; 4567e3ef " _<bRbe6eTf DESCRI PTI ON OF | NVENTI ON " LADDER LI KE SI LCONE
POLYMERS" THE PRESENT | NVENTION relates to the synthesis of |adder-Iike
silicone polynmers and the | adder-like silicone polynmers so produced.
Ladder-1i ke 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 |l adder-like structure, polyal kyl siljsesqui oxanes have good el ectri cal
i nsul ation, optical transparency, water repellence, and flanme retardance
good heat, weather, water and chem cal resistance, high hardness and
mechani cal strength. There are many publications relating to the synthesis
of such | adder-1ike pol yal kyl si | sesqui oxanes, as well as their various
applications. Conventionally, the | adder-1ike polyal kyl sil sesqui oxanes are
synt hesi zed by hydrol ysis and condensati on of nononers of either

al kyltrial koxysilanes (RSi (OR )3) or alkyltrichlorosilanes (RS W t h
water in the presence of an acidic or alkaline catalyst. An mmmmﬁmmmmme
of the synt HBESECRIPTEOBOOEHINSYENAWEON si | i cone pol yner,

(pol yphenyl si | sesqui oxanes) is disclosed in US3017386. The trichi®kgsil ane
type nmononer, (PhSiC 13), was hydrolysed in diethyl ether bel ow 25C. The

resul tant |add sl 0, j was washed w t he
2 G etnyl et teaabRebfRE-SHRORE ROy MERSSh 0o 1 ng A AEA
m xture of benzene, diphenyl and diphenyl ether. The reaction ni;xhire was
further polymerized at 250C in the presence of an al kaline catalyst to give
benzene sohqﬂfE VEEGTIO! &@H% : i fatyh :

simlar tric or133| aneq%/g/lggl nonmtr)gé}?gséynt gigﬁtgg&\s/gg?%%cgél1%1%@;@?1?%

pol yal kyl si |sotgseisoarainde laddyr-16esilitén he2d prodiued399648 ( Yamanot o),
US5939500, US5981670, US6008310 and US6153689 (Itoh) disclose the use of
trichlorosilane type nononers to synthesize various | adder-1|ike

pol yal kyl si | sesqui oxanes wi.th or w thout pendant, reactive_ functional

groups, such as Hyafidsgdiesilicaneialygesupbichmeatain oacalkyisidg ehaimandileht i ons
are EP078648%< AU6670396, AlJ706248 CA%2026 5,1Jﬁ§#1 68B2, JP200 98?9,
JP200159891,0%YBSB 898 1 M §HH 1388 teaned mplyalkylsilsesgyiasanes. Due to

trichlorosil T oqﬁqé e ' Yisgds b [ e . el ease
toxic and cggggsﬁégﬁﬁg%%oc |oP?5b1§ﬁ2%§?“§%%h§£ecug _§g@£ gégﬁ %%@ﬁgég in
usi ng the NGAQIEAEN,! Optikéad MeAtisparealy UWaRd Rfcded landl Samél retirdRitet £5dd
hydr ol ysis of the nononers can lead to unwanted voids in the | addef-1ike

struct ure ofheatiywesathet,t water poldy ok¢raicallrésistanté, Visilgh, hdrdhedskand Insédhaniat ype
nononers may be used to synthesise various |adder-Iike

pol yal kyl si Isét¢sgth.oxanes. The advantage of using trial koxyl silane type
nononers is that they are nore stable, |ess toxic and easier to handle
during storage and synthesis as conpared with trichlorosilane type

pouder i th 1 mpr oUBAC TGN BF SRt B LR RS DG W ORI,
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 (RSiC1;) 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, (PhSiC1;), was hydrolysed in diethyl ether below 25°C. The

resultant ladder silicone prepolymer solution was washed with water and the



3 nethyltrimet hoxyl sil ane wi th aqueous ammoni a sol uti on. However, the

resul tant pol ynmet hyl si | sesqui oxanes does not dissolve in solvents, which
may be due to the lowregularity of the |adder-1like structure of the
pr-oduct. US5026813 di scl oses a curabl e pol ynet hyl - n- hexyl - si | sesqui oxane
synt hesi sed by partial hydrolysis of the m xture of nethyltrinethoxylsilane
and n-hexyltrinethoxylsilane in the presence of NH2C3H5(Me) Si (Owe) 2

catal yst. The resultant |adder silicone copolynmer is suitable for

moi st ur e- curdictyhethey sapsint dean wpiaceddyobe digh bodingpeint aokyentasgstuod of

synt hesi zi ng hi gh pyrity phenyl . | adder-|ike silicone polynmers for

prot ection %i’qq%gn%n ‘RIWPE’? |128¢e Ainheayl gtherg fﬁ}errﬁe@ﬂﬂoél BHKRUre aVay cfirhes .

PhSi (CEt) 3 or ,PhSi. h8~h lyzed w th wat,er. to gi.ve a lower nol ecul ar
wei ght pr epoﬁ’%}%ﬁf&%ﬁ%Spscflﬁ%géﬁé%eélﬁgne%g ah(r?ilpﬁecagq'l@%‘etr?c%“@f SRéENe
catal yst to g i el ght pol yphenyl si | sesqui oxanes. US5491203
di scl oses a.%%t ggk)f}ﬁgkﬁgg 3%&%@3 (R = nmethyl, ethyl, nethacryl, vinyl,
mercapt o and epoxy groups) to synthesise |adder-like silicone copol yners

wi th pendant functional groups for coating applications. The

tri met hoxyl si | aneMiappdaternouhdicatiang usy cvimiilpr ddchiorositanicdiype vwvabromats 10C f or
1 hour and then at 70C for 3 hours. The residual sjlanol groups of the

synt hesi zed JyRthesisesi YareQse lsgdgirtike PobyalkydsilsesqWioXaNes ex&OEs exaBPE of
bl ocki ng ag 59162 disgl a Rrocess, of IhZIi n i

nol ecul ar wee%ﬁ? y P8P zﬁéﬁ%‘%r e@f%l?a%t@?{ 0 W%péddgggw@gne
pol ynmer that { I i . .

oad magnesy Svaift. AparTsRTsI6EF (Ronf Aicie, B A58 f rickiBtsitaRERGbe
Tri al koxysi | ABREmERAP{ SPRRSIZE Waridhs RatldMeted poly aticyTsilde¥huioRhies with 8pY! .
phenyl and vinyl) are hydrolyzed with acidic wat'er to produce a |adder

si i cone pr ephymependahbreaotiyerfunctmnabgroipey @rhafs HydrogéiDind Vingl kasligst
silicone pra&z{yner is subjected to dehydrative condensation in the

presence of B lnplleawﬁl;éin@iéarapy_bkic;]aémswelt EBQ7§)@4‘89‘,ié@%gp&?@sdll_ﬁﬁ(l@r’rfiagd
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many ot her fﬁﬁﬁ r t\hesi zi ng pol yal kyl si | sesqui oxanes have been
devel oped. %iﬁs r %§L§%§W§¥(ﬂ7ﬁ)l sobutyl | adder silicone polyners

synt hesi zed by partial enulsion hydrolysis of respective nononers are

di scl osed in US4746693. US5086145 descri bes the use of triacetoxylsilane
type nononers to Hywehesi atchlafddilinsitypeonpnbaleysresre kadilyhaaidrolgseédtiant
coating applications. JP11292971 and 2000103855 di scl ose a process for
synt hesi si ngnhisgire pudi releaké dorio-and omiosiveghydrdddoride Ifimescangbspastal cardir ough
either the hydro{aysi s  of fI,uo(rfgécont ai ni n(g silanes or the conversion, of
pendant si déNYstobpised nhusingdhermEpREEE [¢ Paevens sughewvanged dnideolysisi gh

thermal stabjlity. A tenplate hod is discl osed Zhan toak. . he
bubl 1 cat § one Py EarlI ARP B, W Franberes® SR iR Y EPaRed vl i ke
pol yal kyl si | Uis Tgﬁi!{ﬁp{l Y qui oxanes are synt hesi zed by
pr eam nol ysilggg%lltﬂgée(gtﬁgﬁges ( :dn@'lttﬁlp?)wertﬁﬁél , phenyl, vinyl, et al.)
nononers with diamnes to obtain the coupled dinmer tenplate, followed by

t he acidiccatal yzed hydrol ysis and al kal i ne-cat al yzed pol ycondensati on. An
advant age of thi sAhematively, tiiakoxylsilamestype rhamtarersimie be used to synthesise

pol yal kyl si | sesqui oxanes _are highly ordered, but the synthetic route is
more conpl i cdrE@saniadésiplike \nelyallsylsidsesanioxpressy ntlifespdvapiage of using
characterizatign of .the sol uble, high | ecul ar wei ght d | adder.-lik

pol ynet hyl sﬁf‘é ;% Bfidype I@ﬂpﬁ@gﬁg%g& a e%farﬁoﬁrﬂ()ﬁ“eFta%iff’eir?é%goﬁlfzﬁu}(?PP.
183-188, 1989~ ' I I : i

ol ecul ar weltSiSF AR R Gu SRR lfBboid ds omrled QutPefonlHllone
copol yrrers",ty@h{me}gurnal of Polymer Science, 10(4), pp. 361-365, 1992.
"In situ poling and orientation stability of chronophore-bearing |adderlike
pol ysi | oxanes", Polyners for Advanced Technol ogies, 7, pp. 98-103, 1994.
"The synthesis and X-ray diffraction study of the |adder-Iike .

pol ysi | sesqui oxarnd84§28390si discloises nthest synthgsiuupef | pphimethylsilsesquinxangt ed
Technol ogi es, 8, pp,,662-665 996. In cqnclusion, there are variety of
synthetic rdRfveder: withimnraved Prepertyatiyere ihYB“HX?@é’I“Qy?‘g}q%%&ﬁﬂ 8ﬁanes
having a variety of structures and properties. However, it nmay be

appreci ated that there are many problens associated with the starting
materials, synthetic routes and properties of the resultant polyners
disclosed in the prior art. Accordingly, there exists a need for an

i mproved net hod of synthesizing |adder-1like silicone polynmers, for the
Ladder-1i ke polyners thensel ves, and for conpositions and applications

