P08934 MD04- 78/ MDO5- 68 PCOLYETHER- POLYSI LOXANE POLYOLS 5 FIELD OF THE

1 NVENTI ON The present invention relates to pol yether-pol ysil oxane pol yols
prepared fromsil anol -term nated pol ydi al kyl sil oxanes. Such polyols are
useful in the preparation of adhesive conpositions, particularly hot-nelt

10 adhesives, and | ow surface energy coatings. BACKGROUND | NFORMATI ON Bl ock
copol yners of PR8934i | oxanes and pol yal kyl ene et hers(pol yethers) are known
in the art anNDO«28MPROSB8epared by 15 vari ous net hods. They can be used as
surfactants or as surface active nononers to nodify the surface energy of
pol ymers. Although a few of themare truly |linear block copolyners, many of
them woul d be nore prop Y ! o copol yners. Linear
bl ock copg yners of polysil oxanes and pol yal kyl ene ethers 20 have been

prepared by reaction of di func%mi[mvy | oxane ol i goners
wi t h di hydroxyl term nated pol | es of suitably
term nated polysi |Whéfb‘?ésé{ﬂ%\/érﬁloﬁrr@%§td ﬁ@l?étf#é'r%kysﬂ@%é’ﬁ@l&éls ' nC' ude
acet oxy, al koxy, and dial kyl am no-term nat ed Eg ysi I'oxanes

overvi ew on t peepayed frem silarfol terminaied palydialky owesOxsmh pOWOI& azs _
ot oar sur viserin G eARRol o 4ikFVE emadSibing, gl oy "' v "

af or ement{pneddpadived, |aneroe fAatace! dnedrgpeottigs. | i near bl ock copol yners are
all synthesized by condensation pol ynmerization, in which 30 the term nal

group on the polysiloxane oligomer is dlsplaced by the hydroxyl group of the
pol yal kyl ene ether to produc%ﬁé@@m‘t@l ynmers having an Si-OC
| i nkage between the polysil ox i de bl ocks of the
copolyner. A | ow mB\gkUcpolyrRednéf pdlysiloxanes and polyalkylene

ethers(polyethers) are known in the art and have been prepared by

15  various methods. They can be used as surfactants or as surface active
monomers to modify the surface energy of polymers. Although a few of
them are truly linear block copolymers, many of them would be more
properly described as graft or “comb” copolymers.

Linear block copolymers of polysiloxanes and polyalkylene ethers

20 have been prepared by reaction of difunctionally terminated polysiloxane
oligomers with dihydroxyl terminated polyalkylene ethers. Examples of
suitably terminated polysiloxanes used to prepare these block copolymers
include acetoxy, alkoxy, and dialkylamino-terminated polysiloxanes. (For
an overview on the synthesis of these polyether/polysiloxane block

25 copolymers, see A. Noshay and J.E. McGrath; “Block Copolymers;
Overview and Critical Survey”; Academic Press, New York, 1977; pp 400-
401.)

The aforementioned polysiloxane-polyalkylene ether linear block
copolymers are all synthesized by condensation polymerization, in which

30 the terminal group on the polysiloxane oligomer is displaced by the
hydroxyl group of the polyalkylene ether to produce the desired block
copolymers having an Si-O-C linkage between the polysiloxane and

polyalkylene oxide blocks of the copolymer. A low molecuiar weight by-



P08934 -2- product, resulting fromdi splacenment of the end-group that was
previously attached to the polysiloxane block, is |liberated during the

pol ycondensati on reaction. This by-product nust either be renoved from the
Jpolyner in arp@gdgsdi onal processing step, .or. allowed to remain in the 5

bl ock copolyner. In many pol yner applications, these | ow nol ecular wei ght

comonent s catoRtt, AMEHbH dShRceEEBr 5 SRR bl AEESHbybligYy POV

properties, can's y nigrate ou yner ov

presenting paiteithedlto $ieé polysilexmsbleck detliberated duringtihe@r mance (foggi ng or
oily materials rising tQ the surface). Furthernore, as wll be appreciated
by 10 those dXly¢asylengation reaationydiRj¢ Bytrsadustiraust either besemgyeddfe@mknown t o

produce. br oacy etk o 4Fb8llofkhELAIAGBip, TPEIBHEAN Rofid flne™! ecul ar

wei ght distri I's typrca ara ol ydrspersity index,

whi ch is she Bletk copdlymer.gir nﬂrgﬁﬁﬂﬁn&bbppltda@ibns\ﬁhgbé IdWiioleoulanunber
average nol ecul ar wei ght (WMi). For condensation, 15 polynerjzations, Flory's
theory has be&fighte@mpgnamisiGan actasdeasticizels. whichsletamentgliyaftect the

(pol ydi sper si + D ' ' .~ hi gh

ol yier o 1 neb it plogferfies, 416 darl StoWRP gt buft thE HArREr ol timd

p](c)l ydi 3 per si ftpfe'r:‘.entiil‘:b ﬁotenﬁ'apmbejSigbmoEdeleimgmacll)fj@rfqrmaﬂcp :ef(fqgglirhg)or? ggnber
of condensation pol ynerizations. See, e.g. ian, "Principles

Pol yneri zat i ofily DaieTals fl$laa,t°§pﬁ sgHage). '%chermr%yasaww b, ARPragiated®y1. | n
order toqpver ng g@rqq | S E G-k § i (th the
synt hesi sﬁof t@%ﬁgé&ﬂggﬁ)ﬁ%gﬁ %d)%lgne %{o{ﬁ@bﬁggmr@w&%ﬁt@g}@ et. al. (EP
0 485 637 Bl;prasabée bfbad molesyiamyeight! djstritagionsb &heprepdttadf e of  PET/ PDVS
copol yners usin ubl e Metal  Cyani de ) catal ysts to 25 al koxyl ate

hydr oxyal kyl -W@%ﬁgfﬁt%lgbbé@mb%tbﬂﬁ yﬂg%@@fa%&ﬁﬁgw the, PolyisPersii k, the
use of sil anolLkerhRat ( ; | ' | di scl osed.
U. S. Patent I\]lr)’.dég’, %@ﬁ(ﬁ?%é@@ﬁf%@ﬂ%\%@é%@@? #@éﬁgfféﬁﬂgiyﬁg%ol ysi | oxanes
wi t h car boxyahlmbet average/mgleoulas weight (Mp).y Fer c@fdertsation) bound to the ends

of the s i1|50Xa;:r;c(:alyr(;\rcla?iizgt?éns-l,-rI]=Lilosry;sht(zl‘?(/ao?yr ﬁgel*. tbegr? %lsle%il to derive a theoretical ratio
of Mw/M, (polydispersity) of 1 + p, where p is the extent of reaction. For
high polymers, the extent of reaction approaches 1, so that the expected
polydispersity is ~2.0, which has been experimentally verified for a number
of condensation polymerizations. See, e.g., G. Odian, “Principles of
20 Polymerization” 3rd édition, pp. 85-87, John Wiley and Sons, NY, 1991,
In order to overcome the aforementioned difficulties associated with
the synthesis of polyether/polysiloxane block copolymers, Takeyasu et. al.
(EP 0 485 637 B1; Asahi Glass Company Ltd.) describes preparation of
PET/PDMS copolymers using Double Metal Cyanide (DMC) catalysts to
25 alkoxylate hydroxyalkyl-terminated polydimethyisiloxanes. However, in
their work, the use of silanol-terminated starting polydialkylsiloxanes is not
disclosed.
U.S. Patent No. 3,182,076 describes the preparation of
organopolysiloxanes with carboxyalkyl terminal groups (not polymer
30 chains) bound to the ends of the siloxane chains. Thus they aren't really
block copolymers, but rather organopolysiloxanes terminated with
carboxyalkyl groups. The linkage binding the organosiloxane components



bl ock copol yners, but rather organopol ysil oxanes term nated with

car boxyal kyl groups. The |inkage bindi ng the organosil oxane conponents
P08934 -3- with the carboxyal kyl term nal groups are of the Si-C type. True
bl ock copol yrege3dare not disclosed, nor i-g-an Si-OC |linkage. There exists
therefore a need for polysil oxane-pol yal kyl ene ether |inear block

copol ynmer s hayi ' | (s7h- n tain | ow
nmol ecul ar m%ﬁ?%?e%%&g?gy@@mg@% a‘?%E&?ﬂl'{féVﬁl.Tbl %eAgt:rg?yng y, in one

