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PCT/ US96/ 05829 Tacki fi ed Pol ydi organosi | oxane A i gourea Segnent ed

Copol ymers and a Process TOr Maki ng—Same Technical Field This invention
relates to tackified crosslinkabl e polydi organosil oxane 5 ol i gour ea
segnment ed copolynmer, in particular to copolyners that are useful as

pr essur e- serwoveMm2&dhesi ves, hot nelt adhesives, vibrati onPOHGRS60S§829
conpositions, as well as articles nade from such copol yners. Background of
the Invention Pressure-sensitive adhesive tapes have been used for nore
than half a 10 century for a variety of nmarking, holding, protecting,

seal i ng and naski Y/ rise a
backi ng, or subst ﬁaﬁﬁ%%'ﬂm@@ﬂ‘w ez!g@?bé%é%&“m
Pressure-sensitive aer ymens and a Brocess for Makin gvl M€ nore than
applied finger pressure and are aggressively and permanently tacky.

" Pressure-sensitive adhesives requi remPﬁf& I ¥idd 0N, exert a 15 strong

hol ding force and te t,0 be repovable S th_surface w thout
| eavi ng a resi due. ﬁ%‘dﬁ‘?@“ﬁ%‘ﬂg’& i)

e polydiorganosiloxans s ¢ j ve
adhesives arg sidigoaes saﬁﬁﬁﬂae&mﬁw pﬂaﬁ*&'eeaﬁg:h&sn&? disefaPgnosi | oxane
(0]

pressure-sensitivé adhesi ves have been made in s t1on. Conventi onal

sol vent based pairgssurerseasitiysadhsives; hot radtadhesivesvibratiandampingcompogitionses ar e

general ly bl end m‘g% anol functi onal
pol ydi or ganosi | ?ﬁgjr%gk%cg %g‘%ﬁ%@?]&ane guns, and copol yneric

silanol functional silicate resin, i.e., MQresins, which conprise
Rlerr]SiJerr] units and Sigq erBickgmmd dmlimenmnobt ain the desired

adhesi ve properties, p “gﬁf':g i C
silicate resin with t es‘g’g'?y |organ05| g%‘#ggb%roviggg‘ﬁfgﬁ%mn such
pressure-sendit mequoeaumtpohpnkhgdmldﬁgpmamg,adaﬂnﬁendtdaskmg)pol ymeric
pol ydi or ganosi | oxane resin and an05|loxane are intercondensed,
provi di ng i nt r a-PURASE %S H&H@&a" H%?WW‘HM? E’ and

condensation st Q&:ré@&us%ﬁm&hdﬁ&ﬁeaﬂfﬂs&k%ﬁﬁv@a&%ﬂsmmtghdiﬁﬁiﬁﬁ' ng the

copol yneric poly | or ganosi | oxane resin and pol ydi organosi | oxane 1 n

sol ution, and 3)adbereifhng rywe than epplied finges prassure and-arp pgaressivelyand peri od of
time at el evat egaeﬁﬁmﬁﬁf’ﬁafy? PressurdPensitive sdiesives require no activation, exert a
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15  strong holding force and tend to be removable from a smooth surface without

leaving a residue. In some applications, interesting pressure-sensitive adhesives
are silicone based adhesives.

 Traditionally, polydiorganosiloxane pressure-sensitive adhesives have been
made in solution. Conventional solvent based polydiorganosiloxane pressure-

20  sensitive adhesives are generally blends of high molecular weight silanol functional
polydiorganosiloxanes, i.e., polydiorganosiloxane gums, and copolymeric silanol
functional silicate resin, i.e., MQ resins, which comprise R3SiO,, units and SiO4»
units. In order to obtain tﬁe desired adhesive properties, it has been necessary to
react the copolymeric silicate resin with the polydiorganosiloxane. Improvements

25  insuch pressure-sensitive adhesive properties are achieved when the copolymeric
polydiorganosiloxane resin and polydiorganosiloxane are intercondensed,
providing intra- and inter-condensation within the adhesive. This condensation
step requires 1) the addition of a catalyst, 2) reacting the copolymeric
polydiorganosiloxane resin and polydiorganosiloxane in solution , and 3) allowing

30 the reaction to take place over a period of time at elevated temperature.



Sol utions of intercondensed pol ydi organosi | oxane pressure-sensitive
adhesives, are generally applied to a backing, heated to renove solvent,
and crosslinked, if necessary, to inprove physical properties. If
crosslinking is needed, peroxide catalysts are commonly used. Di sadvant ages
of -sol ution applied 5 pol ydi or ganosi | oxane pressure-sensitive adhesives

i ncl ude the M348 el aborate drying ovens to renove sol veRCI/USHyPSE29
crosslinking is required, ovens which ope2ate at tenperatures greater than
140[err] C are needed to initiate diaryl peroxide crosslinking catalysts.

Such hi gh oven tenperatures l.imt the substrates, useful in _nmaking
pressure-sensitive acﬁa‘?mm{'ﬁ‘ﬁ@”ém 'WE%R’WW he 10

el evat ed t enper aidnesives, aré'géndRllyapplisdto 4 baekiflg, ieares So.remove sulvént,wad adhesi ve
tapes are used for many different .applicatjions in,t hospifal, an ealth

areas, but basi cerpsslinkedcif necessary; to imREove P! RrOPFEligS H SO 8% dto
restrict novene [ ' r j ' +d el they are
%ﬁﬁ&% pslagec @ﬁdsa@g,ﬁu%g. %Wﬂsagﬁwww ey

used to hold so I'ng | wound dressing. It is

i nport ant i n Sacpolydiorgariosiloxatepressise-sensitive adhesivesintludethe nerddor elaboratpe be
conpliant with apd. non-irritating to t | 461 e the skin
wi t hout causing &N°Mﬁ%mwﬁaﬁi%ﬁﬂﬁﬂ$§g§rs, %Egﬁfﬁe sensitive
adhesi ves have bggerate' stémpétatured greifer tHah 1000 dve neeided wiinitinte diasylgerogider anspor t
menbranes or to attach dru trgg:hport 20 nerrbraﬁgfwtggﬁki n. Alahgﬁ)ugh
there is conti nu@'&“&@%‘!ﬁ@ﬁ&ﬁﬁ- ‘MWWM"E Strates ent
transport rates soxi ot s ds oYe hdehe are still
ﬂhﬁégﬁ&meﬂ%o” CacilithEadnEivE Tipes o hERWHict i IiihNS

needed that can tra gs at various rates. Furthernore, there
is a continulthg elexateditempetstures. new drug transport menbrances to skin during

a treatnment period. . I} ﬂﬂm' il re
applications that reégi‘hem%ng's%%g%@/ curre%ﬁggguﬁ%ﬂﬁi?{ such
appl i cati on r el afifferehvapplications in Ve hospital and-health aresssbus basically they performnul at ed
for environnmental cagnseryvation..recyclahili n e,

i mproved dur abi | PR§P tﬂ?%@’a%#&%&%ﬁﬁ%ﬂﬁ?ﬁﬁg%es of
contam nati on. Paidpping applitaficns| GithéjaréGeed bhiold Bsmething i lste) sudlsasu € 30
difficult to adhere to wth_current tape_ products.  Anot hersga.? | ication

i nvol ves nouh? i nyyounddrassmga It is impastantin gach function that the pressiuc, ¥ ol di ngs.
WO 96/ 34028 adhesivemg?(c%pﬁa'm_with and non-irritati £ 3M6ix EndSidNetedveilio €arly

el ectrical tapes were I ction tapes, and the adhesive
the skin without causing skin damage on removal.

In recent years, pressure sensitive adhesives have been used in transdermal

patch aplications as drug transport membranes or to attach drug transport

20 membranes to skin. Although there is continued development of new drugs and
the need for different transport rates of existing drugs, pressure sensitive adhesives
are still needed that can transport such drugs at various rates. Furthermore, there
is a continuing need to adhere new drug transport membrances to skin during a
treatment period. _

25 In the automotive industry, there are applications that remain unaddressed
by currem tape products. One such application relates to automative paints and
finishes that are formulated for environmental conservation, recyclability,
enhanced appearance, improved durability, as well as resistance to environmental
sources of contamination. Painted substrates using these new formulations are

30 difficukt to adhere to with current tape products. Another application involves
mounting thermoplastic polyolefin automotive body side moldings.



was soft and often split when unwound. Current electrical tapes have a

| ayer of a pressure sensitiye. adhesive applied to a plasticized polyvinyl
chfori de backing 6 a polyet hyl ene or rubber film backing. Electrical tape
is used to insulate, hold, 5 reinforce and protect electrical wires. Qher
uses include providing a matrix for varnish inpregnation, identifying wres
in electricaWo3®Ptry, and protecting tgrmnal's during marReT f
electrical circuit boards. Electrical tapé, should be stretchable,
conformabl e and neet nonflanmmability requirements. Preformed pavenent

mar ki ng material s inSimiﬂﬂy,mﬂyaeahmpbéw&eM&dﬁnmymtaﬂﬂhﬁlﬂh&i\d rai sed

pavenent mar kers th s hi nd destri an cros vval k

mar ki ngs. They 388 P@Peq% gﬂ‘\éﬁgw ?‘;“Bﬁ'@ﬁ?é YerPfanhance

reflective effi Wu&ﬁﬁﬁei&h&ﬁﬁiﬁﬁ&ﬁo%ﬁﬁ&hﬂﬁlﬁﬁ@%ﬂmmm . The
s

marking materia t adhere to a variety of surfiacés such as concrete or

asphal t, that mRgly or rubher filmpbacking j Elestrical sapgtis usedsarinsulate, holdisent
t di
P docuat o e, ngetﬂﬁrceaﬂ@gﬁﬁéd’ae&ﬁéﬁ way gﬁﬁlaces@{aﬁg areﬂ#ﬂ%ﬁ&on by

i nadequat e per manent bonding to roa rated by

five probl em ar yarmish impregriation, ddentifyingsvives in eledtrical ciecaiitey, andiprotecting

resulting in a | i cat rreduced, duyabil it der

shear or i npact QW@‘R&W %%@MM gm;‘l? ) | ow

nol ecul ar wei gh“iﬁgﬁ*&pﬁﬁﬁﬁﬁg;@ﬁulw mar ki ngs t hat
imte

stain |light col ored ﬁg?crete surfaces, ( UCtI|Ity al | owi ng
rai sed markers to so pavementaarking ude pavement markingsheetnd ( 5)

i nsuf ficienggel gﬁ{dﬂs%m %Ffp&'{@ﬁé road
surfaces, thus often | eadi ng to prerraturgﬁgetac nen y% marker fromthe
r oadway sur f ace croswalkmarki ingsh Theyare ofienreflentive and strategicalipdriented the used to

ggg?. ggt [ ozo?gda sumigﬁg?"#eqﬁ%wdm ‘V@L’%ﬁﬁ%@&ﬁ‘}@?gﬂﬁ y fluid

to wet the surfm&mmﬂeaﬂehynadhbrémﬁﬂt@d@hﬂﬁzs%ﬁsbén&&@oﬁu phakce | S

rough. Conseque e si,ve rrus | ow ih viscosity at the time of
appl i cati on. F@sgﬁﬁcﬂ"ﬁg"% or gaopd a?W%B!WF&‘B"E‘“BOI idto
devel op suffl'sci Qﬂﬁgsﬁe h&kﬁ whteSiitial ondiR am %ﬁﬂ he substrate
under stressful condltlons 6/ 34028 nid Wﬂx e che

PCT/ US96/ 05829 konding ﬁd@ﬂwmgmw_s illustrased byfiresi problem areesn(3) imitedt o sol i d
T oo Pocore! ! altekive uck S G temEbfures redubing ib R faiSlh affiickidh Widdw, 2™ °°
reduced durability under shear or impact causing difficult removal of temporary
markings, (3) low molecular weight fractions in the adhesives on removable
20  markings that stain light colored concrete surfaces, (4) limited ductility allowing
raised markers to sometimes shatter upon impact by vehicle tires and (5)
insufficient elasticity to fill in gaps between markers and rough road surfaces, thus
often leading to premature detachment of the marker from the roadway surface.
Hot melt adhesives are compositions that can be used to bond
25  nonadhereing surfaces together into a composite. During application to a
' substrate, hot melt adhesives should be sufficiently fluid to wet the surface
completely and leave no voids, even if the surface is rough. Consequently, the
adhesive must be low in viscosity at the time of application. However, the
bonding adhesive generally sets into a solid to develop sufficient cohesive strength
30  to remain adhered to the substrate under stressful conditions.



that softens and nelts when heated and becones hard agai n when cool ed. Such
heating results in sufficiently high fluidity to achieve successful

wetting. 5 Al ternatlve1‘7‘_f“h“—ﬁ_t mel t adhesive may be dissolved in a
solvent or carrier that |oweis the vi scosity of the adhesive sufficiently
to.permt satisfactory wetting and raised the adhesive viscosity when the
sol vent or c3WO90I8s renoved. Such an adhesive can be heat PEOMUSGISE, | f
necessary. Danping is the dissipation of mgechanical energy as heat by a -
material in 10 contact with the source of that energy. The tenperature
range and frequency range over which danpi ng occurs can be quite broad,
dependi ng upon the pd?drhotﬂndu&mﬁdsﬂhemiﬁoﬁd‘mmﬂmdm‘mhdmbedanpi ng in

tall buil dings that ey ence.w nd r c vi br ons

frequency range ¥ égﬁg%magv%wa&% F;'\Sg&e t 'i"'ff!ffygﬁb'%d@ﬁgﬁt 10 Hz.
Hi gher frequencmmmmtsmmwmmwwawwﬁmo&a Saéh conput er
di sk drives (on the order of 1000 Hz) or hlgher frequency appl i cations

(10, 000 Hz). Furheatingsepults insnificiently idisy thashicve suceessfub wetting exposed to a
w de range ofgte By %@ﬂ&mrﬂhﬁ% | fidsSiVed in'\W3b: gntg;;@"aglrm mance of
a surface | ayer danpl ng treat ment epends largely ont ynam c properties

of the vi scoel aslowersithe dscosity ofithe sdhesivesufficientytoqermip gatisfagtonowetting and

orb nat 1 on of (HBeA R sihesvh LseeBf pner ThE o1y Br (RS IERRRYE, ey |
PO, o b nmvget bl 1 1) 7 oy brow
\é: ﬁggepresently knovmﬁ‘!!'i‘ d&ﬂgﬁﬂ?ﬂ to %ﬁ?ﬁ&"ﬁ& pgyy in pe'rform

over fairly farrodcPwite ihitisthrée bERSIShergy OTHE Rpeiaiire e AddTubdtyW de
tenperature variations i ncorporate rrultl gl e layers of Viscoelastic

material, with e@wmw hich dampjng pecurs cap eﬂ-ateh;oaswm@nsumtperature
range. Surmary 0 |
i nvention, polydior ganlkgé o@a?gﬁ%ﬁgwfo&re g‘grﬁr’e&?h&opo rrers are
BT U061 05525 () a0t fonol oL agnoe | "“"“"“mw‘m?’ Syivir

0 | | diam pe units ar
pol yi socyanate r@l?@f}émﬁl"ﬁs" ‘ﬁ?fgﬁgﬁﬁ l‘lﬁéﬁﬁ PE?F'&'EFe“P?et he
pol yi socyanais mhas&ubmﬁfo%ﬂiﬁmanW(bﬂﬂx%'dr&rostm)dﬁm @ard organic

pol yam ne units, _wherein fhe re ues of anate un ts.and am_ne units
are connect ed byfTeAuEary|applications (%Jlﬁqpﬁﬁ' rﬁ“ﬁz ping applications

can be exposed to a wide range of temperature and humidity conditions.
While the performance of a surface layer damping treatment depends
largely on the dynamic properties of the viscoelastic material, it is also dependent .
20  on other parameters. The geometry, stiffness, mass, and mode shape of the
combination of the damping material and the structure to which it is applied will
affect the performance of the damping material.
Presently known viscoelastic materials consist of single components or
~ polymer blends. Since presently known single component viscoelastic materials
25  perform over fairly narrow temperature ranges, conventional solutions to wide
temperature variations incorporate multiple layers of viscoelastic material, with
each layer being optimized for a different temperature range.

Summary of the Invention
Briefly, in one aspect of the present invention, polydiorganicsiloxane
30 oligourea segmented copolymers are provided wherein such copolymers comprise



5 groups, wherein the term nal groups are functional endcappi ng groups,
and (b) silicate resins. The conposition may al so optionally contain free
radical “initiators,”siTane crosslinking agents, noisture cure catalysts,
and nonreactive additives stich as fillers, pignents, stabilizers,

anti oxidants, flame retardants, plasticizers, conpatibilizers and the Iike.
10 WO si t i ons of the present invention are paPCTUSMNSE2P
useful as pressure sensitive adhesives and in one aspect of the present

i nvention, a curable pressure sensitive adhesive conposition is provided

conprising (a) syt b aR RS . Ok
conprising al teﬁ’éati h%;:i%ﬁ%sgl ygl glrag%dr?g@#f'g%aﬁ e suni ig‘q‘gng Ear@ 5

pol yi socyanat e g‘letmge yisacyanatenesidue is the polyisocyanate ménusithe NGO groups,

pol yi socyanat e # W%M& - NCO rgﬁ s.. and ogﬂi onilyl ..sof . and/ or
hard organic po e‘g £ , ing?"g"ﬁc g"m% yol ol JE&J% units and
am ne units ar eisocyanste units dnd @minecinitOare comecied by aeka linkuges, afidteemingl Yner has
functional tgrm nal groups and,(%_osi licate . resins. ] n another. aspect of

t he present nvé‘?ﬂ’%gﬂ’h"f%ﬁ‘ﬁ %&' capping sooups, and@)s) can be
used to fabri Caifestivbsis.! The ipoli fbyatd SpuSniliy o it

flexible substr%%%gz:r pg Psﬁgrem‘lg@or m;ﬁne
present inventi S ents, moistuse ure honreactiveaddi t hat
woul d be known @ ﬁhi I |lﬂﬁi' i E Akt t bher .be coated or
treated to provi eﬂegé‘)ﬁ ener gy 1‘5@?@' Su ?@&5%"%9 (typical,

t he backsi de suscdrapatibilizesaind theliké;, coating with a | ow adhesi on backsi ze, a

rel ease coatjing and e |like, such that t,he PSA artigcle.cou be rolled up
on itself Ime a con %ﬂ'?ﬂ?é*m?%‘ﬁﬁ‘ﬁﬂ“ﬁ‘ﬁb‘@“"ﬂﬂgFPm?”ﬁé’substrate

may be treated pressupéensitivé ddhesiis hnd i'oAL adpRdIUFthe presetGiterifion alcufableyer. a

primer layer, a barrier |ayer and the |ike between the substrate and the
adhesi ve | ayer . Prggsure sensitive aghesive,compasition ¢ pravided comprising(8br ovi des vi brati on

danpi ng cormposi h?lgg ARl 6%&8&&%%@%&%@@&&9%&%@%

ol i gourea segne | yner :
PCT/ US96/ 05829 polydiorgancsiloxane hitsrand hand polyisotyapate yesidue gnitsp whereinthe units,

B R T A S
uni ts mnus theandRagt orgmiic polyaniing dirids, wheeih tiiel rédidifes of isbcyRiatedriiisandni t s and
amne units are  con Gt sre connded togethir by upeh linkages and the copolymer has
functional terminal groups, and (b) silicate resins.
In another aspect of the present invention, the pressure sensitive adhesives
20 (PSAs) can be used to fabricate PSA articles, wherein the PSA articles comprise a
flexible substrate and a layer of PSA prepared in accordance with the present
invention. Furthermore, the substrate may be any substrate that would be known
to those skilled in the art and may further be coated or treated to provide a low
energy release surface on one surface (typical, the backside surface), such as
25  coating with a low adhesion backsize, a release coating and the like, such that the
PSA article could be rolled up on itself like a conventional roll of tape.
Alternatively, the substrate may be treated or coated with additional layers to
provide a tie layer, a primer layer, a barrier layer and the like between the
substrate and the adhesive layer. |
30 The present invention further provides vibration damping compositions
comprising (a) a curable polydiorganosiloxane oligourea segmented copolymer




5 | i nkages, and the copol yner has functional term nal groups, and (b)
silicate resin. Additionally, the conpositions of the present invention are
particul@rly useful as h6T nelt adhesi ves and'TTTTﬁﬁ?"ﬁSpect of the present

i nvention, a curable hot nelt adhesive conposition is provided conprising
(a) -pol ydi organosi | oxane ol i gourea segnmented copol ymer conpri sing

al ternating sWa9s34828di or ganosi | oxane 10 units and hard polPgTRISIBAEERAL e
residue units, wherein the residue units afe polylsocyanate units mnus the
- NCO gr oups, such that the hard units and the soft 'units are connected

together b rea e C roups
ang (b) si I>/| gateéroe ﬁgafn an%F‘ﬁ%&ﬁ é ﬂl@%&%&e@d%gﬁ{’#lg%ﬁ%ﬁlm’?heuﬁot
Irrelkt aghem vesbcamdmgﬂtﬁcpol)lmﬁnbirﬁtsmédalmdpdykmtsfmwumﬁﬂvhﬁmﬂmd t he

i ke that can be sy euent led i,n a tate to produce an
athesi ve bond botBASHS it e PEYAOSREE paif tme e NGO SrpeSHERES oy
substrate that %&e@@fﬁ%é%%%&hb&s@eb&m&&&%&h@ﬂ%' d be

especially useful in adheri'ng | ow surface energy materials and el ectronic

conmponents. 2@ WS&M&W@W'MM¢%‘MWMG@H‘WMM

danpi ng conposite co sitfh gmm .egiﬁngne | ayer
of the conposition of e pr éent Eé/ent ?gﬁﬂgﬁe substrate ngy e Tl-exible,
stiff, or rigid. mmmummwm«mmwmepmmmmth woul d
be known to thos ski jn the art.and furt.her be .oated or treated
to provide a | ow E‘Bﬁ’?@"ﬁ g%?:/%"‘!g’"ﬁs °W"Fhalow
adhesi on backsi zeligaures sgafited edp iPxarigny be a
constrai ned | ayer construction, vvherel n ?he construction conprises at |east

one subst r at elShavimitsand hard polyisacyanste sesidyeamits,iwherein the residus YRS &8 i t hi n t he
Subst rat e 1 N 1 €S iQlifochhdbeitl it b -NCOHb o APt Bkl Enciblnatl | 025

one | ayer of the nposition e present I nventi on he constral ned 30

| ayer constructi mmtpmfcennﬂste;ltd:weabgcmm@s and she dopolymer has fncfional |

g:\gaag(r)[terre]nco;négyﬁwhpwgs' 'ﬂgté@%‘%gﬁ?r ature range of between about -80

PCT/ US96/ 05829 7 frequﬁmtheramcﬁtharee&nmeﬂm,m@aomawmww by a

Chear o, Tite (REER 1A PSR, e, Bl L M O AP subisept 8PS o

the characteri st i nititeh Stafé20 ProdicE & aIREsiveibORd between different substrates. The
substrate may be any substrate that would be known to those skilled in the art and
would be especially useful in adhering low surface energy materials and electronic

components.
20 The present invention also provides a vibration damping composite

comprising at least one substrate and at least one layer of the composition of the

present invention The substrate may be flexible, stiff, or rigid. Furthermore, the

substrate may be any substrate that would be known to those skilled in the art and

may further be coated or treated to provide a low energy release surface, such as a
25  coating with a low adhesion backsize, a release coating and the like.

Such composites may be a constrained layer construction, wherein the
construction comprises at least one substrate having a stiffness sufficient to cause
resonation within the substrate in response to an internal or external applied force
and at least one layer of the composition of the present invention. The constrained

30 layer construction preferably has a composite loss factor, tan § greater than or
equal to 0.4 in the temperature range of between about -80 and 150°C and in the



5 I n anot her aspect, the conposite article construction may be such
to provide a bi-directional vibration danping constrained |ayer

COTSTTUCTI on conpriSing at feast two rrgi d menbers, and at |east one |ayer
of the composition of the present invention. Generally, each rigid nenber
has a stiffness exceeding that of a 0.25 cmsteel plate. Preferably, the

vi brati on dameisag4@®nposition has a tan 10 [err] greater AW al to
0.4 in the tenperature range of -80C and I50[err]C and in the frequency
range of 0.1 to 10 Hz, as evaluated by a Polynmer Laboratories Dynam c

Mechani caI_Ther | Anal yzer k ' he s [ de., Advant a g sly,
"Teaensy s g0y to 109017 s Slifios BER Rt EokodifiY
igﬁg?gsgir E)L‘C:Tgfqmﬁmnd mﬂw ARBlyze? Mirk mg'zdﬂsmﬁrmwhaﬁmznd

extrusion. Curing can be provided bgmt echni ques cq n for free_radical or
noi sture cure criSHBERRKS 158 ds sndothithe i eristics of theo ¢

I nventi on have e&ﬁﬁkﬂf&?n on.cal properties ty'pi cally associated with
pol ydi or ganosi | oxane “pol yners such as noderate thernal and oxidative

stabilities, 83UV resi dnanotber aspect,itheicomposite asticle constsuctionanay|bssueh tof ace
energy, and hydrophqgbi ¢i tv. .resistan Q _dear ' f osure to
heat, and water ,%‘ﬁ!‘é@?ﬁ&%ﬁ%ﬁ%%@é@ké@ﬁ“m ow surface
energy substrat eeompiisiﬁh_ m gﬁtﬁngitwﬁﬁdﬁnﬂeﬁymf Reastasne layer ofithe cainp 'dlsitigpoft hfe 2
conposi tions exhibit a c¢onbjnatjon unexpect ed propegties ingludjng, for
exanpl e, excel | eﬁ??@'@'@#ﬂ"_ﬂ‘?@n ; hmwdemﬂﬁﬁ!‘&gﬁ'w&émﬁj‘?he
uncured 25 St ajey 0.94 &f\Uellplatk! | dRRRratidniatping conipbaiion R @ w1 f ace

before the conpositions have cured, controlled flow and Crosslinked density

charact eri st s &areater than gr equatto Gbinthetgmpesature rapge:ofxB0C andAS0%C antbing
conformability t@_isLr | ar €5 1 | cal ties
typi cal of curab&'&ﬁ%g‘g%élr&ngé%%f °em%m§?%e%mwgg br oad
t enperat ur e r angDynsatic Mechanicsl TiRrmal (AnalysérMdtk I inakishesimadens, excel | ent
adhesion to a variety, of substyates when forpul ated for adhesion, and
handl i ng char act er i stfp8@ntagequ M\!‘ﬁ?"&’t‘ m%%rm?ﬁ'ba s)
96/ 34028 technitgne_s such as compression mcﬂding, injection molding, casti %,aﬁﬁéirﬁgm 05829
t hi cknesses and shapes. Furthernhore, the Conpositions can be cured at room
t enper at ur e, 13 husndsatmsion.i Geringean be provided by teghniques gemmpn for fies sadical 85 The
conposi tions of h@gﬂ@gﬁg&&ﬁﬁg&lg@&g resi stance to environnent al
conditions and good pertornmance over a broad range of frequency and 5
t enper at ure. Wien uscThexsompiokitionsi of thechresentrinventiorchavelexcellert physicabosi t i ons of
the properties typically associated with polydiorganosiloxane polymers such as
moderate thermal and oxidative stabilities, UV resistance, low index of refraction,
20 low surface energy, and hydroﬁhobicity, resistance to degradation from exposure
to heat, and water, good dielectric properties, good adhesion to low surface
energy substrates, and flexibility at low temperatures. In addition, the
compositions exhibit a combination of unexpected properties including, for
example, excellent green strength, that is, mechanical strength in the uncured
25 state, allowing subsequent operations to contact the surface before the
compositions have cured, controlled flow and crosslinked density characteristics
permitting thick coatings on irregular surfaces, good conformability to irregular
surfaces, excellent mechanical properties typical of curable systems, exeellent_
damping performance over a broad temperature range, an ability to withstand
30 large strains, excellent adhesion to a variety of substrates when formulated for

adhesion, and handling characteristics that permit easy attainment of desired




present invention have wide utility for mnimzing adverse vibration in
constrai ned | ayer danping treatments as well as mnim zing adverse w nd
sway and seismc influences rn buildings subject to wi de tenperature and
hum dity variations. The present invention further provides a process for
produci ng curable 10 conpositions conprising (a) formng a

pol’ydi or ganoS¥0 9634828 ol i gour ea segment ed copol ymer by addi ndPCEUSPENE one
pol yi socyanate and at | east one endcappi hggagent that has end groups that
are reactive under free radical or noisture cure conditions to an organic

sol vent solution of at |east one polyam ne, wherein the polyam ne is at
| east one pol ydi thicknesses and skapes. Furthermere, thecompositinng cgyy begu §OMne 15

di or ganosi | oxane,di amm tﬂl%:ﬁﬁiﬁ fYefip lehisifh siBsiat®; M Xxing the
solution and all E)e\?\nd‘ng {Ee palyi so@?angte, engcapp?ﬁg agents, and pol yam ne
to react to form a poThetompysitions df thecimeention have good resigtance:to ¢nvitopmentaker | ( b)
bl endi ng the pol ydi @rganosi | gxane ol i gour - YEE" sol ution
with at | east oné"@‘f Eﬁ@ﬁ@ﬁ%&%‘%%@%@%sﬁ%&g’? anic solvent. 20
The present i §vegdnpefatsre Wheh used/ag vibpation idainping materisls, the éampapitiopeofithe)
curabl e conpositions conprising f[he steps ,0f ,qcontjnuously. ptovidin
reactants, wher ePFFsentIveation; @%H@%Mﬁ%@iﬁﬁﬁwe, at
| east one pol yam W Q) of RilGMRRG AAverANind sWayandQdistier . i xi ng
the reactants ig" edr actor; a lagvvi ng the reactants to react under
substanti al | y solinflusnce$ indwildingscsubjecsrte wide temperatureznd humisdity ¥riationtiosi | oxane
ol i gourea segnent ed cgpol | FHfﬁ% Reraigact or,
provi di ng the copol y@ﬁ?“‘ﬁﬁf‘é“é@@é%ﬁ%@%ﬁ%&é%i ng reél n, gnd

sol vent to al@ecesmpssitivhs comprising (s)fotrhieg e pplytiprganosiloxane shigcureatsegmented f yi ng
resin, and the solvent in e secopnd reactor to forma fackifi

conposi tion; and“EBﬁ ibﬁdh%]‘ﬂ%“ﬁﬁg?‘ﬁ@ OSYRIBE ?ﬁ%é’%?‘ﬂ%’pﬁeond
reactor. 30 agent TH¥® hid e Rrouph théeire réabtive unkder freeridical opmoisturecuran

essentially solventl ess process faor praqducing curabl e _conposition
conpri si ngy( a) f@pndiﬂylstg angrganic sojvent solution of%t least one polymnr?e, wherein the

PCT/ US96/ 05829 9 #M%g%@%%&ﬁh&ﬁg & Qianiiie 67 A nisduf TRk JelRtlondY

continuously pro ; erein the reactants conprise at | east
one pol yi socﬁénatdiqrgmnsilmdiuﬁnem&qaﬁiongommbmemﬂsﬁwlﬂm&s t hat

Tt T L
the reactants to forms polydiofganoiloxane oligourea segmented copolymer, (b) blending the .
polydiorganosiloxane oligourea segmented copolymer solution with at least one
silicate resin, and (c) removing the organic solvent.
20 The present invention still further provides a process for preparing curable
compositions comprising the steps of continuously providing reactants, wherein
the reactants comprise at least one polyisocyanate, at least one polyamine, and at
least one endcapping agent to a reactor; mixing the reactants in the reactor;
allowing the reactants to react under substantially solvent free conditions to form a
25 polydiorganosiloxane oligourea segmented copolymer; conveying the copolymer
from the reactor; providing the copolymer, at least one silicate tackifying resin,
and solvent to & second reactor; mixing the copolymer, the silicate tackifying resin,
and the solvent in the second reactor to form a tackified composition; and
conveying the tackified composition from the second reactor.
30 The present invention still further provides an essentially solventless
process for producing curable compositions éomptising (a) forming



pol ydi or ganosi | oxane ol i gourea copol ynmer, and conveyi ng polyner fromthe
reactor and (b) incorporating a silicate resin by blending the silicate
resimwW th reactant3 or tne- polydlorgan05|I675ﬁe_ollgourea segnent ed
copolymer. This solventless process is environnentally advant ageous as
there are no 10 solvents to be evaporated fromthe final conposition. The
conti nuous n¥QA6848 t hi s process has several other inherentPCIH6IBYLs
over conventional solution polynerization%rocesses. The material can be
extruded into a variety of shapes i medi ately subsequent to polymerization

whi ch obviates th eqgra i on,,. whi ch soci,ated,w th addjtional
heat from furthdt® ?X‘gﬁgﬂ'e@m ’m%'l‘a “bXG’Q : Providing
substantial ly swmimnmawﬁueomﬁmesmwm ¢/ af RastGfie OF
blend, in line, the sjlicate resin, as well as various ree_radlcal

initiators, sil Mwsesmmg%gémpsmwm-m@%%wmﬂﬂ and

oy et Ve {1\ |l S, ind 160 e S SeB iOE L

before, durirfy, mctunmnhdmmnlhwmﬂnmmmmmbfma Optional ly,

nonr eactive add| LVES such as fJdllers ast| i ze S tabilizers,
ant i oxi dants, °s°"38'6%8?1? ?‘?’é‘f?&“’%ﬁ&%%@ be added
at any point i n m&raﬂ(b 1g@ﬁlieaﬂ‘ea-aﬁnb)Etﬁedilnigrﬂicsiscsawnfes'hMhpresent

i nventi on has uni que advant ages he sol vent 25 process permts the use

of conventional SHtARSPr the pelydioraanasiloxaneo! smmeemmqonglmﬁr curabl e

tackified conpositio RKaftl 6&&3&‘1? T TTaly lor to
curing, permts subsgg‘lljgegral’t nanu?ll&c:turl ng operations Eg ortegcureﬁe%
sol vent | ess ¥ ocmn\@étbmg@pomedmiﬁnqsommamm r'l&gabmm“yusmmdf

surfaces, use of nal e .
processi ng terrpetrh;; ures ﬁ&%@ggﬁf{}&%&?%gﬁ% % B‘h hot mel t
prOCGSSﬂ.b| e cor’rppnlyml mmnprba;d advmmﬂmml 'amﬁded/\ht' duhjgrgty OZWB
strengt as we a vanta S 1 pvQl vi the

PCT/ US96/ 05829 1'6"‘@6‘?@%%‘?&% Ymprizationw ﬁg'gam'? 'Pﬁvgf °'&s’é'!5ih at ed
with a substantIﬂwwmmmamdm&amﬁoﬁhﬁmmmﬁ steps. CAfvilert S Of

each process ermts one to custom ze the silicate tackifTying resin

concentrati ol atadyantageof this substagtially selventiess, egntinyous prasass isthe pbilityde addi ng

Some D?;vmt ES advaﬁﬂﬁaﬁsln%g‘iﬂ@ﬁmé resin, as well as various free radichl ififiatblS it | 0N Of

crosslinking agents, moisture cure catalysts, and nonreactive fillers, plasticizers
other polymers, and other property modifiers into the polydiorganosiloxane
oligourea segmented copolymer before, during, or after formation of the

20 copolymer. ' _

Optionally, nonreactive additives such as fillers, plasticizers, pigments,
stabilizers, antioxidants, flame retardants, compatibilizers and the like may be
added at any point in each of the above processes.