T S - o o v



This invention relates to a three-stage process of synthesizing | adder-1ike
silicone polyners (generally terned pol yal kyl sil sesqui oxanes) w th high

| adder|i ke structure regularity, controlled nol ecul ar wei ght and reactive
Si--OH (silanol) functionality. The | adder-like silicone polyners are
generally soluble in many common organi c sol vent and are suitable for use
as surface protective materials for varigus substrates where thernal
resistance, electrical insulation or optical transparency is required.
These subst racéyltrinedthersylsilanss witler agiaoys ammadria polationcs Hoaveyleasshé i ber

reinforced pol ymer c ogites. .6 According tqQ the present invention there
i's provided r&S%ﬁIﬁdwq%ﬁﬁgﬁ%ﬁa&%@xw%é{wtéﬁml% ihgotvsatss tvepish gnay (| )
reacting an ,organj c ti of at.lea ne nQner ving.the fornul a:
R1- Si (OR2) ( C&%%’(e&gi)h%% rrggﬁlaﬂh Ofé‘,eq&éﬁ%%@‘%ﬁp% ee(ggﬁeipﬁg%%éndent ly
selected fromthe group consisting of: hydrogen, alkyl, alkoxy, alkenyl,

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

an acid di ssol vedUBB026818 #iavioses aaspagdblé C poRen&hilngherll-silsdsgaivikansd. 2
M52-cm at a tenperature bel ow about 25C, to give a prepolyner, and (ii)

reacting a synthasiseddfy paréiabhygrolysireof thiethixaueod fimiethy tofmethozykdaneend
catal yst at a_tenperature above about 25C to_give a_polyner, and (iii)
reacting a propeyitnysthoxylstang iaeths; prepenseonh NHFC BifRBMe)y qaalyst.
predeterm n sub-st oj chi onet.ri c ampunt of .a bl qcki agent to give.a
bartial |y bl OISRl TRder syligaeCeimoly g i< siitlc for apeistire s ppating 1
n- hexyl , cyca{ ?)Ii‘i%é?ﬂ)ns cyanopropyl, vinyl, hydro, am nopropyl, phenyl, or
3-gl yci doxy r? opyl. Conveniently, R2, R3 and R4 are independently nethyl or
et hyl . Advantageously, two different nononers are reacted together in step

(i). Preferably, the concentration of the at | east one nononmer in step (i)
i's fromabout 0.3USS0&IR0OY dsciwdesky prokesniof syntkesiuiagi kighl purithephenyl

gggﬁte nér ?r:): ?lgggjgol}igési?igorllg ggfyrr?er;se f(grrD Sr%?e?:rﬁoinnﬁlfr}see{)nd( iin)terllasye]; rir(l)srlrl]lgc?noguiiln'lls ‘o
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



Advant ageousl y, the concentration of the at |east one nononmer in step (i)
Is fromabout 2 to about 3 nol/kg solvent. Preferably, the solution of the
at | east one nononmer conprises at | east one solvent selected fromthe group
consi sting of benzene, toluene, xylene, nethyl isobutyl ketone, nethyl

et hyl ketone, diethyl ether and isopropyl ether. Conveniently, the solution
of the at | east one nononer conprises neyhyl isobutyl ketone.

Advant ageously, the reaction tinme for step (i) is fromabout 3 to about 48

hours. Pref eR8I{OMe}:hR remethybrethyiyeropyl, phepyl(and vinyly o leirolyz8d twitibout

24 hours. Conveniently, the reaction tine for step (i) is fromabout 10 to

about 20 houkadicAsmatert yquaduee at tslderasilicene peenpdymenrwith opolymepizeiigni s
erature for i.s bel ow

bel ow about fer Y, e rea fion te [
about 5C Oo‘%R@ﬁ? 8heItyp, 530?% T%Pﬂéladcra Hicgng pre m&msqtueqtﬁ t%fieme,%r@tl%ne

atto of e IREBretn Fndfe bristule et Aikelng A QYR BATIR IR putild By

about 12 t0 diggoluBoR’ fdef Qfe)éiplfa?x%n”m 6Bta1ﬁtd 91 {ﬁ(ﬁ@cﬂ]@f Weigitt Lhe lﬁ‘ébl east

one nononer Is froma out t o about
purity ladder silicone polymer suitable for electr1ca1 insulating applications.

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



Conveniently, the concentration of the acid in step (i) is fromabout 1 to
about 15 nol % Advantageously, the concentration of the acid in step (i) is
fromabout 1 to about 5 nol % Preferably, the concentration of the acid in
step (i) is fromabout 2 to about 3 nol % Conveniently, the acid in step
(1) is selected fromthe group consisting of hydrochloric acid, phosphoric
acid, sul phuric acid, acetic acid, and agomati c sul phonic aci d.

Advant ageously, the concentration of the prepolyner in step (ii) is from
about 1 to alwduits 38pallbers, eltdnedd JourhdleotPolyaier rSutiére, A0(4)hepPBERBlGEIEr in
step (ii) is fromabout 5 to about 20 wt % Conveniently, the concentration
of the prepd992er“Inrsitt ppliig ahd iozicatadion stabilityyof sbrcamopipretbehsing tiadder-
reaction timg for step (ij) is fromabout 0,5 to about 10 hours. 9
Preferably, lePelgsitaxagsst ialymsrs gr vanesd 4 eslmfﬁpg@s,hbmrs I8 d?%nt | vy,

the sol vent J—ﬁ{e Sts?t?th%is,fs) ia%d”EB&YAy | Sﬁﬁ%c\filonkas%%ey' of the ladder-like

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

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

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

the polymer,

The present invention seeks to provide an improved method of preparing

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

This invention relates to a three-stage process of synthesizing ladder-like
silicone polymers (generally termed polyalkylsilsesquioxanes) with high ladder-
like structure regularity, controlled molecular weight and reactive Si-OH
(silanol) functionality. The ladder-like silicone polymers are generally soluble
in many common organic solvent 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.



Advant ageously, the reaction tenperature for step (ii) is fromabout 30 to
about 80C. Preferably, the reaction tenperature for step (ii) is from about
40 to about 70C. Conveniently, the catalyst for step (ii) is KOH in

met hanol . Advant ageously, the concentration of the catal yst solution used
in step (ii) is about 1 g/1. Preferably, the concentration of the catalyst
in the reaction mxture of step (ii) is gromabout 5 to about 20 wt% wi th
respect to the prepolynmer. Conveniently, the concentration of the catal yst
in the reaction nigeerdingofto stheppreisent inventiom thisecitis 7pravidedi ahmettlspkdor t o

t he prepol yner. Advantqgeousl , .the Leactio tinme for step (iii) is from
about 1 to dBSABCHERRAIEMEHFINRFigIHEINe s16pS Odaction time for step (iii) is
fromabout 2 to about 4 hours. Conveniently, the reaction time for step
(iii) is fromabout 20 to about 90C. Advantageously, the reaction tinme for

step (iii) is fr qu ;ib_qlséhc bR AOAUE s%ﬁﬁio.rﬂ ofi Bt @r&g{ Sﬁ@%dhqr@é}q%%éﬂg'fﬁgg

agent for step (i a tri1al kyl chl orosi | ane. nveni ent

trial kychl orosi | afoemiuta:a di met hyl al kyl chl orosi | ane. Advant ageously, the
al kyl group of the di mef hyl a| kyl3chl rosilane is selected fromthe group
consi sting of methyl, B-§I{RIEBP(OBY) , vinyl, hydro and cyanopropyl .

wherein Rl, R2, R® and R? are each independently selected from the
group consisting of:

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

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

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

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

give a partially blocked polymer.

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

Conveniently, R%, R? and R* are independently methyl 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.



Pr.eferably, the bl ocking agent for step (iii) is hexanethyldisil oxane.
Conveniently, the anount of bl ocking agent used in step (iii) is from about
1 to about 90% per nole of Si-atons in the polyner. Advantageously, the
anount of bl ocking agent used in step (iii) is fromabout ~ to about 50%
per nole of Si-atons in the polynmer. Preferably, the anmount of bl ocking
agent used in step (iii) is fromabout 16§ to about 30% per nole of Si-atons
in the polynmer. Conveniently, the amount of bl ocking agent used in step
(tii) is fromabout 25% According to a further aspect of the present
invention, there is Provided a nmethod for producing a prepol yner of the

i nvention. Acemvemienin sheiponseatratiopadt therat depst gpe saonomer @ttt al) is frome i s

provi ded a neth fo roduci.n | ymer of the invention. 11 According
to a yet fu?a?’rﬂ’élfqégﬁéff& gfn(ﬁh@gﬁ‘é%ght invention, there is provided a

met hod for producing a partially blocked polynmer of the invention.
According to a yet another aspect of the present invention there is

provi ded a ngivfadaushy, aHE WohBerrdiivnt bRk abl@ckode RAAbYOBEr &P §) hY t he
step of reacting a proportion of the free Si-OH groups of a polynmer with a

pr edet er m nefdomuabosit itolaboued mal/kgnamlvdntof a bl ocki ng agent to give a
partially bl ocked polyner. According to further aspects of the present
invention, there are provided a polyner, prepolynmer and partially bl ocked

ol ymer of the_.inventjon. )
oLy lbreferably, 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.

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 time 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.



In order that the invention nmay be nore readily understood, and so that
further features thereof may be appreciated, the invention will now be
descri bed, by way of exanple, with reference to the acconpanying draw ngs
in which: FIGURE 1 is an FTIR spectrumof a |adder-Ilike silicone prepolyner
of the invention; FIGURE 2 is an FTIR spectrumof a |adder-1like silicone
pol yner of the invention; FIGURE 3 is an_FTIR spectrum of a partially

bl ocked | adder-1i ke silicone polymner of #he invention; FIGURE 4 is an XRD
spectrum of a | adder-1ike polyner of the invention; FIGURE 5 is an FTIR
spectrumof a partially blocked | adder-1ike silicone polyner of the
invention; apgfEblyRENS mhelapRatid lOR theesitetid dhe at Dedst ioak! MoRbBEK A from

| adder-1i ke silicone polymer of the invention. 12 As used herein, the
fol | owi ng t eabmmitdAabll toaabeut h2 tdé dl | owi ng neani ngs: "Al kyl ", either al one or
i n conbination, neans an optionally substituted straight-chain or
branched-chai n al kyl radical containing preferably 1-15 carbon atons

(C1-C15), nore prefera 1-8 car.bon ons. (C1-C8),. a nost preferably 1-2
carbon at ons ?@iqndﬁ‘}et.[y’ Eh%ﬁﬁ?“e@%@ﬁlo&fgﬁhlaﬁfé% epih) laﬁgomswf 1 tgabppt
n- propyl, i SPSF{;R)‘?%I , h-butyl, tert-butyl, pentyl, hexyl, octyl and the
i ke. "Al keny el'ther alone or in conbination, neans an optionally
substituted straight-chain or branched-chai n hydrocarbon radi cal having one
or nore doubl e bonds, preferably 1-2 doubl e bonds and nore preferably one
doubl e bond, Adnahtageuusiy)ithg qunetetratidry o2-thd acht hostept Gds (ke Gltout 1mes e
preferably 2-8 carbon atons (C2-Cg), and nust preferably 2-3 carbon atons
(C2- C3). Exaahslués mel%uch al kenyl radicals include vinyl, alkyl,
1, 4- but adi enyl and the |iKke.

