
predet er mi ned sub-stoichionmetric anount of a bl ocking agent to give a
partially bl ocked polynmer. Preferably, R is nmethyl, ethyl, propyl, butyl,
n- hexyl, cycl ohexyl, cyanopropyl, vinyl, hydro, phenyl, or 3-glycidoxy
propyl. Conveniently, R2, R3 and R4 are independently nethyl or ethyl.
Advant ageously, two different nononers7are reacted together in step (i).
Preferably, the concentration of the at |east one nononmer in step (i) is
from about OCbnteniatlyythedontintiators of therdt lea?BoddmohoR80R sfepGaniseiirent | y,
the concentratjon_of the_at |east one nononer is step (i) is from about 1
to about 3 nofPoyldepbis m ﬂ?ﬂaﬁ?ﬁ%éousl y, the concentration of the at

| east one nononer in step (i) is fromabout 2 to about 3 nol/kg sol vent.
Preferably, the solution of the at | east one nononer conprises at |east one
sol vent sel ecddarftagaouslyethgr cmperdmtion sifi the) abiecabicore monomet irestep (Yyisene,

met hyl i sobutyl ket ne | ,eth etone, diethyl ether and isopropyl
et her . Conven%‘émzlﬁﬂ?}‘??ﬁdea@b’k Eﬁoﬁgg%ﬂv%e at | east one nonomer conprises
met hyl isobutyl ketone. Advantageously, the reaction tinme for step (i) is

fromabout 3 to about 48 hours. Preferably, the reaction for step (i) is
from about 8 Peeferablyt thsstlutions of tigoat toasteond onemer cemprsesmttlesst ongr st ep

(1) is from a?&%nt%@le&t%d Ef'xbo(?lli'tthezgrog]? %Esisting of benzene, toluene, xylene, methyl
isobutyl ketone, methyl ethyl ketone, diethyl ether and isopropyl 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 to 1.

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

from about 6 to 1 to about 12 to 1.



Advant ageously, the reaction tenperature for step (i) is bel ow about 15C.
Preferably, the reaction tenperature for step (i) is bel ow a3quirchidos
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 nolar ratio of the
water to the at |east one nononer is fromabout 6 to 1 to about 12 to 1.
23 March 2006 8 Preferably, the nolar ratio of the water to the at | east
one nononer is from about 10 to 1 to dout 12 to 1. Conveniently, the
concentration of the acid in step (i) is fromabout 1 to about 15 nol %
Advant ageousl j?refeﬂably(;dmcmniaraaﬁi@nf tlie thater dcitlie binleastegne( npnomerf fsofterabout 1
to about 5 Eo Pr ef er abl concentration of the acid in step (i) is
from about 2 £ ‘HBQG?IQOM% nveniently, the acid in step (i) is
selected fromthe group consisting of hydrochloric acid, phosphoric acid,
sul phuric acid, acetic acid, and ar omati c sul phoni c aci d. Advant ageously,

the concentratjon of the prepol ymer om abo t o about
30 wt % Pref eﬁgsvvllerttﬁ thebenBernitedon of tas s in f}m&épsyﬁem v ég aP‘i“?) is

fromabout 5 49 ,a0out 20 wt% Conveniently, the concentration of the
prepol yner in step (||) is about 1 Om % Advantageously, the reaction tinme
for step (ii) is fromabout 0.5 to about 10

Advantageously, the concentration of the acid in step (i) is from about 1 to

about 5 mol%.

Preferably, the concentration of the acid in step (i) is from about 2 to about 3

mol%.

Conveniently, the acid in step (i) is selected from the group consisting of
hydrochloric acid, phosphoric acid, sulphuric acid, acetic acid, and aromatic

sulphonic acid.

Advantageously, the concentration of the prepolymer in step (ii) is from about 1

to about 30 wt%.

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.



hours. 23 March 2006 9 Preferably, the reaction time for step (ii) is about
2 hours. Conveniently, the solvent for step (ii) is nmethyl 28Mdth 2006

ket one. Advantageously, the reaction tenperature for step (ii) is from
about 30 to about 80C. Preferably, the reaction tenperature for step (ii)
is fromabout 40 to about 70C. Conveniently, the catalyst for step (ii) is
KOH in net hanol . Advant ageously, the concentration of the catal yst sol ution
used in step (ii) is about | g/1. Preferably, the concentration of the
catalyst in the reaction mxture of step (ii) is fromabout 5 to about 20
W % Wi t h r espBrtferbldlys the rgacepmtigedor st@ofiy énabent 2 hputshe concentrati on of the
catalyst in the reaction mxture of step (ii) is fromabout 7 wt% w th
respect to the prepol yner. Advantageously, the reaction tinme for step (iii)

is from about to,about 5 hours. rapl he reaction tinme for step
(iii) is fronPSB‘éﬁ!i‘ﬂenﬁlyt eé%‘é’ﬁ‘ﬁtfgf ﬁ‘c’iﬁ@g lsmegﬁbsﬁf"étﬁlclf ON% he reaction time
for step (iii) is fromabout 20 to about 90C. Advant ageously, the reaction
time for step (iii) is fromabout 30 to about 80C. 23 March 2006 10

Preferably, t ' I I .
Conven;ont 1y, CHEGEELND, SEFGeubRferdichitule bl tep Bifls Kb piiy S0AERPSK 71
Advant ageousl| §0°Ct. he al kyl group of the dinethyl aI kyl chI orosi | ane | S

selected fromthe group consisting of nethyl, 3-glycidoxypropyl, vinyl,
hydro and

Preferably, the reaction temperature for step (ii) is from about 40 to about 70°C.
Conveniently, the catalyst for step (ii) is KOH in methanol.

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

Preferably, 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.

Conveniently, the concentration of the catalyst in the reaction mixture of step

(ii) is from about 7 wt% with respect to the prepolymer.

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.




cyanopropyl. Preferably, the blocking agent for step (iii) is
hexanet hyl di si | oxane. Conveni ently, the anmount of bl ocking 23éidrchi208d i n
step (iii) is fromabout 1 to about 90% per nole of Si-atonms in the

pol ymer. Advant ageously, the anount of bl ocking agent used in step (iii) is
fromabout 5 to about 50% per nole of Si-atons in the polyner. Preferably,
t he anobunt of bl ocking agent used in step (iii) is fromabout 10 to about
30% per nole of Si-atoms in the pol ynet? Conveniently, the anmount of

bl ocki ng agent used in step (iii) is fromabout 25% According to a

furt her aspecPrefdrablycthp bbeking agement step(iii) isertgalkylchlosedideel a  net hod f or
produci ng a prepolyner of the invention. According to another aspect of the
present invention, there is provided a method for producing a polynmer of

the invention,, 23 March 2006 11 According,to a.yet further aspect of the
present i nveinBYEm"eqllé(r@eitgﬁb}’%\]f‘?rﬂg ng1s %@W@ﬁgyk’%}%‘& Bi%hg a partially
bl ocked pol yner of the invention. According to a yet another aspect of the
present invention there is provided a method for producing a partially

bl ocked pol yrr%;dvgﬁp loiylﬁgﬁﬂle_tdtngylasg&&g} thher&ﬁeﬁ{gngnkﬁ PEIGRRN AR sefectche free

Si -OH groups o r w edeterm néd sub-stoichionetric anount
of a bl ocki ngfragetie gwupi vensistipgrofi adethyl, Bighydidakypuipyhevinylhdydraliand t o
further aspects of the present invention, there are provided a polyner,
prepol yner anaY%‘&Pfqpé{ﬁ y bl ocked pol ymer of the invention.

Preferably, the blocking agent for step (iii) is hexamethyldisiloxane.

Conveniently, the amount of blocking agent used in step (iii) is from about 1 to

about 90% per mole of Si-atoms in the polymer.

Advantageously, the amount of blocking agent used in step (iii) 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.



In order that the invention nmay be nore readily understood, and so that
further features thereof may be appreciated, the invention vi3Marcip2006€
descri bed, by way of exanple, with reference to the acconpanying draw ngs
in which: FIGURE 1 is an FTIR spectrumof a |adder-1like silicone

prepol yner of the invention; FIGURE 2 is an FTIR spectrum of a | adder-1ike
silicone polynmer of the invention; FIGJRE 3 is an FTIR spectrum of a
partially blocked | adder-like siliconélpolyner of the invention; FIGURE 4
is an XRD spectrumof a |adder-like polymer of the invention; FIGJRE 5 is
an FTI R spect Agnordingatopaytti fatther dspecticddhe addent-ihvémtionstherecsneopded mer of

t he invention spectrum a partially blocked
| hader 1 ke D dREPa e Stk Dok SERTV BT oBke fuRRHom a0 15 Aq ueed

herein, the following ternms shall have the follow ng nmeani ngs: "Al kyl",
ei ther alone or in conbination, neans an optionally substituted
st rai ght - chai h\cg@rdbwgamcaww-mdien aspenyof thediresent inyentivmthete prmﬁ@datblay 1- 15

car bon atom; r.e pref rbon atons. (C nd nost
referably 1ot oradnife P5adsfly Wodksth BRVBRF Qlkhin: i 849 B e
net hyl, et hyl rea'anng)r@&){'bporhﬁﬁ)péioﬂﬂé frét' IBIOQH , gloRps - Xutay lpolyleddt With Rexyl ,
octyl and the like ..either alone or in conmbination, means an
optional Iy predetermined sub- st01ch10metr1c amount of a blocking agent to give a partially

blocked polymer.