Each process of the present invention has unique advantages. The solvent

25  process permits the use of conventional solvent coating equipment while resulting
in curable tackified compositions whose high green strength, i.e., strength prior to
curing, permits subsequent manufacturing operations before cure. The solventless
process permits thick coatings onto irregularly shaped surfaces, use of
conventional hot melt coating equipment with lower processing temperatures than

30 typically used with conventional hot melt processable compositions, the advantage
associated with high green strength, as well as many advantages involving the



Figure 1 is a perspective view of a bi-directional vibration danper of the
present invention. Description of the Preferred Enbodi nent(s) The

polydi or ganosi | oxane ol Tgourea segnent ed copol yrmers useful in the 10
curabl e tackified conpositions of the present invention can be represented
by the formula [err] wherein: 15 each R is a nonoval ent noi et
which i ndeperm@n634928 s an al kyl noiety preferabl y havi ng abo‘tft'mls’@mg
carbon atons, and which may be substitutedOwith, for exanple,

trifluoroal kyI or vinyl groups, a vinyl radical or higher al kenyl radical

TR B G R il (2

or 6; and c is 3m|Mmmmmmu@@fdmwommmﬁnmmg about

6 to 12 carbon atons ,an ich . be substltu .ed_ w roal kyl ,
and vi nyl groups 3.5\3@‘ 'ﬂﬁ%%'tdpeﬁgﬂﬁ%(mép 0 car bon
atons and whi ch gEpickifons WaI etaiti .egisometdmmm e¥\6F A6, 34028

PCT/ US96/ 05829 exanpl e, al kyl, cycl oal kyl, fl uoroal kyl and vinyl groups or

Ris a perfluoroal kyl group as described |nr‘g§ Pat.,6 No. 5,028679, wherein
such descriptSon is incor por atBxiefDescriptipn.ofithe Drawing | uor i ne- cont ai ni ng

group, as described i Fighted is Kperspdifive View 603 bicfirectidnal vibrationidampieefthe pt i on i s
i ncorporated herein by reference, 5 or a perfluoroether-containing group,

as described in Presentpyemtionn, 4 900, 474 and No. 5,118,775, wherein such
descriptions are incorporated herei n by reference; preferably at | east 50%

of the R npoieties are net i nonoval ent
al kyl or substituted ah ?ﬁgﬁ%ﬁ er’eltbg%?%/ havi,n @9]1 to gﬁﬁ@ar on atom;
vinyl ene radicals, E/P° ooy gﬂﬂ"@ffdﬁﬂ

Ris a perfl qerO%Mgm&ac&ﬁ ﬁibﬂﬁdgﬂe&nﬁn&mﬁﬂhm%rﬁs&?ﬁ@?%e V\,herel n

such description 1s 1ncorporated herein by reference uori ne-cont ai ni ng
group, as descri fershuilay U.S. Pat. No. 5,236,997, wherein such descriptionis
i ncor porated herein by referenqe or a polyperfluoroether cont aj ni ng group,
as described in U S Pats . 14,900, 474 and No. %, 118,4775, whegein such
descriptions are 15 |ncorporeﬂed herelmbby ref® nc ;| each B {s a

pol yval ent radi cal \M‘*_c_h '—ix—aﬂ- %ilzenﬁ_[@ Nca{,_(* 0 K*I,;e_ﬂe;__
B b b r| R

0 O|H

N—Z— — N—B—N—t I!I—-Z—N-g—N—A—X

Y
H H o

o
wherein:

15 each R is a monovalent moiety which independently is an alkyl moiety
preferably having about 1 to 12 carbon atoms, and which may be substituted with,
for example, trifluoroalkyl or vinyl groups, a vinyl radical or higher alkenyl radical
represented by the formula -R*(CH,),CH=CH; wherein R? is -(CHz)- or -
(CH;).CH=CH- and ais 1,2 or 3; bis 0, 3 or 6; and c is 3, 4 or 5, a cycloalkyl

20  moiety preferably having about 6 to 12 carbon atoms and which may be
substituted with alkyl, fluoroalkyl, and vinyl groups, or an aryl moiety preferably
having about 6 to 20 carbon atoms and which may be substituted with, for



radi cal preferably having fromabout 6 to 20 carbon atons, an al kyl ene or
cycl oal kyl ene radi cal preferably having from about 6 to 20 carbon atons,
preferabty Z is 2,6-Toryreng, 4,4 -metnyl enédiphenyl ene,
3, 3" -di met hoxy-4, 4- 20 bi phenyl ene, tetranethyl-mxylyl ene,

4, 4" - met hyl enedi cycl ohexyl ene, 3,5,5- trinethyl-3-nmethyl enecycl ohexyl ene,

1, 6- hexanet hwio96a4024., 4- cycl ohexyl ene, and m xt ures ther eof , PCRANIGOSEY

di val ent noi ety which independently is amjal kyl ene radi cal preferably
having 1 to 10 carbon atons, an aral kyl ene radi cal or an aryl ene radical 25
preferably having 6 to 20 carbon atons; each Ais independently -B-, or

-YSi (R) [ er r] ( OSexamgple; alkyl, pyalosikyl, figeroptkyl and yinylgroupsror Risapeeflupmalkyh | ent
di cal sel ect . i Stki f | ,
Cyel oal kel ene. - Brouh3F kol Ui B85 Ne2 s 036e78) whtrlf'siltfaesdiitolid P0% o

pol ypropyl ene oincdrporated herein byreferénce, arfluotine-dentaining gromppisydescribed inddSof , 30
and m xtures thereos; 96/ 3402 . e e .
PCT/ US96/ 05829 -g’fgcﬁz{f'%@» zﬁmw@r desription;is.incorpprated herein by reference., | o

hydrogen, ansal lgy4 périgoroeth 1Y dedrifedift ULS) Passl NON4,000474 Or an
aryl or arylalkyl radicals preferably having about 6 to 20 carbon atons,
each X is a noi sush-deseriptionsarg incorporated hereinby (a3) a noiety

peh T whersip .
eprEsert e ) WA RRET gl o ol il Y e () 2
K is i ndependenbalgnceibping nionevalentaliylair syhistitntest alkyh adicals peeferably padiaghtoes, f or
o oubs: (113 a. 8RB B0k vhsiese s’ Bt e B byl ol inl | o
and oxi ni no1ei | afR igi perficorodlyl group a3 deRtibéd/in TES. Fas.ONG. 5028579, Shedein
such description is incorporated herein by reference, a fluorine-containing group,
" as described in U.S. Pat. No. 5,236,997, wherein such description is incorporated
herein by reference, or a polyperfluoroether-containing group, as described in U.S.
Pats. No. 4,900,474 and No. 5,118,775, wherein such descriptions are
15  incorporated herein by reference.;
each Z is a polyvalent radical which is an arylene radical or an aralkylene
radical preferably having from about 6 to 20 carbon atoms, an alkylene or
cycloalkylene radical preferably having from about 6 to 20 carbon atoms,
preferably Z is 2,6-tolylene, 4,4f-methylenediphenylene, 3,3'-dimethoxy-4,4'-

20  biphenylene, tetramethyl-m-xylylene, 4,4-methylenedicyclohexylene, 3,5,5-
trimethyl-3-methylenecyclohexylene, 1,6-hexamethylene, 1,4-cyclohexylene, and
mixtures thereof, :

each Y is a divalent moiety which independently is an alkylene radical
preferably having 1 to 10 carbon atoms, an aralkylene radical or an arylene radical

25 preferably having 6 to 20 carbon atoms;

uwhAﬁsﬁmqumdunWJBgorJﬂﬁGOﬁOSKRh»YCornmnuusﬁwmmﬁ

B is a polyvalent radical selected from the group consisting of alkylene,
aralkylene, cycloalkylene, phenylene, polyalkylene oxide, such as, polyethylene
oxide, polypropylene oxide, polytetramethylene oxide, and copolymers thereof,

30 and mixtures thereof.




20 wherein D and K are defined as above. (d) a noiety

represented by [err] mis about 0 to 8; WO 96/ 34028 _ ]
PCT/ US96/ 05829 13 p i s about 10 or |larger, preferably about 15 to 2000,

nore preferably about 30 to 1500; and t is a about 1 to 12, preferably
about 1 to 6, nore preferably about 1 to 4. In the use of polyisocyanates
(Z'is a radi WO%RWg a functionality greater 5 than 2) RCETGRIHBA nes
(Bis a radical having functionality grea2r than 2), the structure of
Formula | will be nodified to reflect branching at the pol yner backbone.

The average degree of polynerizatjon refers,.t.o,the size, of the r | t ant

ol i gomer ol ecul e ano“?lébyd%fgpﬁ? W%WWM“M%@%W%Hresi due

of 10  am ne- contiealPréferably Baving1 to"10 cfbonQtoms oriaRaryd bi g9lalkil radibgs e are two

ways of obtaining the desj ?ed e rﬁg o{ ol i %orreri ?;)?i on: (1) control the

i socyanate to a M*f‘&’“&&"%pg‘l’ »ocyanat e or am ne endcapped

oligoner (X = a or d) ﬂ%‘ﬂﬁ%ﬁ&&ﬁﬂ'b&tﬁ@bﬁﬁﬂathe anount of nonoam ne
S

or nonoi socyanate endcapper wt ol chiofretric anobunts of isocyanate and
amine (X = b%r c). The fdh)ampiety re@esentedby di spl ays the nol ratios ofthe
various nol ecul es necessary for buildi 28 a nolecule with the desired
encapper "X'. For the use of polyam nes¥¥and pol yi socyanates, the rati os may

be adj usted accordingly. X(a) —_— —N—F—NCé(C) X(d) Degree of
t+mt2 t +mt4 t+mt2 &L+m+%bo i goneri zation Di am nes:

t+mt2 S t+mk2 t +mt2 mt+2 ¥Di | socanat es t +m+3

t +m+3 t+m+l t+m+l Monoani nesq) 2

o - Monoi socyaRgefSeach of D, and Z are defined as above, or 2 -
Pol ydi or ganosi | oxane di am nes useful in the process of the present 20

i nvention can be represent(bha moietyrepresented by [ err]

0 0
—N—y:-N—Z—Nf-g—N—K

10 am
where each of Z and D are defined as above,
K is independently () a free radical polymerizable end group such
as, for example acrylate, methacrylate, acrylamido, methacrylamido and vinyl
15  groups; (ii) 2 moisture curable group such as, for example, alkoxysilane and
oximino silane groups, and
(c) a moiety represented by
0

| —N—(l.':—N'—K
bk

. | av)
20 wherein D and K are defined as above.

(d) a moiety represented by
—N-H

' )
m is about 0 to 8;



WD 96/ 34028 PCT/ US96/ 05829
14 wherein each of R Y, D, and p are defined as above. Cenerally, the
nurber—aver age nol ecurar weight of The pol ydi or ganosi | oxane di am nes nost
useful in the present invention range from about 700 to 150,000 or nore.

Pol ydi or ganosi | oxane diam nes (also referred to as silicone diamnes or 5
di am nes) uwpbvdnsdam t he present invention are any whi ch fal PCRPS%082%0r nul a
V above and include those havi ng nol ecul wei ghts in the range of about
700 to 150, 000. Pol ydi organosil oxane di anfnes are described, for exanple,
in US. Pat. Nos. 5,026,890 and 5,276,122, wherein such descriptions are

| noorporated by r ef 6i156din 100 isfeehefidin 48,18 5o 2000 e prétefably sbout

substantially pure 10 pol ydi organosi | oxane di am nes prepared as descri bed
in U S Pat. No30® 1300;and9 wherein such description is incorporated herein

by reference. The pqliygwugigg;@?mrwlqﬁgkgﬁﬁgm%&hgnowri ty are

prepared fromthe reaction o I'C Of ganosi

bi s(am noal kyl ) di si |Intkewss ofpolysadyasatesr(Zisdsadical havinga functianality greaten onal
silanol ate catal ysk, sych, as, tetlanmet hyl.anmoni ump 15.

3- ani nopr opy? di hﬁl@imym@” @&@%Wﬁggﬂmumg)‘t%an 0.15
wei ght percent gagffe SfFdrGla¥kill bé modified fo fefléct branchingit thé i C

organosi |l oxane with the reaction run in two stages. Particularly preferred
are pol ydi or ganbaskbeneane di ani nes prepared using cesium and rubidi um

catal ysts. The prepafﬁetiv%&ﬁ%?%%g L dlioR Fefbis 16 the s oF iHe

conditions (1) an amne ocker represented by the fornula
[err] wherein eeligonier molecule ¥ndiisdetémmioed foom thesnumiberaverage of the gesidueiofit eger of

about O to 0; 25 ... (2) suffici.ent .cyelic. si tain a
pol ydi organi i | Mﬁ'@m@%ﬁ“ﬂ °%F!§é°§?§'ﬁ"m. gﬁtaﬂgtr‘%%oer than t he
mol ecul ar wei ghibtaiingeheduintd degese of olijmediaitmAOQAY control the isocyanate to

PCT/ US96/ 05829 (3) a catalytic¢ amount of cesium_hydroxide bi di
hydr oxi de, cesi AFHNETIURHQ) aE',“WW%?’I%‘&Fé;’pE‘géfﬂ?FH"bbryﬁqrwanol ate,

rubi di um pol ysi baxeh ldRidusly select the amount of monoamine or monoisocyanate endcapper
with stoichiometric amounts of isocyanate and amine (X =b or ¢). The following
15 table displays the mol ratios of the various molecules necessary for building a
molecule with the desired encapper “X”. For the use of polyamines and
polyisocyanates, the ratios may be adjusted accordingly. '

X(a) X(b) X(c) X(d)
Degree of ttm+2 ttm+4 ttm+2 t+m+2
| oligomerization
Diamines ttm+2 t+m+2 t+m+2 t+m+2
Diisocyanates t+m+3 tm+3 t+m+1 t+m+1
Monoamines - 2 -—— ——
Monoisocyanates — — 2 —

Polydiorganosiloxane diamines useful in the process of the present
20  invention can be represented by the formula

R R R
H—N —Y——éi —éi —gi—Y—N—H

P
VD)



and m xtures thereof.: The reaction is continued until substantially all of
the am ne functional 5 endbl ocker is consuned. Then the reaction is
terfinated by adding a volatile organic acid to forma mxture of a
pol ydi or ganosi | oxane @Il ami n€ usual |y having greater than about 0.01 wei ght
percent silanol inpurities and one or nore ofthe foll ow ng: a cesiumsalt
of t he organi CWX96(34028  r ubi di:um salt of the organi ¢ acid, or BOTNSAHSNI hat
there is a smal | ol ar exc%s of organic alhdin relation to catal yst. 10
Then, the sil-anol groups of .the reaction product are condensed under

' reaction conditions t n[’q%pp | ¢ | ess than
or .equal to about O. 0% erc%r#qaa?ano(?%m&lgaﬁ és Wﬂ%e

-gnreagt ed cyfl }cllfmbmmgembcwwﬁdgobﬂmpnwbmneﬂimémmsﬁ s ren:c)vled
y subsequent filtr 0 i or Sj e_di am nes usefu
in the present Hﬁ gﬁ"f?u%l% uﬂ%‘@ﬂ@ UMM ne,

pol ydi phenyl si | oxane DbgmmﬂmmM(Mﬁmﬁmhmﬁmmram ne,

pol yphenyl met hyl sj | Qxan am’ ne, poly(5-hexenyl t hyl si.| oxane di am ne,
pol ydi et hyl si ﬁoxMh in the prpsnt invgat @nwﬁﬁﬁ Formula V

poI yvi nyl net hyl m.?,mg hﬁﬁ@%ﬁ “H\? er eof .

- Any polyi socyanate tﬁat an react %o%%dgﬁg@igh
poI yam ne can be 158/600.i mmmmmﬁmmmdmm for exampls; iU Bat.
For i o OO 2. NSV PR 5L Y.£78,122 i budR B Al lBmRTBLLC o o
Sf such dii socyarrmhéw%wdmlm%ose Ptdfeﬁddrﬁ'éﬁsthﬁmﬂﬁpm&tic
i i socyanates,. such .as to uene iisoc an te, anat e,
2,4- tol uene ¥ i POl¥diorganasiloxsne #% &%egr@ﬁ?@/

di i socyanat e, rretvm&émamﬁua{cﬂpﬁdﬂ kﬂfﬁ:ﬁ@%&\w
nmet hyl enedi phenyl ene- 4, 4' - dii socil’anat e, meycar bodi i m de nodi fi ed

net hyl enedi phenyll@b@mgﬂb}%m&!@m@ mnssmh Pyttyareprepazed %ormhecetrahyn

di phenyl net hane, ﬂi“ﬁ? gﬁﬁﬁ‘ﬂ
PCT/ US96/ 05829 1 rretﬁ%%ﬁf) SE o 4 aid |an srarn ||socyana "

5-chl oro- 2, 4-t ol Mﬂmmybmmanﬂcﬂammw suth s utmmahylmmbmumenzene,
aromati c- al pl@at ifa&%ﬁr%%&%%%ﬁsﬂégﬁ& grseferably in an amount less than 0.15 weight

percent based on the weight of the total amount of cyclic organosiloxane with the

reaction run in two stages. |

Particularly preferred are polydiorganosiloxane diamines prepared using
cesium and rubidium catalysts. The preparation includes combining under reaction
20 conditions (1) an amine functional endblocker represented by the formula

H—N —Y—& —&i —gi—Y—N—H

WA

whereineachR, D, and Y are d(e‘sncnl?bed as above and x is an integer of
~ about 0to 150; |
25 (2) sufficient cyclic siloxane to obtain a polydiorganosiloxane diamine
having a molecular weight greater than the molecular weight of the endblocker
and



m xyl yl ene diisocyanate, tetramethyl-mxylylene diisocyanate, aliphatic
di i socyanates, such as 1, 4-diisocyanatobutane, 1,6-diisocyanatohexane, 5
1, Iz=ditsocyanat ododecane, Z-nethyl-1,5-diisocyanatopentane, and
‘cycl oal i phatic diisocyanates such as

met_hyl enedi cycl ohexyl ene- 4, 4' -di i socyanate, 3-

i socyanat omreMO46/38128 5tr|nethylcyclohexyl socyanat e (i sophd<HB96/05829

di i socyanate) and cyclohexylene-1,4-diisoyianate Preferred diisocyanates
i nclude 2, 6-tol uene diisocyanate, 10

met hyl enedi pheny! eneg ﬂadcuﬂvtic%ﬂﬁuﬁrm&mﬂg}d & Psbidititn B9 dreRide, desiaim
In

met hyl enedi phenyl dii'socyanate, o-diani si e dii socyanate,
t et r amet hyl - m xgilanolate; n&:d:gm@s}mbmoemum polysiloxanolate, rub:d:um polysiloxanoiate,

met hyl enedi cycl fﬁ’k‘? e% -diisocyanate, 3-isocyanatonethyl -
3,5,5-trimethylcyclo exyfh | socyanate (1 sophorone diisocyanate), 1, 6-

di i socyanat ohexane, amdmmmhmhmm Mmﬂy;ﬁnﬂﬁnmﬁﬁﬁmcuonal Any
triisocyanate tha eact Wi, t n,parti r wwth the
pol ydi or ganosi | &é‘ﬂ EB@QE?M“'%%“’B@‘% ﬂd‘ﬁ%?w@gﬂ?esent

I nvention. aa%ﬂmﬁd%immawyﬁo@s&sudﬁmmmmmw ted to,

pol yfuncti onal i socyanat es, such as t hose produced from bi uret S,
| socyanur at es,

_ refithe
VONDUR e1 ] sor W“ﬁ%@#%“@#ﬂ@‘ﬁﬁﬁfwser . ewwﬂ& B,

Preferred triisdotiesush that therel isisl emalsBhlaDieEss of prganie 3cid irerelativDrtamilyst.r |  489.
The use of different socyan the.reaction w/ll i t he
properties ﬁé‘ dbgﬂ“é?@ﬁﬂéé&h@?éﬁg BB@W‘L‘H"’?P r, thus
25 affecting t_rll_ﬁ;oﬁaiﬁaid ;qafaaipaymbmmm?ww%gmlﬂlﬁndrhqugrsul ting
corrp05|t|ons e en capp g agenis contajn fee radica c\l e groups,
moi st ure cur abl AbEY S&P&"‘%‘M‘Wﬂﬂ%ﬂf' %‘i‘( ‘h@ g%rt i es
desired in the r Giﬂﬂii&ﬁﬁﬁ@ﬁyﬂ%ﬁ%ﬁﬁﬁ”ﬁm ed copol yner
pI n§

mat eri al s. Preferr gents are overned by their costs and
avail ability, and théiv@mples mmmypﬁ-bmthmsmmw vary

with tine.
PCT/ US96/ 058‘?9\/\113‘)'}';@J %%ﬁ“‘%’o’l‘@’é%“&"h’é‘““‘@%‘? d‘pl?enyl gfﬂ%l‘li or ga’nosi | oxane
ol i gour ea segmmmmmmm«mgmlwmmmomemme gr oups,

were no endcappin ent e and,.whi ch pr.o end roups whi ch are
reactive under fpgggﬂ @F Eﬁ oxane diamine, °§d'°‘\"y'd‘§° s

polydivinyisiloxane diamine, polyvinylmethylsiloxane diamine, copolymers thereof

and mixtures thereof.

20 Any polyisocyanate that can react with a monoamine or a polyamine can
be used in the present invention. Particularly useful polyisocyanates are
diisocyanates and are those that are represented by the formula

OCN—Z—NCO
(Vi)
25 where Z is defined as above.

Examples of such diisocyanates include, but are not limited to, aromatic
diisocyanates, such as 2,6-toluene diisocyanate, 2,5-toluene diisocyanate, 2,4-
toluene diisocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate,
methylene bis(o-chlorophenyl diisocyanate), methylenediphenylene-4,4'-

30 diisocyanate, polycarbodiimide-modified methylenediphenylene diisocyanate, (4,4'-
diisocyanato-3,3',5,5'-tetracthyl) dlphenylmethme, 4,4"-diisocyanato-3,3'-



curing conditions, include but are not |imted to isocyanatoethyl

net hacryl ate, 5 al kenyl azl actones such as vinyl dinethyl azlactone and

i sopropenyl dinmethyl azlactone, nrisopropenyl-[err]-di nethyl benzyl

i socyanate, and acryl oyl ethyl carbonic anhydride. Sone of these endcapping
agents, e.g., isocyanatoethyl nethacrylate, are comercially avail able, and
ot hers can bavese&3seased usi ng procedures wel | -known to those RSRTUSPEIE t he
art. Al kenyl azlactones and their 10 pr&parations are described in U S
Pat. No. 4,777,276, wherein such descriptionis incorporated herei n by

ref erence. Acrylrﬁty"g@et hi/ i‘«aﬁl@'yceﬁgﬂd” dte} gWe ed Jrom @t hyl
chl oroformate a pheny
given in Bull. ql@lﬂbroﬁléﬁryl-i m&qﬁ:dwme%aﬁt%hmme&@m mmappl ng

agents, for polydi organqgsiloxane oligourea segngnted copglynmers 15 that
woul d be amine t émmmm&%mwm sorypnate; aliphatie | nc| udes, for

exanpl e, i socyarmitsg%;.m ﬂ%gguna\’ | wﬁg},&%@ne and

acryl oyl ethyl carbonic séﬂﬁﬁgﬁ g)d“ | tablme/dng?décr?ppl ng agents for .

{aol ydi 0{ ggno_sﬁt Lokmum@uodmw Seliisocysnataopeniane; MMQ!“I!M?C -
erm nated wi m ne_qr £n present, w

end groups which m ?@%’% %‘3‘?‘1%?@ |%§Wﬁ§ﬁj?ons I ncl ude but

are not |imted jescyasaoriethyl308Steimethy kyamwmophomwmwa)pyl

triethoxysilane, isocyanatopr %%I d| net hoxy (nethyl ethyl ket oxi mi no) sil ane,

| socyanat opr opyl R et oxi m no) si | ane, isocyanat opropyl

mononet hoxy 25 di (np 2i6L1dluene disoGHAdEL Opr Opy|
nonoet hoxy di (et hyl et tOXI no)silane, and i socyanatopropyl

tri (nethyl etlﬁ/l MXWWML"MMQS yearbadiimidermodified r ves t o for m t he

copol yrer, S Jna!.hmggeﬂ% t he -
copol yner Wnen t@%@%@ﬁ@?gﬁw& ‘H’%@l gﬂéﬁ@ Il soc%nat exceed
the/ 30 /am ne gdusotyanst eﬁuewemydmxﬂMMﬂlmmemhyl

PCT/ US96/ 05829 1 uita dcappi n nts for rganosi | oxane

ol i gour ea segnenfe EW&YM% %@&M‘g’ i socyanat e
termnated if nogisae apiBhéxine afd éyclvhbg aaé-qsqemsocyuiuwh prow de end groups

whi ch are reactive under poisture curing cqQn ns.i ncl yde but ar not
'inited to ahk? nopr opyAnymlsocyanatethatcanreactwnhtﬁ ? amfl With

the polydiorganosiloxane diamine of Formula V1, can be used in the present
invention. Examples of such triisocyanates include, but are not limited to,
polyfunctional isocyanates, such as those produced from biurets, isocyanurates,
adducts and the like may be used. Some commercially available polyisocyanates
20 include portions of the DESMODUR™ and MONDUR™ series from Bayer and
the PAPI™ series from Dow Plastics. Preferred triisocyanates include
DESMODUR™ N-3300 and MONDUR™ 489.
The use of different polyisocyanates in the reaction will modlfy the
properties of the polydiorganosiloxane polyurea segmented copolymer, thus
25  affecting the rheological and mechanical properties of the resulting compositions.
The endcapping agents contain free radically curable groups, moisture
curable groups, or a mixture thereof depending on the properties desired in the
resulting polydiorganosiloxane oligourea segmented copolymer materials.
Preferred endcapping agents are governed by their costs and availability, and the
30 specific propesties desired, and thus may vary with time.



5 trinmethoxysilane, am nopropyl triethoxysilane, am nopropyl
met hyl di met hoxysi | ane, am nopropyl nethyl di et hoxysil ane, am nopr opyl

di mettoxy (et hyl ethytketoxini no) si lane, amnopropyl di éThoxy

(et hyl et hyl ket oxi m no) si | ane; am nopropyl nononet hoxy

di (et hyl et hyl ket oxi mi no) si | ane, ami nopropyl nonoet hoxy 10

di (et hyl et hywéisd/sasisni no) si | ane, and ami nopr opyl PCT/US96/05829
tri(nmethylethyl ketoxi m no)silane. Preferrd® endcappi ng agents, for

pol ydi or ganosi | oxane ol i gourea segmented copol ynmers where the copol yner

woul d be isocyanate termng.nated |f no endca nt esent

i ncl ude, for exarrplese ;% rﬂ?ﬁ@ g‘éﬂﬂ o V&’Gﬂ'l"%‘b
triethoxysilane qypg yiémﬁmmmowienmmmm@‘wsaﬂ&e@mbﬁﬁg

or gani ¢ pol yam nes useful in the pr esent invention |ncI ude but are not

linited to pol yosesn Re¢sentand whigh previde endigroups which@re roactiyy el 1000,
DU- 700, ED- 2001 @! * I ?anqhw@ﬁ%gl gm% aI kyl ene
triam ne, such a%%ﬂg (@g%\ﬁﬂg ro un §t¥,

pol yal kyl enes§  salkeénybazlaBionessuch sswinyDdinssthyk Rzlactoneiand isopropenyldimethyht . The
above pol yam nes ol yi sQcyanat es nd e gca@]pl ng ents are Uﬁ g in the
appropriate st ml’?&ﬂ‘i‘é‘t M‘F&WYQ &pm oy i | oxane

ol i gour ea segnenmm,mr Mk bfthediend@Ppin ﬂféﬁ' Wm?f

pol ymeri zati on. he S|I|cate resm prays an |rrportan role in
deternining the W-ﬂmmmmgnyu able; and othersican beprepared usingyr esent

i nvention. For é@% n | DAk l.ow to
hi gh concentrati ﬁe"ﬁﬁassy rﬁ{)%gir @g%@l Mgﬁyloccu(raggsa Mlegneasi ngly
hi gher t enpel®t upreparatiins are desmbedlg (¢33 PataNe. 4 'Hﬂﬁ‘?ﬁpwlnanisudtdesmmnn is

vi bration danpin | i I oNns c n_shi ot XI danping to
t he desired terrp@?%fgws‘ﬁﬁﬂg” é‘é‘y't!’ ﬁw "B“ fid T content
%dgg})gigggar Wﬁoﬁ%ﬂﬁﬁrﬂﬁmﬁ&!aﬁdwﬁcia@ﬁfuy't&m&mmﬂﬁﬁﬁ relative

PCT/ US96/ 05829 18nd'HJKende given iy Bulh ChemsSac, Japanl<(10), 8521(1268). Peefertede
sel ecting resin Qﬁ,‘?ﬁpqgﬁﬁgqﬂ}g ' : U@Ef’sigﬂ'ﬂ:ﬁt gﬁ&r
Iimtedtoasinég'?ﬂe I T Ca r su"ﬁdi%'gﬂ‘."F‘F Jﬂfg ne|C|a°P%§€° nploy a
conbi nati on b rmimdhememummwuummmwml red
danpi ng perfor m&&ﬁiple, isocyanatoethyl methacrylate, vinyl dimethyl azlactone, and acryloyl
ethyl carbonic anhydride.
Suitable endcapping agents for polydiorganosiloxane oligourea segmented

copolymers which would be terminated with amine groups were no end capping
| 20  agent present, with end groups which are reactive under moisture curing

conditions include but are not limited to isocyanatopropyl trimethoxysilane,
isocyanatopropyl triethoxysilane, isocyanatopropyl dimethoxy
(methylethylketoximino)silane, isocyanatopropy! diethoxy
(methylethylketoximino)silane, isbcymatopropyl monomethoxy

25  di(methylethylketoximino)silane, isocyanatopropyl monoethoxy
di(methylethylketoximino)silane, and isocyanatopropyl
tri(methylethylketoximino)silane. The diisocyanate which serves to form the
copolymer, hhy also serve as the moisture curable terminal portion of the
copolymer when the isocyanate groups provided by the diisocyanate exceed the

30  amine groups provided by the diamine. |



5 Silicate resins useful in the present invention include those
conposed of the follow ng structural units, M D, T, Q and conbi nati ons

t hereof. For exanple, MQ silicate resins, I\/QD silicate resins, and MJT
silicate resins that also may be referred to as copolyneric silicate resins
and_that preferably have a nunber average nol ecul ar wei ght of about 100 to
about 50, 000, WAR684028ef er abl y about 10 500 to about 10, 000 PERUSIONER| | v
have methyl substituents. Silicate resins ggclude both nonfunctional and
functional resins, the functional resins having one or nore functionalities
I ncludi ng, for exanple, silicon-bonded hydrogen, silicon-bonded al kenyl,
and silanol. M) sili c8usableendcappingagentp firpolydiorgasodifoxane elignseasegentedg
Rlerr]SidJerr] units. and,Sider uni ts uchres S ar scribed in, for.
exanpl e, 15 Enc;%?fﬂ%@ﬁ{}a %5 %Mﬁ?’@ 3?%’&?1"35 vol . 15, John
W ey & Sons, Nevendcupping@agélfi Nere Pseﬂﬁ!izhﬂ:ﬁ videenll/gio! uPﬁrh:chN&ren’anG 182,
U.S. Pat. No. 3,627,851, U S. Pat E 247, %E\B S JPat
5,248, 739, which maistyreuring eonditians “ﬁf“BSI gt B ?H'?Elle resins

havi ng functi gnalgg ‘%ﬁi’%ﬂ% %ﬂh .Eﬂ%pnﬁ;gl 4,774,310 that has
silyl hydride groups uﬂﬁﬁﬂgﬁl &gh‘% has vi nyl and
trifluoropropyl gnehyldimethoatysidgme, muinopmpyl methybiietixysilane aminoprapyl v hydr i de

Above dvscr bod 1 SRRt meltydpldo PR Mribopi il bl 1y o0

sol vent| ess, MQ Simethyletisylkctdmmino)sitane, aminopropyt monamethycri bed in U.S. Pat.

No. 5,319,040 U 5, 302,.685, and U. S P . No. 4,935,484, each
of which 25 N’?E%‘?’%'H“‘H "M[;Dschate resins
are terpol yne[os mé,],ﬁngj,ﬂﬁe]addm&p err] uni ts, and

Rlerr]Sierr] unrts uc as are taught in U Pat. No. 2, 736 721 whi ch
i s i ncorporat ed WWSWQWWPWB%%’:&% t er pol yners

are taught 1 U ?‘%‘%’8‘*&3"%@%% cfiymes et e cobyngs TuE 0 S
reference and 30 Mdhesecﬂ(n&aleﬂﬁaﬁd m:mcappmmaswmmem. include, for
resin in tol uene, SHTHE MRS RBhEDsRn st pr P L EOSE A s e
Di vi si on, Wt f caminopiépyl iietliyldiethioxpsilané)i ch are MQ silicate r esins in
MOR 323 1 s na. whi ch EMEigseF STamiic BoyarRss st D% BRSSP i Srisn ORI o' £: ou
Chemi cal Co. Ltd.areh6¥linifedo pbifoxyalklene diamine, such as D-230, D-400, D-2000,
D-4000, DU-700, ED-2001 and EDR-148, all available from Huntsman,
polyoxyalkylene triamine, such as T-3000 and T-5000 available from Huntsman,
20 polyalkylenes, such as Dytek A and Dytek EP, available from DuPont.
The above polyamines, polyisocyanates, and endcapping agents are used in
the appropriate stoichiometric nﬁos to obtain curable polydiorganosiloxane
oligourea segmented copolymers with the desired average degree of
polymerization.
25 The silicate resin plays an important role in detemnmng the physical
properties of the compositions of the present invention. For example, as silicate
resin content is increased from low to high concentration, the glassy to rubbery
transition occurs at increasingly higher temperatures. Thus, varying silicate resin
concentration in vibration damping applications can shift the area of maximum
30 damping to the desired temperature range. Of course, the M to Q ratio, D and T
content and molecular weight of the resins may significantly influence the relative



PC-403, hydride functional MQresin in toluene available from

Rhone- Poul enc, Latex and Specialty Polyners, Rock Hill, SC. Such resins are
generatty supplied T organi ¢ sol vent _and nay be enpl oyed in conpositions
of the present invention as received. However, these organic solutions of
silicate resin may also be dried 10 by any nunber of techniques known in
the art, sucWQ2/340@8ay dryi ng, oven dryi ng steam dryi ng, etRCT/SHEPI8AY | de a
silicate resin at about 100% nonvol atile d8ntent for use in conposi tions of
the present invention. Al so useful in conpositions of the present invention

are bl ends of t wae ' 'ﬁ,a%g "gg%qﬁ, . lndi | pr esent

I nvention prefera ?Qgg*;ﬁt[‘tgllh#g a Olfl"E tgﬂ{@@d@@%&ﬁﬁf@éﬂ\?@eg

pol ydi or ganosi | cooncentrationy cturthernsore; rone needl nod belimited to arsingte silicafeqesidas/it about

25 to 75 parts b iyghte . apst preferahbly. abgut. 30 to 70.parts by weight.