aspect the prespoiymers/arg natrdigelosed)eoris arSird?C ltkageki ng a

pol yet her - pol ydi al kyl si | gxa bl.ock co ner, .the netho O copprising: i)

providing a m xt urixgr@n%)ﬁtgiQﬁSre&relaeggé)ghcﬁeoo?;:{q&pf(gﬂ%-p&xaggjle%%8“%{. | east one
si | anol -t er m RdfHbIoEN d6p Wﬁél’sshé\ﬂ?@ﬁﬁ'rroW}Sbl}/di)spé‘%'ityV(Eil isZitiat ddRotm xture in

the presence of a double netal cyanide conplex catalyst, and optionally in

t he preserfce oontain laprmplecularsveighttyrpragiugissr an anti oxi dant. In an

addi tional aspect, the present invention provides polyether-
pol ydi al kyl si | oxane bl ock copol ynmers nmade by the above net hod. These

pol yet her - pol ydi al kyl si | oxangUNMRARY OPTHENVERYEDR nol ecul ar wei ght of
150- 50, 000 g/ nol e and a pol ydi spersi fgt ndex of 1.0 to 1.5. 20 Surprisingly,

it has been found Ageerdinghwlirpnetaspgctinespresent inveations prayidas a gietiopg

term nated polysi loxanes,ipn. . a u | _cyvani ) d

oxyal Kyl at 1 o Weels BRweTe BBy b EnsBRs CBnal M edpetnee

pol ydi spefi t ¥omptitin@ut | ow nol ecul ar wei ght by-products. In contrast to

t he above nentioned pol ycondensation routes to polysiloxane 25 polyal kyl ene
et her bl ock copol yier s, providingraandirel conaprising at leashone @lkyene oxideyaddi ti on
process and it

copol ymers ha@f'aé? ﬁ’lﬂtﬁ? Bbgflﬂflﬁgge%E'B?r{?’)(?si%@a?am%,%%béy!ﬂ% r]epr gf}lngg l:?1|n§CIkow
EDN:B(E]% :J :\/ErNT \é/ei ght byy pr ogddRiserizity Pl PR BreSdrndd ¢fra SGERRER)
cyanide complex catalyst, and optionally in the presence of an aprotic
15 solvent and/or an antioxidant.

In an additional aspect, the present invention provides polyether-
polydialkylsiloxane block copolymers made by the above method. These
polyether-polydialkylsiloxane block copolymers have a molecular weight of
150-50,000 g/mole and a polydispersity index of 1.0 to 1.5.

20 Surprisingly, it has been found that oxyalkylating silanol or
polysilanol (Si-OH) terminated polysiloxanes in a double metal cyanide
(DMC) catalyzed oxyalkylation process provides copolymers having the
desired polydispersity, without low molecular weight by-products. In
contrast to the above mentioned polycondensation routes to polysiloxane-

25 polyalkylene ether block copolymers, this DMC catalyzed oxyalkylation is a
polyaddition process and it results in linear polysiloxane-polyalkyllene
ether block copolymers having low polydispersity (<1.5 ) and does not

produce any low molecular weight by-products.

30 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

As used herein in the specification and claims, including as used in

the examples and unless otherwise expressly specified, all numbers may



As used herein in the specification and clains, including as used in the
exanpl es and unl ess otherw se expressly specified, all nunbers may P08934
-4- be read as if prefaced by the word "about", even if the term does not
expressly apffa8934\ so, any nunerical rangé-recited herein is intended to

i nclude all sub-ranges subsumed therein. As used herein, the term "al kyl ene
oxi de" ref er He RadR it frefabed Byitive WoRd "SS0I10WVEA if thene rf>duryl it of suitable
al kyl ene oxi des include ethylene oxide, propylene oxide, 1,2-butylene

oxi de, 2, 3- blEXpPressy appeare Alsen @nymnumneericabsange revited hieseinds intapded torpr e

al kyl ene oxi S d al kyl ene oxi des are ethyl ene
oxi de, propyﬁﬁ%gagggﬁgé38993§gg?gﬁ@ﬁéﬁgg%gg and 2, 3-butyl ene oxide, or

m xtures of these.AslGsddRerik)thenemoXalk@ent loxide? refees enepoxiden anount
ranging from1-99 w.% preferably 25-75 wt, %_  based on the weight of the
si | anol - t 8r niGeAtIRINgRAMRIUNdSy | SeMBexaERies obsyilatie alkyleneoxigdget her, and

of Cthe | or milids eyhigng bigpBbrdgSIdRe e HRlHyiBhid, 28 Bnjigng CoRPOIN
each i ndependsxide,)aral styrete axide.| Mixtargs ofRWad or more 8lkyleneyokidgeoanr Cl- C6

al kyl group and nis an integer fromO to 100. Preferably, n is an integer
bet ween 3 ancBle®betisedpdiretarmdgikylens oxidesqre ethylgngaxide,iiPrviengnt of

bet ween 100- gyl I ' ween
2005 000 g rRae: SaBUfienEBHRE SePbiliche RGN DC0, csent
i n an amountThicaalgylenefoxide Willtise presiént pv afh ansdunt r2vging frdm %-9dad&6, on t he
wei ght of the silanol-termnated pol ydi al kyl siloxane and al kyl ene oxide 25
t oget her, andPTelerablidny” e Mtakylased on the weight of the silanol-terminate

polydialkylsiloxane and alkylene oxide together, and excluding catalyst.
The silanol-terminated polydialkylsiloxane is a compound of the

formula:
1
R? R3
L]
HO—Sj O——Ti JO-—Sli R’
15 R4 RS n RS

where R' to R are each independently a C4-Cg alkyl group, R’ is an =OH,
hydrogen or C4-Cg alkyl group and n is an integer from 0 to 100.
Preferably, n is an integer between 3 and 60. The polydialkylsiloxane has

20 a molecular weight of between 100-8,000 g/mole, more preferably a
molecular weight between 400-5,000 g/mole.

The silanol-terminated polydiakylsiloxane will be present in an
amount ranging from 1-99 wt.%, preferably 25-75 wt.%, based on the
weight of the silanol-terminated polydialkylsiloxane and alkylene oxide

25 together, and excluding catalyst.

Polymerization is carried out in the presence of a double metal

cyanide (DMC) catalyst. Use of DMC catalysts in the preparation of

polyether polyols is well known in the art. Suitable examples of methods



Pol ymeri zation is carried out in the presence of a double netal cyanide
(DMC) catalyst. Use of DMC catal ysts in the preparation of polyether
polyols is well known in the art. Suitable exanpl es of nmethods P08934 -5-
for the prepdP@8b84 of DMC catal ysts and tiBe use thereof in the manufacture
of polyether polyols can be found in U S. Pat. Nos. 3,278,457, 3,404,109,

3, 941,849 andoptribgrebaation SPBMRDSataRislddn e usé tko ithed . 855, 658, t he

entire contents of which are incorporated herein 5 by reference thereto. As

t hose ski | | ednanutacturaraf polyetherpalyolpivandwg taupdiia LhBePebd¥o®y the reaction

cui tabl e comreaPiyor o 1oF AL BAE R SIPERER, S Aot e S el s

pol ymers or of,8e8,7114066865,688,ahd entife poMdrBLofwkieRRg itorpOrated hetdie fornul a
gi ven bel ow. MLXEM2(CN) 6wzM (X)gq L wherein, ML represents a netal selected

fromthe & olpy tfpeanseithgrale. zn+2, Fe +2, N +2, Mi+2, Co+2, Sn+2, Pb+2,

Ferd, Now, Mts. Mhdfhodt @l bingiaiPare dRall DIES AR Shadiy'e

represents a netal sele group consi st1ng

Co+3, O +2, Ghedeabdlior?of Woxabyahordtalldte 2alt&with, tradsitton Metalaguits\rthe X
represents an anion selected fromthe group _consisting of halide, hydroxide,

sul fate, car bRiegeBSE O sHUitakle complexiag Pianie Hgands pad optignalipwithi trate; L
S5 S At APt o 6 AR L

el ectroneutr resent "Inventi on hose zinc
hexacyanopbawithtite éarhvaliy giventselowr ed by the nethods described in U S 25
Pat. No. 5,482,908, the entire coptents of which are incorporated herein by
ref erence thereto. The DMC cat aIMsrer{Q;N)e]%M BHabbund to a support as
described in Wh§reiﬁ,at' No. 6,362,126, al so incorporated herein by

