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(57) Abstract

A tackified composition comprising (a) a polydiorganosiloxane polyurea segmented copolymer comprising the reaction product of
(@) at least one polyamine, wherein the polyamine comprises at least one polydiorganosiloxane diamine, or a mixture of at least one
polydiorganosiloxane diamine and at least one organic polyamine, and (if) at least one polyisocyanate, wherein the mol ratio of isocyanate
to amine is between 0.9:1 and 0.95:1 or between 1.05:1 and about 1.3:1, and (b) silicate resins. The tackified compositions are useful
as pressure sensitive adhesives, particularly for foamed backing tapes, medical tapes and the like, hot melt adhesives, vibration dampers,
anti-corrosive materials.
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hi gh tenperature tubing. ormed pavenent marking nateria I ncl ude
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strategi cal |y @fHSSIELRGAPEs noAGyAtion, exert éé??‘%'e"%‘fﬂ %fcéﬁl‘glteﬂﬁié‘hnb‘? ePE¥Yfat ed by
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variety of surfaces such as _concrete or asphalt, that may be cold, hot,

oi l'y, danp, rowgsue-sensitive adhesiyes geslicops basedadhesiveri ng adhesi ve general ly
curfaces that are | ITANeRaR: BTG RRAR G BuRRRRRR ARSI | o Ve
tack at cold t ewadeimesolutios. Convehtionabsolventbasert polydicagaosiloaaneqmessinedensitive 2)
tempor ar y. mar DR 4% ernpleni A s el rERICTBR SR aahesi ves on
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20  In order to obtain the desired adhesive properties, it has been necessary to react the
copolymeric silicate resin with the polydiorganosiloxane. Improvements in such
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)

25  the addition of a catalyst, 2) reacting the copolymeric polydiorganosiloxane resin and
polydiorganosiloxane in solution , and 3) allowing the reaction to take place over a
period of time at elevated temperature.

Solutions of intercondensed polydiorganosiloxane pressure-sensitive adhesives,
are generally applied to a backing, heated to remove solvent, and crosslinked, if

30  necessary, to improve physical properties. If crosslinking is needed, peroxide catalysts
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frequency1mpp ba@nhpmn@ 20kl g@rahtg:bn nieitibrdhes emanaa\tarﬁlgﬁﬁnssmeﬂﬁmes
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20 In the automotive industry, there are applications that remain unaddressed by
current 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 environm_éntal sources of
contamination. Painted substrates using these new formulations are difficult to adhere

25  to with current tape products. Another application involves mounting thermoplastic
-polyolefin automotive body side moldings. )

Similarly, early electrical tapes were black friction tapes, and the adhesive was
soft and often split when unwound. Current electrical tapes have a layer of a pressure-
sensitive adhesive applied to a plasticized polyvinyl chloride backing or a polyethylene

30  or rubber film backing. Electrical tape is used to insulate, hold, reinforce and protect

electrical wires. Other uses include providing a matrix for varnish impregnation,

1
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conpri si ng (a)noﬂﬁﬁr)(ﬁhf?ﬂtg sailgxane 10 pol yurea segnent ed copol yner
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organi ¢ anPne, PSR! peTomaree, Eg%ftb\/'g}ﬁgg 8"15%&?5@3'ﬁ§9€e,‘wﬁ1t&”§?3ﬁ9¥ ﬁ%achg? ratio
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optional | y cormustmovrsadily flowi orbe sahily rubbedoff uStmenef the ploperties qf?/cgm@ﬂ)'

bl O L asii Ci | . BOn i _
conpat | br 110y ey YU S Ehe oS pheRt st Heare o RRBOTOBM e vi br at i on
danpi ng, PSA, hot rRirimanphedt siaink applications,al pld Hticle 6 bfwithstinding hiphe -

present invention further prqvides a_ tackified polydiorganosjl oxane
pol yurea segnelfrReraE,BNeRIpviding A enviropental sen isdesitpd (1t g8 P&efefa{’ e that the

pol ydi or ganosi igp¥a@vtbeRAinYparéat 16 Wﬁéﬁﬂg ceelspiived oi"{stb&ct%h Qs DuAlwalef t
pol ydi or ganosi | oxane unit's and 25 hard pol yi socyanhate residue units,
(wherei n t he plaayshsigk jubessigenerally arggeextrydedubesaif polyolefim (the shrinkables slegve) - NCO
groups), d opty | . C: ] itS. d such
Phat the ri3s; QUEPR o horSfin sellih Yne ROAERABIAL RRKFE A€ UBLOETor B8, Nor
by urea | i nkaghast.meRo#Higistetperaturelieat $heink tubsseare genevaliytmade of fyvrieated y have

et ent V1 SC Ok Bl bEER g oF R B © 11
t et rahydr of ur ass desdérived 'S Patent No. 4,509,820. However, no hotmelt adhesive with |

satisfactory flow and temperature stability has been identified for use at the shrink
20  temperature of high temperature tubing.

Preformed pavement marking materials include pavement marking sheet
materials and raised pavement markers that are used as highway and pedestrian
crosswalk markings. They are often reflective and strategically oriented to enhance
reflective efficiency when illuminated by vehicle headlamps at night. The marking

25  materials must adhere to a variety of surfaces such as concrete or asphalt, that may be
cold, hot, oily, damp, rough or smooth. Present pavement marking adhesive generally
have inadequate initial bonding or inadequate permanent bonding to roadway surfaces
that are illustrated by five problem areas: (1) limited adhesive tack ai cold temperatures
resulting in a narrow application window, (2) reduced durability under shear or impact

30  causing difficult removal of temporary markings, (3) low molecular weight fractions in

the adhesives on removable markings that stain light colored concrete surfaces, (4)

>
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l'ow energy relsgmmas ipethesitio Ssbatposite. DAARG &Pliviibh 1 Subkiraidepmen backsi ze, a
rel ease coating and the like. In addition, the substrate may be made of a

| ow surface errdhepivesshould beisuffigiently-flnid toowet shessuplace completaingndripqve an yoids,

pol yolefins. P ifg“l ggﬁ %é I ' ' ' . .

t ransder nal dreS"g'E e il%@r% 's?géséér‘%,m’g 6‘#’%&%@% %’E&egg{”i%ﬁi%é%g tgend
pavenment mar ketinse oflapplicatior dowevpr the tohding adlesies gentrallynsetsinioasolided nel t
adhesi ves,gcan be ,used.as pr.epared rods, sheejs el.l et.s, and the |i t hat
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material s and ; 's&ﬁdi%iésc g "Hob st a&l&ﬁvﬁ&k{ﬁ’é&é&%ﬁ@%ﬁétﬂ&&%ﬁ Qhy ur ea
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segnent ed copo suré-sensitive a ves 1n s Invention provide
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They al so,peffer e rd, al e nbi nat i-on of Vi Scosi.t er mal
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- necessary.

I

20 Damping is the dissipation of mechanical energy as heat by a material in contact
with the source of that energy. The temperature range and frequency range over
which damping occurs can be quite broad, depending upon the particular application.
For instance, for damping in tall buildings that experience wind sway or seismic
vibrations, the frequency range can go to as low as about 0.1 Hertz (Ez) up to about

25 10 Hz. Higher frequency damping applications can be those such as for computer disk
drives (on the order of 1000 Hz) or higher frequency applications {10,000 Hz).
Furthermore, outdoor damping applications expose damping treatments to a wide
range of temperature and humidity conditions.

While the performance of a surface layer damping treatment depends largely on

30 the dynamic properties of the viscoelastic material, it is also dependent on other
parameters. The geometry, stiffhess, mass, and mode shape of the combination of the

7



substrate that would be known to those skilled in the art and may further
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exanpl e, exce? &°W§“§ﬂ‘fyéﬁ"rte d? Pﬂlyl?ﬁg '°F§§B?SF|B?&“E)§ ' rz@ subsequent
operations t Ocdﬂqibhﬁsﬁ maghascswtfoaa@ cORain ndhieddtive BEdiGes BErhiak S, pigientsyeen
stabilizers, plastlclzers organic tacKifiers, antioxidants, compatibilizers and the like.

20  The composition may also have vibration damping, PSA, hot melt, and corrosion
protection characteristics.

The present invention further provides a tackified polydiorganosiloxane
polyurea segmented copolymer composition comprising (a) 2 polydiorganosiloxane
polyurea segmented copolymer with alternating soft polydiorganosiloxane units and

25 hard'polyisocyanate residue units, (wherein the polyisocyanate residue is the
~ polyisocyanate rmnus the -NCO groups), and optionally, soft and/or hard organic
polyamine units, and such that the residues of the amine and isocyanate units are
. connected together by urea linkages. Compositions of the present invention typically
have inherent viscosities of at least 0.8 dL/g, of are essentially insoluble in common
y 30  organic solvents such as, for example, chloroform, tetrahydrofuran, dimethyl

formamide, toluene, isopropyl alcohol, and combinations thereof, and (b) silicate resin.
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appl i ed, excellent danpi ng performance over a broad tenperature range, an
ability to withstand | arge strains, excellent adhesion to a variety of
substrates when fornmulated 30 for adhesion, and handling characteristics
that permit easy attainnment of desired thicknesses and shapes. WO

96/ 35458 WO 96/35458 PeLTE98/64885 852
The conpositions ofthe invention have good resistance to environnent al

condi tions angheesfipdiRioh HaYRphichaty Sintdn the PAskiubtdtaRe Riditoh PELLAR OF aflRelst
.tenperature. Vibratijon dapping conpgsitions of the present invention have

wide utility PBPolydierganasiloxangmanasming apd at letsh ongpalyispsyanaterand optigpally danpi ng
treatnents as dikniHeZ | ' ngﬁﬂgg S, C '
-influences i npﬁﬁ%ﬁ%sgo?g | ect efZ(')ﬂ\g\/ic e ‘%@ﬁﬁg%{aﬁ?g an urrﬁ El 'liyh’

vari ati ons. TRSApbotynaltsand conrosion protéction chiaractesistins! ydi or ganosi | oxane- based
conpositions allo the faor.tul gtdon to .take advant.age,of er mal |

di sassoci a%l e Cros ?W*ﬁg?s%ﬁ@?’m@ﬁyﬁﬁaﬁg‘gﬁﬂ%ﬁﬁﬁpﬁgﬂs he urea
functional gr gergitive BdliebiPesal jiGie abpeekEfaheprededt invehfioh She prosstresalisitivar e

thermal |y di sassoci ated during hot nelt processi ng to allow coating and can

reform on cooldfbegive(PSAS) esnbeised tp fabzicste PS Awrticles: in theFSA articles,i t hout t he
df ddi tJ [ A e | | rther

oy ovi dos . e Rt SHbR wikla 4 Hiesof PUKDRES S oD e Mheskhll | 11

st eps of m xi rinyestiqno [Futthérmereyitersubstrate maybeany substeate thatwadld be knawretd vessel |

Lding o 14T ShiBe AR Ffit il Bt ARNGH BRI cobERaRT BRE oS Al B PLG o0t
under subst antfrter Ye codkedastittepied ta pradide k WS enefgyQreltase isaiBics, suditdd doafirg ' €Si N
pro

can be added at_,any pqQjni in the process, preferably before or during the
reaction st ep,‘"‘%’?&°?fﬂﬁé‘fs}9pm&ﬁrl arelsasespating and thedike. Byadditin, thepmbstaate || y t he

silicate tackiyl "%'f%ﬁq eﬁﬂ%ﬁ TEST oA LR Ct ed
pol ydi or ganosinltaé'g%leaaggfggﬁgggr%%g%grge copoF@Er#é#'&i n o%ut I on. TF}‘Z&l
subst anti al elpolyolefies. Rartishlady usefirl tarticles iriclndp medioal sapes, ttahsdepnaidaigt i nvent i on

oi vent | e85 pRsRERLypEH oD BRI R R P BSOS b B her 0 are no
solvents to be 25 In snotiep aspectcbf thieqiesetitanventicl, hotongOsihtsives canleruseéday | nuous
AR T R W AN N T YT
state or heat activated to produce an adhesive bond between different substrates. The
substrate may be any substrate that would be known to those skilled in the art and the
20  invention would be especially useful in adhering low surface energy materials and
electronic components.
The polydibrémosiloxane polyurea segmented copolymer pressure-sensitive
‘adhesives in this invention providé to metal substrates superior corrosion protection
and ease of application. They also offer the appropriate combination of viscosity,
25  thermal stability and transparency for heat shrink applications.
| 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
30  treated to provide a low energy release surface, such as coating with a low adhesion

backsize, a release coating and the like.

¢



The i socyanat
1:1 to optim

e to amne ratio can be varied bel ow and, nore notably, above
ze the properties while still obtaining strong, extrudable

mat eri al s. Anot her advantage of this process is the ability to utilize high

nmol ecul ar wei

ght 30 pol ydi or ganosi | oxane pol yurea segnmented copol yners

whi ch are netosgsmssssnabl e usi ng WO 96/ 35458 PCT/USY6/05852
RCT/ US96/ 05852 sol ution polynerization processes due to the insolubility of

the forning polyneSuchRompesitsOmMEDY a EoRNraHBd Uy SRS itioR| WheldigHheVi SCOSI ti es

-at practical
substantially
blend, in lin
“property nodi
copol ynmer bef

sol uti on congentrations. Yet another advantage of this
cQnsiryetion cawprises atjeashons substatechaxiag a stiffiness sulficient to cavseadd or

sotafiBn Stk B ﬁgggfa;ega ’resgéns\é% Al eﬁrﬁ?afé wbgifl orcfi O DT

lers Into t I or Jganosi | oxane po segnen
ot least onerlayeg of the cerhpasition of thetpresent drfventivn. (Thp obnstrained Iayéri onal |y,

At oxi dank . CHSEMER SRpRR ba  copippite e 06 B gtk SR itk G ccioon

at any point

Desctiption of .the Drawings Figure 1 is a pers
bi - di rect i onaPf @Pb?%%@&?og%ﬁsvﬂwedtb:@w;ewﬁ@

Cross-secti on
i nvention. 15
reservoir dev

inthe Rfrdperaturé Rag@SBEAvdeh aBGR SEPand 180°C and in the frequency range  Br i ef
Eect ive viewof a
oratpdes Pynamicgehanical | s a
' gﬂﬁ ﬁmrrﬂ&i i | f r
%eﬁﬂaﬁ&hﬂz [ gurkgIT |£s a cr oseré _@g%?e}ﬁh()l&%rﬁ’eﬁté%i%&ea Jr}lg?lsder mal
ou bothfthe freguency sadithe icharaot¢ristics of fhegdamping dompesitionDss- sect i onal

' f d I -1 n-adhesi ve devi f 1h t i tion.
Figuro 5 15 & or oct ngite inee i ihiobs STiie wBhrin bt Meksp RV dovi ce of

the 20 . pres
alternative e
I nvention. De
pol ydi or ganos
be represente

15

20

25

30

biadirectiotRlVibrtion danfpitigecofistiained l4yOfonstiRfibh Sohirisig AVieddt t6
nbodi ment of a transdermal mul'tilam nate device of the present
Ggidimambsrs, ¥y af Jeastpne fagerrof themempasitienof(the prévest invention,

g#egﬁgﬁggg@r@&@?m%ﬂgegggz%n”g%ét oFa o' 3%n) Q¥ phate? €3N 25

ating unit.
Preferably, the vibration damping composition has a tan 5 greater than or equal to 0.4

in the temperature range of -80°C and 150°C and in the frequency range of 0.1 to 10
Hz, as evaluated by a Polymer Laboratories Dynamic Mechanical Thermal Analyzer
Mark I in the shear mode. | '

Advantageously, shaped articles can be produced, for example, by techniques
such as compression molding, injection molding, casting, calendaring and extrusion.

The compositions of the present invention have excellent physical properties
typically associated with polydiorganosiloxane polymers such as moderate thermal and
oxidative stabilities, UV resistance, low surface energy and hydrophobicity, resistance
to degradation from exposure to heat and water, good dielectric propefties, good
adhesion to low surface energy substrates, low index of refraction, and flexibility at
low temperatures. In addition, the compositions exhibit a combination of unexpected
properties including, for example, excellent mechanical strength upon cooling, allowing
subsequent operations to contact the surface soon after the compositions have been
applied, excellent damping performance over a broad temperature range, an ability to
withstand large strains, excellent adhesion to a variety of substrates when formulated
for adhesion, and hahdling characteristics that permit easy attainment of desired
thicknesses and shapes.
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WD 96/ 35458 , PCT/ US96/ 05852
wherein: each Ris a noiety that independently is an al kyl noiety
preferably having about 1 to 12 carbon atons and nay be substituted wth,
for exanple, trifluoroal kyl or vinyl 5 groups, a vinyl radical or higher

al kenyl radi epdodrisgdser abl y represented by the fornula - PCT/US96/05852
Rlerr](CH err]), CH=CH2 wherein R[err] Is -(CHerr])[err]- or

-(CHerr])[err] CH=Gge sﬁ:oh§of€)t 10§hﬁ\§éo§d s1s&n9€to@nw?d§ﬂxeﬁt;i Ees 4 or

5, a cycloalkyl noiety having about to carbon atons an
substituted vmcbhdmdmsyahd good perforhange pveniadroadirgige of frequepcyand semperathrenoi et y

preferably ha ut .6 to 20. car Q uted Wt h,
-for 10 exanp 1@&1 %ﬁpm%%p@}p(ggfl LP&?SS%EIB‘%‘%PS%%G/WPWI#‘B&& ps or Ris a
per f | uor oal ky |migfinfzifg fivede vibfatibeih manﬁaﬁdldyaidmiﬁmgtﬁamtsazweuwer ein such

description is jincqrporated_herein by refe ence JJluorinpe-containing
group, as desdnipigazng sdversewind sway angseismi subissto W& cri pti on

i s incorporat or ‘a perfluoroether cont ai ni ng group,
HemBgScElg hnfl i SR,

as described i 74 and No. 15 5,118,775, wherein
such descri ptions élPhepohmaﬁmcmmﬁyhéﬁsimlwgorgmbﬂpméaseﬂmm;omw at | east

50% of the R mmi e ar di.cal nce he oval ent
aI-k(_;/I or subs{gﬂf'ﬂ?gﬁ% (&;ﬁj%%%f‘g %’éﬁmﬁy&}szs%o Sﬁmé@‘é‘k@“ enyl ene
S e e 2
pref er abl §0 ha\%‘ﬁge?’f’ﬁﬁﬁﬂﬁ@&}ge@ai %SWM’"% ?Fsme"all’f%ﬁs torpliow,

cycl oal kyl ene Jo%ﬁigéﬁahc% &ﬁﬁmabom?g«b@&t&reqmﬁgﬁﬁrm&hwcﬁﬁosa&@@n at oms,

preferably Z is 2 tolylene, 4,4 -Tnethyl enedi phenyl ene,
3, 3" -di net hoxwﬂxomtﬂbmmﬂefnya@mna}tcwsmlshgeMM xyl yl ene,

4, 4" - met hyl enedi cy | ;@ ene,

1, 6- hexanet hyl eneqh%%%g%e tffretlﬁeé# Lgx{&]‘%ﬁgngg&%ﬁ %n xtures
t IhEr Ieof 25 compo?mTattﬁdmpﬁSmg tliebsp@ky{?mimgta pcﬂgdnngmlkthﬂmpolylmwmtedd I eat ly is an
al kyl ene . 0 rbon a n_ar | ene radi cal. or an

aryl ene ra | c gfséfl {?Pﬁ])"'”ﬁg ¥ 8 M2 g"%ﬂ“@&'ﬁb‘b‘ﬁ“ SRR S sel ected

from the groupcopelymesindugdiag a sificitO@ekifyirgtesih. K¥he ﬂraesssnalpreférahly t@riddowtar bon
atons, phenyl, and a radjcal that coppl etes @ ring.structure jncluding B or

30 Yto for mr@eW$w@9xewévenée5ﬁ gonditions., bhg icatetakkiTyng Tesio|cen beaided 8m the
group consi stigg oafnt i thy proRéss, preferably before or during the reaction step, and more

preferably before the reaction step.. Optionally the silicate tack:fymg resin can be

20  subsequently added to the reacted polydiorganosiloxane polyurea segmented
copolymer in solution. |

The substantial elimination of solvent in the process of the present invention

has many advantages involving the environment, econormics, and safety. This
solventless process is environmentally advantageous as there are no solvents to be

25  evaporated from the final composition. The continuous nature of this process has
several other inherent advantages over conventional solution polymerization processes.
The isocyanate to amine ratio can be varied below and, more notably, above 1:1 to
optimize the properties while still obtaining strong, extrudable materials. Another
advantage of this process is the ability to utilize high molecular weight

30  polydiorganosiloxane polyurea segmented copolymers which are not obtainable using

g



ar al kyl ene, cycl oal kyl ene, phenyl ene, pol yal kyl ene oxi de, including for
exanple, . WO 96/ 35458 :

PCT/ US96/ 05852 pol yet hyl ene -oxi de, pol ypropyl ene oxi de, pol ytetranethyl ene
oxi de, and copol yners and m xtures thereof; mis a nunber that is 0 to
about 1000; wobessassnunber that is equal to or greater thanPCI/UAEH5852

p-is a nunber that is about 10 or |arger, preferably about 15 to 2000, nore

preferably alehitiosfolirerizatiéh prb&siebeuumhehsaa&:hﬂysﬂmyamﬁ@poﬁ;ﬁérmmer adi cal
.of functionality greater tha anm nes, a radical of

funct i onal i t POyFREARGEUM ?Fa‘?’Fc?f“’él’ hlgﬂyts QR aﬁteprbtha?mwacqncqufe modi fi ed
to reflect br anCh'Y‘lﬁmgcf thér 38vaRky Hpﬂnsl?.ﬁlfslﬁ?rﬂﬁlﬁr solventless, continuous process is

-Pol ydi or ganosi | oxane am nes useful in the process ofthe present invention

can be repr esbmabhtybg/addmbleodmhm,p@rsrlicat@nsw, agwell as various/fillerscand atheeh of R
Y, D- and gh are defin Gener mol ecul ar
wei ght of thep d\‘”é%%%?%%&@%%om e%"'ﬁfﬁnsggﬁgﬁf‘am%? g’nt I nvention
are greater thefdrealusitig o?%maﬁdndtgaawjmane diam nes (also referred to
as si*li cone di am nes) ef ul i n\ﬁpgﬁlﬂ resent 'Jé'elyerlt ion are any which fall
within Formula || YaPRi‘“?aﬁ% Eest%‘s@ S, PIRSHGZers MIgMeIs, | ar wei ghts
in the range sQibxl&Qﬁ,UinnZQankQ ﬂ&xﬁ@r&@@amf%ﬂiﬁdtﬁﬂﬁ&@&ﬁi oK Raybedluapa are

di scl osed, for exanple, U.S. 890, 269, U.S. Pat. No. 4,

661,577, U. s.armpxntmaclsqﬁ)h@elwaprospssqs. Pat No. 5,276,122, each of which
IS incorporat ed herein by reference, and International Patent Publication

No. WD 9 /03354 Pol ydi or ga g[merci ally avail abl e
from for exanpl e, Shi Wﬁ@?ﬁ@%ﬁﬂ@%@ﬁ Inc., Torrance, CA,
and H err] I s Arer iKigure [ isca perspestive visw eradn-dumpaambmoydmmo the

pol ydi or ganosj | ox | am nes prepared as disclosed in U S Pat. No.
5,214,119 \/\hl%’ﬁsﬁ“@”ngporat ed herein by reference. The

pol ydi or ganosi | ox&Figuré a5 ¢oss-seerivnalyvicu 6f a fhargderinblmatiix deviceof dparesentf r om t he
reaction of c%cl i c organosil anes and bi s(am noal kyl ) di sil oxanes utilizing
an anhydr ous n. -

15 Figure 3 is a cross-sectional view of a transdermal reservoir device of the
present invention. .
Figure 4 is a cross-sectional view of a transdermal drug-in-adhesive device of
the present invention.
Figure 5 is a cross-sectional view of a transdermal multilaminate device of the
20  present invention.
Figure 6 is a cross-sectional view of an alternative embodiment of a

transdermal multilaminate device of the present invention.

Description of the Preferred Embodiment(s)
The polydiorganosiloitane polyurea segmented copolymers of the invention can

25  berepresented by the repeating unit:

| 0 n‘[_ R oj[ 0 )
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WD 96/ 35458 ‘

PCT/ US96/ 05852 al kyl functional silanol ate catal yst such as

t et ramet hyl ammoni um 3- am nopropyl di net hyl sil anol ate, preferably i-n an
anount | ess than 0.15 wei ght percent based on the weight of the total
anount of cyciipdsas@snosi | oxane with the reaction run in twPCHEsIesssshH
Particularly preferred pol ydi organosi |l oxane di am nes are prepared using
cesi um and rubi dium catal ysts. The prepard\)t ion of polydiorganosil oxane

di am ne i ncludes com)é'rg ng under reaction conditions (1) an am ne
functional endbl ocker " represented by the fornmula [err] wherein: each R D
and Y are defined asachBdysmoiendthat xhdepelrdehﬂ)ttegealkylﬁndﬂpptefétamphawﬁ@;abmﬁ

havi ng 2 ﬁLﬁBteacéié'c 3 oSk ovopy B B e PO RRSE of 401 g

of the endby ockry (@hcﬂ o?ﬂigﬁéﬁﬂll&eﬁil'ridica??xfe&?db gﬁ&@ﬁt&tby%e foffmiia!M
hydr oxi de, rub| I um r oxi de, siumssil anol ate I um Si | anol at e,
cesi um pol ysi | M)-Gﬁécmwbmlidﬁh)pmwﬁﬂzbﬁmw a isnld 20r 3t s s

thereof . The S35kl 4R digs, SRS DUGkoalih oich/ AT WA Sk 13 heoll bl

functi onal endbl ocker I's’constne I's then termna
addi ng a vol at niag be substituted avthchlityl) ﬂboroaﬂ(pl andwlinyt groups, ar mrodrykimaietyanosi I oxane

Dot 1 o5 andbEHEs BryiasbiR 61 20RaBrotoms s mActs ShpEsed Sh Bhe o5
organi ¢ acigl, exdmiil, Ak tycRatiyD Bublogikia8dvingt gheipd or Rlis £ périusrusibyllghip t her e

Is a small nolar excess of organic acid in relation to catalyst. The
si | anol gr oups abteserited it PétnNﬂr 69%@79aWBefPﬁé¥Fbcﬁ9FRﬂPﬁ§’éﬁ"Eﬁ?ﬂ@(fat?‘éact i on

conh L1275 L2 YRk, ARG Al BB USRS o o
PCT/ US96/ 05852 5§236,987) rvdmresilch ;ldmpnm i$ ingarperated hereinibypeféren@yor snal |y, the
salt is remov edert?ﬁ/xor Exs < lﬁ?a:mng group, as described in U.S. Pats. No. 4,900,474 and No.
1S 5,118,775, wherein such descriptions are incorporated herein by reference; preferably -
at least 50% of the R moietie.s are methy] radicals with the balance Being monovalent
alkyl or substituted alkyl radicals having 1 to 12 carbon atoms, alkenylene radicals,
phenyl radicals, or substituted phenyl radicals;
each Z is a polyvalent radical that is an arylene radical or an aralkylene radical
20  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 4'-methylenediphenylene, 3,3'-dimethoxy-4,4'-biphenylene, tetramethyl-m-xylylene,
4,4-methylenedicyclohexylene, 3,5,5-trimethyl-3-methylenecyclohexylene, 1,6-
hexamethylene, 1,4-cyclohexylene, 2,2,4-t1imethylhexyiene and mixtures thereof;
25 each Y is a polyvalent radical that independently is an alkylene radical of 1 to
10 carbon atoms, an aralkylene radical or an arylene radical preferably having 6 to 20
carbon atoms;
each D is selected from the gro\ip consisting of hydrogen, an alkyl radical of 1
to 10 carbon atoms, phenyl, and a radical that completes a ring structure including B or
30 Y to form a heterocycle ;
B is a polyvalent radical selected from the group consisting of alkylene,
aralkylene, cjrcloalkylene, phenylene, polyalkylene oxide, including for example,
70 C



filtration. Exanples of pol ydiorganosil oxane di am nes useful in the present
I nvention include but are not limted to pol ydi nethyl sil oxane di am ne,
pol ydi phenyl si | oxane 5 di am ne, polytrifluoropropyl nethyl sil oxane
di am ne, pol.yphenyl net hyl si |l oxane di am ne, pol ydi et hyl si| oxane di am ne,
pol ydi vi nyl wolsessisee di ami ne, pol yvi nyl net hyl si | oxane di ampPoF/US96/05852
pol y(5- hexenyl ) net hyl si | oxane di am ne, and copol yners and m xtures thereof
Exanpl es of polygthylienie gdidey polypropylensekide, polytéthnettiyiRne oxidd, andedpolersicl ude but
-are 10 not |i m ted to POl yoxyal kyl ene di am ne such as D230, D400,

D- 2000, D-4 est-pg@o ED- 2001 and EDR-148 avail abl e from Hunt sman,
pol yoxyal kyl ene and T-5000 avail able from
- Hunt sman, pol yal ! g%@ﬁ%ﬂﬁbﬁs&&ga@g@and Dyt ek EP avail abl e from DuPont .
Di f ferent polyi socyamantasﬂnnseqml tosztcgreatmtlmlltand)dl fy the properties of the

pol ychr bbdi | m aoP AR o AR PRSCRERE wireRlSegiirs o abp SE™ © 11 °

| SONATE][ err]prét‘é:ﬁhlyawmsowlsaof rom Dow Chenmi cal Co. ] is used, the resulting =
pol ydi or ganosi | o ga se t.ed copol s enhanced,  sol vent
resi stance when i‘bﬂ'ﬁéﬁg'e%(y &rfé dﬁﬁ’-g?fy éﬁmﬂ?l%cyanat es.

I f tetranet %iyammtwis%méa bR Pgréfler thhézﬁﬂﬁfigg%tﬁ% oE?éfﬁ!nIlé ng

segnent ed copol ymer a very ow n%f%‘%w scosli t makes |t

particul arl Wubemﬂlﬂ%wmﬂ?cebmdmmﬂmmeoba&bmmnat es useful in the
process, f the p ) Ia [err]
Any dii sgcyanat eﬁ’?ﬁﬁ{a}%aﬁs\ﬂ?’gﬂgﬁﬁ M@EU%I il dﬂéﬁ\?ﬁgss‘%gﬁ’g%wﬁgg {nt(n:ou ar with
pol ydi or gan@an berepreserntedbyithefoatulkor nul a 11 can be used in the pr esent

i nvention. Exanples of such diisocyanates include, but are not |limted to,
aromati c diisocyanates, 30 such as 2, 6-tol uene diisocyanate, 2,5-toluene
diisocyanate, 2,4-toluene diisocyanate, m phenylene dii socyanat ep- phenyl ene
di i socyanat e, nethyl ene bis(o-chlor enyR §i i socyanate),

met hyl enedi phenyl ene- 4, 4' - digi.s .4 ondk Qa.tﬁo.q.ll mide-nodified WO
96/ 35458 é[ | PCT/ US96/ 05852
nmet hyl enedi phenyl ene dii socyan&te, (R4 4' - |15009anat 0-3,3,5 5 -tetraethyl)
an
15 wherein each of R, Y, D, and p are defined as above. Generally, the number

average molecular weight of the polydiorganosiloxane diamines useful in the present
invention are greater than about 700.
Polydiorganosiloxane diamines (also referred to as silicone diamines) useful in |
the present invention are any which fall within Formula II above and including those
20 . having molecular weights in the range of about 700 to 150,000. Polydiorganosiloxane
- diamines are disclosed, for example, in U.S. Pat. No. 3, 890,269, U.S. Pat. No. 4,
661,577, U.S. Pat. No. 5,026,890, U. S. Pat. No. 5,276,122, each of which is
incorporated herein by reference, and International Patent Publication No. WO
95/03354. Polydiorganosiloxane diamines are coﬁunercially available from, for
25 example,'Slﬁn Etsu Silicones of America, Inc., Torrance, CA, and Hiils America, Inc.
| Preferred are substantially pure polydiorganosiloxane diamines prepared as disclosed in
U.S. Pat. No. 5,214,119 which is incorporated herein by reference. The
‘ - . polydiorganosiloxane diamines having such high purity are prepared from the reaction

of cyclic organosilanes and bis(aminoalkyl)disiloxanes utilizing an anhydrous amino

4



di phenyl net hane, 4, 4'-dii socyanato- 3, 3-di net hoxybi phenyl (o-di ani si di ne

di i socyanate), 5-chloro-2,4-toluene diisocyanate,

1-chl oromet hyl - 2, 4-di i socyanat o benzene, aronmatic-aliphatic diisocyanates
such as mxylyl ene diisocyanate, tetramethyl- 5 m xyl yl ene dii socyanat e,
al i phatic di syt es, such as 1, 4-dii sacyanat obut ane, PCT/US96/05852

1, 6-di i socyanat ohexane, 1 12-di i socyanat ododecane, 2-nethyl-1,5-

di i socyanat opeanéyﬂﬁsﬁm&mlxamwadmmmch%se@:aaﬁaemyxmbﬁsmssmh as
met hyl enedi cycl ohexyl ene- 4, 4’ dllsoc§anate 3-1socyanat onet hyl -3, 5, 5-

trimet hyl cycl @maprony@@wbﬂaﬂv@omes ap pmawY Jesh e O, 15w-sht percent

2,2, 4-tri net hyl ey, PR oPOIE YR PRRO DRl the feliafy 2nat ©
-and m xtures thereof %Q' erre ||soc@aﬂg§gé&?§%rﬁ toeueane

di i socyanat e, ummh;thgmedl phenyl ene- 4, 4' - di i socyanate,

pol ycar bodji m de- | fl di i,socyanat e

4,4 -diiso yanato *m n@%@%\? O{ﬁngﬂﬁag\}n&ﬂgpmpﬁrgggf}%gﬁﬂgn
tetranet hyl - mapy Euﬂxtﬂﬁkﬁ cdﬂalzﬁt@c‘!ﬁé”@*eﬁmtmn of polydiorganosiloxane diamine includes
nethylenedlcyclohexylene 4' -di1socyanate, 15

3-i socyanat omombm Q'TPW’REFM‘W&I ohexyl i socyanat e (isophorone

dii socyanate), 1, 6- alnsﬁxﬁ AR AR o ckér | diisocyanate,
and cycl ohexyl ene- Il socyaﬁgt e. Parti éfén{é y preéfogﬁarj%d is

t et ramet hyl - m xyl yI ene di i socyanate. Pol ydi or ganosi | oxane pol yurea

segnent ed copol yners produced using tetranethyl-m xylylene diisocyanate
general ly have | ower nelt VI sc05| tiesR an sR 1 I ar copol ymers 20 pr oduced

usi ng ot her diisocyanates, Qh_ : _ : ﬁ—&l”i i socyanate that can
react with a pol yanm ne, and | ti c r WI polydi or ganosi | oxane di am ne
of Formula Il, can be used in th pr esk i R Qtan Exanpl es of such

triisocyadftes include, but are not limted td, polyfunctional isocyanates,
such as those produced from biurets, isogupnurates, adducts and the |ike.
25 Some conmercial ly avail abl e pol yi socyanates include portions of the
DESMODUR err] and MONDLOYBEE¥] series from Bayer and the PAPI[err] series

of Dow Plastics. Prefer gt i kaPe YA fahfs dsa6bvédgndPESMODUR[ err] N--3300 and
MONDUR[ err] 489. When the reaction of the polyam ne and the polyisocyanate

is carried out under 30 xisswintegenaf@bentddndp®;i ons to prepare the
oLy 01 4380511 X1 AR B RIS MRSy L herdRA > O
PCT/ US96/ 0585 2number average molecular weight greater than the molecular weight of the endblocker;

and

(3) a catalytically effective amount of cesium hydroxide, rubidium hydroxide,
cesium silanolate, rubidium silanolate, cesium polysiloxanolate, rubidium

20  polysiloxanolate, and mixtures thereof. The reaction is continued until substantially all
of the amine functional endblocker is consumed.

The reaction is then terminated by adding a volatile organic acid to form a
mixture of a polydiorganosiloxane diamine usually having greater than about 0.01 '
weight percent silanol impurities and one or more of the following: a cesium salt of the

25  organic acid, a rubidium salt of t'hé organic acid, or both such that there is a small
molar excess of organic acid in relation to catalyst. The silanol groups of the reaction
product are then condensed under reaction conditions to form polydiorganosiloxane

diamine having less than or equal to about 0.01 weight percent silanol impurities while

/2



broader range than those produced by previous nmethods. Ml ar ratios of
| socyanate to am ne continuously provided to the reactor are preferably
fromabout 0.9:1 to 1.3:1, nore preferably 1:1 to 1.2:1. Once the reaction
of the polyisocyanate with the pol yanine has occurred, 5 active hydrogens
~in the ureawbi9sks#§® may still be available for reaction wWRAT

l.socyanate. By increasing_the ratio of isocyanate to am ne, the formation
of biuret nothempesctadgychiesiogeds $apred. Oegwﬁy Ahe salt iy removed-hy subsegasntit ur es,
.resulting inghragched or crosslinked polyrrer Low t o noderate amounts of
bi ur et formatlon can be advantageous to shear properties and sol vent
resi st ance. Exmplesﬁﬁmlﬁbﬁmmmm;saxsefuhnltmm ioventioment

‘ﬁPPL?Ze?ntvanv@ﬁ%%%Em@r Rk i PR SR e csul t ant
copol yners. | diagiieepcltrifiiureptopyhafyitiRkansedidiiie, polyplithpmedpisidxaeane

pol yam nes provide copol yners of | ower podul us, Wnereas Iow nol ecul ar
pol ydi or ganodiaming aml)"&ﬂ' fxane %PQ!E‘*“{J@M‘%W digmirsy | oxane 15  pol yurea

segnented co W% o’ilk&hﬁ“{mx (gga?é RS xane pol yurea

segnent ed coBa r co%#aom t1ons gwk{%)er’l‘%&e&?‘suna %rgam%’gpol yam ne,

t hi s opti onakopolymessandimixtures théesofyet anot her. means of nodi fyi ng the modul us
f I f this ti Th t

el | 5 Uhe type B SOE Boife GRSCR M e SR AT e *°

det er mi nEp honbﬂlhmieaﬁ.bpay@@slkﬁa&dmﬁiuémhﬁDWOMOOQB-aom IDpsgOReDER| yur ea

segnent ed coggoﬁers containing thi onent. The silicate resin plays an

]

i nportant rol -0 1and EDR, 148 ayailab “?: mHPG’pBPWP’é’é“‘MIF"QW@GﬁﬂEE| tions
of the presep{ TBW@&H& 'P-Bood: ﬁﬁnla‘ﬁmﬁ BuntSrian; g&gﬂﬁﬁl&eg Sith'as Adnd' S

increased fromlow to high concentration th | assy to rubbery transition
occurs at 25Dytekrﬁi’raera@bhgio}nﬁu§¢m¢ terrperatures Thus, varying silicate

resin concentrati | ' e area of
oSt N COnCent | Sk KLY AL SHPLACRAY e AR e, o o2
ratio, DISandpb’lyd:orgawsiloxaae\ﬂolmrbemgimnte&\eopglmenfFormn}ﬂe,riﬂg/ significantly

i nfluence the yre ve, "h ess" qof the resin and | der ed when
sel ecting re8P éfcﬁ'@:ﬁié‘méﬂ?' %&EF@@RW‘?‘% isqcKaatey st %m@oﬂ?iﬁgﬁbe
linmted to aavlable FoRdddw ChémicaiR., iEissed) tRSrebiltingibolyar@mbsiioxtiedolyufeacnpl oy a

conbi nati on of resins |n a_single conp05|t|on to achi eve desire
per f or mance. segmented copolymer has enhanced solvent resistance when compared with

copolymers prepared with other diisocyanates. If tetramethyl-m-xylylene diisocyanate
20  is used, the resulting segmented copolymer has a very low melt viscosity that makes it
particularly useful for injection molding, '

Diisocyanates useful in the process of the present invention can be represented
by the formula

, OCN—Z—NCO
25 av)

Any diisocyanate that can react with a polyamine, and in particular with
polydiorganosiloxane diamine of Formula IT can be used in the present invention.
Examples of such diisocyanates include, but are not limited to, aromatic diisocyanates,

30 suchas 2.6-tolue1ie diisocyanate, 2,5-toluene diisocyanate, 2,4-toluene diisocyanate,
m-phenylene diisocyanate, p-phenylene diisocyanate, methylene bis(o-chlorophenyl
diisocyanate), methylenediphenylene-4,4'-diisocyanate, polycarbodiimide-modified

13



WD 96/ 35458

PCT/ US96/ 05852 The silicate resins useful in the present invention include
t hose resins conposed of the following structural units M D, T, and Q and
conbi nati ons thereof For exanple, M) silicate resins, MDD silicate resins,
and MJT sil i ¥ ¥/3548i ns which al so may be referred to as copOrysasiosas2
silicate resins and which preferably have a nunber 5 average nol ecul ar

wei ght of abowethylemedipbenylene diiooyanae, (4rfbdiisogyandter3:3)5,5'-tetrasthyl500 t 0 about

-10, 000 and ge TRE !E”a i“{ﬁp% g“. T idicate resins include
bot h nonfunct@%ﬁ#@rﬁ%gﬁgﬁl%xa ??taég%'rqs, Plheﬂ t(lg’gf?gfm%?’ngsi ns havi ng one
or nore funct diisocyandte)eS-chiord-2ditolgenefdiisocpamtep | ehlofontetind o 4kdiisstsyehaby dr ogen,

*si li con-bond al kenyl , ,and. sjlanol. M) silicate resjns are copolymneric
silicate resie'('r‘jg‘z atﬁ"?’gh? C ugchgqa}esalpﬁhtagmirgﬁylergrqas%yﬂa@,m Is. Such
resins arg demsiykag dis B dsociits BPE! 10 SlooBAlulBR gl | onoe and
Engi neering, vo y&?S John W]ﬁgy & Sons,ﬁeﬁg’v?/ @g%kl,’ ?ﬁlsg 8?){) 5- 270, and
U.S. Pat. No.l.§-d8ssyangtohexsng;:1,}2adiisosyenatgiodecang 2imethyld,5-Pat . No. 3, 772, 247,

and U. S. Pat. g [ ) s LpiLons are incorporated
her ei n by ref%‘%ﬂ?@%&“ﬁ%ﬁ%ﬁ@%@‘ﬁgﬁ%ﬁ%%ﬁéﬂ onal groups are
(Lzljegcriab;ad :\kr; ﬂ;tﬁylgxﬁdkycgbl:khxyl?ﬁeﬁ,4"ﬁiigﬂo9?ﬂﬂd)3-tiia:ayz:cnlbam=ﬂiy1-3',ls,5:nydri de grougs,U <
. S. Pat. : at has yi a rifl uorqQpropy royps, an . S.
Pat. No. 4,70 “@W@%&W&Wﬂ%ﬁ éﬂ%‘?‘ﬁ%éﬂ‘f%ﬁﬁyé’gdﬂﬁﬂ’ﬁ@? rein the
descri ptiion fdiisoeyamsé) ah@ bicherleres 4-Biis0byandte hiRUmiRir&d therBdf, ' €f er ence. The

above-described resins are general I’y prepared in solvent. "Dried, or
sol vent | ess, MQ sifrpfemeddiispayapatesineludec, talusne diisocyavatdescribed in U.S. Pat.

No. 20 5,3 4 U, S, 4 , 484, .
wherei n such 'é‘g@?'?egﬁ‘?ﬂ"segg‘?é 'P%g 9&6&’i’tog'ggﬁ%@g'ﬁ%&g)gmﬁgfl'&?g%%@p@? o
silicate resi diisotanamte,ét%diigmmatomﬂmirgetﬁe[)@bipﬂnéﬁy@ﬁfam'}idha Biissbcglgaﬁhtq% r]

units, and R L err] units such gs. arg t i O, Pat . :
2,736,721 mhe%lt&%f"ﬂﬁ G '5?‘?3’8?#?'?%FB?%@F@E%Q‘%&’B&HQ“SBWQF’H ence. MJT
si | i cat e 15esi 3usoeyaatbmethgl 3 S5 tAimBayicytibhBol BodykSite{isuphdrotid Hilsdeyamited, € I ] '
units and F\"[_.I’thI ercg units 25 such as are taught in U'S. Pat. No.

5, 110, 890 vvhef’él s%%'ﬁt F=|2p?’f'6'ﬂn7t§yll?"1’f}5‘cﬁ“m§ta§‘d'"Pfg‘FYEﬁ"he’%F“?'éﬁer ence. and
Japanese Kok adiisbyanate 6fatdeuldry b {e‘l‘raﬁt‘tﬁ#ﬂﬁ%?lelﬁé bi}sg tﬂaté.esi ns include

SR-545, MQ resin_ in toluene, "available from General E ric Co., Silicone

Resi ns Divi si Rolydiesganosiloxae polyurea segmmped eopplymersipnodsioedusingvramastiylrn-
e e =
Si | i coneg0of pimduced asing other, diifosyamatsscandGhighermo®fus03 a hydri de functional
Any triisocyanate that can react with a polyamine, and in particular with
polydiorganosiloxane diamine of Formula II, 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.
25  Some commercially available polyisocyanates include portions of the DESMODUR™
- and MONDUR™ series from Bayer and the PAPI™ series of Dow Plastics.
Preferred triisocyanates include DESMODUR™ N-3300 and MONDUR™
489.
When the reaction of the polyamine and the polyisocyanate is carried out under
30  solventless conditions to prepare the polydiorganosiloxane polyurea segmented

copolymer, the relative amounts of amine and isocyanate can be varied over a much

I d



WD 96/ 35458

PCT/ US96/ 05852 M) resin in toluene avail abl e from Rhone-Poul enc, Latex and
Specialty Polynmers, Rock Hill, SC. Such resins are generally supplied in
organi ¢ solvent and may be enployed in conpositions of the present

i nventi on aswoeesssssed. However, these organic sol utions of PETIUSBHESES2r esin
may al so be dried by any nunber of techniques 5 known in the art, such as
spray dryi ng, brouder réhgy thag tlse piodacediby revivus siethads. ddplar mtiooof isapypraetpde a

Silicate resin at supstapti al, 100% nonvol at 1| e, cont ent r. use.in
conposi tions HDg ﬁ%“t‘ﬂl‘%‘?&ﬂm‘f'ﬁ&ﬁvfléﬂlt ﬁﬁ?“%%%prﬁtcéaﬁm%%g@%éfgéit?ﬁg’ng of the
present i nvenpjopiprafebl!1eN@s) 2. two or nore silicate resins. The optional

-pol ydi or ganosi | oxane ol'i gourea _segnented copol ynmer conponent 10 of this
i nvention provi desOyesitheireactionof thepelyisoeyanate yithdhe pelyaminehesieccyrredopol yeri ¢

conpesi tigns ntaipin ' o) fUaek f the

pol ydi or ganos %ﬁ?@ﬁ?@ﬁ@%@g%}’ﬁg‘nﬁgdﬁﬁb%g?%gg%'fﬁgwgg%ﬁg ol i gour ea
segnent ed copibyyuRste CBY intfeasifg the ratiol dfésocyanate easminertheifoomatioa of bineet nodul us of
t he resul tant copol yner,  dependi ng, upon .the particul ar .pol ydi or osi | oxane
mono- and 15 ?W%Wﬁ@@%ﬁ%ﬂ‘g%ﬂ??ﬁ&'fﬁ é%&%ﬁnrwp‘?%éq’@cg%ﬁm

pol ydi or ganosigtRyARe Sk UL 6 15 Ri3EBR{edhoRAB OF KR formRfonCaRBOSI ti On -
preferably contal ns about 20 to 80 parts by wei ght pol ydi organosi |l oxane

pol yurea segmadvanthgeanst® shean propesties apd solvang Fesistap¢fout 25 to 75 parts by -
wei ght, t prefe %}“% n@ﬁ{ ' nposi tion 20
preferabrgl)&c-ont ai ngﬁgé%iﬁcﬁggw%sb @%oiﬁs ?%\ngz%%gphdc%?gepﬁgsi n, nore
preIergbI y ab(r??lydibﬁgah_r ?il?ﬁnpgolyweb%emm&z?pammf thqﬁtbisléuv:’_nioypmgdm' _laSO to 70
parts by wei ght. ot al, par Wei 0 e | OF gAROS] ne
pol yurea segndiffgtP @6%‘5‘!’@&%&“3&?@“%%éh%’ieg‘\h@%ttcé’p?]@@ﬁq@éﬂﬁpﬁ’%ﬁg‘. '%ql &

conposi ti on Nieigh bblgdiaighnosiciahépdlydaithes Drévidecsdpslymers afpwet mpduloga 25
segnent ed copol yner resent, i referablly present in an anount

of from about véeress by %&2@-@” }ngdi??wn?@%ﬁne Ba BBings prgﬁﬁmlxﬂ'gmq"a&%n e
Bgl %lr g?g;ﬁgﬁ%ggﬁnﬁ%@%&%%ﬁ%%@gf;ﬁe-rrgecggt Ibgn?lapr esented b
Formul a V, as fol | 3Wien pdlydiorganosiloxane polyurea segmented copolymer compositions T
contain an optional organic polyamine, this optional component provides yet another
means of modifying the modulus of copolymers of this invention. The concentration of
organic polyamine as well as the type and molecular weight of the organic polyamine
20  determine how it influences the modulus of polydiorganosiloxane polyurea segmented
copolymers containing this cbmponent.
The silicate resin plays an important role in determining the physical properties
of the compositions of the present invention.” For exampie, as silicate resin content is
increased from low to high concentration the glassy to rubbery transition occurs at
25  increasingly higher temperatures. Thus, varying silicate resin concentration in vibration
damping applications shifts the area of maximum damping to the desired temperature
range. Of course the M to Q ratio, D and T content, and molecular weight of resins
may significantly influence the relative “hardness™ of the resin and must be considered
when selecting resin type and concentration. Furthermore, one need not be limited to a
30 single silicate resin as it may be beneficial to employ a combination of resins in a single

composition to achieve desired performance.
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WD 96/ 35458 _

PCT/ US96/ 05852 [err] where: Z, Y, R and D are previously described; 5
each X is a nonoval ent noiety which is not reactive under noisture curing
or free radical curing conditions and which independently is an alkyl

moi ety pref emaddepsssgvi ng about 1 to 12 carbon atons and whi poroBgs/oses2
substituted with, for exanple, trifluoroalkyl or vinyl groups or an aryl
noi ety preferably Mhusilicataiesing uséful in tROpresenbiamentibn intlude thosdwesihis eompobel

bstituted w Or .ex e. al ycl.gal kyl , f.l uoroal k 0 and
?/:Jmsll | g?oﬁps?mog%eéﬁ)?vgn%%%é‘ﬁmé& Paig’é’td;c%‘irmxcém?'%mf_“i@e’ Cfl %r |arger,
and t | S Gxampld, MQ sBicate wsm,]ga?g ﬂifb&te&ﬁﬁ:}spﬂq\i}lMQwsgﬂat@i'%ﬁlg&ﬁdhfifsﬁgf ; rea
- ted oligoner c nent s 5 .. Formul a may be nmde by ei
sol vent pr oceJRyche TEEEH 9 o s ook s el mun bt

| ydi ' S
Comri se Ta) ogEfioldalia sHRNRG: R o Shbu 30,088 mdrtrotitt) Bl S8 U

. at |east one mbbytdi00gandgéneraliyhave methyh sibstitueno rHrallicatd résins Grludebeth20 VI

follows: [err . [ 35458 . . . .
| gséT/ 889 6%58[32‘°&#|‘8?‘é°"¥£“3?’“&'°’%?’°§ﬂ% “tf-%{?"e“a’éﬁsﬂ'é YEARERRE O FEe ( C)

optional |y, atfulctiondlitieyinclpdihg) fr@kaapeSsilcon-bomied hﬁd?bg}ﬁ, §RIh DRI ke,
Formula 1l except_that is an integer greater than 0. In general
appr oxi mat el y gt &lasel M&ﬁﬂwy resins a@(sep«vlmmw&cyte}rmsmamkblsxquz?msc ?Edt

i I bl f ' r e a

T led, 15 Y B8 SRS kAL Nich Fan aftackiber 5, AP BBmef 2R8ERRHE B P o e

copol yners, t [Seiepcd grell Engimendrg, olx 35)JolmWiley& 8005 Newi Borky@989)epps 265-and I
and ol 1 owed t & P Pk e BB 8 bt e e ke sope e, S rent el
copol ymer whi aiid LS Fat) b, §248,739, wherein such descriptions are incorporated herein by

reference. MQ silicate resins having functional groups are described in U.S. Pat. No.

15 ° 4,774,310 that has silyl hydride groups, U.S. Pat. No. 5,262,558 that has vinyl and
trifluoropropyl groups, and U.S. Pat. No. 4,707,531 that has silyl hydride and vinyl
groups, wherein the description from each reference 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.

