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pol ysi | oxanes '5%@ ORiA% ne et hers(pol yethers) are known in the
art and have been prepared by 15 various nethods. They can be used as

surfactants or as surfacepetVYETERRPOIESLOXANE PO tdEessur f ace
energy of polyners. Although a few of themare truly I'tnear block

copol ymers® nany of them woul d be nore properly described as graft or
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"conb" copol ymers. Linear bl o&'&&@ﬁﬁéﬁﬁéﬂ%i | oxanes and
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Critical Survey"; Academ c Press, New York, 1977; pp 400- 401.)
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af or ement | $¥hedhaitermipal groeg ondhe priysieranettigemer & displaged by the

| yet her/ pol ysj ; 485
837 Bl - Asani " LR G oo PRI EReRetnd At pBRto S he sired BIRGR
copol yner s usi capolysudrisehavisigaan Bir0nC dieka@MBptweanahy solysilaxaps and _
Chett  vor k, 3 HeHAIRVEN® ol RRSEgP ahe B Ao R Rar WBKRYSY. ' "




20Sur prisingly, it has been found that oxyal kylating silanol or
polysilanol (Si-OH) term nated polysiloxanes in a double netal

cyani de (DMC) catal yzed oxyal kyl ati on process provides copol yners
havi ng t he de$siQ&B4pol ydi spersity, w thout2ow nol ecul ar wei ght
by-products. In contrast to the above nentioned pol ycondensati on
routes to pol ysodustaeeultiag froot «;}lap!my(emeet efttherentﬂgmlkp tepelagneegiousiii s

DMC cat al yzed t|on iS..a roce and it results
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may P08934- 4 - be read as if prefaced he word "about”, even if
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i nclude ethylene o but yl en
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et hyl ene oxi de, | ene oxi de, ene oxide and 2 butyl ene
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pol ydi al kyIsHQ%gﬁ ere Rl to R6
are each |ndepen en ta{véra%eé@ﬁ%gti@? Fgl’ﬁ?ﬁlﬂf %@Oﬂdensat' , hydrogen or
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processi ng ai ddisgiosqget. oduce a conpound 10 wit h the formula given
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Cu+2 and Cr+3 represents a netal selected fromth

consi sti nglof Fhains) be”ilQ to theendscefdhe stiexane haing. Tpis ztgewgreq treglly
Ni+2, Rh+3, Rujige k%“pﬁo flﬂgrsvﬁﬁ ra%ﬂé‘rﬂfr&éﬁcﬂﬁoys%x sq ?xh?e%t\ﬁﬂ-nf rom the

group consisting o oxl de, ate, carbonate,
cyani de, thi ocyabdxyejkyt grdwsﬂ!ae énkage modlngrtiae erga:nepuice@eatczpnmonents



30The catal yst concentration is 10-5,000 ppm preferably 25-2,500
ppm nost preferably 50-500 ppm in each case based on the weight of
P08934- 6 - the product. The reaction tinmes for the polynerization
are in the rarffe8$3dm a few m nutes to sev8ral days, preferably a few
hours. Pol yrmeri zation of the nmononer m xture may be carried
out in a sem -Wit e mummkytmmlmgmby aresi thg SiHe typent Troe dlesek

ddi f CA h h
DNC catal yst dBCBISEEe (oLaPTahde! BT ERR aITORS di ol Kyl si | oxane)

and optionally a Sqfhee@bxfswlﬁéwfo@féﬁheéﬁfotb@g@ﬂ@@tﬂt@tpd}yallsyléﬂé 8ther
product to what one is pre arlngavare charged to the reactor and

heat ed under JVEEaHROCK cage Q)B?'E”P‘Br?obtd'sﬂ?r?'We(ﬂl Jinadife Reli de
is fed intg t%nﬁﬁﬁ%ﬁholé@ﬂl&ﬁmggﬁ'ﬂ%ﬂﬁﬂoﬁgct@he reactor pressure. Once
t he catal yst has becone active nt by a drop in reactor
pressure, the renaining al kyl ene oxide is continuously added in
metered anounts until the desds @)‘?”f‘ Egm f the

pol yet her pol ydi al kyl si | oxane i rﬁi} HE N R ned. 15The CAGCS
met hod differs fronqctdma:ha@[yj inlomiecspeet the ¢hresent :nwntlhraprowrlea@d mettiod he
silanol termn ol ydi al kyl di | estar r is c |nt t.he
eactor i ni 1 ArrARgapoNE Ry RN EAR tiok RmRY St fhe MEMBHr ¢ i on
or all of fiche sdnysriirig:i s continuously fed into the reactor, durl ng

t he al koxyl ation. The feed rates are typically adjusted so that the
starter feed i s corbl et @IOYdipgiagNYEe COBMIriaEdAtledT ongeligisng @tiee
(oxide. |f desi & 3l ] bgngetered in
during the al kéoric’;/ ta!télgon eog"%g nmet fﬁ tséﬁa;?ogﬁﬂéﬁgs )gdglel ﬁndet ail in US.
Patent 5,777,177, dhd arp@lwmrizmgwﬂmmbcwre fretherpresence of a doublgmatalbot h
the sem - batch oyed.
In a heel procég 'ﬂijd C@%I%%}Q% c’har géﬁ%ha ﬁ@c’(fr:tgﬁ?%e?ﬁgéf]? aﬁ%ﬂ
addi tion t1(5tl“@lwmttahytsirwlm:htmtﬁaatarter corrpound ei t her the product
or a material simlar tocé rodut one is Ef“ng{ The eI has
V@ vi

the advantage of sdP\ANRAdIO é%t‘?‘?“‘l épetpt'ﬁset“h
starter that i wdtakyl@h&marf‘elm@«eéb diymérs rRadd b@ﬁ@éﬁdveuﬁetmuh tmtasal gh
r

melting, solid o very Vi scous starters and has the advantage
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hi ghly active ggpg@@??éﬁd) ﬁﬂ#%ﬁ%@gg%?%ﬁgr}p@eratures of 20
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performod at (STANEIPLCuHElep gl S Tod S GaF SR R HBrice oy
beI per I or rredhvm:tmo]yg?tagﬂima rﬁxy@[kylaﬁblﬁprcﬂcﬁﬁ prdv&tvscadpo)ynwrmavmg the
solyen Suc

| uene, | ene ahydr of ur
1, 2- di net hoxy e#¢riiRg, Pl rs'%t“#ﬁﬁ%'%‘f"ﬂ? ﬁ“'g&i”é’iéhgy’%%%%eﬁ’ hexane
or other suitabdfraxply/RlabRe rM\é’MioﬂeQ omeHﬂer‘i%tiBH%@Eblté Sglyblibxfaﬁé-

art. |If used, the quantity of sol vent |s conventi ona

w. %rel £5 v@@lwaIKWenqmrlmmkaomeqmalth@tfwﬁ walwée%mmﬂeéaﬁontﬁ@
reaction is pr

pol yet her pol 5d§&%&ﬁ ;Foré;r?gé gg‘@%%@%gft i'ﬁgéyﬁélg‘%\[&éeﬁe%b@% ﬁ(gﬁpnreesent
invention is gethat btockhapo@&%xs ha\ﬂh@tcahpgﬂygtspatsay (€harn) dnddoesooe

