
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date (10) International Publication Number
12 July 2007 (12.07.2007) PCT WO 2007/079028 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
C09J 183/00 (2006.01) C09J 127/12 (2006.01) kind of national protection available): AE, AG, AL, AM,
C09J 175/02 (2006.01) C09J 7/00 (2006.01) AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
(21) International Application Number:

GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN, IS,
PCT/US2006/049028

JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS,

(22) International Filing Date: LT, LU, LV,LY, MA, MD, MG, MK, MN, MW, MX, MY,

2 1 December 2006 (21.12.2006) MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,

(25) Filing Language: English TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW

(26) Publication Language: English
(84) Designated States (unless otherwise indicated, for every

(30) Priority Data: kind of regional protection available): ARIPO (BW, GH,
11/275,355 28 December 2005 (28.12.2005) US GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
(71) Applicant (for all designated States except US): 3M European (AT,BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,

INNOVATIVE PROPERTIES COMPANY [US/US]; FR, GB, GR, HU, IE, IS, IT, LT, LU, LV,MC, NL, PL, PT,
3M Center, Post Office Box 33427, Saint Paul, Minnesota RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
55133-3427 (US). GN, GQ, GW, ML, MR, NE, SN, TD, TG).

(72) Inventors: MOORE, George G., L ; 3M Center, Post O f

fice Box 33427, Saint Paul, Minnesota 55133-3427 (US). Declarations under Rule 4.17:

CLARK, John, C ; 3M Center, Post Office Box 33427, as to applicant's entitlement to apply for and be granted a

Saint Paul, Minnesota 55 133-3427 (US). SHERMAN, Au¬ patent (Rule 4.17(U))

drey, A.; 3M Center, Post Office Box 33427, Saint Paul, as to the applicant's entitlement to claim the priority of the

Minnesota 55 133-3427 (US). MUGGLI, Mark, W.; Werk earlier application (Rule 4.17(Ui))

Gendorf, 84504 Burgkirchen (DE). MELANCON, Kurt,
C ; 3M Center, Post Office Box 33427, Saint Paul, M in Published:

nesota 55133-3427 (US). FILIATRAULT, Timothy, D.; — with international search report

3M Center, Post Office Box 33427, Saint Paul, Minnesota — before the expiration of the time limit for amending the

55 133-3427 (US). JING, Naiyong; 3M Center, Post Office claims and to be republished in the event of receipt of

Box 33427, Saint Paul, Minnesota 55133-3427 (US). amendments

(74) Agents: WRIGHT, Bradford, B. et al. ; 3M Center, Office For two -letter codes and other abbreviations, refer to the "G uid
of Intellectual Property Counsel, Post Office Box 33427, ance Notes on Codes and Abbreviations" appearing at the beg in
Saint Paul, Minnesota 55133-3427 (US). ning of each regular issue of the PCT Gazette.

(54) Title: ADHESIVE ARTICLE, COMPOSITE ARTICLE, AND METHODS OF MAKING THE SAME

(57) Abstract: An adhesive article comprising a
fluorothermoplastic film having a major surface;
and a pressure sensitive adhesive layer adhered
to at least a portion of the first major surface,
wherein the pressure sensitive adhesive comprises
a silicone polyurea block copolymer and an MQ
tackifying resin. Composite articles preparable
from the adhesive articles, and methods of making



ADHESIVE ARTICLE, COMPOSITE ARTICLE,

AND METHODS OF MAKING THE SAME

BACKGROUND

Fluorothermoplastics (that is, melt-processable fluoropolymers) can be processed in a

variety of manners such as extrusion, injection molding, compression molding, transfer

molding and blow molding. Fluorothermoplastics typically have properties such as, for

example, low gas permeability, chemical inertness, and low surface energy and have been

used in applications ranging from wiring insulation to valves, tubes and pipes, low permeation

tubing, radiation resistant film, films, textiles, and papermaking. For example, adhering a

fluorothermoplastic film to a substrate typically confers a degree of solvent, water, and

weathering resistance to the substrate. In such applications, the choice of

fluorothermoplastics that may be used for a specific application may be restricted by the

degree of adhering that may be attained between the fluorothermoplastic and the substrate.

Some physical properties of fluorothermoplastics typically differ from fluoropolymers

that cannot be melt-processed. For example, polytetrafluoroethylene (PTFE)) has such a high

melting point that it cannot be melt-processed and is typically sintered instead, resulting in

porous materials that, especially as films, typically have a degree of gas permeability in

excess of that observed with a nonporous fluorothermoplastic.