20 5,319,040, U.S. Pat. No. 5,302,685, and U.S. Pat. No. 4,935,484, wherein such
descriptions are incorporated herein by reference. MQD silicate resins are terpolymers
having R'38i0y,, units, SiOs» units, and R'2Si0 units such as are taught in U.S. Pat.
No. 2,736,721 wherein such description is incorporated herein by reference. MQT
silicate resins are terpolymers having R';SiO,,, units, SiO4 units and R’SiOs,, units

25  such as are taught in'U.S. Pat. No. 5,110,890 wherein such description is incorporated
herein by reference and Japanese Kokai HE 2-36234. o

Commercially available silicate resins include SR-545, MQ resin in toluene,
available from General Electric Cof, Silicone Resins Division, Waterford, N.Y.;
MQOH resins, which are MQ resins available from PCR, Inc. Gainesville, FL; MQR-

30 32-1, MQR-32-2, and MQR-32-3 which are MQD resins in toluene, available from

Shin-Etsu Silicones of America, Inc., Torrance, CA, and PC-403 a hydride functional
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10 renoved fromthe reaction vessel. The conposition of the present

I nvention may al so optionally contain various fillers and other property
nodifiers. Fillers such as fumed silica, carbon fibers, carbon black, glass
beads, gl ass bubbles, glass fibers, mneral fibers, clay particles, organic
fibers, e.gwogspse#sr, KEVLAR[err], nmetal particles, and thepti/Esosmbiszh can
be added in 15 anopunts up to about 50 parts per 100 parts of

pol ydi or ganosiiQoresin i tofieie HATHNR T RESH/Poend Tt antl SpécRalty Polyiers)r OVi ded
-that if and when |ncorporat ed, such additives are not detrl mental to the

function and Regkdillo¥al S@reqinﬂarfegmmﬁysqpaheﬁn%ﬂragmsa@wta@w eaddi tives
such as dyeseengﬁ%ﬁ%éa H‘ﬁﬁéﬁﬁﬁ]g&ﬂ&ﬁv SbRLY retehVeliS H W%b&a”ts

conpatibiliz antim lal a S suc as zi nc oxi e1 ectri cal
conductors, thgammsohﬁtbnsoﬁsirodmemmagsalwbeahedbyaﬁmmbaxoﬁeqhnimmn nitride,

al um numnitr .and ni ck article d.t he,li can be bl e e into
Chese. sysBemsKImIRGH s ST o REA driingove dinggod Hiedfie FeaB seriio e
conposi tion. i{rbexdeeaiuemfdsﬁrasmadmranyaomﬁbn@mﬁletﬁoniehﬁopﬁﬁsﬁnt i nvention
can *be made by sol vent processes known to the, art, a cont| nuous

sol vent | ess peaseRosisiops ofithe present inventiom, AH?PWI&WS‘ ioRs. of the-presedls of
sol vent proceﬁﬁﬁoﬁ&eﬂnﬁ?oﬁ% og%&zggm&q.%ﬁsoxane pol yurea segnent ed

copol ymer usetul 1Tn the present invention can be prepared include: Tyagi et
al ., " Segrrent ed Or'@wrmohatpalyéo@amﬂme ehgoﬂrea'ﬁbynemld camlymh'cdompomt

Properti | oxane- U ea.Copo " P enber, 1984

o 0. S Bar ofips ThvEon praecs Bl wbIBEr Bpany oy URE the WRLISF BEORPE o1 1 30

for that purpecﬁﬁposﬁibﬁsadntai:ﬁxﬁgmmrceﬁapmeﬁﬁrsmhﬂnoh&iﬁdﬁeﬁlofmethe sol vent

solution of the ‘SOI anosi xane ure egrrent e;ii )PO| per to formthe

conposi tion uBely s qq@nep B@E&Jg poly 1organosiloxan 1gourea

PCT/ US96/ 05853e[gﬁ{é %a@ééﬁre%%ﬁﬁ&i‘%xcﬁasebémﬂb:@&e tieGhoduRisQf tHRr Ot ecti on,
danplng an

or vibrational article ofthe present invention. In the process
of the pr esenresultanbmmb'mer rdependiag upon the panticulanpolydiorgancsiloyane masioy and ne,

mixture of at S SRisss i SRR BE SR D B R R St "o
or gani ¢ pol yassgaenieddopdlyherast one pol yi socyanate diamne are mxed in a
LA N RN MR e A
. polydiorganosiloxane polyurea segmented copolymer, more preferably about 25 to 75
parts by weight, most preferably about 30 to.70 parts by weight. The composition
20  preferably contains about 20 to 80 parts by weight silicate resin, more preferably about
25 to 75 parts by weight, most preferably about 30 to 70 parts by weight. The total
parts by weight of the polydiorganosiloxane polyurea segmented copolymer and the
silicate resin equal 100..
The composition may optionally contain polydiorganosiloxane oligourea
25  segmented copolymer which, when present, is preferably present in an amount of from
about 5 to 50 parts per 100 total parts of polydlorganosﬂoxane polyurea segmented
copolymer and silicate resin. _
The optional polydiorganosiloxane oligourea segmented copolymers can be

30 represented by Formula V, as follows:
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In the process of the invention, the follow ng reaction occurs: [err]
Properties of the conpositions of the present invention result fromthe
copol ymer nol ecul ar wei ght and architecture. Flexibility of the process of
the present invention leads to interesting naterials, sonme of which, though
t hey may not weoé/sssssy 15 sol-uble in solvents for inherent porasegistss or

nol ecul ar wei ght determ nation, may neverthel ess be quite useful materials
in terms o0f physical properties and gan still be extrudable. One skiljed in
the art can expect the opt al for a particular apphication o be
a function of |socx_§a {io, polyfsocyanatef an ol yamthe|
architecture,

4 NOAZ N g-Npqe-d. Lieact or
-t hroughput, 20 reaﬁ‘d eﬁn ig:ﬁ [ ﬁand |ze ‘resifle ceétl me, i)resuﬂence
time distribution, hé¢q ers; addl i vess per

modi fiers are added. This process al |ows the freedom WO 9 /35458 t
PCT/ US96/ 05852 to vary the nol ecul ar wei ght and architecture over quite a
wi de range, thus enabling one to tailor the properties to suit a variety of
applications. Any reactor that can provjide inti te mﬁ g of -pol yam ne and
pol yi socyanate and the reaction pr oductg t here |s ui abl Rflor use in the
i nvention. The reaction may 5 be ca-F-mecz-eNt- &a & ¥ys-Xsi ng,
for exanple, a flask equipped with a nechani rrerils | ed the
product of the reaction has a sufficiently | w VI osi t é processi ng
tenmperature to permt mxing, or as a Cop nuous process u5| ng for exanple,
a single screwor twin screw extruder. Preferably, the reactor is a w ped
surface counter-rot r ew extruder. 10

The tenperature |nv?{ﬁgéqrzegclt{'o%dg%rg?ﬁ%g%ﬂ%ﬁ%dent to permt the reaction
bet ween th& pol yi s®&asha¥ istasmeneyalestanqgiety phich dsenot oeaom@mnder'ﬁmstmempnnwmre
should also b f . the terjals t ough t he
eactor and any tadipf e chRl Ihd pERE SR ertl s BTGl s

f eedbl ocks anchaving sbouEdito tDcarboti atoms el wlﬁdﬂhmbermbsﬂmted wndi,ffer dxanpie) at ure

or ot or abl y | n RERCTPAIN) B BV E5BY of Sy moiet Pty b bW oD AP, © e
reactor typi cakdrds adrvittich hayte sabstittitedwitie F6r stample, Mc?él&ﬂl%pl, fiiFdalyy Pi cal |y

from about 15 seconds to 3 minutes. The residence tine depends on several
par anet er 89 i f@f YBMBouRSor exanpl e, the

q is 5 to 2000 or larger;

r is 1 to 2000 or larger; and
t is 0 or 1 to 8 or larger.
The optional polydiorganosiloxane urea segmented oligomer components of
15 Formula V may be made by either a solvent process or a solventless process similar to
that used for making polydiorganosiloxane urea segmented polymer except the input
materials comprise: | |
(A) atleast one diisocyanate represented by Formula IV,
(B)  atleast one polydiorganosiloxane monoamine represented by Formula
20 VI as follows: |

R| R
H—l}l—Y—%‘ .o—# Y—X VI
D R| R
q
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| ength to dianeter ratio of the reactor, mxing rates, overall flowates,
reactants, and 20 the need to blend in additional materials. For
materials involving reaction with mninmal or no blending of a nonreactive
conponent, the reaction can easily take place in as little as 5:1 length to
di ameter uniwgoghssds tW N screw extruder. VWen a w ped surf REI/USOGEBIY | S
used, it preferably has relatively close clearances between the screw

flight |ands and t&%@ﬂ;gengﬂﬁh@a%e@nm%%l gi cally lying 25 bet ween
rews’ utl

0.1 to about 2 nm I'zed are preeferably fully or partially
i ntermeshing or fuQ)y ooptipmally,abldast onk pelidiorpahdsiioxanedismink eepresentedibyt ant i al
portion of the reaction takes, place. Because of the rapid reaction which
occurs bet weef© SKSPR ‘éﬂﬂ‘“ﬁ%@rgﬁ?‘ﬁ@%@anate, both reactants are

preferably fed i ”tﬂxg’éﬂer@‘épbx‘&ﬁﬁaté}oﬂéﬂﬁé!éﬁfm i W5 for evély twidibles 6fi(B)r | y when
usi ng hi gher nol ecular wei ght polyam nes, 1I.e. h nol ecul ar , W

, Wt
06/ 35458 5  and approximately an additional mole of (A) is used for each mole of Erthatisgsedsgs0

wei ght s of abouf 50. 00Q. and.hi . '

indesi rabl e v e araeRR orakl Aol B PRRBRARS doplo Bt e
conti nuous f egdlyligrgafdsilokdne mondamink(s), isbeyanate(S)cand dptiondlly ow pol yi socyanat e
streamisused is to allow the polyi soc ate feed line tq to or ver
nearly touch PRdigEEaBesg*ang B@QM%W%‘X%émﬁ%ﬁfﬁg@d@f’wscg&%gﬁtéo be to Y
utilize a conigmipe ol?&lb@in&siﬁ:@ﬁé blipdufte seghentdicopolph@diichscan theabei nuous

stream of fine droplefts of the p0|él socyanates into the reactor. Typically,
in fornul 8 i ngemened fiony therraetianyessele pol yur ea segnent ed bl ock copol yners

with additives Suca'hgéox{n {fioh ¥F g pheSett ﬂﬁentioﬂ%ﬁ%'b%ﬁ& I EchtaivarRuber
materials 10 essent Aty Ron-reactrve W th the polyd: of ganosi| oxane
pol yur ea segntillersdnd othert propertymeadifiess) tKillers sueh asifdimed silica, casborefiierseparbon are

added further .do treampin t eact oL, after ubs | P Lon of the
reaction of t ﬁ&%ﬁﬁ?ﬁé %ﬁﬁﬂ{‘]‘g’ﬂe&. 255g%%ﬁ%nﬂﬁ?rg’kcgaﬁr}tﬁ@i:%’. CR#’h‘é@si licate
resin which i fbetseeIgSayiod, REVIRPOmpE] sair@désOand thedikeeniichl can be added in

segnent ed bl ock copol ynmer and the optional igglvgdigani c.fillers, or other

mat er i al s 1iihi @mnosnts upde abaut 89 pastspsh 1 00Rasts of prganosiloxats Wrea HEMSAEEi | oxane
pol yurea seg ”%??‘?&r Qﬁpﬁﬁ&fgg?stiﬂé ??(Wid%ﬁ it ifGAA whbSRcdtBorad aflc additRRE are

downstream i n ‘t ie reactor a substantial portion of the reaction of

t he pol yam ne nmtdetpioentakto shefunation and funeticaplity pHibe final polymer product. Other

additives such as dyes, pigments, flame retardants, stabilizers, antioxidants,
compatibilizers, antimicrobial agents such as zinc oxide, electrical conductors, thermal
20  conductors such as aluminum oxide, boron nitride, aluminum nitride, and nickel
particles, and the like can be blended into these systems in amounts of from about 1 to
50 volume percent of the composition. _
The compositions and constructions of the present invention can be made by
solvent processes known to the art, by a continuous solventless process or by a
25  combination of the two. Examples of solvent processes by which the
polyorganosiloxane polyurea segmented copolymer useful in the present invention can
be prepared include: Tyagi et al., “Segmented Organosiloxane Copolymers: 2.
Thermal and Mechanical Properties of Siloxane-Urea Copolymers,” Polymer, vol. 25,
December, 1984 and U.S. Pat. No. 5,214,119 (Leir et al.) which is incorporated herein
30  for that purpose. The silicate resin can then be added to the solvent solution of the

polyorganosiloxane polyurea segmented polymer to form the composition useful in the
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Anot her suitable order of addition is introduction of the polyamne first,
the silicate 20 resin and the other materials second, and the

pol yi socyanate third, with the polyisocyanate fed in a continuous manner.
If the silicate resin and other additives can be conveyed in the reactor,
it can be adwaxberssds® t he reactor first with the pol yam ne androsss/osss2

pol yi socyanate foll ow ng separately at |ater stages in the process. Various
streanms can atenstriiohd anddnethdds 9Ebdrdinghedrosion petsiedtion,ur vibrtionally dahpingi ng i n
smal | amounts umed silica with the pol yam ne. However, the various

5
reactants anda‘bﬂﬂﬁf%@%?&%ﬁ"ﬂ’&e‘&tﬁ’&d in any order provided the addition of

an additive does riithé process of the piebdt inkentiofreidiits, Bcluting af Ratbadit S. An
.additive that is particularl g/ reactive with a polyi socyanate reactant

typi cal |y wouPlyaype, peb polyaniing;is atleast poe P%QTMSI erfliamine 91 & ocyanat e
with a 30 el RYET ) added
si mul taneosusl y or se%uétﬁfl&ﬁ Ia‘{& IOE#HHB{@e re%%flﬁeeﬁgkgmnogﬁéhg@%uentl al

order, for expolpanine arideat feait\ons palyisooyhmatsdismineaeaiixed in Wikddtor dndidlbwed
PCT/ U896/ 05852 be thg\?gtf;St C one.Eoté added into the reactor,in a . ,manner

such as menti B fne Robmres segrpented <98 vthatfen thep, o

reactor. Altebdrchidd frél chededction O&sy@nat e stream can al so be added after the
pol yam ne has been_introduced into the_reactor. The process

of the present i nvelthePropess ofthe uwvention she fallawing f%?“ eesHtsent i onal sol uti on
pol ymeri zati on processes for making polydlorgan05|loxane pol yurea segnent ed
copol ymers such as (1) t abRI|tyHto var |socyanate to anlne ratio to
obtain materi al sgajghypr .slklapelgp OF, _t_ U%I orq F ged
materials, (2) theégapa I|ty fp Iynerl |ng ig ecul ar melght
conpositions t hat nnot™he e ply odu d using solution

pol yneri zation, (3) the ability to dlrectly produce shaped articles with
reduced heat histories, (4) the ability to directly blénd in fillers,
tackifying resins, plasticizers, and other property Aodifiers, and (5) the
elimnation of solvent. The flexibility of alteri the i socyanate to am ne
ratio in the continuous process is a distinct advantage. This ratio can be
vari ed above and [bel ow t he 15 theoretical pfalue of 1:1 quite easily. In

solution, ratios |nuch gpove abg; 1 1 aqgi foel ow 0.85: 1 yi el gyffowner

TR Bﬁ-ﬂ#’eﬁ- - iffﬁ— %e%s%—éﬁ?i '”Yii—%' "to as

10 -

Properties of the compositions of the present invention result from the
copolymer molecular weight and achite&ure. Flexibility of the process of the present
invention leads to interesting materials, some of which, though they may not be fully

15 soluble in solvents for inherent viscosity or molecular weight determination, may
nevertheless be quite useful materials in terms of physical properties and can still be
extrudable. One skilled in the art can expect the optimum material for a particular
application to be a function of isocyanate—to-énﬁne ratio, polyisocyanate and polyamine
architecture, order of reactant addition mixing speed, temperature, reactor throughput,

20  reactor configuration and size, residence time, residence time distribution, and whether
any fillers, additives, or property modifiers are added. This process allows the freedom

20



high as 1.3:1, depending upon the titrated nunber average nol ecul ar wei ght
of the pol ydi organosi |l oxane di am ne, can be produced. Such pol ynmers possess
i nherent 20  viscosities well above those made with conventional solution
processes but can still be nelt processed. These polyners can al so possess
superi or nmecwews/ssass properti es when conpared to sol uti on p®CKSP/5852
copolyners. At sone ratios, resultant polymers can becone insol uble,

precl udi ng t he varyshe inbletailar vedight aﬁmurelntecm'rmmsqump adeiierange) sinisenablibgit t he
material can be nelt processabl e and can ossess high strength. 25
The ability tQReiakalo &‘Qﬁr‘}?ﬁﬁt@%ms&}“\?@?ﬁm’ ﬁﬁ‘ggﬁl ons that cannot be

produced by sol ut iy rBstoriRdt fide MtiMateikife of peiwimiid) dnt pylyRbeyahate f Or ni ng

polynmer in the solvent nedium 1eads to usefu uni que conpositions. Wen
t he chain ext@#@ma@pnpmuﬁerwfn%mtaéleé‘awspwhewermns Ebafqa@wwqm

certain pglyi &p‘rﬁg henyl met hane
dii socyangt e, ﬁeoval Q%F oéril @%ﬂgﬁ}s}é&’a@ “%B go §ii%hik#)ca 8
| SONATE[ err] ﬂadﬂhmcaism-gf ﬁrovxdednye prdyctef theavactiorebaspi suﬁ'lnsmdwbwoﬁxcgsxt}ut i on,
t hus *not enabl.i t he .formati on of high.nol ecul ar ht copol. : WO
96/ 35458 tﬂegprocessmg temperature o penm9 mixing, or as a congﬁuo%s woc%g%%a / 05852
Wien this cong@iple 9! %&s&éﬁ@ﬁﬁﬂﬂs&&#@ﬁr&d&? Prefert8ly! the $actdR isosiped t he

1 g

present invention, hi strength solvent resistant materials are formed. In
a similar mansvsRCce cRRNEF-TQiRting A GE-TPIREAS VIMECKEWPRTUEEr. t wo wi del y dissinlar

ol ecul argnei Gt s A igbafalis R HRMER hdRtbulliche RUHEGRYERALF USI NG the

sol vent | ess proce present 1 nvention can be nmade with high
i nher ent vi scbheweénghe palyisapyanatezingd tlheaw@taemce oeaur.t Ehmmperdmgq sbaulg also

pol ydi or ganosj | oxane pol yurea s e

degradati on o# ﬂ"?@@ &Eﬂ %‘F"(Sﬁ‘é'?f’ a%sg‘?ﬁ%%‘f%@hegg T %dzacn d by many
ofthfe sol UthﬂJbBaiud uﬁtt;fmsbgngmq%mﬁeﬁrsqmt g it‘olrm tBeHblwkeammgsml ed0

copol yners upon ry|ng and subsequent hot ne n al so

over come by t FREVEYIRG tha rracted g“’é‘l”“ﬂ%"’ﬁr‘é@%‘ﬁ?"’hﬂi’bﬁﬁ L?i.
reactivelps ex&ﬁdﬁ@'?@bﬁ%ﬁ‘h‘ %&@Bﬂ?&rib@ﬁﬁ'ﬂ?e rRfeof abcht 368 fE0eC. R@éi’&énb!é"ers can

be extruded directly fromthe pol ynerization zone through a die to form
shaped arti c| timednthi resstor wlcnlty verigs from geoutiS seronds torfeminulgs, mase tpicalis t

hi story assoch,g&eagowltstl?%%y%r%m{ngggval and t he subsequent pol yner

reheating. 15 o elimnate the presence of solvent

during the reacti oThexesipeicy time d@wmmqalmmmcludmgd&rmmthmr e

efficient r eai:t Igt?lQo d;g"}l%te?}/a 00 the reactor, mixing rates, overall flowrates, reactants, and

20  the need to blend in additional materials. For materials involving reaction with minimal
or no blending of a nonreactive component, the reaction can easily take place in as
little as 5:1 length to diameter units of a twin screw extruder.

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

25  between 0.1 to about 2 mm. The screws utilized are preferably fully or partially
intermeshing or fully or partially wiped in the zones where a substantial portion of the
reaction takes place. '

Because of the rapid reaction which occurs between the polyamine and the
polyisocyanate, both reactants are preferably fed into an extruder at unvarying rates,

30  particularly when using higher molecular weight polyamines, i.e., with molecular

M



residence tinme using the process of the present invention is typically 10
to 1000 tines shorter than that required in solution polynerization. A
smal | anount of non-reactive solvent can be added, if necessary, for

exanpl e, fromabout 0.5% up to about 5% of 20 the-total conposition, in
this processyRjdegisgas a carrier for injecting otherw se soPCUUSI0S¥2al s or
in order to increase stability of an otherwise |ow flowate stream of

mat erial i nt Oybigfis ro? i9@o@d‘ﬁﬂhﬂgher hich Gecliidg gereRdlly Retiuidés uindbsirable | ess
process for maki n 03|t|ons of the rrat erial has many advant ages
over the sol veariab é PF@ @tmay be some situations 25 where the

sol vent process 'SPR{{ﬂEﬁMSﬁmﬁﬁmglﬁé@onﬁn e irh tHafextrlider Wihen & Fery
preferred. In the er case ydil or ganosi | oxane urea segnent ed

colool ytrrer fﬁu:?mwﬁwmmmmMmmmemmm@ggmwvl% xed in
sol vent wi e silicate,r n i

ol i gorrer, 53 nd OB R BeALly teych %%@ngﬁﬁ?m#ﬁé&%b%%s ?‘gggégvpﬁlfi%?%r esent

i nvention, depapdidt@niriosPgFay injectichl devicewhioh piduces @abntiousartam of fink e
pressure-sensitive adhesive tapes, pressure-sensitive adhesive transfer

tapes, pressudeoplenefithe palvisgeyanatesinte thereastorn: essur e- sensi ti ve adhesi ve
nmedi cal WO 96/ 3

loxan gmented block
PCT/ US96/ 05852 t apés; &HXCIP Iau?%?"‘%é(’%i%iog‘?raengo%urren%se d?rlljg delivering
devi ces, or pmeﬂmmmhﬁmnmmﬂmucwymmwrmym thes magerialse d

articles ressure-sensitive a sivesartiche t he
pressur e- %&nsﬁ%@aﬂﬁ&ﬂ’émv %?POIW{B%“ ’annﬁ;@ &5{6 ée?ﬁwgy’ ting
process. Any skHctantd &e%ﬂ&ﬁ&s% B&blEndeth‘béﬁddamlrtbet domdreamrin thedeactpr aﬁut not
limted to, for exanple, cloth and fibher-g]ass cl .. metalized filns and

foil's, polymerassbstantigkpo fﬁmﬂﬁémm%& the palyemig Y‘E‘l‘}&‘?"éﬁiﬁé @ and foam
backi ngs. Pol éﬁg?: films include, but are not limted by, polyolefins such
as pol ypropyl €ne,” pol yet hyl ene, | ow densit et hyl ene, |inear |ow
density pol yet hyl efThe siicatéegn whighds blynqsé%ttgmédeormﬁ mh as

polyethyl e 10 I '
pol yi mi de éﬁ%@%‘%&ﬂﬁ% r? g@éra l?lls J’ij‘gﬁ&frﬁom random y
or Ih elnt ed fi belraﬁe eSsﬂﬁiaﬂbdmmrbMWGWhmmlpdlydmrg&uisxbyanerpplwma Oslmeppnldopyl ene,

et hyl ene-vinyl acetate c rayan.an eali Foam
backi ngs i ncl LR98°YE'G'E“‘%R‘¥P %ﬁ%‘?‘f Sx‘géméira‘{}]ﬁwn&t Fbed'ﬁaec ﬂgﬂ/{ret hane,
pol yet hyl ene, QgaiRMSorticHéfhe redétibnRPthépolamine and aﬁdodymatdflmiaklehplﬂce)r

unfilled. 15 Backi ngs that are_| ay. ere?b such zi\ls tH}/s e-.al um num
nmenbr ane conpoAnathes suifable order of addmon is introduction of t epolyaer the silicate

20  resin and the other materials second, and the polyisocyanate third, with the

polyisocyanate fed in a continuous manner. If the silicate resin and other additives can

be conveyed in the reactor, it can be added into the reactor first with the polyamine

and polyisocyanate following separately at later stages in the process. Various streams

can also be blended togefher before addition, such as blending in small amounts of |
25  fumed silica with the polyamine.

However, the various reactants and additives can be added in any order
provided the addition of an additive does not interfere with the reaction of the
reactants. An additive that is particularly reactive with a polyisocyanate reactant
typically would not be added until after the reaction of the polyisocyanate with a

30  polyamine reactant. Further, the reactants can be added simultaneously or sequentially

into the reactor and in any sequential order, for example, the polyisocyanate stream can

LA



al so suitable. In the case of pressure-sensitive tapes, these materials are
typically applied by first making a tape construction which conprises a

| ayer of the pressure-sensitive adhesive material coated on a backing. The
exposed surface of the PSA coating may 20 be subsequently applied to a
surface fromnwoleésdass t coul d be released | ater or directly treridsesedes r ed
substrate. A transfer tape can be nade by coating the conposition between

two |iners bobénheﬁm&mﬂibn@ﬁﬁd&&ﬁh@ihd\teh&oﬁnra%ﬁﬁér%u&%%éﬂﬁoneﬁ%o\‘ee' ease
liners often fol se a_clear, _polyneric material such as polyolefin or
a 98‘“{‘

pol yester th ¢ sandher hepddeddawnstream itk reamor. Adiemiately, the. ~ Pr ef er abl v,
each rel ease phiggdoy arghéﬁfe%cm%agu i&'p%gmmefﬁimfoa Haf

pressure-sensitive adhesive ut e i'nvent i on e co 041'%i ons of
the present ithegeactoon are al so useful in madrcal applications including

transderngl drug C Jr.a sd delivery devjces are
desi gnednt%o del i Vg’fllleap\fﬁ]eésr(gﬁgﬁrg%eﬁ Fyen f"? éggﬁs%aﬁgeqﬂveﬁ¥qg§eq HOPSugh or
+10 30  the shihmionipolynetizition roc&?s%dﬁﬂﬂﬁ% a dirgaifslloxehe/podised des

si gni'ficant advant@gp unl | WO 96/ 3 55{{8 8 P

PCT/ US96/ 0585%8M§ ?Rﬂ'ﬁm%mp%aqﬁhmﬂhlbm vanythe Recyanatg toamineratie toat i on, |t
avoi ds hepati %Mﬁ naI

ef fects, gnd ?bt%rngiﬁrﬁﬁs S{Bl; F%ﬁ?go eve u%ﬁrhglgrﬁerlﬂg@ {%*121%9(2% Ger mal dr ug
delivery devi lh%rgfbdmmmweclﬂk\wm“mnmohuhaﬁmmbe easily ude-

matri x d ce ve

pol ymeri ?Wnat Gﬁmkﬂﬁ gérh\r’}golngk% f"%aéféna@?%%#‘gttﬂg"ﬁ‘%ﬁé’“? in a
liquid and detmvleswdhr«dutddéxestlinsmﬁeb,r(dmb abilifyab @ir€ctly blehd in ﬁlﬂrs”ﬁaﬁ ;

drug-in- adhesw.edwcesm ich the dr i's placed within an adhésive
pol ymer; and TS i”é?ﬁd? %?’Ipé?ﬁeﬁé{t"?d&gﬁﬁ 5) fe sliminationsefiselvent. di sti nct

layers, e.g. layermefmsnbna{wmteh%ghafs vl G BB il EXRIGHR™ S OT

controlling the rate of ease ug and excl pi en and for
att achi ng t hePi@gess isa diginctadvartags. TMsIrat!ﬁcambeVdmdlabwandbdnwctheate a dr ug

oy Lat . analESlEed O gl KBRS S BT 7
to the appli cbeldow@.951 gxéléiml'&vmbcmlﬂ Wéignts:bpdlymamcunahé)m&fésm efﬂhb §feséﬁt otects
BT LT IR S—
h1gh as 1.3:1, depending upon the titrated number average molecular weight of the
polydiorganosiloxane diamine, can be produced. Such polymers possess inherent
20  viscosities well above those made with conventional solution processes but can still be
melt processed. These polymers can also possess superior mechanical properties when
compared to solution polymerized copolymers. At some ratios, resultant pc;lymers can
become insoluble, precluding the possibility of inherent viscosity determination, but the
material can be melt processable and can also possess high strength. |
25 The ability to make high molecular weight compositions that cannot be
produced by solution polymerization due to the insolubility of the forming polymer in
the solvent medium, leads to useful, unique compositions. When the chain extension
of the polyamine is carried out in solution with certain polyisocyanates such as
polycarbodiimide-modified diphenylmethane diisocyanate, available, for example, from
30  Dow Chemical Co. as‘ISONA'I'E'm 143L, newly forming polymer may precipitate out

of solution, thus not enabling the formation of high molecular weight copolymer.
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matrix 14 containing the drug and optionally excipients, a concentric
adhesi ve layer 16 surrounding the matrix 14, and a release liner 18. A
reservoir device is shown in Figure 3. Device 20 conprises a backing 22, a
| iquid formulation 24 containing the drug and optionally excipients, a
menbrane 25 ZPoogdsags controlling the rate at which the drugreraisssossszi ent s
are delivered to the skin, an adhesive |ayer 26, and a release |liner 28.

The adhesi ve | hi¥RY : ' ' depicted in
connection wt t&{]e m?ﬁ%&gs?%gﬁﬁﬁ%nﬁe %I%Q&S?&Sémﬁr??gﬁ esl \}e device is
shown i n Fi gurisvestiombighstremth solvept resistant:maseriaks anejfoped. din asithilas manner,ayer 37

contai ni ng dr ; i kRi.€ . eqdiner 38. A

multilam nate et?}?agselg% sﬁé\mwﬁé%%org}%w d%e%ﬂ%e‘aglﬁmé%%e?@gse%fl a backi ng

42, an adhesi vlyamirerpolymefiont witha pelyisscyghatendingithe @hahtless procéspofthes, a
second adhesive | ayer 43 that controls the rate at, which the drug and
exci pi ent s> ar Present ipysntien ¢an bepaads writh high/igherent vicogilies. | i ner 48. 30 A

second enbodi ment Gf; génerdt! 1bha ' svd | %My%ﬂo DS;,&:}; Gq Device 50
conprises a backing §2,e%’n6%ddﬁ:§2%éeﬁl a eééggagbszpo tal |n§] ru og"r'i‘d aoptional |y
WD 96/ 35458  segmented copolymers and leads to a degradation of physical properties. TRET/ US96/ 05852
exci pients, a rane 5o econd hesgi ve |aver. 5 d a release |iner
S5 The mombr AR sEPemEAT P oL BRSPS re e o e ind®i g anc
exci pi ents ar epchriréasegmehtédcopblymessiupom drying apd subiseteftihps melb bxtaisiohiid dlsoy to-

t he devic Skin adhesion is a critical requirenment of any transdermal drug
del i very §9ste?r‘{°’°§m° M&@Wﬁg’%@ﬁf’k@ﬁ %‘?‘&VF@&"&W%‘F Bte¥nal to the

skin contact ag@aded pilydityiroSiioxaid poluaibirfidhteidpintrs dbbektrulicd ent ski h
adhesion until it is renoved. Adhesi'ves that are uSed in skin contacting

| ayers wil | prdrestinfipy thepalymerization zone theaueh g disrte Serm shaped agtinles speliasi al ski n
adhesion, i.e. . ' Js : . Lad; @é n :
rel ease from t'ﬁgﬁg E?dnfﬂq‘gg‘gﬂé% tﬁéjgh??}%gx |}%H¢¥§y%%§ﬁ?§§h‘t§§ {)Irk{gg}gan va
nonsensi ti zi ngjnd the subseqenp polymet reliéhting.t hat t hese properti es be maintai ned

then the qghest ve L SbARTE et e Bkl e oIS oS,
and exci pi ent spalyaniihy snd polyisbéyahate yidlds a nfhck moresfBcién rqaotich. Metaverhgeo be
AR RAER T AT EE EIETER IO T A
shorter than that required in solution polymerization. A small amount of non-reactive '
solvent can be added, if necessary, for example, from about 0.5% up to about 5% of
20  the total composition, in this process either as a carrier for injecting otherwise solid
materials or in order to increase stability of an otherwise low flowrate stream of
material into the reaction chamber.
While the continuous solventless process for making the compositions of the
material has many advantages over the solvent process, there may be some situations
25  where the solvent process is preferred or where a combination of the two is preferred.
In the latter case, polydiorganosiloxane urea segmented copolymer could be made by
~ the continuous process and subsequently mixed in solvent with the silicate resin,
optional polydiorganosiloxane urea oligomer, and optional filler components.
The compositions of the present invention, depending on specific formulation
30  -can be used to make pressure-sensitive adhesive tapes, pressure-sensitive adhesive

transfer tapes, pressure sensitive spray adhesives, pressure-sensitive adhesive medical
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15 I nstances, it is also preferable that the drug be dissolved in the
adhesi ve rather than dispersed init. It will often be desirable or even
necessary to custom ze the adhesive for a particul ar drug/excipient

conbi nati on. The transdernal delivery devices can be nmade in the form of an
article suchwevsssasseape, a patch, a sheet, a dressing or anyyCFUSed05832 m
known to those skilled in the art. 20 Cenerally the device will be in the
form of a pattapespincluding for esamplatrhnsdermabidrbig deliverngndeviced, er pressurerseusitiveof t he

drug. Suitabl e,rel ease liners include thgose enunerated above in connection

with the prepﬁqhﬁﬂeo%ag'fgsﬂgﬁ“ﬁ’é’ﬂ&#“‘fﬁeﬁﬁ‘gﬁposi tion of the present invention
are al so useful f opresitifeasehsiiveadheaive aiticléB ar¢iniide b aisplyingPihe pressuse-stnsitivav enent

-mar kers to pavenent surfaces such as concrete 25 and asphalt. Pavenent

mar ki ng sheet a¢hgsive bywell knowahat melt erselyentcoating prpcess ARy, sugtable,sabsistese

| am nat e lsaye ] : r oy venment .
The mater isgl S%B@%g%%bﬁg%’%ugﬂ%%@ ztidd esli égﬁlg,hcéﬁﬂﬁ@lg g‘a%sg;[le such
t hat they benuhetalizedrfils/andfoilsgypolymerictfims, noowoens, papet@andipolymericoatedinder

conditions to_which:th “ene tking ks, exposed,,.The, top.l ris
typically a fP%%?f’lff’%h’ﬁgﬁ @?@5 % %!i’?fgf g Sndie, R af°§’°bP‘B‘f%‘r"aYbP‘§JY‘g%$‘5bl e and
wear resi st ansuchlab polgpropylénepalyvetiiyiine,dow idensity polyethylere] intartowalensigp | ayer s
o) 305581 ! pityfviens s Feh dbiaky pbifecnl pofesets suc s o iFS) (200, 5852
epoxy resjgs, Wa . . such

100 te?éiih&ﬁlblled? anccfﬂﬁin)ﬂéé, %éllﬁxlosg g?e;/ﬁgé ?&ﬁﬁrﬁ&é sudd 2% RAPTONM

materials may al'so sed. Suitable ric materials may be either
t her nopl ast i c Nonwovens,igeacerallyl magle frommardamly Gxientedfibiess, inclhde, butaré ngtdmitedi so

[ |t f t | ecti tigl 5 d/ Ki
Fesrstant par Phablol doiofnt HiSleg s ra ho iR SomuBine Farpiast
protrudi ng fr dglikbeFompbakingsinciude)bbianendiigtted Bpycrolit] silicoak, | polybeetiapg) i ed to

yer to inpart desite nf or ility and

the lower surface, qf the top |

strengt h. Thepglasteﬁ%wmyn@gmmwogsmw F- 2 mygfél_?%iqre_ uce cost and
modi fy prper Bagingd ¥kt aftJayertd! ﬁﬁ:ﬁabﬁdlfﬂﬂ%e@funﬁﬁxﬁﬁ‘h@hﬁﬂaﬁé’con?oﬁf@,%@ may
optionally be added to the top |ayer or 'the base sheet to 1 | npart
desired col or &lsp &#tablehe paverment marking sheet materials generally have a

| ayer of rubber regj | P . erence
to paverent. | n ¢ h e SAOEFESRNBLLER dits 2 bl S AR, BeE0P D es
segnent ed copdirsy mekin asape cpnstrectionewhich comprises a layer of the pressure-sensitive:

adhesive matetial coated on a backing. The exposed surface of the PSA coating may
20  be subsequently applied to a surface from which it could be released later or directly to
the desired substrate.

A transfer tape can be made by coating the composition between two liners
both of which are coated with a release coating. The release liners often comprise a
clear polymeric material such as polyolefin or polyester that is transparent to ultraviolet

25  radiation. Preferably, each release liner is first coated with a release material for the
pressure-sensitive adhesive utilized in the invention.

The compositions of the present invention are also useful in medical
applications including transdermal drug delivery devices. Transdermal drug delivery
devices are designed to deliver a therapeutically effective amount of drug through or to

30  the skin of a patient. Transdermal drug delivery provides significant advantages; unlike
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sensitive adhesive may be applied directly to the |ower surface of the top
| ayer if no 15 base layer is present or it may be applied to the | ower
surface of the base layer, if present. Further, the adhesive can be

advant ageously applied to the | ower surface of the rubber resin

pr essur e- senswa9ens4s&dhesi ve. The pol ydi or ganosi | oxane pol yuPEHUSWERSAt ed
copolynmer is preferably applied as a 100% solids hot-nelt coatable

conposi ti on aimjechieny ithenontnyksive] ulike\oeal admigis@ation, tevdidchepaticirstpassy kni f e

coating or extrusi,on coat.i ng. nat i vely,  th 2SS e- itive
adhesi ve oft hé‘eﬁ%rﬁﬁ?)%ﬁ‘t lﬁgﬁ& f"%zgf g?%r{éﬁgeg@&a!i%&ﬁ%hggi'6%’8{“§§sesyabgee¥g\/\°§g§veﬁgéI ease
coated liners, i.eAyvadetyobtraisdsrmhlaireg deliney dedie: has een tiesdribedn cDevices r enoved
and the adhesjve is adhered.to the top.l aye base | ayer .Qr. rubber resin
pr essur e- sens WO %Wé%?’?‘ﬁé%ﬁ%&éﬁ‘?ﬂwﬂﬂﬂépﬁéd&? a3s

appropri atsg. I&ﬁdﬂsﬂ@bp&ﬁkﬁ@ﬁeﬁ%l*%%m&%v&&ih%&%&m B placsdinfaice of the

pavenent marking material m e renoved before application to a
pavenent sur f iqud akdeliperedioghe skimtheiugh agite eontrollingmieatbranes drugrin-gsihesivent

peel 1 or ce. vaPties Byach R an Hiedhulrariah BB s RRE AR pRiY PRy '
t enper at ur e r anfitaninde devivés invbiving sewbdl distiret Bifers, e tayerts fertontaining\dfug) 6/ 35458

PCT/ US96/ 05852 The conposition of th resent .i pvention, nmay al so, be used in
pressur e- sens%‘l’i%%ﬁé’é?‘ﬂé%‘ss{}ﬂ%‘i" the rate P%‘@ﬁaied’fﬁ?eéb‘éﬁ XFReESor epar ed

surfaces, 1(eSPgid B hitachif Medevies RY#E N 2 hi ghly conformabl e, continuous
interfacial silicone coating that prevents ingress of environnental

contam nants that ABoftheidevices incorposite & Apigdormuiationanatihesive to Maintahe

i nvention addrg: . , d [ 8 i N i an be
appl i ed outsi 8‘2&%}?%’5@%&?}2#%5 @ﬁgb%{egf %eﬁvgrgggt&g%tf éé?&h%?gﬁé?@}n’gfggfb paIg%e coating
wi || adher e t andislrémoved priortorthesapplication bf the devidel to sise skin, andi asiackigg thavt ecti ve
coatings such as epoxy, .pol yet hyl ene and, pol ypropyl ene on oil and gas

pi pelines. A RM&&‘P‘%\?@%F@% a"j&?fﬁi“ﬁh@%'t“i“gﬁs i ncl udes: pernanent repair
of coati ngs def ect s AQhatiH@HdvitRYSsho®adi Figere2f DH_viéSl@Qompr?s@ﬂ&b%ﬁingﬂz,have_ been
stripped for joining; protection of parts which nust be bare before in-

field assenbl Watrix Meptainingthedagand pptinnalbiaxcipientss 8 epppentigsadhesivedayes 16et al
bef ore furtheguféuggﬁ?%ﬁr%ﬁg?g i’:ﬁiaamﬂwtliﬁ&tfs"e adhesi ve between adj acent
ed s S, ' ]

coated or uncoa eel par as In a rebar mat.
A reservoir device is shown in Figure 3. Device 20 comprises a backing 22, a

liquid formulation 24 containing the drug and optionally excipients, a membrane 25
20  for controlling the rate at which the drug and excipients are delivered to the skin, an
adhesive layer 26, and a release liner 28. The adhesive layer may also be present as a
concentric ring as depicted in connection with the matrix device (Figure 2).
A drug-in-adhesive device is shown in Figure 4.. Device 30 comprises a
backing 32, an adhesive layer 37 containing drug and optionally excipients, and a
25  release liner 38.
A multilaminate device is shown in Figure 5. Device 40 comprises a backing
42, an adhesive layer 47 containing drug and optionally excipients, a second adhesive
layer 43 that controls the rate at which the drug and excipients are delivered to the
skin, and a release liner 48.
30 A second embodiment of a multilaminate device is shown in Figure 6. Device

50 comprises a backing 52, an adhesive layer 57 containing drug and optionally
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A pressure sensitive adhesive patch typically consists of a protective
silicones 15 pressure sensitive adhesive and optionally a barrier or edge
adhesi ve, |l ayers of conformable barrier or backing materials, or

conbi nati ons of these materials. For sone applications it is preferable
that the backiogsrskesas not shield electric field |ines, nmaki pgrasssmsssa
structure backing nore preferable to solid filnms of, for exanple,

pol yet hyl ene mxclﬁtdﬁts aﬁmemblerleess asecpndidhlesivk laybn 86, and alrelyase lihew SBeTher mat ch

omposi 1 on o PHES AT HReppLE e BD s Sl cxbplntag |

sensitive adh&&wasd@rth@mnmbbr&iﬂa%ya@sstmh Bk devidd. nk tubes. These
constructions provide a single article that can withstand the high

tenper at ures exper iSkincadhesinnis hefiticalrequirementrofianx trensdermel dimg deliyeqysypteae an
envi r ennenkal [ t ack,
and clari t?/ ofﬁﬁi%gsseg“é{ &9({;' dﬂ&%?@]gﬁntlﬁ’ gjst%g%? #F‘i?msau %Lablstg@?%‘}ri e{r%ust
application. 'Hmbhshrmdmahtmnmﬁiﬁmhmadiemmmnmmmab Adhesivestlatiarent 0 a
differenti al relg i ner ﬁ égge l.i.ner having a fjrst rel ease
coating on ond§ Eéﬁlﬁ‘fmi‘ﬁg“ﬁgll%?“‘& ar St ‘? Quing prarertiss' @998 ed on t he
opposite side. mﬁﬂ%kin%hésﬂne@é%&@ﬂdqﬂﬂﬁa&ﬁmn BirfigRhebar peAYE cléhd fefta@N! '

rel ease val ues. For exanple, one release coating may have a_release val ue
of 5 grans/c mf{'fmﬁte skis; ard slincompaibility,(nonirsitati @gnsepsitizing) B isimpoptps of
W 96/ 354 ed to the 05852

g erties drticulds
mat eri al cm vm sFPror% heb%rg?ilﬁmn wh ﬁheacgi}?swgsxggé reI eaSe coat1 ng may
have a rel easand&ttqyemsbngMMglmndﬁmenaterl al can be coated over the

rel ease liner coatl havi n e s val ul t.i ng tape
can be wound into f‘Y @'PE‘A! Q%gen !alga{'#gwme@gs%ﬁ@mgéhs.t.ve
adhesi ve adherwhich drufland mlm&qaamﬁiaaeosecompatnﬂem the Qi@ ind excipieag. val ue.

After the tape_i k gﬁ?to a substrate, the release |iner_ can_be renoved
to expose an aﬂﬁ%ﬂé sives viilb potreact phemically withitherdipg Praxgipieats) IMBARY t hat

can be usqgd !Wnitg&e%ﬁqyﬁs&ﬂéﬁ}dbl&ﬂdtmrhé‘ﬁé Higs“c‘;lJeB ?Bﬁlﬁhv@faﬁle?‘cﬂaham e for

use with silicon hesives. One exanple is the pol yfluoropolyether coated
~liner descri bedispersed:inibpl aill pRanchetdess maveinmwrymsthemadhwﬁer

R e

Pat ent Publ i cati on Tie tradddeftfill delveryrdevicesadah be made inahed form iofian aticlasuchasa -

conposi tions i QS LY e 2 patclil)oa sheet, a dressing or any other form known to those skilled in the art.

20  Generally the device will be in the form of a patch of a size suitable to deliver a
preselected amount of the drug. Suitable release liners include those enumerated
above in connection with the preparation of PSA tapes.

The composition of the present invention are also useful for adherihg pavement
marking sheet materials and pavement markers to pavement surfaces such as concrete

25  and asphalt. Pavement marking sheet materials generally comprise a top layer, a
composite laminate layer, and an adhesive layer or layers for adherence to pavement.

- The materials for the top layer and the adhesive should be selected such that they bond
strongly enough together to resist delamination under conditions to which the
pavement marking is exposed. The top layer is typically a flexible polymeric layer

30  which is preferably durable and wear resistant. Ilustrative examples of materials from
which top layers may be made include but are not limited to polyvinyls, polyurethanes,
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Corning SYL-OFF[err] Q@-7785 fluorosilicone rel ease coating, available from
Dow Corning Corp., Mdland, M, X-70-029NS fluorosilicone rel ease coatings
available 15 from Shin-Etsu Silicones of America, Inc., Torrance, CA; S
TAKE- OFF[ err] 2402 fluorosilicone release liner from Rel ease International,
Bedf ord Park, wéoeusdsst he | i ke. Hot nelt adhesives are conposptrasss/dsssat can
be.used to bond nonadhering surfaces together into a conposite. During

?Pp! ijcat i on toﬁlibx?lﬂés]?ﬁ,tﬁo@a&ﬁnelb,cﬁob:ﬂﬂaﬁ, agdl lbdgém th_ugﬁofbg%lﬁmitéﬁals' m_ag; I yh
Juid to wet the surface co tely and | eave nq vqids, even if the
surface is rouﬁ‘ﬁ?gwqg'egwé’gﬁ)%?,?meﬁ “E@H&Waﬁgﬁﬁ'gle’ﬁ'@mws?ﬁmi/i scosity at
the tinme of applehhcieitiaf polmever, the bonding adhesive generally sets into

a solid to devel op sufficient cohesive strength to remain adhered to the
substrate under st r©enerally, the tapileyen also camaprisesa plusality of tatrordfleetive panisles

transitiondro ' | | . i S.
First, the i]ot %ﬁﬁ:@ﬁ%g@%%@?@&?a%%@?%ﬁfm}ep@g@@éﬁfg&% ?/rel ts
vvhfep heat eld aﬂ_&oga?ot@?pifmedmé ;hedmynpdoh&ﬂgibrippﬁbdtmuavgrmﬁoépﬁ : n
sufficiently hi uidity to,achieve syccessfu tiing. ternatively,
the hot nelt a&%é@b@“ﬁﬁﬁwmwm%%w - é’heﬁgpﬁ%egtrm%at | ower s
the viscosity ghnthil parfichlfeiMérs ?dﬁeﬁ%%'c@&&a}]lg gio?i@ﬁﬁoﬁ?ﬁies%%ﬁ & saehee ardieédst | Ng

and rai ses the adheSive viscosity solvent or carrier is

renmoved. Such anflexhilityi Pigmeats max optienallybe sdded tacthe top lawer exthe base sheet taD

96/ 35458 . . . PCT/ US96/ 05852
The corrpos}q i orllmspagfdef'ﬁeél cﬁéoé%tg’r?t I nvention may al so be used as vibration
danpi ng materi al s aThapavemixttimarking $hectamdterialy geheraliyt e & Jayerrofirubberreginnct i on

with a stiff layer, that.is s part of a.,constrained-|ayer treatmnent.
Vi brat i on dampPutpeivepeited jithe RaveR Betaodfor pefeBfr {p Rvegent I he :
sandw ched bet WRemidnlihe polytiordahssiloaine ﬁﬁ#ﬁa 7te® 86polymer-baded preshge-at i vel y
stiff layer, such as thin sheet netal. This forces the viscoelastic

material to be sensitive adhesivemaybaapplied direstlyiorthe lowepsusiaeasof the toplaysx if ng
substanti aldy I il [ Asi on and
conpr 655t b o isaaEF &bt 07l i8R abbied I g 16vir sl pihe bfbe el B

const r ai ned- | apessenso Fuxtharthe adhesivecanibs advahtageduslyiapplied tothedower surfargiof st i f f
| ayers and one

Constr ai ned- | a§ eimg%rﬁg?s%n%gs% %L%Jéﬂgﬂéﬁeg&gt);?gddggp!sgge?glt e|ro|r gl:éségs . In
one process, a | ayeThepolydicrgandsilaiah©polgimeqseppented copolymet 18 prefiahtlyl agplied a
rel easg i ner % a 100% solids hot-melt coatable composition and may be applied by various

20  methods including knife coating or extrusion coating. Alternatively, the pressure-

. sensitive adhesive of the invention is formed as an adhesive layer between release
coated liners, i.e., a transfer tape, one release coated liner is removed and the adhesive
is adhered to the top layer, base layer or rubber resin pressure-sensitive adhesive of the
pavement marking material as appropriate. The other release liner, now on the lower

25  surface of the pavement marking material may then be removed before application to a
pavement surface. '
The pavement marking sheet materials of the present invention possess
excellent adhesion to various pavement surfaces, stable peel force values over time,
and excellent performance over broad temperature ranges and under high moisture

30 conditions.
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conventional solution coating or hot nmelt coating techni ques known in the
art. The layer of resulting viscoelastic material is transferred to a stiff
backi ng and adhered thereto, thereby providing a constrained-|ayer
construction. In another process, a layer 15 of vibration danping
material i s WOBEBdirectly onto a stiff backing by convenPCHHE6HO§8R2Ut | on

coating or hot ne coatipng techniques known in the art. In each ,ase, the
const r ai ned- | ayer L‘%%FB‘PWE‘PFG ﬁ‘l"?ﬁ‘ﬁ‘éﬁ“’&#ﬂ“% alsg be meeddn pressurg-sensityRi r i ng

dampi ng. _The JaRaNes i refity BRUCHIS pRohrS HRCupfepftdl siFBRRC bREANY figihs! Nt ¢ he

constraining layer is only fixed to the vibrating structurevia the
vi scoel ast i c puewiding ahighlyiconfbramsble, ¢ontinudus interfaciabsiliconprenatingithetprevantsachnent .

“Wh th t t ' [

't ornal . orels 8 BRBARMER coatingled na ety it sbroldS Ruboel ) o e,
appl 'r(t:)at ij@n mt‘h_etuhen’ ltiu;hrddi_aeisswadmﬁet_t 'mﬁmtﬂébﬁbt&e@bzﬁxgmﬁuhmm_ bé appllziu?nt i ?n :s
In a Dl-directiona anpl uni S as SCri I n L] sen, .J., €0 al,
"Vi scoel ast | CUSHRE FoRRUEY abapeiony ordariomyicendifiensyviig cogdpE Milkadbgio oot
Structural Engdsde fishytetds well A6©Uisiig SroreSfivelchtire sithas egaipoe O yNpi ad,

t
Cct ober, 1994. Bi-directional, or large displacenent, danping is the
t r ansf er ence polyethylsnowidpolrprapylene preibandigas pipelings t Anen-exhaustivadistofbui | di ng,

10, 2 gl LR Sy ARBES I SRS bl B <,

danpi ng t he I ons 0 striucture. erials
whi ch had@ neendsrwhicly hdvedeerostrippedforjojniogrpaditedtion yof paresf vehiclryst babareshear -

storage nodulj ,. G, bet ween ahout 6.9,.x 10][.er Pa tq 3.45 x 10 efr
Pa, m%re pref@f%}wﬁégwewg@m@ma%w if.‘ﬁfe‘f{eng@%@s{‘]msﬁafb%@ﬁ%ref [erab} y
\?;\b 486;( 5 ég[Sgr rdefdre fiirheprBeessind) afid 45 a protedtiveladResive BetwRBPAljAEt Bated bl have

PCT/ US96/ 0583mceatediies] pargs) agig aebarmals possi bl e over the use 'te.rrperfature and
frequency range. E‘ﬁrf feehdive aheiRte BhEH ﬁ:ﬁiﬁ’coﬂﬁ&%o%ﬁg@*%ﬂcgﬁbs' n

tension of at least” 100 percent or a she[z) stral n capa Ity of at |east
100 per cdft \pressune sensisive adhesive sndcaptionally @ bprricnionedge adhdsive, dayersrofy. 5

When the vibrgtio ie i S .e-sensitjve. ive
properties, t rgfoﬁr%ﬂ%?ﬁ%?&%g Fﬂ%&aﬁtfp emg%ﬂ%;b?néég?so&gﬁ 35% Wﬁ%"@gcg& wi t hout
the use of i rsoamdipplicatdes itis priferablexhatithe badking deds, not shield eleanefieldtinesnecessary
to use a thin layer, for exanple, 20-SOei.erEJan i{J @hi ckness, of a high
strength adhe‘g'i“i). , W“&é“,‘“’f‘l pengPRE B e&ﬂ’ forsplid fims of dor example, onoxy
adhesi ve, or pgolyetiylen BEPVEN AStaided 6t profiléd AhesivE 18y to/'Bdtler lRRMBurllle tO those
skilled in the art, to bond the vibration danmping conposition of the
i nventi o®0  topology may be preferred when patching some surfaces.
The composition of the present invention may also be used as pressure-
sensitive adhesives or hot melt adhesives for heat shrink tubes. These constructions
provide a single article that can withstand the high temperatures experienced during the
_ heat shrink operation and provide an environmental seal after cooling. The rheology,
25  heat stability, tack, and clarity of these materials make them especially suitable for this
application.
The compositions of the invention can also be coated onto a differential release
liner; i.e., a release liner having a first release coating on one side of the liner and a
second release coating coated on the opposite side. The two release coatings
30  preferably have different release values. For example, one release coating may have a

release value of 5 grams/cm (that is, 5 grams of force is needed to remove a strip of
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to a structure. For nost applications, the |ayer of vibration danping
material has a thickness of at least 0.01 nmup to about 100 mm nore
preferably O 05 to 100 mm The danping material can be applied by any of
t he techni ques known in the art such as by 15 spraying, dipping, knife,
or curtain cowrdwsg4ssor nol di ng, | am nating, casting, or extPODURSOSIS
mentioned above, a stiff layer is an essential part of constrained-I|ayer

vi brati on- dawma%app&ﬁmwfmeﬂedaanﬂgmmmse&bnam&&tédaan Maphivk a0l e
material for a stiff la preferably has a stiffness of at 1east about 100

tines the sti felepsevalugo elS srevmgghmatenq#ﬁ%nﬁwateépwﬁbe selegsediEfon  danpi ng
t |, th Th
mat eri a € co4tin E@?ﬁﬁig@@%ﬂﬁé&h& aiuéy%qufé&h tgﬁﬁ@\d b€ Gobhll i £ ' on. The

desired stiffness er can adjusting t
t hi ckness of mltbeﬂape/munwbmd ﬂne@rqskme—sénsmm mdi:euve ﬂ!ﬁenes tcrtbemelasescdamgS

centineter the nod of the er of
Uit abl 6 of | f PHbb Bt Eelpast Vel aptf Roabrte 4 sbiess, SheSE e P
include, for eupbPiemovélodipo s‘éuﬁadt?eﬁvemﬁéefomﬁheﬁﬁseel ni ckel, al um num
chrom um cobalt, and cogper and all oys t hereof and Stlff pol ymeric

materials such as Wblisefy rheerspimwmeensedxp&wpmmc@mmdu 9%r et hane;
pol ycar bonat e; w%&*igl}bg@igr&&%%%% %dhgﬁvesf ng%aé@ll ced pl astics such

as glass fiber-rern ceramc er-rei § netal
fiber-reinf or pelyfiperopelgetisar ,cogbdalmee descrbed mEumpeansPate’ﬂf)Pubhcatnon No. #83070.

vibration osi ti.ons t he, present.inve useful in a
variety of W%é’?%ﬁ’ Eﬁ?ﬁ PE&B‘E‘P?P&‘%&W%&"B%@E{F T d range of '
WO 96/ 35458  Ppatent Publication No 378420, U.S. Patent No. 4,889,753, and European Patent

PCT/ US96/ 05852 t enper at ure and frequency, with the additional %BI r ement

that m ni mum é’ﬂhk@ﬂorh%Im HlRooemmercialiyaiailablaliness, anéoenpesltepwpw OWange of
tenperatures, t%mwmeé ss'ﬂuoféllxgé]x{e\?ﬂeﬂﬁééa{tﬁg'a bR dnBot 9! ON Of

maxi num danpi ng, poi nt at Pactor 1s near a
maxi mum occur aming Gerpvidland,o¥II, 0520-029NS fubrosiliconeitglease coatingsevallablee and

apoltcac 56 r St SRk ot o M I R, B S A R 2800 L
pol yurea seg nﬁlmbmi‘hem&hm fiher fidheReledse Mérﬁatroasli Bedfaldt}’iadq aL and the like.

pol ydi or ganosi | oxangg o urea segnented c nd fiJ]ler, and
concentration of egg’ﬁ"ﬁ!iggheéﬁe’iﬁ PIARPSIORS ﬁ g use %o bon nonadhering

surfaces together into a composite. During applxcatlon to a surbstrate, hot melt
adhesives should be sufficiently fluid to wet the surface completely and leave no voids,
20  evenifthe surface is reugh. Consequently, the adhesvie must be low in viscosity at the
time of application. However, the bonding adhesive generally sets into a solid to
develop sufficient cohesive strength to remain adhered to the substrate under stressful
condmons
For hot melt adhesives, the transition ﬁ'om fluid to sohd may be accomplished
25  in several ways. First, the hot melt adhesive may be a thermoplastic that softens and
melts when heated and becomes hard again when cooled. 'Such heating results in
sufficiently high fluidity to achieve successful wetting, Alternatively, the hot melt
adhesive may be dissolved in a solvent or carrier that lowers the viscosity of the
adhesive sufficiently to permit satisfactory wetting and raises the adhesive viscosity

30 when the solvent or carrier is removed. Such an adhesive can be heat activated, if

necessary.
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10 Conmposi tions of the invention, dependent on specific

formul ati on used, can be pressure-sensitive adhesive nmaterials, heat
activated adhesive vibration danping materials, and non adhesive materi al s.
To enpl oy non adhesive vibration danping nmaterials requires the use of a
bondi ng agentwodem8ess a material to affix the danpi ng nat eri BEI/USP6HFESRer a
constraining |ayer and/or a resonating structure depending on the 15
particul ar use geOHRL L lemhedt the ftedehfindin Aby MiPEAIkOHs RamNg Mat eri al s
provi di ng pressure-sensitive adhesive properties, these materials are

typi cal | y appldampinpynaferialsaloneithat és, free layes treatment, oriniconjundtion with@#fli ses a

| ayer of the yibration danpi terial ' - | east
one-of whi ch 1875 a0 Bretaryoea Pl el Ao {bHEER dhtfing bBBHRs He, 0
by 20  coati Rfost Emci&ﬁl?ﬁﬁsdfﬂﬁ?a&%ﬁWﬂieﬂb&ﬂe&:ﬂﬁbWrﬂdﬁicWi&ﬂaﬂpﬂl coat ed
with a release coating. The release |iners typi ﬁgl Iry sg{;ﬁﬂrq}lrise ol yneric
materi al sdich aad agselativalytstff laypr, Puch@p insheet mesaly Jhisdorge $0Ea % e, or

rel ease coate . RS bidedR Edissivati Wiy g T el ease
liner-is fi rs&%%&?godﬁ%dr pri nfél&l‘éa??ﬁthgg?ﬁee?giase ’rr‘lxja“tisl raflgéfb%?ht e vi bration
danpi ng mat er i enkrgy thanwhes theimat¢riabdeéforms in €xsensioR Bnd compression, ASPCUIBHINA | on

danping materigals of the in I on havim [ - Lt L [ye
Qa1 1 es. adnefe e reaigensy Sgenip Al e A RuARAS b G R |
pol yet hyl ene agf@ne et Mbreaiilfes andosk ofmdrEtdyers of the vibrdvion damping materis t wo
classes of materials are traditional]y knQwn tg{ﬂgg difficult materials to
bond. The 1Bresent iqm$@ﬂa¥°§cqmmf¥5?@ﬁ’ﬁ§fqp YB?""{‘L%‘“F??F?SO ok |
exanpl whi ' Li : 1Bl 3 ' tion. |
nples whi Cg;rrﬁéegs 44a erﬁ@ixe hﬂ:t\%%&g%insﬁé%&éitgﬁa‘l istdaGted 6RIDQ refbdsBEindribyent i on. I n

t he exanpl es arts a ] .