preferably >99% and is deter btracti gthe wei ght % of
oot dual mononBiodie By IO Mo Aiar wRlo R BeRBELRES m 1005, The
above process produces a pol yet her-pol ydi al kyl si | oxane bl ock

copol ymer having a nnlecular me|oht of 150 50, 000_g/ nol e _and having a
pol ydi sperddty i ndSETAILEDDS 5 RRER EMBODIMENTS

pol yet her pol ydi al ky Aébké?@ﬁ?e] é gﬁgﬂ{: aﬂ@élaﬁné*%&t?d&h@%is‘rﬁl@bgl Lok

of 400-10,000 20 g/ ndi e oxane corten
copol yner is bieveam@#ss aﬁd\mnle%s oﬂmwtsemxpréﬁs[w\m@ﬁedphllmhmbers may




i sorrers thereof, tetramethyl xyl ene diisocyanate (TMXDI), isoners of
20 napht hyl ene dii socyanate, isomers of triphenyl nmethane
triisocyanate,_and m xtures thereof. Aliphatic di, tri, and

pol yi socyanat &&%ﬁ al so useful including for exanpl e i sophorone

di i socyanate, hydrogenated aromatic diisocyanates, aliphatic

pol yi socyanat &§ read @sdbprefasediny the mgrd dalyciiaeren ifahe terthdoes nota

her i ©oror s YEASTAPA G ) TR B Pt BB o,

i's by known rdugleds alksuireandascauba)matitidrain.c hydr oxycar boxyl i ¢ aci ds,
or fromb) aliphati,c di carboxylic aci having fromg to 12 C atons
and-particularly eV n@%&%g?lgd{hpgtpgp sgﬁﬂgvﬁﬁxﬂ?ofﬁ?@ﬁ% epodidest ons.

QG her appr 6pr icsheaitieg cyaipourss. M8¥mal H@rmiges36f dimgdle Akdene bRigkeNes,

met hyl esters  or nh%‘d i des, . Sone y&)ha%gés of starting materials

ncl ude: 1, 2. AR RBVIAG Q3ide, PropMRnebid ol 2-butEna X dhed BLlIene
adi pi ¢, azel aigxidNAngdBAcHE oFak dMiRDred SAWB R Mok kA oxiFES8- 9 -

conponent may include up to 25% on a nolar basis of ‘other acids, for

exanpl e, cycl tiexbgusedarrisiyed glialeng oxidesapaethiilens axte, pragylene
i ht hal i j | i d 0
ol o basi o o Xbe 4R QAR -G BRE G Mkt Be bt iR, ©

1, 4- cycl oH@xaride akyéemedkidawtil bé presddit in @matmouhbrangirigyfrem s -89 wtes,he

above conponents ters, fromthe fol j 0 nents. or
derivatives t r?é?fgf)afcb%gglﬁ}?g’ls\gto °bBa§Ec£]‘a[? “'fd‘fvﬁlﬁb&\ﬁctﬂa,Sﬁ?g@'gﬁ'frwﬁﬁeéi acid,
phthal i c aci dpoaithikusixade ahd afidigrecodgé thgetivrhahd ex@gadidg @athlyst.
hexanedi ol ; adi pi c_aci q i sophthaljic acid, phthalic acid, ethylene
gl ycol , neopent yl gifggitangigimingieg palydialkyisipxapes Bsogmprnd.of the
10hydr oxy- 2, 2+giwmbhyl propanoate; and adi pic acid, phthalic acid,
neopentyl gl ycol, and ethylene glycol. The pol yester glycols are
either liquid or solid. When solid, they are preferably anorphous.
However, they can also be weakly crystalline. Preferably, a m xture
of partially crystalline and?'anor plheus polggesters is 15 enpl oyed.
However, crystallinity is del/ | oped sq wegkly that it does not show
by way of opaqueness i n HOeSfHNm& t—= ~adtf¥si ve. The nelting
point of the partially crysthliline [pol yestler is in the range of from
40 to 70Cqspreferably in theRfangeR3f “from®45 to 65C. The nelting
point indicates the tenperature at which the crystalline regions of
the material are nelting. It 20 is determ ned by differenti al

t her noanal ysi sviidre ®igh R°hee Bath imiepehbaty & Cheakalkigrdds, 1i¥ ana-OH,
pol ybut anedi ol adi pate havi ng a nol ecul ar wei ght of about 3,500 and a
mel ting point MyAregesAr Gols a@yweapa@dtrwé asdptegar frome@ {s1Q8.1 i ne

ol yester gly I H Gt : : er
By kol shoyl o 28 b B KPARERLREN AR B B0 o) BRI Rls
2,500 and 26, oGomoleculas weighd of hewdpen 1H0-8/060Q/ molerbere pléferatiy ecul ar

wei ght of the I r. .S, 2f signi fi cance: increasing
nol ecul ar wei ﬁﬁ@eﬁﬁgéﬁe@gk %&%‘H %@?ﬁ?@aﬁﬁm’ |t adhesive and
penetration into | Gaehsiansetemmidiaidd polidiakasibxans waipsé peesent peat ar
wei ght results in the hot- nel _ggdhe ive 30 pbeing not sufficiently

solid at roomd R IARGIPG frofmy LS8 Wy Preferghbly 29 £5 whas . 1agsf\Pihoe” a
gl ass transiti 1UTRSE ! i 3 =and,
in particular ,@?If)m - 40%“%#.{)&?%@%83}5? pﬁf@%@@ﬁ@@ﬁﬁgﬂggi I's & 2?@% ned
on the bagbs degeiRer, mpdaxclmingcatalyst he center point of the step

using a ratio of 1 LAkt . . rti

sui t abl e pol yester 9’&)@"@%&3‘“%%@%@8@%@g@rtﬁg\ﬂrﬁ%engedﬁgs@lﬁ#%ﬁ'@%ll on
t enper at ur e ofcyahidet(DMTedtalystd 0f5e of DMECealyststh tadprebamatRBbiS to
about 30, 000 nP:’rl okfield, RVDV.l|+Thernocell) and

t 130C (B h
hydr oxyl nunbdt® h%@o?szlﬁ(\y%ﬂ@@wn in‘the grt, %%W&]?*%'HB’PS f"-‘:ﬁm&




OH#* (Specification) OH#t (Measured by titration) Visa. (cSt) Gel est
:DMVB- S12 129- 247 189 23 Cel est DVS-S14 99-132 106 40 Cel est DMS- S15
30-40 34 85 Gel est DMB-S21 28 28 110 Acclaim?2200: A 2000 MW

pol ypr opyl ene P@%&Qﬂ produced by a DMC cat@l'yzed process comercially
avai |l abl e from Bayer Material Sci ence LLC of Pittsburgh, PA 5 Acclaim

4200: A 4000 KavipslpyppaigipeoeDYy catalysisoistite use themolincteal yzed

process conmer.ci i k -al 2Cienc LC of

Pi t t sbur gh, Pﬁ%@f%tgﬂ%%%gétﬁgi é@%gwggl\@%ﬁ)@y 'e%fie'f% @%%51 pr oduced

K’/’é a _KOl—IScat aIQy;ZE&MﬁT,Sﬁé_%JGB,r&Qﬁt,Bgi Iayud&b&:,%ﬁt,e%&?&ﬁ’:)&%g&%&%
terial Sci ence . r.C ol v.0 ;. a