According to further aspects of the present invention, there are provided a

polymer, prepolymer and partially blocked polymer of the invention.

In order that the invention may be more readily understood, and so that
further features thereof may be appreciated, the invention will now be
described, by way of example, with reference to the accompanying drawings in
which:

FIGURE 1 is an FTIR spectrum of a ladder-like silicone prepolymer of
the invention;

FIGURE 2 is an FTIR spectrum of a ladder-like silicone polymer of the
invention,

FIGURE 3 is an FTIR spectrum of a partially blocked ladder-like
silicone polymer of the invention;

FIGURE 4 is an XRD spectrum of a ladder-like polymer of the
invention;

FIGURE 5 is an FTIR spectrum of a partially blocked ladder-like
silicone polymer of the invention; and

FIGURE 6 is an FTIR spectrum of a partially blocked ladder-like

silicone polymer of the invention.




substituted strai ght-chain or branched-chain hydrocarbon radical having one
or nore double bonds, preferably 1-2 doubl e bonds and nore 2pmedrélf 2006y one
doubl e bond, and containing preferably 2-15 carbon atons (C2-Cl5), nore
preferably 2-8 carbon atons (C2-C8), and nost preferably 2-3 carbon atons
(C2- C3). Exampl es of such al kenyl radicals include vinyl, alkyl,

1, 4-butadienyl and the like. "A kynyl", either alone or in conbination,
means an optionally substituted strai ght-chain or branched chain

hydrocar bon radi cal having one or nore triple bonds, preferably 1-2 triple
bonds and nore prehgfiadd hereingtht folfdveing b@md shahkhve ohd folloivivgs mesafisgsabl y 2- 15
carbon atons (C2-Cl15), nore preferably 2- 8 carbon atons (C2-C8), and npst
preferably 2-3 carbon atons (C2-C3). Exanples of such al kynyl radicals

i ncl ude et hynyl, p« vyl o h al one or
i n combi nati on, rreaﬁg(xlg 'F g}&?(ﬁ?ﬂydfr 1ﬁlﬁgm%>§1%téoﬁ,"1é§’ans ﬁ‘lmﬁﬁéﬁallg S%gg'thﬁtgdan al kyl
radi cal as deftraight-chbiover baamthedthais akiyl mdyagbcontzinimgpréfembiy 245 ehrbsnch

| k di cal s ingl th , et - but : - dth
e, 23" Nar cHOTSG s RRYR retpihdrs B - Cohan bR aNs an
optionally subpst &érwrﬁ&on@f(enﬁé)xreﬁdxﬁﬁbs efmﬁﬁ r@dleémmcweqﬁaﬂylr emgl madi cal
such as a naphthyl radi cal | es of ﬁ radi cal s are pﬁ
ex

nyl
4- et hoxy phenytopyy isoprapyb phizuyl, tefllbutmlapmthly - oesandvhe likend the | ke.

"Cycloal kyl", either alone or in conbination, neans an optionally
substituted saturated or partially saturat ed, nmonocyclic or bicyclic alkyl
radi cal, “Alkenyl”, either alone or in combination, means an optionally

substituted straight-chain or branched-chain hydrocarbon radical having one or
more double bonds, preferably 1-2 double bonds and more preferably one
double bond, and containing preferably 2-15 carbon atoms (C,-Cis), more
preferably 2-8 carbon atoms (C,-Cs), and most preferably 2-3 carbon atoms (C»-
Cs). Examples of such alkenyl radicals include vinyl, alkyl, 1,4-butadienyl and
the like.

“Alkynyl”, either alone or in combination, means an optionally
substituted straight-chain or branched chain hydrocarbon radical having one or
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;-Cs).
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.



preferably nonocyclic, containing preferably 3-10 carbon atons (C3-Cl10),
nore preferably 3-8 carbon atons (C3-C8), even nore preferaldlMardh 006ar bon
atons (C3-C6), which is optionally benzo fused and which is optionally
substituted as defined herein with respect to the definition of aryl.
Exanpl es of such cycloal kyl radicals include cyclopropyl, cyclobutyl,

cycl opentyl, cycl ohexyl, tetrahydronaphthyl, and the |ike. "Heteroatons"
means nitrogen, oxygen and sul fur heteddatons. "Heterocyclyl", either alone
or in conbination, neans an optionally substituted saturated or partially
unsat ur at ed, prefeft‘Abyly, ather dlonbloe i cordbinatimn meeaas an optiotmllyysbstinted
preferably nonpcyclig, ,heterocycle gadjcal containing at |east one,

ni trogen, oxy@gﬁ%'grraéﬁqlf?fr a @ a}t’icnéj's?fjeﬁ‘ﬂgrra‘glﬁ@ ﬂﬁbi %ga ﬁPB}PtE%afﬂdiﬁa ‘3-8 ring
menbers in ea blag, e 7 'n_ﬂmﬁm{ | . each
ring. "Het ero??;gﬁhblleg orfggpgéi?dslgarlrgyﬁsgiéﬁ’aﬁﬁeé%% ngg}{l,l tg'ut ed or?ﬁgtlt’ nlI east

one, carbon asphieylpd-nhplitbgeand thekike., al koxy, hydroxy, oxo, thioxo, aryl,
aral kyl, heteroaryl, heteroaral kyl, am dino, N-alkylam di no,

al koxycar bonyl am no, al kyl sul fonyl am no and the |Iike, and/or on a

secondary nit rogen“@y@mmh?q", ReitHE0%bone abiK Y  copdbinationy aadaR® el opBbrediyoy!
al koxycarbonyl, heteroaral kyl, aryl or aral kyl radicals. Exanples of such

het erocycl yl ~ pekstitdedssatyreted s ppsiatpispturaigd, monepysdici atibigpiclic glkybragiqahy | |

t et r ahydr of ur . ' 14 | roaryl ",
eit heryal one ﬁef?ﬁﬁgégn@?lokg@ﬁoﬁ?&%gé&r@ﬁ g%eh%kéégl %ogx:ht&ﬁlggc 6¢f°&’!}'ﬁ%§ef ergtbl y
monocyclic, apmsfaubly 3r8taarwnyatbms (QHGERevel avira PreferabBa3is capben atoidsr ogen,

oxygen or sul fyr atomring nenher and _hayin referably 5-6_ ring nenbers
in each ring, (GiEom wr&cwmaﬂgaﬁiyweﬁéﬁﬁbse gad high @étpapa%@dsubstltute as

defined herein with respect to the definition of aryl. Examples of such

cycloalkyl radicals include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
tetrahydronaphthyl, and the like.

‘“Heteroatoms” means nitrogen, oxygen and sulfur heteroatoms.

“Heterocyclyl™, either alone or in combination, means an optionally
substituted saturated or partially unsaturated, preferably one double bond,
monocyclic or bicyclic, preferably monocyclic, heterocycle radical containing at
least one, nitrogen, oxygen or sulfur atom ring member and having preferably
3-8 ring members in each ring, more and more preferably 5-6 ring members in
eachring. “Heterocyclyl” radicals may optionally be substituted on at least one,
carbon atoms by halogen, alkyl, alkoxy, hydroxy, oxo, thioxo, aryl, aralkyl,
heteroaryl, heteroaralkyl, amidino, N-alkylamidino, alkoxycarbonylamino,
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.



carbocyclic fused, and which is optionally substituted as defined above
with respect to the definitions of aryl and heterocyclyl. BR3Mapthe2006f such
het eroaryl groups include imdazolyl, pyrrolyl, pyrazolyl, pyridyl, furyl,
t hi enyl, oxazolyl, thiazolyl, indolyl, benzofuryl, and the Iike. "Hal ogen”
and "hal 0", alone or in conbination, means fluoro, chloro, bronmo or iodo
radi cal s. The groups indicated above as being "optionally substituted" may
be substituted by one or nore substitlfents selected fromthe groups
consisting of alkyl, alkoxy, hal ogen, hydroxy, am no, azido, nitro, cyano,
hal oal kyl , car boxy“Hetatoarpli;ceithonnldne aryin caitipationh eneans @ymwbnocyclic or

al kanoyl am no, . ani do, 1di no al.koxycar.bonyl am no, ,N-al.kyl am di no,

21 Kyl i no. " abisPas 2rgtRBD DAoL A Biat HRRCEITF Sy ot ftaVind & Refk?

ar al koxycar dogid affirigen, akjehldH efod aloh s fhéber ardl Kavhisdibictonblyag t he
like. The method of the present invention relates to a three stage nethod
for the preprngtthembes inaeathr ring.kwhich| isc epiéonpdly ybrze . fused tor| wiraled| i ke
silicone pol h 21, a r I I 2006 15
wher o each” R HHoBUE {Eelr FodEHE s hGEhy sErRinted oRyisfbts PoUT R,

al kyl, aryl aRgeddysthegRfinitibae of aryb tindh&procoulll | Bxanphscsfayls hetewbaryl

trial koxyal kyl silane-1j ke, nmononmers of the general formyla

R - Si (ORZ) ( OrsyoreRmclugetimidazeivl.anyrrobd) pyrazql¥apyadylufuds thienydsanagglyl,
controll ed copdit.k@n: i j | ow nol ecul ar wei ght | adder-1i ke
ol i goners, mhpgﬁ£$ﬁ$®dﬁgkgkﬁgg%%L%bgpﬁgﬂﬁbeneraIIy to as "prepol ynmers"
The prepolyners of the invention are suitable for

“Halogen” and “halo”, alone or in combination, means fluoro, chloro,

bromo or iodo radicals.