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 10 wt%.

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

hours.



"Al kynyl", either alone or in conbination, neans an optionally substituted
strai ght-chain or branched chai n hydrocarbon radi cal having one or nore
triple bonds, preferably 1-2 triple bonds and nore preferably one triple
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).
Exanpl es of such al kynyl radicals include ethynyl, propynyl, butynyl and
the like. "Al koxy", either alone or in c8nbi nation, neans a radical of the
type "R-O" N SRS an,. I . gal fined above and "O' is an
oxygen atom#@ér%{}égﬁolfeagﬂ@ﬂtlﬂ%)%ﬁ{e%g@ﬁ@aﬁbgafgi’?ﬂﬁse met hoxy, et hoxy,

n- but oxy, tert-butoxy and the |ike. 13 "Aryl", either alone or in

conbi nati on, nmeans an optionally substituted phenyl radical or an aronmatic
fused ring r@dhealiestis;hhasolaenafolstepl (ii) adinetlyl isobumllesoef, aryl radicals
are phenyl, 4-nmethoxyphenyl, 4-fluorophenyl, 3-am nophenyl, 1naphthyl,
2-napht hyl, 6-am no-2-naphthyl, and the |ike. "Cycloal kyl", either alone or
in conbinathga, nmeans gp optionally substituted saturated or partially

sat ur at ed, yantageQushy, the esactipr temponatyrg dpe siep () & BEpabaYoutsioeyahaut,
cont ai ni ng P§ Egrably 3-10 carbon atonms (C3-C | 0), nore preferably 3-8

car bon atons(? -Cg), even nore preferably 3-6 carbon atons (C3-C6), which
is optionally benzo fused and which is optionally substituted as defi ned
herein with respect to the definition of aryl. Exanples of such cycl oal kyl
radi cal s i ncPretierablys tiePreaption tensdrattidé Yor sty G )IB i laboGy 0 hesailt.70°C.
tetrahydronapht hyl, and the Iike. "Heteroatons"” neans nitrogen, oxygen and
sul fur heteroatons. "Heterocyclyl", either alone or in conbination, neans
an optionally substituted saturated or_partially unsaturated, preferably
one doubl e Héﬂmweﬂﬁmmbbﬁb¢P@ﬁbﬁtﬁﬂéyﬁlQBJSEK@ﬂén@mﬂbmwﬂnocyclic, het er ocycl e
radi cal containing at | east one, nitrogen, oxygen or sulfur atomring
menber and having preferably 3-8 ring nenbers in each ring, nore and nore

opti onal 1 el BeeqTRNE 308 dolpSfttich ffuhe ERREAESUEY w858 (Tl

al koxy, hydrgyent 1840, thioxo, aryl, aralkyl, heteroaryl, heteroaralkyl,
am di no, N-al kyl am di no, al koxycarbonyl am no, al kyl sul fonyl am no and t he

| i ke, and/or on a secondary nitrogen atom by hydroxy, alkyl,

ar al koxycar bonyl , al kanoyl, al koxycarbonyl, heteroaral kyl, aryl or aralkyl
radi cal s. BExBnepireblyethe omcantsation ®fchy Icatadiht dmltlhe reactiodenjpsrecd stepy(fi)

pi peridinyl,. piperazinyl, tetrahydrofuryl, benzopyranyl, and the Iike. 14
"Het er oar y| "1S TEqR RBPULD nabat 20Wie it Bespeet, tofBa REe9lyBRbeycl i ¢ or

bi cyclic, preferably nonocyclic, aromatic heterocycle radical, having at

| east one, nitrogen, oxygen or sulfur atomring nenber and havi ng
preferably 5¢ i Sl t i, Lgh i i : sed
o st ur af co- A LRGER THE KEnLARRR & 18, cdlh & G RpLAIT eIl
defined abovgi)w fiont e5RACT wi% Wwitle relpbtivotthe psepdiyrded/! and heterocycl yl.
Exanpl es of such heteroaryl groups include imdazolyl, pyrrolyl, pyrazolyl,
pyridyl, furyl, thienyl, oxazolyl, thiazolyl, indolyl, benzofuryl, and the
| i ke. "Hal ogen" and "halo", alqgne or in conbhination, neans f|luoro, chloro,
bromp or i odddyapgequsly. theregetom Smanter stapddii hisdiamabobti g abowtnd hewes: | v
substituted" nmay be substituted by one or nore substituents selected from
t he groups consisting of al kyl, al koxy, hal ogen, hydroxy, am no, azido,

nitro, cyan ) . qPﬂMI v I erocycl o,
alkanoylanig%Fﬁghl 6ﬁ%gﬁﬁgﬁﬁg?ﬁéﬁPg§§@§¥@§%y anﬁ%gﬁt%bg?k§¥£%$§®%b,

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

ar al koxycar bonyl am no, al kylthio, alkylsulfinyl, alkylsulfonyl and the

| i ke. The meCtmeeniéntiyhehereaston tine/fontstepn(iiipisdt@a about20 e ebostt JE. net hod
for the preparation of |adder-like silicone polyners. Such | adder-1ike
silicone polyners have the general structure given bel ow. 15

RRRSI GBI RO Eg‘%{taRge%%sly, the reaction time for step (iii) is from about 30 to about 80°C.



where each R may be one of various groups including hydroxyl, alkoxyl,

al kyl, aryl and hydrogen. The first step conprises hydrol ysis of

trial koxyal kyl si | ane-Li ke nononers of the general formula

R--Si (OR2) (OR3) (OR4) with partial polynerisation under carefully controlled
conditions to give relatively | ow nol ecul ar weight | adder-Iike oligoners,
which will herein be referred generally to as "prepolyners". The

prepol yners of the invention are sui t abl ¥ f or synt hesi sing polymers with
relatively hg =1} . : stage of the
met hod of tﬁ?ggﬁégﬁéﬂ§ﬁ9§8%%@%§%8{?ﬁ?Fﬁ%@HE%ﬁ§§¥§%ﬂ§%ﬁ%§§§%%risation of the
prepolyners to give higher nolecular weight |adder-Ilike polyners, herein
generally referred to as "polyners". Such polyners are in thenselves a

usef ul produConvenichtiygyhderialleprhlomvsAarvaisi ediynathylalkyl¢cidatosiase.i n
conpositions, for instance in coatings. However, such polyners may be
further nodified in the third stage of the invention by the deliberate

partial blocking of a proportion of the free pendan i - OH.groups  (silanol
O bupe) . whi AfvaRREs Bl RS aURErauR o6l EFmeREh Alng sHoeR g Brieks eont
to give a l I i il o] Vi i Kk

sil gnol gr oﬁ%gﬁaﬁ%é ggﬁ%p%oﬁﬁggﬁgobygﬁ éetgpgi %%ﬂ%‘ﬁdg)?ﬁ%gé&l’ ﬁVQP g{’ n}t&cgﬁ eglg%d to
as a "partiq%b*oghﬁgFed pol ymer". Such partially bl ocked silicone polyners
may be store 0 atively long periods of tinme and 16 are in

t hensel ves useful, and may al so be used in a variety of applications and
conpositions, such as coatings and adhesives. The first stage of the nethod
wi || now be Bieferablyethd logking agentifdr.stdp (ilvais hexemetiyldisilokate.by car ef ul

control of the reaction conditions and reagents, prepolyners may be
produced having controlled high regularity of structure and controlled

I I hght. .This | hi by. ful | .of. . '
ermper at ur 6 G 9yothe thE afpPnEEF Plodkinelhgent haf i B8P 4R 1 Kirb FBPL Fllvorer
f the fi h : ' | kyl si | havi th
Formila g verr BbPac Py MaR R AR R e bR S ' R s and Rt are

each independently selected fromthe group consisting of: hydrogen, alkyl,
al koxy, al kenyl, al kynyl, aryl, cycloal kyl, heteroaryl or heterocyclyl;

wi th a sol ut Advamthgeoushgithe amowat ef biackmgt eyene na¢diirestbp (Diy islhom aB&E. 5 H gh
purity water having a specific resistance of at |east 18.2M5Z-cm shoul d be
used in aci dtosabloyt g@%. psunekendicSisaipans in tlag peliymerhydr ogen chlori de. The
reaction should be continued until substantially conplete hydrolysis of the
nononers has occurred. Typically, the reaction is conplete by 48 hours, and

nour s. "he. regterpalfofde Ry 8F bt Bibekthe Se Rkl TR p B ar toat dobt IR 0
control led quﬁﬁgogpg&qukgéfgpmgﬁmqﬁqhgpggﬁgﬁ_and solution and the

tenperature of the reaction mxture, the purity of the water, and the rate
of addition of the acid solution. 17 Typically the nonomer, such as an

al kyl trinmethoxyl silane, is mxed with an organic solvent and is poured into
a reactor equopysrdentiy, tha amotrtnof hlocking agent asedr ppiepg(ifiinn droma reboat
thermometer. At the required reaction tenperature and with constant
stirring, anm¥ecess anount of ultra-pure water containing an acidic
catalyst is added in a drop-wi se manner. After the addition, the reaction
m xture is stirred overnight to conplete the hydrolysis reaction and the

hydrol yzed TROCSHRE: # % Pahdr2hd C%Nﬁe?ﬁxgsérﬁ fReAtbRe HepWw i_Effoﬂrg?ﬂlleﬁra

wei ght | adder i cone prepolyner. prepol yner solution is purified
by Washi ng vt oMoP produceih préyBiemend thelineentishi ng vat er appr oaches
neutral pH. The prepol ymer solution is then vacuumdistilled to renove

wat er and nethanol, as well as a part of the solvent. The key point of the
first stage is to control the hydrouysis condition to synthesise 1h8 hi ghly
ordered | adddeconding racamsher aspacheofpthe Hreaeat invertiqr, gingtfds rovided ndnoner
may be relatively inert, or may be f ti.onalised or reactive groups.