PCT/ US96/ 0585 2coprentionl agjutionegoatingonhot melt coating teshriques kgvarinitheare aThey. Al |
nol ecul ar wei ghts repgl.ted ar I nvehdhdisrdgn 9/ nol .
Titration of SY‘?}'SFBQS@Q%‘QF‘PS‘%&{%%%&I @%ﬁ%ﬂ%ﬁ%ﬁbﬁégg % actual nunber
T o et o e B o St Lot apene 10

Wi i . i an. i,cien | 0

Vel d abode 1 FEeeR fepine el A pried gtsofy 688 p sl broiely speRibalf 10
tetrahydrofir agdismrbaig or AbCRAOLoatify tfeﬁ_[riqhu%s H¥%rif) kHétarton edchicasestheut i on i s
titrated with 0. 1IN hydrochloric acid wth bronmophenyl hQl ue as. an jndicator

t 0. determ ne neqAsEsin &5 Ganstption s then HBxesHP the pEtpEs TeaiFRgAAMPINg, i 0% nes

vere construction may be attached in any manner provided that the constraining layer is only

fixed to the vibrating structure via the viscoelastic material interface, i.e. free of
20  mechanical attachment. When the structure subsequently vibrates under the influence
of an internally or externally applied force, the vibration is damped.

Another application of the vibration damping materials of the present invention
is in a bi-directional damping unit such as described in Neilsen, E.J. et al, “Viscoelastic
Damper Overview For Seismic and Wind Appliéations,” Structural Engineering

25  Association of California, Tahoe Olympiad, October, 1994. Bi-directional, or large
displacement, damping is the transference of subsonic oscillations of a structure, such
as a building, into the shear deformation of a viscoelastic material for the purpose of
damping the oscillations of the structure. In this application, materials which have
maximum vibration damping capability preferably have shear storage moduli, G,

30  between about 6.9 x 10° Pa to 3.45 x 10 Pa, more preferably 3.45 x 10* Pato 1.4 x
10" Pa, most preferably 3.45 x 10° Pa to 6.9 x 10° Pa at the use temperature, and have
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10 pol ydi or ganosi | oxane di am nes, the nol ecul ar wei ghts of these diam nes
wer e dependent on the exact ratio ofthe reactants used in the diam ne

synt hesi s and the extent of stripping cyclic siloxanes. Renmining cyclics
are diluents which increase the apparent nol ecul ar wei ght of .

pol ydi or ganoswvboegssass di ani ne. Preparati on of Pol ydi or ganosi lrecrasessdss2r nes
15 Pol ydi ndhyl si | oxane Diam ne A A m xture of 4.32 parts

bi s(3- am nopr gypth 5 aChiR BEpdNible VérithOR MEnpRHurd AndBeqRhdySange. The _

oct anet hyl cycl otetrasil oxane was placed_in a batch reactor and purged wth
ni trogen for Xaterialn Alsopreferbly hpve agrelongationin tansipe of at deastnl O0percertpr@or t 0

150[err] C. Cat : < . | L : ded and
heating 20 csgn ?ﬁﬂg&%‘g@%‘%‘g?@%ﬁﬁ#r%E"gﬁ@ﬁ%ég@sgm hgéfr.tg%gl ; teiﬁfraamat hyl
di si | oxane hadrégaemyconsunmed. The reaction m xture was cooled to 90[err]C
neutralized with excess aceti.c acid in th resence of. sone .triethylam ne,
and heat ed® under h?‘ﬁ?ﬁ%&ﬂ%?@waﬁﬁﬁwgﬁsw%@e V& period of at

least five ho%épe_rif&?thﬁ%%h?éan%ﬁﬂ%ﬁ@i&@reﬁ% 2 5 R WithoRahehde'ofanf i | tered
to renmove any ‘cesium acetate which had fornmed, and 25 titrated with 1 ON

hydr ochl ori ¢ easiitiond baudieg 2gente Huweves itissometjmenascessuy to useaithindayerzdorr | ot s

Lot 1 520, Loapgie BaShim B nEhely.of o ek Bt Ryl i RHEr Bafbleldn * =1 €

gol ydi gefj h%/l Si dggyﬁaﬁgheﬁvs,_rﬁletp%ﬁl da_afsWéj msg;cbﬁe; mﬁmddbﬁ?ﬁgﬂrgmlm?mr ed as
escri bed for ql, ydli si | gxane, Di,ani ne, A exce : part.s

bi s( 3- ami A8pr &B)W‘)*é‘f’*‘%ﬁ‘ﬁm to bqr%t&yxlgg’gfgg&ampmg compogtmn of the fhvention

PCT/ US96/ 05852 Qi stiubt@reane and 97. 84 parts octanet hyl cycl ot etrasil oxane were

used. Two lots were prepared. The nol ecul ar \_/veidght;s of .Pol ydi net hyl si | oxane
Di ami ne B were Lot For mpst applications, thedayer ofnibrativy damping anatesiebhyas githigkagste -

A and 78,25 patfeslesnt ORIRAALHAS ity fo oo, BRES et O 8RO s JHREC Y T 1€

react or, purgedhmpirgmaterial ogebe appliedy any ofthe sechiighes Rnowrhia ahecstit such adiby r eact or
to 150[err ] C. Catal yst,. 1Q0,ppm of ,50%.agueous..cesi um.hydroxi de, was added
hnd heat | 18 coMRGPPIR KSith Gh PSUR R gt FIOKINES ARG SAEME Hon o cye! |
si | oxanes was @@sdmged by gas chronat ography.

As mentioned above, a stiff layer is an essential part of constrained-layer
vibration-damping constructions of the present invention. A suitable material for a stiff
layer preferably has a stiffness of at least about 100 times the stiffness, i.e., storage

20  modulus, of the vibration damping material, the stiffness of the stiff layer being
measured in extension. The desired stiffness of the stiff layer can be varied by
adjusting the thickness of this layer, for example, from about 25 micrometers to 5
centimeters, depending on the modulus of the stiff layer. Examples of suitable stiff
materials fof use in a constrained-layer construction include, for examplé, metals such

25  asiron, steel, nickel, aluminum, chromium, cobalt, and copper, and alloys thereof and
Stiff polymeric materials such as polystyrene; polyester; polyvinyl chloride;
polyurethane; polycarbonate; polyimide; and polyepbxide; fiber-reinforced plastics -
such as glass fiber-reinforced, ceramic fiber-reinforced, and meta! fiber-reinforced
polyester; glasses; and ceramics.

30 The vibration damping compositions of the present invention are useful in a

variety of applications that demand effective damping over a broad range of

X



10 The reaction mxture was cooled to 90[err]C, neutralized with excess
acetic acid in the presence of sone triethylam ne, and heated under high
vacuumto renove cyclic siloxanes over a period of at l|east 5 hours. The
material was cooled to anbient tenperature, filtered, and titrated with

1. ON hydr ochlyag égz3sgsgi d t 0 det erm ne nunber average nol ecul aPCWMBBISIOE8S2Thr ee
| ots were prepared. The nol ecul ar wei ghts of 15 Pol ydi net hyl si | oxane

Diamne C were Lot 1: 22,300, Lo : .00 .

Pol ydi met hy| s REEHE® H“éﬂ?‘l‘?&ﬂ% %é&lﬁéﬁﬂf??ﬂﬁ@?ﬁg&ﬁ%ﬂﬁﬁ %orpr epared as
described for pReimie ABIINY reduireineims, dverdlipeeifiéd mngesftieriptratirenalsodbe

Pol ydi or ganosi | oxane Di am and_ _87.57 part

A 20
oct anet hyl cycsdised: ésisw@xaagsirﬂé? that the gesionaf, "Bl‘%‘?m’& Petiscthe gointgto

ol ecul ar v qltich i R kit SR kROl A B STRILING dunp, 800, Lot

2: 35,700 and Lot 3: 34,800. Polydi nethyl sil oxane D ami ne E

Pol ydi met h§/| s itémperanare dinchfrequency-ranger Sesigring the optimum damping gatepisl for a

Pol ydi met hyl si | oxane i am ne .C e . ' yl si | oxane
Di ani ne A and B¢ aBB'F‘?@’b’Eﬂ%Pﬁ@%%%"gfngﬁfé f&;eétl @gk@ﬁ%%ﬁ%“ﬁ%@% Three lots
were prepar ed poliiifea Sineatedabpolth@ | he siliéatd ki dopiohdl polydiorganssilokiineri ne E wer e
Lot 1: 58,700, Lot 2: 52,900, and Lot 3: ﬁg‘? 200. . 'FrélP 96&3545 . _
PCT/ US96/ 0585 2ligereasegmeniod saplymerang fillar, ard goneentratien ok each VFSQ?&@P‘E}? ani ne
was prepared ?Srﬂq&&%‘bed for Pol ydi net hyl sil oxane Di am ne C except that
5.8 parts Polydinethylsiloxane Dianmne A and 94.2 parts '
gclt aget hyrlllelycl ot et Covipbsitiensef therirventian dependenton srecifie forpulation ussd, c3n be

ol ydi met hyl si | oxane [ ani F 4l . Ae ! j D am ne G
Pol ydi met hyl siABR4NE gigna#ges%@%?é%g?%%mgg?égggh%%@g?wﬁf‘g |
B_ol ydi rre;\ hyl 3 |ﬂéa§&éﬂheaﬁ rio adBesive matetials. Thamplby3on pdhresige btation damnping si | oxane

am ne an . arts .octangthyl.cycl otefrasil oxane e used. The
mol ecul ar wei _dﬂ‘ite‘???s ’%@}_“"es _Fh?l%gfﬁslf%ﬂ“ PEY%ahe ﬁn&'ﬁ?ﬁé" gégg?%%oo.
Pol ydi met hyl sihggddl ¢ éihesa Eshstrhining layer and/or a resonating structure depending on the
15 particular use geometry desired.

In the case of vibration damping materials providing pressure-sensitive adhesive
properties, these materials are typically applied by first making a tape construction
which comprises a layer of the vibration damping material coated between two liners at
least one of which is coated with a release material. A transfer tape can be made by

20  coating the composition between two liners both of which are coated with a release
coating. The release .liners typically comprise polymeric material such as polyester,
polyethylene, polyolefin and the like, or release coated paper or polyethylene coated
paper. Preferably, each release finer is first coated or primed with a release material for
the vibration damping materials utilized in the invention.

25 The vibration damping materials of the invention having pressure-sensitive
adhesive qualities adhere well to polyesters, polycarbonates, polyolefins such as
polyethyléne and polypropylene, and TEFLON™ of which the latter two classes of
materials are traditionally known to be difficult materials to bond.

The present invention is further illustratéd by the following examples which are

30  not intended to limit the scope of the invention. In the examples all parts and
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Pol ydi met hyl si | oxane di am ne was prepared by placing in a batch reactor
under nitrogen purge and with stirring 1.98 parts

bi.s(3-am nopropyl )tetranet hyl di sil oxane and 9. 88 parts

oct anet hyl cycl ot etrasi | oxane. The m xture was heated to 91[err]C and a 15
trace (about WR%B5488rts) of 3-am nopropyl di net hyl t et r anet hy PEIYIS606852

si-l anol ate catal yst was added. To the resultant m xture was added dropw se
over a 5 hour Retqentagesse Gy weightanless otherwisy indicetedt Allmasdéchiax ovights Fépertedtact i on

m xture was WQW %ré]%&algelgg{sgﬁe@gﬁgdltlonal 7 hours and was then

heated to 149[er ose the catal yst. The product
was then stripped at 91[err]C and 2700 NVnferr] (2700 Pa) for 20  about
120 ni nut es t ofifratienef Rolpdiarganpsitexame iant Orgaviic Polpamines ar wei ght of t he

DT o Dol ot e st R g flelisSRigh? dfpolydiorganosioraneor

Pol ydi phengl di et hyl si | oxane Di am he To a
wi th mechadi crganiq polyamines were detennined byethe followingaeidditration. Swefficient glianmiien,

E)Ete;g?ﬁg/le(r:ycl gg’ r asbil><l %ﬁﬂéﬁtﬁ%f@gﬁﬁ%ﬂﬁﬁcycl g?ret fa3| | oxane, and

2.48 pﬁrts bi Séh @a&mﬂﬂwbwekommdhﬁhdgg?gﬁma% Tﬂgﬁgﬁn&tlﬁﬁﬂrﬂedd ':jt rogen
at nosphere, the.r tg. were, heated to err] C and degassed under
aspirat or vac &@ﬁi‘!&@w ‘ZTP@"P@Y Ofuerdg as ingicter 19 detespping

at nosphere. A mulibedvefige RofddullAldight C ERWeer] dﬁ&p ﬂgmﬁ wWikon (50% aqueous)

was added to the flask and heating continue ours at 30
150] er r ] C10 Thepolydipsganpgiloxans @he@ﬂnqsdhamleewarwmeoﬁhmdmm 2 nL

triethylam ne ﬁ&d&t%ﬁﬁ%gﬁé%ﬂﬁé a5 Eu R et dilinind sgn%es:s Rt ion flask

was placed un
PCT/ US96/ 0585 theat:eﬁsmWingl:QﬂlcNﬂMnésl Q&nﬁih)ng chelizt & diloentdObick nbreasedhy

mai nt ai ned at _150[err or fo renqove volatile materials. After 5
hours heat wadP Pf%\?ﬁ&“ﬂﬁﬁ ‘8ur?f’§'d oxage Sidminen t tenperature. The
nol ecul ar wei ght of Pol ydi phenyl di et hyI sil oxane Diam ne | was 9620. 5

Pol ydi met hysi I oxane Di aPiearhtion ofPoRdNrganosHeHh ¢ Diihiifes’as pr epared by
placing in a batch reactor under nitrogen purge and wth stirring 4.42

parts bi s{$- arPobalmehylsildxahé Didminb ¥l di si |l oxane and 22.25 parts

oct anmet hyl cycl otetr ea Q.91 err.] nd a
trace (about 0.03 &g@ § @fyg%ﬁﬁféﬁﬁg@p%mm%ﬁ mﬁg&gl um
sil anol ate 10 partsattahgthylcymnetaddndne was pldted inasbatchaedetotiand pirgedRith added

dr opwi se over peri od
P matroge for200 minutes. The mixture was then heated in the reactor to 150°C.

Catalyst, 100 ppm of 50% aqueous cesium hydroxide, was added and heating

20  continued for 6 hours until the bis(3-aminopropyl) tetramethyl 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 temperatufe, filtered to remove any cesium acetate which had formed, and

25 ftitrated with 1.0N hydrochloric acid to determine number average molecular weight.
Four lots were prepared. The molecular wefghts of Polydimethylsiloxane Diamine A
were Lot 1: 5280, Lot 2: 5330, Lot 3: 5570, and Lot 4: 5260.

Polydimethylsiloxane Diamine B
Polydimethylsiloxane diamine was prepared as described for

30  Polydimethylsiloxane Diamine A except 2.16 parts bis(3-aminopropyl)tetramethyl
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73. 30 parts octanethyl cycl otetrasil oxane. The reaction m xture was

mai ntai ned at 91[err]C for an additional 7 hours and was then heated to
149[err]C for 30 mnutes to deconpose the catal yst. The product was then
stripped at 91[err]C and 2700 Nnferr] (2660 Pa) for about 120 m nutes to
renove vol aMWW@¥/3%Beri al s. The nol ecul ar wei ght of 15 PCT/US96/05852

Pol ydi net hyl si |l oxane Diam ne | was 4930. Preparation of

Pol ydi or ganodisiloxanerand ©318¢ pantscocBuptinidyeldteGasiiokaticavese dsad. Tvad lotsnvere

ol ydi or ganosj_| ox ol,yurea s tegd C nmers, were. prepared either by
a sol vent baérlgéﬁf)rg@gp ol {aﬁyﬁﬁgﬁgglx&"é@gg%%é@mﬁ? \?S‘@B-i%i’d 20

bel ow. Al phd,700xdLd021¥Ws700er € used as received and the

‘pol yi socyanat e: pol yam ne rati os were cal cul ated using the polyi socyanate

nol ecul ar wej . ng ol yi socyanate supplier and the
P‘IHPI c n@ggl am ?éa'mféé)

pol ydi or ganos ecul ar wei ght as determ ned by acid

no
titration. Pol ydi‘grﬁl”ﬁ?‘leéﬁf Bb¥3 patsRalvdimethylsioxane RismineA sod 825 parts5 :
Met hyl enedi cyGimdRyidfcRiSradiotaretlds pREYPRA! CP@& - Ak .20 g/mn
(0.00458 nDIe/{driri n) into theloé?nfﬁds one o?bgt el sc{or?ﬁ’tugéefg"{r}ﬁi&tg?gﬁre er twin
icrzczawlgi(;\r ud@mmmﬁmmsmthm“mglls_ﬂ‘iﬁ. Batajy?ﬁ,mpgh-efsojﬁane _III_)| am ne
-22- : - n- u i.cones. 0 ica, Inc., Torrance,
Cal i f or ni a) %%ﬁ?%%’?’é’h%%?@@ﬁmﬂmﬁwﬁﬁﬂwm of 7.7 g/nin
(0. 00475 nol équilibyiumoncefBationiof eyctiesilrares ap 6bserved by gathtdneogedphyhe

met hyl e nate was pl aced cl ose enough to the

ﬁgdi c,ﬁﬂlrfohex | ene-4, 4" - Cll | soc \ 0se e _
screw tHat e e‘b‘ﬁ’?ﬁ?‘%“@f“"?ﬁ@ 1o b rheutglized wih excessagetic acid ipghegs/ 35458
PCT/ US96/ 058frgsent@sfbme trictiylahiifte/ me%téd%ﬁ#ksgﬁa ﬁfu% refiow dybitd in a

conplete wetting of the screw forward of I't1on polnt and dry screws
behi nd thi s j¥ioxanes ovena pesied ofd leastdourse The matedairwesaboled)townbienti t h

doubl e-start | SR ks roughaut .the.entire | ength of the
barrel, rot atteﬁlﬁgﬂa%{é’?&' r’evgklﬁm%ﬁé@ﬁ ﬂﬁdmﬁgpcfﬂé%%‘ﬁﬁ@?%’ﬁ@m%rofi le 5
for each of avemgeoleculbowegitoTinee lotovere prepared. Thy moleduldr weighf{cf' 1] C; zone 6
- 60[errkC ne 7,-,100[ ert.] C ne -, r . .and endcap - 170[err]C
The resu]rkt anf&%‘gﬁ"ﬁ‘é}"ﬁg’f‘ﬁ%%ﬁﬁ%&yhﬁﬁg%%@% Qtdér whi ch had
an inherent 19,6000sity of 0.19 dL/g was extruded into a strand, cooled in
air, and collected. Polydinethysiloxane Pol yurea Segnented Copol yner B
Polydimethylsiloxane Diamine D
Polydimethylsiloxane diamine was prepared as described for

Polydimethylsiloxane Diamine C except 12.43 parts Polydiorganosiloxane Diamine A

20 and 87.57 parts octamethylcyclotetrasiloxane were used. Three lots were prepared.
The molecular weights of Polydimethylsiloxane Diamine D were Lot 1: 37,800, Lot 2:
35,700 and Lot 3: 34,800.

Polydimethylsiloxane Diamine E
Polydimethylsiloxane diamine was prepared as described for

25  Polydimethylsiloxane Diamine C except that 8.7 parts Polydimethylsiloxane Diamine A
and 91.3 parts octamethylcyclotetrasiloxane were used. Three lots were prepared. The
molecular weights of Polydimethylsiloxane Diamine E were Lot 1: 58,700, Lot 2:
52,900, and Lot 3: 50,200.
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10 Pol ydi net hyl si | oxane Diam ne C, Lot 1, nolecul ar weight 22,300,
was injected at a rate of 25.9 g/mn (0.00118 nol/mn) into the fifth zone
of ;a Leistritz 34 mmdi aneter 8 zone counter-rotating twin screw extruder
and net hyl enedi cycl ohexyl ene- 4,4'-diisocyanate was added at a rate of
0.335 g/mn (WSS 0l /mn) into the sixth zone with the f2CTUB960E8S2
brushing the screws. The screws were fully internmeshing 15 SCrews

rotating at 47pspilimiethiylsiipearieDiaminedt €. The tenperature profile for each of
the 120 nmlong zo oy 12 H” - . ..zone 5 - 50[err]C
zone 6 - 75C, zoner@y%%ﬁ@gﬁ% - 1@%@%{"&%2&%&%&8‘@ - 180C. The
resul tant pol yPolpdimthiisidxaneciDiamine|C/excep tisae §18gpatte BolgdimetliylsitoxaneBiamirterAided
into a strand, cooled in air, -and col|ected. 20 goltl%giﬁlgeth |.si l.oxane

fae e

Pol yur ea SegnefMidetf-ZRASISIOf oteimstioxans ere ussdy Bt bt 1,
mol ecul ar wei gh{lydihe®PSiox4RDiating Fivea 7Alood. rate of 22.5 g/min (0.000595

mol /min) into the second zone of a Leistritz 34 nmdianeter

counter-rotati WM ¢rew extruder, and net hyl enedi cycl ohexyl ene4, 4' -

di i socyanat e \/\g&y&'gffgﬁ'@'{m&g"ﬁf”ﬁZOG g/min (0.000786 nol/nin) into the

-~ eighth zone 25  ofPalydimethylsilogene diamine was proparedeasdeseribed for nt er neshi ng doubl e
start 12 nmm pi L] gﬁﬁ];ﬁ ' y ' -m’ 1¥ls e

t enperature pr%@?ﬁi@e@ r eac%ﬁ%@i'{e%e’%%ﬁ%ﬁx%\é%g“ gz%%g(gm\%gg’s' zoneﬁ- -

30[ err] C; zoneA%nd 9565 pantd detametiyicySotetrafiforane were used.c THe molédlar[vemight 6f zone 5
- 160[err] & zgne,6 - 170[eryr]C, d zones..6 through 10 and endcap -

180[ err] C.I%Thegag@ﬁﬁ%ﬁm%mém%ﬂyf‘%f&e)@gne pol yur ea segment ed copol ymer

was extruded into a strand, 30 cooled in air, and collected.

W6/ 35458 Polydimethylsiloxane Diamine H PCT/ US96/ 05852

Pol ydi met hyl si | ox amlwﬁwmﬁamxmh@d@?&wgp@h@% ¥ HatBefeamtbhndexane
S

Pol yurea Segnment-ed Copol ymer, D was prepared as Pol ydi net hyl si| oxane
Pol yur ea Segnehitregengsgs anduyithpstirring d9% papts bisth-araineprPrylressamethyldisilorane G

nol ecul ar wei gitq ’c’@g -l e g?mgé le§ oY PXHag S

D am ne C and \?\ﬁ/asgl'?g aS’ cgéﬂgglty g@gg‘eﬁmgﬁg 'mTfr?\é Tg:ﬂ](g% 3 E@gﬁ rnh 48(

met hyl enediscy ctredec(alidue Ad S parts)-of B-aminopropyidimethyltetraimethylammoniwm sifan0la®33 g/ i n
(0.000126 nol /'y n e ew e s._25 | utions . n . The
resul tant pol ygalt%ttﬁfgﬁ%x%ﬁgﬁeprgf@tgﬁte%ﬁénﬂdgg&g_ gﬁ%ﬁ‘éef Q\(:S/rﬂo?ﬁp#a?g an

I nher ent vi sco88.0pand octarhéthyldyglotenasitoxinel (the reantieh rixfire wasimaitained at 910Cai r,
and (_:Ol lected. for an additional 7 hours and was then heated to 149°C for 30 minutes to decompose
the catalyst. The product was then stripped at 91°C and 2700 N/m? (2700 Pa) for

20  about 120 minutes to remove volatile materials. The molecular weight of the resulting

Polydimethylsiloxane Diamine H was 9970.

Polydiphenyldimethylsiloxane Diamine I
To a 3-necked round bottom flask fit with mechanical stirrer, static nitrogen

atmosphere, oil heating bath, thermometer, and reflux condenser, were added 75.1

25  parts octamethylcyclotetrasiloxane, 22.43 parts octaphenylcyclotetrasiloxane, and 2.48
parts bis(3-aminopropyl)tetramethyldisiloxane. Under static nitrogen atmosphere, the
reactants were heated to 150°C and degassed under aspirator vacuum for 30 seconds
before restoring static nitrogen atmosphere. A charge of 0.02 parts cesium hydroxide
solution (50% aqueous) was added to the flask and heating continued for 16 hours at

30  150°C. The flask was cooled to ambient temperature and then 2 mL triethylamine and
0.38 mL acetic acid were added. With good agitation flask was placed under a
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10 Pol ydi net hyl si | oxane Pol yurea Segnented El astoner E

3-isocyanat onet hyl -3, 5, 5-tri net hyl cycl ohexyl isocyanate was fed at a rate
of. 0.338 g/mn (0.00152 nol/mn) into the first zone of a Leistritz 18 nm
di aneter twin screw extruder under nitrogen atnosphere with the feed |ine
brushi ng t hewpogssuss and Pol ydi net hyl si | oxane Di am ne A, LotpCx/useesssal ar
wei ght 5330, was injected at a rate 15 of 8.0 g/mn (0.00150 nol/ m n)

into the second zon . N cQ- £ t.i .t h

doubl e-start YA °f}1q0§§@3ﬁ¢1§8§%era}e/\e§§° ? iér%g:uﬁ'ﬁomu?lmf“ﬁée)&%r}fs p%e@g?llg of the
barrel, rot at{oligmeve vollitile materials i Aftes Shetrsiheatvas renzdvedund congentsaodled s of
kneadi ng bl ocks were placed_in zones 3, 4, and 5. The eratyre.profile
f.or each of t#ebienh tempcratyfe: %H’é‘ée%g'é?”e %Pfgﬂ‘éﬂ[yg;?‘f‘@%ﬁ%eg@%[err]c
zone 3 - 120[ppkddgaozone 4 - 130C, 20  zone 5 - 140[err]C zone 6 -
150[err]C, zone 7 - 155[err]C; zone 8 - 170[err]C;, and endcap - 170[err]C.

The resul tant Lydi methyl si.l.oxane pol yurea segnented copol yner whi ch had
an i nher et vrglg‘é‘éﬁ";”rgf o '7‘3 was extruded into a strand, coogled in

air, -and col | ect ecPolydinethylsioxsng|dismine:wies frepiagedrby placing ibsbateh reagior ynder £
Pol ydi net hyl si. D ani . Lgt,al . i v fed at
55 Yt ate ot ByoRgIeE 98 i 4z ey B RSl B ale etaigtRime B, € 2

mm di aet er ¢ gnd 220253$airts Octashethyleydlatetrasildxank] €Theanigture was heated to 91°C and a
of 11.26

nmet hyl enedi cycl ohexyl -4, 4" -dii t d fed at. . at
O (0 0a30m A 5 05 ) of Sram gy i esapty snmoniym SIS i g
screws Wejge Ugfalyd a9 BdRau o thereQilthit iixtufd \is hdaéd drbpwis@oveph S hioat périodg at 20

revolutions per mnute. The tenperature profile faor each of the 160 nm | ong
zones 30  wad@3.39 parts octamethyloyclotstrasiioyane , The eaction mixiyresvasmaintsinedat 7 and g -

55[err] C, zon r G 3 : |t punp-
180[ err] C IhE1 for gﬁ{oﬁllgﬁy@%ﬁﬁgf 1 efld LoD ggﬁ@‘gesqu

PCT/ US96/ 0585 deqoaippse the catslpste Theprodug elay then sirppedoat 91 Wand 2700 d/m” @66Gind,
cooled in a wate at h elletized, an ol | ect.e Pol.ydi net h i | oxane
Pol yur e Sogn bR BEARH S RIS TRIMS MeEfas Fis T diel Hekht £t °

nol ecyl arlyvei thydi%&a@1§1amebiﬁ1ﬁgxadas&93o,at arate of 76.1 g/mn (0.0143
nmol/mn) into zone two of aBerstorff 40 nm dianeter co-rotating twin screw

extruder and tetranethyl-mxylylen i i.socyanate was_fed at a rate of 3.97
g/min (0.0163 nol / m n) PFRRATAtIOR !Bfe%ﬁymwémgﬁ?m PIYATER yshi ng t he
screws. Double-start fully interSagmhentedsSCopolymerse used t hroughout the

entire length The following polydiorganosiloxane polyurea segmented copolymers were
| prepared either by a solvent based process or by a solventless process as described
20  below. All polyisocyanates were used as received and the polyisocyanate:polyamine
ratios were calculated using the polyisocyanate molecular weight reported by the
polyisocyanate supplier and the polydiorganosilicone diamine molecular weight as

determined by acid titration.

Polydimethylsiloxane Polyurea Segmented Copolymer A
25 - Methylenedicyclohexylene-4,4'-diisocyanate was fed at a rate of 1.20 g/min

(0.00458 mol/min) into the sixth zone of a Leistritz 18 mm diameter twin screw
extruder under nitrogen atmosphere and Polydimethylsiloxane Diamine X-22-1614,
Lot 112052 (from Shin-Etsu Silicones of America, Inc., Torrance, California),
molecular weight of 1620, was injected at a rate of 7.7 g/min (0.00475 mol/min) into
30 the seventh zone. The feed line of the methylenedicyclohexylene-4,4'-diisocyanate was
placed close enough to the screw that each passing of the screw threads took a small
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of the barrel, rotating at 100 revolutions per mnute. The tenperature
profile for each 10 of the 160 nm |l ong zones was: zone 1 - 27[err]C
zones 2 through 8 - 60[err]C, zone 9 - 120C, zone 10 - 175[err]C, and
endcap - 180[err]C. The resultant pol ydi met hyl sil oxane pol yurea segnent ed

copol ymer whiwg obissdsean i nherent viscosity of 0.46 dL/ g was ecpCvusdessssant o a
strand, cooled in a water bath, pelletized, and coll ected. ,

Pol ydi met hyl siduiaiék died cyiafAnto 6k RFwE YesHIRRY tnVd @mpldte wetting of the screw

Pol ydi met hyl si | oxane Pol yurea Segnment ed Copol ynmer H was prepared as

Pol ydi or ganosifbrovasshef thisiagditienpairtgnd drveserens pehigdibis point. o Theeutrudensvasigedt 50
parts by weig tﬂﬁ#ﬁ( ' DePRi Ahindsdrs @ “@&@' t‘iﬁgen?fk parts
by wei ght of P{é%‘?-gcr.ret y A%}%@%ﬁﬁgﬁg dii s)(;ﬁg%at fe‘g\%vas gu Stlt&ll,lt ed for the
3-i socyanat ondenggh efxh&bdrel, rotating 411150 peyolutions,fer minutey Fhettempenatuterofiie a rate

of 0.425 g{m 0.00168 | /mn) into 20 ne SkX,~d20l vdi | si | oxane
D am ne J, no{}g TAc P}&EPQDH{"' QQ&%‘,’"W?’?%?&?@WE%% 89 Cﬁﬁéne éTPéJ;&’ Zone

Pol ydi et hyl si Q90w 264681 153°C; A énd@f - 2Y0°C. Tk PesGitant pSlydimeinglsidaitd 158
nmol/mn) into zone seven, kneadi ng bl ocks were not placed in zones 3, 4,

and 5, and t hepolyungacsegmentes qopolymerwhigh hadasiinhsrent viscosity ofifl. 194 dg Wethes was:
zones 1 throu <y d; zone 6 - 55[err]C, zone 7
- 85[err] G z%ged-‘h% err’@%ﬁ%&%&%ﬁp - 180[err] C. The resultant
pol ydi et hyl si | gxgne pol yurea segnepnted cqpol yner whi ch had an inherent

vi scosity of O"&’l‘gm&ﬂé%"‘é% HERe: egﬁf@f‘g%g? lyer B cooled in air, and

col | ect ed10Pol ydi nRolydinssthylsiioxane Ridmgine €L Sdgmelecular vBighs 22,300, wasnjesttesnd of
450 parts Pol ydi net h Ll pxa i, a0 Be.A. t | e r..wei,ght 30
52800 511 par 8 EBP SLP ey & POLR Meiafhinn s o 88 SEERhuiRat O 0,

10, 700, 450 padidrhetél® stk GRinbetlrotating ewis sdvbv extnRlefandlmdthylenedioycishekylénevei ght
22,000, 450 parts.. WO 96/ 35458 . .. )

PCT/ US96/ 05852 frliiseryansteyasadied atsaate;of i3 sfmin (00138 molimiry into the gisthy ¢

35,700, 450 paiohévﬁﬁ'ﬂ%ﬁd&%hﬁgmm%aﬂ‘w&r&sM&ﬁﬂlyixﬁ&hﬁ%%r wei ght
58, 700, 462 parts Pol ydi net hyl si| oxane Diam ne F, nol ecul ar wei ght 71, 000,

and 454 pdbts wrEvsdpiatingati4direvolutions piraninute  The tasipstatiire prafils fgneach 06the 00,

with a calcul a . I 7 X\%sﬁj t arate
of 7.93 g/mn %%qﬁ'gg ﬁ%sl aﬁi@#ﬁ%%?b%ﬁ%%&%hgéﬁizr zoﬁéeic?open
port) of a Leizinei7t-A20%; zone® al59CEyantlwndrap e 1 847Ce The vetaltanind

et hy! enedi eyl Qe Rk ol SOV SpdfRer 5l bt § sBlad 118

cooled in air, and collected.

20  Polydimethylsiloxane Polyurea Segmented Copolymer C
Polydimethylsiloxane Diamine D, Lot 1, molecular weight 37,800, was injected

at a rate 0f 22.5 g/min (0.000595 mol/min) into the second zone of a Leistritz 34 mm
diameter counter-rotating twin screw extruder and methylenedicyclohexylene-4,4'-
.diisocyanate was fed at a rate of 0.206 g/min (0.000786 mol/min) into the eighth zone

25  ofthe extruder. The screws were fully intermeshing double start 12 mm pitch elements
rotating at 50 revolutions per minute. The temperature profile for each of the 120 mm
long zones was: zone 1 - 30°C; zone 2 - 50°C; zone 3 - 80°C; zone 4 - 130 °C; zone 5
- 160°C; zone 6 - 170°C; and zones 6 through 10 and endcap - 180°C. The resultant
polydimethylsiloxane polyurea segmented copolymer was extruded into a strand;

30  cooled in air, and collected. -
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g/mn (0.000450 nmol/mn) into the forward portion of the third zone. The
extruder was used in co-rotating node with double-start fully internmeshing
secrews throughout 10 the entire length of the barrel, rotating at 50
revolutions per mnute. The tenperature profile for each of the 90 nmlong -
- zones was: »emeassdsst hrough 3 - 30[err]C, zone 4 - 45C, zonBCHUSI6HERSE ] C,
zone 6 - 120[err]C zone 7 - 160[err]C and zone 8 and endcap - 180[err]C

The r esul't ant palpdieinyBilohtne PoburéacSepmented Cop gt ed copol yner whi ch had
2 "and col Y'eif23‘&%@%’%?#;?%%?%%% oD R PR o600 P rer
To ﬁ 3- nef:kedPoiydmdhylﬁiIokngfdlwﬁda S‘egmemfaﬂ (.Zoﬁdlymarﬁ, memkdlydgne\hsdsmgerl_ e agd
ol equl ar. wer Bitne S geniccabr weigtt AR 0bl wi el ol nltan iR fumeRikea: gun 1o
65-70[ err kC anﬁnﬁ{e@ﬁmmmma%wupsgxﬁaﬁwmdmm%mnmut es to degas.
Vacuum was rel eased and 20 the flask cooled to anbient tenperature under

static nit r ogaethylenedicyelehexylentr4. 4rdijacynatesmasdechatgrate of 0§33 gimin (.04 e was

added with agj I

met hyl enedi cycf’ﬁ'hi quaé %%%ﬁlﬁgéég%ﬁﬁbﬁ%%nﬂm%I'{h?léersr‘gltar!\ned stirring for

go F %f e; 0 . gg npdlﬁ:memylaloﬁa@mlwtela@fgmeﬁmd{somlmerddﬂdﬂmﬁ @h yréienenl;hﬁostyl oxa n;a
plution.a Qxi wei ght - percen

solids. 25 Po?é}d?’n‘é@ﬁs‘f“a%’ﬁ @ ?85?%9“’9@3%?%5‘%&% -ed Copol ymer K To a

3-necked round bottomflask fitted with oil heating bath, static nitrogen

at nospherl®,  t RelydimethylsiloxanedPolymrenSegmented Elastamerds addéd 50 parts

Ptr)lldygg 2 hgnyl cri It et Ms?wmmahﬂmngma?ﬁ?tlm&ya}m%few ?iate off 9620
?ret hyl enedngQE"%!ﬁsop &z@léwol/m!xsmtéﬁig. gy%?ﬁmz é%l@ébg%e‘?‘rf@’i%tl rred
flask and all Qeééﬁehﬂxd'eﬁaﬁer&ﬁ e%%ﬁa Hér?%«nth%?éﬁ&i!h%nfsiu hle\@a%waaea ed to

70[err] C and nmal ntai ned at t rature hours o all WO
96/ 35458 Polydlmethylmloxane DlammeA, Lot2 molecular weight 5330, was injegted m#°05852

conpl et e ¥1 3 _
pol ydi phe yI dP ﬁgﬁﬁiﬂﬁgﬁ g@%ﬂé" Efg@@;tg‘gﬂe ggor?gr%?%edalf:hgp yér%g%ass% eﬂtn? on at
appr oxi mat el y rotatingerhatfetwithadoabledstastdhllydiaternitshing saewsothronghdn hhe(hntxregalgﬂs i | oxane
Monoam nes 5 The follow n ol ydi Qrgangsi | Qxane ono s vvere
pr epared for 9Ethedazelsotatng é‘smﬁé'%"(?gﬁﬁgﬂbal H“’[“ﬁ 3%%%“%‘? o .
, 091, 483, Whifakd were placed in zones 3, 4, and 5. The temperature profile for each of the 90
mm long zones was: zone 1 - 30°C; zone 2 - 75°C; zone 3 - 120_°C, zone 4 - 130°C;
20  zone S - 140°C; zone 6 - 150°C; zone 7 - 155°C; zone 8 - 170°C; and endcap - 170°C.
The resultant polydimethylsiloxane polyurea segmented copolymer which had an

" inherent viscosity of 1.89 dL/g was extruded into a strand, cooled in air, and collected.

Polydimethylsiloxane Polyurea Segmented Copolymer F
Polydimethylsiloxane Diamine A, Lot 1, molecular weight 5280, was fed at a

25  rate of 227 g/min (0.0430 mol/min) into zone seven of a Berstorff 40 mm diameter co-
rotating twin screw extruder and methylenedicyclohexylene-4,4'-diisocyanate and was
fed at a rate of 11.26 g/min (0.0430 mol/min) into zone eight. Double-start fully
intermeshing screws were used throughout the entire length of the barrel, rotating at
20 revolutions per minute. The temperature profile for each of the 160 mm long zones

30  was: zone 1 - 20°C; zones 2 through 6 - 50°C; zones 7 and 8 - 55°C; zone 9 - i15°C;

| zone 10 -152°C; endcap and melt pump- 180°C. The resultant polydimethylsiloxane
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I ncorporated herein by reference. The term nating agent used in preparing

t he nonoam nes was prepared according to Exanple 6 of U S. Pat. No.

5,091, 483. The actual nunber average nol ecul ar wei ght of the different lots
was determ ned using the 10 acid titration as described with regard to

t he pol ydi or ga@egishsexane and organi ¢ pol yam nes. PCT/US96/05852

Am nopr opyl di met hyl fl uorosi |l ane Term nati ng Agent To a 3 L 3-necked round

bot t om f | ask V\f‘;{og.u?é[lh nfed: pSlymer Wisekiduded into a strand, cooled in a water bath,
me

am nopropyl ) t et’r I si | oxanhe, 177.6 g ammoni um fluoride, and about 2 L
15  cycl ohexarpelletized, andrcollegted was azeotroped with water until clear and

t hen stripped under vacuum Wil e heating under reflux, water was renoved
using a Dean- Stpglidiinkmpisilobiane Polirea Seginented CopalphertGon was transferred

while warmto a Lﬁwgg&h&gﬂ%@eﬁm%i@himoﬁﬁﬁaﬁggmqwed on a

rotary evaporator to oVl grans te soli The solid was
di ssol ved i 8 2 dt aratelof 76: b g/mih (0143eamol/niit). iftogonewoadf aBerstonffAl-mm diameter

di sil oxane was added, and the m xture,was sti,rre nd..heat flux
for 16 hours. W%F&Wmméﬁdmﬁh%}%’ q&‘?‘b"rd%@ﬁff’gﬁ%&é%duct

was distilled (.Baééﬂsmmr(b.ogss H1/fin) info zonB OF with e faéd line bAkingtheo pr ovi de
3- am nopropyl di net h%f uorosilane as a clear, colorless, oil. Tpu%]g | d was

293.0 g (1009%) , scnvisc iDonbls-stask faltyrintesmeshing serepys weremsed,

chr omat ogr aphy. - et b f“T‘E‘d t SRS for Bich
Pol ydi net hyl si @éﬁﬁ% rﬁ%)%{r'nﬁ#élgbio @8 Barts yﬂv\%i ght of 2.5 M n-butyl
| ithium weri@ adoftte Y60immdongszongs was: govie 107276C zonest A thrangh Bot6RTC;zon¢ Dxane
whi ch had been ~ged W .t h on and the mxtyre t . St or 30
inutes. 500 ppME: SpeheATe A ayetes 8D | Hieratin rafiHidBtne
tetrahydrof uran W%tw&m&mhwmm eisedsity b£0l46 HLigvas -

t enperat ure forpl hours until pol ynerization S %@Loqlt e. ITo t he

resul ting vi scoenruged intp attand.fooled in a wasenbathype
PCT/ US96/ 05852 3.4 parts by weight (1 nolar part) 3-am nopropyl di nethyl

fl uorosi | ane t ePolydimethylsilaxpore Poljitren SegventadiGopolypiet Hy decr eased. . After
stirring fofs 2 hour spoiidifedPisilokiie MENuréh Segehted CopdlymicrH Wasprepdred 35

evaporator. The product was filtered to renove |ithiumfluyorid nd
provi ded pol ydi Relytiprashesisxane Palynisa Sesreented Gopelymer E, exsers2iblsad °§?‘?Paf§ by
Titration with 40N FiClaAenegioRicHRiGle-24 QfidRFandR 208 9b Barsti idiht of 9830.
tetramethyl-m-xylylene diisocyanate was substituted for the 3-isocyanatomethyl-3,5,5-
trimethylcyclohexyl isocyanate and fed at a rate of 0.425 g/min (0.00168 mol/min) into -
20  zone six, Polydimethylsiloxane Diamine J, molecular weight 4930, was substituted for
the Polydimethylsiloxane Diamine A and fed at a rate of 7.8 g/min (0.00158 mol/min)
into zone seven, kneading biocks were not placed in zones 3, 4, and 5, and the
temperature profile for each of the 90 mm long zones was: zones 1 through 5 -
temperatures not controlled; zone 6 - 55°C; zone 7 - 85°C; zone 8 - 150°C; and
25  endcap - 180°C. The resultant polydimethylsiloxane polyurea segmented copolymer
which had an inherent viscosity of 0.51 dL/g was e>:trqded into a strand, cooled in air,

and collected.
Polydimethykiloxane Polyurea Segmented Copolymer I
_ A blend of 450 parts Polydimethylsiloxane Diamine A, Lot 1, molecular weight
30 5280, 511 parts Polydimethylsiloxane Diamine B, Lot 1, molecular weight 10,700, 450
parts Polydimethylsiloxane Diamine C, Lot 2, molecular weight 22,000, 450 parts

5_16’



Pol ydi met hysi | oxane Monoami ne B To 1.6 parts by weight of 2.5 M n-butyl
lithiumwere added 7.4 parts by wei ght of octanethyl cyclotetrasil oxane
whi ch had been purged with argon and and the m xture was then stirred for
30 mi nutes; 750 ppm of 50% hexamet hyl cycl otri sil oxane 10 in dry

t et r ahydr of wwaesasass added and the reaction m xture stirredPQI/USKHMRS2
tenperature for 18 hours until polynerization was conplete. To the

;esu! ting vi ls(mﬂﬁi ixﬁgthﬁ?ommdﬂﬁ_ I e/ D3Lét mmdes:plhrywaigh@ﬁm()ﬁ‘timi_aas part) i
- ami nopr opy | uor Qsi |.ang §erm nati.ng agent,. viscosity rapidly
decreased. Af %‘é’f‘%&%“‘?&‘\eﬁmﬁmﬁg Lm@«%‘@ﬂg‘wﬁ#%ﬁn@m‘f ed off on a
rotary evapor apddimethsiRkaIHtmneE, ﬁablh&ﬁ{r%éhmf,@@q?!ﬁa 454 partsi t hi um fl uori de

and provi ded polydi net hyl'si | oxane nonoam ne as a clear, colorless oil.

Titration w t HPolydimethyldloxens\Diaming Germolecitloraveight 109000; withra calenigied agsrageq 760.
Preparatiog of Pol ydi ' [ 20
The fol | owing BRI SR BEF) 003l tef s oB ROTRRIR Y. B0uS D RO ke
prepared as dethe badkaf theahied\zonPgbpedipor) bfid Isdistritz 4 B ennDdiagpeter tyein Sagwent ed
Copot AT 250 d pot I Jfitted with hani ti

and stati o ni tPOAR BT AeCBReriHeR - So sy iy et Al PR
Monoam ne A, NRhfiE(0l0804 Pmol/niiR) Et the foriard\bition of thethirdi£bne! The &amident s of

the flask were heated under aspirator vacuumto 65-70[err]C, and after
degassi ng for Wasnsedineo-ratating mode with denble-siare Aully intermeshing ssTewsdbroughout | ¢

i . _ el . ’
A ol ut 1 ot Cooniia ehte B o MrEvciitndlye SOOI D Ml THE et 7 O
and 20 nL t ol uprofilefaxscacitoftiie 90 mpiosgzaneewas zgres il ahroogh 31 - 3§°Cyizenedo t he 30

St red tlask e Gy 19508, 2306 R Lo 7160 uRa zont's S eddsRD 180 VO
pol ydi net hyl Sitﬁé(ﬁ&ﬂtaﬂdﬂo@lﬁi&ﬁ&ﬁylﬁl@%@b@dreﬁQ?ﬁ{ehﬁ&léomaivﬂﬁdh@adbmut 30 %
solids was packaged in a glass bottle. Polydi nmethy]siloxang Q.i ]?ur a .
Segnent ed Copoinherent iscasty of 326 di{g wes extiudsdiintg s goqled ipay, ’Wdt"% hani cal
stirrer and static 5 ni trogen atnosphere were added 25 g

Pol ydi met i si Polydintetiylsiioeane RolyireaSégnentedCopolymat J 14, 760. \While stirring,
the contents ofthe f§ 85kne¥lFoltRdoRtEm aslSfitedSRIN skt nitrogen atmosphere and

mechanical stirrer was added 30 parts Polydimethylsiloxane Diamine D Lot 1,
molecular weight 37,800. The flask contents were heated with a heat gun to 65-70°C
and placed under aspirator vacuum for 2 minutes to degas. Vacuum was released and
20  the flask cooled to ambient temperature under static nitrogen atmosphere. At ambient
temperature, 170 parts toluene was added with agitation followed by 0.212 parts
methylenedicyclohexylene-4,4'-diisocyanate. The flask remained stirring for 3 days to
complete the preparation. This provided a polydimethylsiloxane polyurea segmented

copolymer solution at approximate]_y 15 weight percent solids.

25  Polydimethyldiphenylsiloxane Polyurea Segmented Copolymer K
To a 3-necked round bottom flask fitted with oil heating bath, static nitrogen

atmosphere, thermometer, and mechanical stirrer was added 50 parts

Polydiphenyldimethylsiloxane Diamine I having a molecular weight of 9620 and 154.3

parts isopropanol. At ambient temperature, 1.42 parts methylenedicyclohexylene-4,4'-
30 diisocyanate was added to the stirred flask and allowed to react for 20 minutes before

the flask was heated to 70°C and maintained at that temperature for 2 hours to allow
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vacuumto 65-70[err]C, and after degassing for 2 mnutes were cooled to
anbi ent conditions under static nitrogen atnosphere before adding 35 nL
toluene and stirring until uniform A solution containing 0.22 g
met hyl.enedi cycl ohexyl ene-4,4'- 10 diisocyanate and 10 nL tol uene was
added dropwi wesssssa period of 1 minute to the stirred f| aRRI/USH6POF8S2 ng
continued for 24 hours. The sol ution of polydi nmethyl sil oxane oligourea

0, %.soli.ds was packaged in a gl ass

segnment ed copol ; cqQntaini.n hout

bottle. Polydf ?ﬂ?ﬂé’?ﬁ'ﬁfﬁ’r‘i@‘%ﬁ@%ﬁﬁ" edp HlRRr YIS o pol yrer C 15 To
a 250 nL roungbiiipHenylitdet§isildiahé 6 'idéFﬁ&ﬁ&ﬁéﬂ ePédhitiofi’at and static
nitrogen at rmnﬁsﬁ)ﬁg?_e was ggged 16?671“}%?% ydi met r???g | oxane Mbnoani ne A,

.ol ecul ar wei approximately 24 weight pergenbenligsli net hyl si | oxane Dianine B, Lot 2,

nol ecul ar "wei ght 10, 700. Wth mechanical agitation the contents of the

flask were hePheparation of Polydiorganosiloxane Monddmirls 70[ err] C, and after '_

i £ ogen” &t mos phor iaReshE Boltitshat mon el Here iR BF b, 01 71 1
A sol ution coetaniples acrobdirgitogherprobsduess of UcS Pan MNox §,0211483) which ixli | socyanat e
Ui rrod 11 asiscoiRaniER HERTRY TERTAREh o tanaBat oot el LT ERERE L | on of
DS kA e  hast "ot hods

were used to eqteal aumbariayerageaolecular aveightafrthe differeatJats ywas deteaminedusing the.d

ggfg 5%% '100aSg8d GRITASS bRBediRINES td ihetpgﬁdx‘iafgah&%%e ﬁ&%&@ﬁgg 6/ 05852

180[ err] Peel potgdmiséson Pol ydi or ganosi | oxane pol yurea segment ed copol ymer
based pressure-sensitive adhesive coatings on polyester filmwere covered

T S A g e ) 0 2 )
ot Foyn s chpeRR AR B frk Rtk irce et P228 e BHBE st g a2 kg

(4 inch) by 20 cm
(4-1/2 pound) aminbpropylesanshyldisiloganey F77.6 § emmbiiinf fludfide, Batdbedt 2Bsenbl y
e e A O e A, 2 o Ao il e e 1 Y3 s ¥ 1"
under vacuum While heating under reflux, water was removed using a Dean-Stark
trap. The clear, colorless solution was transferred while warm to a 3 L 1-neck round
bottom flask. The solvent was removed on a rotary evaporator to provide 990 grams
of white solid. The solid was dissolved in 2 L. methylene chloride, 193.2 grams of
20  hexamethyl disiloxane was added, and the mixture was stirred and heated under reflux
for 16 hours. The solvent was removed under aspirator vacuum. The product was
distilled (boiling point of 70°C) under aspirator vacuum to provide 3-
aminopropyldimethylfluorosilane as a clear, colorless oil. The yield was 293.0 g
{100%), which was determined to be pure by vapor phase chromatography. The

25  structure was confirmed by NMR spectroscopy.