The groups indicated above as being “optionally substituted” may be
substituted by one or more substituents selected from the groups consisting of
alkyl, alkoxy, halogen, hydroxy, amino, azido, nitro, cyano, haloalkyl, carboxy,
alkoxycarbonyl, cycloalkyl, heterocyclo, alkanoylamino, amido, amidino,
alkoxycarbonylamino, N-alkylamidino, alkylamino, dialkylamino, N-
alkylamido, N,N-dialkylamido, aralkoxycardonylamino, alkylthio, alkylsulfinyl,
alkylsulfonyl and the like.

The method of the present invention relates to a three stage method for
the preparation of ladder-like silicone polymers. Such ladder-like silicone

polymers have the general structure given below.



synt hesising polynmers with relatively highly ordered | adder-Iike structure.
The second stage of the nethod of the invention conprises fu3tMgth 2006
dehydrati ve polynerisation of the prepolynmers to give higher nolecul ar
wei ght | adder-I|ike polyners, herein generally referred to as "polyners".
Such polyners are in thenselves a useful product, and may be used in a
variety of applications in conpositions, for instance in coatings.
However, such polyners nmay be further dbdified in the third stage of the
invention by the deliberate partial blocking of a proportion of the free
pendant Si-OH groups (silanol groups), which are bl ocked using a pre-
det erm ned anount of bl ocking agent to give a |adder-like silicone polyner
havi ng a proportion of blocked silanol groups and a proportion of free
silanol groups, herein referred to as a "partially bl ocked polynmer". Such
partially blocked silicone polyners may be stored for relatively |ong
periods of tine and 23 March 2006 16 are in thenselves useful, and nay al so
be used in a variety of applications and conpositions, such as coatings
and adhesives. The first stage of the nethod will now be discussed in nore
detail. It has been found that by careful control of the reaction
conditions and_ reagents, prepolynmers may be produced having controlled
hi gh regul ari WetﬁeaCbt&m@yﬁ)rp@naﬁ varinsigPunsdnetdiag diydioxykialioxyl, wHivb i s
achi eved by c f ol of the reaction tenperature and by the use of
certain start?hgaﬂépgﬁﬁglg Suitable nononmers for the first stage of the
nmet hod are trial koxyal kyl sil anes having the fornula given bel ow
R -Si (OR2) (OR3) (CR__4) : : . : :

The” first step comprises hydrolysis of trialkoxyalkylsilane-like

monomers of the general formula R'-Si(OR?(OR*}(OR*) with partial
polymerisation under carefully controlled conditions to give relatively low
molecular weight ladder-like oligomers, which will herein be referred generally
to as “prepolymers”. The prepolymers of the invention are suitable for

synthesising polymers with relatively highly ordered ladder-like structure.

The second stage of the method of the invention comprises further
dehydrative polymerisation of the prepolymers to give higher molecular weight
ladder-like polymers, herein generally referred to as “polymers”. Such
polymers are in themselves a useful product, and may be used in a variety of

applications in compositions, for instance in coatings.

However, such polymers may be further modified in the third stage of
the invention by the deliberate partial blocking of a proportion of the free
pendant Si-OH groups (silanol groups), which are blocked using a pre-
determined amount of blocking agent to give a ladder-like silicone polymer
having a proportion of blocked silanol groups and a proportion of free silanol
groups, herein referred to as a “partially blocked polymer”. Such partially

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



wherein R R2, R3 and R4 are each independently selected fromthe group
consi sting of: hydrogen, al kyl, al koxy, alkenyl, alkynyl, ar23lMarcty2zdoéal kyl ,
het eroaryl or heterocyclyl; with a solution of an acid in water at a

t enperature bel ow about 25C. High purity water having a specific

resi stance of at |east 18.2M5Z-cm should be used in acid solution.

Sui tabl e acids including hydrogen chloride. The reaction should be
continued until substantially conpletelhydrol ysis of the nononers has
occurred. Typically, the reaction is conplete by 48 hours, and it is
preferable f oaretiheherwbteismneﬁxb apé npﬁe'raﬂm beusedan aatzwiety aappdicationgtand0 hour s.
The high reqgularit struct yr al [ es | t.i ng prepol yner may be controlled
by the conceﬁ@?@&$% SofUctiHd CHBIEHETY HHYSIYET ut i on and the tenperature of
the reaction mxture, the purity of the water, and the rate of addition of
the acid solution. 23 March 2006 17 Typi call t he monomner, such as an

al kyl t ri met hyoxyl siThafist stage ﬁ‘f‘ihé@nethﬁfil ilbmove b disressedinmere dekdl. i s pour ed
into a reactor equipped with a nechanical stirrer, a dropping funnel and a
thernoneter. At the required reaction tenperature and with constant

stirring, an exces$ lpRwiesh fanduhbt oy parefal varite] of chdtcattiom gormliticasi agitiC
catalyst is added in a drop-w se manner. After the _addition, the reaction

mxture is st rqag@as,onr@pw:vgms 1y dsnprodueed: having, eensrojled digh seglary ofnd t he
hydrol yzed m@t{?ﬁ%{é & Pecoﬂ%ltiédallnbbécﬁlgp%@ﬁgﬂﬁ i§ %F}ﬁk%aebj ?A/Yefu'i"%n?&d{' ar

wei ght | adder i cone prepol repol ynmer utiron 1s
purified by mﬁmengadmhmmaurmtdéxyahe userltﬁfscettM| startihg magesialsh Sunabler

h tral Th i Sti
approaches ney rn%mersl_l'or theeﬁ str gt gel Xme me?}llou(f ellrg Qnéllls(oxyaﬁ(nyls\{ﬁlggsuﬁgv?rllgs thlel led to

formula given below:

R'-Si(OR®)(OR*)(OR?)

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 in water at a temperature below about 25°C. High
purity water having 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.



renmove water and nethanol, as well as a part of the solvent. The key point
of the first stage is to control the hydrolysis condition t)x MjtH F0esi se
the highly ordered |adder-1like backbone of the prepolynmer. The R groups of
t he nononer may be relatively inert, or may be functionalised or reactive
groups. Exanples of suitable R groups include nethyl, ethyl, propyl,
butyl, hexyl, octyl, vinyl, hydrogen, 3-glycidoxypropyl, cyanopropyl, and
phenyl . Preferably, the OR groups are lbwer al koxyl groups, such as

met hoxyl and ethoxyl groups. The starting nononers can be used as chem cal

reagent grade or i Mepighlly de foaciBenUichay aheulldﬂﬁ'ﬁnétﬁycﬁ)ﬁ_,d?ﬂianadlsfrhﬁdéd
commerci al sources. The mpnoners. may al so be purified through vacu
distillation Bah@noTgame soppent aad isrRauredointoohEeagior sRPipRed; with # meghanie ge i s

very, | mport ankydF ¢ DfopcAN I 308 HAh6AcLR™ AL NBe CRARAPALIARAT act i on

of the hydrolysed sila s w th al koxyl groups or anol
groups may betmqmraihmvmmlnmthamnsiant sirhngvan eivess emoumteot uldmdmrsatatann | evel

of | adder silicaone. Fth Qncentrati,on i s too h the
condensat i on F@&@Pi‘%ﬂ ‘Erﬁ%?ngE CPB‘(IYSF d§t ot FEOP-HSP BEnRG ®into the
| adder -1 i ke SHAMELM the FBEHORIMRUEE 1§§H§é‘d g@éxﬁigh@?o %m%ﬁ:tévﬁ{ecﬂycﬁgﬁ@sw t he
reaction mxture. The preferred nononer concentration of the present

i nvention is xdsetien andsthediydradyredanonsinides arstavtiaily, comdensep te fasmathie Jowibout |

to about 3 mpl/k solv s 1o be apprecia dtha t he noners may
be used al one NSISRHT St der4E sions pRBPLRR RS AR ARG
sol vents sui t gttified Wy tvﬂfshmlgr KGR twat etV 8eMer4lN tifdes hllftqsqlmqvasm'gew&rorgam c
solvents that can readily

approaches neutral 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



di ssol ve both the starting nononers and the synthesized | adder-1Iike

pol yal kyl si | sesqui oxanes, as well as their respective prepol33idarsh 20DGese
solvents include: (1) ketone; Ketones - such as, nethyl ethyl ketone and
met hyl isobutyl (2) Ethers - such as diethyl ether, isopropyl either; (3)
Aromatic solvents - benzene, toluene, xylene. The solvents may be used as
chem cal grade or industrial grade. Depending on the nature of nononers
and the resulted | adder-1ike polymers, 18the above sol vents can be used
either individually or in adm xtures. Methyl isobutyl ketone is the nost
pref erably cotheordagtiors euxsid. velie pilefarredsmendomerbkendentratidneof yiret hessérs of t he

| adder-1i ke pol yal.kylsi.ls | oxanes, of,the present inventiaqn. e first
Stage of the’ TREAGER & A4b Opt lsdmut 2pekks SePEEs ok aretapi Pound e, ¢ o
hydrol yze theamlﬁgtmag(gﬁg@,q@h{.al S. Preferably, high purity water with a

specific resistance of at least 18.2 M-cmis used. Theoretically, one nole
of the al kyltrial koxyl silane nononer needs only 1.5 noles of water to

hydrol yze the al kgxyl . i r e n, exce unt of
wter Lo used of  nEuieof ABBiesERNCIE syt MPOBRL BBy T IReF IR
Preferably, tbembkaséns af diffedént ZdonBh&rb 2DK6 ofdnitaéciVert® sadlsTEsr thigoul d be
about 3:1 to about 20:1, and nore preferably from about 6:1 to about 12:1.