Exanpl es of DEMOAI0E FFOUEE POREREIR HELRYAIO% hyl . propyl . butyl . hexyl |
octyl, vinyl, hydrogen, 3-glycidoxypropyl, am nopropyl, cyanopropyl, and
phenyl. Preferably, the OR groups are |ower al koxyl groups, such as

nmet hoxyl and et hoxyl groups. The starting nononers can be used as chemi cal
reagent grade or industrial grade and nay be used as received from
commerci al sources. The nononers may al so be purified through vacuum
distillation before use. The nononer concentration in the first stage is
very inportant. If the concentration is too |ow, the condensation reaction
of the hydrol ysed silanol groups wth al koxyl groups or other silanol
groups may be too slow and cannot achieve the required condensation |evel

r o o o - - .



18 the reaction mxture. The preferred nononmer concentration of the present
invention is about 0.5 to about 4 nol/kg solvent, nore preferably about 1
to about 3 nol/kg solvent. It is to be appreciated that the nononmers may be
used al one or in conbinations of different nonomers. The organic sol vents
suitable for the present invention are those non-aqueous organi c solvents
that can readily dissolve both the startj,ng nononers and the synthesi zed

| adder-1i ke pol yal kyl si | sesqui oxanes, asllwel | as their respective

prepol yners. I s it dfl; Snv h i ldegthy!l
ket one and %ﬁg‘?ﬁ??gb%?% ﬁllgteﬂt%gr?g;g 6‘c(t2c§f T)I[EIte @%?ﬂf su%rﬁkglé ﬂg?cfgtlg?}rgzﬂtd ﬁgraf1

i sopropyl eimdtaod ft()rgr})rodumtd parsially didcked putyimenef thedhuanin. Xyl ene. The
solvents may be used as chenical grade or industrial grade. Dependi ng on
the nature of nmononmers and the resulted | adder-1ike polyners, the above

solvents can be uysed either inpdividually or in adm xtures. Net hgl. iaobutyl
ketone is t HCRBANZIPH BFaMUNBLATRSAT §T i Bresent Wyentignthers 18 HroWded a n t he

synthesis of the.ladder-like polyal kvl sjl sesqui,oxanes_of .the present

Thvent s on. et &F Slodysitg B REHa ) BlochFE THUTBE S RH SO B REBeet hi gn
purity water -y dr e i _ e r I gxnpurity
water with zge%ég)le |%3Jr§ grltfso"tﬁar?gaﬁg %lige In?a?ltH i%r%blp {;Bgf ?mall%slyﬂlsegd%h 4
Theor et i cal Ipntededérgnified SubfstdibiRiodtmt africtink 0K % Ib3ddkane ap@iaoRiva e pdstidainyl y 1.5
nol es of water to hydrolyze the al koxyl groups. However, in practice an
excess anourtoekedymtlgmer.s used to ensure the conplete hydrolysis of the

nononers. Preferably, the nolar ratio of 19 water to nononer shoul d be
about 3:1 to about 20:1, and nore preferably fromabout 6:1 to about 12:1.
An acid is used to catal yze the d sis reaction of . the ~~“OR' .groups of
e nonorer s Piett, B, oty hidhd Srpeh® ABkettiosh et pee gEmares oh
silanol gro i i | The nol ar

rati o of thg’% k‘ﬁ%‘f’?r@ﬁ%&é?@ g&qn%%lg@?a%éﬁ%ggf Fgﬁthe]%érg & reaction. If
the molar ratio is low, such as below 1 % the hydrol ysis and condensati on
reaction rates are relatively slow, thus resulting in partial hydrolysis of
monomers and so [dnadder that shey arventiow may beuhare readiiy ungersiooldy ard solthat he
molar ratio is too high, such as nore than 15% the hydrolysis and
condensat i ofurtberctfeafugesarthencof amiayeby appreciatadd B¢ invengionawildr @osv | benki ng
may occur, gjVving silicone polyner, with |ow structural regulari.ty and | ow
o] ubi 111y, BeheTiRhEB A b RyEPRI PEh FeTPIGEoY £ Sie AT GaBi g By
belowaboutvﬁglC fo ensure a snooth slow reaction rate of both the

hydrol ysis a ondensation to achieve a highly ordered | adder-1i ke
structure. Preferably, the reaction tenperature should be wi thin about -15
to about 15C. Preferably, the acidic catalyst is diluted with water and the
acidic water is HIGURE ig@ae¥FTIR pebtien 6f 8 ladderdilewilioond prapedmérmef
reaction tenperature within the required tenperature range. The reaction
tinme in the the irstensipage shoul d be | ong enough to ensure the conplete

hydrol ysis of al kyltrial koxylsilanes and a_ _certain, |eyel of

pol ycondensat i on hny}[tHﬁE hiscaF IR spaeisemerisa lagdar-like sHigosealymer gfthiout 3
to about 48.hours, and nore preferably from about 10 to about 20 hours.
Under the aBBYEHtioned reaction conditions, the pol ycondensation

reaction in the fg tage rea Lobrd ight of
t he prepol yner doFeIs no ?ufst ﬁgrp?ﬁgr asgﬁggedﬁag%gﬁﬂge?lggiéﬁgh&ﬁrﬁ??s

i ncreased. 'gﬂqacdmipgjpymer gPthRviavemgoriol ecul ar wei ght of the prepol yner
synthesized in the first stage is normally bel ow 2000. The second stage -
Al kal i ne- cat al yzeIGidREcdniermsat{RD Ispedthems of cndaddargike tpodymeniddr the

silicone prepolynmer synthesized in the first stage is further condensed in
t he presencdneéntgm;al kal i ne catal yst. Typically, the reaction mxture of a

?%égg: gﬂh? LWBEEQ?AJ@ f(glng ?Sﬂégrr gﬂ@?%ﬁ%&éﬂ?#@uﬂfﬁ% galf’%ﬁﬁ?(i]gg@é‘{rglﬂ%t :‘S
e . . - .

2 fgw houres.rS?%éngoLﬁ&A%gi §f&é @Xr%fltﬁ%h;aa o\tNEe To?egt): 3r/rr2§ Eoﬁzetntegteirgtn?re o
catal yst usage anfcRE' g iaﬁ”F"I\?Kp%e%fch? @nd parkmlly! BlbdREd | labi@erPigky Mer s

with different nolecul ar wei ghts nay be obtained. The reaction condition of

t he second ssﬁla@ﬁ;ermylher@ﬁﬂieriglvb@mﬂoﬁ,o adj ust the nol ecul ar wei ght of the
synt hesi zed | adder-11ke pol yal kyl si | sesqui oxanes.



The prepol ynmer concentration is one of the major paraneters in determning
condensation rate and the | adder-1like structure of the resulted

pol yal kyl si | sesqui oxanes. In the present invention, the prepolyner
concentration is preferably about 1 to about 30 wt % of the total sol ution,
nore preferably about 5 to about 20% of the total solution. Cenerally, the
hi gher the prepol yner concentration, the higher the nol ecul ar wei ght of the
synt hesi zed pol yner, keeping the other rFacti on par anmet ers consi stent.

Sui tabl e al kaline catalysts include netal hydroxi des such as sodi um

hydr oxi de and pot assi um hydroxi de, netal oxides such as magnesi um oxi de.
The preferable al K@h’s&?h@&‘i&'tﬁéfolﬁﬁbi&i‘g't@ﬁni Shall W@%ll%i%h@%iﬂ?s:

pot assi um hydr oxi de (KOH), prepared by dissolving 1 gramof KOH into 1
litre of nethanol. Preferably the anpunt of al kaline catalyst solution used
is about 5 21 to about 20 wt % of the prepolymer in the reaction solution.
It is nore prefer'ablkylt ocithes alonevasr irc sombisatigzbnEeAns @ni optiosaliyh sabstibtagk

ot oo g SRR RaL A S e e b, T LS
d 1 ni h ' ' j . Pref bl
s KR R R
more prefer ab)yoahouhs %gﬁ{?@ﬁbﬁﬁma@%o'ffsurcﬂ%aﬁfcgf%ofr%ﬂf‘cfe @ggﬁﬁg%@g{,gﬁ@rwl,

catal yst concentration e reactron tenperature are

t he second s; i C i ol the nol ecul ar
wei ght of t?}lgé@)%yhgg})g@gq%g?d} IIFEEH gleﬁglﬁggﬁﬁtahgtgggiéé'i on tine useg, t he

hi gher the nol ecul ar wei ght of the polyners synthesized. In the present

i nvention, the weight average nol ecul ar wei ght of the synthesized

| adder -1 i ke pol ynthkengly, le¢thennlonel dreth Combirton; rRefB0ant @paboaliy 50Bstixdted
t hrough adjusting the reaction tine in the second stage. The third stage -

Partial bl ociiaightoshain | ainbrangheshphaip hyssaeprben sagdisal, havingp pael s c@orsy dorble

SCCOn 25880, ST HeoPERIEC g P ST SR bE S0P S0E 4SS SRR G
s o gl A1l oRAGH BBTRCSG ¥ hoherik byl oo il
o S, T Tl el sepLLSSh 09,205 COmpERii M g

exanpl e in coat! _ _ _ ecul ar _
iZiicl on 1 n e B B M85 g descr i bed
el ow.

"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;-Cis), more preferably 2-8 carbon

atoms (C,-Cg), and most preferably 2-3 carbon atoms (C,-C3). 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-O-"
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.