M'  represents a metal selected from the group consisting of Zn*?, Fe*?,
Ni+2, Mn+2, C6+2, Sn+2, Pb+2, Fe+3, Mo+4, M0+6, A|+3, V+4, V+5, Sr+2,
15 W*, W*6 Cu*2 and Cr?;
M?  represents a metal selected from the group consisting of Fe*?, Fe*®,
Co*, Co*, Cr*?, Cr*®, Mn*2, Mn*?, Ir*®, Ni*?, Rh*®, Ru*?, V** and V**;
X represents an anion selected from the group consisting of halide,
hydroxide, sulfate, carbonate, cyanide, thiocyanide, carboxylate, or
20 nitrate;
L represents an organic ligand; and
X, Y, and q 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. 6,362,126, also incorporated herein by
reference. A particularly preferred catalyst is a zinc hexacyanocobaltate
complex with a polyalkyiene 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



reference. A particularly preferred catalyst is a zinc hexacyanocobaltate
conplex with a pol yal kyl ene glycol. 30 The catal yst concentration is

10-5, 000 ppm preferably 25-2,500 ppm nost preferably 50-500 ppm in each
case based onRO®&93¢ki ght of P08934 -6- the-froduct. The reaction tines for
the polynerization are in the range froma few mnutes to several days,

preferably a fieavphsduct. THel rgaetidrz tiinesfoothet fstymerigatsn aiexhuithe ramge be carri ed
out in a sem-batch node or continuously, using the continuous addition of

starter 5 (CMogy afewnpinutesta spvesalglaysapeefepplly afew RHESDVC cat al yst and

(Chom) arfepronL Gapisiops DMC cat al:
Sofvent (andior  naatVEPT R SEnRSAREr it KA Re BAMARAGRE, Y, C

preparing) ar aemifzatgechdde dheontinaously, asidgithaicedtinuoley addition of starde- wat er .
A portion of 10 the al kyl ene oxide is fed into the reactor, while nonitoring
the react oP ;5 met e the catal yst has becone active, evident by a

drop in reactor pr : LAl ' | | nuousl
added in ot er ed AnEeT e GRS o DIME (ABNRIAAT slaier ¢l e~ ¥

pol yet her - polsyjidnal-teymniridtec polydidiiodsiloxape) adroptisnally aisob@nt {dndibe CACS
method differs fromthe senm -batch nethod only in that not all of the
silanol term ﬁfﬁeée% D@OHFLOY SiMilgx RrRAUCE 10 Whiat pBe i$,RIRRAINGKAEE t he react or

initially. Th ' ot [ kO akl.g of the
starter is cotrﬁ?ll’aﬁ%%%gjg‘e; r'g%@ﬁg%gﬁ?ﬂeﬁ%éﬁb?%ﬁy&%&?ﬁg%%j?%éfaer.k%ﬁrgtaf;\ 8;1. The
feed rat ed0ar dhe athkylexid pxiddjis facbinite the resictam evhile anordtoringdtieireactonpl et ed 20

prior to feeding all of the al ky]lene oxide. |If desired, additiopnal DMC
Pt al yst can ASsSwe. reneh e SAAKET hag beRES A YINEN AGEORE hods  ar o

ST Wen bouERR b S R lg o e BRI IR e
enpl oyed. | n anbigéd anumets untiltheidasiredImoleaulze weightlut the polyethercont ai ns, in
addition to thg Safyisioxans biook copalymear is amamed.’ © ther the
15 The CAOS method differs from the semi-batch method only in that

not all of the silanol terminated polydialkyldiloxane 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

art.

With both the semi-batch and CAOS methods, a “heel” process

25 may be employed. In 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. It 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.



product or a material simlar to the product one is preparing. The "heel"
has the advantage of serving as a carrier for the catal yst and any starter
that is initially charged. It is particularly useful for high nelting, solid
or 30 very vi%@ﬁé@starter s, and has the advantage over a solvent that it
does not need to be renobved fromthe product. P08934 -7- Polynerization of

the m gt ure, cat alamymdniyagiélgghtmhzﬁggget bamflﬂ\i!abbyaﬂw Mghls',acgi@/a@fd]pl y 50
proceeds at tenperatures to , prefera in e rapge, from to
150G par ¢ | c ARSI, Beneral ot AR Lol 2014 00% ettt iRact | on
may be perfOrtﬂ.ﬁq'ﬁﬁ%eth%hﬁ"‘bo%qg@%,eﬁar%ulgrlgg}ef%?atﬁgaﬁt eradf@le¥BE'doAdt | on may
be performed wthout solvent or 1n an iIne aprotic) organic solvent, such

as, for exanpl4Q°Ct oThe regctionireay be pesformieddat dbtal pressiired of OB0hda 2Ot hane,

L K4S R BRGSOl Rl ¢ o7

solvent is CO@F%E%%@%"HM s%};e?it,%cﬁ%éf“for. é)'{?arn%@:[ {oyﬁrgé?ggmeguant ity of the

pol yet her to e reaction is prefera rformed w thout
sol vent. The tetrahydwfunaol ¥ &-dienethpryetiane kmetiyl teteanydidfucdn, dipaneger

duced in th toi ' t th 591 f bl t
han 570 orReTpasee PaYRYS SoUAsk nuaple St ranauls, B KoBRRLBIA e wer g
voof 1esi dual smapiihe 4ie! #esed thbSyddhtity\ér SRS aS cohpentidily stiaaabove

process produces a pol yet her-pol ydi yl'si | oxane copolymer having a
mol ecul arlOnei wht% gélalise 16 thequantityof theapolyetier by be prodiiset]. siier rsiaction ndex of

1.0to 1.5. Preferably, the polyether polydial kylsiloxane bl ock copol yner
has a nol ecul '§P" r@tﬂﬁé Rﬂ’%ﬁ'ﬁ'@gl_ , soB@ng/ tﬁ?ﬁeléﬁtpﬁ@P fal kyl si | oxane
content of thﬁol%i@fbﬁléﬂ%@hd%ck!&d&‘?}n‘i‘@r%‘rod@éec? ih Me-%ffagéﬁﬁiﬂ%ﬁﬁbﬁ&e wei ght

of the copol yner. sone enbodi nent’s, the pol ydial k Il oxane i1s a
di si | anol andgtelaterdtbpol9pTerprieferably greatels thvark 9¢ %y ongnegrefarablyt+88% and

AR T IS R R R T TG e R
be used i15 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-
polydialkylsiloxane block copolymer has a molecular weight of 400-10,000

20 g/mole. The polydialkylsiloxane content of the block copolymer is between
25-75 wt.%, based on the weight of the copolymer. In some
embodiments, 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.

25 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

30 low NCO content, usually less than 3%, and is a solid at room
temperature.



adhesi ves, for exanple, including reactive pol yurethane hot nelt adhesives.
Pol yur et hane hot nelt adhesives are typically prepared from

i socyanat e- capped pol yester prepolyners which are the reaction products of
an i socyanat ePO&98dund and a pol yester poly®t. The prepolyner is of 30 | ow
NCO content, usually less than 3% and is a solid at room tenperature.

P08934 -8- The t er Theit6e Yisoeahat® BOMpdANdRas Used Hersini rafdrei@hs to a
nmononeric small nol ecul e having 2 or nore --NCO groups. |socyanate

conpounds usefM@nomsaTicyhal mpledide pruipgl 3 aeMarB mYePL9roHBS ofsadyanatenvent i on
i ncl ude organpg ehh@p%é@; AdofhiRgThe brecfimapebmopdiAtthe havind an