Pobdimethyisiloxane Monoamine A
To 1.6 parts by weight of 2.5 M n-butyl lithium were added 7.4 parts by weight

of octamethyicyclotetrasiloxane which had been purged with argon and the mixture
was then stirred for 30 minutes. 500 ppm of 50% hexamethylcyclotrisiloxane in dry .
30 tetrahydrofuran was added and the reaction mixture stirred at room temperature for 18

hours until polymerization was complete. To the resulting viscous syrup was added
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adhesion using an |-Mass peel tester at a separation rate of 30.5 cnimnute
(12 inches/mnute) over a 10 second data collection tinme. Two sanples were
tested; the 10 reported adhesion value is an average of the two sanpl es.
Preferably, the pressure- sensitive adhesive tapes have an 180 peel

adhesi on of gfgbodds about 5.5 N dm (5 oz/inch), nore preferabogocassizeast
about 21.8 N.dm (20 oz/inch). ShearStrength Pol ydi organosi| oxane pol yurea

segnent ed copa) r qﬁﬁt gs on

pol yester fil %%b@@%@ rﬁ&%ﬁ a)r§e @Hﬁtdﬁg?hyéﬁg&gﬁitd{?ﬁt 7 mm (0.5
i nch) by 15 cragéi. Thnﬂ@costyrramdlydé’dnasecbl&setﬂmg&rﬂhsrsrﬁmwlwltmsl the strip
adhered to a s S stee anel that a_l2.7 12..7 portion
of each stri p‘@ﬁ@e‘*ﬁét‘?%ﬁ? W? ﬁgmﬂléﬁé'fasghﬂe%epé@%e%gﬁ on of the
tape being fr gporidégdiresided ol)GI sﬂdxz&& frioRoaMiheidlear)aolofeds@ili n a rack
such that the _Fanel forrred an angl e 20 of 178 with fhe extended tape free

end whi ch fas Titratignowithil G N Hgtgweapmbﬁrevmefmnlwlabweuh@ 1¥88®gr am appl i ed
as a hanging weight fromthe free end of the coated strip. The 2 | ess than

].:L80 was used tRWM%WnDWMWW t hus ensuri nEa't hat onIy shear
orces were measureg

- hol di ng power of the 6%"%%@?2 %gym}%@]tl rre@%rgpsdeeg r each tape
e?anpl teht oUslemfmtafﬁﬁxylcmlcﬂamsﬂ&anemhhmmhpumdwehemwmhmdtth% shear
streng nl ess. ot her a wer e
cohesi ve fail JP’&?’%W‘T#&" M&‘S{Q mﬂ'&%ﬁ%ﬁﬁ?’@&*#@ié’m&%&f&g E | é\?\ere
prepared gg fdhdihRtraliydrsturdh wesgided amisthe fodcipimiRtubstingd atmaom tghperatnd:

al um num panel s were used, the_ cqntact arp%s mm b

V\?S 12.7 Z % |
and the rack vies1$ houss patil pelymsrization was complese. o[ 9 the respling Kis %"éﬁ%?% s still
attached to t \Gﬁaﬁ 1 mol 3 1di thlﬂ jlane

PCT/ US96/ 05852&%1%3 um pane?ﬁa(f %)rarfan) annr%o%rgfy o uolr%s; ance that the
sampl e slid ommmuswnummxommdlnﬂm@a %ﬁr@sv@esfqt&}wa@, e shear
creep. Cel Per Hp‘o@,[ fiRta i ght of
each pol ydi rret %%{ég%g@ﬁ?e&%%@égm ﬁ%ﬁ%rrer wgg}%ﬂet‘)grem ned
vi a gel pelrSrrealithinm mdmmoamw&mmmmmnom depragoloriesspilP

1047A Refract .nd HPD|d | et Det ect
et at 254 nanbieteh ek OO LS orR BrskBRryr et fhsed o e ecter

Preparation of Polydiorganosiloxane Oligourea

Segmented Copolymers
20 The following polydiorganosiloxane oligourea segmented copolymers were

prepared as described below.

Polydimethylsiloxane Oligourea Segmented Copolymer A
To a 250 mL round bottom flask fitted with mechanical stirrer and static

nitrogen atmosphere were added 25 g Polydimethylsiloxane Monoamine A, molecular
25  weight 9830. While stirring, the contents of the flask were heated under aspirator -

vacuum to 65-70°C, and after degassing for 2 minutes were cooled to ambient

conditions under static nitrogen atmosphere before adding 50 mL toluene and stirring

until uniform. A solution containing 0.33 g methylenedicyclohexylene-4,4'-

diisocyanate and 20 mL toluene was added dropwise over a period of 1 minute to the
30  stirred flask, and stirring continued for 24 hours. The solution of
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The copol yner was dissolved in tetrahydrofuran at 0.5% filtered with a 0.2
mm Teflon filter, and 50 mcroliters were injected into two colums in
series, a Jordi 10 Associ ation M xed Bed Colum and a Waters 100A. The
elution rate was 1.0 mlliliter per m nute. The nol ecul ar wei ght given was
based on pol y96i38488 st andar ds obt ai ned from Pressure Chenm pel/usonesrsny,
Pittsburgh, PA. Inherent Viscosity lInherent viscosities were neasured at

30[ err] C usi ngolpdifaeihgisiloxansdiigoires SeprRhted cdpolymer Mo GhindRboup 90 H2dRds W th

chl oroform solutions at 30C at concentrations of between 0.18 and 0. 26
g/ dL. | nher enwagpagkeged in aglassottlee naterials of the invention were found to
be essentially independent of concentration in the range of 0.1 to 0.4

g/ dL. Mi st ur PolydiputhylsiloxmeDligoRrdaSephieheRCopdlpméAB st ur e Vapor Transmi ssion

Rate - Upright (MF&hs6 hl rdéil boRdm-HaSREY v ' modi fi ed
ASTM E 96-80. A sanpl e assenbly was matde@%a &I?St amgtﬁ.éét}i%}r%&f% hirty-five

» - y »

m | lineted dibitregenatmasphere were added 83 § PolydimethylsiléxaheMohoaniine Bohelséular t 0 a
0.0275 cm t hi gk e . ' a rr] ,of. 2000 to.2400
g/nierr]/24 h%ﬁgﬁ%@u%ﬂﬁ%égﬁﬁﬁ%ﬁwﬁﬁﬁwaﬁgm BPIBIF f er ent i al
of 80 per cent vachiimno 65:309C; shdafter degassiind for DatmAaebré cdvted tbambRran t he
adhesi ve surfaces, of t 25 _ axi alf{)\ée | i %ed foi | _adhesjve rings, having
2.54 cm di amef¥RIHops wader stalic nitzogen at ﬁ"ﬁﬁu g adding, 33 mLdobjene and stirring

wri nkl e-free g o TA studoni migl0sr2f ) ] ex})ﬁi&% _ four-ounce
(0.4 liters) dl gss j ar was o?iclbfled w%%ﬁ%‘*ﬁ%@%\}\g{ er. Téé\ jar was fitted
with a scklew d¥soexpathand Hymk talueneovas aidadairepwiseciver & perindof 1 imimite to the i gned

with a rubbersm@a[]}ﬁgl: B . t S o an +2. 84 cm

i nside di aneter. e % Egg%oﬁ 'é?f?;‘?’é?@@?’% ﬁg%%ﬂﬁ{;@%gfygmﬁ?wgl |y

posi ti oned onoligoareasegmentedanpelymernmniainingubont|40-% solids was parkaged-ins ghsl y was
screwed | oosega/ onto the jar. WO 96/ 35458

PCT/ US96/ 0585 t‘Il?"re sanple in the assenbly was then tested. The assenbly _
equilibrated by being placed into a chanber maintained at a tenperature of
40[err] C and yﬁvemlg'lwlweaaﬁmmmwmydamwmﬁur hours, the assenbly

was then ¥senoved fTOARSOMLGb@I oM Hhsk\Rital @ith techhiical Biererand sl gram
(Werr]), the ,cag was screwed tightly ontg the jar 5w thout bulging the

sanpl e, and t WroBenaimpsphenc was addad 164 SPqlydimethyls oneamingfyised! 18
more hours. Thgighess30lind 8PS PoIEiethPRROAEAL BARINYS, 1BES! rhdledultP waghf eSt 0 01

10,700. With mechanical agitation the contents of the flask were heated under
aspirator vacuum to 65-70°C, and after degassing for 2 minutes were cooled to

20  ambient conditions under static nitrogen atmosphere before adding 50 mL toluene and
stirring until uniform. A solution containing 0.44 g methylenedicyclohexylene-4,4'-
diisocyanate and 20 mL toluene was added dropwise over a period of 1 minute to the
stirred flask, and stirring continued for 24 hr before the solution of
polydimethylsiloxane oligoui'ea segmented copolymer at about 30 % solids was

25  packaged in a glass bottle.

Test Methods
The following test methods were used to characterize the polydiorganosiloxane

polyurea segmented copolymer based compositions produced in the following
examples.
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gram (Werr]). The MWTRerr] of the |am nated sanple (neasured in grans of
water transmtted per square neter of sanple area over a twenty-four hour
period) was then cal culated 10 according to the formula set forth bel ow

WTR[err] = (Werr] - Werr])(4.74 x 10[err])/t where: Werr] ~ is the
Initial wei gNO9e8s4sdhe assenbly (grans), Werr] I's the fi PEX/GRGGPBIZ of t he
assenbly (grans), and 15 Is the tine period between Werr] and
Werr] (hrs). jspees afebbss of each adhesive were run and the average of
t-he three sanples rted. The |sture Vapor Tran sion Rate,- Inverted
(WTR err]) was argenolopae FoP AR B prORUEEIe Lt he

assenbly was tdhkéﬁfédéﬂtlﬂga%h%ly&ﬂ&ﬂhhmv&@d wntﬁ'&@ﬁe&s@ﬁn&%ﬂd &’&inté ijght 1y
screwed onto the jar so that the water directly contacted

foil/sanpl e/ f@m(OrsamlﬂdWelSmt6em9h)étrw§s$me]pawd§lwmowd@ném Ski n

Adhesi on est aﬁE* ,&@sﬁ!u@qu\@sn pe sanpl es
2.5 cmw e@ﬁggﬁgﬁlgﬂ t e “bac &sﬁfeﬁg%’g&% ect. hEHc%qFéitge was

rol |l ed dovvn V\usmg adkg (41/2@ound) Toller passeddwizeorerdhssripaThe honidedhasseniblKg r ol | er

e beal for chvalaf t%gﬁftf%?vimﬁm B Bl Pplede ol S esla ST EBE R, 1 o e
of renoval . Agdhesibiusi % mtm:atetdfsoswmhteé(wl i cation

(T[err]) and after 24 urs [err Preferred ski n adhesi vesqq‘general |y

exhi bit a T[ einchesiminute)ayers ] m  qoljection tigiea Favo(samples wers test and a
T[err] of obet SRedddhesi ﬁggﬂhg s Splefir %%%%Results

of 9 tests vve averaged to yre e reported val ue.
PCT/ US96/ 0585%ensitivendhesinvetapeas bavefan mespeewdtmqm apleast @bout S5 Wdmdliesi on t est

TTeed (el ea trt*f §$ﬁef%f§ﬁ§t?hi%? R EL 8 0 e Tape and ratings
were given as: no visible lift
ShearStrength

Polydiorganosiloxane polyurea segmented copolymer based pressure-sensitive
15  adhesive coatings on polyester film were covered with a release liner and cut into 12.7
mm (0.5 inch) by 15 cm (6 inch) strips. The release liner was removed and the strip
adhered to a stainless steel panel such that a 12.7 mm by 12.7 mm portion of each strip
was in firm contact with the panel and 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
20  of 178° with the extended tape free end which was tensioned by application of a force
of one kilogram applied as a hanging weight from the free end of the coated strip. The
2° less than 180° was used to negate any peel forces, thus ensuring that only shear
forces were measured, in an attempt to more accurately determine the holding power
of the tape being tested. The time elapsed for each tape example to separate from the
25  test panel was recorded as the shear strength. Unless otherwise noted, all shear

failures reported herein were cohesive failures of the adhesive.

Accelerated Shear Creep
Samples were prepared as for the Shear Strength test except a 500 gram

- weight and aluminum panels were used, the contact area was 12.7 mm by 25.4 mm,
30  and the rack was in a forced air oven at 70°C. If the sample was still attached to the
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1 lift only at edges of tape 2 lift over 1%to 25%oftest area 3
lift over 25%to 50% of test area 4 lift over 50%to 75% of test area
10 5 ~lift over 75%to 100% oftest area Results of 9
tests were averaged to yield the reported value. Preferred skin adhesives
wi || general Wwpesmsbusbi t an average rating bel ow about 2.5 SKRCT/USHVEISE e

Resi due Test Wien the 24 hour skin adhesion test was perforned, the skin
under | yi ng t hgiuhiu SIUR000 nfifstes) | ' g;,ﬁq rmne the
amount of adhgsi vemrﬂgg?gge on 0Phe sﬁgﬁ;ﬁﬁzgﬁgﬁg vvaseélgtdggﬁfls: 0 no
vi si bl e resi dalaminum plate was measure jagd eecorderdjascthe sheargreepy resi due covering
1% to 25% of test area 20 3 resi due covering 25%to 50%
of test area Gel PermeatiordCkrontasagraphy 50% t o0 75% of test area 5 resi due
covering 75%to 1089 : to yield
t he reported val ugﬁ{elg?&er}bgé}ggié ﬁ@@%@@ggﬁhhﬁ@g@]ﬂsﬁgﬁ@ﬁ bit an
aver age r &t i ngegmehted/capniymer a8 det@fninedSiagel peymeatinpehranesography wathan ¥R ul us -
and Lossfacto | es. wer e pr t a thic ss of .ab %0 [err]m
usi ng one of 5&?&%8?6%5’@%%@53%‘%%#@?%5%1’r“gﬁng#tla'f’g? ation
danpi ng nat er iAsay Ulttdvit@et Dekettdr 8et@ 25 FrianbinktérsGiriof tCRididh oPRLMB®E ragnut 250
to 380 [err]m_on 50 [err]m pol yethyl ene terephthal ate rel ease 30 l'iner
and dryi ng fofrhacqnobmeewasdnm!\sgrqtetrﬂwﬂwémat&ﬁmﬂmﬁm&a%ms[err] C and
| am nati ng T . s o e .

PCT/ US96/ 05853%“3@{??{?‘4‘%?%%%”13 s Meze injected into fwo columns in serigs aJordl | ayer

t oget her 1hdeAsgcintisniMixetdBed Cpiunmn andp Wateisd 004 0 Thbelation ratesvasylL Cemiliiliter

appropriate thickness .2 astin solution ofth | bratiaqn.d '

material di r e® B gh%l}qp&@érs\ggglﬁ%rpn as ?ﬁ%fﬁ%?‘fq e%mgﬁgf %hér]gser voi r
and al | owi ng iffom Presdite Chemical Compuny, Plttsbaseh, PA. 5  anbient condition to
obtain a sanple of appropriate thickness, or

Inherent Viscosity
Inherent viscosities were measured at 30°C using a Canon-Fenske viscometer

15  (Model No. 50 P296) with chloroform solutions at 30°C at concentrations of between
0.18 and 0.26 g/dL. Inherent viscosities of the materials of the invention were found
to be essentially independent of concentration in the range of 0.1 to 0.4 g/dL.

Moisture Vapor Transport Rate (MVTR)
The Moisture Vapor Transmission Rate - Upright (MVTR,;) was measured on

20  samples using a modified ASTM E 96-80. A sample assembly was made by first
laminating a thirty-five millimeter diameter sample of a 0.025 cm thick film of the
adhesive to a2 0.0275 cm thick polyurethane web having 2 MVTR., of 2000 to 2400
g/m?/24 hours measured at 40°C and a relative humidity differential of 80 percent.
Then the laminated sample was sandwiched between the adhesive surfaces of two

25. axially aligned foil adhesive rings having 2.54 cm diameter holes. The sample was
pulled to ensure a flat, wrinkle-free and void-free foil/sample/foil laminate. Next a
four-ounce (0.14 liters) glass jar was filled with distilled water. The jar was fitted with
a screw-on cap having a 3.8 cm diameter hole concentrically aligned with 2 rubber
washer having a 4.445 cm outside diameter and a 2.84 cm inside diameter. The

30 foil/sample/foil laminate was concentrically positioned on the rubber washer and the

sample-containing sub-assembly was screwed loosely onto the jar.
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3) by nelt pressing a sanple of the neat vibration danping nmaterial between
paral l el alum numplates, lined with fluorosilicone coated 50 pm

pol.yet hyl ene terephthal ate release Iiner, at 160[err]C to obtain a sanple
of appropriate thickness. The storage nodulus, Jerr], and the |oss factor,

tan [err], weweogisdsss m ned using a 10 Pol yner Labor at ori e cBusssnses2
Mechani cal Thernal Analyzer (DMIA) Mark Il and a techni que of multi pl exing

froquency and t arpaha STRe PR Eb BT RESL c RSB BB o eq 1 rom
-100[ err] C t o wia@lpfictd interd cﬁa:ﬁb%maiﬁfain%&@farﬂeﬁfgma&%@fm% cetf @ strain

setting of 1. Measurenents were reported at frequency of 1.0 Hz and were
t aken at aboutrelafieerhumBlitys After fousimuirs; ther assamblyawab thent rempwed-framithesharhbesi n

measurenents at ,10C, i val s re ' ur poses. hese exanpl es,
the storage nodf Weg"%mﬁs{ @I’W'Rg’g@l:%@?%ﬁ?? aSSFﬁ‘g“{ %@Pﬁ?&ﬁ%’a}: ange
over whi ch5t hewistiont Rdgingithd yarhisle, iafid thelassemblyIvad Intmédijtely rétuimad fo e Bhatibid[ err ]
Pa. The | oss factor, tan [errgs, utiIitw ndow refers to the tenperature

range "over 20 for ifmere hougs. e assemble wias then gmoyed and; weighed to themsarest 003 4. The

usef ul terrpera%,&hgwg)gnge refers to the tenperature range over which storage
nmodul us, Jerr], is between 3.45 x 10[err] Pa and 6.9 x 10[err] Pa and the
| oss factor, tan [&*mmwgf@ai@mmeéamrqmem@d@mafmmed fl ow

nmeans the sa | DI [ I IS
general 'y und s???‘ﬁ%fge&#%f&é&a%lé ?\'jgel' §%%I%|thg t?'gon%%g%f#&gsﬁn‘g? éir}i@' aﬁtals?[‘{a at
exhi bit nma0dt fdccovding to thedisrtnulacsetforth belew: bel ow the nelt flow tenperature.

Heat Activated Adhesive i ng..Te dj . @r.ganosi | oxane pol yurea-
By N A RIRE by

segnent ed copol yners we £ f{at ed adhesi ves by creating

overl ap shear speciwipps, between two steel nenbers, 30 havi ng an overl ap
area of about 1.61 cnferr] and pulling the overlap shear sanple in an H
frame style Sintech tesMing isaksinital vright of the sssembly (grams), of 50.8 cninin to

assess WO 96/ 35458 . . .
PCt / US96/ 05852 adhesi on.W arrgIﬁ(‘aesﬁn\f\’l/evrv‘é'glié)trocgE)haeragsc?mrb gr(g{mé@’i% as foll ows.

Steel nmenmdérs neasuri ngtO. 32isahe time pedipd betweers Wi @nd Wa\(nse cl eaned by
sandbl asting. A 301l thigck }avwer,of. polydior osi | ox ol yure
segnent ed copol ynerf%asgﬁxpﬁm!legél&ﬂheﬁygwgﬁ] e?ﬂgﬁeﬁ?aﬁ?gﬁg?gﬁemﬁst he
met hods descrisepsttédn t he " Danping Properties" section, was placed 5 at
one end of a steel ra trpmre 0 creatje a bo area neasuri 1.27
cm on ﬂ%ﬁgisture@apor -Jfransngjisstion Rate - Inverted (}NI'R.,‘Swas 111easuredr-}1£1J :
the same manner as MVTR,;, except that the assembly was inverted inside the chamber
20  once the cap was tightly screwed onto the jar so that the water directly contacted the
foil/sample/foil laminate while the assembly was within the chamber.

Skin Adhesion Test
Skin adhesion testing was carried out by placing tape samples 2.5 cm wide by 5

cm long on the back of 2 human subject. Each tape was rolled down with one forward

25  and one reverse pass using a 2 Kg roller moved at a rate of about 30 cm/min.
Adhesion to the skin was measul;ed as the peel force required to remove the tape at
180° angle at a 15 cm/min rate of removal. Adhesion was measured immediately after
initial application (T,) and after 24 hours (T2). Prefesred skin adhesives generally
exhibit a T, of between about 50 to 100 grams (1.9 to 3.8 N/dm) and a Ty of between

30  about 150 to 300 grams (5.8 to 11.5 N/dm). Results of 9 tests were averaged to yield
the reported value.
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each side. Bond thickness was controlled by placing two parallel strands of
12 m| dianmeter copper wire, oriented in the cross direction with respect
ta the I ong dinmension of the steel, on the pol ydi organosil oxane pol yurea
segnent ed copol yner about 0.2 cmfromthe edges of the adhesive. The bond
was covered wyéd bemaassecond 10 pi ece of steel and held in plresassosssza
snal |l spring steel binder clip. The overlap shear sanple was placed in a
forced air. ovskinifihesith RifPéses at 180[err]C, renoved, allowed to cool to

anbi ent condi ti onsyi ' g‘%‘ﬁﬂﬁﬁ’ } Xi mum
stress at break izwrgehp%%t&gg I'n n{gfebpﬁfsfqﬁ?gﬁ%%@%h%%%ﬁ%e%nce

Spect roscopy @@ni)edibrtbe amont pEaresthat was lifted fielSasedfsom ¢heskinpripr td d
knformation op the l.av of .carrosion.protection provided by coatings over
metal, provi dfeﬁ'ﬁ’v °gg}ﬁ§éj?ﬁ ‘é‘ﬂt'ﬁ%?m??‘%m-t udyi ng pressure- sensitive
adhesi ves § n one aspectg of hbRisiblesanti on. Detailed information for this
type of inpedence neasurenent exists in_an articleby M Kendig and J.
Scully ("Corrosion", vdi. 4diftonlyatedgesaftape22-29 (1990)). Measurenents were
made according to ASTMy4s 204 b ko % NaCl in deionized water

sol ution. Corrosion Protect ihgr?gfﬁpggl\%se%iogaeg est Cold rolled steel panels
were cl eaned by abradi riy w tift over28% ¢y 50% bbiebtaread by renoval of excess
grit. A pressure-sensitjve hesi s made by extrusion 25 coating
0.2 nm of the pressure-%ensi Wioc%é%mé\sgﬁft&r? 0.1 nmthick pol yester

film 3030 1.9 cmstrig of styver TS99 &S 10004 bfaestwRae t hen pl aced against the
steel, and two pasges, of _a kg roller effected uniformapplication of the

2
strip to the steeIRes?h%oﬁ%ﬁ?ftﬁ&f@mgﬂférﬁ%ﬂﬂhsmeﬂf%v% refersed $kBY one hour -
at roomtemegﬁgﬁ%%ﬁgﬁagﬁgﬁ@gm@gﬂggagw%o‘g@@ngle of 180[err] and

a rate of 30.

PCT/ US96/ 05852, Cot r.0Si og RProtection Wet Adhesion Test After the steel grit
abr asi on, as &?&M&M‘I&{rosi on Protection Dry AdhesionTest, the
steel test panel wWhenthej24dourskinpdhesiandess was perfasmed,|theskinundeslyingthki ng, t hen
drying thg steel . oct .
pressure-gens?ag)le\%rg %l)gﬁxghﬁgng \}ﬁéﬁ‘t ap é&,\?\ggﬁﬁﬁ%tﬁégﬁ%%@?gtdqq-ﬁgﬁﬁrgsrgther aﬂé'% of the

pl at e t hr ough skinpurfaze end wisaatedaed by two hours of conditioning, and finally
peel testing. '

0 no visible residue

1 residue only at edges of tape

2 residue covering 1% to 25% of test area
20 3 residue covering 25% to 50% of test area

4 residue covering 50% to 75% of test area

5 residue covering 75% to 100% of test area
Results of 9 tests were averaged to yield the reported value. Preferred skin
adhesives will generally exhibit an average rating below about 2.5.

25  Damping Properties (Storage modulus and Loss factor)
Samples were prepared at a thickness of about 750 pum using one of the

following methods:
1) coating a solution of vibration damping material, using a knife coater with
orifice set between about 250 to 380 um, on 50 um polyethylene terephthalate release
30  liner and drying for 1 minute at 70°C followed by 10 minutes at 175°C and laminating
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Corrosion Protection Static Shear Test Static shears were perforned
according to ASTM D3654-78, PSTC-7. Pressure-sensitive adhesive coatings
were solution coated at 25 to 38[err]m 10 In the follow ng exanples, all
pol yi socyanat es and organi ¢ pol yam nes were used as received and the

| socyanat e t qu@grIsgssr at i 0s were cal cul at ed usi ng the pol yi secyeassiosss2
nol.ecul ar wei ght reported by the pol yi socyanate supplier and the

pol ydi or ganosj 0 AT RN oJo) A ] I ights rein the
ol Goular 15 iR AR R e T el Bk Bab e IBUEL T 0,
the suppli er.a hipastizr esobitaimi bantpld of apptopribte shigkness], dried MQ tackifying resin
containing 1.3 % tQl uene, qbt al#gd_f_ﬁ;om Silicone Pr oc{uct s Division,
Waterford, NY, as D8R8 n rafio g%enalgmt,ngarrglaaspm o the

first zone Ofli:ﬁerhaﬁhéﬁéd&@of%&hﬂlﬂvﬂiﬁéﬁéiﬁind&%ﬂin?%t@‘ﬁbﬁ%ﬁitll%{ 2 ddysat rate of
6.33 g/ mn. Pg:‘édl met hyl sil oxane Diam ne A Lol 1, nolecular weight 5280,

was fed idto ens genditiom tp pbtaing pample of pppropriate thickness, 9fler at a rate of 6. 22

g/mn (0.00118 nolhm : g#@ﬁu & N JH| e was fed
into the forward p%%%ﬁpg%&{‘%% ur%ﬁég%g%g{aﬂglﬁ?%?pg"go&%.@g g/ nin
(0.00123 nol / perale! alilinumplates kied Withfodsilicdne cdated 50 umpolyetwiese pl aced
sufficiently close to the screw such that each p&ssi ng.of {he screw threads

took a small mﬁﬁf‘h@f’d&f‘f’ lingr, 2t 160°C torpbipin ﬁ%a_"!i’é,er ﬂPPW‘%Q’E"I"BﬁF&r was used
|0 co-rotati ng MO0 drkize RN, 6, Bd the sk HactoR!cRf SRR Aflerfide8 WRing 81 211 NO At

75 revol utions per mnute. nperature profile for each of the 90 nm
| ong zone® waBolymeniaboratorigdDymaniiCMeghanisal Thermal Aaalyzec(DMIA) Mark ixsd azone 4 -

66[err] C, zong 5.- 3 120l err ] C zone and 7 -.150[errlC. _zone 8 -
180[err] G an‘f‘@“‘&‘&&%“‘-““‘fé’é{“@ﬁe}l‘ﬁm n%ggll}ﬂnans[can, L Wgﬁg

PCT/ US96/ 0585mhessnfed while bothfizidnee afiitempératarenicre ehdngiig € The Rinperatusé wasnd,
cooled in air, ang‘?col |l ecte The gress rgl- sensitive adhesive was |ater

d.
di ssol ved i n vasieddiony 11006119 ,299°C, ar b Tt of 25 6/mipnte pontinpous st & strain ssE R coat ed
onto 38 [err]m Mea&r%ﬁ:é:%s&&é?éﬁoﬁ&# #AF4LERE of £O TR U0l Vet tBkenidt BBotk B¥T @ knife

coater, and air dried. . n Exanple 2, a pol ydi organosi | oxane
pol yur ea Basetb FCdstervals-andintarpolated tecbeain measuremepts @ap H°Cdnteryals forExanpl e 1
except that Pl(_)elp&q;' nmet lhp\él si | oxane Di am ne B,
ing purposes.
In these examples, the storage modulus, G, utility window refers to the
temperature range over which the storage modulus is between 3.45x 10° Pa and
6.9x10° Pa. The loss factor, tan 3, utility window refers to the temperature range over
20  which the loss factor is greater than or equal to 0.4. The useful temperature range
refers to the temperature range over which storage modulus, G', is between 3.45 x 10°
Pa and 6.9 x 10° Pa and the loss factor, tan 3, is greater than 0.4. When so indicated,
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

25  must be utilized below the melt flow temperature.

Heat Activated Adhesive Bonding Test
Polydiorganosiloxane polyurea segmented copolymers were tested as heat

activated adhesives by creating overlap shear specimens, between two steel members,
30  having an overlap area of about 1.61 cm”® and pulling the overlap shear sample in an H- _
frame style Sintech testing machine at a crosshead rate of 50.8 cm/min to assess
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Lot 1, nol ecul ar weight 10, 700, was substituted for Pol ydi nethyl sil oxane
Diamne A and was fed at a rate of 6.22 g/mn (0.000581 nol/mn), the

net hyl enedi cycl ohexyl ene-4, 4' -dii socyanate was fed at a rate of 0.170 g/mn
(0.000649 10 nmol/mn), and the tenperature profile was zone 1 - 30[err]C
zone 2 - 32[womk@saszone 3 - 38C, zone 4 - 56[err]C zone 5 pcriisdfesssi C,
zone 6 - 140[err]C, and 7-150[err]C, zone 8 - 180C;, and endcap - 190[err] C
The resul t antadhelivms |S¢ﬁ.~xplba91emqirépacéd€fdrmdg&afoﬂbw&nSmdaﬁaﬂaeﬁﬁn&iaﬁmgl bed in

E;(Zgrs)hfelsens ﬁ%”%?”"b’aﬁﬁé é]e%‘F@Bi gsg.egﬁxé\xéﬂ‘gﬂi‘ﬁg YE&?,fept t hat

Pol ydi nmet hy| sjolydicgeoliioxaneRlyurealsedmehted Babsigmertheasringlaboud 4. ﬁ&ﬂpeﬂm, used

-and was fed at a rate of 6.22 g/mn (0.0002/9 mpl/mn),  and the
met hyl enedi cyREFRAFREISIGY hmethodsalescs@ inthe ‘Damping Brapestics? sqction, s placesk 50

g/mn (0. 900}?;63?&%&%@&15@1{?&%&&%&@:% 95&%& f h&ﬁ:l%ﬁh\%héﬂ%é‘%?%hvo% Was

col l ected an I on coated as descri be

Exanpl e 4, t heach SdemBaend:thickiess wascntroilefby placiag mmalletstchndmmm er- .
rotating node di net hyl si D am.,ne .F | ecul i ght 71, 000, was
fed i nto the drpae SRNE i AeREH fhesross ticpopn plR biet BgRmdn (0. 0000001
nol / min). Dridifleddiontof e steél, mmﬁfdlymorgknbﬁxém poRRtta saglﬂéﬁeelou Pméry
evaporation of the toluene in in trays at anbi ent terrperature for
four days, tHbeutQ2 emdfomythe edges ofithe adhesive: Fhetond svas cosred witha sesendic hour s,

fed
Vl\/vgtshyfenla [ c;};%%r?zx eneiﬁa%ﬂ%ﬁeﬁ@g’gmt \ﬁﬂ&}ﬁg&%{ﬂ?@gﬁﬁpﬁh t he
ext ruder at (baﬁnﬁbﬁnq;/ptaced m&masm#mmmmewwa movedrnlhmdiQO

revol utions pe te. '{&I terrperature rof c@gﬁ h of ,the 90 nm | ong
zones was: zo @am gondftiens in g and e i °¥% eBma’““?'Ef[‘ &¥FC, zones

7-8 and endcaabwaﬂ;qgi{epéﬂdd@.mw,extrudate was cooled in 30 air and
col l ected. The resulting pol ydi organosi | oxane pol yurea based pressure-

sensitive adhgwg g@lﬁ%ﬁ&%ﬁ%&%%ﬁ%&?ﬁ& RS described in

Exampl e 1.
PCT/mL)JS%/ 186852 | n I3 measurementsyield infopmation qn the eyel of serresiongpsotection; j ed to 1%

tol uene from povidefty Saelfgs o%ﬁﬁaaegwmg afﬁﬂvcfﬂfenﬂnétﬂé@fop%ggyﬁnrﬁz?ﬂﬁmen I nto

the first zone of 10 zone Bersto I anet er
co-rotating tsenﬂttwdhwmmmaspebmﬂtwnwmmfneta:;edsdbmpfotgmdtwbbé start

screws. Pol ydﬂ E‘;’@ | . é was
injected at a rate o’?‘ J'fghg !97%5# , 8‘%‘? g?hﬁé% n?%ﬂ%m%%m
vol. 46, No. 1, pages 22-29 (1990)). Measurements were made according to ASTM -
20 G 106 with a 3% NaCl in deionized water solution.

Corrosion Protection Dry Adhesion Test .
Cold rolled steel panels were cleaned by abrading with steeﬁ grit followed by

removal of excess grit. A pressure-sensitive adhesive tape was made by extrusion

25  coating 0.2 mm of the pressure-sensitive adhesive onto a 0.1 mm thick polyester film.
30 x 1.9 cm strips of this construction were then placed against the steel, and two
passes of a 2 kg roller effected uniform application _of the strip to the steel. The
laminate was then allowed to condition for one hour at room temperature. Peel testing
was performed at an angle of 180° and a rate of 30.5 cm/min.

30
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second zone. Tetramet hyl -m xylyl ene diisocyanate was fed into zone 8 of
this extruder at a rate of 2.01 g/mn (0.00824 nol/mn) with the feed |line
brushing the screws. The extruder screw speed was 100 revol uti ons per

m nute and the tenperature profile for each ofthe 160 mm zones was: zone 1
- 27[err]C, wWor6ds488t hrough 8 - 60[err]C, zone 9 - 10 12(Haavuspepsssone 10
-.175[err] C; and endcap - 180[err]C. The inherent viscosity of the

pol ydi met hy| <(orrosivacProlerisn Wepddiesior Tesed copol ynmer portion of the
pressure-sensiti V?f%ﬁ?\éﬁ%%it98%3:?1?%%?&@1%&%%&%&3@0% gﬁﬁ&ﬁﬁggdded to the _

extruder, was 0.8 resu fessure-sensitive a ve was
col | ect ed andAdhesion Test, thoosieet tbstymneloas sutijextied to threacgeles oflaltedrately soaking, | n

Exanpl e 6, tejrapethyl - | vl ene diispcyanat fed at a.rate of 0.079
O 0000 e drarg Hhe el th dbvedicruft onahE YAl Wateie! The precr- 4Bl v i oot or
1200 ‘'mm | §ng sdRssivedpervitls BienaPplii td thé Sirfade b tHe (pfatd BRshgh tapSvdiérgifolibwedr Ushi ng
the screw t hr eads. he extruder was fitted with fully interneshing

doubl e-start bycrwe\kgm@fe&ndﬁgmas and finglly\neelitestiBgrs per ni nute.

Pol ydi met hyl si | oxane Diamine E, Lot 2, nolecul ar weight 20 52, 900, was
injected int mmmmwhéahd'mxtruder at a rate of 17.0 g/mn

(0.000321 nol / m n)gat éaﬁs%!v ,.png? q@eﬁ@ 65456 ft a rate of
16.9 g/mn mtothe‘fxr%l z%ﬁg&lﬁ# eextrgEtger l‘ﬁ)gtenpeﬂrature profile
was: zone 1 -Pr2gfrersejsifiveadiesive coatibfy were palntionosveted at 2B0[38um] C; zone 4 -

130[err]§' zone 5 - 170[err]C, zones 6 through 10 and endcap - 180[err]C
The extr 8ate was cooled in air and collected. The resultant 25

pressure- sensiti anﬂiﬂ}m&jvﬁﬁg Mﬁlplé@hll@ﬁty&dc)aﬂﬂemh'&gaﬁiapﬁm weredescri bed
in Exanple 1. In Exanple 7 cyql;‘/gﬁresm dried as, 1h Exanple 4 and
Pol ydi met hy] sl}%%arﬁemdan#ﬁ@m to aming ratios msre caisplgied usDE 60, were fed at

a rate of 14. goigotlabaleSndiRRO Rl rebirib by BehoyMdclanb® sugiurlthe Lei Stritz

34 nm di anet ong 30 nter-rotating twn screw extruder.

3- i socyanat o-paliidiorgar®sixane:ani organigipolyanink mejacular weights avhereinthe molecular 4 rat e

peT/ Usoo/ G b ik ethplied 3 i il bl sbiba SO ghater 01 2000

The doubl e-start fully interneshing screws rotated at 30 revol uti ons per
mnute. The tenperature profile for dExdmplesthe 120 nm zones was: zone 1 -
30[err]C, zones 2 through 5 - 50[err]C, zone 6 - 100C, zones 7 and 8 -
150[err] C zaResmplesnd710 - 160[err]C, and endcap - 180[err]C Vacuum

In Example 1, dried MQ tackifying resin containing 1.3 % toluene, obtained
from GE Silicone Products Division, Waterford, NY, as experimental material #1170-
20 002, was fed into the first zone of a Leistritz 18 mm diameter twin screw extruder at a
rate of 6.33 g/min. Polydimethylsiloxane Diamine A, Lot 1, molecular weight 5280,
was fed into the back of the fourth zone of the extruder at a rate 0f 6.22 g/min
{(0.00118 mol/min). Methylenedicyclohexylene-4,4"-diisocyanate was fed into the
forward portion of the fourth zone at a rate of 0.321 g/min (0.00123 mol/min). The
25  feed line of the diisocyanate was placed sufficiently close to the screw such that each
passing of the screw threads took a small amount of diisocyanate onto the screw. The
extruder was used in co-rotating mode with double-start fully intermeshing screws
rotating at 75 revolﬁtions per minute. The temperature profile for each of the 90 mm
long zones was: zone 1 - 30°C; zone 2 - 34°C; zone 3 -43°C; zone 4 - 66°C; zone 5 -
"~ 30  120°C; zones 6 and 7 - 150°C; zone 8 - 180°C; and endcap‘- 190°C. The resultant
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5 was pulled on zone 8. The resul tant pressure-sensitive adhesive was
coll ected and solution coated as described in Exanple 1. Each of the
pressure-sensitive adhesive tapes of Exanples 1-7 had a.thickness of about
0.025 mm (1 ml). Each tape was tested for 180 peel adhesion and shear

strength. Thewooe&ss4s&s are set forth in Table 1 10 PCT/US96/05852
Table 1 Exanple 180 Peel Strength Shear Strength (N dm
g‘ g‘ n 1 pressure—sensiﬁ\ieoadggsgve ?Yvas extruded into a strand, coblé}fl ?)iQQﬂ, add collected.

>
3200 (pop of f ?hqpressure-sensﬁve adhesive was jager dissolved in toluenefisopropylajcphol;
50 50/50) to 30 petcddP Solfds, coated onto 38 pm (1.5 mil) thick 1 8 7
48 ¢ ) %%80 %9 %gﬁabeosgen pﬂ%m'g‘a)ta Igoq%tg?'gnel, I ncr easi ng

t he nol ecul ar tesephghatateofiimiwith alknifieicoates, andsindrigdes 1-4 from 5280 to 10,000 to

22,300 to 1, 000, el d ' .\
nmet hyl engcﬁ cycl ohegﬁ’éﬁﬁegg'ﬁyﬁ%&%é@h’%gpglg'ﬂfgﬁhas%pﬁeﬁfgfeéﬁgﬁmfen 180[ err]
peel 15  str qdigkive Hasipreparad dsialBRirhple 1 exceptBaPobidirtdByidlioxdns Dighiaé B2 and 5. .

show that for_diamines wth siml|ar nolecul ar weight, substituting

t et r amet hyl - Ry 1ymelerulanweight- 10,700, wes substityted for Polydimethylsiloxane Diamine A

nmet hyl enedi cy gg(ﬁhﬁ{?m-fe '3 dg@an increase in 180 peel
st rengt h. Inc?’tﬁg}l ng the m#&%l%ﬁ%?gﬁﬁoé tEg’gX?am' ne in Exanples 5 and
6 }‘ rom 2870 fj meﬂwleadicy&hhe?ghbhﬁgﬁt-dnsoﬁmathms fed at/a sateeofD. HIO; M@ﬁﬁﬁ@?l peel3
val ues e n tre ) r e xanmpl es 3
and 7 denbhst %ﬁ%ﬁ%\dﬁﬁ%g%?ea&o@ﬁ%&ﬁ 2 '@FGh%%ggé‘é?%ﬁgmsfﬁst ituting

3- i socyanat ong8C;zoik 4+ 56°C} £0nest-IMPORC; 2bms®X Y40°C s and/ 20 8302Cf fune 8R&180°C;

net hyl enedi cycl phexyl ene-4, 4' -di i. socyanate causes an_increase iin 180 peel
str e%gt h. yﬂ; %4@9%. The resultant adhesive was collected and 80| ition coated as pee!

PCT/ US96/ 0585 gedexibdth Bxapid 7, | 1 Exanple 8, SR-545 M) was dried as in
Exanple 5 and fed into the first zone of a Werner-Pfl eiderer 1350 nm | ong,
30 nm di anet er " co- FuExamplgg, the pelysdiorgagosiloxane polyurea based pressure-sensitive

15  adhesive was prepared as in Example 2 except that Polydimethylsiloxane Diamine C,
Lot 1, molecular weight 22,300, was used and was fed at a rate of 6.22 g/min -
(0.000279 moV/min), and the methylenedicyclohexylene-4,4'-diisocyanate was fed at a
rate of 0.0850 g/min (0.000324 mol/min). The resultant pressure-sensitive adhesive
was collected and solution coated as described in Example 1.

20 In Example 4, the 18 mm extruder used in Example 1 was used in counter-
rotating mode. Polydimethylsiloxane Diamine F, molecular weight 71,000, was fed
into the first zone of the extruder at a rate of 6.40 g/min (0.0000901 moV/min). Dried
MQ tackifying resin, dried to about 1 % toluene by evaporation of the toluene in SR-
545 in trays at ambient temperature for four days, then further drying under vacuum at

25  55°C for 16 hours, was fed into the second zone of the extruder at 6.4 g/min.
Methylenedicyclohexylene-4,4'-diisocyanate was fed into zone 6 of the extruder at
0.0225 g/min (0.0000859 mol/min). Screw rotation was 120 revolutions per minute.
The temperature profile for each of the 90 mm long zones was: zone 1 - 30°C; zones
2-5-50° zone 6 - 70°C; zones 7-8 and endcap - 145°C. The extrudate was cooled in

30  airand collected. The resulting polydiorganosiloxane polyurea based pressure-
sensitive adhesive was collected and solution coated as described in Example 1.
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extruder at a rate of 39.4 g/ mn. Polydi nmethyl sil oxane Diam ne D, Lot 2,
nol ecul ar 5 wei ght 35,700, was injected into the third zone of the
extruder at a rate of 38.8 g/mn (0.00109 nol/min).
Met hyl enedi cycl ohexyl ene-4, 4" -di i socyanate was fed at a rate of 0.290 g/mn
(0.00111 nolyyisiogssses th the dii socyanate feed line |ightly lmorarsosessshe
screw threads. Al screws were fully internmeshing double-start screws, and
the rotational Spqsmeg%eamwﬁm@maﬁrspﬁym&&o Meolwmmasmre :
profile of each of 10 he 90 ones through 3 - 50[err]C
zones 4 throﬁﬁlmdernes{sen,rvy@fedzasﬁéstevfams’mnmta{hsﬁrﬁ@nezqfﬁégzgnq hrough 13
70Ler 1 O Bty e SOARE! 1660 R ngNE> hting HAL Rl S Y2

ne e resu

pulled on zo ant presstre-sensitive adhesive was extruded
into a 3 nm dwﬂnﬂlpselﬁﬂpmgdpubiwaadcnews aPalpdimethidsitoxaneDigmine M, ect ed. The

i amoter PaLmphS %%%?Eb%ﬁnwa“ ueBel ) At e S RRga ey oralfrfy o

revol utions p&&oﬁi&ﬁéeret uaﬁsogj tbh%stﬁ‘dxﬁtb@o@@émream zone 1
- not" controlled; zone 2 - err ; zone 3 - 188C. Necktube and die
(12.7 cmwi deat)arstemﬁapéwmeéo Zéﬂpl/%'&rvﬂ fepdlinebryshing the sprewsc Bl bet ween

ni rolls w t ﬁ%méwl P}E’l-&%xlﬂé’ il mon.
ong roll and a reﬂ;ase slﬁl ner (()lrl?o?ﬁmdg%, S mﬁﬁ%ﬁéﬁg dri ed
SR- 545 r eseach o eémmzmeﬂanmm& Z9n szome Exanpl e 7
was-addcl\e/(?lf > te ofl lgézg LNt séqu 'r. & ?c%\% d[istri-tmz) 34 mm
di anet er 200%@1%’% %o 71 gr"ﬁo?‘gfalpng °¥ F?i i ?Eh ?ul |y

i nter meshi ng gelydimethgkikanesoligourea §dgimﬁted1®p@lyn'&5ﬁomeuofthe pressurggensitivenut e.

Pol ydi met hyl si | oxane Di anine F, nol ecul ar ht 71, 0 0 j,ected into
t he second zo@eamsﬂmpﬁfeﬁéhe&@reﬂamaa&f?ég \N%?p(‘g'l%om%

mol /mi n). ?u éaﬂﬂh@fgsﬁéﬁéaﬁtﬁe%&vewdg eome&wmsamﬁaﬁcém at a rate of
0. 0550 g/mn (0.00021 /mn) into the eighth zone of the extruder with

t he feed |i nedéscrpediiyExamplé\l.ng t he screw threads. The tenperature profile

was: zon - 60 ofPleer r]1 C
zone 8 - [ er r][C Z%x%:é;pé%”%ﬁh@%—%&ﬁf&dlﬁ?@ﬁﬁﬁ%%ﬁgﬂgrage n cap - ]

190[ err] C. Theg/nir §0000324) malhnin} inethedisst 3Gne of @ dlelstritz 34imandiarheser 1200 mmoat ed as
described in nB

8
PCT/ US96/ 0585 PRB(¢ 'E&I%fﬁ?&“&@““‘?ﬁ’e"’%b?\? fred lipTightly prshing the serew dueads. g
pr essur e- Sensirhé wndaNRa ied With flhRRAANHAG dbibIEKRORrevSToRting Bl 1250at e

SReS4s R pomre%%luvt\llgr?s ;]:es gmlmrt]e al;[oly%lrixé%y s:lg;an% Els)xalmx e E Lot 2, molecular weight-
| 20 52,900, was injected into the second zone of the extruder at 2 rate of 17.0 g/min
(0.000321 mol/min). MQ resin, dried as in Example 5, was fed at a rate of 16.9 g/min
into the fifth zone of the extruder. The temperature profile was: zone 1 - 20°C; zone 2
- 50°C; zone 3 - 80°C; zone 4 - 130°C; zone 5 - 170°C; zones 6 through 10 and
endcap - 180°C. The extrudate was cooled in air and collected. The resultant
25  pressure-sensitive adhesive was collected and solution coated as described in Example
L _
In Example 7, dry MQ resin, dried as in Example 4 and Polydimethylsiloxane
Diamine C, Lot 2, molecular weight 22,000, were fed at a rate of 14.7 g/min
(0.000668 mol/min) into the first zone of a Leistritz 34 mm diameter 1200 mm long
30  counter-rotating twin screw extruder. 3-isocyanato-methyl-3,5,5-trimethylcyclohexyl
isocyanate was fed at a rate of 0.182 g/min (0.000820 mol/min) into the fifth zone of
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In Exanple 11,

t he pol ydi organosi | oxane pol yurea based pressure-sensitive 5

adhesi ve was prepared as in Exanple 10 except that the dried SR- 545 MQ

resin was added at a rate of 14.4 g/ mn,

Pol ydi met hyl si | oxane Di ami ne G

nmol ecul ar wei ght 105,000, was injected at a rate of 14.1 g/mn (0.000134 "

mol / mi n),

of- 0.0440 g/nin (0.000168 nol / nin),

t hewaeedsdssenedi cycl ohexyl ene-4, 4' - di i socyanat e waPCTA$9aisss2 r at e
and the tenperature profile was:

zone 1

- 40[err] C, zothe eftrudeb@jth thelfeid lihe off of dreaciw-thieddse Thk Gouble@Rert4ully 61[ err] C,

zone 5 - 57[er
zone 9 -

120[ eﬂ%@%‘é’%

rolath 0

viscosity of té&shppihed20mint1aones wasxaoR 10) 3090UE0Res SRBTRALG00CHehe §E

of the pressure-

the extruder, ¥#ECszoges YandB - 150°C;aonen Land 10 - 160 eud ensdoaps- 18

a@%@%? lr’r{!etg?\&lglrt‘illﬂiho

percent Polgydi
and 75 percent

ensitive adhesi ve,

(@)nes 7 -. 66] r! C, zone 8 _- 95C
stions, per yppte; , The tegyperature proflleifomer ent
r portion
coll ected before the was added to
uMacum 25
Wl . I I wei ght 5, 280,
sesultof fleird senkifife gihed B oMo Bol

58, 700, was pr sphationaoatéhasdeséribed inExaimplell; e was fed at a rate of 16.0 g/ mia

(0.000962 nol /' m
mm | ong counter -

doubl e-start sefabsat 0.635hh {0 mi).

dried in a 20

n)

manner

e first zqne

r ot%ﬁﬁﬁ’gff%;‘ﬁpﬁ

simlar to

f .a Leis

esire tpes

of the extrudeftreagthy Thefesuliarg set fordyiniTable 1

Met hyl enedi cycl o- hexyl ene-4, 4' -dii socyanate was fed into the sixth zone of

the extru
| ightly brushing

gr at a rate of 0.270 g/mn (’ﬂ“ﬁp

the—-screu .t hrea

ds _The axiruder

ritz

34 mm di apeter 1224
S

Fyamplescl-frhad hipknes

ILemneratyires were:

20[err] C, zone
- 50[err]C zone

Baamplgsierr|C 2

6 - 86[lerr]C 7

h hR0° Peel gthr ] C,
@dm)_&zvgp ]15

OO, e 2
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1103 nmol/mn) with the feed |ine

zone 1

ShearcSteengthso[ err] ¢ zone 5

[(mim)] C. _zone 8 -

170[ err] C, zone

ol . 180[err]C z

b3 10 - 180[err]

10000 endcap - 17

The resulting adhZzsive was coll e

F4®@d and .hot nelt

>10000d as descri |

Exanpl e 8. Each

03 the hot nelt

CqRt ed pressur e- §e60 (poporpdnest ve
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€] peer adnesi

OpgNd snear Stre

adhesi ve thi ckne
8, 10 and 12 and

§§ 01 1ne tapes

apout 38T EerT

oferrim
il Lol Lal

3¢ T S)—30

results are set

PCT/ US96/ 05852 T

I
Lo W wlV2
N

d 7

Vi JU OI9590

WY a Nl aVal el =iV, I nile)
48

Strength (N dm

(mn)
As can be seen from data in Table 1, increasing the molecular weight of the
diamine in Examples 1-4 from 5280 to 10,000 to 22,300 to 71,000, respectively, and

120 anllonngng; b Shed
T OvU—rcTT A

using methylenedicyclohexylene-4,4'-diisocyanate caused an increase in 180° peel

15

strength and some reduction in shear strength. Examples 2 and 5 show that for

diamines with similar molecular weight, substituting tetramethyl-m-xylylene

O[err]C
ed in

t apes of
gth. The

HEdes ST r—for—fxanpl es
fLr;G 0 1. The

r

diisocyanate for the methylenedicyclohexylene-4,4'-diisocyanate caused an increase in

130° peel strength. Increasing the molecular weight of the diamine in Examples 5 and

6 from 9970 to 52,900 and using tetramethyl-m-xylylene diisocyanate, peel values

20

that for similar molecular weight diamines, substituting 3-isocyanatomethyl-3,5,5-
trimethylcyclohexyl isocyanate for the methylenedicyclohexylene-4,4-diisocyanate
causes an increase in 180° peel strength.

5%

decreased somewhat and shear strength was reduced. Examples 3 and 7 demonstrate



8 3 3990( pop off) 9
38 6700 10 55 >10, 000
11. 56 >10, 000 12 24
>10, 000 As can be seen fromthe data in Table 2, increasing diam ne _

nmol ecul ar weW@i#6B35458Hm 35, 700 i n Exanple 8 to 105, 000 i n Exargiinesedrisssaisi ng
bl ends of two diamnes 5 with different. nol ecular weights in Exanple 12,
or varying Ekemples8d2te tackifying resin concentration in Exanples 9 and 10

all resulted i n Hadam g;gtég%%s‘éa g{ag hﬁ&a&lm "Fiﬁgg Qndaf'g&iin%]ﬁ%rﬁr%t rengt h.