22 Upon conpletion of the reaction of the second stage, a proportion of the
resi dual hydroxyl (silanol) groups of the polyal kyl sil sesqui oxanes may be
bl ocked by the addition of a blocking agent. A predeterm ned

substoi chiometric anmount of the bl ocking agent is slowy added in the
reaction mxture. The reaction mxture is stirred a few hours to conplete

the bl ocking reaction. An excess anount water is introduced into the
reaction mxture to term nate the bl ocki reaction. The bl ocked

pol yal kyl si | sesqui oxaneiet Mohedr if cBMbirddtRM, Meaneshi hiy ! '
times until the pH of 't he washing wat er apprbacﬁes n@@??g?.?§%gﬁgﬁfﬁﬁﬁﬁﬁg

bl ocked pol yldksl il ases@umaianssd rip kelicd ook hﬁplﬁmeDvézdl@alt. hEx8@bYanéf
by vacuum distillation. Suitable blocking agents suitable for this

i nventi on i naylidradidaly a8e | plmenylwid-methoxyphemylal 4-floorophenyt, BSRbiRepheRd, 1-
where R5, R6 and R, are _each independently selected fromthe group

consi sting omaphhlysdr g’@ﬁhﬂ%’ﬂ,k@rﬁ{m%ﬂ' w@ht}mlk@@me liHsynyl , aryl, cycloal kyl,
het eroaryl or heterocyclyl, such as nmethyl, ethyl, propyl, am nopropyl,
phenyl , 3gl yci doxypropyl, hexyl, cyclohexyl, octyl, etc., and where Rg is

an al kyl group, s t . Trd al l.ar Qsj | | the
general fornula o%@@i ?gﬂl‘f\:{ﬁgekrnzé E{ghn E(&g])ghn?ilﬁﬂ’ gégﬁgggh@%ggggﬁggﬁt%ed
sel ected frogguidagdd b@%rﬁ@lﬂ‘i's%%drﬂ&d?fmo cichgess bdyetic. alkvk ddical! ﬂg@wﬂably
al kynyl, aryl, cycloalkyl, heteroaryl or heterocyclyl, suCh as nethyl,

et hyl , propymonocytyic, camiaimpg ppsferabindnld carBgh asordeX¢ Y, motwepnelferably 3-8
cycl ohexyl, octyl, et al. (3) OQhers, such as hexanet hyl di sil oxane. 23
General |y speakomgtompCsypg, €23n snomnprefitrablyi Beh aaxbonsatanes (O1-€6if Whidheist
than the other types of blocking agents ( 1) and (3 ). In addition, the
hydr ochl or i copitanallycanzat ged ra@gw wg@hblswmmxgllyemb@nbned:aa deiffnedt hhareiny with

quench the condensation reaction_of the secqnd stage through neutraljzin
the al kal i ng8R&| %Eheuéegmitwnt Ak a8de okekaginige of U gyclpglkyl Tagierlss imclude
preferable tQ use the t )...s{lane . bl ockin ents, Fu i.ona .

gr oup- cont ai ?ﬁcﬁ%PTBP%c fi?'%lgglétégnctygi?%{}&lﬂ@' ¢ &%eéc%bggﬁr@}xdr%@qﬁ@ylf ﬁ?‘h Jrslikesq
functional groups into the polyal kyl sil sesqui oxanes, giving partially

bl ocked pol yners havi ng pendant groups such as vinyl, al kyl, epoxy and
hydrogen, which ni¥eteatsthth@eandaitiogetl, ofeensndisukfe hetegoatbhor etical 1y,
the content of the residual silanol groups of the synthesized

pol yal kyl si | sesqui oxanes is determned by the regularity of the | adder-1ike

structure, nolecul ar weight and the blocking level . In the present |
i nvention, | adder"HgtReocyely)al rithes | aleseupbx heeompingtigns f @eany dbneRiH@nadly

L e ST
i ff " : e . $ . N

bl ocki ng. | vapiy Qg SEIERHE, SatrelBly HIpaRRLL Bl ABeyCICBIREE Toliait i ot
30 | % Th dsiey it t | a8t Rl

i act i on (D) T G e e e o
recorded on mEnBmekeverPavneach pifE). motecars] moec peefenablyl §-6tning preskisers m edch XRD

spectra of the |adder-|ike silicone.p%b§ners. A sharp peak appears at a
| oner 20 fromigerocyolylersshienln gaynoptienadlyee substifited ondeinteast efiepgarbon atoms

di tp the i -chai n di st f t l yal kyl si | i .
cort espondl LB len AR LR, SLETRE. | IRGRE! Bl el grgRS
t he | adder - 14 . i < ki . i .
A S e N A

chains. Ar el Wik 9 n 4 t A8nmSbv 16 aﬂg%@ alkyl,
relatively \?\iﬁ %Sn%}%’kgﬁg/ecgk%eﬁ %0 si%l%fqﬁﬁ%oﬁﬁﬁfﬁe?ate a hi%he?] | a der-klyi ke
structural raglkdoaytirponylhalkadgtralkokecasbonyd) hewtoaraliyl, aariyt wr craikgl sadibals.
characterized by '“9Si NMR spectra. There are normally two main peaks in a
29Si NWVR spelcxampies af suelk h¢teyocyclyd radicals. igclvdenpyrolidipyl epiparidingy Riperaginyis
t he referenceé_h;}rﬁgag d to defective Si-atonms (i.e. those Si-atons not
part of the CHARGTONYIY eheﬁéﬁp)é{ﬁnﬂﬂﬁ e lWfG.ucture), while the peak (~i) at

8 = -64.8 ppmcorresponds to the resonance absorption of the Si-atons
actually incorporated into the regul ar |adder-I|ike polyner backbone. The
ratio, ~i/(a+~i), can be used to characterize the |adder-Ilike structure

regul arity of polyal kyl sil sesqui oxanes.



The invention will now be illustrated with exanples. All of the reagents
and starting materials are commercially avail able from sources such as:
Met hyl tri nmet hoxysi | ane (Z-6070) and phenyltri met hoxysilane (Z-6124) from
Dow Cor ni ng; 3-gl yci doxypropyl trinethoxylsilane (Silquest A-187),

met hacryl propyl tri net hoxysilane (Sil quest A-186) and vinyltrimethoxysil ane
(Silquest A-171) from CSI Specialties, Cgnpton. Exanple 1 In the first
stage, 750 grans (5.5 noles) of nethyltrinethoxylsilane and 2400 grans of
met hyl isobutyl k@ietemafjll'Bithereaienegat in embmatiencmeansegmig@mesgclié bhbayclic,
mechani cal stirrer, a dropping funnel and a_thernonmeter. The nononer.
concent r at i aprefgiably. monagyJlieg asemaba heterpeydle sediceln hgwing aloleagiene, mitrogen,
cool ed down to a sub- iﬁ¥t te eﬁﬁ;ure\gtknn %fl -é%gc with. a salt

i ce-vat er baRENAT SRR AT TS CmbET a0 Naxinedn etrgwp; -Qiripgmsmberein cach

reacti on sol - - M f r 5 !sg- - J.oniJ .

water and 11. O‘S’Ph‘??s‘s(‘g‘ﬁi@f)ﬂw esE %Jgg%ggcseng ?t(g?ecc??? /3“’%}8‘?“&4% {(’)V_?ll?cgl 18
acid was add&ﬁi&fa@l@‘ WMbsBhited A5 AR dr ARFEOWitH f‘r@%ﬁec& he tROHRRAMort bf %nd
The nolar ratio of "'water to nononer was 10.1 and the nolar ratio of acidic

catal yst to ImsepclyhasERaiptas| 86 sbth eietédoaryddgioupsninchide imRlakzolgl pyetblvie
was stirred overnight (20 hours) to conplete the hydrolysis reaction and
the hydr ol yzextanelibnpxmidyiaduyr thienyly osaraiihsbitzolyli ordnlylowensbul amd the
wei ght | adder-1like silicone pre-polynmer. The | adder-like silicone

pr e- pol yner Wes-ution was then transferred into a separating funnel. The

| ower aqueous | ayer was renoved and the organic |ayer was purified by
washing with water several times until the washed water reached neutrality.
The prepol yIer sOikhibgen'aid “HAB VABHY B th tbirbiiedlidn? iR MRudt6! Gilofflbromo
met hanol , as well as part of the solvent. Figure 1 shows the Fourier
Transf or m | ndrriade@adicdlsR) Spectrum of the | adder-Ilike silicone prepol yner
synthesized in the first stage. The content of the residual silanol groups
in the prepolynmer can be characterized in terns of the peak height ratio
(OH/ Si0) of the silanol absorption peak at around 3340 cm 1 and the Si-O
absor ption peak afhaigpupsindicated FhoResgacheing “gpiéoraliysispbstiftiied” omayhde

I t ized in the first .st 25. ..Th ield aof .the.fjrst
DOl B RERLE 8 sk el iR teP s o K Shudl bSEL
he | add il I j Y fi i d1h
e Ladder Sl eena. i ec! WRlpSy HRL ik, YL Ealps BRI, Byvors

presence of fARoAdarbbmia, Cakaloatityll N Hetdobpe18) Ofalkghd§idihiholVe QiniddPONarhitino,
reaction m xture reachHing the required action tenperature of 50C, 7 w %

W t h r espectalkoxydaebqiydmainoyeN-atkybinkidino) e alkglahins] dialkylamimoyals-akiglachidoyt o
the reaction solution. The reaction solution was then condensed at 50C for
2 hours. Fi g¥il¥-dialkpilamidonhearskpry@pbenylaming, elkalthieidalkylutényl, alkylsulfonyl
polynethylsihgg Hioxane synt hesi zed in the second stage. The OH/ Si0 of the
pol yrret hyl si# @@ Ksxane synt hesi zed in the second stage was reduced to
0.17, 26 indicating the further condensation reaction of silanol groups
in the second stage. In the x-ray diffraction (XRD) spectrum of the

synt hesi zed | addetné ink&hH@ oy IR gyéséhﬂ REAHLR ¥R (tb! DtHrEe $lagednérfibatfovel v

hi gher and sharp peak at 28 = 10 and a relative weak hunp-1like peak at 2A =
15 - 30 i ndithat prepheativngberladdadéte silkonst polgiere regill daddey-likensilioend hi rd
stage, a proportion of the residual silano roups of the polymer produced
in the seconpblymsgehaws Begeneradbirycturogived bslowr i net hyl silylation with the
bl ocki ng agent, trinmethylchlorosilane, 10 nol % of bl ocki ng agent per nole
of Si atonms in the polynethylsilsesqui oxane was added into the reaction

m xture at ~0C. The reaction mxture was stirred at 20 - 50C for 2 4 hours
to conplete the blocking reaction, then an excess anount of water was
introduced into the reaction mxture to term nate the bl ocking reaction.
The resulting solution was purified by washing with water several tines
until the washing water reached to neutral. The partially bl ocked pol yner
was recovered by renoving the solvent through vacuumdistillation. The
partially bl ocked polynmer was stable in both solid power formand in
organic solution. The yield of the synthesized partially bl ocked

pol ynmet hyl si | sesqui oxan is 89% Its wei ght average nol ecul ar weight is
17400 measured by a gel perneation chromat ography (GPC, Waters) using

pol ystyrenes as standards. Figure 3 shows the FTIR Spectrum of the
partially bl ocked pol ynet hyl sil sesqui oxane synthesized in the third stage.
The OH/ Si0 of the partially bl ocked pol ynmet hyl sil sesqui oxane synt hesi zed in
the third stage was further redued to 0.07, indicating the partial bl ocking
of the silanol groups taken place in the third stage. The 29Si NWR

= = - S Y - e - —— -, o



the nmolar ratio of water to nonomer should be not less than 6:1 to ensure
the conplete hydrolysis of nononers in the first stage. Table 1. Effect of
nolar ratio of water to nononmer on the hydrolysis reaction in the first
stage. Mol ar ratio Water: Mononer Remar ksEX23: 1Partially hydrol yzed,

unst abl eEX36: 1Ful |y hydrol yzed, stableEX 110: 1Fully hydrol yzed, stable
Exanpl es 4 and 5 Ladder-1|ike nethyl sil sesqui oxane prepol yners were

synt hesi zed in the sane manner as the fit

&t stage in Exanple 1, except the

di fferent nonomer concentrations werg used. As shown in Table 2, the

nonomer concentration within the r
used as it does not show much effe

agé of 0.7
ct lon the

2.94 nol / kg sol vent can be
d_and condensation | evel of

t he synthesized | adder silicone pr
2: Effect of nononer concentration
stage. S/ Nvbnoner Concentration no

R

- poryer

gi;
FTHR

i first stage. 28 Tabl e

o the hydro|ysis reaction in the first
/Rg sol vet Y| el d

Si—O0—Si R
| [ 1 a

R R

where each R may be one of various groups including hydroxyl, alkoxyl, alkyl,

aryl and hydrogen.