( 6
An acid is us@FSeR Benliafy are FROSe\RANAANEPUS PEIRBLCG sQIvets (that carreadilyups of
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



t he nononers and the subsequent condensation reaction of the generated
silanol groups with al koxyl groups and other silanol groups23 Mireh 2aicar
ratio of the acidic catalyst to nononer is inportant for the reaction. If
the molar ratio is I|ow, such as below 1% the hydrolysis and condensation -
reaction rates are relatively slow, thus resulting in partial hydrolysis
of nononers and so producing a very |ow nol ecul ar wei ght prepolyner. If
the nolar ratio is too high, such as hBre than 15% the hydrolysis and
condensation reactions are relatively fast, and so irregular cross-1linking
may occur, gi watgy tanenbmeosiouldlod shomt 31li tolabban(s1,randtmoralprefeglyafrorhy and

| ow solubility., The reacti tenperature in the first stage shoul d be kept
bel ow about %@‘C‘i‘t{%ol @r?g’ﬂ}“epgl'snooth sl ow reaction rate of both the

hydrol ysis and condensation to achieve a highly ordered | adder-Iike
structure. Preferably, the reaction tenperature should be within about -15
to about 15C. Pref émadsidsis usédto catalriedhehydiblysis réastidn bfithe FOR tgrovpstadr and

the acidic water _is slowy.dripped into, the reaction,sol uti t.0 keep the
onction ©emadembTortos Hhy eishBRE R B SenstonsERTbh PR eiSaeb R B ISl b
time in the figf&\ES S#ieH0 8lke Xl Udrlupiear dosie 5@ gfcupe N ThieEmbIAL ratosPiRt e
hydrol ysis of al kyltrial koxylsilanes and a certain | evel of

pol ycondensat ieificogatalys toyenmemer dx impartart for, the gepctien p B thermplay raticodh about 3
to about 48 heyy se, Ang ﬁag& et ﬁ%r%}jg[s%ﬂ@@& eHJaQiohoreQPcPo [ rAQ BQurs.
Under the above-nentioned reattion”conditions, e pol ycondensat I on
reaction in tlhdatively slow! @98 tesaitingsine gaitial Biydrolysincbft henombsc ahdirsowei ght

of the prepol yney does nqt further increase even m@en the reaction tine is
i ncreased. Thér 582 vy VdRolsexar g/glgﬁlt prepolymer. If the molar ratio 1s too

high, such as more than 15%, the hydrolysis and condensation reactions are
relatively fast, and so irregular cross-linking may occur, giving a silicone

polymer with low structural regularity and low solubility.

The reaction temperature in the first stage should be kept below about
25°C to ensure a smooth slow reaction rate of both the hydrolysis and
condensation to achieve a highly ordered ladder-like structure. Preferably, the
reaction temperature should be within about —15 to about 15°C. Preferably, the
acidic catalyst is diluted with water and the acidic water is slowly dripped into
the reaction solution to keep the reaction temperature within the required

temperature range.

The reaction time in the first stage should be long enough to ensure the
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



average nol ecul ar wei ght of the prepolyner synthesized in the first stage
is normally bel ow 2000. The second stage - Al kali ne-cat al yz8dvarch 2006

pol ycondensation. In the second stage, the |adder silicone prepol yner
synthesized in the first stage is further condensed in the presence of an
al kaline catalyst. Typically, the reaction m xture of a solution of
prepolynmer in an organic solvent is heated to a required reaction
tenperature, and then the required anodtt of alkaline catalyst is added.
The reaction mxture is then allowed to stir at that tenperature for a few
hours. Thr oughveragemolecontweaightadf thherepotypaery syithesizod denhe dirstastageciat al yst
usage and the reaction tenperature and tine, |adder-like polynmers with

di fferent nol BEH b”ﬁ£P©%9 ‘may be obtained. The reaction condition of the
second stage may be controlled to adjust the nol ecular weight of the

synt hesi zed | adder-11i ke pol yal kyl si |l sesqui oxanes. The prepol yner
concentration i s offbeséconllstage-gylkgaeanata wred polyconidemeationni ng condensat i on
rate and the | adder-1like structure of the resulted

pol yal kyl si | sesqui oxanes. In the present invention, the prepolyner

concentration is pielies ahbia $u!inb 15dic tebnd Brephifnth shiihclisdeln gl ut i on,

more preferably about 5 to about 20% of the total "solufion. Generally, the
hi gher the pifigsiostereris clortbemicpadeansed in hthehprgbrncet ot appplkelingrecatdisght  of

h hesi . pol keepi i .
T b R T R R A
sodi um hydr oxd Reatane »eéqsed sadiva texpéaturdRindl thax thdeqsivehamsuitagnesi um

oxi de. The preferable al kaline catalyst solution is a nethanol solution of
pot assi um hy@lkeline eatalxeiis added pAhe sedstion mistyre/isnhen alowed b stkat thaft o 1

itre of et banolo Ry oo Y nbl. AR olarahi Aoh0 SRR Bripohet | 01

used i s about
concentration, catalyst usage and the reaction temperature and time, ladder-like

polymers with different molecular weights may be obtained. The reaction
condition of the second stage may be controlled to adjust the molecular weight

of the synthesized ladder-like polyalkylsilsesquioxanes.

The prepolymer concentration is one of the major parameters in
determining condensation rate and the ladder-like structure of the resulted
polyalkylsilsesquioxanes. In the present invention, the prepolymer
concentration is preferably about 1 to about 30 wt% of the total solution, more
preferably about 5 to about 20% of the total solution. Generally, the higher the
prepolymer concentration, the higher the molecular weight of the synthesized

polymer, keeping the other reaction prarameters consistent.

Suitable alkaline catalysts includes metal hydroxides such as sodium
hydroxide and potassium hydroxide, metal oxides such as magnesium oxide.
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



23 March 2006 21 about 20 W % of the prepolymer in the reaction solution.
It is nore preferably to use a | ower catal yst concentrati orp3 March2®s about
7 W% so that the polycondensation reaction rate can be easily
controlled. The elevated reaction tenperature i s another inportant
paranmeter in determning the condensation reaction in the second stage.
Preferably, the reaction tenperature of the second stage is from about 20
to about 90C, nore preferably about 3@lto about 80C. If the prepol yner
concentration, catalyst concentration and the reaction tenperature are
kept const ant about 2hentdeobthd mepudpmert inghe esactiorosolttiore ey ntoee predetablyo

control the mol ecul ar wei ght, of the synt hesized pol rs., The ] onger the
reaction timetQdsg 2 ﬂ%%erhgﬁﬁl@r»t CORECREAOT [STF 28 &ﬂ%‘f Wi $itAte

synthesi zed. LgybhRicRERRDAMEactiDY B tBTbe &by ¥StbMedaver age nol ecul ar wei ght
of the synthesized | adder-Iike polyners nay be controlled from about 2,000

to about 100,000 through adjusting the reaction tinme in the second stage.
The third stage - rtial bl ocking, of silanol groups. Although the polyners
produced by the se?ﬁﬁod%vtaé ereggthxﬂéer?%e{ﬂgﬁ B¢ amgthel IB?pé’ﬁgﬂt[ p?'%’glgiﬁril_f}n_ as
descri bed abowygteahiidghtteNediRIehsa8on Us&htish, int theYsebHH l@ﬁfge.f uprefegdblyoghef i ed in
a third stage of the 1nvention to product partially blocked mers. Such

. . oly
partial bl ockrengtion temnsrasieyafehe seshnd glage ihBpm ghouph2e ta abput Q@PC,tmme t he
partially bl ocked pol yner eful in a variety of applications and
conpositions, p’f'eg?ra@%a?ﬁﬁweﬁ t@%%@ﬁog%s and adhesives. Wen the required
nol ecul ar wei ght of the | adder-1ike polyal kyl sil sesqui oxane i s reached,
t he condensation reaction in the second i )