Exanpl es 13-17 I n Exa _ 13, ydi or ganosi I*oxane pol'yurea based
pr essur e- seresietof ¢ Werner-Pfigideres 1 3566 noma dong; 2pmmediameteri co-rbtetingtwin screwcept  t-hat

Pol ydi h ' |_and E t .1 I weigbt 58, 700, was
cubst 1t ut cacRsE AR R bicimpifloists Bamibes o0ttt m ) and
SR-545 MQ r esight 35700phasinjetted ﬁwgiﬁltlﬁrd?onﬁfaf?e &&hﬁfﬂi{sajf%te %gg{.ghnmnwer e fed
iy B (B RRDMeboSboaid sopte r Swaraet
t t hyl ﬁ;ng,; ' : Adiido ‘EﬂE‘i t 3 an was fe
io?]tgrr;aheysgg_g%? zoggmc}:‘lp?ﬁgﬁu&ﬁ]t}é%r su tta @ﬁe&?%% t he
met hyl enedi 86yew Hieads:| éﬂecmwleer&iﬁilb'dmyzlmmhiag daubleost 6 Sreysyamd ttnei g0024
|/mn). T t er mnute, . an e
Ferper at ur o ReNER 08 Aol P e Ty SEbnd e rERFese2 S8 . er )
zones 8l0andth® 90 ninb éies sast zaguga tliﬁ:ugmld- SORE; a?ﬁs 4180LgH 6 | Sb°|CrF\Em}[éélg uu deaS
'l ed t hi . The resulting adhesi ve was collected an
ek v Coue 158 Sonetieva S HRHS e Bl e 1415

pol ydi or ganyaiuusmaasbulled ditsdhe 1923 REreRIRRCHESIR SBRtive ¥oheadWb Gal Ve Was

prepared as in Exanple 13 except that a solution containing 18.5 parts 3-

| socyanat on®¥tried iptosa 3 mm digmetegstapd icopledin a waenhat andcolleted. Parts .
oL ST YL WSS QARG ety B el LY il A AT 111
into zoWe 7sisgle screvaexngler (Hagks) rgpatingsat 40 ireohyiansyes nifiute. (TheGeifigsator / m n) and
}32:?‘ / Elgag? 05 gﬁfﬁgﬁ%%g%gﬁi br P‘étV\g"gﬁ%/’lfeag%??% nif3reand 288t 2i ni ng | ess
than 0. 1% t p88%€N Neclribeandeik (12.7 cm wide ) temperatures were 210°C. The extrudate
was cast between nip rolls with 2 35.6 um (1.4 mil) polyethylene terephthalate film on |
one roll and a release liner on the other.
20 In Example 9, dried SR-545 MQ resin, dried as in Example 5, in 2 manner
similar to Example 7 was added at a rate of 13.0 g/min into the first zone of a Leistritz
34 mm diameter 1200 mm long counter-rotating extruder fitted with fully intermeshing
double-start screws }otating at 250 revolutions per minute. Polydimethylsiloxane
Diamine F, molecular weight 7 1,000, was injected into .the second zone of the extruder
25  atarate of 13.2 g/min (0.000186 mol/min). Methylenedicyclohexylene-4,4'-
diisocyanate was fed at a rate of 0.0550 g/min (0.000210 mol/min) into the eighth zone
of the extruder with the feed line lightly brushing the screw threads. The temperature
profile was: zone 1 - 60°C; zone 2 - 50°C; zones 3 through 7 - 60°C; zone 8 - 95°C;
zone 9 - 120°C; zone 10 - 160°C; and endcap - 190°C. The resulting adhesive was
30 collected and hot melt coated as described in Example 8.
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fromGE Silicone Products Division, Waterford, NY), and the tenperature of
zone 10 and the endcap were 180[err]C. The resulting adhesive was col |l ected
and sol vent coated as described in Exanple 1. 5 In Exanple 15, the
pol ydi or ganosi | oxane pol yurea based pressure-sensitive adhesive was
prepared as WO %BRHAP|l e 14 except that SR-545 MQ resin, dri ePCEESIOSEXanpl e
4. was added at a rate of 17.4 g/mn. The resulting adheswe was col | ected
and sol vent coat edindixanpledp; leGOMOMmepolWe&med)pmssﬁﬁ-sehﬁmIe

pol ydi or ganos WE r adhe

prepared in Exh%h%rr%i Tgl \%% oﬁ s“sfo!iiivﬁlgég ‘%ﬁ@’%ﬁ%ﬁ‘%m%@a’m’

procedure of Bxenaaf16. legfldmsubsequent |y exposed to el ect ronI beam I
trradiation (0.75 er ) ?}?’ or ganosi | oxane pol yurea
based pressure-sen édh‘é‘gf’gﬁ%&&" %’ﬁé‘?@@“ﬁ'é’% l%’S?ﬂ'!T"’és‘eﬁsé,“‘{é"xcept t hat
a sol utior COBdh%s:Oé ﬁmm Exatnple! F0 except that the dried SR-545 MQ resin was

| socyanat onet h -trinmethyl cycl Ohexéil i socyanate, 74.1 parts

oct anet hyl cyc ﬁ%@ﬁ @&éﬁes/mahaolydm M@W&,mmmmhd Bubzt i :ut ed
for the neth t on and used at a
rate of O. OSZE@%%E@géélé{ni /ofglﬁ (g%gg%afn% 9 )g'ﬁd the tenperature
profile in zomth&l&ndmjdbhmybﬁ@d‘pd:maﬂﬁ@@a;bgﬂaﬁtaﬂomlmb%lmg adhesi ve was
coll ected and 0a S descrj.bed in e a

pressur e- sensm?ﬁpéggﬁ‘ﬂ@‘gﬂ“bf dempFgature %g’ﬁ/émlei( t‘iﬁ?@s@“&? asgtbﬁt 25
[err]m(1 1o |) zéned msctmé#dsiw z&;@spwb ﬂﬁ%s'safc BhesSPCBECS Lo BL . The
results are set forth in Table 3. Table 180 Peel

Strength 9%¢e genedt 1 12Q%F:1zoper hy lw;;nn}l egdr-ap 190°C The inherentaviscosity

gggo 1?6 of the polydxmet'i‘lgléﬁoxane oligourea segmented copol)ﬁ%g pé‘lgia ﬁthe pressure-

58 _ sensitive adhesive, jl¢cted before the MQ was added to the extruder, was 1.82 dL/g.
* InExample 12, a homogeneous mixture of 25 percent Polydimethylsiloxane

15  Diamine A, Lot 1, molecular weight 5,280, and 75 percent Polydimethylsiloxane

66

Diamine E, Lot 1, molecular weight 58,700, was prepared. This diamine mixture was
fed at a rate of 16.0 g/min (0.000962 mol/min) into the first zone of a Leistritz 34 mm
diameter 1224 mm long counter-rotating extruder fitted with fully intermeshing
double-start screws rotating at 50 revolutions per minute. SR-545 MQ resin dried in 2
20  manner similar to Example 4 was added into the second zone of the extruder at a rate
of 15.7 g/min. Methylenedicyclo-hexylene-4,4-diisocyanate was fed into the sixth
zone of the extruder at a rate of 0.270 g/min (0.00103 mol/min) with the feed line
lightly brushing the screw threads. The extruder temperatures were: zone 1 - 20°C;
zone 2 - 35°C; zone 3 - 35°C; zone 4 - 50°C; zone 5 - 50°C; zone 6 - 86°C; zone 7 -
25 150°C; zone 8 - 170°C; zone 9 - 180°C; zone 10 - 180°C; and endcap - 170°C. The
resulting adhesive was collected and hot melt coated as described in Example 8.

Each of the hot melt coated pressure-sensitive adhesive tapes of Examples 8-12
was tested for 130° peel adhesion and shear strength. The adhesive thickness of the
tapes was about 38 pm (1.5 mil) for Examples 8, 10 and 12 and about 50 pm (2 mils)

30  for Examples 9 and 11. The results are set forth in Table 2.

5%
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As can be seen fromthe data in Table 3, Exanples 13-15 denonstrate that

di l.uents can be used. Exanple 16 denonstrates that crosslinking the '
adhesi ve using electron beamradiation only slightly affects 180 peel

adhesi on whi | wodbessss strength is inproved. 5 Exanpl es 18- ptirdsosbsssapl e
18,. net hyl enedi cycl ohexyl ene-4, 4" -dii socyanate was fed at a rate of 0.59
g/mn (0.0023 mol/mn) into the back of wgiirst zone of a Leistritz 34 nm
di-anmeter 1200 mm Lang counter-rotafj ngT Kcrew extruder and

Pol ydi net hyl si | ox eam ne A, ||dB0%Pechtreaglhl ar | \SbeagiStreigtk60, wap added
into the 10 formard portion of |fNfM)1 of t he extl(mir at a rate pf 10.9
gilmn (0.00207 moj@8min). The scrga8 were fully if3es0@sbiof) doublp start 12
mm pitch el enentsfgotating at 15Q3gevol utions pen grpgmute. The tenperature
profile for each pfg The TZ0 nm ZqQRgS Was. zone I|[>18@pG'']C, Zone}2 -

150[ err] C; zone 3ryy TOOIETTIC—Zqggs 2 T oug tqsqpgosaCar - t7plerr] C
The re.SU| t ant pOl met ily: sToxeat iﬁpu‘lryUI ea-segh |§:D, !Q upu: yrer—p oduct 15
was cool ed and coHettet—Subsegquthtt-y—~O6—0—g—potyaretiy-sHexantur ea
segnented copol yner, 14.7 g SR- 545 MQ resin solution, 4.8 g toluene, and
4.5 g 2-propanol weAgcdnYelseshfFciiltHe'dat iR TSH1S2 Sndrédsing Atrdirit! iiclechla® Welght O

di ssol ve the cgpol yner and obtain a uniformconposition, and then coated
onto a 50 [er r [fAM35,700iin Examnled tal 056100 Examplecte pringiblpnds of two diamiseg o -
kni f e coat a : | 0Nk : : L nut es
fol | owed b?/j 15%?&%@3‘?&'{&% e"yerl ‘?% orlg’e g‘ltyﬁr&ro}\ﬁ;%%ﬁ&g%é%%\%ééﬁg
pressur e- sens concentratioh GcExamples tand ¢0 tlbfeskited &rssatiffaétory 1807 peel stengthland

180[ err] peel adhesion was 30 NVdm |In Exanple 19, pol ydi nethyl sil oxane

pol yur ea segne RSNt oner was prepared as in Exanple 18 except that the
nmet hyl enedi cycl ohexyl ene-4, 4-di i socyanate 25 was fed at a rate of 0.26

g/ m n (0. 00099 Exainples 13-17Pol ydi net hyl si | oxane Diamine C, Lot 3, nolecular
wei ght 19, 000, was frfikaniple3! 8 pSlydibrgabsilox@nhépdiynirea BHEPHrdssiifelserdithe, t he
screw speed was 100 revolutions per mnute, and the tenperature profile
was: zone 10 - adhesive yes prepated 38 in le3 exeept theyRolyglimethyjsiloxane DiamingEes 4

through 8 - 209)e{ thdlecufa? WRight ss,?o%gwgubgitmla@fbrmaﬂnée aaaﬁtéaﬂﬁgiggrmm

200[ err] C. A pressure-sensitlve adhesive solution was prepared as in

Exanpl e 18, ex{&pR0250 mol/min) avd SB545 MQ odsin; drieds inExamplerh ot aciteief 4B by
addi ng 7.5 97930 JGLUSR 50 FAISbe Bb BRALPYA VSLAHHIr 188 aRL 2 n @

coat abl e vi sco
methylenedicyclohexylene-4,4'-diisocyanate, 72.9 parts octamethylcyclo-tetrasiloxane,

15  and 9.1 parts tetrahydrofuran was fed into the seventh zone of the extruder such that

the flowrate of the methylenedicyclohexylene-4,4'-diisocyanate was 0.063 g/min
(0.00024 mol/min). The screw speed was 60 revolutions per minute, and the '
temperature profile was: zone 1 - 30°C; zones 2 through 7 - 150°C; zones 8 and 9 -
160°C; and zone 10 and endcap - 180°C. No vacuum was pulled on this sample. The

20  resulting adhesive was collected and solvent coated as described in Example 1. '

In Example 14, the polydiorganosiloxane polyurea based pressure-sensitive

adhesive was prepared as in Example 13 except that a solution containing 18.5 parts 3-
isocyanatomethyl-3,5,5-trimethylcyclohexyl isocyanate, 74.1 parts
octamethylcyclotetrasiloxane and 7.4 parts tetrahydrofuran was substituted for the

25  methylenedicyclohexylene-4,4’-diisocyanate solution and fed into zone 7 at a rate of
0.054 grams diisocyanate/min (0.00024 mol/min) and the dried MQ resin was fed into
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solution was coated to produce the sane dry coating thickness as Exanple
18.. 180[ err] peel adhesion was 58 NNdm In Exanple 20, .

nmet hyl enedi cycl ohexyl ene-4, 4" -di i socyanate at 0.0715 g/mn (0.000273

mol I m n) and Rebdyesidsasst hyl sil oxane Diam ne D, Lot 1, 37,800 nplcgfijsbéiisss
weight, at 7.96 g/mn (0.000211 nol/mn), were fed into the first zone of a

Leistritz 18 ' r : : - \\ALS in cqg-rotatin
ot wi th doub) e BsEzetel @AM HiEine i Eitlaititieesif, d RSl e SStigipe | N
| engt h of the Utom GE SikiconaPradgeta Divigen, Waterford,iNYT) aji-the témpstature 6hgone 10

t t iq ot 90 ; -. 30 C
zone 2 - 777 or it sbas3Ree 18i5c; AR feuligl fe WG odretiand sotyig oame
140[ err] C, zoneasW@scribéd in Eknplenr ] C; zone 7 - 165[err]C, zone 8 - 175[err]C

and endcap - 180[err] C. A pressure-sensitive adhesive solution was prepared
as in Exanpfe 18, eXBExtmple 33, thepolyfiprganesily basedippessrerstitive opanol

: Xaugp
e SOV et a3 AR of B ISRl L AR HAPYR Y8 G Rl el 1G5 0! U1 O

was coated to produce the sane at’ing ness” as
180[ err] peel dekseplech wasedded at\i rite of117.4 g/min. Thelresulfing agHesivewas ¢dliected

pol ydi net hyl si | o | vurea, se nted copol yner was prepared as in
Exanpl e 18 exceﬁ%ﬁﬁ%ﬁgﬂeﬁ?ﬁggﬁgﬁgmxyl ene-4,4' -di i socyanate was
fed at a rate of 0. (fBxghptk 06, he ild%ad polyuRé bR HesSRb Bidsitive OXane.
D am ne E, Otrﬂ]ah nol ecul ar, wei ght 58,700, was fed at a rate of 13.1 g/mn

(0. 000223 ABI / AdR§sIveprepareddn Exanple 13 wasdissalyed, vastcand dried fllewisgitheri nut e. 66. 7

g of a pressur Gsosdd ERarhbik ' :ﬁ% ; fotalaal 'u-ﬂf:liali ts .
of t he pol ydi m?’ﬁ°§|§£?§an§hﬂf\é§“§§§§n§#¥‘g‘ co%%?%r angéﬁg par?‘g(() 70/ 30 .

t ol uene/ 2- prop by weight) and 32.5 g SR-545 MQ resin solution were

I ntroduced into an ' | tated, sl o to di ssol.ye the
copol yner and obt ai ﬁngéﬂ?n&lgg?’%p%@ﬁ%ggﬁnsg%%%eﬁo%é?}g%éd%mﬁ?éﬂ ¥ as in-
Exanpl e 18. 18Cadhesive wesipespared avinExdihpld i3rexcepbthat a solution cdft@ining 18.5 parts 3-

pressure-sepsit,ive adhesi t ADES epayed,.in Exanples 18-21 illustrate |

t hat react;i el QW?’P?RT@'%@#;%&M&%@%W%W%F%@&%Qrrent ed copol yners
derived from pajcysnetigidyibtetrasioRdi Sand(7. £pattbteihydrofurdHibE Gltbstifutdiiophes

rangi ng from abm e5r1983 0 to 60,000 ‘ﬁ.r ovi de pressure-sensitive adhesives
when t acki fi ed Mfthylenegicydehexylene-44disqcysnatesolutipm andysed ot axateof | Q04 giems he

di amine used i NfijERate/min(0.00854 RbUhinP&R theRmperdRREHHAIN 1L 10364 BRSES
. endcap was 160°C. The resulting adhesive was collected and solvent coated as
20  described in Example 1.
Each pressure-sensitive adhesive tape had an adhesive thickness of about 25
pm (1 mil) and was tested for 180° peel adhesion and shear stfength. The results are

set forth in Table 3.
Table 3
Example 180° Peel Strength Shear Strength (min)
' (N/dm)
13 37 330
14 55 515
15 66 3310
16 60 .| 10,000
17 58 2340

25
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Exanpl e 22 I n Exanpl e 22, nethyl enedi cycl ohexyl ene 4, 4' -dii socyanate was
fed into the first zone of a Leistritz 18 mm co- rotating twin screw
extruder at a rate of 0.190 g/mn ¢(0.000725 nol/m n) under nitrogen

at nospher e amnleansussiogeneous bl end of 25.0 5 percent by weraksso8sam ne A,
Lot 3, 5,570 nol ecular weight, and 75.0 percent by weight Diamne E, Lot 3,
50, 200 nol ecul ar Aei:ayi’oe,seanifwadthedaada'yahleﬁ :E:kampleelbis démusmetliaon and

havi ng a cal cul unber. ave 16, 700, was injected
into the secgﬁlﬁa{fcgmx i\ ea%e%f"’é‘%ﬁf‘?ﬁﬂftﬁ?s ﬁ@b?smeﬁfm 8 The

ext ruder hadeldatdnlbearﬁrrﬂiitxoﬁbhlb'xhghnyeﬁ"mtscngeesﬁdtﬁﬁsntxhilé)dw&}%ﬁ-&n hR entire
{1ength of the 10 barrel, rotating at 100 revolutions per mnute. The

tenperature mrsevede for each of the 90 nm zones was: zone 1 - 30[err]C
zone" 2 - 75[err]C, zone 3 - 120[err]C, ‘zone 4 - 130[err]C, zone 5 -
140[err] G, zExnemples 1852 err] C, zone 7 - 155[err]C, zone 8 - 170[err]C, and

endcap - 170[err] Ex%?é 1 ea
segnent ed copol yrr@r kg@%&pﬁgﬁa@&%&%@g&gﬁl@%@n datg%%%gf 70/ 30
t ol uene/ 2- pr&ﬁﬁwnn(\%m&nnumnuxmdhabwboﬁﬁeﬁmmea#‘ammmmm OV\A y stirred
over ni ght to.dj { copolyner .an rovide a, uniformsolution. A
‘coati ng was S‘%ﬁ?%ﬁ%ﬂfw 'gﬁ%rrg&fggg’fgﬁfr@fyrefmbdé"éim dhesi on was 97 N dm
The cgrrposi tngdnﬂkﬁm[sikﬁnidné Diainitie sa,e)oanr,nhaecuurwgmdaseso waahddeﬁa%ﬁb !tluaeljyf
extrude | si | oxane urea se ed copolyners derjve roma
bl end o poI %}&Wﬁtﬂ‘?& ﬁ%ﬁe@fp éﬁ“ﬁg&e?ﬂtmﬁl%ﬁs’m 20 bmelimind; . wei ghts
provide a prm%s&ans\%}eﬁm ﬁﬁ&kﬁesm@&@bﬁ%tmz%w&m&héntﬁ%%&m resinin

sol ution. Exanples 23 - I n Exanmpl e 23, Pol ydi net hyl si | oxané D am ne D,
Lot 1, 37, 8omﬁbtle@meamm€q g'&mtemmtﬂre@rcd'ﬂe&rmh@fﬂk 120 mgn zpne$ wag:0. 000595

ol /m n) i nt fored"0308c ond 2 3 559CE bdefe 330655, FoRUH ol 16' o 2O

counter-rotati ng extru
met hyl enedi cm°chd§hy keumapdydmwhﬂawmme @polgméreﬁredd& 0 206

g/mn (0,000786 m,n),.. i nt.o.zon t ed line |i
B Ushi gt hoWaRFARE 454 fecter” SRRRTBRY 08 hevipefy iy ek emed
doubl e- st art cagol r401 snrmswl Pdlin/ sBlEibAl 4. D8 fohRGE, 2Rl B4t gndienperature
profil e was: zon’gﬂ? err Conne H’SO[%H]C zone%2 EgO[err]C zone

4 - 130[ er r ] Were ptreduged 1 !ﬁsiafeglt%%ﬂOUle‘ml@rthf@P ashebtainat hr ough
30 10 and gafARomp aéﬁungaﬁai&maaa&am{ovﬁsmg%hﬁi{mgﬁ@fmwwe-a segnent ed

copol ymer product wasS coo and collected.” T
pol ydi met hy| terenbshalate filmasing a knife coater and allowed to dry at ambient conditions for 15

20 minutes followed by 15 minutes at 70°C in a forced air oven, to provide a pressure-

sensitive adhesive coating thickness of 50 pm (2 mil). 180° peel adhesion was 30
N/dm. '
In Example 19, polydimethylsiloxane polyurea segmented elastomer was
prepared as in Example 18 except that the methylenedicyclohexylene-4,4'-diisocyanate |
25  was fed at a rate of 0.26 g/min (0.00099 mol/min), Polydimethylsiloxane Diamine C,
Lot3, molecular weight 19,000, was fed at a rate of 18.1 g/min (0.000953 mol/min),
the screw speed was 100 revolutions per minute, and the temperature profile was: zone
1 - 30°C; zone 2 - 155°C; zone 3 - 175°C; zones 4 through 8 - 200°C, zone 9 - 220°C;
and zone 10 and endcap - 200°C. A pressure-sensitive adhesive solution was prepared
30  asin Example 18, except that the viscosity of the solution was adjusted by adding 7.5 g
70/30 toluene/2-propanol blend (by weight) to obtain a coatable viscosity. The
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segnent ed copol yner and 600 g tol uene/ 2-propanol (70/30 by weight) were
agitated slowly in a glass jar to form a pol ydi net hyl sil oxane pol yurea
segnent ed copol yner solution. Then, 81.3 g copolynmer solution, 14.2 g
SR-545 M) r esiwO 9635488 on, and 4.6 g tol uene/ 2- propanol ( 70/ 3®chpsvemsgiat )

were mxed to obtain a honngeneous solutlon Coatings were made as in
Exanpl e 18. PeqbiufishRal S pRRGS! Bédting RickERss' s Bl P 564 fOrth
in- Table 4. In Exanple 24, a pol ydi net yI oxa e polyurea segnente

copol ymer basedeplad innewas 58 N/dm. o adhe5| ve was made as in Exanple 23,
except 75.0 g of th | to. 16.2 g
SR- 545 sol ution andq'éﬁgﬁghéll%ﬁaqm?@r ten ?ﬂ%‘ry%%gg‘l EHW5H€¢@&£W0at ed as
in Exanpl e 23. (R@Qﬁlﬂﬁsncﬂ/nm)smd Polydinethylsilchkahé Diathinel I, Ikot 3,37, &Ooﬂﬁoleﬁlar

Bahosi ve. vad: mithbe P etinie DOSAT mofimiri e o podhe Eclons B LARRES) ut | o
adhesi ve wa ution
of - Exanpl e 23 mmﬂ@a@wtmwmmwhw@%ﬁo&aﬂ&m

-start
t ol uene/ 2- propanol,. The sanple was coated as in Exanple 23. Results are set

forth in Tabl e fally mﬂmdnsmmgbwtmmrﬂwmmhamebmmmgnem ed
copol yner base s n _Exanpl e 23,
except 62.5 g gﬁlfﬁﬁ;ﬁyg rrer soﬁ%ﬁ?ig'gﬁﬂoéﬁﬂx%r ?/vasmﬁltf‘(?g ¥4 20. 2
SR-545 sol uti orzopeti- 10°C3zgae20-77°€plzummopcomm4 1309€¢; marﬁl-ummat ed

oy xS, R Roohe PLE e ok sl et 1B Bt 1 v

adhesi ve was nadResk@ solatidnoRaNr as XERMpISLS, &&pﬂﬁat&ﬂ%d&iﬁ&ﬁi“@%@@' ution
of Exanple 23 was added to, 22. g SR-,545 soI ution and 21.5 g

t ol uenef 2- pr op3PYFENE/SIPFOPAY weightbwasadde %%4@03@16‘11@9%% Jhere set
forth in Table s&lut:&ﬁ‘w%&l@d%ﬁfbdu@etﬁ@%&é%di‘%%&é 8das B 5?83 ﬁﬁ,gment ed

copol ymer based pressure-sensitive ad e as I'n
except 50.0 g cplbeltaﬂhesmmﬂsymdmol utlon of Exanple 23 was added to 24 39

S S0 810 8B 7 SR G P st U O
prepared as in Example 18 except that the methylenedicyclohexylene-4,4'-diisocyanate
was fed at a rate of 0.060 g/min (0.00023 mol/min), the Polydimethylsiloxane Diamine
E, Lot 1, molecular weight 58,700, was fed at a rate of 13.1 g/min (0.000223
mol/min), and the screw speed was 50 revolutions per minute. 66.7 g of a pressure-

20  sensitive adhesive solution composed of 150 parts of the polydimethylsiloxane urea
segmented copolymer and 600 parts of 70/30 toluene/2-propanol (by weight) and 32.5
g SR-545 MQ resin solution were introduced into an 8 oz glass jar and agitated siowly
to dissolve the copolymer and obtain a uniform composition. A coating was prepared
asin EMple 18. 180° peel adhesion was 97 N/dm.

25 The pressure-sensitive adhesive tapes prepared in Examples 18-21 illustrate
that reactively extruded polydimethylsiloxane polyurea segmented copolymers derived
from polydimethylsiloxanes of a variety of molecular weights ranging from about 5,000
to 60,000 provide pressure-sensitive adhesives when tackified with MQ resin in
solution. As the molecular weight of the diamine used increases, the 180° peel

30  adhesion also increases.
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In Exanpl e 29, a pol ydi net hyl sil oxane pol yurea segnent ed copol yner based
pressure-sensitive adhesive was nmade as in Exanple 23, except 43.8 g ofthe
copol ymer sol ution of Exanple 23 was added to 26.3 g SR-545 solution and
30.0 g tol uenwadspsaspanol . The sanpl e was coated as i n ExanpPer/adsosassul t s

are-set forth in 5 Table 4. Table 4 Exanple % MQ Resin Peel
Adhesi on SBemnple22ep (N dm (m) 23 35 6.2
gb5 24 4% Example 22, methﬁé-xedlayclohexyleneA 4-ﬁis§by&§te was fed into théSO 27
55 first zone of a Lelstntz 18 mmzoretating twin screw e:gmder at a rate of 0.1901g/min

2.0 29

o
prepared in EXQT"%O 2% ’53”’5'5) u'fdleﬁ%'ﬁg%?‘ea up%sgperganvc\} %ilé&?%ne;&%s W&q (r)]ns
concent r at iSonspeédneby weightyDihmaink Af hfkéﬁ?bvﬁlgcuhx@exghteﬁm /ptresnt by | si | oxane
segnent et copoMsRBDBRES. by el Gelfcrtss wasRRbEd SR adv e ARt of WO
segnent ed copo nt o
tackifying resilcion@h® A 4 icahtedhmBér d@&rag@mblecmmve}gﬁﬁ oPRETO0Y Hasl €S

I ncreased. The shear creep increased with increasi amount s of MQ resin.
Exanpl es 30 - @iected into the second zomoas mpite oBbl.3 geniny (). m/mgvaam Di ami ne C,

Lot 1, 22,300
(8. 00116 nol / nT'h %Ign grd?{(‘)ﬁniée' &IWSS@@%%@F’%@ g%)h(r%e couér%'gg(r-rot ating

ful IhyI i nt Smresbix{]m rbtiatmg adoevcvgkmbnmrnmmh The temperature profile for each of the
' 4,4' 6
Tate of 0. 335 B RS W e for JEAPRn A 15 ook AT OBt RSP e

screws. The 20, netse-”il@"@tddﬁ@wiﬁ%l Sonk 9" 1smza§eshméé%mdda g17°Ces vas:

zone 4 - 25[err|C, zone - 50{err]C zone - 75[err]C zone -
120[err] C zonSvs&engmﬁﬂ[OGthe]pﬁlydmedlybd@caappolym&)iesml}t  copolymen, 28\ gefeed was

45 revol uti ons gRer,sRAULE: soiiof, a5 gl 0ROt MBI amb! Ve HiroBRled Hh§ 2

1S  aglass jar and slowly stirred overnight to dissolve the copolymer and provide a
uniform solution. A coating was prepared as in Example 18. 180° peel adhesion was
97 N/dm. The composition prepared in this example illustrates that reactively extruded
polydimethylsiloxane polyurea segmented copolymers derived from a blend of _
polydimethylsiloxanes diamines of two different molecular weights provide a pressure-

20  sensitive adhesive when tackified with MQ resin in solution.

Examples 23 - 29
In Example 23, Polydimethylsiloxane Diamine D, Lot 1, 37,800 molecular

weight, was fed at a rate of 22.5 g/min (0.000595 mol/min) into zone 2 of a Leistritz
34 mm diameter 1224 mm long counter-rotating extruder and

25  methylenedicyclohexylene-4,4'-diisocyanate was added at a rate of 0.206 g/min
(0.000786 mol/min) into zone eight with the feed line lightly brushing the screws. The
extruder was fitted with fully intermeshing double-start screws rotating at 50
revolutions per minute. The temperature profile was: zone 1 - 30°C; zone 2 - 50°C;
zone 3 - 80°C; zone 4 - 130°C; zone 5 - 160°C; zone 6 - 170°C; and zones 7 through

30 10 and endcap - 180°C. The polydimethylsiloxane polyurea segmented copolymer
product was cooled and collected. Then 150 g of polydimethylsiloxane urea
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segnented copol yner, 79.0 g SR-545 solution, and 193.5 g tol uene/ 2-propanol
(70/ 30 by weight) was introduced into a glass jar and agitated slowy to
obtain a WD 96/ 35458

PCT/ US96/ 05852 honpbgeneous solution. A coating was prepared as in Exanple
18. The 180 wesé/3sashesi on was 41 N dm In Exanple 31, pol ydcraspsmsss2 oxane
pol yurea segnent ed copol yner was prepared as in Exanple 3Q except that the

Pol ydi net hyl Séegﬂéﬁéfcn?g&mo End600!gabludne/Dpropait EE0Ry WaEH) Werdagithis Was fed

at a rate of 2 g 00114 nol/mn andthetetrarrethyl m xyl yl ene
di i socyanat e $eRlyinyglass jgr tp form 3(?"%’“36@'{#% PPU"GBWW/GﬁPﬂymﬂThen 48.0

g of polydi e | %qjo%; 7,
sol uti on, 186&%1)@05 Igﬁég?]g? Hglgﬁroslaﬁl?gg/q 3(?j%§ﬁf/\sg|ké|{|§§mvr\lesr§lggg (ﬁg{;’t 0 a
gl ass jar andga@melﬂfmopahd\mwobywbghn)wemmum@mbmlshmgmmmnﬁmati ng

Compos {1 6ns GReRes e Ruas i R amle 1f, Frd ohaBR paficcdol sl g T

di i socyanat esmmﬁamseefmdhqyublém preparing poI yd| rret hyl si | oxane poI yurea
segnent ed copol yners via reactive extrusion for use in polydi rreta@él si t oxane

pol yur ea segrrent e dn&xawple 24, a prlytirmethylsiloxanepolyures segmpented sapalyrper b
conposi tions aMQdﬁ@s%Qanﬂﬁdp (ﬁcopo@ggg%‘ %‘3 of the

pol ydi et hyl S?| oxane p urea segnente yner s bseq ent to the
pol ymeri zat i ocopotymehsplunqncnfﬁmple B wapadded 8016.2 g&RI-SﬂSBthm andR22 g75 g of

20 was vii0ed WHERLaBHAHARIT A e PE-IRI RO TR, SRRl R 2"
wei ght percen‘l‘abﬂeﬁet hyl si |l oxane units supplied at 70 weight percent solids

in tol uene, avail I fro Sh| Sjlicones of Anerica, |Inc., Torrance
CA) to form an hoﬁﬁﬁ‘ﬁ@ fF HY* Sloxanepohurea spempated coneuner Hased, Exanpl e

18 to forma ﬂ%&%ﬁieﬁaﬁ@ﬁhéﬁ%%%&éhﬁﬁﬁ&ﬁﬂe%t&c&'@%’s Wglfkrsi n. The 180
peel adhesion was 79 essure-sensitive

adhesi ve was mﬁmeéaplwm Qfﬁmplp%mga@kééq)i? 28 SB—@Sm&itgma@ Bhe MDD
t?SC\lfvle:c é;}[ﬁp;?@gﬁ:{x s\cﬂ'&%“é \r?%tb 0 éé;‘ggscaval I aﬁ%om%ﬁféﬁﬁ t's ugegfo colnlagdo?t
America, |nc. Tabledrance CA) was substituted for the MR 32-1
In Example 26, a polydimethylsiloxane polyurea segmented copolymer based
pressure-sensitive adhesive was made as in Example 23, except 62.5 g of the
copolymer solution of Example 23 was added to 20.2 g SR-545 solutionand 17.3 g
20  toluene/2-propanol. The sample was coated as in Example 23. Results are set forth in
Table 4.
In Example 27, a polydimethylsiloxane polyurea segmented copolymer based
pressure-sensitive adhesive was made as in Example 23, except 56.3 g of the
copolymer solution of Example 23 was added to 22.3 g SR-545 solution and 21.5 g
25  toluene/2-propanol. The sample was coated as in Example 23. Results are set forth in
Table 4.
In Example 28, a polydimethylsiloxane polyurea segmented copolymer based
pressure-sensitive adhesive was made as in Example 23, except 50.0 g of the
copolymer solution of Example 23 was added to 24.3 g SR-545 solution and 25.7 g
30  toluene/2-propanol. The sample was coated as in Example 23. Results are set forth in
Table 4.
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to form an honogeneous solution. This solution was coated as in Exanple 18
to form 30 a pressure-sensitive adhesive tape with 55% MDD resin. The 180
peel adhesion was 74 N dm WO 96/ 35458

PCT/ US96/ 05852 I n Exanple 34, a pressure-sensitive adhesive was prepared as
I n Exanpl e 32woxe23988 26. 1 g MOR-32-3 (an M tackifyi ng resPcThose/058528
wei-ght percent di nethyl siloxane units supplied at 70 wei ght percent solids

in toluene, avai |l alnExampladoch pelydimethylsiloxanepalyires segmentedocopolymer basatbr r ance
CA) was substi . - A2 . r s sol ution.
This sol uti onp}m%%ﬁg'g%@gﬁé g@’e%n%qegswg‘ggﬁm%%g?%@%ensi tive-

adhesi ve t ape copdtymérsélutiGiDof Bxample Z8was h8dedne 26.3 pBRS4 Hsohniva afid 300 gm
Exanples 32-34 jllystrate, that reactively extrude ol ydi net hyl si |.oxane
ol ybr oa SegmaMbeR B oTE saiabe pes Eondd S Bmin & gy "de 10
pol ydi met hy| sifagpeane pol yurea segnented copol ymer based pressure-sensitive
adhesi ves. Increasing anmounts of the dinethylsiloxane units in the MD

resin reduced the 180 peel adhesion, although each of the adhesives of
Exanpl es 32-34 exhi bited good 180[ err] Table 4adhesi on. Exanples 35 - 37 15

In Exanple 35, 40. 5 Beanipieod> N&MQRekH' "IPERRIMsSRT UT | SReaPCrtes® |+ 0 MR-
32-1 MD tackifyingiresin solution were nmmso forma(,{,ﬁj;ln sol jution.
33.3 g ofthis resin | 58730 ;ﬁ‘ine PO yOtTERRY T STTOXane

pol yurea segnent ed Z‘PUi YITET S 40ut1. Ot o1 mpre—zZU—V 6§LIICII ntxed to form
a honogeneous sol ut pop—+he—pr Wﬁﬁfc athestregetti+ot—jvas coat ed
as in Exanple 18 to =20 A+t \o—achas t hat was

3

applied to a polypr| 3tk 5 1 cm i L 7 cm
| ong, which had beepdfashed 3 ¥hes with [B%ropanol andildried as | n Exanple
18. Sanples were tep28&d for 180§err] peel]4ddhesi on aft ¢2.020 ni nutps dwel | .
180[ err] peel” adhesj{gn to the jog¥d ypropyl gy was 104 fm; I'n Exanpl e 36,
80.9 g SR-545 MQ tacKTTying resrn sofuation and /1.2 g MX 25 32-2 MD
tackifying resin solution were - mxed to forma resin solution. 33.0 g of
this resin sol uti ofhagempgitiongpreparediia Examples -2 ifiugratothataewidorange e
segnent ed cop : ' : ] , : tested
as in Exanpl e‘ilg?f?@%é&%g%hﬁ&@mﬁi@&ﬁé&ﬁ%&@eﬁ SHriiGsd pofydi BilisiaRte t €S

10  polyurea segmented copolymer to provide polydimethylsiloxane polyurea segmented

copolymer based pressure-sensitive adhesives. As the amount of MQ tackifying resin
increased to: 55 weight percent, the 180° peel values increased. The shear creep
" increased with increasing amounts of MQ resin.

Examples 30 - 31
15 In Example 30, Polydimethylsiloxane Diamine C, Lot 1, 22,300 molecular

weight, was injected at a rate of 25.9 g/min (0.00116 mol/min) into zone 5 of a
Leistritz 34 mm 8 zone counter-rotating fully intermeshing twin screw extruder and
methylenedicyclohexylene-4,4'-diisocyanate was added into open zone 6 at a rate of
0.335 g/min (0.00128 mol/min) with the feed line brushing the screws. The

20  temperature profile for each of the 160 mm long zones was: zone 4 - 25°C; zone 5 -
50°C; zone 6 - 75°C; zone 7 - 120°C; zone 8 - 150°C; and endcap - 180°C. The screw
speed was 45 revolutions per minute. 50.0 g of the polydimethylsiloxane polyurea
segmented copolymer, 79.0 g SR-545 solﬁtion, and 193.5 g toluene/2-propanol (70/30
by weight) was introduced into a glass jar and agitated slowly to obtain a

24



peel adhesion to pol ypropyl ene was 100 Vdm |In Exanple 37, 65.3 g SR 545
MQ tackifying resin solution and 55.6 g MR- 30 32-3 M tackifying resin
solution were mxed to forma resin solution. 32.1 g of this resin solution
and 58.3 g of the polydi nethyl sil oxane pol yurea segnented copol yner WO
96/ 35458 WO 96/35458 P@UTNSO6585852
solution of Exanple 20 were m xed, coated, and tested as in Exanple 35.

Peel adhesi onhdmogendoyp salitione Pecoating Bds piephred aElieEcangie $8.t Tlenk80ppeagar ed i n
Exanpl es 35-37.il.l ustrate that reactively extruded pol ydi net hyl sil oxane

pol yurea segniiiedop Wiy 6’ s can be tackified with 5 blends of MQ and

MDD tacki fying resinBxainfle310pclviimanylildkimpipoljutea sephrnrdRopolyha@avaegment ed
copol yner based pressure-sensitive adhesives. As |1 n Exanples 32-34, the

conposi ti ons Prepgsed asin Expmple RPexcepiihatdhePolydimetbsiloxanediamine G Lohb

di net hyl sig ox ' ' rfed]? g.[y%ﬁg 39 10
~In Exa?lrple5 38?‘Q%egp%y+%%gglg€%ﬁgﬁexy gﬁ?iﬁgﬁ‘?‘ég%ﬁgte wa ’?@éh? nto the
first zone of tetraméthylsmaxivlylea¢ diisbcyanate was fetiahg rateofi0.306rg/mindR001R%er havi ng a
40: 1 length: diajpeteryatjo. at.a,rat f, 0. 0590 g/ mn 4000225 nin)
with nit rogen“ﬁ%’pﬂé@e‘iz&ﬁ ﬁgdﬁﬁh‘ﬁﬂlgmlpggpgﬁme&%gﬁﬂéyﬁgﬂoégl,
37,800 nol ecuBRt5458blg1ién, 1363 gitthheie!2sropatioD(70/30 by aexilihe) were eddel teia plasse of 8.0
g/mn (0.000212 nol/mn). The 15 extruder had, doubl e-start full

i nt er meshi ng & prdiagitated Slowhiqiobtaie homogeneops slutiono A ¢OgHNG,WaAS RIFPAr¢dAS,t i ng at

100 revol i | ORSERGI IS Ui 1804 el ANBIARIS 48 Nyasf | | € for each of the 90 mm
75

zones was: zonhe = 30[err]C, zone 2 - [err]C zone 3 - 120[err]C, zone 4
- 130[err] C, zone Thecompopitions|ofExammples 3 and 83 glempnstrate thasaevatiety of 55[ er r ] C;

zone 8 - 170[err]lC. and endcan - ,170[err ' .

pol ydi met hyl s?‘l‘%&%ﬁ‘é‘%g‘%ﬁ? %’%ﬁ%‘éesﬁ%%‘{egad’"ggﬁ‘é’ﬁ%ﬁg‘gfsg%‘&p%ﬁ&%%@med by
vveihght t ol ueneéﬁallﬁﬁ@maedaﬁﬁﬂwﬁsi&yﬁomﬂéeghpblydifmmymﬂomfbpulgdnragﬁegmmdi to form
a honmopgeneous sol ution. Then 50 g .ofthis .copol yner ug i 15.9 SR- 545
MQ resin sol uPPEﬂ\Y,m%gﬂseQH%s‘ﬁ?‘F@%H% oSt @Bﬁ’ﬂém’t’? Z&?GLYJ&Q\@‘QW‘}&MH e

m xed, copyd edadfeado b ﬁminﬁhﬁdﬂoﬁe?ab&e@&m@bwmmmﬁuwmtlve
adhesive. In Exanpl e 39,7 a pdl ydi net hyl si | oxane pol yurea segnented

copol yner bas palymerization ofthe itive adhesive was prepared and tested as

i n Exanpl e 38 except the nethyl enedi cycl ohexyl ene-4, 4" -dii socyanate was fed
at a rate of Exdhplegse 84 (0. 000267

In Example 32, 75 g of the polydimethylsiloxane polyurea segmented
copolymer solution of Example 20 was mixed with 26.7 g MQR-32-1 (an MQD

20 tackifying resin having 2 weight percent dimethylsiloxane units supplied at 70 weight
percent solids in toluene, available from Shin-Etsu Silicones of America, Inc., Torrance
CA) to form an homogeneous solution. This solution was coated as in Example 18 to
form a pressure-sensitive adhesive tape with 55% MQD resin. The 180° peel adhesion
was 79 N/dm. _ _

25 In Example 33, a pressure-sensitive adhesive was prepared as in Example 32
except 26.1 g MQR-32-2 (an MQD tackifying resin having 5 weight percent
dimethylsiloxane units supplied at 70 weight percent solids in toluene, available from
Shin-Etsu Silicones of America, Inc., Torrance CA) was substituted for the MQR-32-1
to form an homogeneous solution. This solution was coated as in Example 18 to form

30  apressure-sensitive adhesive tape with 55% MQD resin. The 180° peel adhesion was

74 N/dm.
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mol /m n). Copol ymer nol ecul ar weight and inherent viscosity, 180[err] peel
adhesi on to pol ypropyl ene and shear strength were determ ned. The results

are.set forth in Table 30 5. WO 96/ 35458

PCT/ US96/ 05852 Tabl e 5 Exanpl e Copol yner Copol yner Peel Adhesi on
Shear Mbl ecul &096/35458her ent (N dm (mn) Weight PCI/US96/058520Sity
38 - 140, 000 1.3 38 - 147 39 840, 000
3.8 37  InExample 34,4 freffife-seasithveradhesive & pfeparall kbiia Elainplei3n Tabl e

5, -use ofthe adhesj C LN copgl.yner, havi ng the hi gher nol ecul ar

wei ght ( Exanpl 9@#62&584@3%%8@%% resig havipg tRecarhan did the

adhesi ve prepadinkthyisiloxah® tnitsQupplied st ROt p%&ﬂ@&!i&%@l%ﬂ&ravﬁﬁﬁﬁ'ﬁahﬁ 38) .
Ing co

Pavenent Mar ki ng, Conposite Lam nate La_ﬁq)ers Pavenent nmar nposite

| ami nate | ayer $ Fot&“ Silicones efAmericazdac., BormangaiG A3 wrosibstisuted FortheMQRe3RrNt ed
|y ' i.pat Rel | f | ci

carbonat e (111 SR horSpene 3 BiSod, 1nis I EH e DY of i Eratnle 5% 8005

EWV, ayai |l abl eafpressurésamsitiGpadhesiventaps witls 55% MQD fislic The 80Tpeebddhesionwar at i on,

M nneapolis, M Egﬁéﬁta were dried and extruded using a Killion single screw
extruder equi pS th a filmdie onto a carrier web of polyester scrim

BAYEX 15  XP 482 aEsinpia!3e-34imistrBd YK rdiiely dXftuddd gdBMinithyldiokdngi t €d, St.
Cat harines, Ontario, Canada, to forma 10.5 m| (267 'mcroneter) thick

sheet of conpo®Pleret srsmented sonolymersiackifisdayithayarious MQR-resing pravide er  web.
Pel | et f : = ' ' i | abl
el | ets of ;gNuc 56&dﬁ§&gﬁﬁ&%@&@yd?&t£ ré;}[%d ‘f"g@%‘g’y&%ﬁﬁﬁsﬁ@ﬁ%%ﬂ%r avai | abl e

from Dupont and Of | gnent™ concen anit um di oxi de
pi gnent in et hpdhesivesa dnoreasing amounts 67t dimethylsijoxane wii@ in thEMQD restraeuded/

88947, avail abl,e forom Di vi si on, of nt Chem cal Co ny,..Clinton,
Massachussett s }tfe r gee[‘l 10H ‘ﬁl?‘f’“&h 5@#%?"5&3@@?’% @%"B‘U‘eﬂg{g“ exhigitsd i y
di stributed pelgbéd 180° pbeladheibs N @ titani um di oxide content of 20% an EAA
content of '
Examples 35 - 37
15 In Example 35, 40.5 g SR-545 MQ tackifying resin solution and 36.4 g MQR-

32-1 MQD tackifying resin solution were mixed to form a resin solution. 33.3 g of'this

resin solution and 58.3 g of the polydimethylsiloxane polyurea segmented copolymer
_ solution of Example 20 were then mixed to form a homogeneous solution. The
pressure-sensitive adhesive solution was coated as in Example 18 to form a pressure-
20 sensitive adhesive tape that was applied to a polypropylene coupon, 3 mm thick, 5.1
cm wide and 12.7 cm long, which had been washed 3 times with 2-propanol and dried
as in Example 18. Samples were tested for 180° peel adhesion after 20 minutes dwell.
180° peel adhesion to the polypropylene was 104 N/dm.
In Example 36, 80.9 g SR-545 MQ tackifying resin solution and 71.2 g MQR-
25  32-2 MQD tackifying resin solution were mixed to form a resin solution. 33.0 g of this
resi_n solution and 58.3 g of the polydimethylsiloxane polyurea segmented copolymer
solution of Exaxﬂple 20 were mixed, coated, and tested as in Example 35. The 180°
peel adhesion to polypropylene was 100 N/dm.
In Example 37, 65.3 g SR-545 MQ tackifying resin solution and 55.6 g MQR-
30  32-3 MQD tackifying resin solution were mixed to form a resin solution. 32.1 g of this
resin solution and 58.3 g of the polydimethylsiloxane polyurea segmented copolymer
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20% and an EMAA content of 60% This m xture was extruded through a film
die onto a web of the conposite confornmable sheet material to provide a

pi gnented top 25 | ayer for the confornable nmarking sheet. This conposite
conformabl e marki ng sheet web was carried over the surface of a hot can
heated to a tWQM6RMSBre of 210[err]C., (e.g. sufficiently hoPCTESWEEY t he

pi giented top | ayer eri-al .40 a soffened, nearly nolten 6/ 35458
bCY USo6/ 05052 EenER Exemge 20 eft ied, 84, of e sl EBrle 35, S o
VWi | e i n cont acadhesibitot golyphspylenewans4 Nidm. el evat ed tenperature, gl ass

m crobeads (200 to O mcraopeters in.size, 1.9 refractive inde surface
treated wi tg’l UNI ON %&Pﬂ??ﬂsPﬁfffgﬁﬁmysag%ﬁusgﬁ*%??ﬁweﬁ ri et hoxy
si1ane) and smagitruded pélgdiMethbiloxhne Poliiea@¥gmidted’ dopolimels G be tadified with

sprinkled onto the hat surface of the top layer. The pignented top |ayer

with particles blandsiofMQ psdMQ fesinste proyidepalydimegiyisilexepe pelyurez by
wrapping it arog@ﬂ] | VL a 20, nl sec
(4 fpm so that eeh%grc%el es%%% s%@f—ﬁ?@ﬁe;ﬁé#n 5 %ﬁ%%%eig’a??gg’etﬂ%f t he
pol ymer and t hatomgusitions preparedusingMQEX resitsewith ledsercamotthtstolf ¢hepiiméthylsiloganehi | e
still in the near,| Jten_siate. . The web was then passed 10 over a
cooler roll to P'é‘sgﬁ{m'@h' sﬁh%*f}?qhﬁ??,‘bnt aining the reflective elenents and .
anti-skid particles in the top surface. The carrier web was stripped from
the | ower surf aExamplend8 edhposite | aninate sheet and the sheet was wound up

into a rolljeof conf omExainple38] MkthglefddRPéloheleflefieas 4t disdoyanatenwas fedintd the 15
A conposite | ayer of adhesive was prepared by saturating and subsequently

coating a fi broﬁ?_tm," an 8 maeristy FGFWESWVWWH &t‘mgpunbpnded
Pol ypropyl ene aléﬁgthm&rlﬂw J?‘i‘?ﬁ@éﬁo.b% g/mir @obbﬁg%%lnfxﬁr:)e\%ﬂgzﬁﬁégetrx WNE)h a

rubber resin presSure- sensitive adhesive as describe .

4,299, 874 whi chatmospheropysgs. Rolydintethylsiloxapg Dizgfinerd,de0s 1, 38000melpanar wesighky er  of
adhesi ve had a | I ' I osite
| ayer of rubber wraLeS n %?’é‘gg"&?’g?‘{sp ﬁéﬁﬁggﬂﬁgﬂ%g%@53@6@%}%’@@ ?ggrfhe

| ower surfalse obxtipiephesi doableatartfallcintenyashingd sérewptheotigheut shecentiredengtieof theri nat e

composi t . | ani n TN BHER SO0 Eadions PeERTRF-cI i TGPuRiare MRNS Fggachiz e ~
5,194, 113 whi chop g féies Was: 2beAl NSIPEE Forle -I78¢C12BAES - 120°C; zone 4 - 130°C;
zone 5 - 140°C; zone 6 - 150°C; zone 7 - 155°C; zone 8 - 170°C; and endcap - 170°C.
20 parts by weight polydimethylsiloxane polyurea segmented copolymer and 80 parts
20 by weight toluene/2-propanol (70/30 by weight) were mixed and agitated to form a
homogeneous solution. Then 50 g of this copolymer solution, 15.9 g SR-545 MQ
resin solution, and 34.1 g _tolueﬁelz-propanol (70/30 by weight) were mixed, coated,
and tested as in Example 35 to obtain a pressure-sensitive adhesive.
In Example 39, a polydimethylsiloxane polyurea segmented copolymer based
25  pressure-sensitive adhesive was prepared and tested as in Example 38 except the
methylenedicyclohexylene-4,4'-diisocyanate was fed at a rate of 0.700 g/min (0.000267
mol/min). '
Copolymer molecular weight and inherent viscosity, 180° peel adhesion to
~ polypropylene and shear strength were determined. The results are set forth in Table
30 5.
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Conposite Lam nate Layer D A conposite |am nate was prepared as in Exanple
5 of US Pat. No. 5,194, 113. WD 96/ 35458 _

PCT/ US96/ 05852 Conposite Lam nate Layer E A conposite |ayer of adhesive was
prepared by saturating and subsequently coating a fibrous web, 2.4
ounce/ yard[ eigds3é43® 9/ nferr]) REEMAY[err] nonwoven pol yestgrrgssenissdl e from
Reemay, Inc., AOd Hckory, TN, with a rubber resin pressure-sensitive 5
adhesi ve ‘as described in U S. Pat. ;ébfgg 874. The.conposite | ayer of
adhesi ve had a thickness of 15 nmls (3 r 1] The conposite |ayer of
rubber resin pr|&xsmple- |Copolymieve hQopolymes wojsPechadhesion Sheart he | ower ,
surface of a pdvenent revklesularbackinherentheet I(iN(ém) hat dimm)osed jn Table |
of U S Pat. 4,490, 432,| Weightr por af ¥iscdsgyei n py referenge, havingja rubber

| ayer with a thickness Jof 18 milsj(dA&) [err]jm and a viinyl top 1P | ayer
with a thicknegggof 2 tjog48,000/ s (pP3to 75 [efzgm, to pnayi de a fonposite

| am nat e sheet jwgl h an agﬁeb@bve Cp§iBeEd TOWET| AT ace. Hx3ppbes 24P to 47 In
Exanpl e 40, Polyadrmernyrsrioxane O amne £, Cot 2, notecutar werght 52, 900,
was fed at a rate of 15.5 g/nin (0.000293 nol/nin) into the first zone of a
15 Leistritz 34- éAscdn berseen from2bOdavarinl Tably 5 useraf ¢he adbesiveicantainingthes cr ew

extruder. SR- 54 r esi dr.ied as.in | e Q0 _zone two at
a rate of 15. 4°°85?’PH"‘V%"%'FHW&$¥FH¥“8 H%%ﬁ%?ﬂ’%f%‘%gwﬁ%%%s fed at
a rate of 8. O7dhedy/strenpth that) Qid4Re ddhesive piepatedivwithahe Rwer moRbulimieeightt r uder with
the feed line lightly brushing the screws. The extruder was fitted with

fully internmestP ampledBbughout, rotating at 50 20 revol utions per
m nute. The tenperature profile of the each of the 120 nm/| ong zones was:

zones 1 and 2 - 30[err 50[err]C zone
6 - 100[err]C zon«,} ]PQ err 8"% %hr%ﬁﬁnﬁ) err]C and
endcap - 140[err]C aTﬂBe“é @Pﬂﬁ? %’B‘Bi‘té YF‘ﬁWPraﬁ?ﬂe ollected to

provi de a pol YE'éxﬁﬁil drBiroSiokAR fORhYd BN ATIPSIOMers APRIYWES - based
pressure-sensitive *anghgésdl ve that ‘'was hot nel thg’gt abl e at 100% 25 sol i ds.