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



%&i | anol content OH Si OEX40. 7491. 50. 27EX12. 2993. 90. 26EXS2. 9493. 90. 28
Exanpl es 6 and 7 Ladder-1|ike nethyl sil sesqui oxane prepol yners were

synt hesi zed in the sane manner as the first stage in Exanple 1, except the
diefferent reaction tine was used. As shown in Table 3, a | ower prepolyner
yi el d was obtai ned when the reaction tinme was | ess than 10 hours. On the
ot her hand, higher prepol yner yields merg achi eved by those experinents
with the reaction time nore than 16 hourf 1t is also found that the

resi dual sil v, | \Z 0 .

I ndependent %?qb ﬁg%é%g%? gzr;\efplp’?f‘éﬁi ﬁﬁf%&of%ggf@aéﬁgﬁm@lﬁé‘h? 2‘%? n%f
reaction ti U@orﬁﬁoéifi@nsmédél@hy%z&ir{g@.%ﬂid@lﬂieéiﬁeé.he first stage. S/ NReaction
time hoursYield %esi dual OH content

OH/ Si OEX6865. 40. 28EX71693. 90. 26EX12093. 20. 28 29 Exanples 8 and 9
Ladder-1i ke pol yal kyl si | sesqui oxanes with different nol ecul ar wei ght were
synt hesi zed i n t héhe fisstistagenafithe method will mow he diseussed istmagre dstaikxanpl e 1.

It has been found that by careful control of the reaction conditions and
reagents, prepolymers may be produced having controlled high regularity of
structure and controlled molecular weight. This is achieved by careful control
of the reaction temperature and by the use of certain starting materials. Suitable
monomers for the first stage of the method are trialkoxyalkylsilanes having the

formula given below:

R'-Si(OR*)(OR?)(ORY

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

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

with a solution of an acid 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.



The effect of the reaction condition of the second stage, nanely, the

al kal i ne catal yst concentration and the reaction tinme, on the nol ecul ar

wei ght of the synthesized | adder-1i ke pol yal kyl sil sesqui oxanes was hown in
Table 4. Table 4. Effect of the reaction condition in the second stage on

t he nol ecul ar wei ght of the synthesized pol yal kyl sil sesqui oxanes. Al kaline
cat al yst Mol ecul ar wei ght S/ N(KOH MeOH 1 g/J) TenpTi newt % of

pr epol ynmer Chr sMnMMD=MA Vh1l 10023003. 3524%700174003. 73EX875036600267004. 05471

00316004. 445890039800 5 7 00Q4. EX910703
37800893001, 8444430084500 00211300 1BBSH0I TS e it KL A0 A PGB TARGAY - 1 ko
pol ynmet hyl si ingesiwi®x an @y gimit Msolidnft eirdnis E?(G@eﬂliﬂto 2l eabRk duppRdCRithent
were synthesized in a sintlar manner in anple 1. The residual silanol
group cont enmevlemicainitirodrl ed dbyppihg fahackiandg 4 ekeimometehe Abithe retaiged 30
Table ~ listed the residual silanol contents in terms of the peak height
rati o of OH1SRCtieN tamnperatuge laadivyidly cpagtart stirring, polecyeess pmaint sdsdirhguanes
with different bl ockin creas the bl.ocking |evel frgm5 to 30

| evel.5. | in
Tl 9% the r SNRERAONETIEAN eRAicerIAgSamAeY et AR BIF-AtRE. cNUSREE of
the OH Si 0 degy: eg f . . 0..01. T 3 f ocki l.evel
on the resi diian decfiEtith HitGe e dingfBkEurg ) iefls MERuRiE
pol ynet hyl si leaeseiti bR #ehydroBy 28! A6KbRErs @r\éjianrmly"/%&ide%%t@%l%ﬁﬁ% el O
content OH Si OEX1050. 10Ex™ 11100. 07EX12150. 04EX
13200. 02Ex| 40lkcldrxXi&ight thdder-Fka msiliconkoprepelymicre €Dhi prepedanebsslution Exanpl e
1 in synthesizing pol ynet hyl sil sesqui oxane can be used to synthesize other
pol yal kyl si | pasiged dxanesshifigewathk ywatgr osqysralf titdes swiil athee washing water
al kyl tri met hoxyl si | ane nononers_i ncl Udgaﬁt hyl , .praopyl, butyl, cyclohexyl,

phenyl , cyardiiressies gty . grsuprepobarereslRir® 1S then yReHm «Jibtlbed (@ oxane
was synt hesi zed by hydrolysis and _condensatign phenyl t r.imet hoxyl si l.ane
For | owi ng T HETMALY S HOUSTGRgRDr A RRTproe parl of teaRE THEHe) Bt 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,
aminopropyl, 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



In the first stage, 453.4 grans (2.29 noles) of phenyltrinmethoxylsilane and
1000 granms of M BK were introduced into a reactor. The nononer 31
concentration was 2.29 nol/kg solvent. The reaction solution was then

cool ed down to below 5C with a salt ice-water bath. While maintaining the
subanbi ent tenperature of the reaction solution, a mxture of 412.2 grans
(22.9 noles) of de-ionized water and 4.9 g gr amms (0.05 nol es) of
concentrated (3 7% hydrochloric acid wasS™ added drop-wi sely into the

react or undefhet RRcEBAShBRNret ITHd Peefertb MBhGeF @bhCertfatitft 8F the ﬂ?@é‘é?ﬂ'irer
was 10:1 and the nolar ratio of acidic catalyst to nononer was 2.2 nol %
After the adiivention i$ hboue8c toaboatx4 uel/kgpsolsent, madreopefevabht atchf haoir s) .
The resulted | adder silicone prepolynmer solution was purified by washing
with water sahaitadl mpl/kgsolent.l the washed water reached neutrality. The
prepol yner solution was then vacuumdistilled to renove water and net hanol,
as well as a part of the solvent. The higher silanol content (OH/ Si0 =

condensat i on |evel Br B 45 AOEPRRSC | e FBRP e, o307 BE wired R Gr dn g o
the first St@&ﬁhﬁ‘ﬁﬁogﬁcﬁn Aif; e'i‘er%thﬁloﬁ@ﬁﬁﬁg gflﬁgﬁr%alﬁ;lﬁ;ce sb%‘ﬂfsr sTitAHIE FBF the

prepol ymer synthesized in the first stage wt prepol ymer concentration
of 20 wt % i npidbEHE sBlentiofnamashdser hibeaqeen@ensemid BolvimtPBSERER Rhdily W %
of the alkaline catalyst ( 1 g KOH 1 MeOH) with respect to the prepol yner.
The react i ondissdluci dotlnwasha hetartinghdawosevhest 80T flor Hnithesized Thaddes-likaol
content (OH Si0) of .the polynmer synthesized in the second stage was reduced
to 0.04, indP@xeikytpilsprauoxdanes, asongtnaattheir respeciivh REPQlyME®| Jhssps in
t he second st age.. Upgn,the conpl etion of the second stage, the residual

si l anol gr ouﬁf@ Gits Flg‘g}j@?- silicone copol ymer were bl ocked with 10 nol % of
trimethylchlorosilane per nole of Si atons. The reaction m xture was
stirred at 30 - 80C for 3 hours. Then excess anobunt of water was introduced
into the reaction(yi xt Keforled ! &f6h & embitg] tREKkRbrCanl i fRthyl "RoBhQtked

| adder silicone copol yner solution was purified by washing wth wate
several tinesctong;i| the washing 32 water reached to neutral. The yield of
the synthesi zed pol yphenyl sesqui oxane is 91.5% Its weight average

mol ecul ar wei ght (2 62Bthershesucheas digthlyl sthiearisvpropyit eitlter{ OHl Si O of the

pol yphenyl si | sesquj oxane was 0.02. Figure ~ shows the FTIR Spectrum of the
synt hesi zed pol yp@ényl Aromate splysatss bepzens, flugne, Wykens: ocedur e descri bed in
Exanple 1 can al so be used to synthesize |adder-like silicone copol yners

t hrough hydrol ysis and condensation of two al kyltrial koxyl silanes. This

exanpl e demonsiratgs RAVER® fAGOPPORRHE b NEWHREHY kit (dONRIusBIAURSadent ©

t he pol yal kyl si | sesqui oxane batkbones t hrough the “copol yneri sation of two

al kyl tri al koRypaidiagem. thennathie bf aiomionmd theaesuleedRiddantike Potymerspup.
In the first stage, 534.6 granms (2.7 noles) of phenyltrimnmethoxyl silane,

70. 8 grans dhebgivgciadventproapye nsadeeitlvoryindividwally or 3n radinsisjurasid Meb§1 gr ans
of M BK were intrg]c(iuced,i nto a reactar. The nonomer, concentration was 3.0

mol / kg sol veaebulbketoae i hermpsiinretesably eammonlyscdsolvest thatds pejitable in
3gl ycid [ trimeth | sil 9:1 he . t.i | ut | h
ool ot down B8 prRRNE S 1 e, Fiet ke o el T lsBRTUioRinea ol HERAFESRRt ¢ ne

sub- anbi ent i%.lggﬂﬁ:&gture of the reaction solution, a mxture of 540 grans
(30 nmoles) o e-10ni zed water and 5.92 granms (0.06 noles) of concentrated
(37% hydrochloric acid was added drop-wi sely into the reactor under the
constant stirring. The nolar ratio of water to nononer was 10:1 and the
mol ar ratio of acThe dirstastapy of the nnathedref the pré&eft mmlektioAfuses higle padidy t i on,
the reaction mxture was stirred, overni ght %16 hours). The resulted | adder

si i cone preyatey e hydeolyze die siagingmatariads. by refaeabily: high trvrits vesters eitdy &
times until the washed water reached traliity.. The sil.angl content