In general, low surface energy fluorothermoplastics are known for their poor adhesion

to dissimilar materials such as, for example, pressure sensitive adhesives. To overcome this

problem, various methods for improving the adhesive properties of fluorothermoplastics have

been heretofore investigated. Those methods include modifying the surface of the

fluorothermoplastic (for example, by radiation or chemical treatment), and interposing a

special layer (for example, a tie layer or primer) between the pressure sensitive adhesive and

the fluorothermoplastic. However, such methods require additional steps and add complexity

and cost to the finished adhesive articles.



SUMMARY

In one aspect, the present invention provides an adhesive article comprising:

a fluorothermoplastic film having a major surface; and

a pressure sensitive adhesive layer adhered to at least a portion of the major surface,

wherein the pressure sensitive adhesive comprises a silicone polyurea block copolymer and an

MQ tackifying resin, and wherein the silicone polyurea block copolymer comprises n blocks

represented by the formula

O R R O
Il I I Il

-N-Z-N-C-N-Y— Si- -O— Si- -Y-N-C-
I I I I I I

H H D R R D

and m blocks represented by the formula

O O

N-Z-N-C-N-B-N-C-
I I I I

H H D D

wherein

each R independently represents a monovalent group selected from the group

consisting of alkyl groups, vinyl groups, higher alkenyl groups, cycloalkyl groups, aryl

groups, and fluorine-containing groups;

each Z independently represents a divalent group selected from the group consisting of

arylene groups, alkarylene groups, aralkylene groups, alkylene groups, and cycloalkylene

groups, and combinations thereof.

each Y independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, arylene groups, and combinations

thereof;



each D is independently selected from the group consisting of hydrogen, alkyl groups

having 1 to 10 carbon atoms, phenyl, and groups that complete a ring structure including B or

Y to form a heterocycle;

each B independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, cycloalkylene groups, arylene

groups, and poly(alkyleneoxy) groups, and combinations thereof;

p is an integer number that is at least 10;

n is an integer that is at least 1; and

m is an integer in a range of from at least 1 up to and including 1,000, and wherein the

ratio of n to m is in a range of from 1:10 to 10:1.

At least a portion of the adhesive layer of adhesive articles according to the present

invention may be adhesively adhered to a release liner or other substrate to form various

composite articles.

In yet another aspect, the present invention provides a method of making an adhesive

article, the method comprising adhering a pressure sensitive adhesive layer to at least a

portion of a major surface of a fluorothermoplastic film, wherein the pressure sensitive

adhesive comprises a silicone polyurea block copolymer and an MQ tackifying resin, wherein

the pressure sensitive adhesive comprises a silicone polyurea block copolymer and an MQ

tackifying resin, and wherein the silicone polyurea block copolymer comprises n blocks

represented by the formula

O R R O
I I Il

-N-Z-N-C-N- Y—Si- O — Si- -Y-N-C-
I I I I I I

H H D R R D



and m blocks represented by the formula

O O
I l

— N-Z-N-C-N-B-N-C-
I I I I

H H D D

wherein

each R independently represents a monovalent group selected from the group

consisting of alkyl groups, vinyl groups, higher alkenyl groups, cycloalkyl groups, aryl

groups, and fluorine-containing groups;

each Z independently represents a divalent group selected from the group consisting of

arylene groups, alkarylene groups, aralkylene groups, alkylene groups, and cycloalkylene

groups, and combinations thereof.

each Y independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, arylene groups, and combinations

thereof;

each D is independently selected from the group consisting of hydrogen, alkyl groups

having 1 to 10 carbon atoms, phenyl, and groups that complete a ring structure including B or

Y to form a heterocycle;

each B independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, cycloalkylene groups, arylene

groups, and poly(alkyleneoxy) groups, and combinations thereof;

p is an integer number that is at least 10;

n is an integer that is at least 1; and

m is an integer in a range of from at least 1 up to and including 1,000, and wherein the

ratio of n to m is in a range of from 1:10 to 10:1.