If the prepolymer concentration, catalyst concentration and the reaction
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 propetties, 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.



stage may be quenched by the third stage descri bed bel ow. 23 March 2006 22
Upon conpl etion of the reaction of the second stage, a proporimash 2dost he
resi dual hydroxyl (silanol) groups of the polyalkyl silsesqui oxanes nmay be
bl ocked by the addition of a blocking agent. A predetermn ned sub-
stoichionetric anount of the blocking agent is slowy added in the reaction
m xture. The reaction mxture is stirred a few hours to conplete the

bl ocking reaction. An excess anount oR2Zwater is introduced into the
reaction mxture to termnate the bl ocking reaction. The bl ocked

pol yal kyl si | sesqui (b}p@n@omlaiﬁbh@rﬁthd sagiioni dfitkelsdoyndwsta e, mgpropdriiomaf the sever al

times until t he hi wat er rqa s.neutral. The partiall
bl ocked pol yaF%yqu[' ché'g }\c@%‘i‘@ggﬁwps b)é pp ‘ﬁ%‘ﬁg SWW‘EHWF?\Q}“?%E’ sol ven%/
by vacuum di styidckad i 'I%" th§Uhdcﬁ‘@$rP cﬁ* QC Iﬁldéﬁmﬁg%gérﬁ SUjt ?F\%d%teﬁﬁfneﬁhb@o-

i nvention include: | anes with e general fornmula of RS5R6R7SI OR8,
where R5, R6 smlcmq:tnaram@at Iof |t1rmbkmhmgmgeyt 1§e$lewi)edddadom theaeaptionp

et or oar yi. or MAGKe: S8p oY i<t Mgt S¥Ohaun & Yok Rl

3- gl yci doxypr egaetion.N@XydxcessaMEh@h 6R Whter iSCﬁrﬁ/rbdu&HQnto tRé teadhier MikiBrd 9 an
al kyl group, such as nethyl or ethyl. (2) Trialkylchlorosilanes with the

general for nutermsnatrritpaking rsactionh Ehe bigkednelyalkylsisesaviexangcselution
d dent | f d
i ndependent | y 155 ?{u? yﬁy V{(;:a?/g] %gﬁ@ﬁ‘%ﬁeﬁe%@? h h'ﬁ%nPﬁhe QM Jfot%?rﬁ'asﬁin ch’ as

al kenyl , al ky eroary het

met hyl , et hyI wapafronppfqaclvdsmehtralp HE}Ii‘a/barti&hgbbo&kdbpMpailhpl}ﬂlsesqﬁiexades may
cycl ohexyl, octyl, et al. . e
be recovered by removing the solvent by vacuum distillation.

Suitable blocking agents suitable for this invention include:

(1) Silanes with the general formula of R°RéR7SiOR®, where R®, RS
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!'SiCl
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.



(3) Ohers, such as hexanet hyl di sil oxane. 23 March 2006 23 Generally
speaki ng, the type (2) silane bl ocking agents are nore effi23iMatch2ti@n the
ot her types of blocking agents (1) and (3). In addition, the hydrochloric
acid generated fromthe blocking reaction can effectively quench the
condensation reaction of the second stage through neutralizing the alkaline
catal yst used in the second stage in situ. It is therefore preferable to
use the type (2) silane blocking agen23. Functional group-containing

bl ocki ng agents provide a convenient way of introducing functional groups
into the polyal kylGentlzgsrcakiageshe gype 102) pdartei ldckingl egdndsl apolmorer s

havi dant ' |.kyl hyd ! i ch
e furt her  moEeradhan, et batesctichlofhind bt TR, ()1 8 gPlnor ¢ he
residual sil angiroghleHpacidf gnbRtedSKeth RS b?o%ﬁin?%él@ioh%aﬁ@fﬁ:@ﬁ% quénras is
determ ned by the regularity of the |adder-[ike structure, nolecular

wei ght and t héhehtapdrnsation eeastion phthersecendestege thrqugheneutralizing thedadkalinek e

pol yal kyl sils ' i iffer t.ent e Lve silanol groups
oy’ be Lynt heetauar oA REmbisbibnd stasE v P W AReREl pidGAAE Vo Foh BB g "mgent
to give parti @) yilieobkrBingohyéy.s Randtiogaldigtduprantainifg Opleckihg Sagetist abl e
for various applications. Preferably, the_ blocking level is 5 - 5Q nol % per
each mole Si RVMEE FofAVERiEterdy yOfi dntrodysing| tinctionsl | aroyps - intkethst r uct ur e

regularity ca L zed - di,if j T D
spectra of th@"%ﬁ@@??ﬁg@?ﬁ"g’ i%%%tﬁagﬁallﬁ?lggﬁé?gégwgg 5%13g Békﬁgéﬁ Powder
XRD. There ar grappaesueh | 35 vimyl,pelikkl époxy handXRidrogae ctvhighofayhie Ifardhlar - | | ke
silicone pol yrrerds dA sha[_gké)eak appears at a | ower 20

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 20 (centered at around 20 — 30°)
representing the thickness of the polymer chains. A relatively higher and



fromb5 - 10 depending on the size of the pendant R group, corresponding to
the inter-chain distance for the polyal kyl sil sesqui oxanes. 2B ¥archp2@lé can
be used to characterized the degree of regular structure of the

| adder-1i ke polynmers. A w de hunp-like peak appears at a higher 20
(centered at around 20 - 30) representing the thickness of the pol yrrer
chains. A relatively higher and 23 March 2006 24 sharper peak at 20 5 -
10 and a relatively weak hunp-like peak*at 20 = 20 - 30 indicate a h| gher

| adder-1i ke structural regularity. The | adder-l i ke structural regularity
can al so be chmc:rtlmakzeaemﬁ 2 9@ andNMVRIayelyt weak Humap-dikepeaknatr2fet 20 -t wo mai n

Ks i 205, 6.= -55.3 i
F:?r Zn;a?hsl si Sgn §tset %E@d&ﬁ@gﬁ atf%cglfréll %E%la“% def ecl?!toimv(eug: ?gt ons (i.e

those Si-atons not part of the |adder-1ike regular polymer structure),
whil e the peak (13) at S = -64.8 ppmcorresponds to the resonance

absorption of the SneatdiE1ge uakhle BEAERGT GLeflyd BE%hEuQEteEE&Ph?m&

| adder-1i ke pol yner one rati can be use
characteri ze NMR sbesdnher”l-‘}iaré(aresionnalﬂ)ut\m nmgipeaks fnya ©'8i NMR spectrum. A

ol aIkIsHses xa es he i entlon now be il lustrate
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phenyl tri met hoxysi | ane from
3-gl yci doxypr op misﬁsthmby Méllllbathe pe{ll'Sl([B)aneét— A64 &&‘p)n corresponds to the

rrethacrylprop | trimet hox uest A- and inyltrjnmeth xyS|Iane
(Silquest A1 ?Lsfn?rfCanq’&%% é}eg‘%ﬁl'agomhaﬁ XH ERATAHRe thio Idﬁ ‘h rst
stage, 750 gr admlet-fikdpsMhRs badkboi®t Muk katidTBY (@SB, |cah |b€'1ﬂediﬂ§icharacterlze

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 Coming; 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



2400 granms of nethyl isobutyl ketone (MBK) were put into a reactor

equi pped wth a nechanical stirrer, a dropping funnel and a3tMathpiost er.
The nononer concentration was 22.9 nol/kg solvent. The reaction solution
was then cooled down to a sub-anbient tenmperature within (-15 - 15C) with
a salt ice-water bath. While maintaining the sub-anbient tenperature of
the reaction solution, a 23 March 2006 25 m xture of 991 grans (55 nol es)
of de-ionized water and 11.94 grans (02121 noles) of concentrated (37%
hydr ochol oric acid was added drop-wisely into the reactor under the

const ant st i r mixyre 3He0 Ingtaars Satmaenfofidetionized watercmedr11.9agrai3: (0.124d t he
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condensed to form | ow nol ecul ar wei ght | adder-1i ke silicone pre-pol yner.
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distilled to renpve water _and nethanol, as well as a part of the solvent.
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absorption peak .at around. 3340 cm -1 and the Si-0O absorption pea 1124
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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 Ig
KOH/IMeOH.  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



to the theoretical yield. In the second stage, the |adder silicone

prepol ynmer synthesized in the first stage with a concentr atiiaviaoh 2008 wt %
in MBK solution was further condensed in the presence of an al kaline
catalyst in the formof I g KOH 1MeOH Upon reaction m xture reaching the
required action ternperature of 50C, 7 wt%w th respect to the prepol yner
of al kaline catalyst solution was added into the reaction solution. The
reaction solution was then condensed @ 50C for 2 hours. Figure 2 shows
the FTIR Spectrum of | adder- |ike polynethyl sil sesqui oxane synthesized in
t he second st 8d€, inthatinkitsi farthér cohﬂmmsathin)mmﬁmyﬂcﬁisilmgndupxa‘mélesywnkiesi zed

in the second stag s redygced to rch 2006 7, at|ngthe
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pol yret hyl si | equ|oxane Flgure relatively hi her sharp peak at
20 = 10 and 40% emthalrvletlvxemahmnmpkhkeepqabat 28t=20° -30151nd1®®e thedhighdre t he

hi gher | adde I ke, structure ularity. In the third stage, a proportion
of the resi duiqddgf ﬁé%%fu g‘*"o‘ﬁ ia(ﬁ Ythe polymer produced in the second stage

were partially blocked by trinmethyl silylation with the bl ocking agent,
trimethylchlorosilane, 10 nol % of bl ocking agent per nole of Si atons in
the pol ymet hyl si | sédle éhirhetagasa psensutiomob thmemch@h@ﬂarmh growsuelethgt 50C.