Thi's pol ydjmet a segrrent ed copol ymer - based pressure-

sensiti vqudh QX@J&\AE%&? %A-(V?éﬁl n .Exanmp 8 onto_the rubber resin

pressur e-sens itive Pellets of a calcium carbcﬂate ﬁlled ultfa low dens‘ty po]yethylene Spectmm
Color 1080906 EUV, available from Reed Spectrum Division of Sandoz Chemicals
Corporation, Minneapolis, Minnesota were dried and extruded using a Killion single

screw extruder equipped with a film die onto a carrier web of polyester scrim, BAYEX

15  XP 482 available from BAYEX Division of Bay Mills Limited, St. Catharines, Ontario,
Canada, to form a 10.5 mil (267 micrometer) thick sheet of composite conformable
sheet material on a scrim carrier web. Pellets of Nucrel 699 ethylene-methacrylic acid
(EMAA) copofymer available from Dupont and of a pigment concentrate (50% by
weight titanium dioxide pigment in ethylene-acrylic acid (EAA) copolymer,

20' Spectratech IM 88947, available from USI Division of Quantum Chemical Company,
Clinton, Massachussetts), were tumbled in a pail tumbler to provide a uniformly
distributed pellet mixture with a titanium dioxide content of 20%, an EAA content of
20% and an EMAA content of 60%. This mixture was extruded tﬁrough a film die
onto 8 web of the composite conformable sheet material to provide a pigmented top

25  layer for the conformable marking sheet. This composite conformable marking sheet
web was carried over the surface of a hot can heated to a temperature of 210°C., (e.g.
sufficiently hot to bring the pigmented top layer material to a softened, nearly molten
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adhesi ve coated side of Conposite Lam nate Layer C at thickness of 50
[errm (2 mls) to provide a pavenent marking sheet having a bottom | ayer
of pol ydi net hyl si | oxane 30 pol yurea segnent ed copol yner - based
pressure-sensitive adhesive. A release liner, 50 [err]m (2 mil) thick clear
pol yester, awgbbéhdsss as S TAKE- OFF[ err] 2402 avail abl e fr ompcrdhsisss235458
PCT/ US96/ 05852 Rel ease I nternational, Bedford Park, Illinois, was | am nated

to the polydi ”&{nhﬂioﬁ,icﬁﬁgﬁ&%ﬁ hBPih%(HB@é’arﬁ&%’W&‘l’d OL OWHIP I cBRa& vith the

! P .
pressure-sensitive adhesive surface. In Exanple 41, a pavenent narking
sheet was pr epkatean aighe elevatedtpmperatoresglassaviero Q@Omﬁ&mmmﬂymmmane

| ! St ; i ed
Do L he adheg v SR EE fiBe Fodl SPHTTON TAIBIDERY 216 S0P | ©
E>r<]anrpl Ie 3_2, ahafnmm-umhdﬁymﬂamhaﬂMpaqﬁgleMab?rﬁm bingBigf(BOGﬁmWﬂCigt

t he pol ydi et xane, pol yurea ment ed ¢o mer - base essyr.e-
sens!ot i ze édheé“%%%‘%’?éﬁ%é“@??ﬁ&gé‘m;?m 'iﬁs%?'}te%ﬁoa &t ! H‘Bﬁ%l?st e

Lam nate Layerobrddurficd WasHidiRamedst &ﬂeglﬁgl{ %Eirgiu%ﬁing lt%rdﬁhﬁgé'&t 43, a

pavenent narking sheet was prepare s In except t
pol ydi met hyl si tamwithethe wely moving stayspeed of0.02mise m)sestbat the particlesccouldensi ti ve

adhesi ve was cQal. A e | ' Layer A 15
at a thi ckness8 %ba%fg& P@?&#ﬁ%@gﬁfﬁ%ﬁoﬁ%ﬁﬁéﬁp&‘ggﬁ%ﬁ %%ﬁ@e‘ﬂ’g% mar ki ng
shleet was p.repaxr&dt dee&he’ par&ll esrmhbb' sgmilﬂheﬁqmyhhherpait_ y.du'hewﬁmmmmd

pol yurea segnent ed copol yner - s rLessure- sensitiye esive was.,
prepared v th PYRE aﬁ&?ﬂ%ﬁ%%@i‘& ﬁﬁﬁbf@?ﬂ%&ﬁ%@%ﬁ@@%‘ rate
of 18.4 g/mn ﬁaacl&ﬂﬁtﬁeabﬁmf&eedtsy@ahm_e\aeumg&ﬁ@amthsm@efmewﬁaef ed 20
at a rate of 0.072.g/mn (0.00027 mol/mn). In anpl e 45, a pavenent

mar ki ng sheet opmpqgsiteleminate sheetiand the shast waswoundwipintoatiell piopfarmablery| si | oxane
pol yur ea segmeg,%‘q%, éﬂg&l ymer - based pressure- sensitive adhesive of Exanple
44 was substitute or that of Exanple 40. In Exanple 46, a pavenent

mar ki ng sheet s prepared as in _Exanple 42 25 except the

pol ydi net hyl si %K‘Hﬂ%‘e&ﬂ'ﬂﬁ‘é&% nt ed copol yner - based pressure- sensitive
adhesi ve of5 Exanpl eA4ompesite daybisofi adbesive was prepared by sahiratingznd sukBequently

coating a fibrous web, 1.6 ounce/yard® (57 g/m®) Typar Spunbonded Polypropylene
available from Reemay, Inc., Old Hickory, Tennessee, with a rubber resin pressure-
sensitive adhesive as described in U.S. Pat. No. 4,299,874 which is incorporated herein
by reference. The composite layer of adhesive had a thickness of 16 mils (400

20  micrometers). The composite layer of rubber resin pressure-sensitive adhesive was
faminated to the lower surface of Composite Laminate Layer A to provide a composite

laminate sheet with an adhesive coated lower surface.

Composite Laminate Layer C
A composite laminate was prepared as in Example 8 of U.S. Pat. No.

25 5,194,113 which is incorporated herein by reference.

Composite Laminate Layer D
A composite laminate was prepared as in Example 5 of U.S. Pat. No.

5,194,113.
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In Exanple 47, a pavenent marking sheet was prepared as in Exanple 43
except the pol ydi net hyl sil oxane pol yurea segnented copol yner - based
pressure- sensitive adhesive of Exanple 44 was substituted for that of
Exanpl e 40. 30 The release liners were renoved from sanpl es of

di mensi on 304wome3$4s80 cm (10 feet by 4 inches) of marking shERUSI6HS8S2
Exanpl es 40 - 47 and these sanples were . WD 96/ 35458

PCT/ US96/ 05852 @gmpdsirel LomirmteDayer Et € pavenent surface having a tenperature

of -about 1[err]C (34 L? g % I ' Iﬁ%@i using a
3M Rol | er Tanper Car‘f Iﬁg%g L -g&g\glig%?%{#%%o t ?@%ﬁ%ﬁ?&éﬁ@t Paul ,
M nnesot a) Wi t hcaatifia Rbrog@éb, Ridsquntedyntid’ (85 @/mt) REEMAY B ioherovenr polyestersheet s
of - Exanpl es 40 t hy 47 to d nt ) cell.ent. The ..

pressur e- sensi t ¥ yoi%h@%ﬁﬁ?ﬁgﬁh‘@%ﬁ%“@éﬂm@mﬂﬁn’tﬂﬁ‘f%ugh 47
exhi bi't ed sur pridhisiel a6 defibed A TKS. TRE NRAD9983€ The dofipdsiitdayePof ddfesienCr et e
pavenent surface at the low tenperature of 1C (34[err]F). Exanples 48-59 In

Exanpl e 48, t hehada thigkmess ofydSonils(R &im)s oThe compositedayerofaubben resinpressurrased - 10

he rel case coal e RERE s ampaBlofog p DR LA balom it /7 0,
of 125 [err] m (sheedlike xhat disclesed iriTabld IasfSH.S. Pire4, 49048 25kictrpblafed|herein byl 022

Rel ease Liner, avyail ahle from 3M Conpany,, St. Paul,. M nnesota, ,was
| aninated at th W=t*ﬁ"‘f‘&é"éh§lﬂfla¥,%"’b‘ﬁ aithieknspsof 48 mils (450w 309 & vihoRi ve. A

Conposi te Lgm ngt& Wi i ' | itd Pmingtey hand
at |ight pressufﬁ% fog%/ gﬁg%@?@ﬁ?é&r r iim ?%%B%ngﬁﬁgim%oaned acrylic
pressur e- sensi t $heet withasidbesivecoated loweFaufacdape Y4253 Type 40 available from
3M Conpany, St. Paul, Mnnesota, to produce a layer 3.5 nm (140 mls)

t hi ck. The Conpgsihpies 203t € |'ayer was | am nated by hand to the bottom

Svai 126l 6 from sm 2o SXEdn, Pordh bRt bigins B0 BRRVERER C7
2402 rel ease | i 5Ep00)aas fedat &caté 60153 mis(Od00233 Mmbl/hiEintothy flishidneyfai | oxane
pol yurea se rreni‘e_d .copol r- baslsg Frgssure- sensi tive, adhesive anfc.js t he

pressur e- setvsi t HHEHT & RECQUBtefFRLAtNG ey PaRudero SR e
Conposi te Lam nsdsMpssin, diell a6 iEkainplel7Rasiol kiR6 R0 aPa REOSFIS gmitdv eNENt

mar ker having a_bottom | aégr ol ydi net F1y| si | oxane pol yurea 25 segnent e

copol ymer - basedMsthylepedieye ene-34'-diispeyanate wayfed abaratref 975 aanin (PP0029

mol/min) into zone six of the extruder with the feed line lightly brushing the screws.

The extruder was fitted with fully intermeshing screws throughout, rotating at 50

20  revolutions per minute. The temperature profile of the each of the 120 mm long zones
was: zones 1 and 2 - 30°C; zone 3 - 35°C; zones 4 and 5 - 50°C; zone 6 - 100°C; zone
7 - 170°C; zones 8 through 10 - 180°C; and endcap - 140°C. The extrudate was
cooled in air and collected to provide a polydimethylsiloxane polyurea segmented
copolymer-based pressure-sensitive adhesive that was hot melt coatable at 100%

25  solids.

This polydimethylsiloxane polyurea segmented copolymer-based pressure-
sensitive adhesive was coated as in Example 8 onto the rubber resin pressure-sensitive
adhesive coated side of Composite Laminate Layer C at thickness of 50 um (2 mils) to
provide a pavement marking sheet having a bottom layer of polydi_methylsiloxane

30  polyurea segmented copolymer-based pressure-sensitive adhesive. A release liner, 50
pm (2 mil) thick clear polyester , available as S TAKE-OFF ™ 2402 available from

¢q



1022 Rel ease Liner was renoved fromthe | ower surface of the pavenent

mar ker and replaced wth a further sheet of S TAKE-OFF[err] 2402 rel ease
liner. In Exanpl e 49, a pol ydi net hyl sil oxane pol yurea segnment ed
copol yner - based pressure-sensitive adhesive was coated on a rel ease liner
as in Exanpl ewiBoemsssgsa 30 second rel ease |iner was | ani nat 0T/A896[08852ni p
to_the surface of the pressure-sensitive adhesive as in Exanple 48. The S

TAKE- OFF[ err] serlﬂ ﬁgm% ;ﬁgp{% B &%ﬁk&%isﬁ?:%?% yﬁ'} 6/ 35458

PCT/ US96/ 05852 e surrace suretsensi esive and the
pressur e- sensi ipolydinetiyisiioxase paipurtasegmentedicdpolymrebased pressureessinsitiveciibesivee
coated | ower surf.ace of SCOTCHLANE[err] 620 Series pavenent marking tape
avail abl e from%npany, 'St. -Paul, Mnnesota, to provide a pavenent

marking sheet. 5  InExamplel41 a phbetieht i skdet WaslpteparédsRERarhp1E40 WaS
renoved fromthe | ower surface of the pavenment marking sheet and the

conposi te |%&ni eueept thapelydimethylsiiosang polyysea seementedeapelymerrbasad BERPRNER-t traffic
bearing pavene N %mg gag mﬁq ' e‘F‘L hRE1 =47, except
that the air tggrrperé ure was %@ou Qb{iedrﬂr fa%%ga?%%égaveneﬁ?&gé%tgce
tenperature wadlamimteLa3&Brr] C. After six days, the marking sheet was 10
peel ed fromthe pav nt surface at a peel angle of 90, degrees .at_ a
constant rate of 47.?%%&?? ’(‘Wef‘mﬁ'gg‘gﬁﬁ???we?ﬂgdﬁégﬁxmﬁé?ms
measured. The Reedpt firpeRditthykilSmhe folplirédRepneitbd topoBmehbased pressuresi dt h) and
t he pavenent surface under the marki n% sheet ﬁas ry_on repoval, of the

mar ki ng. | O Ex AAsitive gdhesivgwas epatad ontosthe alupsinugtfod side Af Compsite Lamingigs 1 ed at
a rate of 15 {Qﬁﬂ ] a Berstorff 25 nmdianeter 737.5
nm | ong co-rot z}%?’%g’?{w n ]s‘%érg;égvf@{lﬁjgfe@is)'%l ydi net hyl si | oxane Di am ne G
nol ecul ar wei ght 10%n BRéimplew3; aipayenehtoiarkingshesd was prepared asdin Exsmplefl0 9. 35

/mn (0.0000890 nol,/m n),. | enedi cycl ohe enes 4, 4' -di,i socyanat e was
2ot t o rate ot B Bebimelarenn Sk SR oD EHE BT ¢ he
extruder wth tsegitiveadhdsive was Edatédyonks the ldvid sifike 88Compasite Demindie L agertA uder

was fitted with fully intermes |% doubl e-start screws throughout, rotating
at 125 revdP ut jaba thigkaessof 323 vm (FREsk enperature profile of each of the 125

and 3 520 zone. 4k Exael A5 abelBRchP g S et BRBurkd s g xR ) 2P0%S T
endcap - 170[ erexpept thEipolydimethylsiloxanepelyurensegthentad sopolvaest-basst iprassuser t o
provide a poly %'e%i&%ﬁésivgw SreBﬁ'lety With the following modifications. The MQ resin was
o fed at a rate of 18.4 g/min and the methylenedicyclohexylene-4,4"-diisocyanate was fed
20  atarate of 0.072 g/min (0.00027 mol/min).
In Example 45, a pavement marking sheet was prepared as in Example 41
. except the polydimethylsiloxane polyurea segmented copolymer-based pressure-
sensitive adhesive of Example 44 was substituted for that of Example 40.
In Example 46, a pavement marking sheet was prepared as in Example 42
25  except the polydimethylsiloxane polyurea segmented copolymer-based pressure-
sensitive adhesive of Example 44 was substituted for that of Example 40.
In Example 47, a pavement marking sheet was pfepared as in Example 43
except the polydimethylsiloxane polyurea segmented copolymer-based pressure-
sensitive adhesive of iixample 44 was substituted for that of Example 40.
30 The release liners were removed from samples of dimension 304 cm by 10 cm

(10 feet by 4 inches) of marking sheets of Examples 40 - 47 and these samples were

47



25 segnent ed copol yner - based pressure-sensitive adhesive that was hot
mel t coatable at 100% solids. This pol ydi nmet hyl sil oxane pol yurea segnment ed
copol yner - based pressure-sensitive adhesive was used to make a pavenent
mar ki ng sheet in the manner of Exanple .40, coated at a thickness of 76

[err]m (3 nmwiogersssag 0 t he adhesive coated | ower surface of WIHGRISPISE2
Lam nate Layer E. WO 96/ 35458 :

P 0,000 bl 4 AAR BBy AR P BB EPGhapy o o 17

copol yner - basgié sy F%ﬂér@tarﬁp%ﬁ&gdmsvﬁlea(ﬁfa:aluﬁﬁgu@MRﬂlﬁ'Ednp&(hnt(hodﬂness of

as 1 n Exanpl dUBG dgvaibt S0p 5 ok Comeeng St B Erprret] w0 EGRE ' P

segment ed COoRgid/ "Fie-adRcsRA oPHR srﬁaesrmmdb@&bu 4735 deppivesierant o t he
adhesi ve coated Iov?/er surface of AVARK[ err] 5730 Serl esEEavenﬁent ITB.I’kI ng

sheet avaPl abwvas exceﬂmts Whemressure-sersitive mﬂvesmfﬂpmhag shepts

pavement nar g&arehat the
pol ydi net hyl ‘sﬁ‘% ane po@%?‘néﬁﬁ%ﬁgo op yIer - g nhg'gﬁ?gs&;tﬁr e- sensitive
adhesi ve use mmwmmm@pmamrc(zmw ate of 11.4 g/nmin. In
Exanple 54, a paverrent mar ki ng sheet was prepared as in Exanple 53 except

t he pressure- g@dhesi ve was coated at a thickness of 32 [err]m
(1.25 mls). e he .rel ease, liner,.was stri edfr surface
of the paverrent 1 Eﬁ‘ﬁ?‘ iﬁdh%mgﬁmﬁﬁﬁ X35 PIvRIEFa sqgmen é’gg?} Sitive

adhesi ve jgur f ﬁuﬁ%@nﬁﬁwwnesmsesxmlﬁmw&mebwmmﬂpmmm thIMeasé ectron
beam source was a 300 KeV El ect{;Npcurtal n avail abl e from Energy._Sciences,

| ncor por at ed, coatediside of FERAKE-OFE S 62402 relpas liner abthickngss ob25inmy (onldod kv, a

") 2E O o ot A A S 8L BB e 3 {0 v 0

pr essur e- sensChinpgyaSthP&il \Minné¥btaCivas Jasindied at 1he nipao Itiml sarface dof theqrressie-
TAKE- OFF[ err] 2402 was _ | am nat ed t%ﬁ"& ressure-se i ve adhesive surface
of the paveneffnsifys sdhpsives fEompasite CERasyCP YB%W‘ {OFFE | ng

sheet s ofysxagphga aﬁﬂ@%ﬂzes;uﬁéﬁﬁp&w@m 7441 (33 )RRk bainet Glrgil TN beam

radiation as In r’r% mar Ki n eets 152 cm by
10 cm (5 feet pt;;suqe—sensumdhq&mmﬁcryhc Foam Tape Y4253 Type 40 available from3

Company, St. Paul, Minnesota, to produce a layer 3.5 mm (140 mils) thick. The
Composite Laminate layer was laminated by hand to the bottom surface of the marker
body of a 3M Brand 280 Series Raised Pavement Marker, available from 3M

20  Company, St. Paul, Minnesota. The S TAKE-OFF™ 2402 release liner was peeled
from the surface of the polydimethylsiloxane polyurea segmented copolymer-based
pressure-sensitive adhesive and the pressure-sensitive adhesive was laminated to the
bottom surface of the Composite Laminate layer attached to the marker body to
produce a pavement marker having a bottom layer polydimethylsiloxane polyurea

25  segmented copolymer-based pressure-sensitive adhesive. The 3M SCOTCHPAK™
1022 Release Liner was removed from the lower surface of the pavement marker and
replaced with a further sheet of S TAKE-OFF™ 2402 release liner.

~ In Example 49, a polydimethylsiloxane polyurea segmented copolymer-based

pressure-sensitive adhesive was coated on a release liner as in Example 48 and a

30  second release liner was laminated at the nip to the surface of the pressure-sensitive
adhesive as in Example 48. The S TAKE-OFF™ 2402 release liner was peeled from

4/



Exanples 50 - 59 were applied to an asphalt pavenment surface. Ar
tenperature was about 32[err]C (90[err]F) and the pavenent tenperature was
about 38[err]C (100[err]F). The sanples were tanped as in Exanpl es 40-47.
About one hour after application to the pavenent surface, a 30 cm (12 inch)
| engt h of eackowvssisssng sheet was peeled fromthe 30 pavenmor/ises/ssase at a
peel angle of 90 degrees at a constant rate of 47.5 cmmn (18.7

i nches/ mn) a : : s el test
o WO 96/ g@ﬁglgﬁcpgﬂlhe bREsfe-WRsHVERRNiVe dnd MelprlssiniRenlfitl SdheliDEwRE

PCT/ US96/ 0585 2lamingted tethe rativer resis adhesive todted lower surface of SEOTEHLANET 6261 ce

Force o Tuiehprgisictlls 008 ejiihe AR Pomb@sCrmt Mimesci b, U o0

Ib/4 i nch wi dtﬁroﬁﬂeapavemenﬂmﬁﬁng sheet. 3 0.84 1.9 51
0. 88 2 ) 1. 52 10 2.5

1. 06 5 9 4 53The3M SCO%C%AKN 1022 re&agéiner was removed]ﬁ-%the lower 3 4 54
-1.32 Ssurface of the pavement nfafking sheet and theLomiposite laminat péément marking 2

0.75 surfjos of the pavemen} afking sheet and theSomposite lamin gpdvgment marking <, -
1.10 2tape was applied to an@sphalt traffic bearing pavepgent surface and t@nped into place 3 -

1.28 2,9 . 2 2.6 5
The data in Taﬁue’%%"gﬂ(e)svﬁot'%%&nr%m?‘ﬁﬁhes eﬁegngero e 'éltsél%éfkgﬁﬂ}eo have very
stabl e peel f opaemett!sirfsce tentperdtire wasabout 28°( cAfter dix diys tivwidrking sheef wiswo 30
cmby 30 cm (12 {nch by 12 inch oncr et tio blocks 5 cm (2 inches)

t hi ck mréwsanﬂﬁeaﬁ%%?aa ré°°f4té§ﬁ§§ \ Mﬁﬁ@r‘@?ﬁgﬁﬁﬁeg gregat e.
Bot h bl ocks wegps eiymif (18, Rinchiea/in) MU BR jkifbRe Was ARRLAN! MHE pbel fordd Wiy | C 10
(70[err]F). Pieces 30 cm (12 inches) in length and 5 cm (2 inches) in wdth

of pavenent matfilhNicapwidthB-325Hnt movidth) antths pavement supfpneivaderithe t he top.
R e g AL R
bl ocks was conpl et elnExampe59c8R-SAS MQ resin, dried as in Example 1, was fed at a rate of
15 9.35 g/min into zone 1 of a Berstorff 25 mm diameter 737.5 mm long co-rotating twin
screw extruder. Polydimethylsiloxane Diamine G, molecular weight 105,000, was
injected into zone two at a rate of 9.35 g/min (0.0000890 mol/min).
Methylenedicyclohexylene-4,4'-diisocyanate was fed at a rate of 0.0403 g/min
(0.000154 mol/min) into zone six of the extruder with the feed line lightly brushing the
20  screws. The extruder was fitted with fully intermeshing double-start screws
throughout, rotating at 125 revolutions per minute. The temperature profile of each of
the 125 mm long zones (except for 112.5 mm ione 1) was: zone 1 - 27°C; zones 2 and
3 - 32°C; zone 4 - 50°C; zone 5 - 100°C; zone 6 - 160°C; and endcap - 170°C. The
extrudate was cooled in air and collected to provide a polydimethylsiloxane polyurea
25 segmeﬁted copolymer-based pressure-sensitive adhesive that was hot melt coatable at
100% solids. This polydimethylisiloxane polyurea segmented copolymer-based
pressure-sensitive adhesive was used to make a pavement marking sheet in the manner
of Example 40, coated at a thickness of 76 um (3 mils) onto the adhesive coated
lower surface of Composite Laminate Layer E.
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tub of water. The second bl ock was placed in a tub of water with the water
| evel such 15 that the 5 cm (two inch) thick bl ock was hal fway i nmersed
in the water, i.e., the water depth was approximately 2.5 cm (1 inch) to
allow the water to percolate through and saturate the block, but not to
cover the toposassassce of the block to which the markings wecwusedsshed.
Af-ter about two hours both bl ocks appeared to be saturated with water. At

that tinme, the ad WAS. ass ed 20
gualitatively by @#&%ﬁ?‘%b’e& %h@ﬁ%ﬂéﬁﬁeﬁ F:&e #%mfﬁxﬁ@&’g 6’Each of the
pavenent nar km@tsmmowmoﬁhe payuﬁﬁsegﬁmeadckpumr-wsea pressuné-f aces of
each bl ock and exhibjted Soyngatgc§5| stance to _bei ng)épeel ed. WO 96/ 35458

PCT/ US96/ 058550l e ans ate thigknessof 38 vy (125 i8kent mar ki ng sheet s
were prepared b r egnent ed
prep Y OR¥khhigle $2 dmmgﬁﬂag&% WJ“%M (g;etdfn pié 5369

copol yner - based pressure-sensitive e app 0 the adhesi ve
coat ed | oder wpptahaéﬂlem‘olydmetmﬁomeeabuma Segmented kopolynendesed pedssare-al s

Bampi o 0. TIRSHABRE a8 Pt S SoRr 8 Apa 0% s hive

adhesi ve and mmmmmm&:amle%hmcsﬁw g paabl ¢ 7 Exanpl e

Pavenent Mar k] Pr essur e- Pressure-Sensitive Sheet Materi al
Sensitive Eﬂﬁ%si ve Thi ckness Adhesive 60 SCOTCHLANE[ err] 620
Exanpl e 42 Fample'55 faveribd: 3 sheetwasﬁﬁ%%*hémﬁiﬁﬁ: le 5620 'Exanple -
42 32pm ( n?l Gé b Exanpl e 42

32[ err] miQ1. wonvtltbgt ﬂ&@olygmeth)gﬂmmphme; sasrented copolymer-baseg |peessiire-

ool er 1 m (L S e AL B . 1

(1.25 mls) 66 In ExarhpibvSRI4 pavemert Sikrking sheet wasprapated aél&ExampEE[Serr] m(1.25 ",
mls) 67 ST RK[ err 32[ er 25 mls)
10 | N®ER grglsgg;— ‘“"§éﬁb‘f%’§“@?°‘?ﬁ"&f’eﬁﬁém’%ﬁ?ﬁ i -erial s

of Exanples 60, GZIn%Qm?l%’SSrt‘ﬁé PéfGabd ek Was $85pRd Hehi 1RE hiRehol BF Ré ssJefneﬂ beam
irradiation as in Exa
15  marking sheet of Example 50. The pressure-sensitive adhesive surface was then
exposed to electron beam radiation. The electron beam source was a 300 KeV
Electrocurtain available from Energy Sciences, Incorporated, Woburn, Massachussetts
with 2 voltage setting of 200 KV, a line speed of 7.6 m/min (25 fpm) and the current
adjusted so as to provide an electron beam radiation dose of 3 Mrad to crosslink the
20 pressure—sensiiive adhesive; After irradiation, a release liner, S TAKE-OFF™ 2402
was laminated to the pressure-sensitive adhesive surface of the pavement marking
sheet. ' .
In Examples 56-59, the pavement marking sheets of Examples 51-54,
respectively, were subjected to electron beam radiation as in Example 55.

. 25 Samples of marking sheets 152 cm by 10 cm (5 feet by 4 inches) from
Examples 50 - 59 were applied to an asphalt pavement surface. Air temperature was
about 32°C (90°F) imd the pavement temperature was about 38°C (100°F). The
samples were tamped as in Examples 40-47. About one hour after application to the
pavement surface, 230 cm (12 inch) length of each marking sheet was peeled from the |

30  pavement surface at a peel angle of 90 degrees at a constant rate of 47.5 cm/min (18.7
inches/min) and the pee! force was measured. After two weeks, the peel test was
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55. Sanples 152 cmby 10 cm (5 feet by 4 inches) of marking sheets from
Exanples 50 - 70 were applied. to the edge |line area of an asphalt roadway
pavenment 15 surface late in the fall season. Air and pavenent
tenperatures were about 9[err]C (45[err]F). The sanples were adhered to the
asphal t usi nyadsBs4ssocedures as in Exanple 40-47. After 5 nPER/BS6RS8SdDsur e
through a winter season in Mnnesota, the marking sheets of Exanples 50 -
70 were in pl agp%a@adrwﬂeku:@@bﬁmﬂaﬁd%h&ekp@eﬁwexﬁwsﬁé&.&ts§>é ghil 20

In Exanple 71, "MQ resin powder containing less than 1% toluene (G=
Silicones, rilabledl 1170-002, |ot EF002) was fed at a rate of 30.1 g/nin
into the back portion of zone 1 of a Berstorff 40 nm di aneter 1600 nm
l-ength corotating twin screw extruder ’ggﬂlégl ydi net hyl si | oxane Di am ne D,

Lot 3, 34,800 .onlecul wei aht

PCT/ US96/ 0585 lef i at dnitiakP n Tve Wi 1Fere¢ ni n) into the
forward porti¢n of zoh&N/im widthi k th#4 inclotvidtl) M \elbirinchBESHODUR N- 3300
(pol yi socyana{s® Wi th NE® equi valzent wei ght {m84 195, Bayer, Pittsbjrgh, PA
15205) and 90[qyarts Diggger ght npt hyl enedi cyggphexyl engg4, 4" -di 1 s¢cyanat e
was fed at a (@Fre 0O {1433 07 M B3 {U. OUL7Z By gg €qUI VANERTS NOT mim) into
zone 8 to proygde—an Wlﬁﬁlldsls)m J.UU 1.40 00- Th HIIbULydlldefeed

| i ne was pI ac ctos *32 tHre—sT v-tir-eads i rr—Exa 5T + e start
filly intermefro—scrEis—rotatne o PN AcAm=lana f’ Pet— wer e
used t hr oughogt=—t-he—e: - . profile -
for each of ti¥ 160 m Qﬁ%ugml g ]C, -zone 8
- 60[err]C, z@le 9 - [ @92 180/ ed2dC endcapland

mel t punp - 18@88err] C. {132 resul b28ensi ti Wd%adhesi ve Jas

col l ected and}ssol uti oft.x¥oat ed a IMExarrpI d2.6. Peel stdength was
44 N dm Exanple 72 In Exanple a pol ydi net hyl si | oxane pol yurea based

Il
L)UUTJI
At ’

T3
ot &,

ot
AL

P-SP-N

zaones 1 LﬁJL Rﬂre_:_u
23ne 10
3ant _pressur
2 slescri bed

(2,

8§nn s _\\Aa

Werr]C

pressure-sensitive_15

a mxture ®f 10 parbedyyinka
equi val ent weiggife fabl fo%Zvﬂ%&th?&&&W&h

wei ght et hyl enedi'cycl-ohexyl

0.226 g/nin (0.001

adhesi ve was prepared as_in Exa

ene-

4,4' -

| e
blgf shomihe matking shesty gfﬁsrew%g@émw
od.PA 15205) and 90 parts by
dii'socyanate was fed at a rate of

except that

¢ NED

e surfacesofawe 30 m(by@pp;)n {13 inch by 12 mch) concrete patio blocks

5 cm (2 inches) thick were sandblasted to expose a fresh surface of concrete and

aggregate. Both blocks were dry and at room temperature of approximately 21°C
10  (70°F). Pieces 30 cm (12 inches) in length and 5 cm (2 inches) in width of pavement
marking tapes of Examples S1 and 56 were applied to the top surface of each of the
two concrete patio blocks and tamped in place using a 3M Roller Tamper Cart Model
RTC-2 loaded with 200 Ibs (90 Xg). One of the blocks was completely immersed ina
tub of water. The second block was placed in a tub of water with the water level such
15 thatthe Scm (two inch) thick block was halfway immersed in the water, i.e., the water
depth was approximately 2.5 cm (1 inch) to allow the water to percolate through and
saturate the block, but not to cover the top surface of the block to which the markings
were attached. After about two hours both blocks appeared to be saturated with
water. At that time, the adhesion of the markings to the _blocks was assessed

20  qualitatively by manually peeling the markings from the blocks. Each of the pavement

| marking sheets Examples 51 and 56 were adhered to the surfaces of each block and
exhibited some resistance to being peeled. '

47



provide an NCO NH2 ratio of 1.00:1.00. The resultant pressure-sensitive
adhesi ve 20 was col l ected and solution coated as described in Exanple 1.
Peel strength was 44 Ndm Exanple 73 In Exanple 73, a filled,

pol ydi net hyl si | oxane pol yurea based pressure-sensitive adhesive was
prepared awopsdsissple 71. M) resin powder was fed at a r @CEUsh6/dass2c 25
g/mn. Three parts by wei ght Pol ydi net hyl sil oxane Diam ne D, Lot 3,

nmol ecul ar j gh , was mi.xed with 4 parts by wei ght A1203 powder and
fed at a rat /min (0.000697 npl diam ne/mn).

Met hyl enedi cycl oﬁeﬁweﬁesép-@,menmﬁ kiag shegtsvere prepared:by eoating)yarigus 83 g/ ni n
(0.00699 nol 1.00: 1.00.
The resul tar#dﬂpﬁ‘g%déﬁu%@xég%gyﬁe\&/g a(f}Elke&sl ?&%%%%%%ﬂg&égﬁ ®in hot nelt
coated as de@hemmurmpﬁ(drtpltheﬂheshe@batedlowegsmfamf&aﬂouhbpakrmeimer mal WO
96/ 35458 PCT/ l{§96/ 05852

conduct i §i t yarkieg sheet patstials evpilable.from M Gampany, St Beul, Mippsseta, v simlar

el ast omer Wi grbcedaref of iBxah 19&0@%9% 6 RfAriEAg shiedt)nddériald; the p Wsﬁir@rr] K.
Examples 74- 78_In Exanple 74, the pol ydi rreth | si | oxane poI yurea based

pr essur e- serfépsitiveadhesive apgadhe ﬂ?@ﬁ%ﬁﬁl‘@ anth ipckabledat ed as in Exanple 8 at
a thickness of 38 [err]m (1.5 ml) onto a release liner and lamnated to a
nonwoven rayon fiber backing to formlaamqssure sensi tive adhesive tape.
The backi ng BS aVdllae=Ya - c 0 aa alala denj er

vi scose-rayon m’% PPWMH“B\Sgh 3 Pf%ﬂ-ﬁe'cyl i niiRressuzerensitiveni | abf e f
Spi nnbau GrbH BremenSh@M%ﬂil}) to fqOSensitive| uf f y| Adhesive Fhigkness h o
wei ght of 10 _b_emeL ymehdbesive/ niery]. The fluffy fiber web
was conpacted|6® a timmwﬁm&mgaﬂa ZETH joy (bmilsdg fed through the

nip of a pairleil hor il SQUTOHIXNE® 520 I| Bxhmple 4De | by®kim @S mils) Whi chi di pped in
an aqueous bafggof T1 w@ﬁmr&orub EAmAEdY] AL B3 RInf 105 ) X

(RHOPLEX[ err] , KNS 53 [i'sﬁffi. "EILARIE 42 i (1.25 s ‘e*uh\z\m L h-wat er
to provide a $tze—w - RENE egttat otk f{t—oft+he— i ber) and
then 15  dri ¢& RN L . ) b was nade
as in Exanple ' TCHLANE N Se0,\} Example 430 nh33pm Q25mils) 4
pressure-sensi6fve adiSTAMARKM 380anp|| Example 43 32um (1.25 mils)
67 STAMARK™ 420 Example 43 32um (1.25 mils)
10 In Examples 68-70, samples of pavement marking sheet materials of Examples

60, 62 and 63, respectively, were subjected to electron beam irradiation as in Example
55.
Samples 152 cm by 10 cm (5 feet by 4 inches) of marking sheets from
Examples 50 - 70 were applied to the edge line area of an asphalt roadway pavement
15  surface late in the fall season. Air and pavement températures were about 9°C (45°F).
The samples were adhered to the asphalt using the procedures as in Example 40-47.
After 5 months exposure through a winter season in Minnesota, the marking sheets of -

Examples 50 - 70 were in place and well adhered to the roadway surface.

Example 71 _ .
20 In Example 71, MQ resin powder containing less than 1% toluene (GE

Silicones, material 1170-002, lot EF002) was fed at a rate of 30.1 g/min into the back
portion of zone 1 of a Berstorif 40 mm diameter 1600 mm length corotating twin
screw extruder and Polydimethylsiloxane Diamine D, Lot 3, 34,800 molecular weight,
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In Exanmple 76, a pressure-sensitive adhesive tape was made as in Exanple 74
20 wi th a pol ydi net hyl si | oxane pol yurea based pressure-sensitive adhesive
prepared as in Exanple 40 with the follow ng nodifications.

Pol ydi nmet hyl si | oxane Di ami ne F, nol ecul ar weight 71,000 was injected at a
rate of 15.9 e/gwass4ds. 000224 nol /nin). The MJQ resin powder waer/iisak/osss2a
rate of 15.7 g/ m n Methyl enedi cycl ohexyl.ene-4,4' - diisocyanate was fed at a

;ﬁTdGBOIAe?-eoiéoL er r i é%ﬁé}ggongsgg.a@@ﬁsg\-{ﬁ%&ﬁgﬁtﬁé I ?. EF%’%E%%Q(G) ;;S ZI

) SLE i ShRESOD OB patyisosyabatenvith N

Bgfflzﬂrgt ﬁ;?:hoxa e. pol yur &¥sed Soh B [ L] o&z S| .ehtprepared as
i n Exanpl e 50 Bﬂl'fwétﬁﬁ’eigﬁgo@%ﬁ W%ER{?@‘HP% &fﬁ@%&m&?ﬁ@% ‘é’glgn powder was
fed at a rate ofethhfendigiciohéxylenelydiiispéyante waofedaca Bitodl 02335/min(0.08172

nol ecul ar wei ght 52,900 30 . was injected at a rate of, 18.9 %/ mn_(0.000357
mol / min). Met hpawiralenteyEOAmin)iptozone 8 1o provide pa NCONHR gatiof 1:0061 .00 The; ot ¢ of

0.114 g/mn (O ' :
“ipaiate TRt i) Vs lact Hod 0 8 0P fready el Rrmople 1, Ronie

PCT/ US96/ 05852 _ Irve a ape was nmade as
i n Exanpl e 74 siartfuliyhietepméslidg sarews; rotatingat 160 resbiytions petiaingts, were used

pressur e-sensi %\é&ﬁﬂp sive fe%gﬁx§pﬁl e 30 hTQe?n r ssu‘[so%reﬁgn?sﬂiﬁéi f@ﬁqg‘}}esi ve
tapes were testéed ﬁ“ﬁﬁ & \”é’i’?egg H%ﬁﬁ‘ﬁe P LS
i medi at el y af infh z6nee Wa§:a2dned)1 thisughamiet A1SDET; z84e §060°F; zohle® J 120°C;dokie |

adhesion lift after 24 hours, T[err] lift skin adhesion residue after 24
hours, T[el®] n8sil80°C; sndrap kidmeltpumpi-dR0IG Ehewesultant presswe-sensitivie adhesive af t er

g(’g'n;)lc at | mRTWﬂ%ﬁT{o%%LM asat{e‘iclrfogé %x{ Blahile l.rll_[%?l?%lﬁnéh ?%g?{‘ ]e 8

T[err] Wet upriNfBh. inverted (Ndm). (Ndn) Lift Resi due (Ndm 74
4.4 3 0.

1178 4529 2.6 . 2. 0 1.4 75 1152

6853 3.3 Examp@f) 1.7 0.0 2.2 76 981 7235

g g 1_7'99 0. O}ﬁ Examp_leo yga polydim%thglsﬁgxane polyurea basedzprgfssﬁfe-sensity_eé' ! 19
0.0 - 180 adhesive was prepared as in Example 71, except that a mixture of 10 parts by weight

MONDUR 489 (polyisocyanate with NCO equivalent weight of 137, Bayer,
Pittsburgh, PA 15205) and 90 parts by weight methylenedicyclohexylene-4,4'-
diisocyanate was fed at a rate of 0.226 g/min (0.00172 equivalents NCO/min) to
provide an NCO:NH2 ratio of 1.00:1.00. The resultant pressure-sensitive adhesive

20  was collected and solution coated as described in Example 1. Peel strength was 44
N/dm.

Example 73 )
In Example 73, a filled, polydimethylsiloxane polyurea based pressure-sensitive

adhesive was prepared as in Example 71. 'MQ resin powder was fed at a rate of 21.6
25  g/min. Three parts by weight Polydimethylsiloxane Diamine D, Lot 3, molecular
weight 34,800, was mixed with 4 parts by weight Al203 powder and fed at a rate of
56.6 g/min (0.000697 mol diamine/min). Methylenedicyclohexylene-4,4'-diisocyanate
was fed at a rate of 0.183 g/min (0.00699 mol/min) into zone 8 to provide an
NCO:NH2 ratio of 1.00:1.00. The resultant pressure-sensitive adhesive was collected
30  in hot melt coated as described in Examle 8. Peel strength was 4.1 N/dm. Thermal
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The data in Table 8 for Exanples 74 - 78 present the results of adhesion
tests, noisture vapor transmssion rate, residue, and lift tests for the
medi cal pressure- sensitive adhesives of the present invention. All
exanpl es display the desired minimal lift off of and no residue renaining
on skin afterwooqssassenoval . The upright and 15 I nverted VITIRHUSH6/058/3
tested sanples controllably change val ues in opposing directions. The
adhesi on buil d upon ,agi ng agai nst _skin for 24 hours nearl and can

doubl es,
be fornul at ed SPRAUSEVIGH MEAsHree By ASTM mathof St vas 0. 16 MK ‘%ﬁﬁﬁgfcateisons.
Exanpl es 79 ARfis@heriita b0 ARG AMA o iR AiTWARR.N Exanpl e 79,

Pol ydi net hyl sil oxane Diamne F, 71,000 nol ecul ar wei ght, was 20 fed at a

rate of 32.1 %m né%.o 452 nol/mn) with dried MQ tackifying resin, spray
dried to 1%t 75/ SR- 545 under nitrogen, at a rate of 32.0 g/mn,
into zone 1 of a BixExamples 74;thernolydimethylsiloxape polymnes based pressurecsensitivey t wi n

screw extruder, ' o) I e [N s,..fednat a.
rate of 0.7105 “89%5’%%(%%’3% 1&%5(}%3@&%%@%@&8 tﬁ-)%ﬁ%?%%ggﬁgﬂwltsgﬂﬂrovi de -
an NCO NH2 r atonto ®eledse lineand Jinlind1é to Hondiovenaayonw fberbackiag td fona awas pl aced

close to the screw threads, as in 94/ 3545 .
PCT/ US96/ 0585 Pressuieysensitiye adhosiyg '@P%t'gPVétlgaFlﬂW yas ﬁmmmtmmm,s Bt at i ng

at 100 1 evol U@ns sikier ¥iftdiciraydiPifble s it h s Mot cylnder R (ablab@bi Of

the barrel. Vacuumwas pulled on zone B. e tenperature profile for each
of the 160 mmSpimbas GmbH, Brgmen, Germany) &g formra fiufy Sberowel witha fibepwpight9fC. zone
4 - 60[ergdC < ; - , - [err]C 5
zone 8 - Z%O[erri%; 5125/#@%8&95%[ g%lgP ; izi%eﬁﬁgﬁgékgm erﬁ%?‘ssgﬁgg%p and

mel t punp - 16GpeditijrCand ized bypbdingedtirmghthé nip afiepaindfihorizantd) aqedze rolls,
pressure-sensijiye adhesi ve . was c¢oll ected an ated ontq.a nonwven rayon
fi ber backing tge[ l°21’fi‘f'§’r°?]‘%f°(‘\??ﬂ9e&d“ﬁ“aﬁﬂ?%ﬂﬁ%tgé’?gt?"swdﬁﬁé%f’@ af@'\.{\g? n Exanpl e
80, the pol ydistgiiglates (RIGGPLEXDPOBIS] faildbhsish RoRE abd HafOw), tiloted wih -
adhesi ve of Exanple 79, was,coated on a backing prepared as described in
Exanpl e 74 i n WAtente prvided sizg 3veight epprovimately equahtq the Wrishtoefithe,fibeand thepinp as
describedjsn Expgple 1 in the patent application publication entitled "An

Adhesi ve Sheet Material Suitable for Use on Wt Surfaces", U.S. Serial No.
08/ 317,854, filed ImEsxmple?dy, apressge-sensitive Gihesive tapé was miaderas ircExaBpleiid C2,

cont i nuous. and il OF B FREIBEFAAN Rtk bas G Sblre AEnsilE EdeliCe bSO ("
44,

In Example 76, a pressure-sensitive adhesive tape was made as in Example 74
20  with a polydimethylsiloxane polyurea based pressure-sensitive adhesive prepared as in
Example 40 with the following modifications. Polydimethylsiloxane Diamine F,
molecular weight 71,000 was injected at a rate of 15.9 g/min (0.000224 mol/min). The
MQ resin powder was fed at a rate of 15.7 g/min. Methylenedicyclohexylene-4,4'-
diisocyanate was fed at a rate of 0.054 g/min (0.000206 mol/min). The temperatures
25  of zones 7 and 8 were 170°C and zones 9 and 10 were 190°C.

In Example 77, a pressure-sensitive adhesive tape was made as in Example 74
with a polydimethylsiloxane polyurea based pressure-sensitive adhesive prepared as in
Example 50 but with the following modifications. The MQ resin powder was fed at a
rate of 18.9 g/min. Polydimethylsiloxane Diamine E, Lot 2, molecular weight 52,900

30  was injected at a rate of 18.9 g/min (0.000357 mol/min). Iviethylenedicyclohm:ylene—
4 4'-diisocyanate was fed at a rate of 0.114 g/min (0.000435 mol/min).
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respectively,
08/ 317, 854,

were prepared as described in Exanple 1 of U S. Serial No.
filed on Cctober 4, 1994. The pressure-sensitive adhesive tapes

were tested for skin adhesion i mediately after application,
and skin adhesion to a wet surface i mediately 20
Tlerr]-Wet,

cal cul ated .

Tlerr]
2.0
2.0
39 2

adhesive of the pr

T[err

]

Day;

after application,
wodsitss percent of the wet adhesion to the dry EIRS6/05852\as

The results are set forth in Table 9. Table 9 Exanple

- Dy (N d%ga{%ﬁ r7§] aﬁﬁ%&%@aﬂheﬁv\éupg%s ﬁﬁﬁg %r}é Ezgnple 74

with theG@lydimethylsiloxane polyurea Bas&d pressure-sensitive adhésivé of Example
.2 . 46 The data in
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PCT/ US96/ 0585
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Z0on

[err]C, zone 4 -

18 I
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5

180[err]C, zone 8 -

190[ err

]C and

195[err]C. A 1:1 mol ar bl end of Pol ydi net hyl si | oxane Di am ne E,
Lot 3, nol ecul ar wei ght 50, 200, and Dyrme/g err]

15

20

25

(2- et hyl - pert-aRedaf-fe—obt-a-ped—tam-buhg t e of
6.16 g/ mn ( b Exepe § MYIR{ tllezone [if th ot'ation
rate was 75 lewvoluti dlﬂagmp “’Nﬁm d&_h_ 10
diisocyanate|dAs fed il#8o yA539 4 1364 | afd4of K : 2

mol / min). The¢78esul tiddb2 pol 6883net B3 si | okSde pdllylir edO0fegnen2dd cdpol yner
was extruded}76t o _a |{38km di 23K er| 39r and{ 7.800l dd.3 n_al0,__anp2.60l | gct ed.
"This pol yurega7®as ngstd y splubl e j n750/ 5p3.6sopridganolf bitol uehe- |t Wwas
partially di $gglved,[.bl endéd-w t h| M t ackabyi nd eS| mod 5SOjparts

pol ydi net fyyl sTTOoXane pol yur ea segnent ed copol yner to 50 parts M)

The data in Table 8 for Examples 74 - 78 present the resuits of adhesion tests,

moisture vapor transmission rate, residue, and lift tests for the medical pressure-

sensitive adhesives of the present invention. All examples display the desired minimal

lift off of and no residue remaining on skin after tape removal. The upright and

inverted MVTR of the tested samples controllably change values in opposing

directions. The adhesion build upon aging against skin for 24 hours nearly doubles,

and can be formulated to be within the optimum range for medical applications.

Examples 79 and.80 and Comparative Eicamples Cl and C2

In Example 79, Polydimethylsiloxane Diamine F, 71,000 molecular weight, was
fed at a rate of 32.1 g/min (0.000452 mol/min) with dried MQ tackifying resin, spray
dried to 1% toluene from SR-545 under nitrogen, at a rate of 32.0 g/min, into zone 1

of a Berstorff 40mm diameter 1600 mm length corotating twin screw extruder.

‘Methylenedicyclohexylene-4,4'-diisocyanate was fed at a rate of 0.105 g/min
(0.0004(_)i equivalents NCO/min) into zone 4 to providg an NCO:;NHo ratio of
0.89:1,00. The diisocyanate feed line was placed close to the screw threads as in

77 -



15 resin, coarsely filtered, then coated to produce a pressure-sensitive
adhesive tape as in Exanple 18, with the exception that the final adhesive

t hi ckness was about 3 mi|. Peel testing was perforned at a rate of 90
inches/mn. after the tape had dwelled on the glass plate for about one
m nut e. Exanpmas9siB4ss84 20 In Exanple 82, the tw n seCrRUswmsssader

of Exanple 50 was used with the follow ng nodifications. The screw was

operated at 10Q revolutions per mnute, and was constructed w th double
start fully i nEsampleh Rguble stasfilly intermeshingseremsatotasing i 109 rpvolutions per

i nternmeshing s 0. L ' S at ed at
the start 019 zgﬁ@%wgn t %%%%‘ﬁ%é&?%%&ﬁ%%dp@ﬁéwwéﬁe

t enper at ur e pr zdnel8e The tempfecature prdfiledfor edoh of the & 60 nmszonzowss: one BOREAO: ] C, zone

2 - 75[err]C zone,3 :.1 err1 G zgne 4 - err] G ] -_15 rr] G
zone 6 - 175[ fPFT? “%%ag%ﬁ?ﬂer%e@pﬁﬁﬁmﬁﬁ% F?‘E%afréggrgﬁf’%%elgéggoc
The feedst dck @B CYbAe 9RI60°C] 2n¢ 10/0U60°Caerlciy £ DLIBAMP S PEPLE -

Pol ydi met hyl si Ll oxane Di anine A, Lot 1, 5280 nol ecul ar weight was fed at a

rate of 4.84 gARsRolydimethylsiioxangpolyyrenbasedinsessure-sensitive aghesive was colleased. and
tetramet hyl - m 3o dbRR e ' r Bkl fed at a
rate of 3.19 g/mn (o?’g%%lmﬁm m n%, [h%%@tﬁgé?e{:i@gnd&baﬂ)% zone 1.

Jef f ami ne[ er r | Examgd®Pt.pol yoxypr opyl enedi am ne WO 96/ 35458

oo e v SR B el RS
(0.00624 ridl / nadhesivebRExample 78. wadybgtkd oh 4 Backing Ewparlzdés Q60 HEEMpIET4 -

obtai ned from DuPgnt, .titrated nol ecul ar ngt? t 11 | ol for Lot

L . g , 1C
#SC9403021 1) FRpIuERL patternh g coafing weight af (.6 gfdm) agdescribed in Examplel 00587
mol /mn). The | ; : MEPSA S KONERNE ﬁﬂ%“ &
col |l ected, bl e%ﬁ%tﬁgﬁ%%ﬁdg?ggaflﬂp@gﬁpl e 81, w tgﬁeet? e excepttatlﬁgzort hat 7

parts copol ynePsaeriWet Burfaces” VD S Seriah Nnef843 1§ ofiled pn Ootoberat] 18%4. a

pressure-sensitive | e e nmol ecul ar wei ght of
the product was det%ﬁﬁrk 3§%\‘/'i£g;2§neqlégltgl a{}Mp@eir %@ﬁ?‘{gﬁg@iﬁ% FA T with a HP
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filtered with filedonr Ottobed) 1994.0on filter, and 100 microliters were

The pressure-sensitive adhesive tapes were tested for skin adhesion
immediately after application, To - Day, and skin adhesion to a wet surface immediately
20  after application, To-Wet, and the percent of the wet adhesion to the dry adhesion was
calculated . The results are set forth in Table 9.

Table 9
Example To - Dry (N/dm) To - Wet (N/dm) | Wet/Dry Percent
79 2.0 0.85 43
80 2.5 2.0 80
Cl 2.8 1.1 39
C2 6.9 - - 3.2 46

The data in Table 9 demonstrate that the pattern coated pressure-sensitive
25  adhesive of the present invention performs exceptionally well under wet skin adhesion
conditions, nearly doubling in Wet/Dry Percent, while the comparative example
increases only slightly.
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from Pressure Chem cal Conpany, Pittsburgh, PA thus reported nol ecul ar

wei ghts are the Pol ystyrene equi val ents. The nunber average nol ecul ar

wei ght was Sweeklessr]. |n Exanple 83, a pressure-sensitivePCRIURISNSSS2 t ape
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sanpl e reguir %%0 1 aG&hebL Pr I tive
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Exarrgl es 8 1-v|&§dﬁai. mWrﬁth@fftlBg/rﬁﬁ@E?ﬂﬂZﬂ2ﬁﬁﬂﬁiﬂ)iﬂi@z@ﬂhﬁflthe&xﬁ'ﬁdﬁxamhﬁd f81
ased on a pol ydi net hyl sj | oxane pol yurea r derived from
an equi nol ar TAieRPR fate *?dFVﬁ'i“?Pé W&xiﬁa‘% ﬁg‘ﬂ{?" *1bout 50, 000
ol ecul amoweldabacym&gfs&mﬁﬁnehm@%bﬁ@b@sfgﬂm RUORR mol/if)) e Chai n

hydrocarbon di anine, when tackified with M) resin provides a pressure-
sensitive adMWPOWmMOMQp@mm m%commmdedMShow t hat

pressure- senS|tLve adhe of & he ntion b

Doy et hyl Jih Ghades? Ssh, Koeledln o BORSEA ThR P ONyef Pod ASfiR fhupe n
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15  resin, coarsely filtered, then coated to produce a pressure-sensitive adhesive tape as in

Example 18, with the exception that the final adhesive thickness was about 3 mil. Peel
testing was performed at a rate of 90 inches/min. after the tape-had dwelled on the
glass plate for about one minute.