2000 M pol y proehs SFEEPEcHHIE sontente " Sian Sg1 BorpBia R )RPI

Mat eri al Sckengsy retPende Midrétgbur gh, PA. EQ Et hyl ene Ooxi de PG

Propyl ene oxi de 20 Desnophen 5-30: a di funﬁtl onal ﬁFOl est&(by

1
pol yol having an OA4$ S?Sk%{@‘im a5t igrAnare; BMG cqialy, Fdha
Mat er i al Sci en‘iﬁﬁ%@é@f\ d?%b%@ﬁ'r@%etﬁllﬁé%lg)&%gﬁﬂh tr&ﬁsiﬁow&lrs% in the

4, 4' di phenyl nmet I'l socyandte aval e comercially from Bayer
Mat eri al Sci enqeesarGeodf siitablemanmtexipgorganicipegts andaardiopstly with

2 2 _di hol. st . oL .
G2 o B AR BUREr AL BPLE BRI R oddd 2EARBELA
Pol yet her ABol ywith tedoemamivemeelswby t he Semi - bat ch process

10Pol yet her - pol ydi al kyl si | oxane Gp .S ,broduced in a sem -
bat ch process in a polyether pol@dM(égﬁi]ﬁmﬁgf% t he general

(pr ocedur e desaghédreih, bel ow. Details on the synthesis of each exanple
are provided in, Table 1 bel ow. The pol%et her pol yol reactor _was _ .,
equi pped wi t h MechdaP@sentss getalselscted emithe) SEavp estsisting ofiZ8 aFRot
oi | jacket and intqyFahyRi@h2cEreubgtti PERCRRIM MELC OAIFS \+¢ 38 g2
respectively. The reaCtor. system wa al so equi pped With three
separate fléed streadls, Wihi GH"cand @r'Be i ndependent |y control | ed and

netered to all inl.e. f t e @ 0 Lok +3
inlet led to aMZIVi gl* F E{)e%eﬁ :%%ﬁ%j\%lss%begzibgj {rgﬁcth(?égmﬁ]e rsé%g OCFrr F\%I t’ﬁeZO
ni trogen. Finally, GoYaCotnCirA| 6r', Mhioied, orig NitF, Bhat lRu'd hand V*5,

reactor to the,desired pressure |evel . The entire systemwas,c ut er
hrerfaced to %1 & oVPBIRsBREeAT afiph kfsied i 288 gl SittrTod palE:
control. Into the ﬂjg/@)'&i@@?éiﬂfh{b?@am&fé?by&\ﬁ&e,cthﬁicgéﬂdbh@arbaﬂil&é,t@d
di sil anol term nated pol ydl nmet hyl sil oxane starter and the DMC

catal yst. 20 nitrate;
L represents an organic ligand; and

X, ¥, and g are chosen to maintain electroneutrality.
( ( Preferred for use in the present invention are those zinc

hexacyanocobaltate-catalysts prepared by the methods described in U.S.

25 Pat. No. 5,482,908, the entire contents of which are incorporated herein by
reference thereto. The DMC catalyst may also be bound to a support as
described in U.S. Pat. No. 8,362,126, also incorporated herein by
reference. A particularly preferred catalyst is a zinc hexacyanocobaltate
compiex with a polyalkylene glycol.

30 The catalyst concentration is 10-5,000 ppm, preferably 25-2,500
ppm, most preferably 50-500 ppm, in each case based on the weight of



25 The reactor contents were charged into the reactor and stri pped
aunder full vacuum with stirring (500 rpm) and a nitrogen sparge for
30 mnutes at 130C. Follow ng this vacuum stri ppi ng procedure, the
reactor was bP&8834 by closing the val ves €0 the vacuum punp and
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PPQO PDVE/ PO 4ialkylene (et f8d PBb/B)e reactor Exhilm@Kit8ririthe reactor
pressure. Once the catalyst has become active, evident by a drop in
reactor pressure, the remaining alkylene oxide is continuously added in
metered amounts until the desired molecular weight of the polyether-
polydialkylsiloxane block copolymer is attained.

15 The CAOS method differs from the semi-batch method only in that
not all of the silano! terminated poiydialkyldiloxane starter is charged into
the reactor initially. Thus, in addition to the alkylene oxide, a portion or all
of the starter is continuously fed into the reactor, during the alkoxylation.
The feed rates are typically adjusted so that the starter feed is completed

20 prior to feeding all of the alkylene oxide. If desired, additional DMC
catalyst can also be metered in during the alkoxylation. CAOS methods
are described in detail in U.S. Patent 5,777,177, and are well known in the

( L art.

With both the semi-batch and CAOS methods, a “heel” process
25 may be employed. |n a heel process, the initial charge to the reactor
contains, in addition to the catalyst and any starter compound, either the
product or a material similar to the product one is preparing. The *heel”
has the advantage of serving as a carrier for the catalyst and any starter
that is initially charged. [t is particularly useful for high melting, solid or
30  very viscous starters, and has the advantage over a solvent that it does
not need to be removed from the product.



Ex. 3 16K EO/ PDMS/EO S-21; 0.16; 200 PO, 25 EO; 575 5

P

0.16; 200 PG

200 Ex. 4
Wt . % PDVB) 20

10

15

20

25

30

30 PO 370 4 PPQ PDVS/ PPO 400 (50 wt. % PDIVB)

16K PO/ PDMS/ PO S-21; 0. 16; 290 PO 25 PO 575 5 (25

08934

Polymerization of the mixture, catalyzed by the highly active DMC
ca{alysts, generally proceeds at temperatures of 20 to 200°C, preferably in
the range from 60 to 150°C, particularly preferably at temperatures of 90 to
140°C. The reaction may be performed at total pressures of 0.001 tc 20
bar, Polymerization may be performed without solvent or in an inert
(aprotic) organic solvent, such as, for example, toluene, xylene,
tetrahydrofuran, 1,2-dimethoxyethane, methyl tetrahydrofuran, dioxane,
benzene, hexane or other suitable solvent, as would be known to one
skilled in the art. If used, the quantity of solvent is conventionally 5 to 80
wt. % relative to the quantity of the polyether to be produced. The reaction
is preferably performed without solvent. The yield of polyether-
polydialkylsiloxane block copolymer produced in the present invention is
greater than 95%, preferably greater than 97%, more preferably >98% and
is determined by subtracting the weight % of residual monomers detected
in the product from 100%.

The above process produces a polyether-polydialkylsiloxane block
copolymer having a molecular weight of 150-50,000 g/mole and having a
polydispersity index of 1.0 to 1.5. Preferably, the polyether-
polydialkyisiloxane block copolymer has a molecular weight of 400-10,000
g/moie. The polydialkylsiloxane content of the block copolymer is between
25-75 wt.%, based on the weight of the copolymer. In some
embadiments, the polydialkylsiloxane is a disilanol and the copolymer is
an ABA block copolymer. In other embodiments, the polydialkylsiloxane is
a monosilanol and the copolymer is an AB block copolymer.