The conposi tion %’ﬁ%&ﬁfﬁ%ﬂ?@?’hﬁ“ﬂﬁ%ﬁ*@@&‘é‘“ﬁ@ SOAMPIRE-i ght silicate

resin, nore prefmﬁakiﬁoﬂmuﬁmmgmm,ghtz nost preferably

about 30 to 70 parts wei ght. The total Bgrts_ by wei ght of the 20 _

pol ydi or ganos! | oxane %WM%W@W yentign ing °8Wé°§9‘1‘9%£ﬂ%f resin

equal 100. Fur t hGé fulloWing i ki, 2, T! Qi coBiition Hi2Feok OFor Bimples ©
st ane crossli

optionally contain various free radi cal Tnitlators, K1 ng

agents, noi st ur eMQ silicateresins, MQD silicate resing, andi MQT silicatqmesipsthesalsooiay beer s t hat
are not reactive ' L 25  1sqcya r.oupns, and can al so be

bl ended into the@%giwm%?@%m%@ﬁﬁ?%mvﬁw%&l of the

ol i gourea has t adveragp moheeularweightrofdbou 100 t6 dboas 50,0005 Mb: BChboit
concentrations L{@m 0,1 tﬁ&ﬁﬂo i gh ercent. Misture_cure crasslinking
agents can adifi9doaboyt § H“ﬁfﬁ' ‘ﬁ‘}hy EW‘W%W“HW‘WWW"%M

moi Sture cure Caoth Wérifnchiil Bid MRl resid e Biricti ing RiVig bt 30
percent to noisture curable tackified BOlsiil{di (Iﬁrggﬂ%g“i&ggane o%gdﬁdgg

segment ed copol yiagtionalisies ingluding. foe ¢aa-bonded hydegen llizon-bonded
L e
i nvention. Sui ta&%ﬁ%ﬁ@sgﬁﬁﬁ&hﬁt&(immm&wsﬁr l¢,he fornul a
A ol Kyl a8y eiapaln of Pabmes Saigee apd Exineeig, Vi 15 16h Wiley &iSomga W | s
a nonoval ent hydNéy YoakE |($980), ppi265.290, £33 19S. Pat. No. 2,676,182, U.S. Pat. No. |
3,627,851, U.S. Pat. No. 3,772,247, and U.S. Pat. No. 5,248,739, which are
incorporated herein by reference. MQ silicate resins having functional groups are
described in U.S. Pat. No. 4,774,310 that has silyl hydride groups, U.S. Pat. No.
20 5,262,558 that has vinyl and trifluoropropyl groups, and U.S. Pat. No. 4,707,531
' that has silyl hydride and vinyl groups, each of which is incorporated herein by
reference. The above-described resins are generally prepared in solvent. Dried, or
solventless, MQ silicate resins can be prepared as described in U.S. Pat. No.
5,319,040, U.S. Pat. No. 5,302,685, and U.S. Pat. No. 4,935,484, each of which
25  areincorporated herein by reference. MQD silicate resins are terpolymers having
'38i0y2 units, SiOy units, and R’2Si0, units such as are taught in U.S. Pat. No.
2,736,721 which is incorporated herein by reference. MQT silicate resins are
terpolymers having R'3SiOy; units, SiO4; units and R’SiO;, units such as are
taught in U.S. Pat. No. 5,110,890 which is incorporated herein by reference and
30 Japanese Kokai HE 2-36234.




di al kyl ket oxi m no group, (for exanple, nethylethylketoxim no,

di net hyl ket oxi m no, or diethyl ket oxi m no), al koxy group (for exanple,
methoxy, ethoxy, or BUTOXY) al kenoxy group (for exanple, isopropenoxy),

acyl oxy group (for exanple, acetoxy), alkanmdo group (for exanple,

met hyl acet am do or 10 et hyl acet am do), acylam do group (for exanple,

pht hal i mi doanW@@$34088 | ane crosslinking agents falling wthi nl’ﬁ—'ﬂp@‘@&z%gory
are comrercially avail able, for exanple, fggom Silar Laboratories, Scotia,
NY. Particularly preferred silane crosslinking agents are

di al kyl ket oxi m nosi | anes because they exhibit good shelf- stability and do
not form del eterious Sommerially available silicate resingin H#S&%&(MQGMEWMM

met hyl tri (et hyl FEH
vinyl tri (et hyl es € X|$m“nlol';isi|i#lane ’bo{lﬁ o? W% H are com‘re ci aIIy

avail able from AMQGHr&uymlhchdeQ bilicate resing/in toldkhe, available from PER,, Incg s

avail abl e from Og_ ., Chem cal | , he di caII cur

pol ydi or ganosi | %ﬁ%g@@&@b&ﬂ@%&%%’?ﬁ% ‘bﬂga’gbﬁ he

i nvention cans dmiammlmdmsmﬁicmhmamd q*aﬁwé,cmuded or
poured, and rapi dl %tel Y. and rel i abl y radi_at.i gp@c red_to tackified
materials (even gpy’ﬂ g MQ gesin)in tolicoe syailab ﬂ? opePoBlent, o o m

visible or ultrayi gﬁ&;‘ﬁg WSS@er ngyg],edn as
oxygen-free an enV| ronmne ssible I'n an |ner at nosphere such

as nitrogen gas moruyuelmm anlowdmfmmm@mhemmmmwrl al

an i norting 11 ui 45 UOBReR FIOHRA the yatlc ion® B Al RRLFISTBefile 077

used for curiiog, wh@mwmmmmmmwmmmhumm@ng @lendniing, t i at or .

Sui tabl e photoinitiators include henzgin ether be and
derivatives ther drying, 5t Rﬂé?‘ icate resin at 3’83%’;9%/0 °°'atﬁ'8 fore

i ke. PhOt i Ni ti qeéin dofiy Bsﬂﬁtﬁfs%ﬂmpbaaﬁ mncmmuuﬁnlmpsﬁmgtakrom

about 0.1%to about 5% by weight ofthe total polynetizable conposition,
and, if curing mmtﬂmmmhmtsrofmpmmeuwrm the fluid is VO

96/ 34028 5829
22 preferably saturat 'ergecox{)%osﬂ?nsoﬁ]th?gl ni Hna r d .hablym nitiat O?g@f)‘g, ng
utilized in dﬁder%Otpanaby)weighmlydmﬂmﬂ@xme ulxgoureaasemne:ited)muohmes.umoreone'

of ery | ow | evelPectBably R 28 B 74 3afs by lrighb Soset BRfeEb i a0 1870 oafih 2%?56
t hi ck secti ons. Iﬁagmsmeehmﬁobﬁoﬁpmf@wlymmmnb 80 partsy wéiglt | nventi on
can also be C“re%wﬁrn?&',' orere t Iuggutzlgtoﬁpmsbywe:ght,mostprefenbly
about 30 to 70 parts by weight. The total parts by weight of the
20  polydiorganosiloxane polyurea segmented copolymer and the silicate resin equal
100.

Further, the compositions of the present invention may also optionally
contain various free radical initiators, silane crdsslinking agents, moisture cure
catalysts, fillers, and other property modifiers that are not reactive to the amine or

25 isocyanate groups and can also be blended into the compositions before, during,
or after formation of the oligourea has taken place. Free radical initiators can be
added in concentrations from 0.1 to 5.0 weight percent. Moisture cure
crosslinking agents can be added in concentrations up to about 40 weight percent
and moisture cure catalysts can be added in amounts up to about 10 weight

30 percent to moisture curable tackified polydiorganosiloxane oligourea segmented
copolymers to reduce the cure time.



use of thermal initiator such as peroxides, azo conmpounds, or persulfates
generally at a concentration of from about 1%to about 5% by weight of the
t ot-al—pot yneri zabl econposition. It 1s preferable that any thermal or
photo-initiator used be soluble in the silicone conpositions thensel ves,
requiring no use of 10 solvent. Exanples of suitable curing catal ysts for
moi'st ure curWPI96/34928 ydi or ganosi | oxane ol i giourea segnent ed CBMM

i ncl ude al kyl tin derivatives (e.g., dibdlyltindilaurate,

di butyltindi acetate, and di butyltindioctoate conmercially avail able as

AT ont own, PA),ana SPRSTbER i  GBasA R0l eite pliplctloe,
em

titani um acetyl emétcopolyimenaf thepresentcinventiom nSuimble silaner ci al | y

avai |l abl e from DuPont under the designatjon "TYZOR"). |In_general, however,
it is preferredctossligking agents generally-have the; AW esVhee R 8A ot require

the use of curi ?‘&i?d Qﬁiﬁlp f a1tk M,{;ely

af fecting the pﬁ&%@ki‘pﬁ opcér'}lﬁn S O(fwo ﬁg"\ﬁnhgirl’a?liw(l)érﬁda "ioﬁg

conposi ti on. $ Ot peoup); atisd,ykor2, aad:Wis aimonovalént hydrolyzable-group such as a

pol ydi or ganosi | ' r 1 ncl ude aci ds,

anhydri des, andawwmﬁéégtwmwgh I ncl ude but are
not limted to dinwskylicetdxbningCorfdietiiylieboxirgino), atkoxygrioap (foremample; methory,0acet i ¢
acid, cyanoaceti¢ acid, malonjc acid, pitroacetic acid, 25 . dichloroacetic
acid, difl uoroaﬂi‘m‘b of, butgxy), group FMH%HPP@B?“W AFYIRY EOHR ¢ |
anhydride, difl WW{,M&&X,Mo grobP oy bxampBR inethylhdetamiobpacet at e,

trimet hyl ammoni um trichl oroacetate, and m xtures thereof. Al so useful for

curing conpd8i t iethylacesamidn), scylamido group (for example, phthalimideamide)SilaRthponent r oom
tenperature fre aﬂr I ol LSLd feofniarbial %'I“ﬁ@r. ation

catal yst and an%'z.i&(’:ce @ﬁéﬁ%‘g%ﬁﬁgﬁ%&wﬁ%n cat alyes S ustg ul in this |
two conponent cexamnple,dronmSilan Llaboratgries, Scqtiny NYi Particalady preféryed Siléne4028

PCT/ US96/ 05829 23 roperoxi des.sych as di,benzoyl roxisde, tshutyl

hydr oper oxi de, &mg%&%%%ww%wn?ﬂ%%ﬁgﬁwﬁﬂg§oﬁq om
tenperature in sabiligmddohobfont deiRefichlyaproductsiipondire [Examples incRdponent  of
the curative _consists of the condepsation reaction p rimary or

odyct of,
secondary alPne W‘%@%M@?WM)MWWMW&W? e are
but yral dehyde- agpty diSviidhhrd tinihéttilh walffable from Allied-Signal, Inc. Morristown, NJ,

and alkoxysilanes available from OSi Chemicals, Lisle, IL.
The free radically curable polydiorganosiloxane oligourea segmented
copolymer compositions of the invention can, depending upon their viscosity, be
20 coated, extruded, or poured, and rapidly, completely, and reliably radiation cured
to tackified materials (even at high molecular weight) by exposure to electron
beam, visible or ultraviolet radiation. Curing is preferably carried out in as
oxygen-free an environment as possible, e.g., in an inert atmosphere such as
nitrogen gas or by utilizing a barrier of radiation-transparent material having low
25 oxygen permeability. Curing can also be carried out under an inerting fluid such
as water. When visible or ultraviolet radiation is used for curing, the silicone
compositions may also contain photoinitiator. Suitable photoinitiators include
benzoin ethers, benzophenone and derivatives thereof, acetophenone derivatives,
camphorquinone, and the like. Photoinitiator is generally used at a concentration
30 of from about 0.1% to about 5% by weight of the total polymerizable .
composition, and, if curing is carried out under an inerting fuid, the fluid is



but yl am ne condensation products sold by E.I. duPont de Nenours & Co. as
Accel erator 808[err] and Accel.erator 833[err]. This catalyst system may be
enpl oyed to prepare a two-part free radically Turable. or ganosi 'oxane

ol i gourea segnented copol ynmer where the curable copolyner is divided into
two, parts and to one part 10 is added the polynerization catalyst and to
t he ot her parWOid3#@ed t he accel erator. Upon mi xi ng this twWCHEHOMaNt
system cures at roomtenperature. Alternat32/ely, the polynerization

catal yst can be incorporated in the free radically curable

Boo! e ro s oub e ey AR R T R RRRL Pt g Rl R o °°" °°
or ganosi | oxane obrmwm&memamcbmmbﬂmmmwﬁabﬂmmﬁw on

catal yst contacts th prijred" subsira rface, cure proceeds imediately
at room t enper at GH&0 opthess matenia) F‘W"‘\"H’SFH "QEH"‘%\ $efviliar with

constructi one. SoIoRRRARY wmﬁmuc s M geiEh e o
fibersl, fc?[)l;(r)g Z@hcmmmwgpmsﬁﬂiiemmlgmabommwmgﬂbsmﬁmﬂv N
o 0° ! KEVLAR o r ok iy ufth 3 Bisieiaes hc’conipoginds. (nerilinnBf ity
ot per 100 par i o pol wdlorgante, | okai 6l o on s sqrent e pol yrer _and
E?Iritgaltogrrem npa M& 381 ga"bg'yu gH‘P@?%‘E*“‘@’BnZIuctors

25 such as al um Qged Be3bMBleTH ieisliEone YoriFbRtiHs MenisHia, rediFkE ho B3 of C! €S,

flame retardants, stabilizers, antioxidants, conpatibilizers, and the |ike
can be bl enddf |H?16ﬂtfhese systems in mounts of fromabout 1 to 50 volume

percent ofthe conposi B&m ummg% PforB'B Jré MGt On can be nede by
SO

a solution process, a I'ess proc a co I nat1 on ofthe

sol vent| ess and mbbdm@mbmbnmbbmaseﬁﬂmtembmmMSalkylm conposi tions

of the present inve red fr e, react| Ny, s of
pol yani nes, pol yi%% P@'&Fﬁf %r‘fﬁ M and dity IQ%‘;E%&
PCT/ US96/ 05829 Z%delymmes:me s'bmhm:cmbm&semdcmcds,

pol ydi or ganosi | oxane ourea_ se ed copol ynmers W th desired degrees of
pol yneri zat i §ﬁ Egh %ﬁﬂagﬁ@ tesde.g5 tetrpisobutyjarthatitangtes of ¢ hese

copol ynmers wi th Mtﬁﬁi&tﬁlﬁ&bﬂﬁdﬂdi&%ﬂcﬁﬁ&éﬁ&ﬁuﬂﬁﬂﬁhﬂwﬁﬂ?iﬂl@l@“e
ol i gourea segnented copolyner materials useful as pressure _sensitive

adhesi ves, vi br affognD upder therdesignation SFYZOR™ ) dn SPMQ‘ however, it is
preferred to select silane crosslinking agents that do not require the use of curing

catalysts to avoid reducing shelf-life and adversely affecting the physical properties
20  of the vibration damping composition. |
~ Other catalysts useful for moisture curable polydiorganosiloxane oligourea
segmented copolymers include acids, anhydrides, and lower alkyl ammonium salts
thereof which include but are not limited to those selected from the group
consisting of trichloroacetic acid, cyanoacetic acid, malonic acid, nitroacetic acid,
25  dichloroacetic acid, difluoroacetic acid, trichloroacetic anhydride, dichloroacetic
anhydride, difluoroacetic anhydride, triethylammonium trichloroacetate,
trimethylammonium trichloroacetate, and mixtures thereof.
Also useful for curing compositions of this invention are the well known
two component room temperature free radical curatives consisting of a
30 polymerization catalyst and an ncéelmtor. Common polymerization catalysts
useful in this two component curative include organic peroxides and




adhesives. Also in each process, initiators, cure catalysts and /or
crosslinking agents nay be optionally added at any tine during the process
t o enhance the cure rate of chemically curable forns of the invention
Generally these materials are not reactive until exposure to sone
predeterm ned set of conditions, that is, 10 radiation, heat, and/or

moi sture. Def¥M¥3408on the situation, any one of the three PRCHE¥ERBWyy phe
preferred. In the solvent process, the substantially nonreactive silicate
resin can be introduced before, during, or3after the pol yam nes,

pol yi socyanat es and endcappi ng agents have been introduced. Preferably the

silicate resin i : cl?x{.s enin&?pir'&fi H‘Elﬁirg}@ée ﬁlﬂfeﬂ a '
cur abl e pol ydi orgﬁ;)angm i oiegr?é 0 }dg{)ur a segﬁegﬁg’g‘gpﬁop ymar."Ifﬁe re%ction of
t he pol yani nes ahyilropsroiide) thatiareinotactive atarooindemprendturerin thechbsensobfiaant , or

m xtures of sol v%&r qﬁg%g%&om at rré),%gg@ri C | sture. %e solvents are
pref erably unreaCtll t Vé’mpﬁ@ : i %&M?f d endcappi ng
agents. The st ar tondgnsatisrereaction protiief offapriniinpoitsebondafy amife stidanaldeliydec mai n

conpletely mgcible in the solvents during and after the conpleti on of the
pol yneri zati oh. %BF‘!“QBI'E“&W% g“#%?ﬂ'&@“ﬁ?ﬁ!'&"éﬂ'ﬂ\!ﬁ“&ﬂ"@% der cohol s,

esters, aromatic : ' d it
tetrahydrofuran, to uen?aan %‘?gg%$§%§'g§%§?'%%qﬁg€ﬁ%%&c 'o‘?i de being
especi al | y usef ulAcceleratory 3087 snd Accelepaton8338¥. This catalyst aystenpimay beiemployedg nent ed
25 copol yners gl,'th | SO a%ﬁ%u ctional..end groups, it i s necessary to
?ﬂd thfa pol yani n“:mg i g %WWM ?mpﬂﬁﬁg"é?ﬁbﬁ:s of

€ pol yl socyana wheseRe turitile lyaiek WVided ihtd tivd ipaitSandad on e
reactions ca? be, cqndyuct e at,rqomF%ﬁr?t)er ture or up ,tg?he boiliggg poi nt.
of the reacti®n 8 M"’ eHZateR CRY en&oéhw g7 RATis added theaccelerator. b ent
30 tenperature Umﬁdﬂ:ﬂ%ﬁﬁlﬁl&ompaﬂﬁvﬂy%yleaﬁeﬁem at room t erature. presént

PCT/ US96/ 05829 25 I n the substant | ess process o
i nvention, the péltgmmntivelys thetpolymerizatiop satplystonn be incorporatedin theifreg radicallys, t he

optional free rag| |40 | « DL St Ur r | a he
silicate resin amj’ gbe@b%&%ﬁ ‘E’Q‘Qﬁ"@%‘%&&'ﬁ%‘&?é@%ﬁ?ﬁ’ ?F%‘gﬂ@& to
react to form t heanchetapphiedito alshbystratesach that whenahe/flecradisillysutableane ol i gour ea
segnent ed copgl yner ich ith the siljcate resin, ,and, opfignally, when
cured, for rrs?ghe"m?\i\éf']?mﬁ °%WW% PP&E‘“ containing polymérization catalyst
contacts the “primed” substrate surface, cure proceeds immediately at room :
temperature. Those of ordinary skill in the art are familiar with such cure systems

and could readily adapt them to various product constructions.
Suitable fillers include those such as fumed silica, carbon fibers, carbon
20  Dbiack, glass beads, glass bubbles, glass fibers, mineral fibers, clay particles, organic
fibers, e.g., nylon, polyimide, ¢.g., KEVLAR™, available from DuPont Co., and
the like, metal particles, and the like which can be added in amounts of from about
S to 50 parts per 100 parts of polydiorganosiloxane oligourea segmented polymer
and silicate resin. Other additives such as dyes, pigments, thermal conductors
25  such as alumina, boron nitride, aluminum nitride, nickel particles, flame retardants,
stabilizers, antioxidants, compatibilizers, and the like can be blended into these
systems in amounts of from about 1 to 50 volume percent of the composition.
The compositions of the invention can be made Iiyi solution process, a
solventless process or a combination of the solventless and the solution process.
30  Ineach process, the compositions of the present invention are prepared from the
reaction of mixtures of polyamines, polyisocyanates and endcapping agents in



I nvention. The macronol ecul ar size and architecture of the curable or cured
pol ydi or ganosi | oxane ol i gour ea, segnent ed copol yner can influence properties
10 such as shear streﬁ@?ﬁ‘_ﬁﬁﬁﬁTﬁ§"eIongatlon and tack. One skittegTmmthe
art can expect the optinmum pol ydi organosi | oxane ol i gourea segnent ed

copol ynmer for the conposition of the invention for a particular application
to be a functWoes402®ol yam ne architecture, polyisocyanate, RCKIUNGHOS83Y
agents, plasticizers, fillers and additivegq cure type, mxing rate,
tenperature, reactor throughput, reactor 15 configuration and size,
residence tine, residence tine distribution, and extent of cure. This
process permts '\MM@QMWMMMPMM&M%DMWM of the

pol ydi or ganosi | o rmmmi ¥\q Q@ IERSG t hus
enabling one to t dt‘%gh'gﬁlgm @l es of ’?ﬁm’%’ﬁﬁoﬁs"f i?:lii%mgfo ee' pr Bsent

i nvention to sui M%lletmmnoﬁﬂmupoMMMMswfmw bration
danpi ng materi al or ressure sensitive adhesi or as, hot

adhesi ves. \Wile® F‘sﬂﬂw&ﬁg"‘ﬂ?ﬁ‘@ % TF?"E’&HF é’ﬂ?’%‘?@ﬂ Fggssprocess

for making polsydiwmmuﬁwwmmmm%mﬁam erials
have advant ages, sone si tuatlons may occur where a conbination of the

sol vent and sol veqdmsws mpwsm wecmlyatwni lfor¢rosslipking ess

pol ydi or ganosi | o W ﬁm&%‘h EFQE::

conti nuous sol venﬁ ess ¥)ro SS su%rxﬁguent XE?S)EI n so ven?“evm&{;ﬁ t he
silicate resin smmfohmaﬂyimpblefomkofﬁblmmqnl &nmﬂythesehmmdme cal
Initiator, noisture_cute a and sil.ane .c c .onents. I n
all three process"@g',u&ﬁ"@ ?‘Bé*‘f{/m(fpmflﬂ %gﬁ‘f'?f'ﬁs"# osi tions
30 can be rdi fradigtionDheak)iaRd/0r Moktuse: Dégexd ﬁ@mﬂﬁrshmen,fﬁyowsf:ﬁomrpl ated
application and the coatin rre} hod to be used. For good coatability, the

conposi tions \REPEESSes may

PCT/ US96/ 05829 26 uti '1hﬁﬁ%h9nt$?&e§s“&ﬁ%&ﬁﬁﬁil%oﬁﬁh&t%e@ﬁ&t@réﬂn paty of
about 5 to about 10[ p0| se at processing tenperatures. For the |ower

vi scosities, convetredugedbeforeduring araftershie polyaminesspolyiscoyanatesanthg, spray
;ggtllen%boaggi ;gl) leﬂ‘ﬁ&i@hﬂgﬁs It ong&égﬂtMt r %@éﬁl\j/ hgbl sgi%ét%g&dﬁy&hand kni fe
coat ed. Any rlSactafter the sirecreactamtohive formetl iarcatablepolydiotganésilokane pligoured ne,
segmented copolymer. The reaction of the polyamines and polyisocyanates is
carried out in & dry solvent, or mixtures of solvents, protected from atmospheric
moisture. The solvents are preferably unreactive with the polyamines,
polyisocyanates and endcapping agents. The starting materials and final products
20  preferably remain completely miscible in the solvents during and after the
completion of the polymerization. Suitable solvents include polar liquids, such as
alcohols, esters, aromatic hydrocizbons. and chlorinated hydrocarbons, with
tetrahydrofuran, toluene and isopropyialcohoi and methylene chloride being
especially useful. In synthesizing polydiorganosiloxane oligourea segmented
25  copolymers with isocyanate-functional end groups, it is necessary to add the
polyamine to a solution of polyisocyanates so that the excess of the polyisocyanate
with respect to the polyamine is maintained.
These reactions can be conducted at room temperature or up to the boiling
point of the reaction solvent. The reaction is preferably carried out at ambient
30 temperature up to 50°C.



pol yi socyanat e, endcappi ng agent and the reaction product thereof is
suitable for use in the invention. The process is continuous using, for
exanpte—a pin mxer,~or—a single or TWn sciew extruder. Preferably, the
reactor is a w ped surface 10 counter-rotating or co-rotating twin screw
extruder. The tenperature in the reactor should be sufficient to pernmt the
chal n ext ensivwo96/3028t i on bet ween the pol yi socyanate, the pol PCRUSHSOSRRN]
endcappi ng agent to occur. The tenperaturegsshould also be sufficient to
permt conveying of the materials through the reactor, and any subsequent
processi ng equi pnent such 15 as, for exanple, feedbl ocks and dies. For
conveyi ng t he react edinthe substahtjally halventiesseprocess of the présentinventios, the: t he r ange
of about 20 to 25Q[ers]1C, nore preferably.in the r e of. abaut 40 fo0
To0ferr] C. Res: RavEn the TolyoRisSug, Bt shatspobe Rami B shioBi st bl 0,
seconds to 8 m nitiitators BPMoisareaiRE Adthlysts, andithe silitite Adsinpe Mided il Oredetdi Nut es.
20 The resjdence tinme depends on severalﬁgaraneters, I ncl udi ng, for

fei<arrpl e the | engf¥ the resctants ags allowed to ropct te form the substantially inear 4t o5, overal |
ow ates, regqct Pﬁgﬁmfﬁgﬁ Bﬁgﬁ’ﬁcge@*\ém doPolphle? whih it tRé Giliéaé S-  FOr

materials involv ndi ng of "a non-reactive conponent, the
reaction can easFdsin, antk opticnally; when cured, fomsghefackified dompgsition of the anet er units
ofa twin screw eﬁw%g.tr 25 When a wi ped surface reactor is used,

it preferably ha 1%t i vel y close cl earances between the screw flight

| ands and the barrel, Thé¢ inberofbleculst!size ahd rchitecture ofithe Qurlitslé vecured. 1 and 2 nm

The screws utilized are preferafly fully or, partially  iptermeshing or fully
wi ped in the zonBlyfiraposijoxans o mmmﬂw’ammm@&mmmes pl ace.

30 Cgoer gidhias sﬂé&?%gih[ MmB&ILE Slohglition Ahdtask! POhESKilledlin the'sR'caRCL i Ve

wi th one another can be m xed together before introduction into the reactor
to sinplify the expegysheeptimen golydiorganosiloxane oligourea segmented copolymer for the

PCT/ US96/ 05829 2 a&y# | X3 : ate with an
endcappi ng nonoi é@@%ﬁ%@ygﬁé op ﬁfﬁﬁ%ﬂg‘ﬁcu”?@%g?@ﬁg&g&%?’?am ne with
a cure cat al yst, polysmipe hnchitécture, polyisocyanate cendgapping agents, plastivizersafillers and
pol ydi or ganosi | oxape .di am ne wi,t.h an organi c pol yamne,. and optionally a
cure catal yst or'@ﬁﬁ%“&%ﬁm%mﬁg"%mwmw%m ®he rapid
reaction thalsoc eorfiguRibitesdsi|tesidence tithe| resiaanite time Wistribution, and extent of

cure. This process permits variations in the molecular weight and architecture of

the polydiorganosiloxane oligourea segmented copolymer over a wide range, thus

enabling one to tailor the properties of the compositions of the present invention

to suita variety of applications, such as for use as a vibration damping material or
20  apressure sensitive adhesive or as hot melt adhesives.

While the solvent process and the continuous solventless process for
making polydiorganosiloxane oligburea segmented copolymer materials have
advantages, some situations may occur where a combination of the solvent and
solventless processes is preferred. In this third process, polydiorganosiloxane

25  polyurea segmented copolymer is made by the continuous solventless process and
subsequently mixed in solvent with the silicate resin solution, and optional filler,
plasticizer free radical initiator, moisture cure catalyst, and silane crosslinking
components.

m all three processes, the viscosity of the resulting tackified compositions

30 canbe modified to obtain a viscosity appropriate for the contemplated application
and the coating method to be used. For good coatability, the compositions



the reactants are preferably fed into an extruder at unvarying rates,
particul arly when using higher nol ecul ar wei ght pol ydi organosi | oxane

diam nes, i.e., with morecurar weight of about 50,000 and hi gher. Such
feeding generally reduces 10 undesirable variability of the final

product. One nethod of insuring the continuous feeding of the very |ow flow
pol yi socyanatWwos@s@ppi ng agent, and/or cure catal yst stredPRI/VS96/H5§29
extruder is to allowthe feed line(s) to t26uch or very nearly touch the
passi ng threads ofthe screws. Another nethod utilizes a continuous spray

i njection device whicgh 15, [oducge continuoys, stream of fine droplets
of these materi a%%@%ﬁ@%@ygﬁévwm%ﬁbﬂﬁ§&%‘g léu?ﬂﬂ"zfé

pol yi socyanat e, pffeessmgabiperitives PRorile RURH Viscosifiel, eonvehtichalcdhidgihiétheds’ eant( s)
can be added into the reactor in a manner such as nentioned above before

the pol yani ne i f sudheas knif-easting, spray peating, and relbeoating ¢ny bemsed. Athigher i n a

conti nuous and UQAES ' ghmgpﬁ&m gﬁ?@ Lﬁﬁp YTt
downstreamin the resgiceg r. ern{gpﬁ\?@gﬂ B“g%%g(l:’f/ana g,aeq'soc;s/%nate
endcappi ng ag&nt andiknifexoatedir e catal yst strean(s) can al so be added after

t he pol yam ne has beeMntrodglﬁed I ntQ,t.he reactor. ... The sil.icate resin that

Is blended with the p &‘PB‘P@ B@Ipm#m%mdfﬂm’copol ynmer and

the optional fil pglyitocyahste, ehdskpping ajent irdahefeactionProdudt theretf i sifabledbm! yst s
and silane crosslinking agents, or other npterials that are essentially

non- reactive wi U intRe inymiion. oFhp-Rrocess i LORtDUBHS USnE, SR REPIRIRIB MDESRS| v rer |

can be added fur | h : hiddtel @l portion
of the reaction O?Qtﬁ‘hlequmam ne%sE Jg'ngr%o |'g)ec%§l{lse?s§i hgs taken pl ace.
Anot her sui t 3481 e counfercrotating ori¢a-foteting swingscriewiextruder. t he pol yanine first, the
silicate resin and th r : |V, J gl d the
pol yi socyanate(s) thi W%WQ‘@%@?@%@S@QF@@?@&@W‘% nuous
manner. |f the siektensidrereaction betoeen the polyisucynnaie, the piyaiifide] ditPéhdcapping

PCT/ US96/ 05829 28 in . the reactor, it c‘Sn Ee aﬁge i,nto the,reactor ;,i rst -
with the pol yam #8nt#Riosyr. Thesempsratuce shoyld slsp 10 paryut CONYEYINB O 5t 5ges

in the process i fheamtefil$hfough te redctor! ilang Qibistqudft proceising quipiméht ich
conveyi ng of each conponent. | n one enbodi nent, the conpositions ofthe

present inved®i omsfesexsmpls, feedblacks sndiliess For eenveying the seegted gratesielothea| s al one,
o oM AR ROy W R 36,0 S50 el e -
range of about 40 to 180°C. Residence time in the reactor preferably varies from
about 5 seconds to 8 minutes, more preferably from about 15 seconds to 3
minutes.
20 . The residence time depends on several parameters, including, for example
the length to diameter ratio of the reactor, mixing rates, overall flowrates,
reactants, and the need to blend in additional materials. For materials involving
minimal or no blending of a non-reactive component, the reaction can easily take
place in as little as 5:1 length to diameter units of a twin screw extruder.
25 When a wiped surface reactor is used, it preferably has relatively close
clearances between the screw flight lands and the barrel, with this value typically
lying between 0.1 and 2 mm. The screws utilized are preferably fully or partially
intermeshing or fully wiped in the zones where a substantial portion of the reaction
takes place.
30 Generally, chemical species that are substantially unreactive with one
another can be mixed together before introduction into the reactor to simplify the



Vi bration danping materials are nost efficiently used if they are

sandw ched between the structure/device to be danped and a relatively stiff
| ayer;—suth as thi n—sheer metal . This TorceS the viscoel astic material to
be defornmed in shear as the 10 panel vibrates, dissipating substantially
nore energy than when the material deforns in extension and conpression as
occurs in a fweesddeaser treatnent. Preferably, constrained-| aReErUS950S829
constructions consist of a lam nate of oneypr nore stiff layers and one or
nore |ayers of the vibration danping material. For danping applications, it
Is further desirable that the danping material, 15 generally terned a

vi scoel asti ¢ nat procass, Examples inclufiemixing applyiscopanatei with mthxipippglgcapabi lities

s substant 1 al |y Henaepnthen sl ooiobsyacard gl 8 FummRuth AR AR o

range; resi st ancpolyliming WithGa lehduapping MohGuiiine, & Polydia oﬁbﬁinemﬁamh

encountered during use of_ the danping material; ab to withstand | arge.
strains encounte%&@ﬂcmm%@mmﬁmq PRons; ease
of bonding togri q#egﬁgubstrat es; and handling characteristics that permt
easy attai nrrent 0 esired thi cknesses and shapes. -Constrai ned-1 ayer
constructions can be 'DBecanse efitheapidoesction that occurschetween amities andrisogyanatesss, a

| ayer ofthe vibr | i ner
by conventi onal @#%%W‘ﬁ@%? W@ggﬂwgﬁ%’ﬁﬁiﬁﬁom in
t?ef ?rL ‘l|<'he Iaygiheﬁﬁmﬁ@?ghéﬁlmcult af weighrpolydio rgﬁoﬁldxﬁedmhmnstﬁméeld to a
sti acki ng an e 0 0 g,.a co rai ned- | ayer
constructi on. "tqi?q‘ﬁ@ ﬁw#ﬁﬂﬁé&ﬁﬁs ﬁg Fﬂﬁﬂﬁq‘bymabl e, it
can take pl aqo afuhd%sxrﬁﬂle#ﬁuﬁin{ys& theRraPprodictaf ter it is transferred to the
stiff backing. In another process, a layer of 30 vi brati on danpi ng

material i's coated di Onemethodefinsuringthe continuausferding of theneny lowflew sol ut i on

coating or hot melohiaahidCeaGbRik IHER, dRH Burk athi stbdmR Gn SRHIRP R Y

WD 96/ 34028
PCT/ US96/ 05829 23llow thedeed line(s)Mouds«veﬂnaﬂpmhﬂiemmdgahudmﬂm ruction

Is then affixed to the,structuy i rin I n The ruction may be
attached in any mérAﬂ?'b B" gig“t "g %ﬁ!“?ﬁ“?'h ‘@"g‘nly flxed
to the vibratisng psdduuatwmmu@shwd»ma}@mSftﬁﬁb%t@mslu&bmefﬁ%r i.e.
free of nechanical attachnmepnt. When the 5 structure subsequent|y vibrates

under the influence offhejow flove materipls such ag polyispeyanate, isasyanate-endeapping: e
vibration is danpggy and/or cure catalyst stream(s) can be added into the reactor in a manner

such as mentioned above before the polyamine if the reactor is capable of
conveying this stream in a continuous and unvarying manner. The polyamine can
20  then be added downstream in the reactor. Alternatively, the polyisocyanate,
isocyanate endcapping agent, and/or cure catalyst stream(s) can also be added
after the polyamine has been intréduced into the reactor.
The silicate resin that is blended with the polydiorganosiloxane oligouru'
segmented copolymer and the optional fillers, free radical initiators, moisture cure
25 catalysts and silane crosslinking agents, or other materials that are essentially non-
 reactive with the polydiorganosiloxane oligourea segmented copolymer, can be
added further downstream in the reactor after a substantial portion of the reaction
of the polyamine(s) and polyisocyanate(s) has taken place. Another suitable order
of addition is addition of the polyamine first, the silicate resin and the other non-
30 reactive materials second, and the polyisocyanate(s) third, with the
polyisocyanate(s) fed in a continuous manner. If the silicate resin can be'conveyed