The reaction rred f I l ete
t he bl ocki ng %w&\ﬂ@?%en a{rlll%eiegégcggg ?CE oé)mgl yePﬁ)v(\:/isgtgél bS' {n%ééﬁggd into
the reaction gilyatisewith the bldcRingeagehe tdixhahyllchmrcssﬂaﬁé,ll@rtnow/h@f blozkingt i ng
solution was purified E) %/vashl ng.wWi.th vvatef:l several times until the
agent per molé€ of Si atoms in the polymethylsilsesquioxane was added into the
reaction mixture at 50°C. The reaction mixture was stirred at 20 - 50°C for 2 —
4 hours to complete the blocking reaction, then an excess amount of water was
introduced into the reaction mixture to terminate the blocking reaction. The
resulting solution was purified by washing with water several times until the

washing water reached to neutral. The partially blocked polymer was recovered

by removing the solvent through vacuum distillation.

The partially blocked polymer was stable in both solid power form and
in organic solution. The yield of the synthesized partially blocked
polymethylsilsesquioxane is 89%. Its weight average molecular weight is
17400 measured by a gel permeation chromatography (GPC, Waters) using
polystyrenes as standards. Figure 3 shows the FTIR Spectrum of the partially
blocked polymethylsilsesquioxane synthesized in the third stage. The OH/SiO
of the partially blocked polymethylsilsesquioxane synthesized in the third stage
was further reduced to 0.07, 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 (a) at 8 = -55.3 ppm related to the defective Si-atoms was not observed.
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recovered by renoving the solvent through vacuum distill atixmMardih®006
partially bl ocked polynmer was stable in both solid power formand in
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Table 1: Effect of molar ratio of water to monomer on the hydrolysis reaction in

the first stage.
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.



Water: Monomer EX2 3:1Partially hydrolyzed, unstable EX3 6:1Fully

hydrol yzed, stable EX1 10: 1Fully hydrol yzed, stable Exanpl e23Manil2®@6
Ladder-1i ke met hyl sil sesqui oxane prepolyners were synthesized in the sane
manner as the first stage in Exanple 1, except the different nonomner
concentrations were used. As shown in Table 2, the nononer concentration
within the range of 0.74 - 2.94 nol/kg solvent can be used as it does not
show nuch effect on the yield and cond&nsation | evel of the synthesized

| adder silicone pre-polynmer in the first stage. 23 March 2006 28 Table 2:
Ef f ect of nondakle 2 diffeenefiraonmmeraontdnératigm oo theshysirolgsis téaotion in thhdirsti r st
stage. S/ NMongner Concentration Yield Silanol content nol/kg sol vent %0H Si O
EX40.7491.50.§g§%X12.2993.90.26 EX52. 9493. 90. 28 Exanples 6 and 7
Ladder-1i ke net hyl sil sesqui oxane prepolyners were synthesized in the sane
manner as the first stage in Exanple 1, except the different reaction tine

S/N Monomer Concentration Yield Silanol content
mol/kg solvent % OH/SiO

EX4 0.74 91.5 0.27

EX1 2.29 93.9 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/SiO

EX6 8 65.4 0.28

EX7 16 93.9 0.26

EX1 20 93.2 0.28




was used. As shown in Table 3, a |ower prepolyner yield was obtai ned when
the reaction tinme was | ess than 10 hours. On the ot her hand,23Vadg006
prepol yner vyields were achieved by those experinments with the reaction
time nore than 16 hours. It is also found that the residual silanol
content of the synthesized prepolynmer appears to be independent of the
reaction tinme in the first stage. Table 3. Effect of reaction tinme on the
hydrol ysis reaction in the first stage29S/ NReaction tine Yield Sil anol
content hour s%H Si O EX6865. 40. 28 EX71693. 90. 26 EXI 2093. 20. 28 23 March 2006
29 Exanpl es 8 and ExhmdibsB-andlde pol yal kyl si |l sesqui oxanes with different
nol ecul ar wei ght were synthesized in the simlar nmanner as in the second
stage of Exanple 1. The effect of the reaction condition of the second
stage, nanely, the L%hc'fe?fllild%e{)ol‘}ﬁk?llsﬂ'ﬁsqlﬁ%%@t\ﬁlﬁ{ 'dﬁ?er@lﬁdmblk%ufa?aﬁélg}ﬁ” time,
on the nol ecul ar wei ght of synt hesi zed | adder -1

pol yal kyl si | smﬁmmgsdmghghmmarlmtfﬁabhsalmtheTwmmi !ﬂtangbf Eaiampl‘e t.he

reaction conditio second s cul ar f the
Cymthoot zod e Sfteel'ed 8 BRGRE eoRLERE ghint RePRiFsee, Blmal o dkelinst o
S/ N( KOH MeOH Tatglydd I@dﬂéﬂ'ﬂrﬁﬁ)n 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/l) | Temp | Time
wt% of prepolymer °C 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 | 45500 5.77

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

Examples 10to 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.



wt % of prepol ynmer Chr sManMAD=MA/ Wn 1110023003. 35 24700174003. 73
EX875036600267004. 05 47100316004. 44 58900398004. 46 686004050Mat2zh 2006
17000303004. 30 27900455005. 77 EX91070337800693001. 84 444300845001. 90
5443001002002. 26 Exanpl es 10 to 15 Ladder-1i ke pol ynet hyl sil sesqui oxanes
with different residual silanol group content were synthesized in a
simlar manner in Exanple 1. The residual silanol group content was
controlled by the blocking level in thé0third stage. 23 March 2006 30 Table
5 listed the residual silanol contents in ternms of the peak height ratio of
OH Si O of theTshletthbged o ﬂesiddzdrsilhhdda:opmh;srﬁatthryxhseﬂ ﬂ:xesptqallt hxightasatiwi dafh

di fferent vel s. l.ncreasi bl o I

ol 5 the rosCHISIC oL ettt Bier Jhead b B P e MR St ence of
the OH Si O deg[RRM! ?,Qeveﬁi OIHchagiggtt]‘i’e QloglamgT@Jél BoRr 55&3@9{01%1‘ tﬁél xeﬁmmng I evel
on the residual anol content of Synt hesi zed [adder-|i

pol ynet hyl si | g'@m& icortantegradually 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,Si032 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 wused 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



S/ NBl ocki ng | evel Residual OH content nol % of CHZSI G3120H Si O EX1050. 10 EX
| 1100. 07 EX 12150. 04 EX13200. 02 EX14250. 01 EX1530<0. 01 Exan3 Mart200ae
procedure described in Exanple 1 in synthesizing polynethylsilsesqui oxane
can be used to synthesize other polyal kyl- sil sesqui oxanes. The al kyl
groups of the suitable al kyltrimethoxylsilane nononers include ethyl,
propyl, butyl, cyclohexyl, phenyl, cyanopropyl and vinyl groups. For
exanpl e, pol yphenyl si | sesqui oxane was $¥nt hesi zed by hydrolysis and
condensati on of phenyltrinethoxylsilane follow ng the same nethodol ogy of
Exanmpl e 1. | ncoilwenfraticat was 286 melky. sblvgpnanthé Pea2@oredlelson ehs then cooled

phenyltrimeth | sil.ane d 1000 rans of were introdyced into a

reactor. The ﬁBﬁBntBr e’i‘@”l\ﬁa cWith Gotp tSE’eé%E"e&étBﬁat%Hev@%‘n@“Q@g s F‘V&J

sol vent. The e yot h a
hR® Nt %V@é?étufe ONtheasadifdf rso&gfag, g mﬁlﬁjg@ oFa1bel %é%

salt ice-water bath e maintaining t ent te ture of the
reacti on sol utmades) of dediotizadewater ak4.93 grasmss(0@2moleshof emipensfatate3i786)i zed

water and 4. Q%ycgr ah%né am%s was agégd 8fop9\>\91rs]e %qg’l{oaghe re gfgro/%nder 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 silanol 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



hydrochl oric acid was added drop-wisely into the reactor under the constant
stirring. The nolar ratio of water to nononmer was 10:1 and tdseMaroh 2006r ati o
of acidic catalyst to nononmer was 2.2 nol % After the addition, the
reaction mxture was stirred overnight (16 hours). The resulted | adder
silicone prepolynmer solution was purified by washing with water several
times until the washed water reached neutrality. The prepol yner sol ution
was then vacuum distilled to renove wd2er and nethanol, as well as a part
of the solvent. The higher silanol content (OH SiO = 0.56) of the

prepol ymer as vaterpeached vo héntrabx Jimplyéeld of tloaneohthdsized pobphemylsbsqeatdnen | evel
of the hydrolyz phenyl t ri met hoxyl sil ane. .The yield of the first stage
was 96.6% | nYSc ﬁgsz“ecﬁﬁé’e&hé@&rag%\é’q?%%@érweéglfti‘Eéﬁzapr@ﬁ(ffwﬁw sdgitlhesi zed
in the first gt ; rfgpﬂj i isomo2f Y8HowsM BK
sol ution was fura?ﬁ((g)r’pII %g(?\%gﬁtsﬂeé in Htéﬂgglgl)sﬁg@gﬁ)gggeg‘?dsg@e\% %Fgglr}tévthsoegﬂg%al i ne
catal yst (1 gthed¥IR Spest@rin ofithdsynthepized pelyphdnylspsesguiogans: . The reaction
solution was then condensed at 80C for 2 hours. The silanol content
(OH'SiO of the polynmer synthesized in the second stage was reduced to