The block copolymers of the present invention can be used in
adhesives, for example, including reactive polyurethane hot melt
adhesives. Polyurethane hot melt adhesives are typically prepared from
isocyanate-capped polyester prepolymers which are the reaction products
of an isocyanate compound and a polyester polyol. The prepolymer is of
low NCO content, usually less than 3%, and is a solid at room

temperature,

(25 wt . % PDVB)



10 A description and anal ytical properties of the four copol yners
produced using the sem -batch process are tabul ated bel ow (Table 2).
Tabl e 2. Characterization of D hydroxyl Functional Polyether/

Pol ydi et hyl siF@&8®/ Pol yet her ABA Bl ock E8pol ymers Produced 15 by
the Sem -batch Process of the Invenfon Ex. # Product Description OH#
(Theo) OH# (Exp) ViEw tefroSispeyanais cobposod't ag usstbhaietnreferpiea / cm Ex.

L 0K LR RSBl e B e ndr € et AR Draded ®
21.9 Ex. 3 compounds useful for forming the prepolymer compaositions of the
invention include organic, aliphatic and aromatic isocyanate compounds
5 having an isocyanate functionality of about 2 or more, The isocyanate
compound can have from 1 to 10 aliphatic or aromatic groups substituted
by the isocyanate group. The isocyanate compounds can also contain
other substituents which do not substantially adversely aifect the viscosity
of ths isocyanate terminated prepolymers, the adhesive properties of the
10  bond line or the reactivity of the --NCO groups during the formation of the
prepolymer. The isocyanate compound can also comprise mixtures of both
(o aromatic and aliphatic isocyanates and isocyanate compounds having
both aliphatic and aromatic character.
Typical aromatic isocyanate compounds include diphenylmethane
15  diisocyanate compounds (MDY) including its isomers, carbodiimide
modified MDI, diphenylmethane-4,4'-diisocyanate, diphenylmethane-2,2'-
diisocyanate, diphenylmethane-2,4'-diisocyanate, oligomeric phenyl
methylene isocyanates; toluene diisocyanate compounds (TD!) including
isomers thereof, tetramethylxylene diisocyanate (TMXDI), isomers of
20 naphthylene diisocyanate, isomers of triphenylmethane triisocyanate, and
mixtures thereof. Aliphatic di, tri, and polyisocyanates are also useful
including for example isophorone diisocyanate, hydrogenated aromatic
(" diisocyanates, aliphatic polyisocyanates, cycloaliphatic polyisocyanates,
and others. A preferred isocyanate is MDI.
25 The term "polyester glycol" as used herein refers to a polyestier
having 2 terminal OH groups. Preparation is by known routes, either from
a)} aliphatic hydroxycarboxylic acids, or from b) aliphatic dicarboxylic acids
having from 6 to 12 C atoms and--particularly even-numbered--diols
having from 2 to 8 C atoms. Other appropriate derivatives may also be
30 used, e.g., lactones, methyl esters or anhydrides. Some examples of
starting materials include: 1,2-ethylene glycol, 1,4-butanediol, 1,6-
hexanediol, adipic, azelaic and sebacic acids and lactones. The acid



. 16K'EQ' PDMS/EO (25 wt.% PDVS) 7.0 8.9 solid 9142 12184 1.33 _ Ex. 4
16K PO PDVS/ PO (25 wt. % PDMVS) 7.0 8.6 12037 9918 11241 1.13 - M,
and Mv were neasured by GPO using pol ystyrene standards. PDI is Mwv Mn
P08934- 14 - PO8334rhe” surface energy of r8presentative copol yners
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glycol is of some significance: increasing molecular weight makes
extrusion of the hot-melt adhesive and penetration into leather more
difficult, and decreasing molecular weight results in the hot-meit adhesive
30 being not sufficiently solid at room temperature.
The polyester glycols preferably have a glass transition temperature
(Tg) in the range of -40°C to +50°C and, in particutar, from -40°C to



Product Description Heel (Type; g) Catalyst (g; ppm Activation
«Charge (Type; g) CACS Feed (Type; g; g/mn) PO Feed (g; g/mn.)

(9) Ex.5 4K %%P / PPO AcclaimO0.2; 250 PG 50 6-14; 400; 4 ABA
Bl ock 4200; 3 5 Copol ymer (25 wt . %200 PDVB)

+40°C. The Tg is determined on the basis of DSC measurements as the
center point of the step using a ratio of 10° C/min in the second run.

Particutarly suitable polyester glycols include those having a glass
transition temperature of about -40°C to +40°C, a viscosity of about 3,000

5 to about 30,000 mPa.s at 130°C (Brookfield, RVDV Il+Thermocell) and a
hydroxyl number of about 27 to 60.

In conventional hot-melt adhesives non-crystalline polyester polyols
and polyether polyols can also optionally be used 1o add to the polymer
backbone and to provide other properties in the adhesive composition. In

10 the context of the present invention, the polyether-polydialkylsiloxane
copolymers are used in place of a polyether polyol, in amounts up to 5
(ot wt.% of the total weight of the hot melt adhesive.

The polyether-polydialkylsiloxane copolymers of the present

invention can also be used in low surface energy coatings and as mold
15 release agents for polycarbonate materials.

EXAMPLES
The following examples are intended to illustrate the invention and
should not be constfued as limiting the invention in any way. The
20 materials described below were used in carrying out the examples of this
invention:

{ DMC Catalyst: zinc hexacyanocobaltate complex with polyalkylene glycol

prepared using the procedure described in US #5,482,908, example 3.

25
Disilanol Terminated Polydimethylsiloxanes: A series of commercially
available disilanol terminated polydimethylsiloxanes were purchased from
Gelest, Inc. of Morrisville, PA. A description of the materials used in the
examples is provided in the table below:

30



1st “generation Ex. 6 4K PPQ PDMS/ PPO Ex. 5; 0.2; 250 PG, 50
6-14; 150; 400; 4 ABA Bl ock 200 2.0 Copol yner (25 wt. %

PDMS) - 2nd generation Ex. 7 2K PPQ PDVMS/ PPO Accl ai m 0. 2; 250
PO 20 6-14; 3W08O3BO; 2.3 =11 -
Product OH# (Specification) | OH# (Measured by | Visc. (cSt)
fitration)
Gelest DMS-812 129-247 189 23
Gelest DMS-5814 88-132 106 40
Gelest DMS-515 - 30-40 34 85
Gelest DMS-821 28 28 110

Acclaim 2200: A 2000 MW polypropylene glycol produced by a DMC
catalyzed process commercially available from Bayer MaterialScience LLC
of Pitisburgh, PA

Acclaim 4200: A 4000 MW polypropylene glycol produced by a DMC
catalyzed process commaercially available from Bayer MaterialScience LLC
of Pittsburgh, PA

10  Multranol 3600: a 2000 MW polypropylene glycol produced by a KOH
catalyzed process commercially available from Bayer MaterialScience LLC
of Pittsburgh, PA

Arcol Polyol PPG 2000: a 2000 MW polypropylene glycol commercially
15 available from Bayer MaterialScience LLC of Pittsburgh, PA

EO: Ethylene oxide

PO: Propylene oxide
20
Desmophen S 105-30: a difunctional polyester polyol having an OH# of

28 avallable commercially from Bayer MaterialScience LLC of Pittsburgh,
PA




ABA“Bl ock 2200; 3.0 Copol ynmer (50 wt. % 200 PDVS) 1st

generation

Ex. 8 2K PPQ PDMS/ PPO Ex. 7; 0.2; 250 PO, 20 6-14;

300; 280; 2.3 ABA Block 200 3.0 Copol ynmer (50 wt. % PDIVB)
2nd gener ati ofPQ8934 -12-

10

15

20

25

30

Mondur M: 4,4’diphenylmethanediisocyanate available commercially from
Bayer MaterialScience LLC of Pittsburgh, PA

RC 6135 Catalyst: 2,2-dimorpholinodiethylether available commercially
from Rhein Chemie, member of the Lanxess Group.