Anot her application of the vibration danping materials of the present
Invention is in a bi-directional danping unit such as described in N elsen,
E.3. et al, "Viscoel asti© Danper Overvi ew For Seisnmc and W nd
Applications,"™ Structural 10 Engineering Association of California, Tahoe
A ynpi ad, Cctober, 1994. Bi- directional danping is the transference of
subsoni ¢ osciwoedisass of a structure, such as a building, i RCEUSHOSEHar
deformation of a viscoelastic material foR28the.purpose of danping the
oscillations of the structure. In this application, materials which have

maxi mum vi brati op danpi ng,capabiljty pr.eferably haye shear .stor,age noduli,
15 G, between HBB%F‘@P%M‘H‘FSFP‘}*@&“&H‘W%’[‘@P th?—‘%ﬁym'emﬂr ef erably
3.5x10[err] Pa t pot isdoyAkik Efolibwing segiiPitdly B I1ReritEEb i the Probods of dnly drder tisat

6.9x10[err] Pa al the“use tenperature,” and have a tan [err] as high as
possi bl e over t hprayides contipuusand unvaning qoBvRYINGOf eacl¢QEIPONEIE material s al so

preferably have an el | ARAIAE | H%ﬂin enfoh beOr a shear

strain capability of %%te‘g‘mg@?&é@ Wn?hft!rl]ﬁ? el rgﬁfse rnan e of 20

tenperature afd utikedanvibrativihdampitig-matetialsalone) thitisyfreedayentrestimant, Oein

pressure-sensitive,or ,hot,pelLadhesi ve properties. Lal can

usual Iy be adher@ﬁmwa“éﬂ‘g‘af"ﬂ gr"wm&fﬁ@%pWi onal

bondi ng agent .  He#sfdn darpigmatéHR drébst eicitntlplised ifthescate sandWiched ayer, for

exanple, 20-50 [err]min thickness, of a high strength adhesive, such 25

as, for exanple, mwlﬁm@,“&ﬂéﬁgﬂ@%ﬂﬁm‘?gw&“ ¥tne

adhesive, al| Of il fmBraf " Fhiy'folces (3 VMIpdiRniE BRRAAITS bl bEtBrrhdd ih Beafdsithe L O Dond
o]

the vibration danpi hg conposition e rnvention to a structure. For nost
appl i cat i ons 10t hpasehyibratesf dissipating substantiallyrmoes ¢nefgyithan whenithemateial of at

| east 0.01 nm up gt o about, 100 nor e . fer ‘B:Mzﬂmﬂm The 30
vi scoel asti ¢ mat (9 °§PSPM°%§@?@8"§§8@§XP%8¢'QH%‘Q?°%| ques known in the
art such VO 9PretéBlP, constrained-layer constructions consist of a laminate of one or more

PCT/ US96/ 05829 30 .as by spraying, dipping, knife, or, curtain coating, or
mol di ng, |ami nat i%ﬁ!‘%ﬂgﬁmﬁmﬁﬂﬁ%&?ﬂﬁ."{S"ﬁ@mﬂﬂ_ﬁ‘PP'BﬁEﬁt ve, a stiff
llayer is an essential Fﬂﬁumﬁg 4pplicatibas, il R futtRer Yesinable it L dathipifiginnerial,

constructions of the {)resent I nvention. A suitable nmaterial, for a,5 stiff

| ayer pref er d&bl wenesallysexmediarvissaelastic materinle have thefollewing propesties damping
Stiffness of ¢ he LBEFa i ipiberaisbes OF, o S0°ChidUBORG Ainfig PRRGIRS | NC
stiffness ofthe shatiifsubstgmtially mndependentiof tpmperature over the useful temperature range;
resistance to degradation from heat, and water that may be encountered during
use of the damping material; ability to withstand large strains encountered in
20  seismic and wind sway damping situations; ease of bonding to rigid substrates; and
handling characteristics that permit easy attainment of desired thicknesses and
shapes.
Constrained-layer constructions can be prepared by several processes. In
the one process, a layer of the vibration damping material is coated onto a release
25 liner by conventional solution coating or hot melt coating techniques known in the
art. The layer of resulting viscoelastic material is transferred to a stiff backing and
adhered thereto, thereby providing a constrained-layer construction. If curing of
the vibration damping material is desirable, it can take place after it s first coated
or after it is transferred to the stiff backing. In another process, a layer of
30 vibration damping material is coated directly onto a stiff backing by conventional
solution coating or hot melt coating techniques known in the art and optionally




adjusting the thickness ofthis layer, for exanple from about 25 mcroneters
to 5 centineters, depending on the nodulus ofthe stiff |ayer. Exanples of
suitapte 10 materTals rnclude nétals such as iron, steel, nickel,

al umi num chrom um cobalt, and copper, and alloys thereof and stiff

pol ynmeric materials such as pol ystyrene; polyester; polyvinyl chloride;

pol yur et hanewoe402sr bonat e; pol yi mi de; and pol yepoxi de; fi RETAISHHIBIS ced
pl astics such as glass fiber-reinforced, geramc fiber- reinforced, and

nmetal fiber-reinforced polyester; glasses; and ceram cs. 15 The
vi bration danpi ng conp05|t|ons of the present invention are useful in a
vari ety of appl icotedi dm 'FWWM%IMW@MM range

of tenperature “i'h dxﬁﬂ@l qm; m ni mum
and/ or maxi num ?fs&gu us yeq@re#eré)s, over a spe |? ﬁg régnge o]

t enper at ur es, alm&dthanhsédmuumhglmmbﬂyﬁxdamthmbthMMWlw on of
maxi mum danpi ng, th? s! thf. ﬁﬂ g o? Wl .k‘ W&ﬁar IS near a
maxi mum occurs [ E‘aw@&‘i@ Q&t"&%g and
frequency ramge. strtueatesdbitguidily vibipites ndecthe inflaénceof & inférmallp or extempsilyi fi C

application requires understanding the effect the polydiorganosiloxane
ol i gourea segne W‘Wﬂ@ at e resin, opti onaI free radi cal

initiator, noisture i aéﬁ%“'ﬁ‘“ | filler,
25 and concentratlon gt edc avoeﬁi')én rrpl ng k|5‘grfor mance. Cura |l e
pressure-sensit mmndlhssntbedmaml damping unitrsuchiasdescribed indNiclsen EJ; £tal,

formul ati on used..Ca r heet

mat eri al s t hat \9"’("% tl#e" W&"ggﬁ%'@g lF?"ble&ﬂ%gsh?@Héﬁ"@el S,
pressure- sexi tlin@n mmtmmmwemm anbdhmw(m-rrar Ki ng

I ndi ces, pressure- sensiti vepggégl v I,.0cl udi for exa

f oam core or fom 2 é\‘E‘P{“PS’é"' iAps.e PUFfs tapes,
pressure-sensi tiyq uiliny, ﬂdhﬁéhmefomm&ﬁlmﬁucmumalforme

PCT/ US96/ 05829 31 ressure sensitive adhesive nedi cal tapes an artlcl es,

i ncl udi ng for exefidsmpingthepscillations of the structure; Jreﬂs'm %Wﬂ
b casur o songi ¢ | e BfeiRint Ao 3G bt Cablbfhy frofitiy B8 s %ﬂ*ﬁf#
sensi tive adbfesi Gebétweemsdbouk6 9xit® Roto Msxw'&munmgpre&ubbeth Raitong ) or
Sheets | nol Ude. pLuBD” Bt Beeferabiy S D B3 10, € Bt B3 3t i igmptipie 304 '
pol ypropyl ene anghvie@hkanB &W)High @ possible over the use temperature and frequency range.
The materials also preferably have an elongation in tension of at least 100 percent
or a shear strain capability of at least 100 percent within their use range of
20 temperature and frequency.
When the vibration damping material has pressure-sensitive or hot melt
adhesive properties, the material can usually be adhered to a stiff layer without the
~ useofan additional bonding agent. However,' it is sometimes necessary to use a
thin layer, for example, 20-50 ytm in thickness, of a high strength adhesive, such
25  as, for example, an acrylic adhesive, an epoxy adhesive, or a silicone adhesive, all
of which are well-known to those skilled in the art, to bond the vibration damping
composition of the invention to a structure.
For most applications, the layer of viscoelastic material has a thickness of
at least 0.01 mm up to about 100 mm, more preferably 0.05 to 100 mm. The
30 viscoelastic material can be applied by any of the techniques known in the art such



pol yet hyl ene terephthal ate, polycarbonate, polyvinyl chloride,

pol yt etraf | uor oet hyl ene, polyimde, such as DuPont's KAPTON err], cellul ose
10~ acetate, and ethyl celTulose. Backings can al SO be of woven tabric
formed of threads of synthetic or natural materials such as cotton, nylon,
or rayon, such as those used in DUAL LOCK[ err] Recl osabl e Fasteners and
SCOTCHVATE[ er WO P&¥RA28and Loop Recl osabl e Fasteners, or gl ass RSI/USSHSE:
material, or they can be nonwoven fabric s#h as air-laid webs of natural
or synthetic fibers or blends of 15 these. In addition, suitable backings
can be fornmed of netal . wetalllzed.nol r.ic fdil a ligc, .si.licone

ur et hane, pol yet hﬁ@?“%'&%?ﬂbﬁiﬂgﬁ&%ﬁ%%%%%%@‘%ﬁ% and
filled and unfill efletAdigd materials, or ceramic sheet material. Primers
and tie layers can be utilized but they_ are not always necessary. In the
case of pressure-sensiNmmmémwmmygmwmi ed 20
by first making avisdidndaimping EnstrilRtiodd bfthe prEH: inveitioh. |APMMAbIE mateRR) fob's aDI e

pressure-sensitive adhesive material coated evenly on a backing and which

may be subsequént S{fF iayercquefarsbly havie stifforssof atderst about tOMtimesthe giffness ic¢.od Wit h
aliner, rolled u ' el _Lhe | de. of | S, se
coated, or appli e%ﬁ@ﬁ%%%&edﬁwwﬁmwmﬁ%%er
tape can be nade bying measung ih Btemsiona The desined stiffrfesscof thecdtifftiayer Iswariéd byer s bot h
of which are coateq with a. rel ease,.coati and ,sybsequent, y, cured as
‘needed: The rel ea§gi"f‘¥“ﬁé§'% 'éﬁ"&ﬁﬁg‘ry% m@aﬁ%@i%‘was such
as a polyol efin Okeritinitedry, Yepentling 07 the HoduhBBF Hlid'stifflaye Exahipfes bPhuitable

radi ation. Preferably, each release liner is first coated with a rel ease

material’ for tfle @atdsiglsdnaiydemegalssuctas iron; steel; nickeb alyaninum, whromiam, cob@lt,i n t he
I nventi on. WO : : . : .

bOT] US06/ 05820 50 M EOHBEE and alloys ghereof and sif palymeric materials pych as polysyrene,
al so be coat ed ontpolyestet; polyvinyh chiofide; polyurethane; palycartionate; palyimidey sidease | i ner
having a first release cpaking. Q ide of the Lliner an second

rel ease coating CS&G&;‘”‘E‘%’ M—%ﬁ@gﬁ?@%ﬁgﬁ aﬁﬁ@“ﬁ?ﬁ%’%‘tﬁﬁ%’%‘%@’ as
needed. The two r etinforoed undnetu) Sba«reinforced ipplyesisroglasses; hfidcerahics. el ease

val ues. For exanple, o rel ease cqQating ngy have a rel,ease val ue aof, 5
grams/ cm (1.3 5 gr amd Db YIIGRR GapRng camshostioes of Eapsresest EYePHion g WedIdR | ol 1
cmw de fromthe ‘i%ﬁétﬁ‘_@nﬁﬂl&d%niaﬁcﬁm eff8ive AemPingbverd biGad rangedF €ase

val ue of 15 grams/cm The Curable pressure-sensitive adhesive materjial is
typically temperature and frequency, with the additional requirement that minimum and/or

maximum modulus requirements, over a specified range of temperatures, also be

satisfied. It is often desirable that the region of maximum damping, that is, the
20  point at which the loss factor is near a makimum, occurs in the center of the

desired damping temperature and frequency range. Designing the optimum

damping material for a specific application requires understanding the effect the

polydiorganosiloxane oligourea segmented copolymer, the silicate resin, optional

free radical initiator, moisture cure catalyst, silane crosslinking agent, and filler,
25  and concentration of each have on damping performance.

Curable pressure-sensitive adhesives of the invention, depéndem on
specific formulation used, can be used to make pressure-sensitive adhesive sheet
materials that may take the form of pressure-sensitive adhesive labels, pressure-
sensitive adhesive signs, pressure-sensitive adhesive mMg indices, pressure-

30  sensitive adhesive tapes, including for example, foam-core or foam-backed tapes,
pressure-sensitive adhesive transfer tapes, pressure-sensitive spray adhesives,



coated over the release liner coating having the higher rel ease val ue and
10 subsequently cured as needed. The resulting tape can be wound into a
rott 7 AS tThe tape i § unwound, the curable or cured pressure-sensitive
adhesi ve adheres to the release coating with the higher rel ease value After
the tape is applied to a substrate and subsequently cured as_needed he
rel ease |i neWQ@%B4088 r enoved to expose a curable or cured adtfy face
for further use and which may be 15 subsHquent |y cured as needed. The
curabl e pressure-sensitive adhesive coating may be cured at any point in

the process after it is coated. .Useful .rele hJie Jas se that
are suitabl e for PIRSEIFGAEASIIYE 8ﬁ%mﬁéi%gpﬁ%€ﬂ%§#@%7%§lﬁ{l@§g#esshé g’- sensitive
adhesi ves. Usef ukrahéiefiidl Gnigi delivery dévises,or phasiuréegensitinpadhiesivocmtingsaditetlycr i bed
in, for exanple, European Patent Publication 20 378,420, U S. Pat No.

4,889, 753, and E@ntasiesiedarticles: publication No. 311,262. Commercially

avai |l abl e rel ease coa%’&gmgm b i *h@& ?%qmﬁx i ﬂie;;gﬁmry%
fluorosilicone rel ease coatli ng, %é‘g?flg% e from Dovbily r'ni%.g rp.., Mdland,
M X-70-029HS f Isensitive adhiesive by well kuavn kot meltcgating, salvent caating, nlamination; s
Silicones of Anerica, Togtl. - §@§EEF§|@ '}‘““ﬁ ﬁ:e&tk inhhez ONE
rel ease liner frms' é&g%&bﬁ%rﬁ’ﬁ onal, ((a'é:l or égar “ﬁmg%%&t he
like. The hot nelgnd plasticsfiling suchrup polyolefimssuch as polypropylensiand polyethylene, ar e
useful in a variety of applicatjons that require d.adhesion to different
substrates, incl R Y‘M@»M%M‘%W%ad t enper at ur e
range, mnim Zed doRdesiBerhiiei, poifintile, Yuch B3 ©XiPBAcs RAPTONDH ellulogesf ul i n
el ectronic industry to assenble eléctrical 30 conmponent s, w re tacking,

Wi re terni nallOboragitats, andreshyl celiuloae, Baskings pan alsgrhe of wpven fabrig formed ofyp| ¢

fixation of defl ' : : h
POTT USS6/ 5826 3 3ieads bcfp‘i““é‘n“&“?‘%ﬁl Je‘%%ﬁ%?%{%&’ O O O Ty, S 84 e
present i nventi oRhsRYiskFinIASAL L.OCKTY vatbablt FageAcs asd SCORCHMATETect a

change i n dynam c_nechani cal performance, to increase ther Iﬁgondu tivity,

or to reduce the HeopkandioopReelomblsiasternss, opglass or ceramiq fateg Y it i on
[Tt the scope. diPrRgeribrc ek 6 illdrers bR or YRAicTRENY bientl 671 T e
are by wei ghtlSunl|tbess. &n dditionssuitablel backings canel formedaf metal, mesallized £t ed
are nunber aver agﬁm,%%?l. |£on&euir3mnsé, ﬁﬁy&y’f&t,'polypropylene, neoprene rubber, and -
| the like, and filled and unfilled foamed materials, or ceramic sheet material.
Primers and tie layers can be utilized but they are not always necessary.
In the case of pressure-sensitive tapes, these materials are typically applied
20 by first making a tape construction which comprises a layer of the curable
pressure-sensitive adhesive material coated evenly on a backing and which may be
subsequently cured as needed. The adhesive can then be covered with a liner,
rolled upon itself wherein the backside of the tape is release coated, or applied
directly to a desired surface.
25 A transfer tape can be made by coating the curable composition between
two liners both of which are coated with a release coating and subsequently cured
as needed. The release liners often comprise a clear polymeric material such as 2
polyolefin or a polyester that is transparent to ultraviolet radiation. Preferably,
each release liner is first coated with a release material for the curable pressure-
30 sensitive adhesive utilized in the invention.




Preparation of Pol ydi met hyl sil oxane Di am nes 10 Mul tiple lots of
sone of the diam nes were synthesized for various exanples. The actual
nunber average nol ecutar weignt of the differentC Tots are determ ned by the
following acid titration. Sufficient polydinethylsiloxane diamne to yield
about 1 mlliequivalent of amne is dissolved in 50/50

t et r ahydr of urvemgésaegsr opyl al cohol to forma 10% sol uti on. TRCI/SEAes8I%N i S
titrated 15 wth 1. 0N hydrochloric acid 3 th bronophenyl blue as an

i ndicator to determ ne nurrber aver age nol ecul ar wei ght. The nol ecul ar

wei ghts are dependent,l,i)I rati o, oft he react.ants used in the

di ami ne synt hesi s and {fRE™ ? 'B?c@,’?m’ the inysntion LORLE mai ni ng
cyclics are dilu i&a&iﬁh@ﬁhﬂ%ﬁﬁﬁr&m is, b reélcis€hheF Ravirig i fivst réfRhse toatitig

pol ydi et hyl si | oxane di am ne, Pol ydi et hyl si | oxane Diami ne A A m xture

of 4.32 parts bi wmmﬂqgahewn@;mmomzﬁmmoammvmts

oct anet hyl cycl ot ﬂﬂﬂqhgn Elﬁlgﬂﬂ; ged wth
nitrogen for 20 mﬁi e%i&i'ikﬁe mx#ure vvam? en heat g |‘gn8 e reactor to
150C. Cat al ysS8, mwmmmaapbemmmmmmm and 25
heati ng conti nue hout s the | S(.3-a o et ranet hyl '
di si | oxane had bé’éi‘f’ Sgwﬁ'“#ﬁ %P@F@?Mﬁé 80?
neutralized with lmmmemmmmmhmﬁng&mrﬂmm ani ne,
and heat ed under h vacuumto renmove cyclic, siloxanes qQuver a period of at

| east five hours° M@.mmemwm materidd istypictlly 1| tered
to renbve any ce n?éige r@jged with 0. 1IN
hydr ochl ori ¢ aci ?béigagg?er m ne nunber g %8' Vaie'ei

PCT/ US96/ 05829 34ubsequently cured ssnerded. \Ehie gésulting tape canl beowound intoiagbll.sAsier e Lot
L) 2280 209, LOL S gk Ui, e T O BB A gt et
Pol ydi met hyl si | oxhéfeleakedtatirig witlothe highertelbfse/valie.SAfter the tape is applied to 2
o ke SR Al i ey
Pol ydi met hyl si | 0xgpéseld carib mrmm&vzwwrmﬁmmm glﬁbam ne C A
m xture of 21.75 parts Pol ydi net hyl si | oxane Di am ne A and 78.2 rts
subsequently cured as needed. The curable pressure-sensitive adhesive coa
may be cured at any point in the process after it is coated.

Useful release liners include those that are suitable for use with silicone
adhesives and organic pressure-sensitive adhesives. Useful release liner release
coating compositions are described in, for example, European Patent Publication

20 378,420, U.S. Pat No. 4,889,753, and European Patent Publication No. 311,262.
Commercially available release coating compositions include SYL-OFF™ Q2-
7785 fluorosilicone release coating, available from Dow Coming Corp., Midland,
MI; X-70-029HS fluorosilicone release coating, available from Shin-Etsu Silicones
of America, Torrance, CA; S TAKE-OFF™ 2402 fluorosilicone reiease liner from
25 Release International, Bedford Park, IL, and the like.

The hot melt ahdesive compositions of the present invention are usefulin a
variety of applications that require good adhesion to different substrates, including
low surface energy materials, broad temperature range, minimized influence from
humidity. They are particularly useful in electronic industry to assemble electrical

30 components, wire tacking, wire terminal bonding, insulations, potting, and sealing,
for example, fixation of deflection yoke.



10 oct anet hyl cycl otetrasi | oxane was placed in a batch reactor, purged
with nitrogen for 20 m nutes and then heated in the reactor to 150C
Cat-atysts 100 ppm of—509% atueous TESTum hydroxi de, was added and heating
continued for 3 hours until equilibriumconcentration of cyclic siloxanes
was observed by gas chromat ography. The reaction m xture was cooled to
90Terr] C, nWwa9esHe2Bed with 15 excess acetic acid in the prHRRMP2Y e
triethylam ne, and heated under high vacggmto renove cyclic sil oxanes over
a period of at least 5 hours. The material was cool ed to anbient

tenperature, filtered, and tltrated with O 1N hydrochl oric, acid to
det ermi ne nunber aveThapptional@lien employed imeomppsitionsnfahe prasen

Pol ydi et hyl si | @h‘gﬁm ane

Di am ne D Pol ydpﬁﬁy&%nﬁ’e& am ﬁﬁ”\?\‘ggﬂﬁéggar gglui’ escr |%hg

Pol ydi met hyl si | performandieatul ineredse cheemalicofiductidityp or tosredime yhi cost ¢fithe | | oxane

Di am ne A and 87.57 parts octamethylcyclotetrasiloxane were used. Three

| ot s of Pol ydi nﬁ?‘ﬂ?‘f’&@oxane Di amine D were prepared. The nol ecul ar wei ghts

were Lot 25 §: 35, 70%}5:@&«\231\'&&05%%#@&@ thé £8llAving examples

Pol ydi net hyl si | _oxane D am ne E Pol ydi net hyI si | oxane d| am ne FErepar ed as
descri bed for |mmﬂmmt!h°z§ﬂ¢n%’ thedsvention. ; Jn.th WE&

Pol ydi net hyl si I %?pﬁ l[i 39&9 “gb%"? ;ﬁ% c hﬁe@ﬁlﬁﬁs' I oxane
were used. The ecul Wﬁg &é maaqﬁy Sl %ﬁ&e mami ne

58, 700. WO 9veighGiSported arenumberaveragemolemlarwenghtsmg/
PCT/ US96/ 05829 35 Pol ydi phenyl di net hyl si | oxane Di am ne F To a 3-necked

o 1 heati ng bat h. ¢ her i FepaFRaoR AT Faydiédisiciape Qi@?%“%%iS 751 parts
oct anet hyl c8l ot et r aMultiplelots, ofzqmqgfqbadwms were synthesized for various
LY i 436 lecy e st i mpca g i oL
150C and degass déterisied byeehp following aeiihitmibi oSufﬁﬂe:mpolydnheﬂlyﬁlomer estoring
PLath o {1 00 SRR Finh, Pl dEaberamheif SR O 0/t on
tlflo[eteL H gm ﬁg R rt}?ﬂyérb%ﬁ%ﬁom%%l iofoRi 8i10% solutioh € This Wolatiord titrased 2 Nl
15 with 1.0N hydrochloric acid with bromophenyl blue as an indicator to determine
number average molecular weight. The molecular weights are dependent on the
exact ratio of the reactants used in the diamine synthesis and the extent of
stripping cyclic siloxanes. Remaining cyclics are diluents which increase the
titrated molecular weight of polydimethylsiloxane diamine.
20  Polydimethylsiloxane Diamine A .
A mixture of 4.32 parts bis(3-aminopropyl}tetramethyl disiloxane and
95.68 parts octamethylcyclotetrasiloxane was placed in a batch reactor and purged
with nitrogen for 20 minutes. The mixture was then heated in the reactor to
150°C. Catalyst, 100 ppm of 50% aqueous cesium hydroxide, was added and
25  heating continued for 6 hours until the bis(3-aminopropyl)tetramethy! disiloxane
had been consumed. The reaction mixture was cooled to 90°C, neutralized with
excess acetic acid in the presence of some triethylamine, and heated under high
vacuum to remove cyclic siloxanes over a period of at least five hours. The
material was cooled to ambient temperature, filtered to remove any cesium acetate
30  which had formed, and titrated with 0.IN hydrochloric acid to determine number



0.38 nL acetic acid were added. Wth good agitation flask was placed under
a vacuumof 100 N nferr] (100 Pa), heated to 150C, and nmi ntai ned at
150[err]C for 5 hours™to renpbve volatile materials. After 5 hours—thear was
renmoved and contents cooled to anbient tenperature. The nol ecul ar wei ght of
15 _ Pol ydi phenyl di net hyl si | oxane Di am ne F was 9620. Pol ydi net hyl si | oxane
A i gour ea Segmwosesdo2€opol yner A Pol ydi net hyl si |l oxane D am nePOY/uEss105429

nol ecul ar wei ght 35, 700, was added to the f34rst zone of an 18 mm
co-rotating twin screw extruder having a 40:1 length : di aneter ratio
(availabl e from Lei strltz Corporation, Allendale, N.J at a 20_ rate of
7.93 g/ min (0.0002vetagednal mezsﬁ'a Mywmmrletéfswasdw%s by
wei ght net hyl enedikgyg! ohexyl ene- 4, 4' - di i socyanate, 16.3 parts by wei ght

| socyanat oet hyl rre't hacryl ate and 56. 2 parts by wei ght DAROCCUR err] 1173, a

photoinitiator av bl e, f,r.om Ci yCorp, was fed into the sixth zone
at a rate of 0.18 vaI ents isocyanate/mn). The feed
line of this 25  strcBolyd diamioe was proparedasslesaribed foreads. The

i et e e e e
SO oG sone 3 B e e bne o T0C sone 7 -
80[err]C; zone 8 w"ﬂ%@@“&&ﬁ“@”ﬂ?ﬁ °§?ﬂ'["§r59}"é' %F:ﬂ@z extrudate was
cooled in air. WO 96/ 34028

PCT/ US96/ 05829 Po\PolydimeshylsilixconeDipmisetane O i gour ea Segrrent ed Copol yner B
To a 3-necked round botrmiituré 6F24.75 gartyPélpdifnethyisifoxanicDiamirie 0 it 7825 paplseSSUT €

equal i zing addition funnel, and_nechani cal stirrer was added 100. 3 parts
Pol ydi net hyl dRBheﬁw@ﬂh&mewp mawﬁhwmws@mnmsm -

addition 5 funngd ggﬁﬁ Pactor fol1 508¢:
met hyl enedi cycl ohex i ene- Il soc@@ﬁ%t e, l'1§,(2)8 partégml?socy oet hyl
met hacryl at e, ands%ﬂummhme wasiadded sndhsating continued fwﬂzllmllrdr opwi se
to the stirred re [ The fl ask
contents stirred g(rﬂ;tha '$| ong?n%ﬁﬁng?gf{%ﬁ) s&lﬁ&n@?&k’{%@a@ﬁ%n before
drai ni ng from t he chionatogeaphly caphly. PThesegrtio mixture vis 266led for20°C neutralized with
Test Met-hods foll ow ng test, net hods vvere used to character he
polydlrrethylss 5‘&5‘%‘8 ‘E %"g F'H@?f& ?‘W&!
Exanpl es. vamumtoremovecycbcszlomesoverapenodofntleutShours Thematem!
was cooled to ambient temperature, filtered, and titrated with 0.IN hydrochloric
acid to determine number average molecular weight. The molecular weight of
Polydimethylsiloxane Diamine C was 22,300,

20 Polydimethylisiloxane Diamine D
Polydimethylsiloxane diamine was prepared as described for
Polydimethylsiloxane Diamine C except 12.43 parts Polydimethylsiloxane Diamine
A and 87.57 parts octamethylcyclotetrasiloxane were used. Three lots of
Polydimethylsiloxane Diamine D were prepared. The molecular wenghts were Lot
25  1:35,700, Lot 2: 37,800, and Lot 3: 34,800.

Polydimethylsiloxane Diamine E
Polydimethylsiloxane diamine was prepared as described for
Polydimethylsiloxane Diamine C except that 8.7 parts Polydimethylsiloxane
Diamine A and 91.3 parts octamethylcyclotetrasiloxane were used. The molecular
30  weight of Polydimethylsixone Diamine E was 58,700.



Characterization of cured sanples Sanples were prepared using one ofthe
foll ow ng nethods: 15 1) coating the pressure-sensitive adhesive,
ustng—a kni fe coater—wWtiTorifi ce Set bet ween about 125 to 150 [err]m
between 38 pm (1.5 nmil) thick prinmed (aninated pol ybut adi ene) pol yester
filmand 50 [err]m (2 m ) thick polyester release liner. 2) casting a
sol’uti on of wo®ss4ses-sensitive adhesive directly onto a 20 PCBUSINSEdr fj| m
and allowing it to dry at 65[err]C for 103ginutes to obtain a pressure-
sensitive adhesi ve tape havi ng an adhesi ve thickness of 38 [err]m (1.5
ml). 3) hot nelt coatln the ressure-sensitive adhesive with a 1.91 cm
di aneter (3/4 |nB¢b’dipm exane Diemine ftier (Haake) rotating at 40
revol utions per m nUth‘BWWd&oﬂbﬁﬂakleﬁMﬁhec&mﬁtﬂmﬂmr staic zone 1 -

not controlled; 25 zone zone 3 18 neckt ube and
die (12.7 cm wi daitrpgen Me?‘ﬁk‘éﬁ"ﬁ’gkm SL@"‘%" rﬁ'ﬁ4ml)
t hi ck pol yet hyl emaeang ba&&h&nﬁq{a&a&maﬁusma 50 [err] m(2 ml)

thick release |liner on the other to achi eve an adhesi ve thickness of

about 40- 50 sarrpmmmdmclo;ms@mm putshis(3-aminopropyljtetram

tvo Ef??é?fﬁ?gf? rﬁ?ﬁ%%@é“é%ﬁ#@&%?%“% g

i Int ensi tly ofI 1. ZWRﬁ do%%%ﬁilirﬁrmwmb&bm‘stonhtmct y
ultraviolet lights eoetric e c
terrperalt:JrF r??rF gen “’gsﬂ‘e ?‘E’ ﬁfﬂ"o‘g&ﬁ?u&?ﬁﬂﬂuﬁ%{% 5[err]C, 23
m paral i el pla g‘@m@%ﬂa&g%aﬁﬂs% nes@&ﬂﬂmﬂ%ﬁﬁm&ﬂmﬁ was use

to nmeasure the | ctor was 1 mm 180[ err] Peel
Adhesi on Pol $@i oﬂ'@aﬂnkMunaolcdtdWmmrem(b&mawwm pressur e-

nto 12,7 mn (0. BIpinyff b8 Wieg B8 " HRBEGY Hlaornd WP Rced iRl £ O

renoved and the siduuf ofdDGNAS? (100 Pa)| Gested to4 507C; ahd yinBiinednit (B0°Crfon§ cl ean,
sol vent washed gl ass coupon us|, a2 kg.(4-1/2 ound roller passed tw ce
over the strip. DPRISIRISHONE ﬁg\m%ﬂgﬁsé %Wﬁfﬁ?‘%"?‘g’ﬁjabout

twenty mnutes aggofd dnfbicntfemperaire Q,Q{]&u,}“w{oiadhem on using an

| -Mass peel tester at a separation rate of 30.

15 Polydiphenyldimethylsiloxane Diamine F was 9620

Polydimethylsiloxane Oligourea Segmented Copolymer A
Polydimethylsiloxane Diamine D, Lot 1, molecular weight 35,700, was

added to the first zone of an 18 mm co-rotating twin screw extruder having a 40:1
 length :diameter ratio (available from Leistritz Corporation, Allendale, N.J) ata

20  rate of 7.93 g/min (0.000444 equivalents amine/min). A mixture of 27.5 parts by
weight methylenedicyclohexylene-4,4'-diisocyanate, 16.3 parts by weight
isocyanatoethyl methacrylate and 56.2 parts by weight DAROCUR™ 1173,
photoinitiator available from Ciba-Geigy Corp., was fed into the sixth zone at a
rate of 0.181 g/min (0.000570 equivalents isocyanate/min). The feed line of this

25  stream was placed closely to the screw threads. The extruder had double-start
fully intermeshing screws throughout the entire length of the barrel, rotating at
150 revolutions per minute. The temperature profile for each of the 90 mm jong
zones was: zones 1 and 2 - 30°C; zone 3 - 32°C; zone 4 - 37°C; zone S - 50°C;
zone 6 - 60°C; zone 7 - 80°C; zone 8 - 110°C; and endcap - 120°C. The

30 extrudate was cooled in air.



cmmnute (12 inches/mnute) over a 10 second data collection tine. Two
sanpl es were tested; the reported adhesi on value is an average ofthe two
sanpl es. Preferably, thé pressure-sensitive adhesive tapes havé an 180[err]
peel adhesion of at |east about 5.5 NNdm (5 oz./inch), nore preferably at

| east about 21.8 Ndm (20 20 oz./inch). Shear Strength

Pol ydi or ganos Wa96M@80l i gour ea segnented c ?ﬁ?.l ynmer based premmsm
sensitive adhesive coatings were covered w a release liner and cut into
12.7 mm (0.5 inch) by 15 cm(6 |nch) |nch strlps The rel ease liner was
renoved and the 23polydbfukmpldiph ,,?ﬁ,gph such that a
12.7 mm by 12.7 mm porid 0 ofec con th the panel
with one end portion o# ‘rPe M@%é@ﬁﬂkwﬁéﬁ]‘é gﬂ‘f“’@%’ed strip
attached was hel d pressure equalizin, gﬁddnﬁdﬁmiehﬂn&ﬁaﬂimf:ﬂrsﬁﬁdmadﬂd H)D(ﬁpaiﬁ8[err]
wi th the extended e f en I ch . was nedb R a n of a
force of one kilo @ﬁ%ﬁ@@mﬁﬂ&»&m aaﬂ ‘H‘P&#‘Eﬁ’é B" end of
the coated strisp. fls1whSidded & Sohstion'oT1.82 Pah@methyléfedicyiBhexyiendis ate WO

96/ 34028 / US96/ 05829
38 any peel for cesﬂ“sqmqs A@GM@”M@!‘WM&&M&&%MH ur ed,

in an attenpt to t @%E‘unﬁ '}Qnﬁh t ape
bei ng tested. The el'apse m tape exanpl e Msepar&{" romthe
test panel was remomaammmm*mwmmmum”mmm al |
shear failures report.ed tallu s pof the adhesive.
90[ err] Peel Adhe OR- f"égﬂﬂ m%ﬂﬂgé‘ﬂé -ﬁﬁ the rel ease
| iner fromthe pol ydi organosi |l oxane ol i gourea segrrent ed copol ymer based
pressure-sensifg ve adhesive of a coat ecrésQMeMtrate and adhering the

strip to a prinmed, ano | .y r 1/2 pound (2 kg)
roll er passed tw ce ovg?'%?‘ﬂlg“gﬂsr'f%m%y ééfp si‘%@é}\%l |l ed at room
tenperature for 24olydimahyisiioxane sliganéasdghentedddpplymer

ples.
I NSTRON err] tensile tester at a separatlon rate of 12 inches/mnute (30.5
cmmnute). Three Gpppe gf Jéshe reported adhesi on value is an
5

average ofthe three sa %g Vert'i cal tﬂ st . Ref ace: Feder al
WEES PrOpAFeIEE At 85 E{“?‘%"F‘F"‘

Avi ati on Regul ation (F
15 1) coating the pressure-sensitive adhesive, using a knife coater with orifice

set between about 125 to 150 um, between 38 um (1.5 mil) thick primed
(aminated polybutadiene) polyester film and 50 um (2 mil) thick polyester release
liner.