: m
| socyanat e funct Pona [ about ocyanate conpound can

have from 1 timvéftianinuhade organicyaliphaiicagd anphatic isdcyanateccorhyourids
| socyanat e group. The isocyang;e co ound@ can al so cgontain other

substituert s NAYIBR aluspeyarai® dngtionalityyof f sQrynarer de iBeRyaiale osity  of
the isocyanat 8%@%6%8%%?{&1%3 ﬁ?r%ﬁtﬁ%gﬁﬁn%ﬁgﬁgé §Gl§stﬂ{ntehhe 10

bond line or t reactivity groups ormati on of the
prepol yner. Thy the socgamate groopolinelisbapardteconopaundsecan alsoreemtainh bot h
aromatic and aliphatic isocyanates and, i socyanate conpoynds, haying. both

al i Iphgt i g . aﬂdoﬁl%rwi’ﬁﬂtuéﬁiﬁ rgfg 10 Wﬁ%Far&@mvﬁrlﬁéeﬁﬁéhiﬁ V(i?ﬁg&?ds

i ncl ude di phe &h ‘ its

| somers, car bgﬁlﬁgge r?lt)di%l égé%gﬁag?[gm%{%new '%1"°'-p§|ﬁ|é§ocf§gﬁat e,

di phenyl ntd habend lige-ordihe seaotiaitp béthedi-NOE growishdurirthe fodnaton phthet e,

ol i goneric phenyl nethyl ene i socyanates; toluene diisocyapate conpqunds
(T0) i ncl udi REEPoIBRE i 'ﬁeﬂ@ﬁaﬁg P@Wﬁﬁ&@'ﬁ@ﬁ@"mfls@dw&ﬁ%@?m%ku ),
I somers o : G ,zé]%h hane
triisocyanat e,a P‘%}ﬂg{lg%hg{é ﬁﬂ%ﬁf%&%ﬁ 0 gﬁhgﬁ%@r‘%&e E?“P?%Q%%I“%&'P?i socyanat es
are al so usef bbth alipHatidiangl dromaticasharactesophor one di i socyanate, hydrogenat ed
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15 diisocyanate compounds (MDI) 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 (TDI) 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 polyester
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



25 The term "pol yester glycol" as used herein refers to a polyester having
2 termnal OH groups. Preparation is by known routes, either from a)

al i phati c hydroxycarboxylic acids, or fromb) aliphatic dicarboxylic acids
having from 6PP8934 C atons and--particul a9y even-nunbered--diols having
from2 to 8 C. atons. Other appropriate derivatives may al so be 30 used,

e.g., | actonesompethéntmayirlsdeoup 2088 bA@smolap baskxsfrathesacitls, for arti ng
materials include: 1,2-ethylene g|ycal, 1,4-butanediol, 1,6- hexanediol,

adi pi c, azel a#%2"P\e. sxpabexanadierrbaxyici agid daeaphthafic agid @anddsepnthalic
t . 0 A i i
o cyel SHACTHEENKE! bomearetindy ydde 130 35% of ol Ble of O1 1 ¢

aci d. The gl yotber dimigdoeexample, idiethyidae @lydoband % 4oyclohekame-basi s of ot her
diols, for exag d 1,4-cycl ohexane 5 dinethanol. In

l e, diethyl, |
?g:ﬂ: g iM_og tﬁgoh@ %ﬁ?%ﬁag?'gagfghg%PE%%W %,abo?é%EBF}PQE'_PB?SSi f _romai |h§
g ”Pé’fgﬁ%ﬁ?ﬁs; fréfR thé%lldﬁﬁgtc%ﬁrg;gﬁ{ee&fsgpr; 8briatives tHéfegf caf aﬁs‘oc. ’

i sophthalic aci'd, I'tc acid, a adipic aci phthalic acid
and hexanedi obe uasddpadipicaaid, isspipthaliahcid, phihdlic plsid) ahddutacediol; eadipicene

gl ycol , neopent.yl col, and 3-hydroxy-2,2-di nethyl propyl -3 1 .

e oxy- 2 o areit Aowefe 5GalRnd BeXaar diRHPic AtR SbpRINGIS Aeit pnthali

neopent yl gl ycgh éﬂeh?l e A e Liker
liquid or sol ?Jc:fd mln SO yg& ?ﬁgg&gygly—g@ge@g%ﬁ?/ﬁgﬁ%hous.tﬁ)ﬂ@'\?ggt% t hey
can al so e wbyddoxy-&;,2<liraethyhpropahoate: rasiol adipia adicktphtlkalif agidy ti al | y
crystalline and anorphou 0 sters is 15 enpl oyed. However, crystallinity
i s devel oped Qﬁoﬂé}ﬁkmcpﬁfﬁd %/t%éf oS 9%({01'_ show by way of opagueness in the
final hot-melt adh?ﬁéf%lye-gm g?l%dlb Age eﬁﬁérnﬁqlﬁkﬁ of B6lidaWHeH éddid}ih’é}ﬂe' I ne
pol yester is in the rande of Tfom40 to 70C, preferably in the range of

from 45 to 65prefatabhhamorphpysoiHaweved; theyeantaiso beeveakincrystaline.whi ch t he
talli ' f th terial Lting, It 20 is det Il ned b

i TTerent ol PrIHAA JURurE hbadany REsHiine 8 ariaPietS pRBERIRRo er abi v,

a pol ybUtﬁS‘EdbﬁifpléV@anﬂSwB@éﬂ, %&lﬁalmifﬁﬁ%ldﬁﬁﬁ wehklyaRatt ddesPdt and a

melting point of about 50C is used as the partially
show by way of opaqueness in the final hot-melt adhesive. The melting

point of the partially crystalline polyester is in the range of from 40 to 70°C,
preferably in the range of from 45 to 65°C. The melting point indicates the
temperature at which the crystalline regions of the material are melting. It
20 is determined by differential thermoanalysis through the main endothermic
peak. Preferably, a polybutanediol adipate having a molecular weight of
about 3,500 and a melting point of about 50°C is used as the partially
crystalline polyester glycol.
The average molecular weight (Mn) of the polyester glycol should
25 be between 1,500 and 30,000, preferably between 2,500 and 6,000. It is
calculated from the OH number. The molecular weight of the polyester
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-melt 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 particular, from -40°C to



crystalline polyester glycol. The average nol ecul ar wei ght (M) of the

pol yester glycol should 25 be between 1,500 and 30, 000, preferably between
2,500 and 6,000. It is calculated fromthe OH nunber. The nol ecul ar wei ght
of the pol yeR®8934! ycol is of sonme signifi@ance: increasing nol ecul ar

wei ght makes extrusion of the hot-nelt adhesive and penetration into

| eat her nore ,46°0. Thdl Tg isPdéteARipEaN e BEYISE6HDBC MRasbierh@RYldsthibn the
hot - nel t adhesi ve 30 bei ng not sufficient I%/Qosol id at roomtenperature. The

pol yest er gl yessiter peipt ef this| siepasinga mtiosef 10°Lraininthe segandituire  (Tg) in

w0 CThe Tg i's detiARNYE BRo R CO POt AR e AV RS EGERE cent er
poi nt of the tedregitiors iemdperatifreio? abbul UD°C/ 161 +1G°C, Bescueitg o abont 3680t i cul arly
sui tabl e pol yester glycols _include those havi naM%\gIBass transition

t enper at ube dP aheuiS0,0IMRR.5-abt30% (Rroektieldy subermeenll) apdiay about
30, 000 nPa. s @dé’é;ﬂ%ugr%é}oé{fqb%lugqlt%x%&l | +Thernocell) and a hydroxyl nunber

of about 27 t I'n"conventional hot-nmelt adhesives non-crystalline

pol yester pol yol s |nesshventiyealiit-nisit sohésivesnaheeynalline palyestdrepalgsis t o add
to the polynmer backbone and to provide other properties in the adhesive

conposi tion. kg POEMerdolalkca Rlsaeptianalikbe Yserie adshio thRgolymer

pol yet her - pol ydi | S : LSei Y ; LBiRl . a pal yet her
ol Yol 1 - andinPieht e R GiaeCaREt ¥EeRidt i 118 3unel B AibdRiich. I
adhesi ve.10Thethpadgredxtesf the pyebent inuentibo xthieepalpgthey-polydialylsiloxapeesent
I nvention can al so be used in | ow surface energy coatings and as_nold 15

rel ease agent @ORAUYMBE: 3teysrshintRiack Pba ipalyethenpdyel i ampeantsdin 8w ng exanpl es
are intended {00/ t : ' | taé}ﬂ" oul d not be construed as
limting the \?\'ﬁ\{%é\“ﬁ%ﬁbﬁl\%ﬁ@ﬂﬁgwg%{e%é rraeesﬂiéal s descri bed bel ow were
used in carrying oThe potyetherpilpdialkylsiibxane copeipiiess 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 iliustrate 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



DMC Cat al yst: zi nc hexacyanocobal tate conplex wth pol yal kyl ene gl ycol
prepared using the procedure described in US #5, 482,908, exanple 3. 25

Di silanol Term nat ed Pol ydi net hyl sil oxanes: A series of comrercially

avail abl e di PO8084 term nated pol ydi net hyj sil oxanes were purchased from
Gelest, Inc. of Morrisville, PA A descri ptlon of the materi al s used in the

exanpl es i s [pT OV d€proldlictt N€ T al GRPSpeiiication) PT
(Specificatijon) OH# (Measured by Visc. (cSt)