Synthesis of Polyether/Polysiloxane Copolymers by the Semi-batch
process

Polyether-polydialkylsiloxane copolymers were produced in a semi-
batch process in a polyether polyol reactor using the general procedure
described below: Details on the synthesis of each example are provided
in Table 1 below,

The polyether polyol reactor was equipped with mechanical
agitation, heating and cooling via a hot oil jacket and internal water
circulating cooling coils, respectively. The reactor system was also
equipped with three separate feed streams, which could be independently
controlled and metered to allow muttiple feeds to the reactor. Also, a
nitrogen inlet led to a dip tube which was used to purge the reactor with
nitrogen. Finally, a vacuum inlet, aliowed one to evacuate the reactor to
the desired pressure level. The entire system was computer interfaced to
allow precise temperature, pressure, and feed rate control.

Into the above described reactor was charged the indicated
disilanol terminated polydimethyl siloxane starier and the DMC catalyst.
The reactor contents were charged into the reactor and stripped under full
vacuum, with stirring (500 rpm) and a nitrogen sparge for 30 minutes at
130°C. Following this vacuum stripping procedure, the reactor was
blocked by closing the valves to the vacuum pump and nitrogen sparge. A
small portion of the indicated oxide, referred to as an activation charge,
was added fo the reactor over a § minute period,  After the catalyst had
become active, as evidenced by a halving of the partial pressure due to
the oxide, the oxide feed was resumed at the indicated rate. Both the

activation feed and oxide feed stages were run at a reaction femperature



Ex. *9 2K PPQ PDMS/ PPO Acclaim0.2; 250 PG 20 S-12; 402; 3.2 ABA
PDVS) 1st
Ex. 2K PPQ PDMS/ PPO Ex. 9; 0.2; 250 PO 20 5-12; 402

Bl ock 2200;
generati on

3.2 10 ABA Bl &&r8934

10

15

178;1.78

Copol ynmer (30 wt. % 200

213 -

of 130°C. After the oxide feed was complete, the reaction mixiure was

allowed to continue stirring at 130°C for an additional 30 minutes, and

subsequently stripped (130°C) under full vacuum with a nitrogen sparge

for 30 minutes, prior to cooling and draining the product.

Table 1. Synthesis of Dihydroxy! Functional Polyether/

Polydimethylsiloxane/Polyether ABA Block Copolymers
by the Semi-batch Process of the Invention

Ex, # Product Starter | Catalyst | Activation | Oxide Oxide
Description (Type; | (g; ppm) | Charge Feed Feed
g) (Type; g) | (Type; g) | Rate
{g/min)
Ex. 1 6.6K §-15;, [ 0.4;500 | PO;30 PO; 370 |4
PPO/PDMS/PPO 400
(50 wi.% PDMS)
Ex. 2 8K §-21; |0.16;200 | PO; 30 PO; 370 | 4
PPO/PDMS/PPO 400
{50 wit.% PDMS})
Ex. 3 16K EO/PDMS/EQ | S-21; | 0.16; 200 | PO; 25 EO;575 |5
(25 wi.% PDMS) 200
Ex. 4 16K PO/PDMS/PO | 8-21; 0.16; 200 | PO; 25 PQ; 575 5
{25 wit.% PDMS) 200
A description and analytical properties of the four copolymers produced
using the semi-batch process are tabulated below (Table 2).
Table 2. Characterization of Dihydroxyl Functional Polyether/
Polydimethylisiloxane/Polyether ABA Block Copolymers Produced
by the Semi-batch Process of the Invention
Ex. # Product OH# | OH# | Vise. | Mw Mn PDI | Surface
Description {Theo) | {Exp) | (cSt) Tension
(dynes
fem
Ex.1 |6.6K 170 | 169 1 356 | 4543 | 5979 | 1.32 | 21.8
PPO/PDMS/PPO
(50 wit.% PDMS)
Ex.2 | 8KPPO/PDMS/PPO | 14.0 | 139 | 1120 | 5809 | 7736 | 1.33 21.9
(50 wt.% PDMS)
Ex.3 | 16K EO/PDMS/EO 7.0 8.9 | solid | 9142 | 12184 | 1.33 -
{25 wt.% PDMS)
Ex. 4 | 16K PO/PDMS/PO 7.0 86 [ 12037 | 9918 | 11241 | 1.13 -
(25 wt.% PDMS)

Mn, and Mw were measured by GPC using polystyrene standards. PDl is

Mw/Mn




200" 178;1.78 Copol ynmer (30 wt. % PDVS) 2nd generation

XAl exanples in Table 3 were prepared using (PO as the only oxide.
P08934- 17 - Details on the characterization of the products prepared
usi ng the CAOCFPBBE4Ess are shown in Tabl e ¥ -Tabl e 4.
Characterization of Di hydroxyl Functional 5

Pol yet her/ Pol ydi net hyl si | oxane/ Pol yet her ABA Bl ock Copol ymers
produced by the CA Pro ess of t | nvention EX. uct

Descr i ption G (Th 3 RERHY < TeBIeSERlatyo RPRMITSR (sAreplagT and
PPQ PDVE/ PPO AfjAvdd mrelssGRBAANLDEI dynd8/ct. - ThiRDIMBhe hedte G615 M0k isORadd - 9

259 567 tension similar to those of a silicone/PET surfactant. (E.g. OS1-4340 and
5 OSI Y-10762 surfactants which have surface tensions of 21.6 and 22.2
dynes/cm, respectively). For comparison, Multranol-3600, a difunctional
polypropylene glycol has a value of 33.4 dynes/cm.

Synihesis of Polyether/Polysiloxane Copolymers by the CAOS
10  Process
Polyether-polydialkylsiloxane copolymers were produced in a
C Continuous Addition of Starter (CAOS) process following the general
procedure described below using the same polyether polyol reactor as
15 described for the semi-batch process. Details on the synthesis of each of
the CAOS produced examples are provided in Table 3 below.