Examples 82 - 84 -
20 In Example 82, the twin screw extruder of Example 50 was used with the

following modifications. The screw was operated at 100 revolutions per minute, and
was constructed with double start fully intermeshing screws used in combination with
partially intermeshing screws. One set of 25mm length kneading blocks was located at
the start of zone 4 and three sets located at the end of zone 5. The temperature profile

25  for each of the zones was: zone 1 - 30°C; zone 2 - 75°C; zone 3 - 100°C; zone 4 -
125°C; zone 5 - 150°C; zone 6 - 175°C; endcap and meltpump - 175°C and necktube -
190°C. The feedstock reagents were maintained under a nitrogen atmosphére.
Polydimethylsiloxane Diamine A, Lot 1, 5280 molecular weight was fed at a rate of
4.84 g/min (0.000917 mol/min) into the first part of zone 1 and tetramethyl-m-xylylene

30  diisocyanate (obtained from Cytec) was fed at a rate of 3.19 g/min (0.0131 mol/min)
into the second part of zone 1. Jeffamine™ D-4000 polyoxypropylenediamine
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hydr ocar bon di am ne havi ng a nol ecul ar wei ght of about 100, where

pol ypropyl ene oxi de constitutes about 77 wei ght percent of the copol yner,
when tackified with an M) silicate resin, an organic tackifying resin, or a
conmbi nation of MQ and organic 15 tackiffying resins provide useful
pressur e- sensyd dersdassdhesi ves. Exanpl es 85-88 | n Exanpl es 84PEBUSAHOBISAt | on
danping materials were prepared by m xi ng various pol ydi net hyl si | oxane

pol yurea seg t ed copolyners, SR-545 (. iljcate r.esi 6 i ght percent
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Table 11. Table 11 Exanple Copol yner  Copolyner SR-545 To] uene

| sopr opanol ( Bt {Zmethyl-},5-pentanediamine obtained from DuPont, titrgied mojeclar weight 5

2.3 5. £0.6 19111 47. 6
130 - 5 6 lgz g/mol for L89#SC94030211§285. igf!cted at 20854 5t arate O 1835%/. z 68. 0 88
D 5 230.00587 mol/min). The polydimethylsildxane polyures s¢gmensed cppalyr8s washe

sol ution was cagt into reservojr .lpned wih. el ease liner and-dried to
form vi brati o@%%&‘@t@a%t‘?& gsin m& vgt%_tg%gx 'émélbaltgtpﬁ% s were

WO 96/ 35458 copolymer and 3 parts MQ resin were em_Floyed, to produce a pressure-seffitiveUS96/ 05852
coated onto a r%?ease liner and dried. The storage nodulus, G, and |oss

factor, taln_ [ adhésivetapee deternmined and are reported in Table 12. Table 12
T Ex 85 ; G
(EES) ngp[ or (] G T{’%ﬁa:'?ﬁ'g%snb'%eér“r‘jk‘@ﬁ E@Eﬁ t fthe %mgéi@%?“é&%%&%df}: ) 5o

8. 83x10[ ed®r] permdtiorn cloomatography] with OHP 109 Chrodatograph equipped withaB[ err] 0. 03
-80  8.37x10 0.0 D4 . 5 0 - 3x1

004 -70 7. SOXLORERTE gE ddSad b Syl ol EVUES Wptai ey 0L or 1]

9.20x10[ err] Q@@ KaRba colfmm&vehQf RIT. | THe. cofolyieradas idselved in DMEIw/A/0.68% 10[ err]
0.07 8.02x10[err] 0.08 -50 6.91x10[err] 0,05 7.7 x%o%i%l 0. 05
6.92x10[ err] G-iBgat Img/fmig filtered wigh 2. %’0‘”’6‘.%@%%?%‘?}(] CRPGLersWerSx 10[ er r |

0.05 6. 18x10[ige&d fhtolaJor MiR¥d:Bed &iirkn. Cribiution rate was 0.5 mL/min in DMF +
15  0.05% w/v LiBr. Calibration was based on Polystryene standards from Pressure
Chemical Company, Pittsburgh, PA thus reported molecular weights are the
Polystyrene equivalents. The number average molecular weight was 5.9x10%,
In Example 83, a pressure-sensitive adhesive tape was produced as in Example
82, except the tackifier was. FORAL™ 85, available from Hercules Inc., at 50 parts
20 | tackifier to 50 parts polydimethylsiloxane polyurea segmented copolymer and the
sample required heating to dissolve the tackifier.
In Example 84, a pressure-sensitive adhesive tape was produced as in Example
82, except 25 parts was FORALT™ 85, available from Hercules Inc., and 25 parts MQ
resin were blended with 50 parts polydimethylsiloxane polyurea segmented copolymer
25  and the sample required heating to dissolve the tackifier.
Pressure-sensitive adhesive tapes of Examples 81 - 84 were tested and the peel

adhesion results are set forth in Table 10.

Table 10
Example peel adhesion (N/dm)
81 815
82 9.7
83 11.9
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In Examples 84-88, vibration damping materials were prepared by mixing
various polydimethylsiloxane polyurea segmented copolymers, SR-545 (MQ silicate
resin, 60 weight percent in toluene, available from General Electric Silicone Products

20  Division, Waterford, NY), toluene and isopropanol in the amounts shown in Table 11.

Table 11
Example | Copolymer | Copolymer | SR-545 | Toluene | Isopropanol
(parts) (parts) (parts) (parts)
185 A 2.3 S.5 {0 5.0
86 B 20.0 47.6 13.0 5.6
87 C 40.0 95.2 158.7 68.0
88 D 23.1 47.6 17.8 7.6

In Example 85, the solution was cast into a reservoir lined with a release liner

and dried to form vibration damping material. In Examples 86-88, the solutions were
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Dl

5 As can be seen from the data in Table 12, as the molecular weight of the
diamine used to produce the polydimethylsiloxane polyurea segmented copolymer
increased from 1620 to 105,000 the utility window for G’ decreased from 92 to 181°C
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190  ]1.98x10° [1.07 |- - - - - -

As can be seen from the data in Table 12, as the molecular weight of the

diamine used to produce the polydimethylsiloxane polyurea segmented copolymer

increased from 1620 to 105,000 the utility window for G’ decreased from 92 to 181°C

for Example 85, 55 to 114°C for Example 86, 22 to 74°C for Example 87, and 25 to
73°C for Example 88. At tan 5 > 0.4, Examples 85-88 had useful tan § utility
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-40 4.94x10[err] 0.10 4.10X10[err] 0.12 5.10x10[err] 0.09
.28x10[err] 0.10 -30 4.27x10[err] 0.13 3.46x10[err] 0.15

.39x10[err] 0.13 2.89x10[err] 0.13 -20 3.66x10[err] 0.17

.85x10[err] 0.19 3.81X10[err] 0.16 2.33x10[err] 0.19 -10

. 77x10[ err] Wo osissass2. 16x10[err] 0. 26 3.16x 10[err] 0.21 pchrsssossherr]
.27 0 1.88X10[err] 0.34 1.50x10[err] 0.34  2.33x10[err] 0.29
.12X10[ err] Quimdbws of BYORFT1® ° °

PCT/ US96/ 05852 10 . 1. 11xlg?g'ﬁft%'.“°h flow, 4°C tg melt flos and 21C to st flow,
.50x10[ err] @espertivelp. Thysi opsseful empezaaxrecangews.e.s:eanat(qzao 1}8C HHExample

oot Gsdamd t%%é%%%%%]s Smi"f%mdiwfi?é@i@iqs}ss%seemesem10[ err]

.56 40 1. Qrrelsinoiet £HeR6 3 fol tal 547 2.51x10[err] 0.62
.34x‘10[err] 0.53 50 1 17x10p9egrr] Q{gé 1.61x10[err] 0. 44

.45x10[er %‘%’“g"@gxm[e”] 0. 50 60 7.22x10[err] Q0.53
.11x10[err] . x10[err] 0.54 5.47x10[err] 0.46 70
.64x10[err] 0. 52 InExapples 8p-9R, JibratiGodamping tatariafsaveré prdpatad as i8 Exsmpleq er r |

.43 80 r] Q. 37 14x1 ] 0.40

. 71x10[ err] §§?§%§§ e 531 ?ﬁ' fgfag}%rg{&‘g;@ge&ylﬂk’m ﬁr&efa]se%&eggd

.22x10[ err] Gogolymers siliaté dsiny toJuefie 2hill iddpPopandl a4 B faHieh Thole 162
.81x10[err] 0.33 2.56x10[err] 0.30 1.58x10[err] 0.43 110
.84x10[err] 0.72 3.26x10[err] 0.31 .igxlo[err] 0.31 1.18x10[err]
.48 120 6.14x10[err] 0.86 2. 86x1('3‘faé?lP 0.31 1. 05x10[err] O. 37
.31x10[err] dBxampleo} Co®iyhex 1j0Capolymet . (BR-542. 51 XTbfijens I | | Boptdpanol
.19x10[err] 0.}70 5.18x10[ err||(pértsfO 14 parts). 814 (pdres I | |Kparts)
.12x10[err] O.|39 1.@x10[err|[250 50 [399/x10[ 4ign]g 0. B0 i) 9. [5x
10[err] 1.62 |[bo/2xI0[grr] O. 31'935_0 T B6XBYETT] 4249 L ProgoLert] 1.05
1602 0 - g1 L P@XI0TEerr e ]ali‘g?xli‘;[ tub‘r 266 3 5 :.QZSAii [err]
1.12 17 - = 9.09)&1ch||] o n L% C[ ¥ o e = -
4..00xi O[ efg] . 2 +go-LH 25 39l 10p o300 61 1159 1gysoferr)
1.08 190 - 4.60x10[err] 0.61 The data in Table 14

denonstrate that thﬁEMhiple%BQQﬁummﬁw:ﬁﬁé@&b%ﬁeﬁntﬂ%mk%eg%@&eﬁh' ch
wer e prepared ‘}Jg&gg@p gdl nmet hyl si | oxane pol yurea segnment ed copol yners of

pol ydi net hyl st (rmRiEs Bratesigl Jr Examples #0 and 9 the salptinns wareras

various dii SOgjtgnadses RE 17 to
78[err]C, 16 to 65 ser?ligMZ?%}e%ﬁég?ﬁ%dgﬁg 9 tgﬂggﬁéir@?ggﬁ?gépectivel y.

Exanpl es 91 am#t vieack samploweseyaluated for atordgeatodalns,i & asrddoss ditor] t2aS aand
af f or ded BT esﬁ-li?‘tTh% r uﬁs Xrglsé{%osrtlg){n 'I%blgegh.

I—‘OI\)I\J-bOO

NWOOOWWWNOR~RPRRPPRPOWUIR

);

Table 14

Temp |[Example 89 Example 90 Examble 91 Example 92
6% .

G (Pa) [Tand |G’ (Pa) |Tand |G'(Pa) [Tand |G’ (Pa) |[Tand
-90__17.46x107/0.03  16.82x107[0.03 [6.89x1070.02 ]4.98x10’ |0.02
-80_ [7.06x10710.03 [6.45x107]0.03  6.51x107[0.03  |4.68x10” |0.03
-70__ 16.33x107|0.05  [5.74x10|0.06 6.00x107]0.05  |4.32x107 [0.04
60 |5.87x10710.07 15.13x107[0.08  |5.77x107[0.07 [3.94x10” [0.06
-50 _ 15.46x107|0.08 14.63x107[0.09 [5.47x107]0.08 |3.60x107 [0.09
-40  14.94x107]0.10  }4.10x107/0.12 [5.10x107[0.09 [3.28x107 [0.10
30 [4.27x10710.13  [3.46x107|0.15  [4.39x107{0.13  |2.89x10” [0.13
-20  [3.66x10710.17  |2.85x10"]0.19  [3.81x107]0.16 |2.33x107 [0.19
-10  [2.77x1070.24  [2.16x10|0.26  3.16x107{0.21  [1.69x107 [0.27
0 1.88x10710.34  [1.50x107[0.34 ~ 2.33x107[0.29  [1.12x107 [0.37
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M\ nferr] and 0.93 MN'nferr], respectively.. Exanpl es 93-98 10 In
Exanpl es 93-98, Pol ydi phenyl di net hyl si | oxane Pol yurea Segnent ed Copol yner K
was mxed with SR-545 MQ silicate resin solution or dried SR 545 MQ
silicate resin obtained by drying the resin in a forced air oven at

150[ err] C untwb 9é/35as&t ol uene content was | ess than 1% under PEXERO@PBI2at i on
until hompgeneous in the ambunts set forth in Table 15. 15

Tabl'e 15 Exanpl{fy—TPRENRAS [0.44x1C 043 | HAOK10. i ed
res Nlparts) e [ssiRFlgds [sasxaoc(ods gaizs‘gjd‘lo.sz“sfsgn ;

5 2 30 [3.35x10°[0.57 [3.69x10°149 l4.39x10°]9,60 {2.23x10° [0.56¢

- 96 2040 [1.95x10°[0.55 [2.40x10°}0.47 [2.51x10°}0.62 97]1.34x10° [0.530

7.5 98 2 11.17x10°0.54 {1.61x10°/044 11.45x10°(0.60 lk;szxﬁﬁcgsool it i on
was coated ont s T FaaSR 0.5 |PIH 0% JoRT { {8 F5XA0P[65Y D5k [oaen! N9
material. The ST loReS S IR
determ ned for leaech 3 o4 3x1 ,{%\é‘i&g&" 373?‘! : Oh Jabl e 16.

5 WO 96/ 354480 [3.16x10°[0.52 ~ [5.90x10°10.37  [4.14x10°]0.40 [2.71x10° [0.42
PCT/ US96/ 05852 {9@r r ]{2.18x D005y 334.68x10°[0.35 13.22x10°|0.34 {2.05x10° [0.41
PCT/ US96/ 05852 {160 r |}1.49x10°[0.62 [3.81x10°[0.33 |2.56x10°[0.30 [1.58x10° [0.43
110 [9.84x10*10.72 [3.26x10°[0.31 [1.83x10°|0.31 [1.18x10° {0.48
120 |6.14x10*[0.86 |2.86x10°}0.31 |1.05x10°[0.37 [8.31x10* [0.57
130 [3.49x10°11.07 [2.51x10°]0.31 [3.19x10*|0.70 |5.18x10* [0.70
140  |1.81x10*{1.32 [2.12x10°[0.34 [1.64x10°[3.50 [2.97x10* ]0.86
150 [9.75x10°{1.62 |1.72x10°[0.39 [1.86x10°[2.79 |1.49x10* {1.05

160 |- - 1.27x10°[0.46  |1.49x10°[2.00 }7.29x10° {1.12

170 |- - 9.09x10*10.55  11.59x10°[1.61 |4.00x10° [0.92
1180 |- - 6.25x10°{0.61 [1.18x10°[1.08 |- -

190 |- - 4.60x10*|0.61 |- - - -

The data in Table 14 demonstrate that the vibration damping materials of
Examples 89-92 which were prepared using polydimethylsiloxane polyurea segmented
copolymers of polydimethylsiloxane diamines of about 5300 molecular weight and -

5  various diisocyanates, had similar useful temperature ranges of 17 to 78°C, 16 to
65°C, 23 to 79°C and 9 to 73°C, respectively. Exampies 91 and 92 were also
evaluated as heat activated adhesives and afforded stress at break values of 0.99
MN/m? and 0.93 MN/m?, respectively.

Examples 93-98
10 In Examples 93-98, Polydlphenyldlmethylsﬂoxane Polyurea Segmented

Copolymer K was mixed with SR-545 MQ silicate resin solution or dried SR-545 MQ
silicate resin obtained by drying the resin in a forced air oven at 150°C until the toluene
content was fess than 1%, under slow agitation until homogeneous in the amounts set

forth in Table 15.
15 _ ~ Table 15
Example | CopolymerK SR-545 resin solution | SR-545 dried resin
(parts) (parts) (parts)
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WD 96/ 35458

PCT/ US96/ 05852 As can be seen fromthe data in Table 16, increasing anounts
of silicate resin in Exanples 93 to 98, i.e., 20, 30, 40, 50, 60, and 70
wei ght percent, respectively, caused the useful tenperature ranges to

i ncrease andgBheadsd from-64 to -52[err]Cin Exanple 93 t eciusvanssyerr] C
i n. Exanpl e 98. Exanples 93 and 98 5 were al so evaluated as heat activated
adhesi ves and pfforced Bblcbb at—rt k—vatves—of—4+—60 ?v?#‘l‘l‘[’ﬁ“‘l"]'_a'l‘l'j 1.47

MV nierr], res F—06—+-A—bxarp B9-——as—horpgere

]
m xture of 25 -g-ﬂ-t—uas-hgd-s-l-l- E-{Cot 1 —noleculdr weight
58, 700, and 75 Parts PB4l met hvl sill&kane 10 Diamine A lot 1 bl ecul ar

wei ght 5,280, @ fed 320a rate of [15.9 g/min (0.002% 3 nol/nin) ifto the
first zone of E9leistril@® 34 nm di et er_counter- rof@ding twin scjew
extruder. DriefosSR-545{8® silicate fesin, prepared finom SR- 545 MQ|silicate
resin solution which was dried to about 13 percent toluene by evaporation
of the toluene fraomthe SR-545 resin solutign for 4 day, then further 15

dryi ng under vacudsachsolutinsyasicoated pnto@ release inergnd dried o forma yibgatont 15 7

g/mninto th _ n ugher. : _
Met hyl enedi cy%’%ﬁ@@&gﬁ%’- Z?%gt?lépﬁ‘g@%hgt’gn (\i/vg’sss gagtgr,é%n%v%eﬁ %ﬂWGS g/mn
(0.00248 nol | for edchisample ahEH2i Théresultsareset forth ieTable/teer . The extruder was
outfitted with fully internmeshing screws throughout, and the screws were
rotating at 50 revol utions per mnute. The tenperature profile for each of
20 the 120 mm |l ong zones was: zone | - 25[err]C, zones 2 and 3 - 35[err]C,
zones 4 and 5 - 50C, zone 6 - 86[err]C, zone 7 - 150[err]C, zone 8 -
170[err]C, zones 9 and 10 - 180[err]C, and endcap - 170[err]C. The

vi bration danping material was cooled and col |l ected. Subsequently, the

pol ydi met hyl si | oxane pol yurea segnent ed copol yner-based vi brati on danpi ng
material was nelt pressed between parallel 1/8 inch thick 25 al um num
plates, lined with release liner, at 160[err]C to shape the vibration

danmpi ng material. In Exanple 100, 25 parts of the polydi nmethyl sil oxane

pol yurea segnent ed copol yner-based vi bration danping material of Exanple 99
and 25 parts of 70:30 parts toluene:isopropanol were slowy agitated in a
glass jar until honbgeneous. 30 The solution was coated onto a rel ease
liner and dried to shape the vibration

e 30 A o DUS
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-90
0.11 -60
0.19
0.24 -30
0. 40
err]

tan [err],

G )
measured at 1 Hz are set forth in Table 17. Table 17 Tenp Exanple 99
Tan [err]

6. 22x10[ er r PCT/GS9§{HS852

5.61x10[ err]
3.35x10[err]

2.69x 10[err

G (Pa)

- 80
0.11

and | oss factor,
-50

0. 07
0. 16

Tan [err]

WO 96/ 35458
7.89x10[ err]
S. 06x10[ err]
4.42x10[ err]

PCT/ US96/ 05852 The st orage nodul us,
-70

0. 08
0.15
0.19 40

WO 45/38458

err
err

Exanple 100 ([err]C) G (Pa)
err

6. 88x10
6. 96xI 0
4.11x10

danpi ng materi al
3. 53x10

s L L e ]

1. 04x10[err

0.24

0.30 -20

2A9x10[ err]
1. 94x10[ err]

0.31
0.35

err
err

1. 66x10
1. 39x10

0.42 0

6.92x 10[err] ‘0. 46 9.41 x 10

-10

err
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140 1. 31x10[err] 0.55 1. 76x10[err] 0.44 150 1. 02x10[ err] 0. 60
1.44x10[err] 0.47 160 7.47x10[err] .~ 0.66 1.11x10[err] 0.51 170
5.19x10[err] 0.75 8.10x10[err] 0.56 180 3. 45x10[err] 0. 84

5.62x10[err] 0.63 190 - 5 Tabl e 17
shows that viiybakmnsass danpi ng corrp05|t|ons of t he present i nROTIUSS4i05832%d
directly froman extruder, or resolvated and cast from sol vent WO

96/ 35458 - PCT/ US96/ 05852
provide simlar broad useful tenperature ranges, i.e., -10 to 94[err]C for

Exanple 99 and -2to 104[err] C forExanpl e 100. Exanple 101 In Exanple 101,
25. 0 parts Pol ydi net hyl si | oxane Pol yurea Segnented 5 Copol ynmer |, 39.7
parts SR-545 MQ solution, and 35.3 parts of 70:30 parts tol uene:i sopropanol
were slowy agitated in a glass jar until honbgeneous. The sol ution was
coatell onto a release liner and dried to forma vibration danping nmaterial.

The storage rnxwﬂﬂmb ) T foss—fartor, tan 8, neasured at 1 Hz for 10
Exanpl e 101 are{s¢t f )8{1‘@ %ﬂ,z el @B. Table 18 Exanple 101 _
80 2. 44x10[ e ot igdedo|S|o 90
2.12x10[ err] ).%Q('fgr'é]B_B BIefans 100 1.87
x10[ err] 0E3E - 98| % g cxf]  0.04 110
1.70x10[err]  OS3T - $8|8|& ] 0.05 120
1.56x10[ err] 0P332+ U=tadmmRle° 0. 10 130
1.41x10[err]  0.3% - 68|R|R|eAS W efr] 0.14 140
1.26x10[err] (53 -felc|olehei@ert]” 0.18 150 -
1.08x10[err]  Q&4g. 405 e Edttole| r 0.26 160
8.91x10[err]  O0HE - 3&| x| K|eBpx[B efr]  0.40 170 6. 99x
N’ 15
10[err] 0.46 -2 bgﬁﬁﬁj[ﬁ”&l:? 7 | 80 4.41x10[ err]
0. 52 -
| g RISRIFEER
wle lols|sis|sis|o]
Blel~ [elelelelelele
SIEIE [IXIXIXIZFIZIX] %
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-10  5.40x10[err] 0. 67 190 2.52x10[ err] 0.60 O
3.22x10[ err] 0.70 10 2.09x10[err] 0.68 20 1.40x10[err] 0.65 30
9.41x10[ err] 0.60 40 6. 51x10[ err] 0.54 50 4.80x10[ err] 0. 49
Exanpl € 101 - Cont. Tenp. E (O G (Pa) Tan [err] 60

3. 66x10[ er r |wo 96135448 70 2.90x10[ err] 0.41 WO 96/ 354 3CTNUS96/05852

PCT/ US96/ 05852 The data in Table 18 denonstrates that vibration danping

- conpositions of the present invention, fornulated using a

pol ydi nmet hyl si | oxane pol yurea segnmented copol yner prepared using a bl end of
si x pol ydi met hyl si | oAsiern bgisegni fras the detiainTahie 16; incerasingamunts afisilitatern 5280 t o

105,000, with a l. I lght.of 17 600, can
provi de a conposi i%ﬁ%&?@%r%‘gggfggef’gp ’g#%goa?%fgx\?%ﬁ’&gh&ﬁmfe%m 3l to

72[ err] C. ExanphespectiGdy, taubed the usefuinempetitine ringestd ificrbiab wst broiden/fionl oxane

Pol yur ea Segnent ed C%g,ol,yrrer C 12 parts dried SR545 M) resin, dried as in
Exanpl es 96- 98, -64ia -BCinExample 93ty 4310 B3 °GinExample 98 Fxamples 98 andiA®|  wer e

slowy agitakedgiR | s '

hydrophilic 3ilica %&%ﬁaﬁéﬁ ﬁheegrwrli"hh‘g, Haaﬂg‘g‘{égg‘g}faeﬁbﬁ%m&“é‘g%%@%&?%%s Bost on,
MA) were added efitiod MN/mdhnd 1.6hMNm®, sespectivelywi t h an air stirrer for 4
hours. In Exanple 103, a solution was prepared as in Exanple 102 except the

amount s of COpOBm%i;@ﬁylm M2 resin were tw ce that of Exanple 102 and 7.1
Tet erbor o, N0) ver o BRIP4 riiesos Rt B2t patemvdieoE o' Lo,
a solution was Pl Ed.ctd, molefulaight $8)200; 46 P8 pis®oRdinicthylsiloxuad cal ci um
AL e o= GOSN PR (L T I
(0.00233 mol/min) into the first zone of a Leistritz 34 mm diameter counter- '
rotating twin screw extruder. Dried SR-545 MQ silicate resin, prepared from SR-
545 MQ silicate resin solution which was dried to about 13 percent toluene by
evaporation of the toluene from the SR-545 resin solution for 4 day, then further
15 drying under vacuum at 55°C for 16 hours, was fed at a rate of 15.7 g/min into the
second zone of the extruder. Methylenedicyclohexylene-4,4"-diisocyanate was fed
at a rate of 0.65 g/min (0.00248 mol/min) into the sixth zone of the extruder. The
extruder was outfitted with fully intermeshing -screvﬂrs throughout, and the screws
were rotating at 50 revolutions per minute. The temperature profile for each of
20  the 120 mm long zones was: zone 1 - 25°C; zones 2 and 3 - 35°C; zones 4 and 5 -
50°C; zone 6 - 86°C; zone 7 - 150°C; zone 8 - 170°C; zones 9 and 10 - 180°C;
and endcap - 170°C. The vibration damping material was céoled and collected.
Subsequently, the polydimethylsiloxane polyurea segmented copolymer-based
vibration damping material was melt pressed between parallel 1/8 inch thick
25  aluminum plates, lined with release liner, at 160°C to shape the vibration damping
| material. _
In Example 100, 25 parts of the polydimethylsiloxane polyurea segmented
copolymer-based vibration damping material of Example 99 and 25 parts of 70:30
parts toluene:isopropanol were slowly agitated in a glass jar until i:omogeneous.
30  The solution was coated onto a release liner and dried to shape the vibration
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Each sol ution was coated onto a release liner and dried to forma vibration
20 danping material. The storage nodulus and | oss factor were determ ned
for each sanmple. The results are set forth in Table 19 together with those
for Exanple 87, a simlar conposition having no filler. Table 19 Tenp
Exanpl e 87 wooshsusgpl e 102 Exanpl e 103 Exanpl e 104 ¥ETsP6)5852
Tan[err] G (Pa) Tan [err] G (Pa) Tan[err] G (Pa) Tan [err] -90

1. 0OOx10[err] 0.03 6.06x10[err] 0.02 1. O1lx10[err] 0.03 6. 79x10[ err]
0.02 -80 9.35x10[err] 0.03 5.65x10[err] 0.02 9.33x10[err] 0.04
6.49x10[err] 0. 02 - 70he Sordgechbdubis; ', And foss factor] xaf, @icaduréd 04 Hz &le X 10[ err]
0.06 6.13x10[err], %04 -60 7.63x10[err] 0.07 5.0x10[err] 0.06
7. 83x10[err] O. inga@o 3o err] 0.05 -50 6.92x10[err] 0.08 5.02x10[err]
0. 07 7.21x10[err] 0.07 5.51x10[err] 0.06 -40 6.18x10[err] 0.11
4. 77%10[err] 0.08 6. 60x10[err] 0. 08 TaplelPxlOlerr] 0.07 -30 5.16x10[err]
0.15 4.47x10[err] 0.10 : . : 0. 10 VO
96/ 35458 Temp  [Example Example 100 PCT/ US96/ 05852
-20 4.36x10[err] 0.19 {@ox10lerr] 0 11k 18x1Q[err] 013  4-1x10[err]
0.13 -10 3.57x107 0.24 }3. 63x @@y | (Tacd |Gl Ba)x 10[Tend] . 17
3.45x10[err] 0.19 0 2]-95x1016.88>30" 40.05x 1{soxad’ Ooa2 B. 56x10[err] O0.22
2.54x10[err] 0.30 10  1{p®XI U‘%.zﬁlﬁﬁwm 082 |2.72x10[err]
0.29 1.62x10[err] 0.46f25—T At D. 48
1 83x10[err] 0.40 = 8. 81{i0re iﬁ%’fg? 117 Issixa, 0 y 55x10[err] 0. 68
1.1Ox10[ err] 0.52 4. 70l 4111805 1815 4oy 0183 8 83x10[err] 0.82
6.89x10[err] 0.60 2.98ki®[ er1339x160 4019 11358x10' 19.199 P 41x10[err] 0.82
4.55x10[err] 0.62  1.924a0[ er {149x108 d0.24 7{460«10’ [0.244 1.58x10[err] 0.79
2.99x10[err] 0.62 1.24 er]68%160 1031 2|125%%1 3 . 07x10[err] 0.74
2.06x10[err] 0.59 8. 3% WO‘ ; 70 17.26x10[ err]
0.67 1.47x10[err] O.54 5.5,';3‘[9vr‘ 405 S HAOKI0L 71035 0 10 62
5.33x10[err] 0.60 1. 13f10rer |8 Wﬁg 3046 1 B0 €2 10 1.43x105 0. 56
4.08x10[err] 0.53 8. 791010 er (4.87x18% (049 77j616xdp% 1 |0AS59 J10 1. 14x105
0.50 3.25x10[err] 0.49 [107. 46X3L8a0f ] [0.489. |4.95x00% 145 r] |0.56 120
9.48x104 0.46  2.56x10[ efa0] 0. 4768x10° 29840 €13 36008 7]0.451. 61x10[err] 0.54
130 8.19x104 0.45 2. 018RH0T eI oBad? (03630 RELA07 ] [0ksS 7 1. 25x20[ err]
0.53 40 |1.48x10° (045 |1.04x10° [0.44

50 1.11x10° 0.44 [1.44x10° [0.43

60 8.32x10° [0.44 |1.07x10° 0.43

70 6.28x10° 1045 |7.96x10° [0.42

80 4.86x10° (045 |6.04x10° [0.42
90 3.83x10° [0.46 |4.68x10° {0.42
100 3.03x10° 046 [3.75x10° [0.42
110 2.46x10° (047 [3.08x10° [0.41
120 2.02x10° [048 [2.56x10° [0.41
130 1.62x10° |0.50 |2.15x10° [0.42
140 1.31x10° [0.35 ]1.76x10° |0.44
150 1.02x10° ]0.60 |1.44x10° [0.47
1160 747x10° 0.66 ]1.11x10° [0.51
170 5.10x10° [0.75 [8.10x10* [0.56
180 3.45x10° 10.84 [5.62x10* 10.63
190 - - - -

5 Table 17 shows that vibration damping compositions of the present

invention used directly from an extruder, or resolvated and cast from solvent

24



140 6.80x104 0.45 1.50x10[err] 0.52 4.72x10[err] 0. 37 9. 52x10[ err]
0.53 150 5.49x104 0.46 1.07x10[err] 0.59 3.93x 10[err] 0.39
7.20x10[err] 0.57 160 4.05x104 0.53 6.89x10[err] 0.68  3.15x10[err] 0.42
5.22x10[err] 0.62 170 2.73x104 0.56 4.20x10[err] 0.81 2.52x10[err] 0.45
3.35x10[ err] Qobksd@® 1.46x104 0.7  2.13x10[err] 0.99  2.Acwdsdpesssd 0. 46
1.68x10[err] 0.89 190 9.66x10[err] 1.21 -

The results in Table 19 denonstrate that the addition of filler increases
t he upper end of the useful tenperature range from22 to 74C for Exanple 87
with no filler, 3fovidesinfilaCbrond hseﬁ;ldemmﬁmr'ecaméd, i.€2;1046 94 fLOBLmple¢ 90

hydr ophobi ¢ silica th cal cium carbonate. The addition of
these fillers moﬁP%%gpégéﬂgﬁﬁ ﬁ%& ‘0o reduce the cost of these vibration
danping materials. Exanple 103 was, al so evaluated as a heat activated
adhesi ve and af f dvdmgled03t ress at break val ue of 0.97 MV nferr]. Exanple

105 In Exanpl e 105, 6&&&@4&1% ugarmidwﬁah e/Polytta SRgmaeent ed 10
Copol ynmer J sol ution, prepared using sol vent ggynerlzatlon 23.8 parts

SR-545 MQ si | 5c atGopplymer, éﬁﬂm:ask-sdﬁmtbscautpw 33 pats 26 7¢:30 pa.rts

t ol uene: i sopropa ntil eneous.
The sol ution was Q@ger{\é'g%g epZﬁq ta&?altéﬁlgp gggasajg,ﬁ '{éﬂ'?'ﬁ &8 ?or%s bration
danpi ng materi al soluﬂoﬁﬁ%h&ﬂéﬁ& a release liner and dried to form a vibration dampmg

PCT/ US96/ 05852 The iﬁgrage nodul us and | oss factor neasured at 1 Hz for
Exanpl e 105 are rth in Table 20. Table 20 Exanple 105 Tenp ([err] Q)

G (Pa) Tan [er The stgﬁge modulus, Cﬁ ﬁgﬂsgi'&foﬂtanﬁ meaQurQ@at‘lBﬁz
6. 40x10[ err] 02 - O[err]
5.37x10[err] 10 EmmglslﬂseresetforthmfsathMO[err] 0 07 40
4.56x10[ err] 0.10 -30 4.04x10[ err] 0.12
Table 18
Example 101 - 80 [244x10° [0.38
Temp. 90  [2.12x10°  [0.36
(°C) |G'(Pa)  |Tand 100 |1.87x10° {0.34
90 [7.60x10° 0.04 110 [1.70x10° [0.34
-80 6.83x10’ 1005 | . [120 [1.56x10° [0.33
70 |5.76x10" 0.10 | 130 [141x10° |0.33
-60  l4.92x107 [0.14 140 {1.26x10° 035
-50 _ [4.04x10" [0.18 150 |1.08x10° [0.38
-40 _ [2.96x10" 10.26 160 [8.91x10° [0.42
-30  [1.83x10” {040 170 [6.99x10° [0.46
20 _|9.47x10° 057 - 180 [4.41x10° [0.52
-10_ |5.40x10° |0.67 190. [2.52x10° _0.60
0 3.22x10° 070
10 [2.09x10° [0.68
20  [1.40x10° [0.65
30  [9.41x10° [0.60
40  |6.51x10°  |0.54
50 [4.80x10° [0.49

Example 101 - Cont.

Temp.
(°C) |G’ (Pa) Tan §
60 13.66x10° ]0.44
70 |2.90x10° {0.41

g 2



-20 3.42x10[ err] 0.17 -10 2.91x10[ err] 0.21 0

. 19x10[ err] 0.30 10 1.48x10[ err] 0.43 20

.48x10[ err] 0.63 30 4.25x10[ err] 0.83 40
"31x10[ err] 0.92 50 1.21x10[err] 0.98 60
50x10[errh096,354580 97 70 3. 65x10[ err] 0. 89pEfiuse6/05852
.28x10[ err] : 1.62x10[err] . 0.66 100

25x10 . "

99§ 10% g: : % Thg dﬁ% qu'é%le 18 demonst%te%%ﬁa} g{tf;o}n dariping B&Ep}%f%épof the
91x10[ er r |present idvebtion] f@mulated using 3 p6lydit@fhylsiigxane polynPeabgmened

. 65x10[ err]

data in Tabl""é’p 0 o ?]ar‘}ﬂ“ggbhﬂﬂ#?‘?&ﬁ&ﬁ‘%&#%‘*%“?ﬁﬁﬂ&%l tion of ht he

present i nveandslecular welghtsWf Gomd286 td105:0000MicklA aa&dratédsa afivlepslay Ur ea
segnment ed copqlgmgr grepar ed 8% a sol vent process ovi des a corrp05|t|on
havi ng a® usSYasht ot khe00, £47 RoYidé 3 eoraposition haying g wsers) P“““WU’QS? 458

PCT/ US96/ OS%QW@S 106- 109 I n Exanple 106, 12. 6 parts of the

pol ydi met hyl si | oxane polyurea segnent ed copol yner - based vi brati on danpi ng
mat eri al of 7.6 parts SR-545 MQ silicate resin solution, 9.0
parts Pol ydi%ﬁsﬁa ﬂ)?ﬁne A i gourea Segnented Copol yner 5 A, and 70.8

parts of 70:30 pdnEsampl 1€2;8 passPolpdicethylsiloxane RilyréaSegmented Edpolymer gl ass
jar unti | hogngenaoysss 8 PlcHieka e Se GBS0 B B 4 Sb SRt 102 2N

10 parts toluene:isopropanol were slowly agitated in a glass jar until homogeneous. Then
1.6 parts hydrophilic silica (CAB-O-SIL™ M-5, available from Cabot Corp., Boston,

MA) were added and the solution was stirred with an air stirrer for 4 hours. In

NANENONON

Example 103, a solution was prepared as in Example 102 except the amounts of
Copolymer C and MQ resin were twice that of Example 102 and 7.1 parts hydrophobic
15  silica (AEROSIL ™, available from Degussa Corp., Teterboro, NJ) were substituted
for the hydrophilic silica. In Example 104, a solution was prepared as in Example 102
except 8.6 parts ground calcium carbonate (CAMEL-KOTE™, available from Jenstar
Stone Products C., Hunt Valley, MD) were substituted for the hydrophilic silica.
Each solution was coated onto a release liner and dried to form a vibration
20  damping material. The storage modulus and loss factor were determined for each
sample. The results are set forth in Table 19 together with those for Example 87, a
similar composition having no filler.

Table 19

Temp |Example 87 Example 102 Example 103 Example 104
(20

G’ (Pa) |[Tand |G’ (Pa) |Tand |G'(Pa) [Tand |G’ (Pa) [Tan3
-90  11.00x10° {0.03 [6.06x10" {0.02 [1.01x10%|0.03 |6.79x10’ [0.02
-80  [0.35x107 {0.03 |5.65x10” |0.02 [9.33x10|0.04 6.49x10’ [0.02
<70 18.44x107 10.05 |[5.27x107 {0.04 [8.49x107(0.06 [6.13x10’ [0.04
-60 |7.63x107 [0.07 [5.10x10’ [0.06 |7.83x107[0.07 |5.82x10’[0.05
-50 6.92x10” [0.08 15.02x10” [0.07 7.21x107]0.07 5.51x10"[0.06
-40 16.18x10" {0.11 |4.77x10" [0.08 6.60x107|0.08 |5.13x10’ 0.07
30 [5.16x107 |0.15 [4.47x107 [0.10 [5.87x107{0.11 4.65x10’ [0.10

73




Exanpl e 107, a solution was prepared as in Exanple 106 except 6.8 parts

Pol ydi net hyl si | oxane A i gourea Segnmented Copol yner

B were substituted for

the parts Pol ydi met hyl si |l oxane O i gourea Segnmented Copolynmer A and 73.0

I n Exanpl e 108, a solution was
prepared as iwoBsssad e 106 except 9.0 parts Pol ydi met hyl si | @CISIBABPour ea
Segnent ed Copqlyner C \I\FI’P suhst LT_LlT ed for the Pgolvdinethvlsiloxane

parts 10

t ol uene: i sopr opanol

wer e used.

A i gourea Seqr
i n Exanpl e 10

2R

Pl@X C

436
a;sﬂxma By d

ASr |#.12x10” HRddp|

18390 [.13 ol

4t T>dn’ v

1833 pr

epared as

B.6B%10/ | |0i15 0 BRIx00

ganr e

3. 45 QOE

atied

copol yner

was added. 15
dried to form

0]

yo or

2.55% ﬁﬂcgﬁol
!193'

00510’
9 205

factor, measur

are set forth.

‘Exanpl e 108
Tan [err]
5.34x10[ err]

0.04 5.03x10][
4.96x10[err]
0.06 4.41x10[
3.28x10[err]

G(m

Qis6R107
19#5 1 ovﬁla

LT

22C0

LS5 167]0.02

ErITE

o_bq“ ne

r and

ML

025" 11

045

and | oss

048

i4148x1030[0(83)

&:S5¢18)

c
10:8n

EETRTY

10.66 17

Fesults

1010’ 18552 ( P

bﬁ)70x1'|@_6r

08y r

G (Pa)

273r108 083

50)4

1540t Lolger r

D.4¥x

3.83:1p0f Ops82r |

17 o

GBIX30° |6.66 0x{2Cisxn0%0.80 03

521604082 |

lLszfQ

8.78 <X

10[ err]

722100 9841

1]

Fp

(a¥m

0.79"

opi !

b4
a

2244

.55

L

420K10° (D78,

[SB>
7210

'oﬂihﬁ

; 239§xi%‘

98P, 18

35x307

870

Hx10[ err]

251810} 1l9r7@u

T
X0

06762

1147%80%10.540.

56x20°98.66 0]

rr] 0.10

-40 2. 76x10[ ¢
.13 -30 2. 3(

190 ]

0.87810° 30652 1]

}go[

143k18. 056

sgang

0.602

13131610 M8 r

3. ﬂxlﬂ’

08327

x10[ err]

J4.0Bx1P|

jerss]

9%10°40.24X 1

X0

U535

65x10[err] (
20 2.18x10][
59x10[err] d
35 1.12x10][
16x10[err].

WOEORrONO

110/

{13

4x10°110-50%

IR0

491

i |

TA6RI0° 1083,

o

03652

10[err]

—

|V,

9 is 1 \FJ4n§rr

2.56x 1%

A7 -

0301074037, |

.

1@51?6’]

A\

QjSQRy

10[err]

8d9xH* 10431

2015107 ]

04937

513§><10’dbé2x1

:1r2§|><|14> 10.53 7

4510 7

682x10f 0J0et5r |

18048’

%QQQX
¢599X

072107 0.30. 4

2525 10*

0.53

.89x10[ err]O.
30 2. 79x10][ ¢

50 15.48%10E0j0et6r |

107%10°

{93107 j039°1

1601 [4.05:

4/

N

X10

Eﬁfd‘

5. 210"

7.20x10%

agyer

ERUS

] 0.57
x10[ err]

0. 60 40 1. 99
2.47x10[err] (
0.61 1.66xI0[
PCT/ US96/ 05854

]

TBRL1gx
E%f_E&_E._

146510

0.5 J6!

/II'\r

o
99

ISk
eI

3:35x40"

470,

d?idzoz‘

5107
0.46"

1.

68x10*

{0.89

O[err]

0.1

190 °

9.66x10

1.21

2.10x10%

The results in Table 19 demonstrate that the addition of filler increases the -

| upper-end of the useful temperature range from 22 to 74°C for Example 87 with no
filler, 31 to 107°C with hydrophilic silica, 40 to 109°C with hydrophobic silica and 24
to 93 with calcium carbonate. The addition of these fillers would also be expected to

10

reduce the cost of these vibration damping materials. Example 103 was also evaluated
as a heat activated adhesive and afforded a stress at break value of 0.97 MN/m?.

Example 105
In Example 105, 66.7 parts Polydimethylsiloxane Polyurea Segmented

Copolymer J solution, prepared using solvent polymerization, 23.8 parts SR-545 MQ
silicate resin solution, and 9.5 parts of 70:30 parts toluene:isopropanol were slowly

agitated in a glass jar until homogeneous. The solution was coated onto a release liner
and dried to form a vibration damping material.

7

7{



0 7,97x105 0.66 1.14xl 0.71 1.11xjO 0.62 1.11110 0.66 70

.34x10' 0.67 6.88x105 0.72 7.27x105 0.62 7.31X105 0.67 80  3.20x105
.67. 4.27x105 0.72 4.70xI05 0.63 5.00x100 0.67 90  2.24x105 0. 66
.68x105 0.72 3.08x105 0.63 3.55x105 0.66 100 |.55x105 0.65 1.77x105
.70 2. 10x1@odn6@s 2. 64x105 0.65 110 |.0OxI Os 0.65 1. 24RECTAISIGOERS2
.500x10 0.63 2.04x105 0.65 120 7.73x104 0.66 9.03x104 0.67 | I x |
.63 1.62x405 O. GQ'h&?tGra g6 nmoduliidshd(oss Factdr nfedsiteltlat(. MDfor Exdihpid 005 4te oet

. 25x105 0. 68 140 93xT04 0. 72 4 75x104 0.69 6.133x104 0.67  1.03x105
.72 150 2. 7éﬁﬁbuﬂﬁw¥§° 3.42x104 0.75 4.46x104 0.74 7.91x10x 0.79 160
.84x104 0.86 2.36x104 0.82 3.04x104 0.81 5.86x104 0.86 170 1.28x104

90 1.50x104 0.92 2.08x104 0.88 4.-115‘3%(%0 0.90 180 8.18x103 1.02
.10x104 - 1.48x104 0 - - - 1.02 7.59x103-

. 05x104 0.92 he data i ped0%1 denmnstr t hat additi on of
poI ydi net hyl si | oxane ol i g amp(°€) g Nt (Ba) copol & to cnpositions

cont aj ni ng pol ydi nmet hyl si l.egane pol jggsxap’segnens.ezl copol yners, silicate
resin, toluene and i soproj , 0 [ anpi ng conposi tions

having simlar useful te 7atbrrcr Ace y to 85C, 13 to 87C
and 12 to 91C, respecti vellym—iok el e 106 was al so

eval uated as a heat activd®Rd adhes|547<4 : ess at. break val ue
of 0.95 MN/nferr]. Exanpl ¢5010 10 }5.02x10’ | n fPle 110,
met hyl enedi cycl ohexyl ene- 448" - di | sofysexabe at do.l@te of (. 0065 g/ nin
(0.000025 nol /M n) and PO|WW€ Dgpnpe E L[Qt 1, nol ecul ar
wei ght 58, 700, at a rate g ?uc—u ot llgﬁz\xjovuuu\j OT‘I" T iwere fed into the
first zone of a Leistritz 2] FR-eH-ee e e w-r—gef-ew—ext+yder. MDD silicate
resin (MQR-32-3, 70 wei ght-!flercent 2901 ene qr“-labj_e_from Shi n- Et su
Silicones of 15 Anmerical0lnc., Toi2Wxde cA) [088e tol udne from the

sol ution havi ng been previfiusly evapossilotl, wado#gd at 7.7 g/mn into the
second zone of the extruddgg The ex g48Jqp° Was Uged I n co-Jrotating node with
doubl e-start fully internggmmg—scT d\isx:b; uugm_ﬂ_g thre—emtjire length of the

barrel, rotating at 75 reJot-tt+enrs—pe €= Lcrrpcrature profile for
each of the 90 mm | ong zor‘gL was. 2419 ng 40.9255 zdne 3 - 50[err]C

20 zone 4 - 100C. zone 35Q_140C 1babd0b and |0:98 1800 and zone 8 and

PRPOTORPRORFRONMNOUGO®

N

endcap - 60 6.50x10° 0.97
70 3.65x10° 0.89

80 2.28x10° 0.77

90 1.62x10° 0.66

|100 1.25x10° 0.60

110 9.97x10* 0.55

120 7.99x10* 0.54

130 6.32x10* 0.54

140 4.91x10* 0.57

150 3.67x10* 0.61

160 2.65x10* |0.65

170 1.68x10* 0.74

5 The data in Table 20 demonstrates that a vibration damping composition of the

. present invention, formulated using a polydimethylsiloxane polyurea segmented

copolymer prepared by a solvent process provides a composition having a useful

temperature range of 23 to 71°C.
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200[err]C,. The extrudate was cooled in air and coll ected. Subsequently,

t he pol ydi net hyl si | oxane pol yurea segnented copol yner-based vi bration
danper material was nmelt pressed between parallel 3.2 nm (1/8 in) thick

al um num pl agposrssdsged wWith release liner, at 160[err] C. 5 pcr/ws9snssshe
storage nodul us and | oss factor data nmeasured at 1 Hz are set forth in

Tabl e 22. TabEganiplesstoop109 Exanple 110 (C) G (Pa)

Tan [err] -90

6.76x10[ err] 0. O, le 106, 12:6va¥ts QF e oblvd ‘8%9 err]
0.02 - 60 o oot Fafiple 106, 1.t B e phiyiptlafiiondle ly“'ﬁéﬁg‘%'gfg‘i
5.61x10[ err] copolymer-baed vi ranosdampmg){menql ofEsamme 9%0.6 pans SR-M45MIQ err ]
0: 06 -10 oLerk err 0.09 10
3. 80x10[ err] sfigltis S, 9 8?%‘1&%‘{“@??‘?’15% Qe Segeh ]
0.20 40 5 A,l dfslof 70:30.pafls flene:iso roban@%&@lsl%wlﬂ aglta@dﬁi?a%ﬁs
4.54x10[ err] 81 70 1.88x10[err] 1.08 80 01x10[ err]
1.35 90 Jasutﬂék%?sqmus The gpluticmvas coated onte agglease finer and dued; 1o
4. 80x10[ err] ggarfiie 107, a solution was prepared as in Example 106 except 6.8 parts
Polydimethylsiloxane Oligourea Segmented Copolymer B were substituted for the
parts Polydimethylsiloxane Oligourea Segmented Copolymer A and 73.0 parts
10  toluene:isopropanol were used. In Example 108, a solution was prepared as in
Example 106 except 9.0 parts Polydimethylsiloxane Oligourea Segmented Copolymer
C were substituted for the Polydimethylsiloxane Oligourea Segmented Copolymer A.
- In Example 109, a solution was prepared as in Example 106 except no
polydimethylsiloxane oligourea segmented f:opolymer was added.
15 Each solution was coated onto a release liner and dried to form vibration

damping material. The storage modulus, G’, and loss factor, measured at 1 Hz, were

determined for each material. The results are set forth in Table 21.

Table21
Example 107  |[Example 108

Temp. Example 109

(*0)

Example 106

G’ (Pa)
5.11x10’

Tand |G’ (Pa) [Tand
0.03 {6.30x107|0.03

Tan &
0.04
0.04

Tan &
0.03
10.03

G’ (Pa)
5.34x10’

G’ (Pa)
7.16x107

-90
-80

4.73x10’ |0.03

5.78x10" [0.04

5.03x10’

6.34x10’

-70

4.34x10’ [0.04

4.96x10" |0.07

4.57x10 |0.05

5.24x10’ 10.04

-60

3.81x10’ [0.06

4.41x10’ [0.09

4.12x10” |0.06

4.44%x10° 10.06

-50

3.28x107[0.10

3.99x107 [0.10

3.62x10 [0.08

3.86x10’ [0.10

-40

2.76x10’ |0.13

3.63x107 [0.12

3.07x107 [0.12

3.27x10" |0.13

-30

2.30x107 {0.17

3.15x107{0.15

2.58x107|0.16

2.65x10" [0.17

-20

11.92x107

0.21

2.69x10710.18

2.21x10° [0.20

2.18x10” 10.21

-10

1.43x107/0.27

1.97x107]0.26

1.59x10” [0.28

1.48x10" [0.27

0

9.83x10°10.37

1.38x107 {0.35

1.12x10" [0.36

1.01x107 10.37

10

6.02x10°10.47

9.16x10° [0.46

7.62x10° 10.45

7.49%x10° [0.47

20

3.89x10°{0.57

5.86x10°10.56

5.29x10°}0.51

0.57

5.15x10°

30

2.79x10° [0.60

4.02x10°|0.62

3.70x10° [0.56

3.57x10° [0.60

40

1.95x10° {0.64

2.83x10°[0.65

2.54x10°0.58

2.47x10° [0.64

50

1.25x10°0.66

1.7x10° ]0.69

1.70x10° 0.61

1.66x10° [0.66
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120 1. 74x10[ err] 2.99 130 8.36x10[ err] 2.49 140

5.08x10[ err] 1.69 The data in Table 22 denonstrates that a vibration
danpi ng conposition 10 fornul ated using 80 wei ght percent of an MPD
silicate resin provides a vibration danping conposition having a useful

tenperature {wadgRssd 55 to 89[err]C WD 96/ 35458 PCT/US96/05852

PCT/ US96/ 05852 Exanple 111 In Exanple 111, 95 parts by wei ght

Pol ydi met hyl si | lggang; ¢33 (0661 t4%10%10.22° 4891 féd oy, 1,"1@'1@106 bl ended
well with 5 par] A ergjﬂ 0 &u por at ed
1 ' ol r'\\nx i flnr X ok i 7 aci.n gl T&n'l’i‘

ai r bubbl es werg—aHewed—4 et T —=-Af Nng about
0.1%t ol uene, o --mmgﬁls?;c EFTAI0[02” 13px16310.63, 15,0046 D67zt er i al
1170-002, and f |30t he@24%10%0.66nqRE8XIAL 7% {[3.08410° I6F S[3:85x36T €166 d was

dried i n avacuujioevénssxiet|oieght|1 arx199[0a0r 1|C. 10010° f063 t hofefesscont ent t o

| ess=than 0. 1% 1161 $1.651690%esT 4504102 10.68¢ 41 30x F° |66 F To4‘~ifo¥3'%§n_ﬂ into the
A o o C N ST A 3 M AL A

I nj ected into z 1@“1‘&2&4 Faié Joquég "]QMO -2 Ilb’;r?ca ne/ mn).

Di cycl ohexyl net H4fe; 34934410‘d|p|7300435va1t0e 0,425 éaxm B6T al1e03:102 I®B2 of nin (0. 01
13 nol /nin) int5e0Me75hi1080170 [13.a%% 08 0casNA@4bk{o 074ravt.91@<10‘f 796} 1.

Doubl e-start fuliey [18£110E0/861d2 56% M85 [8.04% O[508H4b* 166 eptire
| engt h of the b:il7 284 X I~

t enperat ure pr ok € =) B—oa+ — R -ORe—E :

30C, zone 2 - 521(8‘ hifx14 --037rbr1 >F1r9 - ool A8x16440:9
6 - 125[err]C H8Ae|12x10813108r 17.89x W fres 8l1.08x16¢00.92.n |t punp -
200[ err] C. Vacuum was pulled on zone 8. The thus- prepared vi brati on danpi ng

terial iting t | | d f
Toasur g about adteteh o o1 Bt et b SRR T P e
with fluorosibligo@itg setfthented @apci¥nérdtoXofipbiitidna @bitainidy peainietiyRidbitahiel at e- based

rel ease liner, and allowed to cool to rogomtenperature. A bi-directional
vibration danpriyurepsesmenied sapelyegrs sliGats fF%‘%é“BW@ﬁPP’GH”"tW@‘F@Fease liners

were renpyed g p;qx&‘&nﬁu%gﬁoﬁ@%snﬁ%{st Q&egsxém&'u ﬁe@@fﬂ@ 795B€ Pi eces.

wer e stacked atop one*a pl eces or yet
t er epht hal at e16 to 85°C, 13 to 87°C and 12 to 91°C, respectively, for Examples 106-109. Example

106 was also evaluated as a heat activated adhesive and afforded a stress at break
value of 0.95 MN/m?.