2) casting a solution of pressure-sensitive adhesive directly onto a

20 polyester film and allowing it to dry at 65°C for 10 minutes to obtain a pressure-
sensitive adhesive tape having an adhesive thickness of 38 pm (1.5 mil).

3) hot melt coating the pressure-sensitive adhesive with a 1.91 cm
diameter (3/4 inch) long single screw extruder (Haake) rotating at 40 revolutions
per minute (temperature profile of the extruder was: zone 1 - not controlled;

25 zome 2 - 163°C; and zone 3 - 188°C, necktube and die (12.7 cm wide ) - 210°C)
between nip rolls with a 35.6 pm (1.4 mil) thick polyethylene terephthalate film on
one roll and a 50 pm (2 mil) thick release liner on the other roll to achieve an
adhesive thickness of about 40-50 um (about 1.5-2 mil).



- 60 Second Vertical Burn test (unsupported) Test sanples were prepared by
renmovi ng the release |iner fromthe pol ydi organosi | oxane ol i gourea
segmemnted copol yner—based pressure-sensitive 20 adhesi ve of "a coated Toop
substrate and suspending the sanple in the test fixture described in above
cited FAR standard. The sanple was subjected to flame froma Bunsen burner
for 60 seconwoesned2shen the flanme was renpved and the sanpl PCRASINSBEW\ed t o
extingui sh on its own. The Drip Extinguis®#7Tine was the el apsed time
between a flamng drip formation and the drip flane extinction, the 25

XL S0 T s e LAMAF e M e o R o L,

di stance the sanﬂmthaduﬂmss&:fap;bmmatd;sl hnm;ﬂhr.ureﬂimt aﬂ\htmsu%difds‘lmmondi ng

Test Tackified p di or gangsi| oxa | oure se t.ed copol yners were 30
tested as cur abl g"ﬁ WHSW‘ 9’3 %gggﬂ?%lp shear speci mens,
bet ween WO 96/ 3402ﬁkheometncsRDAIIRheometerusmg dynamic temperature ramp mode

PCT/ US96/ 05829 39 two ranspar ent substrates,_ having an, overlap area of

about 1.61 cn¥ er('P°°&1H75p°G)¥t|'rfngIwesﬁs§°rqsaﬁmwﬂ%mmw $padd style

ijmagfgnF e%zairrglgegg‘&%h%repare 9'??)r testl ng as Fﬁfﬁg\;‘@? %‘Fgggé‘aéss

pol ynet hyl net hacwas b2antaPMMVA) sl i de neasuring 5 0.32 cmx 1.27 cmx 5.08
cmwas cleaned with isopropanol. A small portion, about 0.2 g, of the '
tackified W cufgjﬁcq:&pgmp, adhesi ve was placed on one glass slide,

covered with a secon de of | ass,. and hel d |1 sprin
st eel notebook clip. %‘@5%8'6%3 °6’Hae°§p% M‘%par alle
strands of 120mi benénﬂvéadméwéh mwmmleﬁdlhatﬂdwﬂmtdﬂwtms

direction 10 q1€ ect t Ion di n5|on of the gl asgs, about 0.2 cm
fromthe end of f eass lingrwes rem $¥Rced in a

forced air oven mmkﬁoa%cm(am; b?tzo Sich) Eledr) sGtoeht wastied RRss dopdA) .

removed, allowed to cool to anbient conditions i1n alr, cured by exposure to
low i ntensity U\/ﬂmmzkzﬁ‘l&ﬂwl#) rolles passed twise overdhe stripi Thebandedis descri bed

gg%?ng-rgraogz)r(lt rgis&'?@?orage i gﬁ‘tosg‘@gmﬁ@ﬁ%l e thic ﬁgggr\r/\és
about 1 mm ab¥l wis lw‘tmtweum usglgand-Miss peel tester at a separation rate of 30.5
cm/minute (12 inches/minute)- over a 10 second data collection time. Two
samples were tested; the reported adhesion value is an average of the two samples.
Preferably, the pressure-sensitive adhesive tapes have an 180° peel adhesion of at
least about 5.5 N/dm (5 oz./inch), more preferably at least about 21.8 N/dm (20
20 oz/inch).

Shear Strength
Polydiorganosiloxane ohgourea segmented copolymer based pressure-

sensitive adhesive coatings were covered with a release liner and cut into 12.7 mm

(0.5 inch) by 15 cm (6 inch) inch strips. The release liner was removed and the
25  strip adhered to a stainiess stee! panel such that a 12.7 mm by 12.7 mm portion of

each strip was in firm contact with the panel with one end portion of the tape

being free. The panel with coated strip attached was held in a rack such that the

panel formed an angle of 178° with the extended tape free end which was

tensioned by application of a force of one kilogram applied as a hanging weight
30 from the free end of the coated strip. The 2° less than 180° was used to negate



foll ow ng nethods for all but the bidirectional danper: 1) pouring the
solution onto a fluorosilicone coated 50 [err]mthick 20 pol yet hyl ene
terephthalate rel ease Iiner at the bottom of an alum num pan,” allow ng the
solution to air dry overnight, gathering the vibration danping nmateri al
together in a thicker mass, placing the mass between two rel ease |iners
separ at ed by WO 2%/M28spacer and in turn between two 5 nm gl aRCTAS605829

appl yi ng sufficient pressure on the glass B8ate sandwich to allow the :
uncured nmass to flow 25 out into a suitable 1 mmthick layer, and unless

ot herw se noted, radiatdion guring.t vi prati.on danpi ng material by

exposur e, throughW%aJ?%%ﬁwfm% M@{%Wﬁﬁ%ﬁwﬁ-&% adi ati on

from Genera El ecttietpttORbre/ sotipmel desefininé'ihe holding poiveroffifie fipé béib@tebted.f Or 20

m nutes, or 2) pouring ?‘éssg‘lhgal on of the vibration danping material onto a
8

shal | ow 30  TEFLEMtime qqhaseemplagommmwls mebWAY mat er | al

by heating it in QR4 . Unl herwise not shear failu

PCT/ US96/ 05829 40 ov.e%d%?h% err| oP %sotm n, ’grtlldﬂr’r'oalnsture cﬂ?u’?fé’"ﬁ‘f/
exposure to arfbi chereio weresohesivedailunes off theiadhesivef or 1 week, to obtain a 1 nm
thick section. The storage nodulus, G, and the loss factor, tan [err],

wer e determ ned oy&;sp&,#ﬁﬂgﬁmof tenperatures using a Pol yner Laboratories
Dynam ¢ Mechani ca ernmpl Anal yzer QDWA%N@Q( |1 and_a techni que of
mul ti pl exi ng frequencylest$amp &‘!@ﬂgﬂﬁd FEMOVIpg B fdﬁssﬁwﬁp& re

@

measured while b%&ly&iérﬁﬂl&%ﬁ&dn@éﬂ%oﬁﬂﬂ%&ﬂ oﬁ&ﬁﬁerm%ﬂm-wﬁiﬁve
tenperature was varied from-100[err]Cto 200[err]C at a rate of _
2[err] C/ minute cowhesivRefa conted lnopsubstrate apd adhering the strip ta aprimed,anedized ng of

1, reported ajna w0 1. . rr]C

I ntervals 10 ioandﬁ{lﬁ@gﬁpo a‘?@ﬁt‘gﬁgﬁg’fyﬁ(’#@i?&'%ﬁﬁ%@&‘é?%%%??f@ ?ir'\ferval S
for reporting purimnledassémbly dwelled akroom temperatuce for 24 haprs andowdsitested¥or 90 i | ity
w ndow refers to th enper at ur ver, whi ch the st.orage dulus is
bet woon 3. 45x10[ cPte| MdBEsBR uAg 1 INST BORT™ sasile JoRer ot spptiomate o0l [ cr 1]
utility w ndow reﬁﬁieilnﬁﬂn&{!ﬁﬁ&ﬂﬁﬂu?é)y?ﬁrebiﬂﬂﬂeﬁy&étwﬂhe%nwss fact or

is greater than or_equal to 0.4. The useful tenperature 15 ‘range refers to
“the tenperature rifhgaomyalye isan average of thgthrepsamples. G, i s bet ween -
3.45x10[err] Pa and 6.9x10[err] Pa and the |loss factor, tan [err], is
greater than D5 4. Veieal BurniTest cat ed, nelt flow nmeans the sanpl e exhibited
mel t flow at high tenpRéelehteCFedil Aviatih Righlslioh G ARY 25 853 Yanigrah (8 (106)

danpi ng applications. Thus, materials that
- 60 Second Vertical Burn test (unsupported)

Test samples were prepared by removing the release liner from the

polydiorganosiloxane oligourea segmented copolymer based pressure-sensitive

20  adhesive of a coated loop substrate and suspending the sample in the test fixture
described in above cited FAR standard. The sample was subjected to flame from &
Bunsen burner for 60 seconds and then the flame was removed and the sample
was allowed to extinguish on its own. The Drip Extinguish Time was the elapsed
time between a flaming drip formation and the drip flame extinction, the

25 Extinguish Time was the elapsed time from when the flame was removed to the
time the sample ceased to flame, and the Burn Length was determined by the
distance the sample had burned along its length.

Hot-Melt Adhesive Bonding Test
Tackified polydiorganosiloxane oligourea segmented copolymers were
30 tested as curable hot-melt adhesives by creating overlap shear specimens, between



exhibit nelt flow nust be utilized below the nelt flow tenperature. 20

In the follow ng exanples, all polyisocyanates and endcappi ng agents were
usedas Tecei ved afnd-the 1socyanafe: am ne ratios for the polyisocyanates,
pol yam nes, and endcappi ng agents were cal cul ated using the polyi socyanate
mol ecul ar wei ght reported by the polyisocyanate supplier, the polyam ne
mol ecul ar weW@96/34028 det er mi ned by acid titration, and the eR§EES gent
25 nol ecul ar wei ght reported by the end@®pi ng agent supplier. Exanples
Exanples 1-5 In Exanple 1, a pol ydi net hyl sil oxane ol i gourea segnented

copol ynmer conpositi was nade by reacting 52..76 par 10.00 gmol es) 30
Pol ydi net hyl si | o%g’q’mt&'b%ﬁeé Y58 g’b\gm 8%);“&? 858%6“4 n 50
parts WO 96/ 3?ﬁﬁ§?theoverlapshearsampleinanH-ﬁ'ame stgle Sintech testing machine at a

PCT/ US96/ 05829 41 toluene, and a mxture of 1.75 parts (6.67 mmles) of

net hyl enedi cycl oR@ssheadate of 50.8 ep/minstoyassess adhesion. Samplegwereprepsred formp| es) of

i socyanat oet hyl . ' | m cal s,

T oy A Gk
enper at ure xI .08 emwae ¢! writhlisoprapanalL en, to

t he copol yner soluti was .add 5-\?45 I licate fesin sollution to achi eve

120 parts’ (baseq it i & kel OV eiale bRatebaR v IEED 87 ahe

ol i gourea segnenighss fid8overed with 8 sesdnd slidéiaf glasy @ held il plaéd Witk BRI MET / T €si n

solution was added, 1 part DAROCUR[err] 1173 (a photginitiator avail able
from G ba- Gei gy, SPEAKksRs} m@mmﬂdwmw bl end
|

, /
solids, and the gpliski “PWM WY gy w mner
film The resultin p(k)’Fg%ilm ?Ey oxa%e%ﬂé‘gﬁggggggﬁg‘rﬁcgédﬁcopo dnmer was
coated usi ngl@ kﬁ&emﬁﬂe&dmﬂﬁ&pﬁoﬂ@%m&pmom&ommm.ﬁ 1)
rimed pol yester {i 4 rLr ' l. ter, ke lel ner (S
TAKE: OFFLerr - aditet Pt g Syech'shil ool dl i Eforf BBt 12 1)
to a coating thi @8ntmttesit 13070 (glass), ¢r85°C PMRMA), féntoved, aipwedd dodl tb. 73 MV f or

20 mnutes ultravioplet radiation froma lowintensity ultraviglet |anp

Model General El onditipns in ais, qused Ry exposuce-tolaw ingensity UV ligh fard owe ¢ ape.

The resul ts of ! GihmBdiuis, ahTeRed dsiftscribed SV, Fhe AnRGAMnAR foRE ap" 1 he
resul ting pohgdlnethy5|loxane ol 1 gourea

break is reported in MN/m",

Damping Properties (Storage modulus and Loss Factor)
Sample thickness was about 1 mm and was obtained using one of the

following methods for all but the bi-directional damper:
1) pouring the solution.onto a fluorosilicone coated 50 um thick
20  polyethylene terephthalate release liner at the bottom of an aluminum pan,
allowing the solution to air dry overnight, gathering the vibration damping
material together in a thicker mass, placing the mass between two release liners
separated by a 1 mm spacer and in turn between two 5 mm glass plates, applying
sufficient pressure on the glass plate sandwich to allow the uncured mass to flow
25  outinto a suitable } mm thick layer, and unless otherwise noted, radiation curing
~ the vibration damping material by exposure, through the glass plates, to low
intensity ultraviolet radiation from General Electric F40BL lamps at an intensity of
1.74 mW/cm® for 20 minutes, or
2) pouring a solution of the vibration damping material onto a shallow
30 TEFLON™ lined tray, drying the vibration damping material by heating it in an



20 segnent ed copol yner was pressed between two release liners into a

uni form sanpl e of approximately 1 mmthickness, and cured by exposure to
low intensity W |ights—To forma cured vibration danping material. In
Exanpl e 2, a pol ydi met hyl si I“6%ane ol i gourea segnented copol yner conposition
was prepared as in Exanple 1, except 500 parts (43.0 moles) 25

Pol’ydi met hyl swDe6/34028 Di armi ne B, nol ecul ar wei ght 10, 700, di SRCGRASIHISE 300
parts toluene was substituted for Diamine A0 and a nmixture of 7.51 parts
(28.7 mol es) of nethylenedicyclohexylene 4,4' -dii socyanate and 4.44 parts

e o S GHan 8 o TR AR R ol 5 s o R Il o

30 A port i minlidity Br PWekielitdBbeainlaSH mavthioR seetibliour ea segment ed
copol yner was coated and ‘cured as in Exanple 1 to form a pressure-sensitive
adhesi ve t ape. WO 9Theisiorage modulus, G’, and the loss factor, tan 8, were determined over

PCT/ US96/ 05829 42 39%& segnent ed
copol yner was preBar égég{s%gr k"%sﬁg ?3 excep‘%é%‘hﬁ t‘{sm"-'I nmol es)
Pol ydi net hyl si § ox Thermal mmmmmmnmn@mmqmmp chingfosquentyi n 404

parts toluene was ,subst it ut der D|amrJeAanda uce rts
(18. 0 nmol es) of g““"&ﬂa'h‘fﬂ’?‘g Wrﬂmﬁylgggﬁgﬂgagﬁag

parts (18.0 ol eggmratani hmle ﬁmmtﬁnéthszm parts
tol uene was used in the gnthe3|s of the polydlnethyIS|onane ol i gour ea

segnent ed copol ynmstarae CIWQFWU’e reRICIRHVERstaken HS/!%‘F!“b
gl L?gggﬁfesggﬁm ?gle’w e5| apee&ﬁ?%er porﬁ%@ e so uti 0:10\2\/215
pressed betweqo twhd infeérpulsted to oumsm:ermum 10°Crinteevalsifer x_aporapmpwpomt ely 1
cured vibrati oﬁ”ﬁaﬁﬁfﬁéﬂée%é”e#mw sgr ol G, sy Ao P e
Pol g ot hy! o | ox nuPepfite e oV Swiich o eﬁﬁﬁpﬁ"‘ﬂkﬁ’ﬁkﬁ“ﬂﬂg’;ﬁ?&% 17
parts tol uene and6dxpefPas Thedoss faxtor) tanbmtﬂltymngownfgam s:eaemmmm
Than” 196 t o uene) " W hich ks faiee s akpthshancoy s 4 G Fog el Pefiae™C |
rel ease liner.1s  range refers to the temperature range over whlch storage modulus, G/, is between
3.45x10° Pa and 6.9x10° Pa and the loss factor, tan 5, is greater than 0.4. When
80 indicatéd, melt flow means the sample exhibited melt flow at high temperature.
Melt flow is generally undesirable for damping applications. Thus, materials that
exhibit melt flow must be utilized below the melt flow temperature.
20 In the following examples, all polyisocyanates and endcapping agents were
used as received and the isocyanate:amine ratios for the polyisocyanates,
polyamines, and endcapping agents were calculated using the polyisocyanate
molecular weight reported by the polyisocyanate supplier, the polyamine
molecular weight as determined by acid titration, and the endcapping agent
25 molecular weight reported by the endcapping agent supplier.

Examples
Examples 1-§ .
In Example 1, a polydimethylsiloxane oligourea segmented copolymer
composition was made by reacting 52.76 parts (10.00 mmoles)
30 Polydimethylsiloxane Diamine A, molecular weight 5280, dissolved in 50 parts



20 A portion of the resulting polydinethylsiloxane oligourea
segnment ed copol ynmer was coated and cured as in Exanple 1 to forma
presstire=sensi ti ve adhestve Tape.~Another portion ofthe solution was
pressed between two rel ease+liners into a uniformsanple of approximtely 1
mm t hi ckness, and cured by exposure to 25 low intensity UV lights to forma
cured vi br atwomedsapi ng nmaterial. |n Exanple 5, a pol ydi net REEASINEEN

ol i gourea segnent ed copol ymer was preparedgjas in Exanple 1, except 100
parts (2.01 mmol es) Pol ydi et hyl si |l oxane Di am ne E, nol ecul ar wei ght

58, 700, dissolved in 123 parts toluene were substituted for Diamne A and
a mxture of 0.3keneiand@migtureofdl. 25:parts (6.6 mmoles) of methylenedicyclohexylene-

et hyl enedi oy el ot SHGne dnd fs SAH/@YYoindBY ofisseyahRbbifyl wetfiryli®! °5) of

WD 96/ 34028

PCT/ US96/ 05829 4 gavaitable/ss'MODfrol\Shows Rhodia Chernicals,i Fokyo, Jepan) dissdvedin 48

tol uene was used in the synthesis,pof the polydi nethylsilqgxa L. qour ea
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low intensity UV _lJ X rlggun**' g | P@Wd g dipveighty! ToEach
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Table 1. The stor%’ Wf@?ﬁg’ﬁ%ﬁiﬁ 'Szﬁgﬁhgﬁl?ygﬁﬁfue@]p%gg:gported in

det ermi ned atjol ldspéipher/resin Blehd sillids nd'thelsoldorhwassubseqaemly aivdriepbra 1 and

3-5 and are summarli zed in Table 2. Table 1 Exanple 180[ err] Peel adhesion

Shear Strength Nrelgase liner film. (min) 1 31 >10, 000
2 51 i ila ligourea segmented copolymer was10, 000 4
56 77700 poggffesulmi}&y&ﬁ@thﬁslomemgou sepin polymer .

coated using a knife coater at 130°C between a 40 pm (1.5 mil) primed polyester
film and a 40 pm (1.5 mil) polyester release liner (S TAKE-OFF™, available from

15  Release International, Bedford Park, IL) to a coating thickness of about 50 um
(2.0 mil), exposed to 1.73 mW for 20 minutes ultraviolet radiation from a low
intensity ultraviolet lamp Model General Electric F40BL, to form a pressure-
sensitive adhesive tape. The results of testing are summarized in Table 1.

~ A second portion of the resulting polydimethysiloxane oligourea

20 segrhented copolymer was pressed between two release liners into a uniform
sample of approximately 1 mm thickness, and cured by exposure to low intensity
UV lights to form a cured vibration damping material.

InExample 2, 2 polydimethylsiloxane' oligourea segmented copolymer
composition was prepared as in Example 1, except 500 parts (43.0 mmoles)

25  Polydimethylsiloxane Diamine B, molecular weight 10,700, dissolved in 300 parts
toluene was substituted for Diamine A, and a mixture of 7.51 parts (28.7 mmoles)
of methylenedicyclohexylene-4,4'-diisocyanate and 4.44 parts (28.7 mmoles)
isocyanatoethyl methacrylate dissolved in 200 parts was used in the synthesis of
the polydimethylsiloxane oligourea segmented copolymer.

30 A portion of the polydimethylsiloxane oligourea segmented copolymer was
coated and cured as in Example 1 to form a pressure-sensitive adhesive tape.



5 59 2300 popoff 15 The data in Table 1,
demonstrates that generally, as the nolecular weight of the

Pol ydi met hyl si | oxane prepari ng—the—copol yner Tncreased; the
peel adhesion increased. Those.shear strength val ues which were reported as
"popoff" indicate adhesive failure node, not necessarily indicative of

shear 20 stwevgss2s Table 2 Tenp Exampl e 1 Exanpl e 3PCr/usIshisazopl e 4
Exanple 5 G (Pa) Tan [err] G (Pa) Tan42rr] G (Pa) Tan [err] G (Pa)
Tan [err] -90 8.28x10[err] 0.03 8.57x10[err] 0.03 9. 98x10[err] 0. 04

7.55x10[err] 0.04 -80 1x 72x10Lerr] 0.04 8 92x 10[ err

0.05 6. ESlxl%)[err] g’?&"’?%@ﬂfb@ﬂ?ﬁﬁﬂmﬁ"% EB%'%‘X‘E .%"lw"]
7.73x10[err] O. Oivrdia&ﬂ ExampleQl, efce, tﬁO@a&ﬁ m&oles Polydxmeth Isiloxane

PCT/ US96/ 05829 44 60 05x 693 6%!9&169@‘; 6.22x10[err] 0.12
.53x10[ err] . 0. 14 DiaingComo vrwe}'sm 90, dissqlyediin 404 parts teumewa% 24x10[ err]

15 3. 65x10[ ef ] gybifled P Dihribge'sl Bhed fubenfte & @M@&erﬁa&a

31x10[err] 0.19 2.83x10[err] O 24 -30 4. szini) rr 3x10[err] 0.23
20x10[ err] §. 2enethylenedicyclohetyleped4-dipoyanate and)2 39 part(189 mmole) pd[ er r |

31 2.15x10

49X10[e?r][err]g%q%iﬂ@&%%ﬁé&ﬁ#ﬁ@ﬁggggﬁégu%ﬁF%pﬁ?ﬁ%&%@%%& gf%ggflo[err]

33 § 15001 | et sty o oot o1
X err X rr err X err

36 2.35x10[err] 0. 76APporagn %WM@% W

.97x10[ err] 0.45 ¢} @amau?&r&é&xmwit&mﬂ spredfird-gémaive 0.87 40

420x10[err] 0.52 6.58%x10[err] 0.76 1.37x10[err] 0.79 2.50x10[err] 0.76 50

2.44x10[ err] (057 adhesiyetapeerr] 0.69 8.49x10[err] 0.79 1.58x10[err]  0.65

60 1.37x10 0 62 @éﬂ"v}&{' ﬂﬁ#e@ E%ff"'q
.56 70 X? ES(Za;rl%)[err] AS‘ . ﬁé%[‘g?@f"'%"ééf . 98X err 63'(5 err]
ggxig% er r% 005523 uag gumé‘agxﬁﬂfphroﬂapﬁmﬁguﬂel)omn?gmkne}s,ﬁndsmred mgﬁg?etq | 0.67

X err X rr X err
64 5.11x10[err] W “E%e‘éé %'Efﬁﬂ?%"&r'ﬁ%h? 1.27x10[ err]
61 4.12x10[ err] o 521&%188%%&:%5&3«&&[%%%&1@% err]
60 3. 31x10[ §" ] 0428y dissolving 10 parts Polydimethylsiloxane Oligourea Segmented

Copolymer A in a mixture of 17 parts toluene and 2 parts 2-propanol containing
12 parts dried SR-545 silicate resin (prepared by spray drying under nitrogen to
achieve less than 1% toluene) and 0.1 part DAROCUR™1173 followed by air
drying on a release liner.
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20 A portion of the resulting polydimethylsiloxane oﬁgoum segmented
copolymer was coated and cured as in Example 1 to form a pressure-sensitive
adhesive tape.

Another portion of the solution was pressed between two release liners
into a uniform sample of approximately 1 mm thickness, and cured by exposure to

25 low intensity UV lights to form a cured vibration damping material.

In Example S, a polydimethylsiloxane oligourea segmented copolymer was
prepared as in Example 1, except 100 parts (2.01 mmoles) Polydimethylsiloxane
Diamine E, molecular weight 58,700, dissolved in 123 parts toluene were
substituted for Diamine A, and a mixture of 0.35 parts (1.34 mmoles) of

30 methylenedicyclohexylene-4,4'-diisocyanate and 0.21 parts (1.34 mmoles) of
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The data in Table 1, demonstrates that generally, as the molecular weight
of the Polydimethylsiloxane Diamine used in preparing the copolymer increased,
the peel adhesion increased. Those shear strength values which were reported as
“popoff” indicate adhesive failure mode, not necessarily indicative of shear

20  strength.
Table 2
Temp! Examplel Example 3 Example 4 Example 5
O

G (Pa) | Tan 8 G‘(Pa) Tan$| G'(Pa) |Tan 5| G' (Ps) | Tand
-90 |8.28x10"| 0.03 ssmo 0.03 |9.98x10°| 0.04 |7.55x10°| 0.04
-80 7.61x10'] 0.04 |7.72x10°| 0.04 |8.92x10°| 0.05 |6.61x10"| 0.06
=70 [6.80x10'] 0.05 6.63x10"| 0.08 |7.73x10’| 0.07 |5.48x10°| 0.09
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tenperature profile for each of the 90 nm | ong zones was:

zone 1 -

20C,

zone 2 - 25C; zone 3 - 46[err]C zone 4 - 80[err]C zone 5 - 90C zone 6 -

115[err]C, zone 7 -
vacuum vented to renove entrained air

gol, zZone- o -

110C, "and endcCap -
in the material .

120C. Zone si x was
The resultant

pol ydi met hyl si | oxane ol i gourea segmented copol yner-based pressure-sensitive

adhesi ve was WO96/34028d

cooled in 20

ai

r,

and col | ect ed. THRCTNUS96/05829

pressure-sensitive adhesi ve was coated and44ured as in Exanple 1 to forma
pressure-sensitive adhesive tape havi ng an adhesive thickness of 50 [err]m

In Example 7, a po| A ehE-0 Oy
pressure-sensitive 04! ﬁs*ﬁ%w’ 1 0,12 14,53 ﬂppﬂiﬁ
except 25 100.0 a$Qv5.6QNl 089 1482x1)| Od; it 10 198D (Lot
3) nol ecul ar wei gh} -40t ]&82%100i .3b1]393x107] 8.18i paiA1x20’H10.158| 283168’ |t @R4idne was
substituted for Di ha301¢4.82x187100.2 B.0Bx107| 01230|3:00xNeX] (0526 1197 107{00.83)| of
tetranet hyl - m xyl y[35 | 3T51,507) 011612.16X10’ D 031 |245x30 oo}
| socyanat oet hyl ne ”fb’ ¥b '1‘0’”059(5\59}51—& in the
synthesi s of the ppt oy \ er. The
resul ting pol ydi mepayd-gs£a5 g m
pressure-sensitive 0 3<§ﬂf“‘\m 38
PCT/ US96/ 05829 46 E180cd1.34x 10" Eiérﬂséx:g; i 0.9 d
adhesi ve tape havi pgoans.a 0.45t|hj27k , n@B2 |8, a
gglhgg: \r/rgt Qg:r;g;???1&wl4§wo€ao.szg BBBL | O0F60] 13T 0% 05755 |7.50,307150.76 | Sarts
b U '
(2.96 mmol es) Polyjidg < g‘gcs?‘;” S ls : % }: :110': gsfg)g ht
34,800 in 93 partspe=e P q.ﬁluhi;ﬂfl : : :.,1“ ﬁ;%xa I‘fQZS‘ At ure of
0.50 parts (1.97 m = L2 i - s 4 .97
mol es) of isocyan; £36x10:} 068 19108x10°1 9.53012:A2x10°] 1067 16,37 %:58d in the
synthesis of the ppl9il2B8KM0FE DI6BHBA5x10*] HAN HoT5xd 5.tbd6fy08S1 .| The 10
resul ting pol ydi nef 190 41.86xMe086! |630k£6t]| VtMEE7d0Y A068 Jare2x10%| 0.52 '
pressure-sensi tive[3§9¢¢53%10EP 083 3502R10° TRRé625d04 060 15,50 19% 053 Bxanpl e
1 to forma pressul 20 xg;‘vg—sgo 16 109 680 F25Fe10°[c0 lckness
of 62 [errJm In H e 4 Ty e eatqd -
8.01%10°1 0.52°13 37x10°, [$°34x10°] '0°60 59 |
copol ymer pressure; iy 7S < ;
Exanpl e 1, except 140 6.93x10*| 0.43 ]3.01x10%] 0.35 [4.09x10°] 0. .73x10*| 0.5
150 ]6.54x10*] 0.32 |2.85x10°] 0.31 [3.31x10°*| 0.59 |1.63x10%| 0.56
160 |6.62x10*] 0.23 |2.99x10*] 0.28 |2.69x10*] 0.57 {1.43x10*] 0.54
170 |6.87x10*] 0.17 ]2.83x10*] 0.23 12.23x10*| 0.55 |1.21x10*] 0.53
180 [7.11x10%| 0.14 |2.22x10*| 0.20 [1.87x10*| 0.52 |{7.49x10°| 0.61
190 - - |1.11x10%] 0.21 - - . -

As can be seen from the data in Table 2, as the molecular weight of the

diaminé used to produce the cured polydimethylsiloxane oligourea segmented
copolymer based vibration damping material increased from 5,280 to 58,700, the

utility window for G’ changed from 30 to 85°C for Example 1, 3 to 52°C for

Example 3, § to 71°C for Example 4, and -14 to 34°C for Example 5. Examples 1
and 3-5 had useful tan 8 utility windows of 25 to 143°C, -9 to 132°C, -13 to melt
flow, and -25 to melt flow, respectively. Thus, a useful temperature range was
seen at 30 to 85°C for Example 1, and was the same as the G’ utility window for

10

tan 8.

Examples 3-5 as these values were narrower than the temperature ranges for
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strength on stainless stee Qhe results dre %gt orth in Table 3. WO
96/ 34028 . methylenedicyclohexylene-4,4'-diisocyanate, 16.3 parts isocyanatdethiyl USO6/ 05829 47
Tabl e 3 Exanpl e 80 Pe ™ r a mn) (N
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vi brati on danpi ngﬁba?er was préepare gﬂ?}gg% as |n anple 1, except
200 E?r t5§8(()37: 9 glc)mubdys:ﬂokbmmﬂm !Mdunetﬁ)flsigw?mmheb , Lot kol ecul ar
wei g , in rts. e, a ixture o : ar .

nmol es) of tetra %MWdW&Wﬁ%%"‘&WMF% ngiﬁ'ﬁwol es)
~of i socyanat qot hy.0003472qivaléitCamini&/inin) U Doyl MQ dﬂeomwwmmmmc

pol ydi net hyl si | oxane ol i gourea segnent ed cogo yner . To this solution was

added SR-545 si | iSilicpnesiag sxperimental maserial #1 andsfurshos dried ovsrnightyindes; o5
(based on dry  yaeyum at 55°C to less than 0.1% toluene was fed into zone four at a rate of 8.0

g/min. The extruder had double-start fully intermeshing screws throughout the
entire length of the barrel, rotating at 300 revolutions per minute. The

15  temperature profile for each of the 90 mm long zones was: zone 1 - 20°C; zone 2 -
25°C; zone 3 - 46°C; zone 4 - 80°C; zone S - 90°C; zone 6 - 115°C; zone 7 -
95°C; zone 8 - 110°C; and endcap ~ 120°C. Zone six was vacuum vented to
remove entrained air in the material. The resultant polydimethylsiloxane oligourea
segmented copolymer-based pressure-sensitive adhesive was extruded, cooled in

20  air, and collected. The pressure-sensitive adhesive was coated and cured as in
Example 1 to form a pressure-sensitive adhesive tape having an adhesive thickness
of SO0 pm. .

In Example 7, a polydimethylsiloxane oligourea segmented copolymer

pressure-sensitive adhesive composition was prepared as in Example 1, except

25  100.0 parts (2.96 mmoles) Polydimethyisiloxane Diamine D, (Lot 3) molecular
weight 34,800, dissolved in a mixture of 98 parts toluene was substituted for
Diamine A, and a mixture of 0.58 parts (1.97 mmoles) of tetramethyl-m-xylylene
diisocyanate and 0.31 parts (1.97 mmoles) of isocyanatoethyl methacrylate
dissolved in 29 parts toluene was used in the synthesis of the polydimethylsiloxane

30 ofigourea segmented copolymer The resulting polydimethylsiloxane oligourea
segmented copolymer pressure-sensitive adhesive composition was coated and
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0.08 30 6.97x10[err] O.45 24x10 err

5.26x10[ err] ol310 100.0 parts (2. 96 mmoles Polydimethylsiloxane Diamine D (Lot 3), molecular
weight 34,800 in 95 parts toluene was substituted for Diamine A and a mixture of
0.49 parts (1.97 mmoles) of methylenediphenylene-4,4'-diisocyanate, 0.31 parts
{1.97 mmoles) of isocyanatoethyl methacrylate in 42 parts toluene and 3 parts 2-
propanol was used in the synthesis of the polydimethylsiloxane oligourea

20 segmented copolymer. The resulting polydimethylsiloxane oligourea segmented

NOWORAROOOO

copolymer pressure-sensitive adhesive compasition was coated and cured as in
Example 1 to form a pressure-sensitive adhesive tape having an adhesive thickness
of 62 ym. | |
The pressure-sensitive sdheslve tapes of each of Examples 6-9 was tested
25  for 180° peel adhesion on glass and shear strength on stainless steel. The results
~ are set forth in Table 3.
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5 The_da®a i nlTabl e 68 demnnsi2430 popafhi| t he vi brati on
darrpl ng rraterl al s of Exanples 1 and 10-12, which were prepared using
cur abl e pol ydi net hysi éﬁﬁl 6/ 34028
PCT/ USO8/ 05820 49 ol | JBGABAI %ﬁ’ﬁ?ﬂ”‘éﬁéﬁ%‘e‘k%‘?%@"ﬁ?ﬂ'ﬁ“
pol ydi met hyl si | OWW RivA of theqessiure-senmitiys adimesive vfithe present
di i socyanates, had u ul tenperature ranges of 30 to 85[err]C, 46 to
115[err] C, 323t oinvepionwasnobeiticsh {5 142[err]C, respectively. Exanples

13-15 5 In Exanple 13, a pol ydi net hyl sil oxane ol i gourea segnent ed
copol yner was mwamts Pol ydi met hyl si | oxane Diam ne D, Lot 2,

nol ecul ar wei ght 37, 8Q@ 1016} alibrhtfondanipirgahatérial wiSprépdréEnd tedleddin

initiator, avallablefro artoner Co., Exton, PA, were fed at a rate of”

3.58 g/mn (O. oo@ampbdum&mmﬂﬁamkslPﬂlxdlmﬁbylﬂlomelztemedf-Lah 18 mm
t -rotat t {
Corporat on - A} dnBlofbotil Y S2B0IE oo barrs siBhe Bl oPBiL Datk (28

content was l10ss mxheias)@fletmmym-xyybneldhsacymmdnw9 92<patts {25.3vmmgles) of pon

heating the si Ilcate re under .vacuum at,.6Ql err 16 hours, was fed
at a rate of 4.3 %peKame WF‘HNQED‘H?}"?W& ‘B? 62.8 parts

polyd:methylslloxane oligourea segmented copolymer To this solution was added
SR-54$ silicate resin solution to achieve 120 parts silicate resin (based on dry
weight) per 100 parts copolymer (based on dry weight). To this copolymer/resin

15  solution was added 1.0 part DAROCUR™ 1173 per 100 parts of copolymer/resin
blend solids. The solution was subsequently poured onto a release liner, dried,
pressed between two release ﬁn&s into a uniform sample of approximately 1 mm
thickness, and cured by exposure to low inteﬁsity UV lights to form a cured
vibration damping material.