For preparation of samples by the CAOS method, each product was
prepared by co-feeding PO and the indicated disilanol terminated PDMS
(Gelest products) into a “heel” of either Acclaim 4200 (for the 4000 MW

20  products) or Acclaim 2200 (for the 2000 MW products) to make the first
generation of products. This first generation product was subsequently
charged in the reactor as the heel to make second generation block
copolymer products. In either case, the reactor was first charged with the

( indicated type and amount of “heel” and the DMC catalyst as described in

25 Table 3. The reactor contenis were heated under full vacuum, with stirring
(500 rpm) and a nitrogen sparge for 30 minutes at 130°C. Following this
vacuum stripping, the reactor was blocked by closing the valves to the
vacuum pump and nitrogen sparge. A small portion of the indicated oxide,
referred to as an activation charge, was added to the reactor overa 5

30 minute period. After the catalyst had become active, as evidenced by a
halving of the partial pressure due to the oxide, the oxide and CAQOS feeds
were started at the indicated rates. The CAQS feed in all cases refers io
the indicated Gelest disilanol terminated polydimethyl siloxane. Both the



3407 4131 1.21 Ex. 6 4K PPQ PDVS/ PPO ABA Bl ock Copol ynmer (25 wt. %
.PDM5S) - 2nd generation 26.6 24.2 469 3013 3922 1.30 Ex. 7 2K

PPQ PDVS/ PPO ABA Bl ock Copol ynmer (50 wt.% PDMS) 1st generation 53.8
49.7 139 1138 AQ84. 04 Ex. 8 2K PPQ PDVS/ PO ABA Bl ock Copol yner (50
wt. % PDVB) - 2nd generatl on 53.2 49.2 98 1202 1269 1.06 Ex. 9 2K

PPQ PDVS/ PPO AAvEiwcieedapol oxide/ CASS md%myemhmaereacﬁwn 56. 1

o2, b SR et S NS e AT S SRR
complete this CAOS feed prior to the completlon of the oxide feed, so that
a pure oxide feed was added toward the end of the run. After the oxide
5 feed was complete, the reaction mixture was allowed to continue stirring at
130°C for an additional 30 minutes, and subsequently stripped (130°C)
under full vacuum with a nitrogen purge for 30 minutes, prior to cooling
and draining the product.



Vh, -‘and Mwv wer e neasured by GPC using pol ystyrene standards.

PDI
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10 MV Wh Use of PET/ PDMS/ PET Bl ock Copol yners in Reactive Hot Melt
Adhesi ves 15 Representative PET/ PDMS/ PET bl ock copol yners were

evaluated in r

8P84e hot nelt adhesive foi®ul ati ons.

Th

e general

procedure for the preparation of the hot nelt adhesives is given
bel ow, with specific details on each formnulation provided in Table 5.
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Cont ai ni ng 10 PET/ @R YR S . 11 Ex. 14 Ex. 13 Ex. 14" Ex. |15
Desnophen S 1{05- 30 é-&&w 83.6 83.6 8§3.6 Mondqur M11.p 11.2 11{2
11.2 11.2 RC 6135 Gahadayi@it 0.2 0.42 0.2 0.2 0.2 Arcol Polyol PPG 2000
5.0 Ex. 7 | 2K PPO/PDMS/PPC | Acclaim | 0.2; 250 PO; 20 5-14;300; | 280;2.3
ABA Block 2200; 3.0
Copolymer (50 wt.% 200
PDMS) 1st
generation
Ex. 8 | 2K PPO/PDMS/PFPO Ex. 7; 0.2; 250 PO; 20 5-14; 300; 280; 2.3
ABA Black 200 3.0
Copolymer (50 wt.%
POMS) - 2nd
generation
Ex. 8 | 2K PPO/PDMS/PPO Acclaim 0.2; 250 PQ: 20 S-12; 402; 3.2
ABA Block 2200; 178;1.78
Copolymer (30 wt.% 200
PDMS) 1st
generation
Ex. | 2K PPO/PDMS/PPQ Ex. 9; 0.2; 250 PO; 20 S-12; 402; 3.2
10 | ABA Block 200 178;1.78
Copolymer {30 wt.%
( PDMS) 2nd
( generation

*All examples in Table 3 were prepared using (PO} as the only oxide.




PET/ PDMS/ PET Bl ock copel ynmer from Exanple 2 (8000 MW PPQ PDVS/ (50
w.%PDVS) 5.0 PET/ PDMS/ PET Bl ock copol yner from Exanple 1 (6600
MV PPQ PDVB/ PPO (50 wt . % PDIVS) 5.0 PET/ PDMS/ PET Bl ock copol yrer
f.rom Exanpl e Q&84PPQ PDMVB/ PPO (25 wt . % HIBVE) 5.0 PET/ PDVS/ PET
Bl ock copol yner from Exanple 7 (2K PPQ PDMS/ PPO (50 wt. % PDVS

5. 0 | socyanat ©dtals onshead)aractedzatiogoof theprotiugs repgred using t oS
adhesive formyl at i I in, Table 5 were eval uated for

adhesi ve bong%ggéées%%ﬁgﬁéﬁhé'gﬁggtem%en wood and various plastics. The
15results of these tests with four different plastic substrates are
summari zed in Tableed.6Chatavterigdtigrnof Difytdroxplfenetiondihe i nproved
adhesi on aghi eusIgtetHRFBIdim&hyidiRixene/PIfgsihbr ABA Bistr\Cogoligheg t he
8K PET/ PDVB COR@dyeBE HY & Focel8e GFhé MpbeHiibny | ene
terephthalate) is generally difficult to adhere to because of its |ow
surface ener E(HZ OYTESHEHA Descriptiod aD| COR% #FpvisdiepmMBoNdw | PDI
Strength of \Wod/ Pl pstic Using Hot 5 Mahko)Ad(®Bg) Vegsiybdi fiegd w tlh
PET/ PDM5S Copqlynerst Description Pocan Q/

Ex.5 | 4K PPO/PDMS/PPO ABA 26.9 259 | 567 | 8407 | 4131 | 1.21

Block Copolymer (25 wt.%
PDMS)

1st generation

Ex.6 | 4K PPO/PDMS/PPO ABA 26.6 24.2 469 | 3013 | 3922 | 1.30
Block Copolymer (25 wt.%
PDMS) - 2nd generation

( ( Ex.7 | 2K PPOC/PDMS/PPO ABA 53.8 49.7 139 | 1138 | 1184 | 1.04
Block Copolymer {50 wt.%
PDMS) 1st generation

Ex.8 | 2K PPO/PDMS/PPO ABA 83.2 492 98 1202 | 1269 | 1.06
Block Copolymer (50 wt.%
PDMS) - 2nd generation

Ex. 9 | 2K PPO/PDMS/PPO ABA 56.1 52.8 150 1456 | 1965 | 1.35
Block Copolymer (30 wt.%
PDMS) 1ist generation

Ex. 10 | 2K PPO/PDMS/PPO ABA 56.1 53.0 120 1153 | 1589 §1.38
Block Copolymer (30 wt.%
PDMS) 2" generation

Mn, and Mw were measured by GPC using polystyrene standards. PDlis

10 Mw/Mn
L Use of PET/PDMS/PET Biock Copolymers in Reactive Hot Melt
\ Adhesives
15

Representative PET/PDMS/PET block copolymers were evaluated
in reactive hot melt édhesive formulations. The general procedure for the
preparation of the hot melt adhesives is given below, with specific details
on each formulation provided in Tabie 5. The reactive hot melt adhesive