0.04, indicating tipgahyldirer condensation reaction of silanol groups in
t he second stage. Upon the conpletion of the second stage, the residual

silanol groups of |adder silicone copolyner were bl ocked with 10 nol % of

trimethyl chlorosil g’ﬂ? &g@@d#&%&c%eﬂh.n Bi e 178 41§ B%}u?% Eﬂé%‘}t'ﬂfv\gegi%as

stirred at 30 - 80 ours. eén excess anoun
i ntroduced i nlaldehbke slicon®d Bopolymersethtqught leydrolysit eantl hendemakom@frteact i on.

The bl ocked | agder, silicone coppl yner so]ution was purified by shi ng

with veter sefloliakpiusIane: | | bHecwERT rdgr@@stv&% Robogss ingprporate 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 phenyltrimethoxylsilane 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
stirring. 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/SiO) of the
prepolymer was 0.18. The yield of the first stage was 90.2%.



wat er reached to neutral. The yield of the synthesized

pol yphenyl sesqui oxane is 91.5% Its weight average nol ecul a3 Macgbdos s
6229. The residual silanol content (OH/ SiO of the

pol yphenyl si | sesqui oxane was 0.02. Figure 5 shows the FTIR Spectrum of the
synt hesi zed pol yphenyl si | sesqui oxane. Exanple 17 The procedure described in
Exanple 1 can al so be used to synthesize |adder-like silicone copolyners

t hrough hydrol ysis and condensation of 3wo al kyl tri al koxyl silanes. This
exanpl e denonstrates how to incorporate the epoxy functional groups into
the pol yal kyl si | seduthesenrd lsagk,u;]mdaddehrsﬂhghe pepolynap clywthesivahin the of two

al kyl trial kox IS|Ianes n whi one nonomner epoxy group.
In the first g‘ %{(j@geg@ GQF%?\E}"Y‘@Z cpnERHtrauen 8??€I‘i‘éﬁy’lnthWgtsﬁ YRA%Sane,
70.8 grans of f&ﬁ}%lr)éSMBﬁanQHé’H’ersbﬂE%tWMh 3 idf MtalkBlind Rl gmmoo grams

of MBK were introduced into a reactor € nononer conce I on was
mol / kg sol ventMeOH) tith mespeet toathieo podpofymaary | ﬂﬂllenmabtmrylseluhamavasoﬂ&n

| yci d | t Th i ) | ut th
Jont o aoon D boldentes A0 T ZRG P itinal Eeir RO SRS it s o o "
sub- anbi ent  t gyMBERied B @e Tsébénﬂes%é(?%%s Piyt i PRe m%m@ms%oot/alﬁéoasgr ans

(30 noles) of de-ionized water grans (O | es) of concentrated
(379  hydr ocsPwpired adthdthakis thelfiest sge pmas@l the ipmtl@l tihg opening of epmxder t he
constant stir ratio of water to nononmer was 10:1 and the
nolar ratio o#{dug Qg%ael%ySt to mononer was 2.0 nol % After the
addition, the reactlon m xture was stirred overnight (16 hours). The
resulted | adder silicone prepolyner solution was purified by washing with

\(,:Vg;te;nfe\(/(e‘]r-valsi 8) ngppt%ﬁ;thé c&ﬁﬁleti&?%l‘qﬁ% MR stageeaﬁl resﬁ%itsrﬂgllmci)lt&(‘)up-ghoq‘ silanol
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 Dblocking the non-functional

polyalkylsilsesquioxanes with functional group containing blocking agents in



prepol ynmer was 0.18. The yield of the first stage was 90.2% 23 March 2006
33 In the second stage, the | adder silicone prepol yner synt hEssMaeh2006 t he
first stage with the prepol yner concentration of 10 w% in M BK sol ution
was further condensed in the presence of 7 wt% of the al kaline catal yst
(lg KOHH1 MeOH) with respect to the prepolynmer. The reaction solution was
then condensed at 80C for 2 hours. The silanol content (OH SiO of the
copol ymer synthesized in the second sB4ge was 0.19. The higher OH Si O
value as conpared with that in the first stage indicated the partial ring
openi ng of epéhey thigt stags. dtleh'engos-ﬁmctiesalspolwwlstltﬁ@qwiomeeusedn imfthishe
second stage, the resid dder._silico eagfclogol ymer

were bl ocked FKERPSOSHBY a;mg@yisalis?,ﬁgp e&sgﬁ&gs]qe nBS 1 Stages) Mat oms at

30 - 80C for Zxh@yles-1. Thelrabléws rﬁ'@gtth@n f&ﬂiu@hhl%d"\@eﬁideﬁhké r s6lymethiy-an
al kaline solution of 22.5 grans (0.56 nmol) of sodi um hydroxide dissolved

in 450 grans G6flsegauiexangs semﬂme&md bynpleckingrwity wespectyra fenstionalnberaing  t he

bl ocki ng reaCHo%En Tllggntgddl tion of sodium hydroxide is to neutralize the
gener at ed hydroc 1§r cid and to cl ose those opened epoxy rings during
the synthesis. The | adder silicone copolynmer solution was then purified by
washing wth water several tine until the washing water reached to

ool y( phenyl - coegegtyrauir SRHRRM IBequioxpmotiesiznt byD1odne Wifn,
aver age ol ecuéspEctWelfgxlittuomlgoe@ﬁﬁgfbloEkmgragelﬁs shows the FTIR Spectrum of the

Synt hesi zed nyl - co-3-glycidoxypropyl)silsesquioxane The_ resi dual
si | anol cont ent é&gj Si (OR ipplackingaggessy reBlogkingleve.  ERasigwal OH gontentd1
R(Me,)Si-Cl mol% of Si-atoms OH/SiO
EX18 3-glycidoxypropyl 25 0.01
EX19 Vinyl 25 0.01
EX20 Hydro 25 0.01
EX21 Cyanopropyl 25 0.01

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.



The functional group containing | adder-1|ike polyal kyl sil sesqui oxanes can
al so be synthesized through bl ocking the non-functional 23 March 2006

pol yal kyl si | sesqui oxanes wi th functional group containing bl ocking agents
in 23 March 2006 34 the third stage. The non-functional

pol yal kyl si | sesqui oxane used in this exanple is polynethylsilsesqui oxane
synthesized as in stages 1 and 2 in Exanple 1. Table 6 lists the
functionalized | adder-1ike pol ynethyl - 38i | sesqui oxanes synt hesi zed by

bl ocking with respective functional bearing blocking agents. Table 6.
Functi onal polCL¥kMS$! si | sesqui oxanes synt hesi zed by bl ocking wth
respective functional bearing blocking agents S/NR in bl ocking agents:

Bl ocki ng | evel Residual OH content R(Me2)Si-d nol % of Si-atonsOH Si O
EX183- gl yci doxypropyl 250. 01 EX19Vi nyl 250. 01 EX20Hydr 0250. 01
EX21Cyanopropyl 250. 01 I n the present specification "conprises" neans
"includes or donsi ¢ ®medpd ferproducing? pelymgr corppriging thestensirfig or consi sti ng
of'. The features disclosed in the foregoing description, or the follow ng
clainms, or the acconpanying draw ngs, expressed in their specific forns or

in ternms of a neaky foregetng an orga@id doduttbnsefl i€kt dbntiohermer Bavigg et hod or
process

formula:

R!-Si(OR®)(OR*)(OR%)
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.



for attaining the disclosed result, as appropriate, may, separately, or in
any conbination of such features, be utilised for realisin@3iMschpwosntion
in diverse forns thereof. 23 March 2006 35 CLAIMS: 1. A nethod for

produci ng a pol yner conprising the steps of: (i) reacting an organic
solution of at |east one nononmer having the formula: R -Si(OR2)(OR3)(OR4)
wherein R, R2, R3 and R4 are each i ndependently selected fromthe group
consi sting of. hydrogen, alkyl, alkoxy36al kenyl, alkynyl, aryl, cycloal kyl,
heteroaryl or heterocyclyl; with a solution of an acid dissolved in water
havi ng a spec#fic rMesetitodnaxeordirg it ahyeas¢ of e pidBtingnclaiins avlteesipawat ur e

bel ow about 2 to give a prepolyner, and (il) reacting a solution of the
prepol yner w gﬁfe(;ergggw ger tedé?%'é]i‘qrr\%s@ét(‘;'l yst at a tenperature above
about 25C to give a polyner, and (iii) reacting a proportion of the free
Si -OH groups of the polymer wth a predeterm ned sub-stoichionetric anount
of a bl ocki ngSagentA methagi sasordipgita iany lope wif dbk gdeqedingnalaims2whereinethisod