20 Exampies 11 and 12 were prepared in the same manner as Example 10
except, in Example 11, 6.37 parts 1,12-diisocyanatododecane was substituted for
the tetramethyl-m-xylylene diisocyanate and, in Example 12, 6.33 parts
methylenediphenylene-4,4'-diisocyanate was substituted for the tetramethyl-m-
xylylene diisocyanate.

25 The storage modulus, G/, and tan § were determined for the vibration

- damping materials of Examples 10-12. The results are set forth in Table 4
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met hyl enedi cycl ohexyl ene-4, 4' -di i socyanate and 37.2 parts isocyanat oet hyl
15 met hacryl ate were fed at a rate of 0.026 g/mn (0.000186 equival ents
i sbcyanate/min) info the rourth zone. The extruder had a 40:1
| engt h: di anmeter ratio and double-start fully intermeshing screws throughout
the entire length of the barrel, rotating at 100 revol uti ons per m nute.
The tenper at W@95M838i | e f or each of the 90 nm | ong zones WwaPCTASHOSE2% o0 4 -
50C, zone 5 - 95[err]C, zone 6 - 170[err] C4820 zone 7 - 180[err]C, zone 8
- 125[err]C, and endcap - 120[err]C. Zone seven was vacuum vented. The
resul tant pol yrrer was ext r'gded cooled in and col |l ected. A portion of

the resul ting pol {P8etherWih wpsesfRxampleil oo a@wﬁemwﬂm ynmer was coated

and cured as in Eﬁéﬁﬁh&d{ cydl Eﬂ&dﬂ'—&s@éﬁﬁé‘iﬁhé&%&;}ahl e adhesive tape. 25
Anot her portion of t copo yrrer was pressed between two rel ease liners
into a uniformsanple of approximately 1 mmthickness, and cured by expoure
to lowintensity W lights to forma cur d@ble#ration darrpl ng material. In

Exanpl e 14, a pol eot*mb' c?@' 5
preggred as |anle§;Tﬁi L%, ex 1331 . m xt u?geo 83. 'ga%tg y Iééjih\? 30
net hyl enedi cycl ohe K Qj P4, 4-di i socyanate and 6.5 parts py wei ght
| socyanat oethyl eyt 1 ey TTan G (Pay [ Tan twa Taws] >
PCT/ US96/ 05829 50 ¢y 18.28x1Q°0.03 191 0.  h zone,
zone 6 was 180[ er r | G80alti6ldel %04 S 85030'¢ 01080 9&97@03 0102
resul ti ng pol ydi mef hsgbs|4.80sa0 1 04 @08 981 10/49.030ht ed and
cured as in Exanpl ¢ Jot Ps 08¥107[00. 6. 34x167| - 00%10910504 P
In Exanpl e 15, a p¢t%y ' . was
P ydi et iyl 511 oxakoctdy 48310 O TL18 4 9o0] 047 [80500°
di 5Z0| ved 'yn 99 pait ﬂ% 12 §4.33x107 0. 12)4:38x105| D12 17.64x207 9.94 hi xt ure
of 0.66 parts (2. 3] 25)x107] 0rks 1B/63161i 015 |389107] k6 17.30x101 i008c) anat e
and 0.13 parts (0.$4.100]2,03W10'[6®:19 |5 15:0'] U. PE[304x10% 01BC [2/05%167 '000p parts
tf’! uene and 2 pa[t 9 P|PB5UT0'] 02F 267107 0.19 00256 7181 0. Kgne
(0] Igoure_a _SGng'en e Xblpjlﬁglﬁrl;qa i lld’ ‘6 : 3.
SR-545 silicate re$~a—spbitid A 2i ght
per 100 parts pol yt'ﬂﬁtﬁd&’ilﬁ? 36.1:68%101,0:37 [1.25x10'] 038 [5.85x10"] 0.08 | ° )
: 30 |[6.97x10°[ 0.45 [1.24x107| 0.33 |7.73x10°| 0.48 |5.26x10’]| 0.10

40 ]4.20x10°%] 0.52 [8.74x10°] 0.38 }4.30x10°} 0.56 |4.56x107] 0.13

50 |[2.44x10°| 0.57 [6.02x10% 0.44 [1.87x10%| 0.66 |3.78x107] 0.17

60 |1.37x10°%] 0.62 14.04x10°| 0.48 [7.84x10°| 0.71 [2.89x10’} 0.24

70 17.62x10°| 0.66 12.71x10% 0.51 [4.60x10°] 0.70 [2.03x10°] 0.33

80 |4.36x10°] 0.68 |1.79x10°] 0.52 |3.04x10°} 0.66 |1.30x107| 0.46

90 12.78x10°] 0.67 [1.19x10% 0.51 [2.18x10°] 0.62 |7.51x10%] 0.62

100 [1.86x10°[ 0.66 {8.26x10°] 0.48 [1.62x10°[ 0.57 [4.34x10°] 0.75

110 |1.33x10%] 0.63 ]5.94x10°] 0.43 |1.27x10°%] 0.51 |2.41x10°%| 0.90

120 |1.01x10°] 0.58 [4.37x10°| 0.37 |1.06x10°| 0.43 {1.35x10%] 1.02

130 [8.01x10%] 0.52 [3.23x10°] 0.30 |9.28x10*] 0.35 |7.49x10°} 1.13

140 {6.93x10*] 0.43 |2.27x10°] 0.23 [8.75x10*[ 0.26 [4.05x10°] 1.23

150 ]6.54x%10%] 032 [1.31x10°] 0.17 |8.65x10%] 0.18 }2.03x10°] 1.31

160 |6.62x10°] 0.23 |5.65x10*] 0.12 |8.87x10% 0.12 |9.92x10%| 1.32

170 16.87x10%} 0.17 14.01x10°] 0.09 |8.64x10°| 0.11 [4.86x10*] 1.20

180 |7.11x10%] 0.14 |3.64x10%| 0.08 |7.37x10% 0.09 |2.42x10°] 0.98

190 - - [3.02x10% 0.06 - | - - -

5 The data in Table 4 demonstrate that the vibration damping materials of

Examples 1 and 10-12, which were prepared using curable polydimethylsiloxane



segnent ed copol yner (based on dry weight). To the copol yner/resin solution
15 was added 1 part DAROCUR[ err] 1173 (a photoinitiator available from

Ciba—Getgy, Hawt hor ne—NY—per 100 parts of copolyner/resin blend solids,
and the solution was subsequently air dried on a release liner film A

portion ofthe resulting polydi nethyl sil oxane ol i gourea segnented copol yner
was coated awdesidarrg as in Exanple 1 to form a pressure- senPCrUS5/05829
adhesi ve tape. Another portion of the sol u49on was.pressed between two
release liners into a uniform sanple of appr oxi mately 1 mmthi ckness and

cured by exposure to Iow I ntensit ured y| brat
danpi ng mat eri al .ol me °H‘%°é'%ﬁ‘ii§ L’&“?ﬁ)‘y 13 15

were tested for Zpgg %@%ﬁbvﬁiﬂ%@%&@y&ﬂt ﬂ'lﬁ&%sﬁilderﬁﬁ&atﬁh&ﬁgeﬁ”ength
to stainless steel. T e resulTs as well thitkness and average degree of

pol yreri zati on arof”&qo&i"ﬁedﬂmbﬁfﬁ;aﬂmm%toéﬂ%?ﬁgmmwﬂhe data for
Exanpl e 6 that was made using the sane reactants. The storage nodul us, G,
and tan [err] wer & aped for the vi bratlon 30 danping materials of

roapbctively. dhé*s’reswgﬂaﬁ”live%'ﬂfﬂ%ﬁ B S Efid Spolimes <17 7
i ng an aver age, faqt 69 of | o imploris iir. e Do ae of |
Thi ckness 180 EA0bmnb0dpaF E@E@B‘ﬁ*s&@@p idiefiptat ARl 598 o7 1)

adhesi on éﬂoﬂ)«éﬁ Exton, P &refedmmeoﬁiss min (0.000188 equivalents 1160
popoff 6 A g/min { 3000 popoff 14
5

150 ammelnnn) ina the first zone ofynd8 mpwmerﬁmns twin screw extruder 75

grlessure sens.t.5@9§8ﬂ§§°veW%%&§°q%§'%?e"§g?’L iﬁ@ﬂ%{%s' S

pol ydi net hyl si | oxwise edlughe content wag bessithan 0dqrzcdentyes determiried by lgss imweightr ees  of
polymerization, oMy Z g the sibtate Fes Gntes bt 4 6B 16 hiits, was fed st
rate of 4.3 g/min into the second zone. A mixture of 62.8 parts
methylenedicyclohexylene-4,4"-diisocyanate and 37.2 parts isocyanatoethyl

15  methacrylate were fed at a rate of 0.026 g/min (0.000186 equivalents
isocyanate/min) into the fourth zone. The extruder had a 40:1 length:diameter
ratio and double-start fully intermeshing screws throughout the entire length of the
barrel, rotating at 100 revolutions per minute. The temperature profile for each of
the 90 mm long zones was: zone 1 to 4 - 50°C; zone 5 - 95°C; zone 6 - 170°C;

20 zone 7 - 180°C; zone 8 - 125°C; and endcap - 120°C. Zone seven was vacuum
vented. The resultant polymer was extruded, cooled in air, and collected.

A portion of the resulting polydimethylsiloxane oligourea segmented
copolymer was coated and cured as in Example 1 to provide a pressure-sensitive
adhesive tape.

25 ~ Another portion of the copolymer was pressed between two release liners
into a uniform sample of approximately 1 mm thickness, and cured by exposure to
low intensity UV lights to form a cured vibration damping material.

In Example 14, a polydimethylsiloxane oligourea segmented copolymer

~ was prepared as in Example 13, except a mixture of 83.5 parts by weight

30  methylenedicyciohexylene-4,4"-diisocyanate and 16.5 parts by weight

isocyanatoethyl methacrylate were fed at a rate 0.0249 g/min (0.000185



Table 6 Tenp Exanpl e 4 Exanpl e 13- Exanple 15 ([err]C) G (Pa)
Tan [err] G (Pa) Tan 8 G (Pa) Tan [err] -90 9.98x10[err] 0.04
7.79x10[err] 0.05 ; ' 0.04 -80 8.92x 10[err] 0.05
6.92x10[err] 0.06 6.59x10[err] 0.06 -70 7.73x10[err] 0.07 5.87x10[err]
0.09 5.40x10[err] 0.1 -60 6.22x10[err] 0.12 4.74x10[err] O0.14
4.34x10[ err] wos/au@s- 50 5.24x10[err] 0.15 3.80x10[err] OPCIUSI605829
3.37x10[ err] 0.2 -40 4.31x10[err] 0.19 58 94x10[err] 0.25

2.46x10[err] 0.26 -30 3.20x10[err] 0.26 2. 01x10[ err] 0.35

1. 60x10[ err] 0 37 -20 2. 15x10[err] 0.35 1.03x10[err] 0.55

3. g?xig% err% wabﬁtsl% 4 w&sfed)wmei‘%ﬁ?zbﬁé,%ﬁdﬁmﬁlm and

. 87x err : X err X er.r

2.59x10[ err] o %°P° 5"&9;%5[’@* ‘8‘365"'0 '{JYW'G‘W”"@W
1.27x10[ err] @M cured maﬁ,b essure

6. 72x10[err] O. 91 30 17X10[ err t0 %‘? %gxw[erl;d]“(’%ﬁaw

3.50x10[ err] O. smwmhsslmmrr] 0.79 6. 53x10[err] 0.68 2.03x10[err]
0.72 50 8.49xd0[err] 4 1 60
5.44x10[ err] )(;51 OIQ%FIB ?\]S M&WM%PWWQ@I x10[ err]
0.72 2. 21x10[errivas as if Ex&imyillé | cexcépt 100 patts{2.96 inmidles) O err] 0. 67
1. 62x10[ err] O e x1

I 20x10 o] 0, SBol d»y&aiéﬁqa{-@%mﬁr?? sl weiggh 4,800 it disslved in

PCT/ US96/ 05829 5@49%@:@%[@5@@ o7 Disthinel A Jéall @ nkiktureXbf 9666 parts €£:35.0[ er 1 |
0.64 110 0. 62x10[err] 7.01x 10[err] 0. 56 2. 03x10[err 0 76 120
7.33x10[ err] o amm neglicyolohexyl and .13 pans(9.

5. 54x10[ err] gé&%fa& &Bé@‘ip, éﬁf? %gn}

4.09x10[ err] X e"EJrl ! h@gﬂés; Bﬁ;]nieangf ﬂgaéopmol
3.31x10[ err] 0 SWMwmﬁsewlydlmmﬂloﬁnﬂdmeeseg}nmﬁdgdpm Then,
2.69x10[err] 0.57, 2 88x10[ert] 0.5 1 rrl. .81 17

2 23x10[err] 0. 55%e50 ??TU[’BH'%’“ wag,iddsd gR}%g&%&ﬁf ]”‘(‘)’"g‘.‘ tpepélleve 120

parts (based on dry weight) per 100 parts polydimethylsiloxane oligourea
segmented copolymer (based on dry weight). To the copolymer/resin solution
was added 1 part DAROCUR™ 1173 (a photoinitiator available from Ciba-Geigy,
Hawthorne, NY) per 100 parts of copolymer/resin blend solids, and the solution

15

was subsequently air dried on a release liner film.

A portion of the resulting polydimethylsiloxane oligourea segmented
copolymer was coated and cured as in Example 1 to form a pressure-sensitive
adhesive tape.

Another portion of the solution was pressed between two release liners
into a uniform sample of approximately 1 mm thickness, and cured by exposure to
low intensity UV lights to form a cured vibration damping material.

" The pressure-sensitive adhesive tapes of Examples 13-15 were tested for
180° peel adhesion to glass and for shear strength to stainless steel. The results as
well thickness and average degree of polymerization are reported together in
Table S, along with the data for Example 6 that was made using the same
reactants.

The storage modulus, G’, and tan § were determined for the vibration
damping materials of Examples 13 and 15, having an average degree of

~ polymerization of 2 and 7, respectively. The results are set forth in Table 6

20

25

30



180 1.87x10[err] 0.52 2.17x10[ err] 0.47 190 -

1.26x10[err] 0.54 The data in Table 6 denonstrates that the vi bratlon
danpirmg—materi al s of Examptes 3, T3, and 15, whi ch were prepared using

cur abl e pol ydi net hyl si | oxane ol i gourea segnmented copol yners of

pol ydi net hyl si | oxane di am nes of about 5 37,000 nol ecul ar wei ght and the
sane dii socyWeae8428ut with degrees of polynerization of 3, PCINSH0SE29
respectively, had useful tenperature rangegj of 5 to 71[err]C, -14 to
57[err]C, and -16 to 30C, respectively. Exanple 16-18 In Exanple 16, a

pol ydi met hyl si | oxane ol i gourea segnented copol ymer 10 prepared as in

Exanpl e 6 was hotogether wis shoaquﬁnmmes.wmmtmmme singl e
screw Haake ex”%éﬁ&ﬁf@@ avai | abl e from Haake, Inc., Saddl ebr ook,
N. J. 07662) rotat utions per mnute with a tenperature
profile of: zone 1 - not controlled, zone 2 - 163C, zone 3 - 188[err]C, and
neckt ube and die (12 7 cmvm de) - 210[erTjﬂeSast betvveen ni p rolls with a

35.6 15 errjm o= and S
TAKE-O:F[[err]]re gﬁé@q’gﬁg !e_o
[err]m (1.0 ml)} and, 3 ,

put 25

ultravi ol et radi pt=o8 = IAPVTRCCE VoS L A et el
FAOBL, avail abl e 13 GT.n.er.a.l_.El_a“frirsz‘n of f4%¢ cok 92 ROr L In

Exanpl e 17, Pol yHim& hylsiloxdine Dilani $8 D 11 ot 385 np| achyl 23000:popeff 34 500,
was added the fitgtl Sl colS®t aling thMln scriew hvi ng

a 40:1 | ength: di pret®r atio Tavailjabl @5frojn Lei s6Yitz r p30po
Allendale, N.J.) at arate of 6.23 g/mn (0. 000358 equi val ents am ne/ nin).

MD WO 96/ 34028
PCT/ US96/ 05828 53 r esivhe ddtp inTable 3 demonstrages pyessureesensitiveadhesivesnss cagbe

Silicones as expw 8 parts %%y&ﬁ&m@ﬁﬁsﬂ&i&&ﬁﬂﬁe@séﬁmﬂwﬂate of 8.27

g/mn. A mxture

met hyl enedi cycl olferalymers witl mm.dswywaomw@npﬁm@tw baveghod

| socyanat oet hyl {gﬂ,@ and 56.3 parts DAROCUR[ err] 1173 was fed into’
the 5 fifth zone at a'rate of 0.105 g/mn (0.000330 equi val ents

i socyanate/mn). The feed Iine of this streamwas placed close to the screw
t hreads. The extruder had doubl e-start fTable6nterneshi ng screws throughout

the entire length of PR VAT Exbmple 4 Example 13 Example 15
{°C) '

G'(Pa) [ Tan§ | G'(Pa) | Tand | G'(Pa) | Tand
-90 [9.98x10’] 0.04 | 7.79x10° | 0.05 | 7.56x10° | 0.04
-80 [8.92x10"]| 0.05 |6.92x10’ | 0.06 | 6.59x10’ | 0.06
-70_|7.73x107| 0.07 | 5.87x10° | 0.09 | 5.40x10’ | 0.1
-60 |6.22x10"| 0.12 [ 4.74x107 | 0.14 | 4.34x10° | 0.15
-50 | 5.24x107| 0.15 380x10’ 0.19 | 3.37x10’ | 0.2
40 1431x10°| 0.19" 294x10 0.25 | 2.46x10’ | 0.26
30 |3.20x10'| 0.26 201x10 035 | 1.60x10’ | 037
20 [2.15x10°| 0.35 [ 1.03x10° | 0.55 | 8.65x10° | 0.54
-10 |1.49x10°| 0.44 | 533x10°] 0.71 | 4.87x10° | 0.7
0 |[9.06x10°| 0.57 |3.46x10°| 0.74 | 2.59x10° | 0.81
10 |5.49x10°] 0.68 |231x10°] 0.74 | 1.27x10° | 0.9
20 [3.48x10°| 0.75 ]| 1.48x10°} 0.73 | 6.72x10° | 091
30 [2.17x10°| 0.77 | 9.59x10° | 0.71 | 3.50x10° | 0.84
40 }1.37x10°] 0.79 ] 6.53x10° | 0.68 | 2.03x10’ | 0.72
50 }849x10°| 0.79 | 441x10°] 0.65 | 1.32x10° | 0.61
60 |544x10°| 0.76 | 3.06x10°] 0.61 | 923x10* | 0.55
70 |3.58x10°| 0.72 | 2.21x10°| 0.58 | 6.79x10* | 0.53
80 [242x10°] 0.67 | 1.62x10° ] 0.56 | 5.08x10* | 0.53
90 |1.75x10°] 0.64 |1.20x10°| 0.55 | 3.96x10° | 0.57




rotating at 300 revolutions per mnute. The tenperature profile for each of
the 90 mm | ong zones was: zones | and 2 - 30[err]C zone 3 - 35[err]C. zone
4 - 50[err]C zone 5- 10 60[err]C zone 6 - 75[err]C zone 7 - 90[err]C,
zone 8 - 110[err]C, and endcap - 120[err]C. The extrudate was cool ed in
air. The resulti ng BOl ydi met hyl si | oxane ol i gourea segnent edﬁﬁ‘

coated and c in Exanple 16 to produce a pressure-sen

tape. In Exanple 18, Polydi nethylsiloxane pyamne D, Lot 3, nolecular
wei ght 15 34,800, was added the first zone of an 18 mmco-rotating twn
screw extruder having a 40:1 length:dianeter ratio (available from
Lei stritz Corporatioid, 108 ||arpirie?| 0163. ) 9.21xH0*]a0560] 2853 n0.84 (. 000358
equi val ents am ne/ m 1f) 110MDolg@x16* | d0.660] ¥.01. 2008t 0.580 | @ 08516* |06 hed from

CE Silicones as expel B 33% {00807 QWI 0581 lzar;‘qoe apgs [ate of
8.6 g/min. A mxture ra very

nmet hyl enedi cyclohexyl-eiw% 34 y&;i@g’g“.&zg’—d A%'ls 8.15x100 1. 0.
i socyanat oet hyl et hdcl48 4409300 3 7109 128025k fed into
the fifth zone at a ral@ cﬁlﬂxl@g_gﬁi_ﬁ_-@!m 3082c;,5. 94167 <0.94
i socyanat e/ mi n). The [f 860l |2i69x10f] 0157s] 288e0h|wdsS p| a6:34k101 9s@.810] t he screw

threads. The extruder| ppy [233R16*{SD3SL ghkw‘i no4TNE4863a054r 018 | hr oughout

eSI ve

the entire length of gy UqTg7R10% [20.52' P2A7kI® | 20.490) ' CYO! uffrops per
m nute. The tenperat U -Irgogl Fre—flor—eat ol ep M T gy A0MES @s.  zones
1 and 2- 34[err]C zdae A0 el 3-5: %ﬁg +e—=otfte—5— 60[ err] C,

zone 6 - 75C, zone 7 - 90[err]C zone 8 - 110[err]C and endcap -

120[err] C. The extrudatia difaSin Te6IE 8 dembnsivafes thhb'the Vidfdtioh daiping materials of
pol ydi met hyl si | oxane ol i gour ea_seqmented copol ynmer was coated and cured as

in Exanpl e 16 to Examplks3, 33,30d 15, were prepared psing.cysehle pol loxane \\n)
96/ 34028 tU896/ 05829

54 The pressure- sel‘Fsomf J%'&hes?PB‘é"'!‘%’Bgfs’%Wd“E?%q°m°fé”T§“°f Ich the
adhesi ve t hi cks1es37 omnﬂicﬁsmqmmenMBwymswmhdmp@el adhesi on

i Sable 7 Tani el 2cisd Rl g edeifichiS b efhs ofghe 1"

Shear Strength Ravm -14 to 57°C, £4dn¢6 td>30°C, respectivelyri n) (N dm) 16
1/1.2 1900 pop of f

Etanqple 16-18
In Example 16, a polydimethylsiloxane oligourea segmented copolymer

10  prepared as in Example 6 was hot melt coated with a 1.91 cm diameter (3/4 inch)
single screw Haake extruder (commercially available from Haake, Inc.,
Saddlebrook, N.J. 07662) rotating at 40 revolutions per minute witha
temperature profile of: zone 1 - not controlled, zone 2 - 163°C, zone 3 - 188°C,
and necktube and die (12.7 em wide ) - 210°C, cast between nip rolls with a 35.6

15  pm (1.4 mil) polyethylene terephthalate film on one roll and S TAKE-OFF™
release liner on the other to a coating thickness of about 25 pm (1.0 mil), and,
subsequently, exposed to 1.73 mW for 20 minutes ultraviolet radiation provided
by a low intensity ultraviolet lamp Model F40BL, available from General Electric
Co. to effect curing.

20 In Example 17, Polydimethylsiloxane Diamine D, Lot 3, molecular weight
34,800, was added the first zone of an 18 mm co-rotating twin screw extruder
having a 40:1 length:diameter ratio (available from Leistritz Corporation,
Allendale, N.J.) at a rate of 6.23 g/min (0.000358 equivalents amine/min). MQ



17 1/1.3 65 5900 pop off 18
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Tabl e 8 Exanpl e exthﬂh(eevas]coﬁaéin air. Thegesulting polydimethylsilexane eligquredihesi on

_St rength ugmmleg o;golivymépwas coated 4 diked'sd in Example 160 producea / POPOf T
pressure-sensitive adhesive tape.
In Example 18, Polydimethylsiloxane Diamine D, Lot 3, molecular weight

15 34,800, was added the first zone of an 18 mm co-rotating twin screw extruder
having a 40:1 length:diameter ratio (available from Leistritz Corporation,
Allendale, N.J.) at a rate of 6.23 g/min (0.000358 equivalents amine/min). MQ
resin dried to about 1% toluene, obtained from GE Silicones as experimental
#1170-002, was fed into zone 2 at a rate of 8.6 g/min. A mixture of 27.5 parts by

20  weight methylenedicyclohexylene-4,4"-diisocyanate, 16.3 parts by weight
isocyanatoethyl methacrylate, and 56.3 parts DAROCUR™ 1173 was fed into the
fifth zone at a rate of 0.106 g/min (0.000333 equivalents isocyanate/min). The
feed line of this stream was placed close to the screw threads. The extruder had
double-start fully intermeshing screws throughout the entire length of the barrel,

25 rotating at 300 revolutions per minute. The temperature profile for each of the 90
mm long zones was: zones 1 and 2 - 34°C; zone 3 - 40°C; zone 4 - 50°C; zone 5 -
60°C; zone 6 - 75°C; zone 7 - 90°C; zone 8 - 110°C; and endcap - 120°C. The
extrudate was cooled in air. The resulting polydimethylsiloxane oligourea
segmented copolymer was coated and cured as in Example 16 to produce a

30 pressure-sensitive adhesive tape.
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the ratio of copol yner/resm are set forth in Table 9. Table 9 Shear Creep
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which were made by a solventless process, hot-melt processed using conventional
equipment, and ultraviolet radiation cured had good adhesive properties.

10  Examples 19-26
In Examples 19-26, polydimethylsiloxane oligourea segmented copolymers

were prepared as follows. Polydimethylsiloxane Oligourea Segmented Copolymer
A was dissolved in toluene and mixed with varying amounts of SR-545 MQ
silicate resin solution containing DAROCUR™ 1173 under slow agitation as in

15 Example S. For each 10 parts of Copolymer A, the following amounts of silicate
resin were used: Example 19 - 5 parts; Example 20 - 8 parts; Example 21 - 10
parts; Example 22 - 13 parts; Example 23 - 14 parts; Example 24 - 15 parts;
Example 25 - 17 parts; and Example 26 - 23 parts. The resulting compositions
were coated and cured as in Example 1 to provide pressure-sensitive adhesive

20 tapes.

Other portions of Examples 20 and 26 were each poured onto & release
liner, dried, pressed between two release liners into a uniform sample of
approximately 1 mm thickness, and cured by exposure to low intensity UV lights
to form a cured vibration damping material. .

25 The 180° peel adhesion to glass and the shear strength to stainless steel
determined for each pressure-sensitive adhesive tape of Examples 19-26, the
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The data in Table 8 demonstrates that at low silicate resin content the

polydimethylsiloxane oligourea segmented copolymer pressure-sensitive adhesive
compositions show marginal adhesive performance, while at high silicate resin
content, partial two-bond failure occurred (Example 24) or total two-bond failure
occurred (Examples 25-26), that is, the adhesive adhered to the glass better than
to the tape backing. Adhesion to the backing is problematic, although high peel
adhesion to glass and good shear properties are observed. ”

The shear creep viscosity of the uncured compositions of Examples 20-21,
6, and 22-24 was measured as a function of temperature using Rheometrics DSR
in a Step Stress Mode (creep). The results as well as the ratio of copolymer/resin
are set forth in Table 9.

10

15

Table 9
Shear Creep Viscosity (Paes)

Ex. 21 Ex. 6 Ex. 22
1/1 1/1.2 1/1.3

4.71x10°] 1.46x10° | 1.94x10°

Ex. 23
1/1.4

4.84x10

Ex. 24
1/1.5

1.29x10° |

Ex. 20
1/0.8

1.78x10°

Temp

¢C)
25
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3.19x10°

4.21x10°

45

14.21x10*

5.92x10°

2.28x10°

3.43x10°

9.80x10°

1.81x10°

50

1.23x10°

1.78x10°

5.21x10°

1.06x10°
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Table 10

Temp Example 4 Example 20 Example 26
(0

G'(®a) [ Tand | G (Pa) | TanS§| G'(Pa) | Tand
90 |9.98x10°| 0.04 | 5.48x10' ] 0.10 | 7.68x10’ | 0.02
-80 18.92x107] 0.05 | 4.13x10’| 0.12 | 7.30x10’ | 0.02
-70_[7.73x10°| 0.07 | 2.01x10" | 0.17 | 6.81x10’ | 0.03
-60 |6.22x10°| 0.12 | 1.84x10" | 0.27 | 6.44x10’ | 0.04
-50_|5.24x10°| 0.15 | 8.99x10°| 0.45 | 6.04x10' | 0.05
40 |4.31x10°] 0.19 | 4.22x10°| 0.61 | 5.65x10°' | 0.05
-30_[3.20x10"| 0.26 |2.18x10°| 0.66 | 5.26x10" | 0.06
=20 |2.15x10'} 0.35 | 1.26x10° ] 0.64 | 4.80x10” | 0.08
-10 | 1.49x10°| 0.44 | 8.59x10° | 0.60 | 4.44x10’ | 0.09
0 [9.06x10°| 0.57 |5.74x10° | 0.56 | 3.96x10" | 0.11
10 |5.49x10°] 0.68 ] 3.98x10° | 0.51 | 3.42x10” | 0.14
20 [3.48x10°] 0.75 | 2.96x10° | 0.48 | 2.84x10" | 0.18
30 [2.17x10°] 0.77 | 2.21x10° | 0.45 | 2.23x10’ | 0.23
40 |1.37x10°] 0.79 | 1.68x10° | 0.44 | 1.59x10” | 0.31
50 [8.49x10°] 0.79 | 1.31x10°] 043 | 9.67x10° | 0.46
60 |5.44x10°] 0.76 | 1.04x10° | 0.44 | 4.66x10° | 0.71
70 [3.58x10°] 0.72 | 8.01x10*] 0.46 | 2.16x10° | 1.01
80 [242x10°] 0.67 ]| 6.33x10°| 0.48 | 6.25x10° | 1.45




58 segnent ed copol yner, and 1 part DAROCUR[err] 1173 per 100 parts of
copolymer/resin blend solids. A portion of the solution was subsequently
ait—dried, coated, and cured as in Exanple 1. The 180 peel adhesion to

gl ass and the shear strength on stainless 5 steel were determ ned and
were, respectively, 58 N dm and >3000 m n. Another portion of the solution
was pressed WOOGRWB t wo rel ease liners into a uniform sanpl ECEU:
approximately 1 nmthickness, and cured by57exposur_e_ tolowintensity W
lights to forma cured vibration danping material. The storage nodulus, G,

and tan [err] were d T W I al of
Exanpl e 28 and the ri?o = H::’d. pef—ed—-h & b 1:‘551‘1}3
Exanpl e 28 (C) G (Pa) apl-2B6107] G 371636900 P55, | 5.

.96x10[err] 0.56 - 701102 262x30f 10:60 | 2078530* 50.58

1 0.35 -50
5.66x10[err] 0.18 4( 124.BA3abt) 10,60 §.2108x160 0.59. pOxuRje ) 1263 | 0.07 -20
4.47x10[err] 0.06 - daxdetEoeo [Q. 60| 0.62 PoxLDler ]06 10
4.27x10[err] 0.06 2 . E[ 060 {158 —('ﬁsg%xﬂ?ie” —0]11 40
3.63x10[err]  0.15 s o021 75O -efrF 0.21 70
2.34x10[err]  0.22 : 0,39 4-2351%‘ 0561 7g\a0l ek 1" 0. 18 100
1.63x10[err] 0.14 1 2:69xi0} |- /0:57 | 131x10°| 0.49 - -

170 |2.23x10*| 0.55 | 1.41x10%| 0.42 - -

180 ]1.87x10*] 0.52 | 1.19x10*] 0.40 - -

As can be seen from the data in Table 10, Examples 20, 4, and 26, having
increasingly higher MQ silicate resin concentrations of 44.4, 54.5, and 70 weight
percent, respectively, caused the usefusl temperature range to increase from -47 to

5 15°C in Example 20, 5 to 71°C in Example 4, 55 to 85°C in Example 26.

Example 27

In Example 27, a pressure-sensitive adhesive was prepared as in Example
6. After the adhesive was extruded, cooled and collected, 49.7 parts of adhesive
and 50.3 parts toluene were blended and coated on to a primed polyester backing

10  using a knife coater, dried in an air circulating oven at 60°C for 10 minutes,

laminated with a release liner and cured at 1.73 mW for 20 minutes under low
intensity ultraviolet lights to provide a dry adhesive thickness of 100 pm (4 mils).
The 180° peel adhesion from glass was 70 N/dm and the shear strength on
stainless steel was >5000 min. |

15 Example 28
- In Example 28, a composition was prepared as in Example 1, except 100.3

parts (10.4 mmoles) Polydiphenyldimethylsiloxane Diamine F , molecular weight
9620 was dissolved in 94 parts toluene and substituted for the Diamine A, and a
mixture of 1.82 parts (6.95 mmoles) of methylenedicyclohexylene-4,4'-

20 diisocyanate and 1.08 parts (6.95 mmoles) of isocyanatoethyl methacrylate
dissolved in 57 parts toluene was used to prepare polydimethyldiphenylsiloxane
oligourea segmented copolymer. To the solution was added 25 parts SR-545
silicate resin solution per 100 parts polydimethyldiphenylsiloxane oligourea
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Table 11
Temp Example 28
€O
G'(Pa) | Tand

90 |8.61x10'| 0.08
-80 |1.96x10’| 0.56
-70 [2.30x10°] 0.65
-60 |8.16x10°] 0.35
-50 }5.66x10°| 0.18
40 }4.89x1 0.11
30 ]4.60x10°] 0.07
20 [4.47x10°] 0.06
-10 14.43x10°| 0.06
0 4.38x10°] 0.06
10  [4.27x10°] 0.06 -
20 |4.16x10°| 0.08
30 {3.96x10°| 0.11
40 |3.63x10°| 0.15
50 |3.21x10°] 0.19
60 [2.75x10°| 0.21
70  ]2.34x10°] 0.22
80 [2.02x10°] 0.20
90 |1.79x10°| 0.18
100 |1.63x10°] 0.14
110 [1.53x10°] 0.11
120 |1.43x10°] 0.09
130 |1.36x10°] 0.07
140 |1.33x10°] 0.05
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As can be seen from the data in Table 11, the vibration damping material
of Example 28, containing 20 percent MQ silicate resin, and based on a curable
polydimethyldiphenylsiloxane oligourea segmented copolymer derived from
polydimethyldiphenylsiloxane diamine of molecular weight 9620, had a storage
modulus utility window, G/, of ~75 to 45°C, a loss factor, tan §, utility window
of -82 to -62°C, and a useful temperature range of -75 to -62°C.