20  control was prepared by combining Desmophen S-105-30 (83.6 parts)
and PPG-2000 (5 parts) in a 3-necked flask equipped with mechanical
stirring and a vacuum take-off. The mixture was heated to 110°C under

full vacuum for 3 hours to de-gas and de-water the raw materials. The



Wood Dur et han/ Wod Acryli.c/ Wod TPO (corona treated) /Wod Ex. 11
.Control One fell apart 2.9 431.7 242 164 261 Avg. 222 305 301 226
Avg. 278 277 276 281 Avg. 278 did not break apart (TPO bent) Ex. 11
re-test ContrdfO834test One fell apart 62822 336 350 293 Avg. 327
440 328 578 Avg. 449 331 343

mixiure was allowed to cool to 85°C prior fo adding Mondur M (11.2 parts)

in the farm of a flaked solid. After heating (85-90°C) and stirring this
mixture under a nitrogen atmosphere for 2 hours, RC 6135 catalyst (0.2
parits) was added. The resins were allowed to heat and stir an additional

5 30 minutes after addition of the catalyst prior to titrating (n-butyl amine
titration) for isocyanate content. Additional formulations in which the PPG-
2000 was replaced by the PET/PDMS/PET ABA block copolymers of the
invention were prepared for comparison with the control.
Table 5. Formulation of Reactive Hot Meli Adhesives Containing

10

PET/PDMS Copolymers

Ex. 11

Ex, 12

Ex. 13

Ex. 14

Ex. 15

Desmophen § 105-30 '

83.6

B3.6

83.6

83.6

B3.6

Mondur M

1.2

11.2

11.2

RGC 6135 Caitalyst

0.2

0.2

0.2

0.2

0.2

Arcol Polyol PPG 2000

5.0

PET/PDMS/PET Block
copolymer from Example 2
(8000 MW PPO/PDMS/ (50
wt.% PDMS)

5.0

PET/PDMS/PET Block
copolymer from Example 1
{6600 MW PPO/PDMS/PPO
{50 wt.% PDMS)

5.0

PET/PDMS/PET Block
copolymer from Example 6
(4K PPO/PDMS/PPO (25
wt.% PDMS)

5.0

PET/PDMS/PET Block
copolymer from Example 7
(2K PPO/PDMS/PFPO (50
wi.% PDMS)

5.0

Isocyanate (wt, % NCO)

1.75

1.82

1.88

1.89

1.79

The adhesive formulations described in Table 5 were evaluated for

adhesive bond strength formed between wood and various plastics. The
15  resulis of these tests with four different plastic substrates are summarized
in Table 6 below. Of particular note was the improved adhesion achieved




342-'Avg. 339 did not break apart (TPO bent) Ex.

12 8K PET/ PDVS (50 %

.Si | oxane) 1017did not break 759 583 wood cracked before sanple did
Avg. 786 238 304 345 Avg. 295.7 314 acrylic cracked 459 acrylic
cracked 409 AV§8994 291 293 287 Avg. 290 B d not break apart (TPO

——

bent) Ex.

12 re-test 8K PET/PDVS (50% sil oxane) (Re-test) 521 333 768

between Pocan ® and wood using the 8K PET/PDMS copolymer of
Example 2. Pocan ® (polybutylene terephthalate) is generally difficult to

adhere to because of its low surface energy (32 dynes/cm).

Table 6. Overlap Shear Bond Strength of Wood/Plastic Using Hot

5 Melt Adhesives Modified with PET/PDMS Copolymers
Description | Pocan ®/ Durethan/ Acrylic/ TPO
Wood Woaod Wood {corona
treated)
/Wood
Ex. 11 Control One fell apart 242 306 277
29 164 301 276
431.7 261 226 281
Avg. 222 Avg. 278 | Avg. 278 did not
break apart
(TPO bent)
Ex. 11 | Control Re- | COne fell apart 336 440 331
re-test test 620 350 328 343
22 283 578 342
Avg, 327 Avg. 448 Avg. 338 did not
break apart
{(TPO bent)
Ex. 12 BK 1017did not 238 314 acrylic 291
PET/PDMS break 304 cracked 293
(50 % 7598 345 459 acrylic 287
siloxane) 583 wood Avg. 285.7 cracked Avg. 290 did not
cracked 409 break apart
before Avg. 394 (TPO bent)
sample did
Avg, 786
Ex. 12 8K 521 374 380 acrylic 328
re-test | PET/PDMS 333 387 cracked 325
{50 % 768 298 321 acrylic 283
siloxane) Avg. 541 Avg. 353 cracked Avg. 312 did not
(Re-test) 1018 535 break apart
307 Avg.412 {TPO bent)
1020
Avg. 782
Ex. 13 6.6K 38 268 458 acrylic 293
PET/PDMS | 2 samples fell 266 cracked 291
(60% apart 306 632 137
slloxane) Avg, 39 Avg. 280 597 acrylic Avg, 240
cracked They all pulled
Avg. 563 apart while
testing
Ex. 14 4K 7 252 489 acrylic 276
PET/PDMS 2 2 fell apant cracked 2 fell apart
(25 % one fell apart Avg. 252 5279 Avg. 276
siloxane) Avg. 5 acrylic did not break
cracked apart (TPO bent)
469
Avg. 488




Avg. 541 1019 307 1020 Avg. 782.374 387 298 Avg. 353 380 acrylic
.cracked 321 acrylic cracked 535 Avg. 412 328 325 283 Avg. 312 did not
break apart (TPO bent) Ex. 13 6. 6K PET/PDM5 (50% sil oxane) 39 2
sanpl es fel |l &83834avg. 39 269 266 306 Avg0-280 459 acrylic cracked
632 597 acrylic cracked Avg 5636293 291 137

Ex. 15 2K 106 409 293
PET/PDMS 2 fell apart 168 442 288
(50 % while putiing 1 fell apart 402 1 fell apart while
sitoxane} in Instron while All acrylics removing from
Avg. 6 removing cracked Jig
from Jig Avg. 417 Avg. 291
Avg. 137 did not break
apart (TPO bent)

Whereas particular embodiments of this invention have been
described above for purposes of illustration, it will be evident to those
skilled in the art that numerous variations of the details of the present

5  invention may be made without departing from the invention as detined in
the appended claims.



Avg.” 240 They all pulled apart while testing Ex. 14 4K PET/ PDM5 (25 %
siloxane) 7 2 one fell apart Avg. 5 252 2 fell apart Avg. 252 469
acrylic cracked 5279 acrylic cracked 469 Avg. 488 276 2 fell apart
Avg. 276 did not break apart (TPO bent) P08934-20 - Ex. 15 2K 6 106
409 293 PET/PDVs 2 fell apart 168 442 288
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WHAT IS CLAIMED I[S:

1. A method of making a polyether-polydialkylsiloxane block copolymer
comprising:
i) providing a mixture comprising at least one alkylene oxide and at least
one silanol-terminated polydialkylsiloxane; and
i) polymerizing the mixture in the presence of a double metal cyanide
complex catalyst, and optionally in the presence of an aprotic solvent and/or
an antioxidant;

wherein the polydispersity index of the copolymer is between 1.0 and 1.5.