I}

Example 110
10 In Example 110, methylenedicyclohexylene-4,4'-diisocyanate at a rate of

0.0065 g/min (0.000025 mol/min) and Polydimethylsiloxane Diamine E, Lot 1,
molecular weight 58,700, at a rate of 2.0 g/min (0.000034 mol/min) were fed into the
first zone of a Leistritz 18 mm diameter twin screw extruder. MQD silicate resin
(MQR-32-3, 70 weight percent in toluene, available from Shin-Etsu Silicones of

15  America, Inc., Torrance, CA), the toluene from the solution having been previously
evaporated, was fed at 7.7 g/min into the second zone of the extruder. The extruder
was used in co-rotating mode with double-start fully intermeshing screws throughout
the entire length of the barrel, rotating at 75 revolutions per minute. The temperature
profile for each of the 90 mm long zones was: zones 1 and 2 - 22°C; zone 3 - 50°C;

20  zone 4 - 100°C; zone 5 - 140°C; zones 6 and 7 - 180°C; and zone 8 and endcap -
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25 based rel ease |iner described above, and pressed in a heated platen
press with gap set at 19 nmfor 10 mnutes at 127[err]C. The sanpl e was
renoved fromthe press, allowed to cool to roomtenperature, and placed ma
vacuum oven at 80[err]C at a pressure of 0.25 mmHg for 16 hours to degas
the sanpl'e. Wwowgsksad €l y after degassing, the rel ease |iner omnars96esssoved
fromthe sanple, replaced with two new rel ease |iners, the sanpl e 30 was

pl aced back iy eThd &hf h 60 m nutes at
127[err] C, angoacgen rermgaetg%?g%a‘%{ea%?g%s Eﬁ@% e%@ééﬁul ngfs wer e once again
renmoved and polydimetylsiionasgpolyurea segmented copolymer-based vibration damper material

PCT/ US96/ 058 I i I s A€ appl.e -was pressed
i addi t1 onal®3 T RSS! Bthhidn B A s )i af A ARG, RS
free sl ab wazelemetingdatf16070.t he press and allowed to cool to room
tenperature. Relegse |iners re remgved mthe sI and the proad faces
of the sl3ab were B¢ S8 Moy IJ?E[ ﬂ'&ﬁﬁ Moad,

avai | abl e fropgpyRMyConpany, St. Paul, M\, to roughen the surface of the

sl ab. Two square sections of vibration danping naterial neasuring 38.1 nm
per side and having a thickness of 12.7 nmwere cut fromthis slab. A

bi -directional danper, simlar in appEsble®2 to Figure 1, was constructed

by bondi ng, using epoxy ad Ve WP@m@n ganptng terial 1 of Figure 1,
toa4.7 mthick cold rol steg ate210 and qo menbers 3a and 3b
of Figure 1, that had been, arre %,;ﬁmuu s> y sand bl asting and
sol vent degreasi ng The epoly—bendtd -Ofrar—e i ng assenbly was

fixtured for 24 hours at rfidnte 6703007 o (00 1pi 0t ai paral | el i sm bet ween

the steel nembers and the yBdrati (ﬁﬁmﬁﬁ)l #®Ohat eri al_during epoxy cure. The
danper assenbly was ri gi dl $7oount gg84x10%an [0S nodel ngnber 312.21 15
hydraulically actuated cl o& 00k d5g60adiogontirol tgsting machine fit
with a tenperature control Sbr T 4x;67=FF0&>we| astfic material was
equilibrated at 24[err] C apg—eend u%,'} 4,yw.w.., deform ng the

vi scoel astic material a toiﬁp D.6lx] e.sjgg_sﬂ%su.a:.n and a frequency of
0.1 Hz. Three cycles of dyi 430 a1100%st i ng \wernde then performed at
tenperatures of 0, 10, 21, -a&d 36 Satax]lof’ atl0.8ér ai ns of |50% and 20 100% at
each tenperature. The stor&ge nodlf w100 ,j0.6nd 10ss fdctor, tan [err], were

PN | ke ] o |

determined at 1 Hz and are BdA0 8o 23- 23 Exanple 111
10 3.80x10"  [0.12 |
20 3.21x107 {0.16
30 2.58x10° 0.20
40 1.90x10" 0.29
50 1.09x10"  ]0.49
60 4.54x10° {0.81
70 1.88x10° {1.08
80 8.01x10° [1.35
90 3.25x10° {1.67
100 1.31x10° [2.10

110 4,80x10°  {2.60
120 1.74x10* [2.99
130 8.36x10° {2.49
140 5.08x10° |1.69

The data in Table 22 demonstrates that a vibration damping composition
10 formulated using 80 weight percent of an MQD silicate resin provides a vibration

damping composition having a useful temperature range of 55 to 89°C.
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Tenmp ([err]C)Strain (%9 G (Pa) Tan [err] O 50

1.45x10[ err] 1.60 10 50 1.10X10[ err] 1.88 21 50
9.52x10[ err] 1.81 36 50 7.11xl O[ err] 1.71 0 100
6. 90x10[ err] 1.80 10 . 100 6.21x10[ err] 1.90 21 100
5. 38x10[ err] wooshss8 36 100 4.37x10[err] 1. ¥OrrUs96)o3s2
96/.35458

PCT/ US96/ 0585%,7 uI ts | n Tabl e 23 denonstrate that the storage nodul us
and loss factor o jtion are h.and relatively insensitive to
changes in terrpera('l;g e %PW%WP@E?&YW@%@WW@%%P@% Lot

vibration damlmma&gh@mammﬂbﬁmsg&h@q AEIROPI M R-972
constructions. 5 Exanpl es” 112 and 113 In es 112 and 113, the

pol ydi mi t hyI s|ﬁ|lmie§li@apbwywmdw@wws%waecwmﬂsga@bvmhq@lMQre:in and 72,
respective Q 0 terials of
Exanpl es 112 \agﬁéfgﬂlg%\%?g lrr/efoﬂegég’é{sﬁ%dg@ﬁ%\eﬁeﬁlﬁgé eg’e#‘ agg’fpﬁgﬁq‘ utg?pl ates as
descrj bed i-n wglmmm]o%vunammwemu?mwr lshmmaefssc,lﬂ?sdnedm
tenperature was 127[err The u S tor, tan
[err], neasur &Y2cH" WF@E%%%[‘H"%@W“ gitokege comirat qg‘ﬂs ‘ﬁP“‘Iaa e%&ﬁ

EX&WD' e 112 weiiedMPresh %Wa@ﬁeéfﬁ?@klnﬁ?ﬁﬁd’ﬁ&ﬂﬁtﬁ&i&%h!@rs&ﬂﬂ%@frﬁx@rded a
stress at break value of 0.45 MN/nferr]. Table 24 Exanple

112
Exanpl e 113 Teimpweﬁréﬁ@qmlonsw@tems)mn screyngaruder. The polpdigrethylsiloxamein [ err |

0927 %ig%rﬁﬁé’/é:med s1ﬁc re Wﬁ%}om F,,Q ﬁ) ratet 59.5 ]_gll;lmz 6x10[ err]

2. 42x10[ e rr ] (0.000711viol- :ﬁﬁmﬂe]ﬁnﬁ 6Di:@{:lehax}ylmethaﬁb-4;@'-dusocyanat&ww Bfenateof 0. 23
-50 4.15x ]204 ¥ 1[11111 (0.01 ?3 mol/mmiL into zone [ﬁve tJ provide an IQCSJNHz ratio of 1.06:1.
Double-start fully intermeshing screws were used throughout the entire length of the
barrel, rotating at 225 revolutions per minute. The temperature profile for each of the
15 160 mm long zones was: zone 1 - 30°C; zone 2 - 53°C; zone 3 - 57°C; zone 4 - 58°C;
zone 5 - 74°C; zone 6 - 125°C; zone 7 - 168°C; zones 8, 9, 10, endcap, and melt pump
-200°C. Vacuum was pulled on zone 8. The thus-prepared vibration damping -
material exiting the extruder:was collected in a square aluminum frame, measuring
about 330 mm per side and having a depth of about 19 mm, lined with fluorosilicone- |
20  coated 50.8um polyethylene terephthalate-based release liner, and allowed to cool to
room temperature.
A bi-directional vibration damper was constructed using this composition. The
release liners were removed and the slab was cut into 4 pieces 165 mm x 165 mm. The
~ pieces were stacked atop one another, between pieces c;f polyethylene terephthalate-
25  based release liner described above, and pressed in a heated platen press with gap set at
19 mm for 10 minutes at 127°C. The sample was removed from the press, allowed to
cool to room temperature, and placed in a vacuum oven at 80°C at a pressure of 0.25
mm Hg for 16 hours to degas the sample. Immediately after degassing, the release
liners were removed from the sample, replaced with two new release liners, the sample
30 was placed back in the platen press with gap set at 13.4 mm for 60 minutes at 127°C,

and then removed from the press. Release liners were once again removed and
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-40 2.26x10[ err] 0. 48 7.07x10[err] 0.42 -30 111x10[ err]
.60 ~ 3.61x10[err] 0.54 -20 5.22x10[ err] 0. 69 2.02x10[ err]
.66 -10 3.35x10[ err] 0.72 1.13x10[err] 0.73 0
. 57x10[ err] 0.73 5.70x10[ err] 0.77 10 1. 03x10[ err] 0. 67
. 32x10[ er r | wo o8z 20 6. 88x10[ err 0. 60 2. 10x10[mrmgsssnssse 68 30
. 76x10[ err] 0.53 1. 31x10[err] 0.62 40 3.89x10[ err] 0.49

0Ok 10 0.49 60
- 43x 10% or H replad tiiidw r%'%xﬂléifz’er 8 ffshmple yds frbssed ax%“%%&"@of "Jri %70 39
20x 10[ err] 127°Qwith agap of 13.4 mgg xHhe|flat hybble freg siah was remogedifondpegress 0. 42

0 65x Olerr
0. 37 3 36x J’Td to °98ﬁ§1°°fiff§“"z‘%ﬁ}9[ er ?‘[Q’W%ﬁe %Q'g‘?ed ﬁ°’%.‘*§3¥ o{ er r}
2 if% 13[0 ] alﬂAthélﬂ'bo aiﬁ]:ezs o:t; the. fIOiB were abrddéd iﬁlh?llrSOQOTCHBmO'EIBgMM Hand 0 35

X err . . err . .

2.14x10[ err] Pad, E"ﬁi:&ﬁ%@“ 3#'%6‘“);%%1%}[ %ﬂ?,]ﬁﬁ 1060%'“*1‘959'%% ﬁkgleélﬁbi 0. 42
160. 7.87 58
PO Uso6] 5 aebl Silate sectidls Sﬁﬂérftr' o duitpirftdd '2"8%?% éeu?% S

4.69x10[ err] hawmﬂbdm@ﬁzfo{lrerwqrecutﬁmﬂﬁxdaboAbl-dkemm{aem!} 0. 37

Eampi oo 112 SFE A proRRRTD Sl 1,084 sootuctbopille, R bR ©

triisocyanat Embqaﬁavdaﬁpmgiﬂﬁteﬁallleffbgnntll,ltﬂ‘ﬂ&mﬂnﬁcokﬂﬁllédxteelﬂamﬁ] C and
ol v motly | SR ZREOHS 55 A3 S TIFRER et B B HAm P PO 90 ¢ o ed
for vibrati onblslﬁﬂg hﬁtgsoweﬁp&rgﬁehﬁﬁg THepbRy tinked bxylﬁ’x%ctmﬂhltdampmg assembly :

was fixtured for 24 hours at room temperature to maintain parallelism between the

CUINFAWROO

steel members and the vibration damping material during epoxy cure.
The damper assembly was rigidly mounted in an MTS model number 312.21

15  hydraulically actuated closed loop feedback control testing machine fit with a
temperature controlled chamber. The viscoelastic material was equilibrated at 24°C
and conditioned by cyclically deforming the viscoelastic material a total of 3 cyclesat
50% strain and a frequency of 0.1 Hz. Three cycles of dynamic mechanical testing
were then performed at temperatures of 0, 10, 21, and 36°C at strains of 50% and

20  100% at each temperature. The storage modulus, G’, and loss factor, tan §, were
determined at 1 ¥iz and are reported in Table 23.

Table 23
: Example 111
Temp (°C) |Strain (%) |G’ (Pa) Tan 8
0 50 1.45x10° 1.60
10 |50 1.10x10° 1.88
21 50 9.52x10° 1.81
36 50 7.11x10° 1.73
lo 100 6.90x10° 1.80
10 100 6.21x10° 1.90
21 100 5.38x10° 1.88
36 100 4.37x10° 1.75
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pressed between parallel alumnum plates as described in Exanple-112. The
storage nodulus, G, and loss factor, tan [err], neasured at 1 Hz were
determ ned and are 10 reported in Table 25. Table 25 Tenp Exanpl e
114 ([err] QO G (Pa) - Tan 8 -90 5.54x10[err] 0.12 -80

4.27x10[ err lwoosSkads® - 70 2.94x10[ err] 0.21 -60 1. 90ptjuspegsssz 0. 29
-50 1.09x10[ err] 0.41 -40 5.78x10[ err] 0.54 -30 2. 79x10[ err]

0.63 -20 1. 34xl(iﬂneidshtsm€ra61823 wnonsﬁa@%ﬂ{e%fdd em&luﬁﬁaﬁhlossﬂctaﬁdﬂo[e”]
0.62 10 2. 71x10[err] 1. 89x10[errﬁ 0.50 30

1. 47x10[ err] thi campostion afelhl&*usvﬁafléﬁ“fe}y inggnsitivedp changes ip gsmpsratiire] Thesg 41 60

5. 8510] or 1] HPUR-UR desiig KU B brariop Qe B AIAR BN |, 567120
3D4gg}g[52r5r8] directidB! defing constiietictiser r | 0.39 140 3.42x10[err] 0. 39

PCT/ US96/ §585Examples 112 and 113
' In Examples 112 and 113, the polydimethylsiloxane polyurea segmented
copolymers of Examples 71 and 72, respectively were tested for vibration damping
properties. The materials of Examples 112 and 113 were melt pressed between
parallel aluminum plates as described in Example 99, with the exception that the press
10  temperature was 127°C. The storage modulus, G’, and loss factor, tan §, measured at
1 Hz were determined and are reported in Table 24. Example 112 was also evaluated
as a heat activated adhesive and afforded a stress at break value of 0.45 MN/m’.

Table 24
Example 112 Example 113

0 | G@a Tan § G' (Pa) Tan 3
=90 1.79x10° |  0.14 4.61x10’ 0.09
-80 1.26x10’ 0.17 3.55x10’ 0.11
<70 9.40x10° 0.21 2.42x10’ 0.17
-60 6.66x10° 0.26 1.72x10’ 0.23
-50 4.15x10° 0.37 1.15x10’ 0.31
~40 2.26x10° 0.48 7.07x10°{ 042
-30 1.11x10° 0.60 3.61x10° 0.54
=20 5.22x10° 0.69 2.02x10° 0.66
10 3.35x10° 0.72 1.13x10° 0.73
0 1.57x10° | 0.73 5.70x10° 0.77
10 1.03x10° 0.67 3.32x10° 0.74
20 6.88x10° 0.60 2.10x10° 0.68
30 4.76x10° 0.53 1.31x10° 0.62
40 3.89x10" 0.49 1.00x10° 0.55
50 3.03x10° 0.43 7.66x10* 0.49
60 2.43x10° 0.40 6.23x10° 0.45
70 2.13x10° |- 0.39 5.20x10° 0.44
80 1.88x10* 0.38 | 4.34x10° 0.42
90 1.65x10° 0.38 3.79x10 0.43
100 1.45x10* 0.37 3.36x10* 0.41
110 1.34x10* 0.37 2.99x10° 0.41
120 ° | 1L.24x10° 0.36 2.67x10° 0.43
130 1.12x10* 0.35 2.32x10* 0.42
140 | 1.03x10* 0.35 2.14x10° 0.41
150 8.78x10° | 0.35 1.88x10° | 0.42
160 7.87x10° 0.36 1.54x10° 0.45
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150 3.03x10[ err] 0.41 160 2.55x10[err] 0.43 170 1.9x10[err]

. 0.48 - 80 1.27x10[ err] 0.52 The data in Table 25 denpbnstrate that the
vi bration danping material of Exanple 114, formulated wiith 41 wt% al um num
oxi de, provides a useful tenperature range of -42 to 2[err]C 5 Exanpl e

115 -118 In &Ggerbas 115 - 118 vibration danpi.ng conpositi oper/osysnsgeepar ed
by.m xi ng the pol ydi net hyI si | oxane poI yurea segment ed copol ymers of

Exanpl es 81 - 84, dried .wl.,oca. 5 oY P o 0 M Sontmq T g Y resin FORAL[err]
85, available from Her cytreygg g dgi-re'lags—q:'lpa;mrwv as shown in

Tabl e 26. Sanples were U4yt © 351119\01 37 [ unt 1 s_bm ed Exanpl es 117
and 118, containing organtT tackKiTying resin, FORAL , required heat
to dissolve the ta At | o 1Al Copol ymer
MQ 1170-  FORAL 8??”** ﬂgram?“%‘é'ﬁe féltﬁs)%rt)r 0pano af"?ﬁ’%%’x%ﬁi“f (parts)
002 ( Exahpids 112 apg 413, fprmulatédamsing )blehd of diisocyanat® ind trnsocyanate,l 2.5

12.5 18. 8 18.8 116 82 12.5

5 36 provide useful temperature ranges og 20 tp1+1°C and -38 t9B°C respectively; > 5

- 12.5 6.3 6.3 118 84 12.5

6.3 - 5 (Examplell4 6.3 6.3 The sanples were then coated onto

rel ease |iner, dri ggfafipiclfianing o Smdinyfilddine poRiFREGghute Gipoliier ofd

laninated to froma vibratioh d nmping material.’ The Storage nodulus, G,
and | oss fact &xampled3 was tested flaraihration damping properties Thematsriahwas meltl ar e

Exanpl o 117  Dresid Sbemekf e fonob tes as GeEASRL f Ekppl 112 S00BGe 77

[err] G (Pa)nodului'c'ﬂif and loss@adtbigian 5, mIaareBatlew&ee deterhint@and prer I | 0.05

9. 60x10[ err] E 8. 056x10[ err] 0.0 9. 52x10[ err] 0.01 -80
6.x10[ err}0 fﬂm&s in Eable2S1 0 er r | 0.04 7.98x10[err] 0. 00
9.43x10[ err] 0.01 -70 5.30x10[err] O0.14 1.04x10[err] 0.03
7.91x10[ err] 0.01 9. 31x10[ err] TaBlepﬂ-S 60 4.23x10[ err] 0.19
1.01x10[ err] 0.06. 7.82x10[fers] - 13%10[ err] 0.02 -50
3. 14x10[err] 0.26 4. 89x10[err}";§*“:‘)5.' G.g’g““”%“’*# r] © 001
8. 77x10[ err] 0.03 5 s

5.54x10°] 0.12

80  J[4.27x10'| 0.15
0 |2.94x10°| 0.21
60 |1.90x10’] 0.29
50  |1.09x107| 0.41
-40 }578x10°] 0.54
30 12.79x10°] 0.63
20 [1.34x10°| 0.68
-10  }6.86x10°| 0.68
0 - |4.20x10°] 0.62
10 |271x10°] 0.57
20 1.89x10°| 0.50
30 [1.47x10°] 0.45
40 [1.24x10°]| 0.42
50 |1.08x10°] 0.41
60 19.07x10*| 0.39
70  |8.00x10*] 0.39
80 16.62x10°| 039
90 |5.85x10*| 0.38
100 |548x10°] 0.38
110 |4.80x10*] 0.38
120 |4.45x10*] 0.39
130 [4.10x10°] 0.39
140  |3.42x10*] 0.39
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PCT/ US96/ 05852 - 40 1.97x10[ err] 0. 40 1. 68x10[err] - 0.39

6. 98x10[ err]
6. 35x10[ err]
3.89x10[ err]
0.87 -10

3.43x10[ err]
2.26x10[ err]
1.22x10[ err]
6. 11x10[ err]
2..81x10[ err]
2.49x10[ err]
5.19x10[ err]
2.44x10[ err]
6. 42x10[err]

0.05 6.38x107 0.15 -30 1.07x10[err] 0.59
0.31 4.88x10[err] 0.17 1.84440  0.54 -20

g, gg 2.40x10[ err] 0.29 1.87x10[err] OpCa7Us96/05852 62xX106

x10[err] 0.76 2. 00x10[err] 0.30 4.77x10[err] 0.94
0.73 O 1. 57xt - TTH8x10[ err] 0.31 i
0. 93 2. 74x1ulggi gggﬁwf gﬁ; |.ax10[err]  0.70
0.32 | A5X10[lersir— 76 ,';ED‘ £=59| O err] 0.41 20
0.63 1. oo<1 AL 050 1 9480 err] 0. 69

0.40 30 20080 41,27x10°% £52 B 10x10[err] 0. 32

0. 66 1. 82x10 er] 0.43 40 3. 10x10[err] 0. 47
0. he data inTable? a:r}onstrate)thetgthe vibration dsm@fgmaterial of 0. 53 50

ekl AL Sl ) gy i P By o

88x1ﬁﬁgdf].42toz9084 70 1.80x10[ err] 0. 34 | . 55x10[ err] 0. 47

9. 74x10[e r]
7. 49x10[err]

0.33 5.66x10[er rIpExareplaslllfrdls v@ram flameipg pomposisionsswere propased

1. 66x10[ err] 0.99 80 1.59x10[err] 0.33
E 8,@ _ 90 1.42x10[ err] 0. 33
%115 118 - 100 é.Z8x10[err]
Yerr] 0. 32

120 il A ploRard olyudea SehkRled bolyméls SEEkies 81 - 4,

9.07x10[ err]

1. 74x10[err]

140 7. 84x¢il[dérIQ]resm Oulie orgagicaekifyipgresih FORALIY 855ayailablefraaHemples & | r

0. 43

0. 54 10
1. 54x10[ err]

show t hat Ex

Inc., toluene, and 1soprf?6\ol as showp ﬁ'&[btlaer Saﬂ‘égggrerfgp%hﬂa( %Q%@)r( e ?] 4.4

until drssolved Examples 117 and 118, containing organic tackifying resih JFFORAL
- The data in Table 27

a%’% reﬂ‘i‘?%%’s‘@&‘sﬁveaﬂ’f)mwml sil oxane pol yurea segnent ed

copol ymer derived from equinolar quantities of a 5 pol ydi met hyl si | oxane
di ami ne of about 50,000 nol ecul ar vvel q'igm@m Dytek A[err] a short chain

hydr ocar bon
t enperature
Tabl e 27 for

15

L AAMT ALS, = Cxpm e d“" NS AR i =Pl T Trmeai e, ful
R R e [ TR T TR
Exanpl s , 117, and [L18 PW - | hat' a
115 81 12.5 12.5 - 18.8 18.8
116 82 12.5 3.36 - 6.3 6.3
117 83 12.5 - 12.5 6.3 6.3
118 84 12.5 6.3 6.3 6.3 6.3

The samples were then coated onto release liner, dried for 15 minutes at a
temperature of 70°C, and laminated to form a vibration_ damping material. The storage

modulus, G’, and loss factor, tan 8, measured at 1 Hz were determined and are

reported in Table 27.
Table 27 .
Temp Example 115 Example 116 Example 117 Example 118
()Y

G'(®Pa) | Tand G'(Pa) | Tand G (Pa) Tan 3 G' (Pa) Tan &

90 7.76x10° | 005 | 9.60x10° | 0.05 | 8.05x10’ 0.01 9.52x10" 0.01

-80 6.68x10" | 0.08 | 9.86x10° | 0.04 | 7.98x10’ 0.00 9.43x10’ 0.01

<70 530x10° | 0.14 | 1.04x10° | 0.03 | 7.91x10’ 0.01 931x10’ 0.01

-60 423x10" | 0.19 | 1.01x10° | 0.06.| 7.82x10’ 0.01 9.13x10" 0.02
=50 3.14x10° | 026 | 4.89x10° | 036 | 2.75x10 0.01 8.77x10’ 0.03
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pol ydi net hyl si | oxanepol yurea segnent ed copol yner derived froma 10

pol ydi met hyl si | oxane di am ne of about 5300 nol ecul ar wei ght and two organic
di am nes, Jeffmine[err] D-4000, a pol ypropyl ene-oxi de di am ne having a

nol ecul ar wei ght of about 4,500, and Dytek Alerr] a short chain hydrocarbon
di am ne havi @ sa3gkecul ar wei ght of about 100, where pol yprCyysssiosssdxi de
constitutes about 77 wt% of the copolyner, when tackified with an MQ

silicate e T Al KHGeN [ CoA02¢ KilgsXioN] 6.355] 6.9 X5 9 ceRsionayl giso] MO
and organi c [TaB8& ]Y107%koT £50.59S | 5. 33x108¢ 0/310[ a4.88R10° O NGA1710] NES4RI0r A1 S 0BA L I
useful tenpdiabelrd I8aQET 6778 1 240205729 b 1.6ixIoC | 20153 - 1227829108 3¢ oBxalpl es
115, 116 and lie }exsxidt $00. %V &l 200kwtl | amsongad. 77wt | Vad.md [acdssioves ansl WO
96/ 35458 0| 1.57x10° | 0.74 | 1.58x10° | 031 | 2.26x10° | 0.93 HCI12.714%500/ 05048 |
af f orded strless at] 0118k | verou ¢ si.22x100 | 3032V ndserof ||, @7884] N\erioer f| oand] 0. 15
MN' nferr], rlespect]iémikly’ | Bxanh! o0k1d® || 0325k asgexey’ 1j1 99.69M) 1 ESIx10° DG WOH0 :
cont ai ni ng |1[ES30 T I{oaB0108 1 00.55¢ E8.105I0° 3 0.3251 | Z4SRIVES|  0%awi ef | Bf2xiol /()- 0@2) | was
fed at a ratle e 423.5x17 M 047 HtH19210h4 0.2901 ROIRHY Sf 00.69F Y ONIMxEd’® anyetoss 1600
mm | engt h cdr osat riop.44xi0h | se42e\v Be6kiotides.30 Pol.gisiovel hosss| | osammo’ Dij amese | C,

Lot 2, 22,000 awl dcan4aro’ \Wwee3ghi,2.542K0° ijne.3cted at al rat e pf2.8%101 d/ wiss (0. 00
173 nol / m n)[ T ma 0 {Zo80e10D | v yI.55km001| coiddl phexyl enke- 4- 4- 1 Lemioyanansdwqs f ed
at a rate of| 08®89 nsorion (0330022Rx106[]/052n] 1 nto zbne-5 fo provide -
NCO NH[ err] {rapo o |1s2x100f d3329:7490100° | Tess ¢i | secyahate feed +inelwas pllaced
close to thel stooew Lisk®@ads0.38s |i 566k30aipé4l 1. Deublp starf fukly ifntermshing
screws, rotafting dtLIse0° feads Jt4.23rK° ned32vinut e, were- uskd throudhout the
entire | ength 120t Hel.0410r ¢| 0.37T], &QZ@Q@E&iMIeS set for-each of thd 160 1
zones were: [zoe -| UKW 1] €39 4okux10? [tedolgh 4 - KO[err|C zonels -
60[err] C, zopel48 - mmoénw.e zH0107 1. 0360 err] C | and zbnes-8 tHrough!10,
endcap, and jel® _156.53x19041043 180[err IC - VAcuum was pulllbd on zode & The
pol ydi or ganoki }68xAn®A7sKl 11944 [segrmentled- cdpol yoer ! presshire- sensilt i ve
adhesi ve was} cHOl dc4- 31054404 dl ed-inlait |Examlel 120 1h Fxanpld 120
pol ydi or ganojsi 158 n}ssﬁl‘)r 1934 |seqgnentled- q nnLvm;r presshre-sensiltj ve
adhesi ve was n}mdl rbﬂxmc i H6%F am’ﬂ'p 119- witt h the OJ_tm/\ ng 20 rhznnés

The MQ resin flowate was 55. 8 g/mn t he pol ydi methylsHoxane di am ne was

'g;)lmygl met hyl si| oxat}ge Rﬂ'ttgmﬂ%lei'? sﬁD\lv%hCaltJ ggm;‘:’ielgg% ogggolydmleﬁlcy st gxagg 37.0

polyurea segmented copolymer derived from equimolar quantities of a
5  polydimethylsiloxane diamine of about 50,000 molecular weight and Dytek A™, a
short chain hydrocarbon diamine, provides a vibration damping material with a useful
temperature range of -25 to 35°C when tackified with MQ resin.
The data in Table 27 for Examples 116, 117, and 118 show that a

polydimethylsiloxanepolyurea segmented copolymer derived from a

10  polydimethylsiloxane diamine of about 5300 molecular weight and two organic
diamines, Jeffamine™ D-4000, a polypropylene oxide diamine having a molecular
weight of about 4,500, and Dytek A™ a short chain hydrocarbon diamine having a
molecular weight of about 100, where polypropylene oxide constitutes about 77 wt%
of the copolymer, when tackified with an MQ silicate resin, an organic tackifying resin,

15  ora combination of MQ and organic tackifying resins provide vibration damping
materials with useful temperature ranges of 21 to 52°C, -5 to 5°C, and -24 to 13°C.
Examples 115, 116 and 118 were also evaluated as heat activated adhesives and
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(0.000521 mol /m n), and the diisocyanate was fed at 0.143 g/m n (0.000546
nmol /mn). The tenperature set points were: zone 4 - 60[err]C, zone 5 -
120[err]C, zone 6 - 160[err]C, and zone 7 - 180[err]C. 25 Exanple 121 In
Exampl e 121, .pol ydi or ganosil oxane pol yurea segnented copol yner
pressur e- seweiot/zs4ss adhesi ve was produced as in Exanpl e 12®CTaSee45852% he M)
resin flowate was 30.4 g/ mn. WO 96/ 35458 -
PCT/ US96/ 05 8i5RrdoR itess i bridc VRRUBY @3 CRVER OSUNINASF !0, PRI’ |
pressure-sensitive adhesive 280A was coated and thermally cured according
to the manufrespectively: s specifications. Exanples 119-121 and Conparative
Exanple C1 were tested for dry peel 5 agai nst steel, wet rusty peel,

-ni tial corrDaimple proot ection via EIS, and corrosion protection after 3

ks of i ' | On: : b t forth i
Table 27. Table 30 EREue F15, R0 todh st ook s R 414 BRSO3 1
Di ar ni ne5% Njlicoriesy mateeihl 113@-002) wasdisbata ratRef 438 ghhtirinto\emied dbaBepterff Mh

tacki fi d N d 1 nut / - ]/ 119 2
22,000 z(s%“mé‘(?mmm&g“ len %WQ%‘%EW@F“’%@&%&%&%MQ 71, 000
60 92 Diamint}Lot 2521,@0@%1&\;129@9&&%&15 injetéd M Arafelof 381 g/mial, 000 45
53 48 137 2x10[ err 4x1 [errl] C3 Dow Corni ng 280A, cured

516 >1x 1000401 T3 mol/minpintozone By Meshylesedicysloberylene-44-diisoexangte pias fdnt at i ve
ol ydi or ganagi,l y . b n be

ot m zed 1 oF uak LGB0 LI QA0S OREI Y ke AR X B P ATO MR 7

Exanpl e 1€3 i of 1.2 botherhei diisocyaratefeeline 9/s plactd clase so thetscrewithneadsas imsi on

| st 1 Ex Le 122 ' | L. I
;g; lmsa n? gge co %afn)?%ﬁ ri%u%le s%a?n ﬁxﬂy mte%?shﬁ:g screWs,qglat\fggl 85%1 Pevolutions Fe? pol yurea.

minute, were used throughout the entire length of the barrel. The temperatures set for
each of the 160 mm zones were: zone - 25°C; zones 2 ﬂxrougﬁ 4 -40°C; zone 5 -
60°C; zone 6 - 120°C; zone 7 - 160°C; and zones 8 through 10, endcap, and melt

15  pump - 180°C. Vacuum was pulled on zone 8. The polydiorganosiloxane polyurea

segmented copolymer pressure-sensitive adhesive was collected and cooled in air.

Example 120 |
In Example 120, polydiorganosiloxane polyurea segmented copolymer

pressure-sensitive adhesive was produced as in Example 119, with the following -

20  changes. The MQ resin flowrate was 55.8 g/min, the polydimethylsiloxane diamine
was Polydimethylsiloxane Diamine F, molecular weight 71,000, injected at 37.0 g/min
(0.000521 mol/min), and the diisocyanate was fed at 0.143 g/min (0.000546 mol/min).
The temperature set points were: zone 4 - 60°C; zone S - 120°C; zone 6 - 160°C; and
zone 7 - 180°C.

25  Example 121
In Example 121, polydiorganosiloxane polyurea segmented copolymer

pressure-sensitive adhesive was produced as in Example 120, except the MQ resin

flowrate was 30.4 g/min.
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pressure-sensitive adhesive was produced as in Exanple 119, with the

foll ow ng changes.

The MQresin flowate was 31.4 g/ m n,

t he

pol ydi met hyl si | oxane di am ne was Pol ydi et hyl si | oxane Di am ne G nol ecul ar

wei ght 105, 000,

injected at 29.0 20

g/mn (0.000276 nol/m n)

into zone 3,

and the diispegapsase was fed at 0.0803 g/mn (0.000307 nol AATAISI6A5852ewW

speed was 250 revol utions per

Exanpl es 123
pressur e- sensl
122, but 25

?’J'é a ESI,@

vvereg

m nut e.

roduced i
TR feRyRyF

Tabl e 28. Theth@ﬁﬁa&lﬁ'bﬂé&ﬁéb@ﬁiidg%mﬁéﬁii&@
pressure-sensitive adhesi ves of

PCT/ US96/ 05852 Ex densmples 139121 andCamnerative Example€C1 were testecofor drymeelyest er

WD 96/ 35458

Zone 1 was set at. 15[err]C
n05|loxane pol yurea segnmented copol yner

Rl

d copolyner

In

r to Exanpl e
diisted in

backi ng a pI| | | wat er at

50[ err] C %erntg)ﬁ? s‘vseﬁ'%%"ﬁfﬁlﬂsﬁﬂg{a&%?éggﬁgsgag'lr%s |gs\\‘;f/‘§a;l adhesi ve
formul at i ons pmtedﬁmsf&stimekrafagmginmé electrdlyte solutivm. dhe eysoktserelsdvorth sual

I nspecti on. Tabl e 28 Exanpl e % MQ NCO NH err]
tackifier r’&t’F’B‘ef’ZQ 53 1.11:1 123 53 1.05:1 124
40 1.00:1 125 70 1.00:1 126 20 1.11:1 Exanple

127 In Exanple 127,

hmn il

raoduc

a pol ydi or ganosi | papfe2po! yurea segnented copol ymer

pr essur e- sensipre—aghesi-re—was—arodue
fol lowing 10 | changks. Thé MQ rdsin flowrate efifian
pol ydi met hyl sill oxane{di armi he was |Pol ydifWek eaﬁeﬁf_ot 1, :
mol ecul ar wei ght 37, goigminen;%MQdderpesh sh and the
i socyanate, DQExe Tmrntacbﬁmm/dm : O(ID'OID 6B '-
nmol / m n). The |t eny®er 422000 $et 53 0ijnt 87 wer ed2 zohe 4448 JCG{ioll(; 2pplés| 2
through 4 - 5Q[efz0 Cf 72006 [> 60 6Ul 62 TE Aane|510,088Q1 Skiolé-| 284469 7| -
160[err] C. and~Zi3eST%1 000 | 45 | 53 | 48 127 | 2x10M | 4x1010

C3 Dow Corning 280A, cured | - 516 >1x109 <10

10

Table 27 shows that the three representative polydiorganosiloxane polyurea

segmented copolymer formulations can be optimized for wet adhesion, shear and

corrosion resistance. Comparative Example C3 is a commercial silicone PSA that does

not offer corrosion resistance.

15

Example 122

In Example 122, polydiorganosiloxane polyurea segmented copolymer

pressure-sensitive adhesive was produced as in Example 119, with the following -

changes. The MQ resin flowrate was 31.4 g/min, the polydimethylsiloxane diamine

was Polydimethylsiloxane Diamine G, molecular weight 105,000, injected at 29.0

20

g/min (0.000276 mol/min) into zone 3, and the diisocyanate was fed at 0.0803 g/min

0.000307 mol/min). Screw speed was 250 revolutions per minute. Zone 1 was set at
15°C.

In Examples 123 - 126, polydiorganosiloxane polyurea segmented copolymer

pressure-sensitive adhesives were produced in a manner similar to Example 122, but

25

with different MQ and diisocyanate flowrates, as listed in Table 28. The

polydiorganosiloxane polyurea segmented copolymer pressure-sensitive adhesives of
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15 - 10, endcap, and nelt- punp - 180[err]C. A pressure-sensitive adhesive
tape was produced via solvent coating, as in Exanple 1, to produce a 0.4 mm
thick pressure- sensitive adhesive layer. This tape was applied over a
pre-existing rust spot on a-steel plate. This construction was placed in an
aerated, rogpdepemgrature electrolyte (3% NaCl in dei oni zepcymsosnisst or
seven days. Corrosion of the bare netal occurred rapidly, 20 whil e the
appear ance of_the_ surface upder the tape did not change. Exanple 128 The
pol ydi or ganodE¥sples 4220124 Wers carteth i mmastr pajysster backing, appliedsasgrit i ve

adhesi ve of Epiapg fee % ecﬁiitd% ?éhwﬁérd BRI nfonthis. ‘i’ﬁbl?ZQlis%sﬂi@%et hi ck
filmonto rel ease |1 ers trlpso heS|ve were cut fromt film

wr apped ar ounptessuteviensitive adResive farmmlationsim déegasiog ordemof protecteon, 85 r es, and

i nserted into an e>éﬁ§)r)d.ed T g{gﬁ”] heat WO 96/ 35458

PCT/*US96/ 0585‘? A standard heat shrink oven was used
to shrink the outer tube, V\/m ch caused t he adhesive to flow around the

wi res andsseal the connection. The te’;‘hbmmes wer e inmersed in 5 wt%salt
water and attached to a 50 v pegified in the Initial
Current Leakage Test (ICLT), &r LIf i 3053. 5 After 24
hours exposure, the | eakage furrent pA, neeting the test
specification. The test sequ nore sanpl es seal ed
with snaller adhesive stripsh—pl2duci ngP3 de fi}ﬂalilrmul ts. The

pol ydi or ganosi | oxane pol yur ep _stnent edS%opbl yiB3:1pr éssure- sensiti ve
adhesi ve possesses a rheol ogly ail24 he| hedlt shrihQO:ﬂem%erature hi gh enough
that the pressure-sensitive pdht2s vel doms npt foel oyt 10 of the desired
configuration, yet is appropf!l ayx to} f oo copf or y1:mg 4round the desired
geonetry. Vari ous nodificati ONS and arteratrons or this invention wll
becone apparent to those skilled in the art w thout departing fromthe
scope and pri Bgamppled2®f this invention, and it shoul d be understood that

s g ,
emlazd: Pr;ﬁtnsl ggt | fsor h glreg?z;%%o\l/%di %‘ i Eho;‘gn T%Eggrgn Pa%lhs are

i ncor por at ed preswrensengitivecdbesiieceas produ %M@pﬂ%ﬁﬁ V&&ﬁ‘ﬁ@&‘é’hﬁl ndi vi dual
publ i cati edogyaB fereM’gr fowirhte Sab ¥1.8 nih M YighiRbhyisiloAieiinfle L O DE

neorpora was Polydimethylsiloxane Diamine D, Lot 1, molecular weight 37,800, injected at 21.5
g/min (0.000569 mol/min), and the isocyanate, Dow ISONATE™ 2143L, wasfed at
0.168 g/min (0.000568 mol/min). The temperature set points were: zone 1 - 30°C;
zones 2 through 4 - 50°C; zone 5 - 60°C; zone 6 - 100°C; zone 7 - 160°C; and zones 8

15 - 10, endcap, and melt pump - 180°C. A pressure-sensitive adhesive tape was

produced via solvgnt coating, as in Example 1, to produce a 0.4 mm thick pressure-

sensitive adhesive layer. This tape was applied over a pre-existing rust spot on a steel

plate. This construction was placed in an aerated, room temperature electrolyte (3%

NaCl in deionized water) for seven days. Corrosion of the bare metal occurred rapidly,
20  while the appearance of the surface under the tape did not change.

'Example 128
The polydiorganosiloxane polyurea segmented copolymer pressure-sensitive

adhesive of Example 125 was extruded, as in Example 8, as a 0.2 mm thick film onto
release liners. Strips of the adhesive were cut from the film, wrapped around a twisted

25  connection between two copper wires, and inserted into an expanded THV™ heat
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WD 96/ 35458 _ ' PCT/ US96/ 05852
What Is Cained: 1. A tackified conposition conprising (a) a

pol ydi or ganosi | oxane pol yurea segnented copol yner conprising the reaction
product of (i) at |east one polyam ne, wherein the pol yam ne conprises at

| east one powpdsasgsnosi | oxane 5 di am ne, or a m xture ofPGHUSI6BIE2 one
pol ydi or ganosi | oxane di am ne and at |east one organic polyamne, and (ii)

at | east one ghoinkitebe€3MiCar)e, A stedard reat sheinkigvenywasiusedto s eouteetbe,ani ne is
between 0.9:1 8=?d5 ' Ut a1 ds 3. ilicate
resins. 10 whilflc . th;a%[et@g%:ﬁl ?I e% con%%gs}tg?%ﬁ%%l#’peﬁoé?eﬁg&?amam&

pol ydi or ganospikeces aveee immieysed déreS wilg saihwatsr andatthched to g 50npolt powey supply, B2act i on
product of () _at..l ea £, pol ine ' 0 i ne i ses at
east one pol JHEGPGEhe B EfeR Eartaee 1o HELT M Seitieapn 2308 o

pol ydi or ganos shexadieued a%@&,ameﬁh%dmt reR@&néd BEidty 25 AAl Meeting Wik tedei ) at

| east one pol yi socyanate, wherein the conposition has an 15 inherent

vi scosi ti es ofpegificitions Thetest sequegce was repeated Harsix more gamplessealed with smalsrmon

organi ¢ sol ve . . . A 1 & i claim1,
oherei n the. paiBsvesins, pbafichditbhicitnie PR teR gt ifha’

rﬁpresegt ed 3yegrﬂmtedeqsﬂ$xﬁeingr?ﬁ1re-m'tivehad_hesivq;:o;kesseehrheobgyhtt&hma goi ety
t hat i ndependent i s an iet avi ng about to 12 25 car.bon

bt o and oy Sk Serreriti gt piap it i ISR dipsity Ao AOLARY O 11y
radi cal org hi ghe dediré@ BorlfighRelbs Jet i§ fpreyiatei 10 dortonfoning Afdukid the desired
-Rerr](CH err])[err]CH=CH err] wherein Rerr] is - (CHerr])[err]- or
-(CH err])[er B¢ and ais 1, 2 or 3; bis 0, 3or 6; and c is 3, 4 or

5, acycloal kyl MovgkdsRaiagdhRah aiferdtins'ck i ideilion WillBecdhid afffibed?®o

substituted with W ] _ _
PCT/ US96/ 0585 thoa¢ skilled ii the artoithioyt departing fromythe sgopeignd prioeiplesofithisl noi et y

pref erably haying. about. t M ted with

Byt oyl oatieioBRfli atifve Safih Rt B i BRioy i BEuRdntdllS s 1

group, a I3 uotheillusaativezimboditheass setfortiDhereingbové. | Al putdicitisns and patents are
incorporated herein by reference to the same extent as if each individual publication or

patent was specifically and individually indicated to be incorporated by reference.
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cont ai ning group; 5 each Z is a pol yval ent radical that is an

aryl ene radi cal or an
atons, an al kyl ene or I
car bon atons;

havi ng from about 6 to 20 carbon
immn cal having fromabout 6 to 20
each Y i rradi cal that independently is an

al kyl ene r adv@9d/3s¢38 1 to 10 car bon atoms, an aral kyl ene r a@CTEBISPS85AN
aryl ene radical having 6 to 20 carbon 10 atons; each Dis selected from
the group consistin Qf %/drogen, an al kyl radical of 1 to 10 carbon atons,

phenyl, and d¥ha#

conpletes a ring structure including Bor-Y to

I ene,

form a heterocycl ¢; B A&aoklﬂa&bmﬁds&i@hcbﬂﬁhsﬁ%(a‘ﬁe @@aﬁd’mﬁdﬂe group
! ene

consi sting of al kyl ene, eé ar al kyl ene, cycl pal
pol yal kyl ene P8

that, is O to g
and p Is a nu

&PWI&B fignesth 5FFG°tFﬁ“>&F °n?n s a nunber
nggf:“n %m the l?glyﬁmﬂlﬁ mﬂﬁnstepﬁtlﬁo&%ﬁjdm}ﬁn geater than 1;
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conposi ti®n aliasngiony mmxre ofiatrieast onmlydnorganosﬂgxme diaenmtané ebleast onthe R
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substi t ut ed

radi cal s,

SR ottt O poRisBis Y e R R O

phésvehanatedo aming is betwen 031 dndt0295: pbﬂbvﬁveehaobseﬁixﬂ abaiit 18:1, The

tackified corrpaitﬁtjon according to claim3, wherein Zis 2,6-tol yI ene,

4, 4" -met hyl erf@
4, 4' - et hyl enedi cycl ohexyl ene,

m xyl yl ene,

FURRIE BEHS. 3. 37 - di met hoxy- 4, 4' - bi phenyl ene, tetr et hyl -

3,5, 5- trlnethyl 3- met hyl enecycl ohexyl ene, 6- hexanet hyl ene,
1, 4- cycl dBexyl ene22, 2, A.taqlqﬁeémpmlcemnama}mmmmmﬁm 30 WO

96/ 35458

6. The ta
resin is an

MXID resin ha

uni ts wherei

15

20
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plspres segmented copotymer comprising the peaction product of () ot e ng 200! PO3°2

\fQlyamiriewheaein te ;tolyamrganmpniesxg&easﬂoﬁ@@dibrﬁnﬁgﬂam units, an

yRENEATERS LT CTANRERCT I G L

organic amine, and (j7) at least one polyisocyanate, wherein the composition has an
inherent viscosities of at least 0.8 dL/g, or is essentially insoluble in common organic

solvents.

3. The tackified composition according to claim 1, wherein the
polydiorganosiloxane polyurea segmented copolymer is represented by the repeating

0 R R 0 0 0
| N—z—N—bN—y—dit o—bilv—N—ln—zN—bn—pn—&
i & b k| k| b [ &k b b

| jn

wherein: _

each R is a moiety that independently is an alkyl moiety having about 1 to 12
carbon atoms and may be substituted with trifluoroalky! 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 0r3;bis 0,3 or 6;andcis 3,4 0or 5, a
cycloalkyl moiety having about 6 to 12 carbon atoms and may be substituted with
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radicals having 1 to 4 ' BiQf:.an MJT resin having Rlerr]Sigerr]
units, Sigerr] units gmmw%'m,’j”ﬂtlts wherein Ris a mxture of

al kyl radicals having | t'o 4 carbe . 7. A vi bration danping
constrai ned | ayer construction conprising at |east one substrate having a
stiffness armoas;:sasmst one | ayer conprising a tackified corfGIa96/e5852
according to claim1 or claim2, wherein the tackified conposition is fixed

%L? L?) thebsallm,tﬂuetoalky_ Bgndvmﬁgwub jups, B ian arythaoiplypoeférablp gmﬁmﬁﬂp lfdm' ng a
-exi bl e substr,at e coat t hereon a .caq sitiqQn.,a rdi tqQq claim1l or
oo’ b Caltibn ook hnd ma, b gt LI YU dochalbdl 308 vEBEo 1 i od
l"ayer Cons”l@'bﬁpkmrmbéléﬂh&@alﬁylm&ﬂhm%ﬁdaﬁim or a pafiibrbéthérd menber

havi ng a broad surface proximate to a broad surface of another rigid nember
and cl osel y s{PAEEUNZSTANRf r om and a tackified conposition according to claim

1 or claig2, whergi ﬁ,ﬁllé‘l,'f' i | %Eamgﬁiengﬁsmgfn t he
cl osely s?aced ri ge?éc}{znéas%%grs antﬁ%%gggg%gb%eﬂgdﬁca?% ers. ) A
pressure senshavingdroacdbest &t 20catbod atonts, a1 alkylensor cyloatkylené tadicaliaeingubst r at e

and coated thgreo tackifjed conposition according to claim1 or claim 2.
25 1 .magw%ﬁé?/gﬁﬁft"’”rﬁ?%r' conprising a base layer having an upper

surface useful as eacHwiLdpoljvalent atliog MQidepdnmP@k@dlwér@waIonof a

tackified conposition according to claiml or claim2. 12. A corrosion
protection co atomes, an Fralkylens rgdigal of an arviepr radisalhaing 6 4m2&earbory o cor di ng
to clai myy oryuglai m2, such that the construction prevents surface
corrosion of netdal, wherein the corrosion protection construction has a
fil.msurface resi sachDiissetected fromdhe groBp 4¢aiBisting of hydrogen, an alkyl radical of 1

PCT/ US96/ 0585 rrlijenferrl, . as asured by FEl ectrochem.cal ..l ngedance
Spect r oscopy éf@%&%@%é‘ﬁ %’%@6?”‘58%% wé?ﬁ;ﬁ’t?so%%s?mg?‘fee’f’agd%r@@ in a
3% NaCl aqueo¥3o forui hetetocydie; Coated articles conprising a tackified

pol ydi or ganosi | oxgpge po rea e ted copol yner, ac ing to claiml
or claimz2, that ?WM@E@#@%%F&EF&W%&%@WM coat ed
arti cl es 152V Cardliieh] byekaligiete, pRiykht. olyAlkplendldicd ink 18] esgolymetfardeasur ed by
El ectrochem cal 1npe ancé@SpegFr gsco\gyyglf er exposure o%%n(l)rrosi ve

envi ronment fBixhugesgheRel i n a 3% NaCl aqueous sol ution. 10 14. A

heat shrink tube %mﬁmow%& il@tﬂ); pol ydi or ganosi | oxane
n is a number that is equal to or greater than 1; and
p is a number that is about 10 or larger.
20
4, The tackified composition according to claim 3, wherein R is at least
50% of the R moieties are methyl radicals with the balance being monovalent alkyl or
substituted alkyl radicals having 1 to 12 carbon atoms, alkenylene radicals, phenyl
radicals, or substituted phenyl radicals.
25 |
5. The tackified composition according to claim 3, 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, 1,4-cyclohexyiene, 2,2 4-trimethylhexylene and mixtures thereof.

30 _
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pol yurea segnment ed copolymer—accordi-rg—to—elaim 1 or claim2. 15. A

gt
nmedi cal tape construction L Slng bstrate and a | ayer of tackified
pol ydi or ganosi | oxane pol M Eﬂ ijol ynmer according to claim1l1 or
15 claim2. 16. The 1oLt ruction according to claim 15,

wherein the wopgssasscti on is a transdernmal drug delivery dewcCrwsssasss:
17. A hot nelt adhesive conmprising the tackified pol ydi organosi | oxane

pol yurea segnent eds.copahy tackified coipbsifign hetofdiy t0)chim® 1; Wheréiithe silitite A
ptocess for produycing.a tackified poI,Ydi or ganqgsj. | oxane pol yurea segnent ed
copol yrmer confssipds Qﬁmmtﬁ?rswoxyummd@s@mm%ﬁw@ww provi di ng
reactants whepgRins B8, GRifst 10,5 udi 165, drfte I ;{ﬁmﬁ‘g e, at

| east one pol yam r?ea, .v‘\#lerel' n t”%lenh%ogwg%lﬂ% cong%lﬁisa@g{g? east  on I

pol ydi or ganostadisala having it 4xarbopratomsoran MQT odsincdtaving Rs$iOormnits, SiOq units

ol ydi or ganosj e diamne and at. |e ne. gr gani ¢ | ne_and at | east
e si 1 o3t o PRRSOF e Yot €5 e Slnof et BRhastt B oo
substantially solventl ess conditions, 30 . (c) al l owi ng the

reactants to react_to form g | ydi or gangsi | oxane pol yurea segnent ed
copol yner, and 10 geﬁgg]gggn}?s“\){pmgco strained layer construction comprising at least

PCT/ US96/ 0585¢nd sitbstrateSiRing %l sﬁﬁé@&d&?&%bﬂﬂay@rr&ﬁbﬁﬁﬁg 4 aeehid -
composition according to claim 1 or claim 2, wherein the tackified composition is fixed
10  to the substrate.

8. A vibration damping composite comprising a flexible substrate coated

thereon a composition according to claim 1 or claim 2.

15 9. A bi-directional vibration damping constrained layer construction
comprising at least two rigid members, each rigid member having a broad surface
proximate to a broad surface of another rigid member and closely spaced therefrom
and a tackified composition according to claim 1 or claim 2, wherein the tackified
composition is contained between the closely spaced rigid members and adhered to the

20  members.

10. A pressure sensitive adhesive coated article comprising a flexible

substrate and coated thereof a tackified composition according to claim 1 or claim 2.

25 11. A pavement marker comprising a base layer having an upper surface
useful as a pavement marking indicium and a lower surface of a tackified composition
according to claim 1 or claim 2. '

12. A corrosion protection construction comprising a tackified composition
. 30  according to claim 1 or claim 2, such that the construction prevents surface corrosion

- of metal, wherein the corrosion protection construction has a film surface resistivity of

14
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1MQ/cn’, as measured by Electrochemical Impedance Spéctroscopy after exposure to

a corrosive environment after 3 weeks in a 3% NaCl aqueoﬁs solution.

13.  Coated articles comprising a tackified polydiorganosiloxane polyurea
segmented copolymer according to claim 1 or claim 2, that prevent surface corrosion
of metal, wherein the coated articles have a film surface resistivity of IMQ/cm?, as
measured by Electrochemical Impedance Spectroscopy after exposure to a corrosive
environment for 3 weeks in a 3% NaCl aqueous solution.

14, A heat shrink tube comprising the tackified polydiorganosiloxane
polyurea segmented copolymer according to claim 1 or claim 2.

'15. A medical tape construction comprising a substrate and a layer of
tackified polydiorganosiloxane polyurea segmeﬁted copolymer according to claim 1 or
claim 2,

16.  The medical ﬁpe construc_tion according to claim 15, wherein the
construction is a transdermal drug delivery device.

17. Aot melt adhesive comprising the tackified polydiorganosiloxane
polyurea segmented copolymer according to claim 1 or claim 2.

18. A process for producing a tackified polydiorganosiloxane polyurea
segmented copolymer comprising the steps of:

(a)  continuously providing reactants wherein the reactants include at least
one polyisocyanate, at least one polyamine, wherein the polyamine comprises at least
one polydiorganosiloxane diamine, or a mixture of at least one polydiorganosiloxane
diamine and at least one organic amine and at least one silicate resin to 2 reactor;

(b)  mixing the reactants under substantially solventless conditions;

(c)  allowing the reactants to react to form a polydiorganosiloxane polyurea
segmented copolymer, and

/! 7
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(d)  conveying the copolymer from the reactor.
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