Example 29 _
In Example 29, a vibration damping material was formulated by dissolving

10 parts Polydimethylsiloxane Oligourea Segmented Copolymer A in toluene and
adding MQD silicate resin solution MQR-32-3 (70 weight percent in toluene,
available from Shin-Etsu Silicones of America, Inc., Torrance, CA) to provide 400
parts silicate resin (based on dry weight) per 100 parts copolymer (based on dry
weight). To this eopolymerlresin solution was added 1.0 part DAROCUR™ 1173
]nwlOOpuﬂuﬁtqmﬂwnuﬂeﬁnbkmdsdmk.ThemumMevmsﬂﬁuLﬂumvnm

‘mixed in a 50 gram mixing head at 75 rpm and a temperature of 150°C for 10
ﬁmmusonanﬁmr@wﬂhubﬁomdlﬂhBnbuﬂmihﬂnmumﬁ;hm“Smnh

" Hackensack, NJ). The mixed sample was pressed, cured, and tested as in |

Example 1 to provide a vibration damping material. The storage modulus and tan
& were determined for Example 29. The results are set forth in Table 12.

10

15

20

Table 12
Example 29

G (Pa)
7.90x10’
7.54x10’
7.11x10’

6.69x10"

Temp
C)

Tan 8
0.02
0.02
0.03
0.05
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The data in Table 12 demonstrate that Example 29, a cured vibration
damping composition of the present invention, formulated at a silicate resin
concentration of 80 percent provides a useful temperature range of 29 to 77°C.

Example 30

In Example 30, Polydimethylsiloxane Diamine B, molecular weight
10,700, was fed into the third zone of an 18 mm co-rotating twin screw extruder
having a 40:1 length:diameter ratio (available from Leistritz Corporation,
Allendale, N.J.) at 2 rate of 6.63 g/min (0.000620 equivalents amine/min). A

10

mixture of 32.9 parts by weight tetramethyl-m-xylylene diisocyanate, 32.2 parts by

weight isocyanatopropyltriethoxy silane, 33.8 parts by weight octyl triethoxy
silane, and 1.0 parts by weight dibutyl tin dilaurate was fed into the third zone at a
rate of 0.298 g/min (0.00120 equivalents isocyanate/min). The feed line of this
stream was placed close to the screw threads. MQ resin dried from solvent to

15  about 1.3% toluene (obtained from General Electric Silicones as experimental



ol i gourea segnent ed copol yner-based partially cured vibration danpi ng
material 25 was allowed to cure at 21[err]C and 50 percent relative
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10  and dried at 65°C for 10 minutes to produce a 38 um (1.5 mil) thick adhesive and
allowed to cure for 1 week at 21°C and 50% relative humidity.
The 180° peel adhesion to glass was tested and resulted in two-bond
failure; the shear strength on stainless steel was >3000 minutes.
The storage modulus and tan § were determined for Example 30 and the
15  results are set forth in Table 13.

RRhORNENMNNORARORNN

Example 31 _
In Example 31, 50 parts (0.287 mmol) Polydimethylsiloxane Diamine C,

Lot 2, molecular weight 34,800, was dissolved in 50 parts toluene. To this
solution with vigorous stirring was added 0.2 parts (0.181 mmol)

20 aminopropyltriethoxysilane. 0.5 parts (0.382 mmol) methylenedicyclohexylene-
4,4’-diisocyanate, 0.25 parts (0.439 mmol) trifluoroacetic acid catalyst, and 83.4
parts SR-545 MQ silicate resin. The solution was subsequently poured onto a
release liner and dried at 65°C for 20 minutes. The resultant polydimethylsiloxane
oligourea segmented copolymer-based partially cured vibration damping material

25 was allowed to cure at 21°C and 50 percent relative humidity for 7 days to obtain
2 0.2 mm thick sample of fully cured vibration damping material from which
sections were laminated together, under nip pressure, to a total thickness of 1 mm.

The storage modulus and tan 8 were determined for Example 31 and the

results are set forth in Table 13.
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The data in Table 13 demonstrate that moisture cure vibration damping
compositions Example 30 and 31 have useful temperature ranges of 52 to 91°C,

5 and-16 to 24°C respectively.

Example 32

The polydimethyisiloxane oligourea segmented copolymer of Example 32
was prepared as in Example 23, except the pressure-sensitive adhesive was coated
from a 70°C melt using a single screw Haake Rheocord extruder (commercially

10  available from Haake, Inc., Saddlebrook, N.J.07662), with a temperature profile
set at zone 1 - off, zone 2 - 66°C, zone 3 - 94°C, and die - 94°C, at a thickness of



20 anount of non-hal ogen flanme retardant. Exanple 33 In Exanple 33, a
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22,300, and 15.84 parts (3.0 muol es) Pol ydi net hyl si | oxane 25 D am ne A,
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(4.0 mol es) WHX%E3M2Banet hyl - m xyl yl ene diisocyanate and 0. 6 PGTAISP 0
nmol es) of isocyanatoet hyl nethacryl ate wa63 used in the synthesis of this
pol ydi net hyl si | oxane ol i gourea segnented copol yner. To this solution was
added SR-545 silicate resin solution to achieve 120 parts sili cq.;‘e resin

gl_baSﬁq on drly 30 0.27wming(A0.5 mils) betweenahaok and jeop fasteney Wi ght ) .
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intensity W lg ghts t%ah? befddabi OU° PRI RdlieSioR P ARES Gile day Ne
st orage nodul us and tan [err arrpl e 33 were deternmned and the
results are set fmatroolﬁ'nh'lpuaﬁne, arewss 1.44 KN/nx sndoifter the lalaypa)

NN T T e O e
3.32x10[err] O. 117.68 BV/m, aRMﬂl‘lrdmeﬂt Z‘Shedﬁ shotvs fiat ili¢] cofipbsitibh G0 - 10
1.25x10[err] 0.38 O 7. 59x10[.err]
the invention has good initial adheﬂon and no adhesion loss after exposure of the
10 composition to elevated temperature. Also, -20°F (-29°C) shock resistance was
determined by conditioning samples prepared as for the 90° Peel Adhesion ina -
20°F (-29°C) freezer for 24 hours, and upon removal, immediately test for
adhesion by hand. The samples did not fail and the adhesive appeared to still be
rubbery (flexible and tough).
15 Additionally, samples were prepared and tested for Vertical Burn
according to the test method described herein. The sample passed the Extinguish
Time (15 seconds maximum) and the Burn Length (6 inches/15.2 cm maximum).
The sample failed to meet the 3 second maximum Drip Extinguish Time.
However, it is believed that the sample would pass with the addition of a small

20 amount of non-halogen flame retardant.

Example 33
In Example 33, a vibration damping material was prepared as in Example

1, except a mixture of 67 parts (3.0 mmoles) Polydimethylsiloxane Diamine C,
molecular weight 22,300, and 15.84 parts (3.0 mmoles) Polydimethyisiloxane

25  Diamine A, molecular weight 5280, in 69 parts toluene, and a mixture of 0.98
parts (4.0 mmoles) of tetramethyl-m-xylylene diisocyanate and 0.62 parts (4.0
mmoles) of isocyanatoethyl methacrylate was used in the synthesis of this
polydimethylsiloxane oligourea segmented copolymer. To this solution was added
SR-54S silicate resin solution to achieve 120 parts silicate resin (based on dry

30  weight) per 100 parts copolymer (based on dry weight). To this copolymer/resin
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Table 14
Temp Example 33
Co)
G (Pa) | Tand

90 |7.71x10°| 0.04
80 |6.72x10'| 0.06
70 |5.67x10’| 0.08
-60 [4.91x10°| 0.10
-50 |4.14x107| 0.13
40 [3.32x10"] 0.17
30 |2.53x107] 0.23
20 |1.76x10°| 0.30
-10 |1.25x10°| - 0.38
0 [7.59x10°] 0.50
10 [4.67x10°] 0.57
20 12.76x10°] 0.62
30 [1.58x10°| 0.67
40 [9.22x10°| 0.67
50 [5.27x10°| 0.68
60 [3.03x10°| 0.69
70  |1.75x10°} 0.68
80 |1.12x10°| 0.66
90 |7.38x10‘| 0.62
100 |5.14x10'] 0.58
110  |3.72x10*| 0.51
120 }2.80x10*] 0.39
130 |2.35x10*| 0.29
140 ]1.68x10*| 0.26
150 ]1.02x10‘| 0.18
160 |8.02x10°] 0.06
170 ]5.99x10°] 0.12
180 |3.51x10°| 0.04




15 screw extruder having a 40:1 length:dianmeter ratio (available from
Leistritz Corporation, Allendale, NJ) at a rate of 6.22 g/mn (0.00236
equrvatrents amne/mn). MJSilicate resin, containing 1%tol uene, obtained
from Ceneral Electric Silicone Products Division, Waterford, NY as
experimental material #1170-002 was fed into zone 2 at a rate of 7.6 g/mn.
A nmixture of WoR684Q28rts by 20 wei ght tetranethyl-mxylyl eRCTHOYNEnat e,
32.3 parts by weight isocyanatoethyl nethaggylate, and 33.9 parts by weight
DAROCUR] err] 1173 was fed into the sixth zone at a rate of 0.378 g/mn
(0.00236 equival ents isocyanate/mn). The feed line of this stream was

pl aced close to the screw threads. The extruder had double- start fully

i ntermeshing screws t :femdn' " hbﬂ;:o & ing 25
at 200 revol utions pe%%w‘bﬁg‘ errpe?\azflJt’ﬁlrggg pro |Ig§?%?ég§%%os{)t?h?ﬁe 90
nm | ong zones waghe preseatintention, forpulated usinga cupabipolydimeahylsiloxanecpolyused er r | C;
zone 6 - 60[err]C, zone 7 -, 90[err] G zong,8 .- »100C - 120C. The
extrudate was CO&MWMMW§fh‘g§%§R{%§ﬁ§%d

conposi tion, Bol \iliniikdshalifg nleddler Weights of 5280 aAl 22,300 srovidew a wiefuhht 22, 300,
was fed into the first zone of an 18 mnmco-rotating twn WO 96/ 34028
PCT/ US96/ 05829 6aemperatwreamagoafc toieng a 40: 1 | engt h: di aneter ratio

(avail able fromLeistritz Corporation, Allendale, NJ) at a rate of 6.22
g/mn (0.000558 cEpumplésnts amne/mn). M) silicate resin #1170-002, was

fed into zone 2 at ‘3 g Eeufile 14 Vit anding ietiehwal sybthedndiiin hy el g

tetranet hyl - m xyl yl ene di1 socyanat e, ] 1 parts by wei ght

i socyanat oet hyl rssivientlesypracess. MW‘!@@@GMFWWMR
was fed into e Six on b [ . ' . afshieaui val ent s

i socyanat e/ m'M]. “ﬂ?&%@éﬂ“ﬁﬂ’é‘@’ﬁ%ﬁ%‘g‘géﬁé&%@pi a((;%o" cq oselfo the screw
threads. The ext rviigtion duhpiig toposition usirg PolydimethylsiloeaieiDigmine Comaret hr oughout
the entire length of the rrel, .rotating at. 5Q revql utions r. 10

mnute. The terrpeﬁ"ﬂﬁ‘ﬁ‘?f%?@@?ﬁ%”é M?f@q’gdvﬁtfrbtﬁg'eﬂ%%@ s: zones
1 through 4 - 30C ZONg sreparé the it cbmpdsitivn, Polydifbthflkildxhae DiafiineA,- 90[ err] C
zone 8 and endcap - 120[err] C. The resul tant pol yner was extruded, cooled

inair, and col | coeleenlarmypight 5,280, gvsdedsinta the firgpzong of pr 48 MIKLEAIFqWEHE ¥ ng
pourod onto ol oy enEhaviighdt i dusetlib (RAMMCEOUESBRIET V)|
into a uniform safkperation,Allendale, N) atiarate of 6.22 g/min (0.00236 equivalents
amine/min). MQ silicate resin, containing 1% toluene, obtained from General
Electric Silicone Products Division, Waterford, NY as experimental material
#1170-002 was fed into zone 2 at a rate of 7.6 g/min. A mixture of 50.8 parts by
20  weight tetramethyl-m-xylylene diisocyanate, 32.3 parts by weight isocyanatoethyl
methacrylate, and 33.9 parts by weight DAROCUR™ 1173 was fed into the sixth
zone at a rate of 0.378 g/min (0.00236 equivalents isocyanate/min). The feed line
of this stream was placed close to the screw threads. The extruder had double-
start fully intermeshing screws throughout the entire length of the barrel, rotating
25  at 200 revolutions per minute. The temperature profile for each of the 90 mm
long zones was: zones 1 through 4 - 20 to 30°C; zone 5 - 40°C; zone 6 - 60°C;
zone 7 - 90°C; zone 8 - 100°C; and endcap - 120°C. The extrudate was cooled in
air, and collected.
To prepare the second composition, Polydimethyisiloxane Diamine C,
30 molecular weight 22,300, was fed into the first zone of an 18 mm co-rotating twin




1 mmthickness, and cured by exposure to lowintensity W lights to forma
cured vibration danping material. The storage nodulus and tan [err] for

Exanpl e 34 were determned and are set forth in Table 15. 20

Tabl e 15 Tenp Exanple 34 G (Pa) Tan [err] -90 7.60x10[err] 0. 04

- 80 6. 77x10[ err] 0.05 -70 5.76x10[err] 0.07 -60 4.98x10[ err

0.09 -50 4Veaseopas r] 0.11 -40  3.79x10[err] 0.13 -30 PcTy err]
0.15 -20 2.72x10[err] 0.18 -10 2.37%60[err] 0.19 0 :
1.95x10[err] 0.23 10 1.55x10[ err] 0 27 WD 96/ 34028

PCT/ US96/ 05829 67 20 1. 18x10[errl} 0.32 30 %35x1@$ 0.39 40

5. 84x10[ err] o A rey extrugd lenggh:digmeter ratio ( sWitz s 70

b aoler] O fofpion MARHENG) bla oy 1 e ?158%5%?[5?6?%’] °0.50 130
1.37x10[ err] 0 4§mihéAhin). MQ 4ilid¢ resin|#1170-002, was fed into zone 2 at a rate of 7.56
g/min. A mixture of 33.3 parts by weight tetramethyl-m-xylylene diisocyanate,
5  21.1 parts by weight isocyanatoethyl methacrylate, and 45.6 parts by weight
DAROCUR™ 1173 was fed into the sixth zone at a rate of 0.134 g/min
(0.000549 equivalents isocyanate/min). The feed line of this stream was placed
close to the screw threads. The extruder had double-start fully intermeshing
screws throughout the entire length of the barrel, rotating at 50 revolutions per
10  mimute. The temperature profile for each of the 90 mm long zones was: zones 1
through 4 - 30°C; zone 5 - 40°C; zone 6 - 60°C; zone 7 - 90°C; zone 8 and
endcap - 120°C. The resultant polymer was extruded, cooled in air, and collected.
Equal weights of the two curable vibration damping compositions were'
dissolved in toluene. The solution was subsequently poured onto a release liner,
15  dried, pressed between two release liners into a uniform sample of approximately
1 mm thickness, and cured by exposure to low intensity UV lights to form a cured
vibration damping material.
The storage modulus and tan 5 for Example 34 were determined and are
set forth in Table 15.

20 Table 15
Temp Example 34
0

G'(Pa) | Tand
90 [7.60x10’] 0.04
-80 [6.77x10’} 0.05
<70 |5.76x10’] 0.07
-60 |4.98x10’] 0.09
-50 |4.34x107| 0.11
-40 [3.79x10’} 0.13
=30 ]|3.26x10"} 0.15
<20 [2.72x10’| 0.18
-10__[23710°| 0.19
0 1.95x10°] 0.23
10 ]155x10’} 0.27




150  6.05x10[err]  0.36 160
0.26 180 1.77x10[err]

viprarion danpi ng conpositron of the present
bl end of two curable vibration danmping 5

3.69x10[ err]
0.24 The data in Table 15 denonstrate that a
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I nventi on,
conpositions

70 2.25x10[ err]

pr epar ed usi ng a
each derived from

di fferent pol ydi net hyl sil oxane di am es havi ng nol ecul ar wei ghts of 5,280

and 22,300 rwep9sR4MEec|ly, provides a useful

tenperature rang

ECTS!

106[err] C. Exanple 35 In Exanple 35, Polydémethylsiloxane Dianine D, Lot 3,
nol eul ar wei ght 10 34,800, was fed into the first zone of an 18nm

co-rotating twin screw extruder
(avai l able from Leistritz Corpor

i a8

AI-IIMHh

eo-ﬁ;;

di aneter ratio
at a rate of 6.23

g/ mn (0.000358 equival ents am ng

p/ n3Q) .

RR510°

c 838

into zone 2 at a rate of 7.67 ¢

m a0 A

met hyl enedi cycl ohexyl ene-4, 4" -di i
| socyanato ethyl nethacrylate, a
into the fifth zone at a rate of
i socyanate/mn). The feed line o

SO&gan s 9ox 108

584%10°

b 0f452

rlesin #1170-002 was fed

.46 parts by wei ght

29.50ar

s by 15 weight

Y288 10°

1051 -

GOS8

err] 1173 was fed

8330 equi val ents

ed close to the screw

threads. The extruder had doubl e{st 801 1051‘, s5hing screws

t hr oughout t he WO 96/ 34028 90 |6.65xi0°| 0.62

PCT/ US96/ 05829 68 entire |length ¢f 100 Bhans=io®|r ot6st i hg at 300 revol utions
per minute. The tenperature proffiTgg@ o0 202410°PT ols3e PO mm | ong zones was:
zones 1 and 2 - 30[err]C zone 3|7 gy PR sp -| °0[err] G zone 5 -
60[err]C, zone 6 - 75[err]C, zone —~—4H]0[err] C, and endcap -
120[err] C. The extrudate was cool & '.ﬁ.sﬂc ed. 5 To a
Brabender m xer fit with a 50 gra a4l ; nper at ure of
150[err]C and agitators rotating 5@3pm was added 40 grans
of the curabl e vibration danping ( bp&@&32d pbove. After m xing
for 1 mnute, 40 grans alum na, { 8@.26supplied by Mcro

Abr asi ves Corporation, Westfield, @242 m xed for 10

m nutes. The sanple 10 was col I ectet—coored to-room t enper at ure, and

pressed between glass plates as in Exanple 1. The sanple was radiation
cured through the glass plates by placing

The data in Table 15 demonstrate that a vibration damping composition of
the present invention, prepared using a blend of two curable vibration damping

compositions, each derived from different polydimethylsiloxane diamines having

molecular weights of 5,280 and 22,300 respectively, provides a useful

In Example 35, Polydimethylsiloxane Diamine D, Lot 3, molecular weight

34,800, was fed into the first zone of an 18 mm co-rotating twin screw extruder

having a 40:1 length:diameter ratio (available from Leistritz Corporation,
Allendale, NJ) at a rate of 6.23 g/min (0.000358 equivalents amine/min). MQ
silicate resin #1170-002 was fed into zone 2 at a rate of 7.67 g/min.. A mixture of
27.46 parts by weight methylenedicyclohexylene-4,4'-diisocyanate, 16.25 parts by

5
temperature range of 36 to 106°C.
Example 35
10
15

weight isocyanato ethyl methacrylate, and 56.29 parts DAROCUR™ 1173 was

fed into the fifth zone at a rate of 0.105 g/min (0.000330 equivalents
isocyanate/min). The feed line of this stream was placed close to the screw
threads. The extruder had double-start fully intermeshing screws throughout the



t he sanpl e between two banks of Sylvania F15/ T8/ BLB |ow intensity
ultraviolet lanps, at an intensity of 1.0 mWcnierr] for 3 hours, to

prévide a cured vibration danpi ng conposition. The storage nodul'us and T 0SS
factor were determ'ned for 15 this material and are set forth in Table 16.
Tahl e 16 Tenp Exanple 35 ([err]C) G (Pa) Tan [err] -90

9.33x10[err] WOP6R4028 30 8. 63x10[err] 0.02 -70 7. 74x10[ BEFPS96/088293 - 60
6. 87x10[ err] 0.05 -50 5.91x10[err] 0.6% -40 4.97x10[ err] 0.08 -30
3.96x10[err] 0.10 -20 2.84x10[ err] 0.13 -10 1.99x10[ err] 0.15 0

1.12x10[ err] 0.19.1 5.43x10[ err 0.27 20 3. 45x10[ err] 0.42
30 2. 31x10[err]ﬂ\m8="8¢'. Qf@lebaﬂfl.s a8 30 revolytions pspminute; Thex 10[ er r ]

098 50 . 53¢l ploiF S o e SB 5 con sl s 1 2 £0464078
PCT/ US96/ 05829 69 8 s PhofiE fof Sach of the 59l iig'zonss 0610 er r o8 00

1.46x10[ err] 1. Goneld 035°CL 2@ 41 yZone 5 1 60%C; 2o 6 - B°052a®[7Ter90PC; zone 94 130
6.34x10[err] 1. 38 110°C; and endcap - 120°C. The extrudate was cooled in air and collected.
5 To a Brabender mixer fit with a 50 gram mixing head at a temperature of
150°C and agitators rotating at a speed of 50 rpm, was added 40 grams of the
curable vibration damping composition prepared above. After mixing for 1
minute, 40 grams alumina, type WA, size 180 (supplied by Micro Abrasives
Corporation, Westfield, Mass) was added, and mixed for 10 minutes. The sample
10  was collected, cooled to room temperature, and pressed between glass plates as in
" Example 1. The sample was radiation cured through the glass plates by placing
the sample between two banks of Sylvania F15/T8/BLB low intensity ultraviolet
lamps, at an intensity of 1.0 mW/cm? for 3 hours, to provide a cured vibration
damping composition. The storage modulus and loss factor were determined for
15  this material and are set forth in Table 16.

Table 16
Temp Example 35
¢C)
G'(Pa) | Tand

90 [ 933x10° [ 0.02
-80 | 8.63x10’ | 0.02
<70 | 7.74x10’ | 0.03
-60 | 687x10° | 0.05
-50 | 591x10’ ] 0.06
-40 | 4.97x10" | 0.08
<30 |396x10° | 0.10
-20 | 2.84x10° | 0.13
-10_| 1.99x10° | 0.15
0 1.12x10’ | 0.19
10 |s43x10°| 0.27
20 | 345x10°| 042
30 | 231x10°| 0.67
40. | 1.69x10° | 0.85
50 | 1.04x10° ] 0.98
60 | 6.83x10° | 1.06
70 ] 433x10° | 115




140 4. 35x10[err] 0.90 150  3.19x10[err] 1.10 The data in Table 16
denonstrate that a cured vibration danpi ng conposition containing 50
percent alumna filTer provides a useful tenperature range of from 17 to
76C. 5 Exanple In Exanple 36, a vibration danping nmaterial was prepared by
m xing 59.4 g Pol ydi net hyl di phenyl si | oxane O igourea Segmented ol ymer B,
131.1 g SR- 9P6MM2Besin sol ution at 68 percent solids, andl’I-"l'GI

DARCCUR[ err] 1173 photoi niator under slow ggitation unti| honbgeneous. The
solution was poured 10 into an alumnumtray lined with fluorosilicone
coated 50 [err]mthick polyester release liner _The ogmterial was dried by
exposure to ambi ent conditions f¢r 8% rd&lﬁ;tf_ﬂﬂ_ne tray was placed in a
vacuum oven at ambi ent tenperatufje 9nhd|2.06d05{r ¢.44f {100 Pa for 16 hours.
The tray was renoved fromthe ovén 190d |tygs:gaohpl @.68as i nverted and pl aced

again in the vacuum oven under t l@ [§7x160 1011 s for 8 hours. The
mat eri al was pressed between 5 rss 3 lined with the
above-descri bed rel ease |iner topreasH4——2 i-er—evi ng a thi ckness of
about 6.4 nm The section was radifa fl;’g 3 b‘_ll.h.r].ﬁg.h the gl ass plates, by

pl aci ng the conposite between twl H48kd 4350f ¥2999 Hi5/ T8/ BLB | ow
intensity ultraviolet |anps, at 4n 150t drg:19%10b4 1.1 nWcnferr] for 3.5
hours. 20 To construct a bidirectional vibration danper fromthis
cured conposition, the release |liners were renoved d the sl,ab was abraded

with a SCOTCHBRI TE 1 MWP&N’%‘W&W&‘P‘P rtien 2 Mapl ewood,

M\, to roughen ”b% ifiGH Gontifining’ alimidh fifler pR6Vid@MAUsefil ©inpbratie danpi ng
device, simlar ppear ance to lgure 1, was construct ed by cutting two

square 25 sect |ruyofhml‘h9‘76$mﬂ per side and having a thickness of 6.4
mm fromthe WO 96/ 34028
PCT/ US96/ 0582% 7W3g)ond| ng the broad faces of the square sections of

'hi'ck cold rofl ed s edh ERtmRe 6 ot dpotbina ndternf WS pesplFBy iang B4 [ [T
been cl eaned pri Pdlmmyﬁbhmyhﬂomaow Scamented CapblymutB,ngrl@SR-ng The
gzoEgngng?dr gl)mdi‘éﬁgél onal v1 br‘hé# soh g’%qg saﬁiﬁ%ﬁiu\“aﬁ_’gl xtured for
photoinitiator under slow agitation until homogeneous. The solution was poured
10 into an aluminum tray lined with fluorosilicone coated 50 pm thick polyester
release liner. The material was dried by exposure to ambient conditions for 72
hours. Then, the tray was placed in a vacuum oven at ambient temperature and a
pressure of 100 Pg for 16 hours. The tray was removed from the oven and the
sample was inverted and placed again in the vacuum oven under the same
15  conditions for 8 hours. The material was pressed between 5 mm thick glass plates
lined with the above-described release liner to obtain a section having a thickness
of about 6.4 mm. The section was radiation cured, through the glass plates, by
placing the composite between two banks of Sylvania F15/T8/BLB low intensity
ultraviolet lamps, at an intensity of 1.0 mW/cm? for 3.5 hours.
20 To construct a bi-directional vibration damper from this cured
composition, the release liners were removed and the slab was abraded with a
SCOTCHBRITE™ #7447 Hand Pad, available from 3M Company, Maplewood,
MN, to roughen the surface of the glab. A bi-directional vibration damping
device, similar in appearance to Figure 1, was constructed by cutting two square
25 sections measuring 38 mm per side and having a thickness of 6.4 mm from the




paral | el i sm between the steel nenbers and the viscoel astic pieces during
epoxy cure. The danper assenbly was rigidly nmounted in an MI'S nodel nunber
312. 21 hydraulical |y actuated clrosed | oop feedback control tesTIMg wachie —
0 ‘(Mnneapolis, MN) fit with a tenperature controlled chanber. Three

cycl es of dynam c mechanical testing were then performed at tenperatures of
O[err]C, 15[ cwopa34028[err]C, and 36[err] C at strains of 50% RCTIUSSGOSEaNt
each tenmperature. The storage nodulus, G, gnd |loss factor, tan [err],
neasured at 1 Hz were determned and are reported in Table 17. 15

Table 17 Exanple 19 Tenp ([err]C Straln (% G Tan [err]

50 1. 03x10][ elpb.]bondms edgoad of the gquare sectiong osﬁh@ugmdm?pmsmgtem 21
50 5. 53x10[ eqr 0

100 5, 04x10[ef']r‘ﬂ‘“s‘&'é@%’?i%“”dh“%”m@%&gﬂrr °°"’1”éf% 21
100 e 3T3t7)f<10pmghs3aa?dmoﬂ;’iﬁurel thatmtdbeencleaﬁedgﬁ}ot% medﬁlyb;(;sﬁthﬁml The
results in Table enonst,ra st or us an e | oss
factor, tan [err], l7‘6‘f“3t B I EWW‘O&EF ﬁ?ﬂfﬁ%’uﬁﬂfﬂ@g@m"are hi gh
and rel ativel ysin ssemblp wabfgrd for 24 it Adohi fempEiaQie tPiaintain

particularly desirable 20 features of viscoelastic materl als enployed in
bi - di rectional dappiaiielismbatieen theisteekmembers gnddhe visegelgstic pieces during epoxy

PCT/ US96/ 05829 71 anple 37 In Exanple 37, 0.30 grans 1, 12-di am nedodecane
(Avail abl e from Al'drich), and 100.0 grans Pol ydi net hyl si | oxane Di am ne D,
Lot 2, nol ecul ar wei ghThSWassmlﬂydhsa‘giﬂlyMﬁttedlﬂﬂnlgﬂSmdﬂnmnlﬁﬂ/ 50

mxture of 0. 46 gPkha! ksl Eimptg btaen ledipe Sl frbe pathipe© °
t et ramet hyl - mey| YMirneapdlis, m)/mlea temperature controlled chamber. Three cycles of
dynamic mechanical testing were then performed at temperatures of 0°C, 15°C,
21°C, and 36°C at strains of 50% and 100% at each temperature. The storage
~modulus, G’, and loss factor, tan 5, measured at 1 Hz were determined and are

reported in Table 17.
15 Table 17
' ' Example 19
Temp (°C) | Strain (%) G Tan 8
0 50 1.03x10° 1.88
15 50 6.55x10° | 1.88
21 50 5.53x10° 1.82
36 S0 3.32x10° 1.67
0 100 5.04x10° 2.05
15 100 3.80x10° 1.94
21 100 3.37x10° 1.85
36 100 2.22x10° | 1.67

The results in Table 17 demonstrate that the storage modulus, G°, and the
loss factor, tan 5, of this curable vibration damping composition are high and
relatively insensitive to changes in temperature. These are particularly desirable

20 features of viscoelastic materials employed in bi-directional damping
constructions. '



in 20 grans of a 50/50 toluene/isopropanol m xture. To the solution was
added 1.0 gram Darocur[err] 1173, and the resulting mxture was dried in.
aiT to forma white, viscous fluid. 10 Twenty grans ofthe pol yner
was di ssolved in 25 grans of a 50/50 tol uene/ i sopropanol mxture. To the
solution was added 30 grans dried MQ resin, and the solution was agitated
slowl y unti | WossB#8%ecous. The sonewhat hazy sol ution was dri ?f’q%??’on a
release liner to forma tacky, conpliant n#terial. One part ofthe dried

pol ymer was coated at 130[err] C between 38 [err]m 15 pri med pol yester and
a release liner to a thickness of 38 [err]m exposed to W light to cure,
and tested for P ties and the peel force from gI ass vvas 85.4 N dm

Anot hegI Eart of the dinEsamplé §7®:30grams1,i2-digminedodesane (Avsilablefamuent | vy .
presse etween t I ners ?E X 1 mm an
20 cured by exd%ﬂ?@ﬂ“gﬁﬁg\h/ gé@?W;?&aﬁfﬁl or %ni hg‘?es nam c
mechani cal prOperwammjsoomasrmawﬁhlwmuaéwsasolumﬁwmﬁmm and are
reported in Table 18. Exanple .38 In e 38, .1.

1, 12- di ani nedddednintre. JFoithe sejution,wag ad E‘g 9&?"93{%?0&4&8Mﬁe Di ami ne A,
mol ecul ar wei ght ; iBhcpisoctaietShckyabd XD, 72D a3yt Gisocyanste

t ol uene/ i sopropanol “m xture. To'the solution was added.dropwi se a nixture
;)ftZ 94tﬁriams .s?ngamaﬁnﬁp@amwmmlm T thegolution was added

et ranet hyl - m xy ?%lm

t ol uenellsopropanoég%xﬁ thg"dstgf@fdg{' was aaﬁégﬂ ) grtg%nna
Darocur[err] 1173wln&nﬁs¢dacﬂuﬂsulti ng 30 mxture was dried in air to form
a hazy, semsglid

. 96/ 3402 : . .
PCT/ Us96/ 05828 72 Twer% e?msn@mrrwwwmg%%’d in 25

grams of a 50/ 50 foRieniasy [ BRARe| Tothelsblufion Was ddded 30 ptahis@rked MQ added 30
grans dried MQ resin, and he sol uti on was agltated slowy until

honogeneous. The mmmm@mwwwbm PMOZSASQUS) meybator m a
L T BB 5 on e £ S s 1oL
to the procedure mstesiali One pat ef/ﬂnednét;/pdymhwmneutednrlmmbmmm
strengt h. 15  primed polyester and a release liner to a thickness of 38 tm, exposed to UV light

to cure, and tested for PSA properties and the peel force from glass was 85.4

N/dm

Another part of the dried polymer containing MQ resin was subsequently
pressed between two release liners to a thickness of approximately 1 mm and
20 cured by exposure to low intensity UV lights for 20 minutes. Dynamic mechanical
properties of the material were tested as in Example 5 and are reported in Table:

18.

Example 38
In Example 38, 1.9 grams 1,12-diaminedodecane, and 100.0 grams

25  Polydimethylsiloxane Diamine A, molecular weight 5,280, were dissolved in 100
grams of a 50/50 toluene/isopropanol mixture. To the solution was added
dropwise a mixture of 2.94 grams isocyanatoethylmethacrylate and 4.62 grams
ietmnethjl—m—xylylene diisocyanate in 20 grams of a 50/50 toluene/isopropanol
mixture, To the solution was added 1.0 gram Darocur™ 1173, and the resulting

30  mixture was dried in air to form a hazy, semisolid.




G ass PMVA Stress at break MNUnferr] > 1.2 (glass
shattered) 1.26 Strain at break % n/ a

458 Anot her part of fhe dried polyner confaining MO TESIin was Subsequently
10 pressed between two release liners to a thickness of approximately 1 nm
and: cured by exposure to lowintensity UV lights for 20 m nutes. Dynam c
mechani cal pr WOA6B428 of the material were tested as i n ExanBCBUBHSE9ar e
reported in Table 18. Exanple 39 15 9 Exanple 39, 0.96 grans

Pol am ne[ err] 1H1000 (available from Air Products and Chem cals Inc.

Al l entown, PA), and 100.0 grans Pol ydi net hyl sil oxane Diamne D, Lot 2,

nol ecul ar wei ght 37, s0Fwentygrams;ofshe,dripd; polympn wes dissolved ini25grame of a 50/50

t ol uene/ i sopr opan ] ‘q‘"iim Q2 ugﬂq%ja ' I Xture
of 0.46 grans isogélana% ogtER/'i nmet acr'f/ﬁla %k‘gﬂt& g grarrdéég@ riéd Q"

t et ranet hyl - m xy| yesim and thesolutiomwasagitated clogiyunil bomegep&us.0 The solution was

t ol uene/ i sopropanol. pixt.ure. Jo t.he Ut I 0w \Was d. 1.0 gram
Darocur[err] 1173, H‘%%"?%‘I’dﬁ‘f“ﬁb%??@aﬁikm&%aﬁqgﬁ%d“ﬁ%&to form
white, very vigcous fl Onépart\eeilieiried potymer containing MQrresin Wiisiased t@preparé 40! ved
in 25 grans of a 50/50 tql uene/isoprqpanol. m xtyre., TqQ the sol utiQn was
added 30 grans dri@&"ﬁb‘&@!"ﬁ@%ﬁ&l %?‘EH%H%M&’W "‘gl ow y
unti | hom)geneous.te@p? Sdtesiod b&,@wmhat hazy solution was dried in air
on arelease liner to grma tacky onpliant material that was coated at
130C between 38 [err]mprinmed polvester |{Hessa rel ease | i nd®PMMAordvi de a
PSA | ayer having a t hi|cStressst béak MNMO O d/>810 {glass shattered) 1.26

PCT/ US96/ 05829 73 25 |[|cStiaiat beéak®s by edpggure to UV, and |t488t ed flor PSA
properties and the peel  fTorce fromglass was 37.2 N dm Anot her part of the

dried polynmer containing M) resin was subsequently pressed between two
rel ease liners to a t hiAsiothes partyof the driedpolymes contai gesin wassubsepyently posur e

to |l ow intensi li ﬂ%ﬁ*ﬁ:ﬂh ] : EQQ!' &Fﬁ@" rties of
the materi al m@e%s ed as ﬁ%’ogg{{r%%&g Ahd are §fe%§r e ?ﬂllfg‘églgfla -
Exanpl e 40 cured by exposure to low intensity UV lights for 20 minutes. Dynamic mechanical
properties of the material were tested as in Example S and are reported in Table
18.