2ccor 10, 0, ST G y e Eobihe SO 125 5R g B3 book "1

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.



propyl. 3. A method according to Claim1 or 2 wherein R2, R3 and R4 are

i ndependently nethyl or ethyl. 23 March 2006 36 4. A net hod Badatkl2eg t o
any one of the preceding clains wherein two different nononers are reacted
together in step (i). 5. A method according to any one of the preceding
clainms wherein the concentration of the at |east one nononer in step (i)
is fromabout 0.5 to about 4 nol/kg solvent. 6. A nmethod according to any
one of the preceding clains wherein thé7 concentration of the at |east one
nmononer in step (i) is fromabout 1 to about 3 nol/kg solvent. 7. A nethod
according to a2y orenmzthddhaccprdigeth rgy oheaiofsthaipescetingt dleimscwhereint that i on of
the at | east one, noponer in t.e%%% IS érongabgbl 2 to about 3 nol/kg

sol vent. 8. ATGASHORHMEJRLIIER (hist Roub At t,pbquf b?%réedi ng clai ms wherein
the solution of the at | east one nonomer conprises at |east one sol vent
selected fromthe group consisting of benzene, toluene, xylene, nethyl

| sobutyl ket ons, '?@Modeﬁ&ﬂdixlffrt(?@ﬁ% ok Q)tfnﬁg,p%ééﬁ{ng%girﬂssﬁﬁéﬁﬂly the€t her.

9. A nethod according to any one o e precedi'ng clains wherein the

sol ution of t hexchon feggstatanedonstem(ikis belompatiome$5%et hyl i sobutyl ketone. 10.
A nmet hod according to any one of the preceding clains wherein the reaction
time for step (i) is fromabout 3 to about 48 hours. 11. A method according
to any one of 15.“6 N ?nce%*(ljoldngcc%lr 1r|1gmtso \glrrl])? one nofttpng preceding claims wherein the

reaction temperature for step (i) is below about 5°C

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 mol%.

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%.



reaction time for step (i) is fromabout 8 to about 24 hours. 23 March 2006
37 12. A nmethod according to any one of the precedi ng cl ai ne23exck2t06t he
reaction tine for step (i) is fromabout 10 to about 20 hours. 13. A nethod
according to any one of the preceding clains wherein the reaction '
tenperature for step (i) is below about 15C. 14. A nmethod according to any
one of the preceding clains wherein the reaction tenperature for step (i)
is bel ow about 5C 15. A nethod accordi 84§ to any one of the preceding clains
wherein the nolar ratio of the water to the at | east one nonomer is from
about 3 to | 20. abowmetlr@ seodding 6o any mat hfdthe presedinggelaimsawhereimethef t he

precedi ng cl ai ns er el he . ool ar .ratio of the ter, to the at | east one
nonomer is frGH?cé’\é\@ﬁtﬂorborﬁtheimgH’St%ggﬁs gna 0%2t9%°%3rf39 18d according to
any one of the preceding clains wherein the nolar ratio of the water to
the at |east one nononer is fromabout 10 to 1 to about 12 to 1. 18. A
met hod accor di2hg t & methodnrecardinglte any ersefi the preceding clafnes whereimthe acid

concentration, . aci .S i is fr.om about to about 15 nol % 19.
omet hod oo Bish 07 i EiddaThoth AR drbdn behslshiRTLP RpdtbotdofiP i osdir®™'
concent r at i on a6ild, §tghuaiei adid, Ac@icaRid( bnd ardnfatio Sulphenit adidt o about 5 nmol % 23

March 2006 38 20. A nethod according to any one of the preceding clains
wherein the

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.



concentration of the acid in step (i) is fromabout 2 to about 3 nol% 21.
A net hod according to any one of the preceding clains whereis Maehaeicd in
step (i) is selected fromthe group consisting of hydrochloric acid,
phosphoric acid, sulphuric acid, acetic acid, and aromatic sul phonic acid.
22. A nmethod according to any one of the preceding clains wherein the
concentration of the prepolyner in step (ii) is fromabout 1 to about 30
wt % 23. A nethod according to any one38f the preceding clains wherein the
concentration of the prepolynmer in step (ii) is fromabout 5 to about 20
w % 24. A nmetRod dcomthhdnaccordingijo eng cof afttbe pressditigngaimisaivhrereishtheei n t he

concentration _of . .th r epol yaer i n.\St (iki), s, about wt% 25. A nethod
according to 5wt18%§en§}erﬁwg fgfgg%ﬁpﬁsgﬁ&n&lbﬂét 4/9?& PR }03;(2 reaction tine for
step (ii) is fromabout 0.5 to about 10 hours. 26. A nmethod according to

any one of the preceding clains wherein the reaction tine for step (ii) is
about 2 hours3027. Aamathadoaccardieg & By tone afythe meeestlinghdaiprsewbereingths ai ns

wherein the %Qtlaﬁ@morfstgfyt(lﬁjiﬁ(dﬂliigmieﬁmH?lt hyl isobutyl ketone. 28. A nethod

according to any-one 0O e preceding crains wherein the reaction
tenperature for step (ii) is fromabout 30 to about 80C. 23 March 2006 39
29. A nmethod according to any gne of the preceding clains wherein the
reaction tenpéfat ufe Meshods aesgrding yo jagy fang Rihe precedingoclamsuwhes theg, A

met hod accor di.pg.dh ORE b ENS LRk i i in the catalyst
for step (ii) c?s eKW° met ﬁang%. %%.Oﬂifgér?ei{ﬁ%é% (Zzgarbg?ﬁfgﬂfo any one of the
precedi ng clains wherein the
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.



concentration of the catalyst solution used in step (ii) is about | g/1.
32. A nethod according to any one of the preceding clai ne WrMarmh 2006
concentration of the catalyst in the reaction mxture of step (ii) is from
about 5 to about 20 w% with respect to the prepolyner. 33. A nethod
according to any one of the preceding clains wherein the concentration of
the catalyst in the reaction mxture of step (ii) is fromabout 7 w%wth
respect to the prepolyner. 34. A nethod%according to any one of the
preceding clains wherein the reaction tinme for step (iii) is from about |
to about 5 hodBs. 35methadetdeoniling twany wgetad theyprenedingf claims wheredtheg cl ai ns
wherein the action ti fof...step .(41d),is.fromabout 2 to about 4 hours.
36. A net hod %E(’c?g?l&iaﬁamt#érle%{m%i’é aﬁflgflkpfk’%ﬂ;?f%sél@ﬁ?'ng clai ms wherein the
reaction time for step (iii) is fromabout 20 to about 90C. 37. A nethod
according to any one of the preceding clains wherein the reaction tine for

step (iii) is3Promliamsthodsgrcpiling éuClanc38 Fdesin dhe tirdlsychborgslang isnst hod
according to . ceding clains wherein the bl ocking agent
for step (iili )ﬁﬂ?{%tﬂglg{kglicgfcﬁ%lgh?’or osilane. 39. A nethod according to Caim
38 wherein the trialkychlorosilane is a dinethylal kylchlorosilane. 40. A

nmet hod according to dajm 39 erein the alkyl group of the dingethyl alkyl
chl orosi | ane 8 sel‘%d‘?%h&} BSFRTEME B Sl dAsivheieHy the alkedl ngrpup f the

gl yci doxypr Op\‘limetﬁ}'l”e%ﬂéyl B‘Q.Yd\zrgglrag?ﬁs ﬁg&ﬁg@@?&hg gfcdup é%ngﬁﬁlhé’gf ﬁl%ﬁ&'i,dj.-ng to

any one of C ains
glycidoxypropyl, vinyl, hydro and cyanopropyl.

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%.



agent for step (iii) is hexanethyldisiloxane. 42. A method according to
any one of the preceding clains wherein the anmount of bl ockiygagests used
in step (iii) is fromabout 1 to about 90% per nole of Si-atons in the
polymer. 43. A method according to any one of the preceding clains wherein
the anount of bl ocking agent used in step (iii) is fromabout 5 to about
50% per nole of Si-atons in the polyner. 44. A nmethod according to any one
of the preceding clains wherein the afbunt of blocking agent used in step
(tii) is fromabout 10 to about 30% per nole of Si-atonms in the pol yner.
45. A nethod d6cor i partially dgcked epobyméerhebtpinelsle diynany loae n’ thi girededinighe
anount of bl ocking agent used in step (iii) is fromabout 25% 23 March
2006 41 46. ACEEPgiaIIy bl ocked pol yner obtai nabl e by any one of the
preceding cl ains.