129- 247 189d2-3—eel—es-t—DNSﬁ$1/' 99..132-106-40 185
CGel est DMVB- 9§21 2 cl aijm 220 2000

produced by @& 'ﬁe%ﬁtj'&&SAi" Pt "cess%w%mh. -y %%@{ abt-e—H-omBayer
Mat eri al Sci e PA 532 Accl ai m 4ZOQ A 4000] MV 4,

pol ypr opyl en cat-al-yzed- mesess coRfrR-c-ak+
avail abl e fr 1 bi t t sburgh, PA 1D g rarol
3600: a 2000 yhropylene gl vcol producec ess
comercially Mat eri al Sci ¢nce LL of Pit tsbqrgh, PA
Arcol Pol yol!l pol y@irapyl ené gl ycol 8comerclal N 1

avai | abl e from Bayer Mat erial Sci ence LLC of Pi ttsburgh PA EO: Et hyI ene

o e P i o RRUIGRC28H0: R 2000 P BBRBRSbyTertd 528 pallbbdB'd B Po! vester
catalyzed process commercially available from Bayer MaterialScience LLC

of Pittsburgh, PA

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



28 avail able commercially from Bayer Material Sci ence LLC of Pittsburgh, PA
P08934 - 12 NMondur M 4, 4'di phenyl net hanedi i socyanate avail abl e
commercially from Bayer Material Science LLC of Pittsburgh, PA RC 6135

Catal yst: 2, 220dga®r phol i nodi et hyl ether aveplable comercially 5 from Rhein
Chem e, nenber of the Lanxess G oup. Synthesis of Polyether/Polysil oxane

Copol yners b 1 2 : ' | ne
copol yners m@éhgpgwc ggﬁfj ﬁHgn@ér%‘fﬁérEeaq]i%ﬁgﬁﬁéagé% gﬁy%&é&%ﬁéﬁ%& ff%ﬁyol
react or usi ndBayer MateealScigmceckeldDroé Pittskargh A bel ow. Details on the

synt hesis of each exanple are provided in Table 1 below The polyether

pol yol reactor was equi pped with nmechanical 15 agitation, heating and

cooling via apQ¥13y taiaagif@tz,%brsr%npggiews{her@3&%1%?&%@.@%%% coils,

respectively. The reactor systemwas a equl pped wt hree separate feed
st reans, Bhi droradiheln fthemidepemileert dfithe dlanxess Edoamd netered to al | ow
multiple feeds to the reactor. Also, a nitrogen inlet led to a dip tube

whi ch was used to purge the reactor with 20 nitrogen. Finally, a vacuum

inlet, allowe ; y@mé ' &h | evel .
The entire 55 gﬁ?ﬁgc’gmm er r}i#r?}eé?ggée'glg ngda{?'lﬁg\?vggfvre@?s??%grat ure,
feed r

pressure, an ate control. Into the above descri bed reactor was
charged the indicated . disilap t er m nat ed  pol ydi net hyl, sil oxane starter
2nd the UG cat ar yepvetrss pElysiomnanibepare RadyBat T Ager e r eact or
and stripped wadRprééeds iH@%%lgbth‘g(ghBly%! FeddtPOudiRg the §BherdNPrateduld 0gen

sparge for 30 mnutes at 130C owi ng this vacuum stri ppi ng procedure,
the reactor wdescribeddiedowbPataitssomihe hynthasised eachtexampie amerpramigedind

ni trogen spar.g A|‘ %%l portion of the indicated oxide, referred to as an
activation ch ?5%9911» ¥- added to the reactor over a 5 minute period. After

L?ngﬁﬁ 2' éate [‘gd PRE PBRcftdr polyoldeadvt HRBR{lipPedwitR védHan®alt he parti al

15 agitation, heating and cooling via a hot oil jacket and intemal 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 multiple feeds to the reactor. Also, a
nitrogen inlet led to a dip tube which was used to purge the reactor with

20 nitrogen. Finally, a vacuum inlet, allowed 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 starter and the DMC catalyst.

25 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,

30 was added to the reactor over a 5 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 temperature



t he oxide, the oxide feed was resuned at the indicated rate. Both the
activation feed and oxide feed stages were run at a reaction tenperature
P08934 -13- of 130C. After the oxide feed was conplete, the reaction mxture
was al | oned R@8%3htinue stirring at 130C ¥br an additional 30 minutes, and
subsequently stripped (130C) under full vacuumw th a nitrogen sparge for
30 mi nutes, mfil@0°Co Afteolthe gxalededdavas campleée,ihedeadtioromibdimeswds Synt hesi s
of Di hydr oxyl Funéjtlonal Pol yet herég%d:‘g% di et hyl si | gﬁane/ oI yet her ABA Bl ock

Copol yners 18 AANtIPYE SR RB 3 BNdduct Starter
Cat al yst Act ge Feed
cat a yg) (Ty:[)s\é,rb%g)aﬂc(a_r Ay gﬁd&g?%@ﬁﬁfdel??ul%du-ﬁhﬁ’ﬂwth(agmtﬂ)@@h éﬁ&% 250 po 30

PO, 370 4 PPdorBY/BIiRRES4Peior tcecoalinglarrDi@iniey thepaidust.21; 0. 16 200 PG 30
PG 370 4. PPQ PDVS/ PPO 400 50 wt. % PDMS) Ex. 3 16K EQ PDMS/ EO S-21; 0. 16;
200 PO 2§ EQ 575 5 (25 w.% PDVM5) 200 Ex. 4 16K PO PDVS/ PO S-21; 0. 16;

200 PO 25 PQ'aEIZ51 %yr(t%si& of/DH%bx?PPuﬂ:@tlbndPPélyéthéﬁn and anal yti cal

properties ofp ﬁy&ﬁBQﬁ efEr B A BM%kr@o POy -batch process are
AR

t abul at ed bel 1 atlon of Di hydr oxyl
Funct i onal Po?’&et‘%§é| ! xane/f!’of'

yl'si yet her ABA Bl ock Copol yners
Produced 15-by the—Sem h“t eh—Pregegs—ef HARY-eRto -
EX. # Product” “Starter Eafély AdkiVation | Oxide Oxide
Description (Type; | (g; ppm) | Charge Feed Feed
g) (Type; g) | (Type; g) | Rate
(g/min)
Ex. 1 6.6K S-15; 0.4; 500 PO; 30 PO; 370 4
PPO/PDMS/PPO 400
(50 wt.% PDMS)
Ex. 2 8K S-21; 0.16; 200 | PO; 30 PO; 370 4
PPO/PDMS/PPO 400
(50 wt.% PDMS)
Ex. 3 16K EO/PDMS/EO S-21; 0.16; 200 | PO; 25 EO; 575 5
(25 wt.% PDMS) 200
Ex. 4 16K PO/PDMS/PO S-21; 0.16; 200 | PO; 25 PO; 575 5
(25 wt.% PDMS) 200

10

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

Ex. # Product OH# OH# | Visc. | Mw Mn PDI | Surface

Description (Theo) | (Exp) | (cSt) Tension

(dynes

lem

Ex. 1 6.6K 17.0 16.9 356 4543 | 5979 1.32 21.8
PPO/PDMS/PPO

(50 wt.% PDMS)
Ex.2 | 8K PPO/PDMS/PPO | 140 | 13.9 | 1120 | 5809 | 7736 | 1.33 | 21.9
(50 wt.% PDMS)
Ex.3 | 16K EO/PDMS/EO 7.0 89 | 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. PDI is
Mw/Mn



Ex. # Product OH# OH# Visc. Mv Wh PDI Surface Description (Theo) (Exp)
(cSt) Tension (dynes /cmEx. 1 6.6K 17.0 16.9 356 4543 5979 1.32 21.8