Example 39
15 In Example 39, 0.96 grams Polamine™ 1H1000 (available from Air

Products and Chemicals, Inc. Allentown, PA), and 100.0 grams
Polydimethylsiloxane Diamine D, Lot 2, molecular weight 37,800, was dissolved
in 100 grams of a 50/50 toluene/isopropanol mixture. To the solution was added
dropwise a mixture of 0.46 grams isocyanatoethylmethacrylate and 0.72 grams
20 tetramethyl-m-xylylene diisocyanate in 20 grams of a 50/50 toluene/isopropanol
mixture. To the solution was added 1.0 gram Darocur™ 1173, and the resulting
mixture was dried in air to form white, very viscous fluid. Twenty grams of the
dried polymer was dissolved in 25 grams of a 50/50 toluene/isopropanol mixture.
To the solution was added 30 grams dried MQ resin, and the solution was agitated
25 slowly until homogeneous.
One part of the somewhat hazy solution was dried in air on a release liner
to form a tacky, compliant materia_l that was coated at 130°C between 38 um
primed polyester and a release liner to provide a PSA layer having a thickness of



In Exanple 40, 5.24 grans tetranethyl-mxylylene diisocyanate was 10
charged to a 500 nL flask in 10 mlliliters of dichloronethane. To this was
added 31.7 grans of Jeffam ne D 2000 (available form Huntsman Corp.), and
the sanple was well m xed. Next was added a solution of 61.4 grans of
Pokydi met hyl si | oxane Di am ne ‘A, nol ecul ar wei ght 5,280, in 40 nL

di chl or onet HHAE634®8&t, 1. 66 grans i socyanatoet hyl met hacryl aPETHEMO5ed and
the solution was m xed for 15 15 m nut esz3 foll owed by the addition of 1.1
grans Darocur[err] 1173. The mixture was allowed to dry on a rel ease |iner
in the dark to forma bl uish, somewhat mhormgrneous sem sol i d. Twenty

grams of the drlgaﬂpbP‘}‘ﬂébymmi%vaﬂeﬁeQ B SArpropsrties and therpeel force

t ol uene/ i sopropa hm he sol uti on was added 30 grans dried MQ 20
resin, and the so on was ag| ated slowy until honmogeneous. The sol ution

was dried-in air on aAnmhamdfnkasdned@olynmmmmgMQmmbstMy
material. One part ofh‘g&%% ol yrer co elﬁr:é. resi d to
prepare a hot nelP 4P & aB % bed
previously ang tmﬂg&giosﬁ%@w/iﬂtehﬁmhgﬁﬂﬁrboﬂm Dynanit) ivéchtic#ss at
break MN' nferr] 4 Strain at_break % 2330 331 25

Anot her part of t REoperties af the matesial wers tested a8 in Fosmple Jandaseeppatedjactableno

rel ease liners tg a thi ckness of approximately 1 nm and cured by exposure
to low WD 96/ 2028

PCT/ US96/ 05829 73 mtgn ity W lights for 20 m nutes. Dynam c nechani cal
properties of th were tested as in Exanple 5 and are reported in
Tabl e 18. Table 18 TehpEnmple@(éﬂﬁlmmethyl-ﬂE)ulﬁphad@mewas Exanpl e

Lorr] o (AL Chirgfo 4op B b 9 mitily o poromeipand.“Fo gis g adied °"
0.03 5. 80x10[er3u17 mm&m&mdblefoanmmsmﬁn Gorpl)) hed the samgile 02 - 80
C DAY 0y i Ak oy i 4 4SS ot
6.48x10[err]  OpDifmine A, Méleilirabvéight 5,280; i1 40 mL dichloromethane. Next, 1.66 grams
isocyanatoethylmethacrylate was added and the solution was mixed for 15
15  minutes, followed by the addition of 1.1 grams Darocur™ 1173. The mixture was
allowed to dry on a release liner in the dark to form a bluish, somewhat
inhomogeneous semisolid.
Twenty grams of the dried polymer was dissolved in 25 grams of a 50/50
toluene/isopropanol mixture. To the solution was added 30 grams dried MQ
20 resin, and the solution was agitated slowly until homogeneous. The solution was
dried in air on a release liner to form a stiff, somewhat tacky, material.
One part of the dried polymer containing MQ resin was used to prepare a
hot melt adhesive bond according to the procedure described previously and

tested for adhesive bond strength.
' Glass PMMA
Stress at break MN/m* | >2.0 0.4
Strain at break % 2330 331

Another part of the dried polymer was subsequently pressed between two
release liners to a thickness of approximately 1 mm and cured by exposure to low
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5.31x10[err] 0.09 4.55x10[ err] 0. 06 5.91x10[err] 0.05
. 69x10[ err] 0.04 -50 4.72x10[err] 0.11 4.58x10[ err] 0. 07
.24x10[err] 0.07 5.03x10[err] 0.06 -40 4. 06x1I0Terr] 0.13
. 36x10[ err] 0.08 4.75x10[err] 0.08  3.94x10[err] 0.10 -30
.40x10[err] 0.17 4.02x10[ err] 0. 09 4.20x10[ err] 0.11
. 09x10[ er r] WO@B6/34p28 >0 2.75x10[ err] 0.22 3. 66x10[ er rRCT/OS96/15829
.31x10[ err] 0.16 2.39x10[ err] 0.1@4-10 2.28x10[err] 0. 27
.27x10[ err] 0.11 2.38x10[ err] 0. 25 1. 85x10[ err] 0.19-0
.63x10[err] O. 36 0. 13 1.61x10[err] 0.
. 35x10[err] Q'Eﬁv)i'@lL&Fé W’éﬂk@?@?‘ﬁ of theymaterial
.11x10[ err] 0. tested’s x10[err] 0.77
" 16x10[err] O. ?gm A8 Exd ris"bd&&% Hjn 5F'°Folr§] 0.26 30
. 79x10[ err] 0.92 1.72x10[err] 0.22 2. 46x10[ err] 0. 89
.16x10[err] 0.25 40 1.68x10[err] 1Tslle 18 27x10[err] 0. 27
. 36x10[ err] 1.01 4.98x10[ err] 0.25 50 9. 14x10[err] 1.22
. 7910[ err] 0. F3Tempd] 09 7 TElample 38- 00 Eipl
52x10[err] 1. 32¢05 S0xTOrarT] | orawlesd ki o 15 ople 40
. 72x10[ err] . 26 (D G (Ps) 1] TinSLD] €% Tan®9 G @ X Pdn®' ¥ |G (Pa) U én 5
.03x10[ err] 1.[0290 | 73%m10°0] 03] | 5.80x10°7 | 0003 | Z55x10X JO0DB ' | 6.63x10°L] 0.02
.73x10[err]  0.[5580 [ etm00| ®03] | 5.36x10L| 0.05 JUXMIICT] 0.03 | 63309y 0.02
.03x10[err]  1.[2T70 [ 553m80] @06] | 4.80x100] 0.05 JL&JeRI0ET| 0.04 | O.9%xi0’ | 0.02
.73x10[err]  0.[686GL0P 531x10. b ®:080] «issA10" . G.d6 | S9mxiX100@5 1| 5.69%10°G) 0.04
.33x10[ err] 0.[7680 B 46300] axin] | 4.58x105| 1467 | £24xi0X 1J0j0ov r| 5.03x10'0f 0.06
.21x10[err] 05840 |  405%10°0] 18] | 4.36x166| 0.08_J4&15xJ05r|r p.08_|) 388162 0.10
.01x10[err]  0.[970 B33esi0’0] ex17] | 4.08x1874| 0.09_ 46430R[0%r | p.11_[0309x10° | 0.12
.80x10[err]  0.[622013] 2.75x106D>022] Er3i6bx10" ) BB | 2IREK1|00A6 1] 2.3900°45 0.16
.13x10[err]  0[4310 F228000] @271 327005] N0 | b el 1B5x10). §50.19
. 78x10[ err] 0.]4Q0 1331001 #x36) 29&@9 0.18_5 | 5023
.21x10[err] 0.6510 1] 19007 b 04p | 2 0.1 € 026
. 00x10[ err] 0.50201 6 5.35x10°0) 03[ b 2116100 | 6918 7.59&11!4 0.26
.73x10[err] 0270 __R239m00f H921] L7ex1aq] 1022 6.16x10)1| 0.25
. 30x10[ err] 40 1D 1.68x10°31 1087 | 1;27x10°)
.07x10[err] 0.3039 3144 1,2 | 879l
.18x10[err]  0.41601gh4.52d \x‘mfer""”"lﬂ
. 54x10[err]  Of=2y
Exarrpl es 37 and 38 g‘"c ;*ol".% D=
_copol yneric Vi br g=oa—peHpt EEHP
“pol ydi met hyl si | ofedieal S6AIL 1Ay
a hydrocarbon polkyd -‘2‘ : '12'9,,.. :
mat eri al s havi ng oE 1 B et
respectively. 140 | 1.41x10° | 0.75 8.37x10° ] 0. : .
150 | 1.21x10° | 0.65 5.61x10° [ 027 | 4.00x10° | 0.50
160 1.07x10° | 0.60 5.73x10° | 0.27 | 3.38x10° 0.48
170 | 9.15x10° | 0.54 5.33x10° | 028 | 2.71x10' | 0.44
180 | 8.07x10° | 0.50 4.38x10° | 025 | 2.18x10° | 041
190 $.77x10° | 0.51 - - 1.54x10° 04 1.25x10* 0.36

The data in Table 18 for Examples 37 and 38 show that
polydimethylsiloxane oligourea segmented copolymeric vibration damping
compositions derived from a polydimethylsiloxane diamine of about 38,000 or
5,000 molecular weight and a hydrocarbon polyamine, 1,12-diamine dodecane,

10  provide damping materials having useful temperature ranges of 17 to 61°C and 58
~ to 116°C respectively.
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75 The data in Table 18 for Exanples 39 and 40 show that the danping
conposition of Exanple 39, containing a m xture of a pol ydi net hyl sil oxane
di am ne of about 38, 000 nol ecul ar wei ght and Pol am ne[err] 1H1000, a
polLytetranet hyl eneoxi de di am-ne of about 1,000 MAN provided a useful 5

t enper at ur e m 14 to 51[err]C, and that the danpi ng c®CEESIISE? of
Exanpl e 40, containing a mxture of a pol y@# net hyl sil oxane di am ne of about
5,000 nol ecul ar wei ght and Jeffam ne D- 2000, a pol gpropyl eneoxi de di am ne

of about . 2,000 MN pr ed,a_useful tenperature range of 75 to 96C.
Exanpl e 41 10 %gﬁ%%ﬂiﬁlﬂ%ﬁmﬂamlﬂoﬁaﬂ@mms Lot 1,

mol ecul ar wei ght l!xﬂﬁ‘:g -rotating
twin screw extruder haV|nga4 enth dlarreter r tro (avarlable from
Lei stritz Cor por Siamine ofabput 18000 weuhtundd’m*zzmxmm (0. 00236

equi val ents am n p’m.geﬁa 1%.t ol obt ai ned
from General El e?o I C cone W ﬁg\;tcf)mgﬁo "Pf%pd NY as
experinent al Bat empdru#ﬁkiﬁm4w51°b$ﬁﬂmh€dﬂﬁpﬁ% éémfoshi%hefﬂfmn?pl@ g/ mn.

A m xture of 50.8 parts . b wel ght tetranmet hyl - mxylyl ene diisocyanate,
32.3 parts by weidh m%m& diaging of abant &P@s by vvel ght

DAROCUR] er r] 117%% ﬁﬂ %gﬁm &ﬁﬁ’? ﬁlarQ{n
(0.00236 equivalents i socyanate mn éﬁ fee ﬂd ﬁl S ream
pl aced close to twmmampmmmdfadthe start full y

I nt ermeshi ng screws throughout the entire |l ength ofthe barrel, rotating at
200 revol utions [Exampléwt €. The tenperature profile for each ofthe 90 mm

| ong zones zones zone [r ne 6 -
60[err] C z\gﬁg 7 - g}%ﬂygpl’%’@ﬂﬁﬁ% A’?ﬁs[ F&‘ll'még
extrudate was cod,ﬁﬂwufedmotbmﬂrsﬂ&neofﬂl&ﬁﬂb—ro&tﬁ ltirin%reﬁvfaﬂlb&r
conposition was Rheat edabil 8|‘ﬁ”ﬂ%§'l n &Vrltlﬁ}glfﬁfﬁn a%d appl‘lagd to various
conponents of a B’FY’P& Stz COrpoRgtion. zi ng and -
potting conponeniAilefdal R ﬂi*ﬁm m%-n Qa.;.%’ N6/ y was put
into a freezer at_-20 %gﬂ) 15[err° C for hourséﬁl no “%‘zf

failure _(debondl slicate resing containing themﬁmmﬁlbﬁhmesw h| S
conposi tion 15 \Pr@fctsdSieiion, Waterford, NY as experimental material #1170-002 was fed

PCT/ US96/ 05829

into zone 2 at a rate of 7.6 g/min. A mixture of 50.8 parts by weight tetramethyl-
m-xylylene diisocyanate, 32.3 parts by weight isocyanatoethyl methacrylate, and
33.9 parts by weight DAROCUR™ 1173 was fed into the sixth zone at a rate of
0.378 g/min (0.00236 equivalents isocyanate/min). The feed line of this stream

20  was placed close to the screw threads. The extruder had double-start fully
intermeshing screws throughout the entire length of the barrel, rotating at 200
revolutions per minute. The temperature profile for each of the 90 mm long zones
was; zones 1 through 4 - 20 to 30°C; zone 5 - 40°C; zone 6 - 60°C; zone 7 -
90°C; zone 8 - 100°C; and endcap - 120°C. The extrudate was cooled in air, and

25  collected. '

' A portion of the composition was heated to 200°C in a metal can and
applied to various components of a printed circuit board for the purpose of
rigidizing and potting components on the board. The printed circuit board
assembly was put into a freezer at -20 to -15°C for 12 hours with no adhesive

30 failure (debonding) or solder cracking noted.  Another portion of this composition



76 was tested as a curable hot-nelt adhesive according to the procedure
descri bed previously. Test results are given bel ow d ass '

PMVA Stress at break MV nierr] > 2.4 (gl ass shatteied) 0.7 Strainm ar
break % n/ a 378 Eanple 42 In Exanple 42, 38.0 parts
Pol ydi net hyl si | oxane Diam ne A, Lot 1, 5 nol ecular weight 5,280, and 30.0
parts tol uene™6@48Bided to a round bottomflask fit with ne %sa29
stirrer. To this stirred solution was added7élr opwi se a m xture of 1.26
parts net hyl enecycl ohexyl ene-4, 4' -dii socyanate, 0.74 parts

| socyanat oet hyl met hacrylate, apd_ 10 parts tolueng. The copol yner fhus
formed was enpl oyéﬁ?‘t‘%ﬁlﬁ"éﬂ&’@g‘& hPHE‘Fﬁﬁ#‘P"?“'%Eﬁ"&E'I"S ‘Béﬁ‘meﬁ'ﬁ’&iane

ol i gourea 10 segwmy_cmlmm'#hgaw,e by bl ending 30 parts of the
copol yner solution wth.:6.4 parts 2Lesin solution SRRAD at 62 2 % sol ids

and 0. 38 parts benzoyl‘m%ai 1Glassng until hono The
sol uti on was poured oytStress at beeak e_|]i>n2:4 (glass shatteredpd t|@.7i r _dijy at

anbi ent tenperature. AfSteain sibyeak® t he Javpl e was pressed |Bg8ween|rel ease
liners to obtain a 30 m[ thick layer that was 15 enployed to construct an
overl ap shear sanZxsmple4&sess adhesive bond strength. The overlap shear

sanpl e was prepared as LWERMiglea, 38desmets Poldimettiyliilodase Biserise A Mottpat st eel
adherents were enpl Qyed and that after assenply at rQom tenperature the

sanpl e was pl aded Molecalar Feight|S,280, apd 20,0 partaolushe were addedso girpunddetton o | ow
Sanpl o T The 20 clegk s whiPinbchificol dierd YO Wi okl il bded dRppitle | 17
to provide a maxi rminuee ofis25 partsimethylenedycloh@glenedt 4 -diisobyanate-0.24 patsn of 560%
Zbparont to t hose RVERBRia e e uh \opsts ikt TR SRR Ml rolled
spirit ofthis invewdsiemployeditd prepare @ thennally curable pblydinethylsitoxans bligoutead t 0 t hat
2 LMot i bl i 5553 sy Fb el otion
pol ydi or ganosi | oxaith 38.4 P&ty MO resshRioRER 545 at 62.2 % solids and 0.38 parts benzoyl
peroxide, and agitating until homogeneous. The solution was poured out onto a
release liner and allowed to air dry at ambient temperature. After drying, the
sample was pressed between release finers to obtain a 30 mil thick layer that was
15 employed to construct an overlap shear sample to assess adhesive bond strength.
The overlap shear sample was prepared as previously described with the exception
that steel adherents were employed and that after assembly at room temperature
the sample was placed in a forced air oven at 85°C for 5 minutes to allow the
sample to flow out, followed by 10 minutes at 170°C to cure the sample. The
20  cured adhesive bond was tested as in Example 41 and found to provide a
maximum stress at break of 1.03 MN/m? at a strain of 560 %.
The various modifications and alterations of this invention will be apparent
to those skilled in the art without departing from the scope and spirit of this
invention and this invention should not be restricted to that set forth herein for
25  illustrative purposes.




copol ymer conprising (a) soft pol ydi organosil oxane units, hard

pol yi socyanate 5 residue units, wherein the polyisocyanate residue is the
polyT socyanat e mi nus the - NCO groups, optionally, soft and/or hard organic
pol yam ne units, wherein the residues of isocyanate units and am ne units
are connected by urea |linkages, and term nal groups, wherein the term nal
groups are fWOIB4®| endcappi ng groups, and (b) silicate r @CTRISINOS8292

The curabl e tackified pol ydi organosi | oxanepyol i gour ea t ed copol yner
according to claiml represented by the repeating uni m
formula: O [err] 15 wherein: each Ris armt"ﬂ'mml !’h ch
| ndependently is | kyl . ety preferably having abod ,"” E
atoms, and whi ch'@?‘aﬁéﬁg’tm‘#ﬁut ed with, for exanple, trifl ubradal *

. vinyl groups, a vinyl radical or higher aIkenyI 20 radi cal represented by

LG er 1) ferr] - o\ 1y Cr{ Aviumbleapciitistehyalogipaoilomme dligouss segmepteds o
err])[err]- or - ° >
6; and c is 3, 4c8ioliner Wtﬁ%ﬁé&?&%sﬂﬁ%@%ﬂﬂlpﬁWG to 12

carbon atons and which

PCT/ US96/ 05828 mssiubmmmemlmismnmremduwlmq@olnmmmugﬂwps or

an aryl noiety pr rably havi ut 6,tq 20 carbon.ato [ ch may
be substituted V\nlﬁﬁs 'P\é’egpiﬁﬁl% hﬂ@&w n%a%fm d vinyl
groups or R is ardaiiubs efiscephriad units ahwmﬁei:hma(ﬁmeaed j Gred Unltiges)And OF 2
per f 1 uoroet her - cont ai ni ng groupJ each Zis a poI yvaI ent radi cal
which is an aryl teseinahgroups, mmﬁamoﬂmsmwmmﬁmmmmut 6 to
20 carbon at ons, ("Zuﬁﬁ r cycloal kyl ene radical having from about 6
to 20 carbon atorns; i's a dival ent nmoiety which independently is an
al kyl ene radil@al haV|ng 1 to 10 carbon atons, an aral kyl ene radical or an

aryl ene radi cal having 6 t0,20 cagbpn.alons; gecach A.is independgently

"B, or -YSi(R[err](€si( ﬁ@%@'@%ﬁ?@‘&%ﬁﬂﬁmﬁf
copolymer according to claim 1 represented by the repeating unit of the following
formula:

NI { NP VN N A e

h

P

H 0
| I
N—Z—N—'A—N—B—N-—g N—Z—N~—C—N-—A—-X

f

15
wherein: )
each R is a monovalent moiety which independently is an alkyl moiety
preferably having about 1 to 12 carbon atoms, and which may be substituted with,
for example, trifluoroalkyl or vinyl groups, a vinyl radical or higher alkenyl
20  radical represented by the formula -R*(CH,),CH=CH, wherein R? is -(CHy)y-or -
(CH)).CH=CH-and ais 1,2 0r 3; bis 0, 3 or 6; and c is 3, 4 or 5, a cycloalkyl
moiety preferably having about 6 to 12 carbon atoms and which may be



B is a polyval ent radicat—setected fromthe group consisting of alkylene,

ar al kyl ene, cycl oal kyl ene al kyl ene oxi de, and copolynmers 15
thereof, and m xtures tFleH' ﬂ pﬂﬂmﬂ u nmonoval ent radi cal which
mdependently I s hydrogen, *ant a w radieal having 1 to 10 carbon atons or

an_aryl or arylal kyl radicals haV| ng about 6 to 20 carbon atons; each X is
a noi ety repmesed by the fornula 20 (a) anﬂ’FEﬂ’?""’
represented by [err] where each of D, and7g are defined as above, or (b) a
noi ety represented by [err] 25 where each of Z and D are defined as above,
WD 96/ 34028 ) .

PCT/ US96/ 05829 mhmmediwid@pmmmalky@.iapd xiny} greupsaer angrylmenictipreferaly e end

et hocr yi am oo 2 g GipaRiaSh Mo Sk e B £ oo

exanpl e, al koxysexkaidjfe, alk§l, eydloalky, ﬁudrm!lqlgncbvinylgrwpdoﬁklsaperﬂuoroalkyl (c) a
noi ety represented by err] wherein D and K efined as above. (d) a
moi ety repr esent BtPUB,A fluarine-comtaining Srolip,of a ‘5’ qEcp &Y% or | arger:

and t is a abgut 1 tOgglpz d&&gagvme:ft%ap%ieﬁwmﬂaﬁmwa@mﬁea

segnent ed copol yner accor alm 2 wherein at |east 50%of the R
noi eti es are net mwmmmmsmmmmwsmdgymmmlan«w or

substituted al kylmflcaﬂgal a{:(o eﬂ?carbonatoms;
cach Y is a divalent moiety which independently is an alkylene radical
having 1 to 10 carbon atoms, an aralkylene radical or an arylene radical having 6
10 to 20 carbon atoms;
each A is independently -B-, or -YSi(R),(OSi(R),), Y- or mixtures
thereof;,
B is a polyvalent radical selected from the group consisting of alkylene,
aralkylene, cycloalkylene, phenylene, polyalkylene oxide, and copolymers
15 thereof, and mixtures thereof;
each D is a monovalent radical which independently is hydrogen, an alkyl
radical having 1 to 10 carbon atoms or an aryl or arylalkyl radicals having about 6
10 20 carbon atoms;
each X is a moiety represented by the formula
20 (a) a moiety represented by
o
—N —g—N —Z—NCO

am
where each of D, and Z are defined as above, or
(b) a moiety represented by

— —ﬁ—N—Z—N—E—N—K
PO

(am)
where each of Z and D are defined as above,

25



radi cal s, phenyl radicals, or substituted phenyl radicals. 20 4. The

pol ydi or ganosi | oxane ol i [ copolyner of claim2 wherein Z is
276-1ofyi ene, 4,4 nethyl iﬂﬂmﬂmlmmf H 3' -di met hoxy- 4, 4' - bi phenyl ene,
tetramet hyl - m xyl yl ene, 4.*4' ¢net hyl erfedi*cycl ohexyl ene, 3,5, 5-

t -i met hyl - 3- met hyl enecycl ohexyl ene, 1, 6- hexanet hyl ene, or 1,4cycl ohexyene.

25 5. THWO96/84888 or ganosi | oxane ol i gourea segnment ed copoPGHE laim4
wherein Z tetranet hyl -m xyl yl ene. WO 9%/ 34028
PCT/ US96/ 05829 80 6. The pol ydi organosi | oxane ol i gourea segnent ed

copol ynmer according to claim1 wherein the silicate resinis an M) silicate
resin, an M silicate rd&isindependentiy)ii) 8 fret tmdical palygnerizable end group skl A
pressure sensitj i i 1S ( ..and (b) a
P easur o sensi ¢ 1 oriARB R Sy i, itBel AR birplait, s A ot
pol ydi or ganosi | gioaps; (ii) 4 Soistubecuestdegrote shch ag dorexanplepatRoxysilang afid) sof t
pol'ydi or ganosi | oxane upits, hard_ polyi socyanate residue units, wherein the
pol yi socyanat e PESinQ#lang groups, A \i socyanate minus the - NCO groups,
optionally, 40 soft and{c?gmg i ol yam ne units, wherein the

nits and a

resi dues of 1socyanate u ne uni'ts are connected by urea
| i nkages, and term nal groups, wherein the fgerm nal groups are functional

endcappi ng groups, and (b) silicate resins. |8. The pressure sensitive
adhesive article according to claim7, TN—CGwmNr&n the substrate is paper,
pol yol efi n, pol yet hyl ene terephthal ate, | ycaggbonat e, pol yvinyl chloride,
pol ytetraf| uoroet hyl ene, polyimde, cellulose acetate, and ethyl cellul ose,
woven fabric formed of threads of syntheti "natural materials such as

cotton, nylon, or rayon, or glass or ceramc nmaterial, or nonwoven fabric,

metal, metallized pol ynerwhertinDiandJS aseidefinedsasiabovgne, ur et hane, 20

pol yet hyl ene, pol ypropyl e e er, and the like, and filled and
unfilled foanmed nmateri al smgﬁ&%ﬁfﬁ%&s e material. 9. The pressure
sensitive adhesive article according to__clllg_iﬁn 7, wherein the pressure

sensitive adhesive is cured. 25 IB
10
\)
mis about0to 8;
p is about 10 or larger; and
tisaabout1to 12.
15

3. - The polydiorganosiloxane oligourea segmented copolymer
according to ciaim 2 wherein at least 50% of the R moieties are methyl radicals
with the balance being monovalent alkyl or substituted alkyl radicals, alkenylene
radicals, phenyl radicals, or substituted phenyl radicals.

20
4. The polydicrganosiloxane oligourea segmented copolymer of
claim 2 wherein Z is 2,6-tolylene, 4,4'methylenediphenylene, 3,3'-dimethoxy-
4,4'-biphenylene, tetramethyl-m-xylylene, 4,4'-methylenedicyclohexylene, 3,5,5-
trimethyl-3-methylenecyclohexylene, 1,6-hexamethylene, or 1,4cyclohexylene.
25 :

5. The polydiorganosiloxane oligourea segmented copolymer of
claim 4 wherein Z tetramethyl-m-xylylene.



10. A hot nelt adhesMa curabl e tackified
pol ydi or ganosi | oxane ol i goure copol ymer_conprising_(a) soft
pol ydi or ganosi | oxane unl\a“ mmg cyanat e residue units, wherein the

pol yi socyanat e residue i I'socyanate mnus the -NCO groups,
optionally, 30 sof t anor/or “hard organi c polyam ne units, wherein the
resi dues of WQ863AMte units WO 96/ 34028 PCT/US96/05829

PCT/ US96/ 05829 81 and amine .units are conggcted by urea |inkages, and
term nal groups, wherein the term nal groups are functional endcapping
groups, and (b) sili cate re5| ns. 11. The hot nelt adhesive according to
claim7, wherein the & pdhyarlydigresnesiloxsns oligoreagsementedeapalymesd copol yner

l:gngﬂﬁgtiéﬁ corf%?‘?gllngg g]?n}eas ﬁ@%‘%’?ﬁ"gﬁﬁﬁersfﬁéﬁ lg‘ighkngﬁer

havi ng a broad ssilidatecresipooan M)Tssilicaterresinl sur f ace of another rigid nenber
and cl osely spaced therefrom 10 and a conposition conprising the curable
tacki fi ed pol ydi organosi | oxane ol i gourea segnment ed copol ymer according to

claim2, whergein the FOWWs%mm%MWWs Ql substageced, rigid
menber s, adhered to t he and cured. 15 ﬁ%gﬁ A process for
produci ng a cur zinddb) apmrssnesensitive,adhesivg somprises s sursblottackifiedea segnent ed

copol ymer conpris ea segment ed
copol ynmer by addf’ lr%g ,%ﬁi 3@%@& W%ﬁ@@%&‘w@%ﬁe endcappi ng
agent that has qmlydjds:gmﬂémuﬁfseharepayisv@wdmdﬁcﬁﬁtsmﬁumlthar moi sture
cure conditions an or anlé soI ven .sol ution of east one  polyam ne,
20  wherein th@%‘iﬂ?ﬂ’?&“‘f d'l“%ﬁ'ﬂ? 3 Srqup% SRtionallYyi ne or
a mxture ofyet goga,ﬁg, g,gin ﬁg,éme@gﬁg&?ﬁ;meqﬂ@sor ganic
pol yam ne, m xi ng the solution ?B l'ow ng the polylsocyanate, endcapping
agents, and pol ymamnqmtsmmteﬂ(bvm j and derminal groups; mngburea
segnent ed copoly b) ble d|or ano e_ol i gourea
segnent ed 25 Sﬁ& &‘[}ﬁ?‘gﬁ ‘gtbéalﬁf‘gﬁfeémfey n, and (c)
renmovi ng the orgam C sol vent. 14. A process for pr oduci ng curabl e tackified
pol ydi or ganosi | oxane ol i gourea segnented copol yner com; si ng the steps of

(a) continuously 30 & ovi e RSy sensitive adhgies @ficle eclainds conpri se at
l'east one pojsyi sRfyEil e substhate is paper, polyolefin, polyethylene terephthalate,

polycarbonate, polyvinyl chloride, polytetrafluoroethylene, polyimide, cellulose
acetate, and ethy] cellulose, woven fabric formed of threads of synthetic or
natural materials such as cotton, nylon, or rayon, or glass or ceramic material, or
nonwoven fabric, metal, metallized polymeric film, acrylic, silicone, urethane,

20 polyethylene, polypropylene, neoprene rubber, and the like, and filled and
unfilled foamed materials, or ceramic sheet material.

9. The pressure sensitive adhesive article according to claim 7,
wherein the pressure sensitive adhesive is cured.

25 .

10. A hotmelt adhesive comprising (a) a curable tackified
polydiorganosiloxane oligourea segmented copolymer comprising (a) soft
polydiorganosiloxane units, hard polyisocyanate residue units, wherein the
polyisocyanate residue is the polyisocyanate minus the -NCO groups, optionally,

30  soft and/or hard organic polyamine units, wherein the residues of isocyanate units



WD 96/ 34028

PCT/ US96/ 05829 82 | eas and_at_| east one endcapping agent to
a-Teactor; (b) mxing Hmmmﬂmﬁml ﬁ“it he Teactor, (c) allow ng the
reactants to react under substamti &l 1y sol vent free conditions to forma
pdl ydi or ganosi | oxane ol i gourea segnented copol yner; (d) conveying the

copol ynmer fWO96/B488 r eactor; (e) providing the 5 copol ynePCTAS/058¢t one
silicate tackifying resin, and solvent tga second reactor; (f) mxing the
copolynmer, the silicate tackifying resin, and the solvent in the second
reactor to forma tackified conposition; and (g) conveying the tackified
conposi tion f rondﬁmnemﬂecmctedbymlmkages,andt ferminal/groupsswhereinithe,

sol ventl ess progess for produc ur bIe tacki fi | r an05|loxane
ol i gour ea segrreﬁ"’f'e‘ﬂmlgﬂﬁﬁ ﬁ‘"&g‘ﬂ’ﬂf ‘B’?%Bfoi(é?‘

pol ydi or ganosi | oxane ol i gourea segnented copolyner by contrnuously
providing reactants, V\/nerel n the react ants corrprl se at |east one
pol yi socyanate, at |&hst Thechos Mmﬁﬁoups that are

reactive under gggk LfrkPNs. and at | east

one pol yam ng t Q&r C Lm“ge%hgmx ng H{e % ants I'n the reactor, (c)

allowing the reactants to react to form a pol ydi or ganosi | oxane ol i gourea

copol ymer, and (d) copveyi olynmer .fromihe, reactog I ncor porating

a silicate resin by end‘ﬁﬂ’gwgﬁlvi‘m@ qﬂ@i{?ﬁ@m

pol'ydi or ganosi | empRsif ktdeist B AdHRAbLES, aapﬁgia%be?ﬂmngamaasm
proximate a broad surface of another rigid member and closely spaced therefrom,

10  and a composition comprising the curable tackified polydiorganosiloxane '
oligourea segmented copolymer according to claim 2, wherein the composition is
contained between closely spaced, rigid members, adhered to the members, and
cured.

15 13. A process for producing a curable tackified polydiorganosiloxane
oligourea segmented copolymer comprising (a) forming a polydiorganosiloxane
oligourea segmented copolymer by adding at least one polyisocyanate and at least
one endcapping agent that has end groups that are reactive under free radical or
moisture cure conditions to an organic solvent solution of at’least one polyamine,

20  wherein the polyamine is at least one polydiorganosiloxane diamine or a mixture
of at least one diorganosiloxane diamine and at least one organic polyamine,
mixing the solution and allowing the polyisocyanate, endcapping agents, and
polyamine to react to form a polydiorganosiloxane oligourea segmented
copolymer, (b) blending the polydiorganosiloxane oligourea segmented

25 copolymer solution with at least one silicate resin, and (c) removing the organic
solvent.

14. A process for producing curable tackified polydiorganosiloxane
‘oligourea segmented copolymer comprising the steps of (a) continuously
30 providing reactants, wherein the reactants comprise at least one polyisocyanate, at
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least one polyamine, and at least one endcapping agent to a reactor; (b) mixing
the reactants in the reactor; (c) allowing the reactants to react under substantially
solvent free conditions to form a polydiorganosiloxane oligourea segmented
copolymer; (d) conveying the copolymer from the reactor; () providing the
copolymer, at least one silicate tackifying resin, and solvent to a second reactor;
(£) mixing the copolymer, the silicate tackifying resin, and the solvent in the
second reactor to form a tackified composition; and (g) conveying the tackified
composition from the second reactor.

15.  An essentially solventless process for producing curable tackified
polydiorganosiloxane oligourea segmented copolymer comprising the steps of (a)
forming polydiorganosiloxane oligourea ségmented copolymer by continuously
providing reactants, wherein the reactants comprise at least one polyisocyanate, at
least one endcapping agent that has end groups that are reactive under free radical
or moisture cure conditions; and at least one:polyamine to a reactor, (b) mixing
the reactants in the reactor, (c) allowing the reactants to react to form a
polydiorganosiloxane oligourea copolymer, and (d) conveying polymer from the
reactor and (e) incorporating a silicate resin by blending the silicate resin with
reactants or the polydiorganosiloxane oligourca segmented copolymer.