(OH/ Si 0) of Scﬂ?élf{#‘rlaﬁeﬁbﬁt%ro sle@ﬁtrﬂg.-2 %'Wéfﬁ ysest &ﬁ@oﬁt%ﬁ%s‘%%@%ef

90. 2% 33 .ln secon tage, the | adder sili.cone pr I si zed
' the 1 rorB kB ARRRSIAEY Bonblihe REET ballt | BBk G RBIt MBIy

sol ution wa n LB, t C % 8f was iahkad kpe
catal yst ( ithé%wllg?%ﬁ%%ek&fgggéﬁt&??ﬁtﬁ(e&ésr grpr)l\g}lﬁrgr. T el rueacti on
sol uti on waserdshentheaigpletchylroRefs dfahe hdnowicts. Phefeblynbt ok eatio of
(OH Si 0) of the copolynmer syntheéesized in the second stage was 0.19. The

hi gher OH Si 0 value as conpared with that in the first stage indicated the
partial ring opening of epoxy groups during synthesis. Upon the conpletion
of the second stage, the residual silanol groups of |adder silicone

copol ymer were bl ocked with 20 nmol % of trimethylchlorosilane per nole of Si
atons at 30 - 80C for 3 hours. Then the reaction solution was stirred wth

o o Y ~NSS - - ~ O~~~ o



34 the third stage. The non-functional polyal kyl sil sesqui oxane used in this
exanpl e i s pol ynet hyl sil sesqui oxane synthesized as in stages 1 and 2 in
Exanple 1. Table 6 lists the functionalized | adder-1ike

peol ynet hyl si | sesqui oxanes synt hesi zed by bl ocking with respective
functional bearing bl ocking agents. Table 6. Functi onal

pol ynet hyl si | sesqui oxanes synt hesi zed by, bl ocking with respective
functional bearing blocking agents S/I~TR in bl ocking agents:

R(Me~) Si - O Blygedtitd Sddnser §Pi'éhi(’§’i’ g%%%uta;:‘l’rfé ResitR@!, Gl Rt §éferably from

OH Si OEX183- gl yci doxypr opyl 250.

19vi nyl 250. Odtkot® @hY ¢y 2. 1Q1EX21cyanopr opyl 2~0. 0l I n the present
specification "conprises" nmeans "includes or consists of and "conpri sing"
means "including or consisting of'. The features disclosed in the foregoing

o3l ot RN Ao SRR R S R ety
i T L
|eatur e beuifio A5y ey Rk ANBIABT iy erRe b bl oo

(i) reacti ngtirMcidigaatdysabuhomsme isdingortst fonthemeaci®i. Metiendoldigatio
formula: R -Si (OR2)(OR3)(0OR4) wherein , R2, R3 and R4 are each

i ndependent | is et etichdsf belowt h, gho ydoadysis sinidngpnotensdticar tegetion abteglare
al koxy, al kenyl , al kynyl, aryl, cycloal kyl, heteroaryl or heterocyclyl;
with a sol ut rebily ailowei thusli iseltingd in npartiak hydselysig” af speapmices raadi seance

g]; eg& L,rergft é}%ﬁl%cmlvsgzé %repry ?(;w amél%&?l%{r %etffr;ﬁt Br%'p‘c’)i%?ebr‘?“if t SCCI’noia? ratio is 100

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



(i) reacting a solution of the prepolyner with a solution of an al kaline
catal yst at a tenperature above about 25C to give a polyner, and (iii)
reacting a proportion of the free Si-OH groups of the polynmer with a

pf edet er mi ned sub-stoichionmetric ambunt of a bl ocking agent to give a
partially bl ocked polymer. 2. A nethod according to Claim1l wherein R is
nmet hyl, ethyl, propyl, butyl, n-hexyl, c Glohexyl, cyanopropyl, vinyl,
hydr o, am nopropyl, phenyl, or 3-glycidoxy propyl. 3. A nethod according to

Caiml or ZawhegeinolBdlaRwvegit & tlay ﬁrépwﬁﬁetﬂdﬁﬁhbsdzéﬂaﬁﬂmthe dirsebage.is 36
4. A method according to any one of the preceding clains wherein two

di fferent nomomeally belewr2M¥k ed together in step (i). 5. A nethod according
to any one of the preceding clains wherein the concentration of the at

| east one nononer in step (i) is fromabout 0.5 to about 4 nol/kg sol vent.

6. A nethod accordjng to any one.of. the precedi,ng clains wherein the
concentration of ?h%g%qoqdesé%ge bﬁg(%ﬁb%ﬁy?#g?lé’go?ée)ns?%mfrom about 1 to
about 3 nol/kg solvent. 7. A nmethod according to any one of the preceding
claims wherein the concentration of the at | east one nononer in step (i) is

from about 2 to ahpiie Fedtld/ iftg%é,Otlmsqaadeﬁsiliéoﬁ@bbéﬁblfﬁeprsylﬁtﬂgsih@d gAMhene of
e

the preceding clainms wherein the solution of the at ast” one nononer

conpri ses atfitseastagons $adthentconddmset eth fthenptesengr aipan oalkakihe neatatiyst.
benzene, toluene, xylene, nethyl isobutyl ketone, mnethyl ethyl ketone,
di et hyl et heFypisally.sdpr seaatioat maxturg . ofaa ngalnéen Lfcprapiohymen imran ongame t he
precedi ng clains wherein.the solution of,the at | east one, nononer cog&ri ses

met hyl i sobutQ}¥eietSoREaled dO A Tavied TaRLiNIEPE8 Wy 2B dhER DRIEPHEE i ng

rours. 11, shgriioaf EREERabHE i Aeghe e eabiop BOEAREY lhch MoTRRR °

the stir at that temperature for a few hours. Through careful control of the
prepolymer 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 parameters consistent.

Suitable alkaline catalysts include 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



reaction tinme for step (i) is fromabout 8 to about 24 hours. 37 12. A
nmet hod according to any one of the preceding clainms wherein the reaction
time 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 Faction tenperature for step (i)

i s bel ow about 5C. 15. A nethod accordin% to any one of the preceding

clai ms wher gioh bh 10! dhoq %tfitﬁeofarebmi’yrﬂ@rtﬁ{ tﬁﬁorggéi&f sbffiRdn, 0N APHRET 1S

fromabout 3 to 1 to about 20 to 1. I6. A net according to any one of

the precedi ngre€drablestontiey gilowtheataBisaconesntatioh, sivh ¥abboutt P iths, & tHagast
one nmononer is fromabout 6 to 1 to about 12 to 1. 17. A method according

to any one ohetpodyqonderstition rehetiorsraihearebe cadily comitanledat i o of the water to
the at | east one nononer is fromabout 10 to 1 to about 12 to 1. 18. A
nmet hod according to any one of the preceding clains wherein the

\ e P 0

concentration of ere e g\'/a(%ed Tesdth {e'n)lpe'r%tlfrer: .t é"‘nbo(%ﬁ'ér %mﬁ)grtgrtl)toggra%etgxp linA)
determining the condensation reaction in the second stage. Preferably, the
reaction temperature of the second stage is from about 20 to about 90°C, more

preferably about 30 to about 80°C

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 properties, so
that the partially blocked polymers may be useful in a variety of applications

and compositions, for example in coatings and adhesives.

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

stage may be quenched by the third stage described below.



19. A method according to any one of the preceding clains wherein the
concentration of the acid in step (i) is fromabout 1 to about 5 nol % J
38 20. A method according to any one of the preceding clains wherein the
concentration of the acid in step (i) is fromabout 2 to about 3 nol% 21.
A nmet hod according to any one of the preceding clains wherein the acid in
step (i) is selected fromthe group conspsting of hydrochloric acid,
phosphoric acid, sul phuric acid, acetic acid, and aronmatic sul phonic acid.
22. A nmethod according to any one of the preceding cl aims wherein the
concentration of the prepolymer in step (ii) is fromabout 1 to about 30
w % 23. A nethod a@a@pmHigthrb05ﬂ5¢ rgaelien of e sncendgtagy, e pirpartignefdhe t he

S0% 24 “a rstivel doBrel @E@o&h@r@#@pef thh b3l ST RS aRaneS dRBY bt he
concentr at | Oglggf(e& hﬁ {h%pqadﬁmad’n élhhé \Agel?tb outy 1 re‘%t@r@%ﬂr’ed Aet hod

according to y on t he "prece |ng cP erein reaction time for
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any one of the preceding clalns wherein reaction tlrre for step (i11)is

about 2 hourmixtdve. Ahsrthaibnagdoned ostireedinfeanisownt tb enmplewetie tdockiag ns
wherein the solvent for step (ii) is nmethyl isobutyl ketone. 28. A nethod
accor di ng t oreantiomnérpéxadses aprosiokaf mgpter idiingodmadeinto theereaction mixture to

terminate the blocking reaction. The blocked polyalkylsilsesquioxane solution
is purified by washing with water several times until the pH of the washing
water approaches neutral. The partially blocked polyalkylsilsesquioxanes may

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°RR7SiOR?®, where R®, R®
and R’, are each independently selected from the group consisting of:

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

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

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

(3)  Others, such as hexamethyldisiloxane.



reaction tenperature for step (ii) is fromabout 30 to about 80C. 39 29.
A net hod according to any one of the preceding clainms wherein the reaction
tenperature for step (ii) is fromabout 40 to about 70C. 30. A nethod
according to any one of the preceding clains wherein the catalyst for step
(ii) is KOHin nmethanol. 31. A nethod according to any one of the preceding
clains wherein the concentration of the gatalyst solution used in step (ii)
is about lIg/l. 32. A method according to any one of the preceding clains
wher ei n t he conceGenanllpnspdaking det dyyst(A)nsilane béecking nagdntd uare nforst ep

(ii) is fromabout 5 to about 20 wt% w th respect to the prepolymer. 33. A
met hod accor@:ﬁfwgerttdhawhcbﬁ@leésftypqaﬁeomk&mgmgg@tal(msawdméﬁ)al ﬁntalddxtlon the
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to about 4 hours. 36. A nethod according to any one of e preceding clains

wherei n the typaqR) eilaie biodkirig agems ( iFunctional gwnpaanwamﬂig blockhgubg e 37.