PPQ PDMS/ PPO (50 wt. % PDVS) Ex. 2 8K PPQ PDMS/ PPO 14.0 13.9 1120 5809 7736
1.33 21.9 (98086340 PDMS) Ex. 3 16K EQ PDVMAEO 7.0 8.9 solid 9142 12184 1. 33
- (25 wt.% PDVS) Ex. 4 16K PO PDVS/ PO 7.0 8.6 12037 9918 11241 1.13 (25
wt. % PDVS) Mh, and Mv were neasured by GPC using pol ystyrene standards. PDI
is Mw Mh P08934 -14- The surface energy of representative copol yners
(Exanpl es 1 and 2) Th@suraes anetgymf represgptativeceapotyoers: (kxeapies drandl s have

surface tensi Wl ki Sirhj P . g.
1 4940 ang 2NeR A & L993nBl/ch SThUE MiSlmbicie AEvEShaab- O )
and 22.2 dyneighsion siesipetd thoee of a siligonegPRRIsusfastantl (E g Q8- A34and

di functi onal ol ?rﬁl ene gllycol_ has a val ue of 33.4 dxnes/cm Synt hesi s
of Pol yet fhor / B8 Y& 10 G2 sartassiiotey e haye sislaca tensions of 31 ésand 22.2

i on o SEUEH, epBF AR PR JefFp Rt M Aliantrsind. B druicthal o

descri bed bel polypsipyterieglysaltmsolaiaelef 330 dynés/caact or as 15 descri bed for
the sem -batch process. Details on the synthesis of each of the CAGCS
produced exanples are provided in Table 3 below For preparation of sanples

D e A, TS B AN BSIRHRO T b 0 AE 2 (e

Polyether-polydialkylsiloxane copolymers were produced in a
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 contents 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 over a 5

30 minute period. Aftér 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 CAOS feed in all cases refers to

the indicated Gelest disilanol terminated polydimethyl siloxane. Both the



(Cel est products) into a "heel" of either Acclaim4200 (for the 4000 MV 20
products) or Acclaim?2200 (for the 2000 MWV products) to make the first
generation of products. This first generation product was subsequently
charged in tHO8834tor as the heel to makel%econd generation bl ock

copol ymer products. In either case, the reactor was first charged with the
i ndi cat ed typatigBflorRfeuY 'énd)andBR?AOSaﬂé@dtsﬂé‘%g\@e?@hﬂf{ 464 rédctibpscribed in 25
Tabl e 3. The reactor contents were heated uhder full vacuum wth stirring
(500 rpm andempsiratusgeh13Q%s. g‘éhe@ilsul:amhiaedtwas tad amatemlﬂlmemtng this

vaconm o Gt i fATS Feaif BrelIng Comniptdt bl et s HeE RouRat e
referred to agpar e%5tE Yedd pasEHRledaowdns tirlged of the Aim. r ARG B sids a 5 30

m nut e peri od. After the catal yst had becone active, as evidenced by a
hal vi ng of t Heegavas eomplete.dhe seaction mixtuie Was alowed 4o sentieue SHTOAES f eeds

were started T efers to

t he indicat ed?@ep;@{ aﬂ?“s@ﬁ‘%’ b@ ﬁu&e{%&%ﬁ%&%ﬁﬁg?wfﬁlbbﬁaj ﬁ@od Both the
P08934 -15- agidetddll oacdmﬁdvuﬁndnﬁmgwmgsmesdrmhawpwsrfo coslingt a
reaction tenperature of 130C. The disilanol feed was ted at a rate

suf ficient toand@rainiegdhe RIdUSACs feed prior to the conpletion of the oxide
feed, so that a pure oxide feed was added toward the end of the run. After
t he oxi de 5 feed was conplete, the reaction mxture was all owed to conti nue
stirring at 130C for an additional 30 m nutes, and subsequently stripped
(130C) under full vacuumw th a nitrogen purge for 30 mnutes, prior to
cooling and draining the product. P08934 -16- Table 3. Synthesis of

D hydroxyl Functional Polyether/Pol ydi nethyl sil oxane/ Pol yet her ABA Bl ock
Copol yners by the CACS Process of the Invention' 5 Ex. # Product
Description Heel Catalyst Activation CACS Feed PO (Type; g) (g; ppm Charge
(Type; g; Feed (g;



(Type; g) g/mn) g/mn.) Ex.5 4K PPO PDMSI PPO Accl ai m 0. 2; 250 PO 50 S-14;
400; 4 ABA Bl ock 4200; 150;1.5 Copolyner (25 wt.% 200 PDMS) 1st generation
Ex. 6 4K PPQ PDMS/ PPO Ex. 5; 0.2; 250 PO, 50 S-14; 150; 400; 4 ABA Bl ock
200 2.0 Copol §E@8E3¢25 wt.% PDVS) - 2nd gdBeration Ex. 7 2K PPQ PDVB/ PPO
Acclaim0.2; 250 PO, 20 S-14; 300; 280; 2.3 ABA Block 2200; 3.0 Copolyner

(50 wt, % 200 PDIVIS) 1st generation Ex. 8 2K PPO PDVS/ PPO Ex. 7; 0.2; 250

PO, 20 S-14; 3 AB ock 20 oI ynmer (50 wt. %PDI\/B) - 2nd
generation Eg %ﬁg F‘E’@Y 6%91?’3 o P%qZ S-12: 402: 3.2 ABA
Bl ock 2200; 1Pglvet methyfsi geRbiaershy ex. 2k

PPQ' PDVE/ PPO the é‘OSoncesgqﬁdﬁe vention® 402 3 2 10 ABA Bl ock 200 178:1.78
Copol yner 30 wt_ % PDMS) 2nd _generation

Ex. # | Product Description | Heel Catalyst | Activation | CAOS Feed | PO
(Type; @) | (3; ppm) | Charge (Type; g; Feed (g;
(Type; 9) g/min) g/min.)
(9)

Ex.5 | 4K PPO/PDMS/PPO Acclaim 0.2; 250 PO; 50 S-14; 400; 4
ABA Block 4200; 150;1.5
Copolymer (25 wt.% 200
PDMS)
1st generation

Ex. 6 | 4K PPO/PDMS/PPO Ex. 5; 0.2; 250 PO; 50 S-14; 150; 400; 4
ABA Block 200 2.0
Copolymer (25 wt.%
PDMS) - 2nd
generation

Ex. 7 | 2K PPO/PDMS/PPO Acclaim 0.2; 250 PO; 20 S-14; 300; 280; 2.3
ABA Block 2200; 3.0
Copolymer (50 wt.% 200
PDMS) 1st
generation

Ex. 8 | 2K PPO/PDMS/PPO Ex. 7; 0.2; 250 PO; 20 S-14; 300; 280; 2.3
ABA Block 200 3.0
Copolymer (50 wt.%
PDMS) - 2nd
_generation

Ex. 9 | 2K PPO/PDMS/PPO Acclaim 0.2; 250 PO; 20 S-12; 402; 3.2
ABA Block 2200; 178;1.78
Copolymer (30 wt.% 200
PDMS) 1st
generation

Ex. | 2K PPO/PDMS/PPO 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.




"A)l exanples in Table 3 were prepared using (PO as the only oxide. P08934
-17- Details on the characterization of the products prepared using the CACS
process are shown in Table 4. Table 4. Characterization of D hydroxy!

Functi onal 5 POB934her/ Pol ydi met hyl si | oxan€7 Pol yet her ABA Bl ock Copol yners
produced by the CACS Process of the Invention Ex. # Product Description OH#
OH# Vise. M hbtailBlon thép@radi&iaatidncstithe %@&&Dﬁgﬁ@@wme@AO@ 9 25.9
567 3407 4131 1.21 Bl ock Copol ynmer (25 wt.%P 1st generation Ex. 6 4K
PPQ PDVS/ PPO RBAesSaee shown #53abieid 3922 1.30 Bl ock Copol ymer (25 wt. %
PDVB) - 2nd generatlon Ex. 7 2K PPQ PDMS/ PPO ABA 53.8 49.7 139 1138 1184

,10-\52\453&20(:5 golp féSO \e% % en Z' . 8 2K PPQO PE)NS/ PPO
generatio %522: ’ %ﬂ"ﬁﬁ% gg g’ﬂﬁg‘ é@@%@"g? gl ock

Copol ymer (30Pm dugeshy fithe @Ue’ZROPPO’ PDVSI PPO ABA 56.1 53.0
120 1153 1589 1.38__ Bl ock Copolyrrer (30 wt % PDVB) 2' generation Mi, and Mw
ver e nmeasur egBhy¥ GPC Peodust Pesoyiption ene OHéindaPHE. | Midc. jjs ML WI\/hPD}s<F of

PET/ PDVS/ PET| Bl ock [Copol yners in React {TheoHpt(Exm)| | (cSt)

Ex.5 | 4K PPO/PDMS/PPQO ABA 26.9 25.9 567 | 3407 | 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
Biock Copolymer (25 wt.%
PDMS) - 2nd generation