2. The method of claim 1, wherein the alkylene oxide is selected from the group
consisting of ethylene oxide, propylene oxide, 1,2-butylene oxide, 2,3-butylene

oxide, styrene oxide, and mixtures thereof.

3. The method of claim 1, wherein the silanol-terminated polydialkylsiloxane is a

compound of the formula:

where
R' to R® are each independently a C;-Cs alkyl group,
R is an --OH, or C4-Cg alkyt group and

n is an integer from 0 to 100.

4, The method of claim 3, wherein n is an integer between 3 and 60.



(50 % while putting 1 fell apart 402 1 fell apart while siloxane) in
Instron while Al acrylics renoving from Avg. 6 renoving fromJig
Avg. 137 cracked Avg. 417 Jig Avg. 291 did not break apart (TPO bent)
Wher eas particul ar enbodi ments of this invention have been descri bed
above for purposes of illustration, it will be evident to those
skilled in the art that nunerous varjabions of the details of the
present 5 invention may be made wi thout departing fromthe invention

as defimned i®. .t | aj . :

mot hod % RIS RREPORRH 7. FbBfrin i€t b A R Rk e hes
conpri i m@lecular vsight 6f sisbd 100X8 00O PWBIY.i si ng at | east one al kyl ene
oxi de and at | east one silanol-term nated pol ydi al kyl sil oxane; and
ii) polynerizing the mxture in the presence of a double netal

cyani deg co .-.and (- Yod 1

aproti é%'soln\ellen m%ﬁji oéf{]s(gﬁmggt ‘."’ﬁ%féd@ﬁt% ‘L"‘\J/{%dedr?éléllrﬂrﬁp ﬁ{ee%;%ﬂgﬁﬁg%g’?@f?@e has
i ndex cf molesutarpedightof alsouter0ees00d.ddmald 1. 5. 2. The nethod of claim
1, wherein the alkylene oxide is selected fromthe group consisting
of ethyl ene oxide, propylene oxide, 1,2-butylene oxide, 2,3-butylene
oxi de, styr i i1 X . 0 i o
wher ei n7s't hee[gﬁ @)r%:t) -t%ﬁgwg? é%%o E}ﬁgf’ﬁ%ﬁl%ggﬂé@ Fé\‘?%dé‘%u}%éﬁhﬁi %?
the fortodlb8° (R3 0 0 R5 where RL to R6 are each independently a Cl-C6
al kyl group, R7 is an --OH, or Cl-C6 al kyl group and

8. The method of claim 1, wherein the polymerization is carried out at from 90-
140° C.
9. The method of claim 1, wherein the alkylene oxide and silanol-terminated

polydialkylsiloxane are present in the following amounts: 1-99 wt. % silanol-
terminated polydialkylsiloxane, the balance being alkylene oxide, where the amounts
of the two compounds together add up to 100 wt. %.

10.  The method of claim 1, wherein the alkylene oxide and silanol-terminated
polydialkylsiloxane are present in the following amounts: 25-75 wt. % silanol-
terminated polydialkylsiloxane, the balance being alkylene oxide, where the amounts

of the two compounds together add up to 100 wt. %.

11.  The method of claim 1, wherein the catalyst is a zinc hexacyanocobaltate

complex with a polyalkylene glycol.

12.  The method of claim 1, wherein the method is carried out according to the
continuous addition of starter method.

13.  The method of claim 1, wherein the method is carried out in a semi-batch

method.



nis an integer fromO to 100. - 22 - 5. The nethod of claim 3,
wherein the silanol-termninated pol ydi al kyl sil oxane has a nol ecul ar
wei ght of about 100-8,000 g/nole. 6. The nethod of claim 3, wherein
the silanol -term nated pol ydi al kyl sil oxane has a nol ecul ar wei ght of
about 400-5,000 g/mole. 7. The nethod of claim11, wherein the
polynmerization is carried out at frompgQ to 150 C. 8. The net hod of
claim1, wherein the polynerization is carried out at from90- 140 C.
9. The nethod of claim1l, wherein the al kyl ene oxi de and

si l anol -term nated pol ydi al kyl sil oxane are present in the follow ng
anount st4. 1- 99 pulyetiérspdiydialkysiloxara bidck ebydiyaldeyHavirgox avsdeculbeweight of
bal ance bhei n% alql%l ene oxi de, where the anounts_of the_ two conpounds
t oget hetPlaelUAB A Hoanghaving a pelydippersiyifeeK 8t 10119i'P1, wherein the
al kyl ene oxi de and sil anol -term nated pol ydi al kyl si | oxane are present
in the follow ng anbunts: 25-75 wt. %silanolterm nated

pol ydi al&ky| shHeopaipetheripehibd | Ryisitoxamertgock kypapmeont dajmvide havinbea
anounts of the t C u oget her add up to 100 wt. % 11. The
met hod MBPlecH f?ﬂe’l\l\é}ht\ﬁﬁg’%&ﬂ&ﬁﬂé QP& yst is a zinc hexacyanocobal tate
conplex with a polyal kyl ene glycol. 12. The nethod of claim1,
wherein the nethod is carried out according to the continuous

addi ti dif.of Eieapelgethespotdlialkysiloxeme bieckoabaymer af alaim hbawing & he
met hod | ried out in a sem-patc thod. .- 23 - A

ol yet iyt MRy BH Goprrnian RavfsightonBretaphmer
wei ght of 150-50, 000 g/ nole and having a pol ydi spersity index of 1.0

to 1.5. 15. The pol yet her-pol ydi al kyl si | oxane bl ock copol ynmer of
cl ai m 1¥. halhepolxetsrdeolicha kylgilepanedilodoconaymen ofyclabn & 4, whereimtilae

pol yai AgAalYBIgiehe 5in SAfa SB e GRS s oh AR cortihes, °

the copolyner. 17. The pol yet her-pol ydi al kyl si | oxane bl ock copol yner
of claim 14,_wherein the pol%dialkylsiloxane is a disilanol and the

copol y,{l@(. i sThehpalpethsr-eelydia) ﬂ{sgl;mgne blggk caprlymer of claim 14, wherein the
pol yet - i Sl ; f; { i
Phe ol ATy FLSIEE &8RRI RaIBRoBBRim R is BhTbidt HRhFhel,
bl ock copolymer. 19. An adhesive conposition conprising a

pol yet her - po] ydi.al kyl si | oxapne bl ock. copol r, of clai 4 20. The
Dahbei viS-corb erfeste SpmoaitansRR iSRG arpavror-oekdielixeRs plock,
| socyanBneembmddint14r epol ymer. 21, The adhesive conposition of
claim19'in which the bl ock copolyner is an isocyanate term nated

prepol ynmer conprising a polyester polyol. 22. A low surface energy

crai m o Al PaBhe ool e ol KPR BS P beliRg &

conpri ssoyanabdteffliMaed Prygbighey! si | oxane bl ock copol ymer of claim
14.

21.  The adhesive composition of claim 19 in which the block copolymer is an

isocyanate terminated prepolymer comprising a polyester polyol.

22.  Alow surface energy coating comprising a polyether-polydialkylsiloxane block

copolymer of claim 14.

23. A mold release agent for polycarbonate materials comprising a polyether-

polydialkylsiloxane block copolymer of claim 14.