A nmethod according to any one of the preceding clains wherein the reaction

time for steprovide )ai somvamentbouay 30ft inteastwginggoftinctional groups into the
polyalkylsilsesquioxanes, giving partially blocked polymers having pendant
groups such as vinyl, alkyl, epoxy and hydrogen, which may be further

modified, cross-linked etc.

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

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

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



40 3 8. A nethod according to any one of the preceding clainms wherein the
bl ocki ng agent for step (iii) is a trialkylchlorosilane. 39. A nethod
according to Claim38 wherein the trial kychlorosilane is a

di met hyl al kyl chl orosil ane. 40. A nethod according to C aim 39 wherein the
al kyl group of the dinmethyl alkyl chlorosilane is selected fromthe group
consisting of nethyl, 3 glycidoxypropyl, Xinyl, hydro and cyanopropyl. 41.
A nmet hod according to any one of Cains % to 37 wherein the bl ocking agent
for step (iidharpé prakanetoyd digsSiandxareatively wlakbuhpdliRe pedidhngo £90 any° one
of the preceding clains wherein the amount of bl ocking agent used in step
(iii) is fromddaces higher laddewtlikeOituseurahmgalaritySi - at ons in the pol ymer. 43.
A nmet hod according to any one of the preceding clainms wherein the anmount of
bl ocki ng agent used in step (iii) is fromabout 5 to about 50% per nol e of
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agent used i Beak @D at'5i+)53.3 pphP(shlPttiradR¥hylsilane as the reference) is related to
defective Si-atoms (i.e. those Si-atoms not part of the ladder-like regular
polymer structure), while the peak (B) at & = -64.8 ppm corresponds to the
resonance absorption of the Si-atoms actually incorporated into the regular
ladder-like polymer backbone. The ratio, p/(a+B), can be used to characterize

the ladder-like structure regularity of polyalkylsilsesquioxanes.

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

Example 1

In the first stage, 750 grams (5.5 moles) of methyltrimethoxylsilane and
2400 grams of methyl isobutyl ketone (MIBK) were put into a reactor equipped
with a mechanical stirrer, a dropping funnel and a thermometer. The monomer
concentration was 2.29 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



41 46. A nethod for producing a prepolyner as defined in any one of the
preceding clainms. 47. A nethod for producing a polyner according to any one
of the preceding clains. 48. A nmethod for producing a partially bl ocked

pol yner as defined in any one of the preceding clains. 49. A nmethod for
producing a partially bl ocked polynmer conprising the step of reacting a
proportion of the free Si-OH groups of g% olynmer with a predeterm ned

sub- st oi chionetric amount of a bl ocking gent to give a partially bl ocked

pol ymer. 50. ARt@sNabIes) by | @42 51. A
pol ymer obt arln%tgfegl%gwgﬁgraoné of Clea)l md%ﬂ%ﬁgﬁ&df&r%&;ﬁ%&ll@4 %’aﬁg (ﬁ?

bl ocked pol ymetesphifadonebhtgateyl (37Yo)dnelrothdlbric nwidl wae adfded 4opswiklly fndo A
met hod of producing a prepolynmer substantially as herein before described.

54. A net hodthefrepetod wadary the ponsyansrstisting:t ahhd mldlar miohef wiaterdef mogomer
descri bed.
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ladder-like silicone pre-polymer solution was then transferred into a separating
funnel. The lower aqueous layer was removed and the organic layer 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. 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 wi% in MIBK solution was further
condensed in the presence of an alkaline catalyst in the form of 1g KOH/1
MeOH. Upon the reaction mixture reaching the required action temperature 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 the ladder-like
polymethylsilsesquioxane synthesized in the second stage. The OH/SiO of the

polymethylsilsesquioxane synthesized in the second stage was reduced to 0.17,
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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
polymethylsilsesquioxan 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 redued 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 (c) at & = -55.3 ppm related to the defective Si-atoms was not observed.



10! SS8 109 ()-!S- 109 ()-@S' 109 ()-,!S 109%& ()-'S
10%&' ()- " 9109 ()-YZ[]8na?C 10!! @& 10% ()-' @ 10%& ()- 'S 109%& ()- @
109%&' ()- 95109 ()- 10 10quSl10!pS 109& ()-$!'S 109%& ()-$f 10%& ()- " 109%& ()-
10 10 10! @ 109& ()-qY| ! _=0!pS! @ 10%& ()-! @ 109%& ()- @
109& ()- " S109& ()- 10 10 10f3: 10%&' ()- ! x#y#Hz#{#}##9$N$r S10! @ 10% ()- @B
109 ()-!f 10% ()- &10%: ()- 10 10 10! @ 10%: ()- N$$$% &&d' dEr S10! @
1095+
109%&' ()-, 10%&' ()-, 109 ()-, 109k ()-, 10%&' ()-, 10%&' ()-d''' (" (a(b(c((bC
0! @ 10%8 109%& ()- " 9s10%& ()-

Examples 2 and 3

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

complete hydrolysis of monomers in the first stage.

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

the first stage.

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 rage of 0.74 - 2.94 mol/kg solvent can be used as it does not show
much effect on the yield and condensation level of the synthesized ladder

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

stage.
S/N Monomer Concentration Yield Silanol content
mol/kg solvent % OH/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 Residual OH content
hours % OH/SiO

EX6 8 65.4 0.28

EX7 16 93.9 0.26

EX1 20 93.2 0.28
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Examples 8 and 9

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

synthesized ladder-like polyalkylsilsesquioxanes was hown in Table 4.

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

weight of the synthesized polyalkylsilsesquioxanes.

Alkaline catalyst Molecular weight
S/N (KOH/MeOH 1 g/1) Temp Time
wt% of prepolymer °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 10 to 15

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

silanol group content was controlled by the blocking level in the third stage.
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Table 5 listed the residual silanol contents in terms of the peak height ratio of
OH/SiO of the synthesized ladder-like polymethylsilsesquioxanes with different
blocking levels. Increasing the blocking level from 5 to 30 mol%, the residual

silanol content gradually decreased as the evidence of the OH/SiO decreased

from 0.10 to 0.01.

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

synthesized ladder-like polymethylsilsesquioxanes.

Blocking level Residual OH content
S/N mol% of CH,Si03, OH/SiO
EX10 5 0.10
Ex11 10 0.07
EX12 15 0.04
EX13 20 0.02
Ex14 25 0.01
EX15 30 <0.01

Example 16

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

methodology of Exampie 1.

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

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

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

In the second stage, the ladder silicone prepolymer synthesized in the
first stage with the prepolymer concentration of 20 wt% in MIBK solution was
further condensed in the presence of 7 wt% of the alkaline catalyst (1g KOH/1
MeOH) with respect to the prepolymer. The reaction solution was then
condensed at 80°C for 2 hours. The 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
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The procedure described in Example 1 can also be used to synthesize
ladder-like silicone copolymers through hydrolysis and condensation of two
alkyltrialkoxylsilanes. This example demonstrates how to incorporate the
epoxy functional groups into the polyalkylsilsesquioxane backbones through
the copolymerisation of two alkyltrialkoxylsilanes, in which one monomer

bears a pendant epoxy group.

In the first stage, 534.6 grams (2.7 moles) of phenyltrimethoxylsilane,
70.8 grams of 3-glycidoxypropyltrimethoxylsilane (0.3 moles) and 1000 grams
of MIBK were introduced into a reactor. The monomer concentration was 3.0
mol/kg solvent and the molar ratio of 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%.
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synthesized in the second stage was 0.19. The higher OH/SiO value as
compared with that in the first stage indicated the partial ring opening of epoxy

groups during synthesis.

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

Examples 18 to 21

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

polyalkylsilsesquioxanes with functional group containing blocking agents in
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blocking agents.

Table 6. Functional polymethylsilsesquioxanes synthesized by blocking with

respective functional bearing blocking agents

S/N R in blocking agents: Blocking level Residual OH content
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.
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butyl, n-hexyl, cyclohexyl, cyanopropyl, vinyl, hydro, aminopropyl, phenyl, or
3-glycidoxy propyl.

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

independently methyl or ethyl.
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4, A method according to any one of the preceding claims wherein two

different monomers are reacted together in step (i).

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

4 mol/kg solvent.

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

mol/kg solvent.

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

mol/kg solvent.

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

methyl ethyl ketone, diethyl ether and isopropy! ether.

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

solution of the at least one monomer comprises methy! isobutyl ketone.

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

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

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

reaction time for step (i) is from about 8 to about 24 hours.
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12. A method according to any one of the preceding claims wherein the

reaction time for step (i) is from about 10 to about 20 hours.

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

reaction temperature for step (i) is below about 15°C.

14. A method according to any one of the 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%.

.110%
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20. A method according to any one of the preceding claims wherein

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

the

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

in step (i) is selected from the group consisting of hydrochloric acid,

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

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

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

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

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

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

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

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

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

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

solvent for step (ii) is methyl isobutyl ketone.

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

reaction temperature for step (ii) is from about 30 to about 80°C.

the

the

the

the

the

the

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

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

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

catalyst for step (ii) is KOH in methanol.

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

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

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

to about 20 wt% with respect to the prepolymer.

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

wt% with respect to the prepolymer.

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

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

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

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

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

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

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

reaction time for step (iii) is from about 30 to about 80°C.
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blocking agent for step (iii) is a trialkylchlorosilane.

39. A method according to Claim 38 wherein the trialkychlorosilane is a

dimethylalkylchlorosilane.

40. A method according to Claim 39 wherein the alkyl group of the dimethyl
alkyl chlorosilane is selected from the group consisting of methyl, 3-

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%.
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preceding claims.

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

claims.

48. A method for producing a partially blocked polymer as defined in any

one of the preceding claims.

49. A method for producing a partially blocked polymer comprising the step
of reacting a proportion of the free Si-OH groups of a polymer with a
predetermined sub-stoichiometric amount of a blocking agent to give a partially
blocked polymer.

50. A prepolymer obtainable by any of Claims 1 to 21, or 46.

51. A polymer obtainable by any one of Claims 1 to 33, or 47.

52. A partially blocked polymer obtainable by any one of Claims 1 to 45, 48
or 49.

53. A method of producing a prepolymer substantially as herein before

described.

54. A method of producing a polymer substantially as herein before

described.
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56. A prepolymer substantially as herein before described with reference to

and as shown in the accompanying drawings.

57. A polymer as substantially as herein before described with reference to

and as shown in the accompanying drawings.
58. A partially blocked polymer substantially as herein before described.

59.  Any novel feature or combination of features disclosed herein.