Ex.7 | 2K PPO/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 53.2 49.2 98 1202 | 1269 | 1.06
Block Copolymer (50 wt.%
PDMS) - 2nd generation

Ex. 9 | 2K PPO/PDMS/PPO ABA 56.1 52.8 150 | 1455 | 1965 | 1.35
Bilock Copolymer (30 wt.%
PDMS) 1st 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. PDl is
10 Mw/Mn

Use of PET/PDMS/PET Block Copolymers in Reactive Hot Melt
Adhesives
15
Representative PET/PDMS/PET block copolymers were evaluated

in reactive hot melt adhesive formulations. The general procedure for the
preparation of the hot melt adhesives is given below, with specific details
on each formulation provided in Table 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



Adhesi ves 15 Representative PET/ PDMS/ PET bl ock copol yners were evaluated in
reactive hot nelt adhesive fornulations. The general procedure for the
preparation of the hot nelt adhesives is given below, with specific details
on each formP@8P3% provided in Table 5. THe-reactive hot nelt adhesive 20
control was prepared by conbi ni ng Desnophen S-105-30 (83.6 parts) and

PPG 2000 (5 paiture was aliGved tk edolftb B8R Ceprisir pp @diding Momduhbh(1da? pads) rri ng

and a vacuum.takezof f. The, m xtLre heat t 0. 110C under full vacuum for
3 hours to. adh B8y ond IRkPU ol A herRPardb b AR BB s nixture
was al | oved tp¢ee@ under@bhitrBgbR atrhesptisherier Mhyivs, ME(ehBscaalss(.2i n the
formof a flaked solid. After heating (85-90C) and stirring this mxture

under a ni t r RASHS) Wamagded.d heoiesinshweresallqued tsBeatangd stiran additiopalr t s) was

arter addet i on HingRE %ty aRlERn s F Bpusitt el fo BBl bRBLRmne 1 ot ony
for i socyanattration) ¢ isod\daté eostent.oAdditiohaPfsmiutatighis i wHich flRGPPZO00 was
repl aced by the PET/ PDVS/ PET ABA bl ock c of the invention were

|
prepared for 2fyvastaplagadby the %EMFFQM%%E%F&;NM%P%XWQW dffthReact i ve

B, 14 Ex, 15 Deaiorh ARNEh iRt domip R R A ol s Ty 2 112
11.2 11. 2 11. Zable(5.6 Fovmudation of ReactiveH6t et AdRedivesrContanvingol PPG 2000

5.0 PET/ PDVS/ PETL . Bl copol ynmer from Exanple 2 (8000 MW PPQ PDMS/ (50 5.0
o o4 PONE PERERERRMA Fompliarers

15

Ex. 11

Ex. 12

Ex. 13

Ex. 14

Ex. 15

Desmophen S 105-30 '

83.6

83.6

83.6

83.6

83.6

Mondur M

11.2

11.2

1.2

11.2

11.2

RC 6135 Catalyst

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 PPQ/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/PPQ (25
wt.% PDMS)

5.0

PET/PDMS/PET Block
copolymer from Example 7
(2K PPO/PDMS/PPO (50
wt.% 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

results of these tests with four different plastic substrates are summarized

in Table 6 below. Of particular note was the improved adhesion achieved




copolynmer from Exanple 1 (6600 MW PPQ PDMS/ PPO 5. 0
PET/ PDVB/ PET Bl ock

PDVS) PET/ PDMS/ PET Bl ock

wt. % PDVB |'s

(50 wt. % PDVB)

copol yner from Exanple 6 (4K PPQ PDVS/ PPO (25 5.0 w. %

e (w.

copol ymer from Exanple 7 (2K PPQ PDMS/ PPO (50 5.0
% NCO) 1.75 1.8291-88 1.89 1.79 The adhesive

formul ati ons described in Table 5 were evaluated for adhesive bond strength

formed bet webetwest Paodn weanduwsodlusiig the SHIRETYPDMS ¢bpslypiertdfese tests with

four different plastic_substrates are sumari zed

in Table 6 below O

particul ar n&X@MRE 2 foGan P sReybulyirng tererthrlatalds penerplly dificulbde ween Pocan

(r) and wooda%'b@t

(pol ybutyl ene tere
its | ow surf dableberQvexlag ShearBand Stiength of Wooel/Plastiehldsingabatl St r engt h

of Wbod/ Pbastiifelt Udhesivies Mddilfettwitti hPETRBMSCopohtimeirs h PET/ PDVB
Copol yners Description Pocan(r)/ Durethard Acrylic/ TPO Wod Wod Wod

(corona tr
301 276 43

ik

p

te

G HsTBWR rRe!

I's generall

$feby fa2 gptege

s, 2. Pocan (r)

adhere to because of

ared) | DIVPRteR | PockBY ! J1 Duv@hdi! || Reilcs 242 30%p877 3.9 164
.7 261| 226 281 JP\vg.waé’d’z AVg. Wd&d Avg. dodddi (F no(cormaeak apart
treated)
/Wood
Ex. 11 Control One fell apart 242 305 277
2.9 164 301 276
431.7 261 226 281
Avg. 222 Avg. 278 | Avg. 278 did not
break apart
(TPO bent)
Ex. 11 | Contro! Re- | One fell apart 336 440 331
re-test test 620 350 328 343
22 293 578 342
Avg. 327 Avg. 449 Avg. 339 did not
break apart
(TPO bent)
Ex. 12 8K 1017did not 238 314 acrylic 291
PET/PDMS break 304 cracked 293
(50 % 759 345 459 acrylic 287
siloxane) 583 wood Avg. 295.7 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) 1019 535 break apart
307 Avg.412 (TPO bent)
1020
Avg. 782
Ex. 13 6.6K 39 269 459 acrylic 293
PET/PDMS | 2 samples fell 266 cracked 291
(50 % apart 306 632 137
siloxane) Avg. 39 Avg. 280 597 acrylic Avg. 240
cracked They all pulled
Avg. 563 apart while
testing
Ex. 14 4K 7 252 469 acrylic 276
PET/PDMS 2 2 tell apant cracked 2 fell apart
(25 % one fell apant Avg. 252 5279 Avg. 276
siloxane) Avg. 5 acrylic did not break
cracked apart (TPO bent)
469
Avg. 488




(TPO bent) Ex. 11 Control Re- One fell apart 336 440 331 re-test test 620
350 328 343 22 293 578 342 Avg. 327 Avg. 449 Avg. 339 did not break apart
(TPO bent) Ex. 12 BK 1017did not 238 314 acrylic 291 PET/PDVS break 304
cracked 293 R@B934 759 345 459 acrylic 282&i| oxane) 583 wood Avg. 295.7
cracked Avg. 290 did not cracked 409 break apart before Avg. 394 (TPO
bent) sanplieExii@ Av . #86 . 1268K S‘El 3796 380|acr4@9 c 328 1283t est
PET/ PDVS 333 387 cf REREPMDE 2(digreg 768 2968321 acr4A2i ¢ 283 s’-ﬁBoxan d) Avg.
541 Avg. 353 crackpd !&% 31 2vhie gutting: (‘I@atpé%t)é @ 535 TJplbapart 307
Avg. 412 (TPO bent)| T . 113 ¥hiek 39 aéﬁmﬁ"”e

PET/ PDMS 2 danpl es|fell 266 crzf&’ﬂed 2<>1 o rE\g“‘% dqu{, 6632, 1%, SI | oxane)
Avg. 39 Avg.l 280 5p7 acryli¢ Avg. 240 ﬂ@ ley ”oﬁ@not gk 963
apart while| testihg Ex. 144K 7 252 469 dcryli¢ 276 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.



PET/PDM5S 2 2 fell apart 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 P08934 -20- Ex. 15 2K 6 106 409 293 PET/PDMS 2 fell
apart 168 442PQ893450 % while putting 1 feRl-apart 402 1 fell apart while
siloxane) in Instron while Al acrylics renmoving from Avg. 6 renoving
cracked Jig fWHATIS OMVMIMEELTS:-Avg. 291 Avg. 137 did not break apart (TPO
bent) Whereas particular enbodi ments of this invention have been described

above for purposes of illustration, it will be evident to those skilled in
the art that nunergus v &ﬁi t nvention
may be made wit houf depgrr?%hga;bﬁggé‘%‘h@% I'nv éa‘b ngd A(}gg[lﬂ]e ﬁB blé e appended

cl ai ns. P0893copdtymelNeBrhpliSinGLAl MED IS 1. A nmethod of maki ng a

pol yet her - ondlaI yl si |l oxape bl ock po mer conpr|5| roviding a
m xt ure co"’l{)rprl si ng' at I%ré’é’té]%érﬁ ingat leggt Q'E'e iﬁneo%?élg

the presence o1 &t Gachr %&%’i‘?’f‘ét@?&m 23'3?@8"?3%%{ 4! 2nd optionaly in
t he presence of aniiapr opolgzm&mlngethe ramtiﬁrenn#ne pr&semnced:ira doutile Mmetahe net hod
of Gaimi, m@farn?c'ig cgrrr]\%léjx céﬁtalysp Gnc oB’tn ﬂy in '81e presence of an aprotic
solvent and/or an antioxidant.
10
2. The method of Claim 1, wherein the polydispersity index of

the copolymer is between 1.0 and 1.5.

3. The method of Claim 1, wherein the alkylene oxide is
15  selected from the group consisting of ethylene oxide, propylene oxide,
1,2-butylene oxide, 2,3-butylene oxide, styrene oxide, and mixtures

thereof.

4, The method of Claim 1, wherein the silanol-terminated
20 polydialkylsiloxane is a compound of the formula:

HO—S.—{ %o—&—w

where R’ to R® are each independently a C+-Cg alkyi group,
25 R’ is an —OH, or C4-Cs alkyl group and

n is an integer from 0 to 100.



the copolyner is between 1.0 and 1.5. 3. The nmethod of Caim1l, wherein the
al kyl ene oxide is 15 selected fromthe group consisting of ethylene oxide,
propyl ene oxide, 1,2-butylene oxide, 2,3-butylene oxide, styrene oxide, and
m xtures thd?@89344. The nethod of Claim22-wherein the silanol-terninated
20 pol ydi al kyl sil oxane is a conpound of the formula: R..R2 R3 HO S O Si

O S -R7 R4 R6 n R wheTige Miethéd BSCaiim £aeRhedeitlans adentegsr Befwedd3 al kyl
group, 25 R7 is _an -OH, or C -C6 alkyl group and nis an, integer fromO to
100. P08934 -and605. The nethod of Claim 4, wherein n is an integer between
3 and 60. 6. The nmethod of Caim4, wherein the silanol-termnated 5

pol ydi al kyl si | oxane has a nol ecul ar wei ght of about 100-8,000 g/nole. 7.

The nmethod of d aién 4, Vhenwthod be Claimaholvhéimtheasikmhol-bartmidateldky! si | oxane
has a nol ecul ar wei ght of about 400-5, 000 g/nole. 10 8 The nethod of Caim
1, wherei ® t Relpdiplkvisiloxane bas agmelacHlazveigh of-abayt JR0EH0PE almgte: 9. The
nmet hod of Caim1l, wherein the polynerization is carried out at from

90-140C. 15 10. The nethod of Claim1, wherein the al kyl ene oxi de and
si | anol -t er m nat ed7.pol y@halnksthed lob Clatien 4 wheredrs #vd silandifterniindled ng anount s:

1-99 wt. % silanol -term nat ed pol ydj al kyl si | ox , the bal ance being
al kyl ene oxi deoY E'PH@“%E‘@g@t olﬂcur%é”Q'GBt ?ﬁm@@-ﬁ@@@tﬁw&dd up 20
to 100 wt.% 11. The nethod of Claim1l1l, wherein the al kyl ene oxide and
10 8. The method of Claim 1, wherein the polymerization is carried
out at from 60° to 150°C.

9. The method of Claim 1, wherein the polymerization is carried
out at from 90-140°C.
15
10.  The method of Claim 1, wherein the alkylene oxide and
silanol-terminated polydialkylsiloxane are present in the following amounts:
1-99 wt.% silanol-terminated polydialkylisiloxane, the balance being
alkylene oxide, where the amounts of the two compounds together add up
20 to 100 wt.%.

11.  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

25 alkylene oxide, where the amounts of the two compounds together add up
to 100 wt.%.

12.  The method of Claim 1, wherein the catalyst is a zinc
hexacyanocobaltate complex with a polyalkylene glycol.
30
13.  The method of Claim 1, wherein the method is carried out

according to the continuous addition of starter method.



silanol -term nated pol ydi al kyl sil oxane are present in the follow ng anounts:
25-75 wt. % sil anol -term nated pol ydi al kyl si | oxane, the bal ance being 25

al kyl ene oxi de, where the anpunts of the two conpounds together add up to
100 wt . % 12P08@84ret hod of Claim1l, wher&-the catalyst is a zinc
hexacyanocobal tate conplex with a pol yal kyl ene glycol. 30 13. The net hod of
Claiml, wherein the nmethod is carried out according to the continuous

addi tion of starter nethod. P08934 -23- 14. The nethod of Caim1, wherein
the method is carrided othe methed eb@laimat,ovhereimibe methos. is garried out in

pol yet her - po bl ock copol ymer having a nol ecul ar wei ght of
150- 50, 000 g/%g(%@l éé{@ hﬁg‘ﬁ‘gga pol ydi spersity index of 1.0 to 1.5. 16.

The, pol yet her - pol ydi al kyl si | oxane bl ock copolynmer of Claim 10 15, having a
nmol ecul ar _wei ght of 400- 10, 000 g/ nole. 17. The pol yet her-pol ydi al kyl si | oxane
bl ock cop8l ymer of 15 auMOh{sthefamlv@aﬂsy PW%b%&kﬁOP@WﬁI‘% hayin@at ~ of 25-75

% based f
\;I)\f)l y/qet hgf?pol ya ﬁ‘(ﬁ(@l ;%ﬁé%%géa@zh‘éﬁé%‘? i\gyﬂ% aﬁﬁgdfg,ersv\p( 'Pg?)r(l t he

pol ydi al kyl sidfox@me 1i% a di silanol and the copolyner is an ABA bl ock
copolynmer. 20 19. The pol yether-pol ydi al kyl si | oxane bl ock copol ymer of C aim
15, wherein the polydialkylsiloxane is a nonosilanol and the copolyner is

an AB bl ock copol %1 E@?‘f’d i yet her -
25 pol ydi al kyl si | oxane .@Qogéﬁgg’g%% ? alﬁn% @g;ﬁg?ﬁ&gﬁi&%%gﬁ/e
conposi tiion of5 chavung%(}nolemuanélghm 4007¢6j000 g/moleén i socyanate term nated
prepol ynmer contai ning the pol yet her-
17.  The polyether-polydialkylsiloxane block copolymer of Claim
15, having a polydialkylsiloxane content of 25-75 wt.%, based on the
weight of the copolymer.

15
18.  The polyether-polydialkylsiloxane block copolymer of Claim
15, wherein the polydialkylsiloxane is a disilanol and the copolymer is an
ABA block copolymer.
20 19.  The polyether-polydialkylsiloxane block copolymer of Claim

15, wherein the polydialkylsiloxane is a monosilanol and the copolymer is
an AB block copolymer.

20.  An adhesive composition comprising a polyether-
25 polydialkylsiloxane block copolymer of Claim 15.

21. The adhesive composition of claim 20, in which the adhesive is
an isocyanate terminated prepolymer containing the polyether-
polydialkylsiloxane block copolymers of Claim 15.

30



pol ydi al kyl si | oxane bl ock copolynmers of Claim15. 30 P08934 - 24 22. The
adhesi ve conposition of Claim20, in which the adhesive is an isocyanate
term nated prepol ynmer contai ning a pol yester polyol and the

pol yet her - polRQ@BIB4y| si | oxane bl ock copol-y@#ers of Claimi15. 5 23. A | ow
surface energy coating conprising a polyether- polydial kyl sil oxane bl ock

copol yner of C ai |21215The?édhé§i\?@b&nra©biﬁ@ﬁ%f@§im 200ih WRICHRE RehatrRe@t eri al s
conprising a polyether-polydial kyl sil oxane bl ock copol yner of C ai m 15.
an isocyanate terminated prepolymer containing a polyester polyol and the

polyether-polydialkyisiloxane block copolymers of Claim 15.

5 23.  Alow surface energy coating comprising a polyether-

polydialkylsiloxane block copolymer of Claim 15.

24. A mold release agent for polycarbonate materials comprising

a polyether-polydialkylsiloxane block copolymer of Claim 15.