It is discovered that the above-identified tackified silicone polyurea block copolymers

typically aggressively bond to fluorothermoplastics without the need for additional surface

treatments of the fluorothermoplastics. It is surprisingly further discovered that the above-

identified tackified silicone polyurea block copolymers typically bond less aggressively to



higher energy substrates such as for example, glass. Accordingly, in some embodiments, if

the pressure sensitive adhesive layer of the adhesive article is adhered to glass and peeled

according to the 180° Peel Adhesion Test, then the pressure sensitive adhesive layer cleanly

releases from the glass and remains adhered to the nonporous fluorothermoplastic film.

As used herein:

"cleanly releases" means releases without leaving residue visible to an unaided human

eye;

"film" refers to a thin sheet or strip of flexible material;

"fluoropolymer" refers to an organic polymer having a fluorine content of at least 20

percent by weight;

"fluorothermoplastic" refers to a melt-processible thermoplastic fluoropolymer; by

definition, polytetrafluoroethylene is not a fluorothermoplastic;

"pressure sensitive adhesive" or "PSA" refers to a viscoelastic material that possesses

the following properties: (1) aggressive and permanent tack, (2) adherence to a substrate other

than a fluorothermoplastic film with no more than finger pressure, and (3) sufficient cohesive

strength to cleanly release from the substrate; and

"silicone polyurea block copolymer" refers to a polymer containing at least two

silicone segments connected to one or more non-silicone segments through urea linkages.

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a cross-sectional view of an exemplary an adhesive article according to the

present invention; and

Fig. 2 is a cross-sectional view of a composite article according to the present

invention.

DETAILED DESCRIPTION

An exemplary fluorothermoplastic adhesive film is shown in Fig. 1. Referring now to

Fig. 1 fluorothermoplastic adhesive film 100 has fluorothermoplastic film 110 with interior

portion 125 and major surface 120. In some embodiments, major surface 120 and interior

portion 125 have the same composition. Pressure sensitive adhesive layer 130 comprising a



silicone polyurea block copolymer and a tackifier is adhered to at least a portion of major

surface 120. Optional release liner 140 is releasably adhered to pressure sensitive adhesive

layer 130.

Fluorothermoplastic adhesive films according to the present invention are useful for

preparing composite articles. Referring now to Fig. 2, exemplary composite article 200 has

fluorothermoplastic film 110 with major surface 120 and interior portion 125. Pressure

sensitive adhesive layer 130 is adhered to at least a portion of first major surface 120.

Substrate 150 is adhered to pressure sensitive adhesive layer 130.

Fluorothermoplastic films may be obtained commercially, or may be formed from

fluorothermoplastic polymers by extrusion or pressing.

Useful fluorothermoplastic polymers include thermoplastic polymers having a

backbone comprising one or more subunits having the structure -CH2CFX-, wherein X

represents H, Cl, or F. The subunits may, or may not, correspond to monomeric units.

Exemplary fluorothermoplastic polymers include polyvinylidene fluorides, for

example, those marketed under the trade designations "TEDLAR" (by E. I. du Pont de

Nemours and Company, Wilmington, Delaware; "KYNAR" by (Arkema, Inc., Philadelphia,

Pennsylvania), and "HYLAR" (by Ausimont USA, Morristown, New Jersey); polyvinyl

fluorides; tetrafluoroethylene-perfluoroalkyl vinyl ether copolymers, for example, those

marketed under the trade designation "TEFLON PFA" (by E. I. du Pont de Nemours and

Company); tetrafluoroethylene-ethylene copolymers, for example, those marketed under the

trade designations "ET 6210J", "ET 6235", or "ET 6240J" (Dyneon, Oakdale, Minnesota);

hexafluoropropy lene-vinylidene fluoride copolymers, for example, that marketed under the

trade designation "DAIEL T-530" (Daikin America, Orangeburg, New York);

tetrafluoroethylene-ethylene-propylene copolymers; tetrafluoroethylene-ethylene-

perfluoroalkyl vinyl ether copolymers; tetrafluoroethylene-ethylene-heptafluoropentene

copolymers; tetrafluoroethylene-ethylene-perfluorobutylethylene copolymers;

tetrafluoroethylene-ethylene- hexafluoropropy lene copolymers, for example, those marketed

under the trade designation "HTE" (by Dyneon); tetrafluoroethylene-propylene copolymers,

for example, those marketed under the trade designations "AFLAS" (by Asahi Glass, Tokyo,

Japan ), or "VITON" (by E. I . du Pont de Nemours and Company); tetrafluoroethylene-



propylene-vinylidene fluoride copolymers, for example, those marketed under the trade

designation "AFLAS" (by Asahi Glass, Tokyo, Japan) ; tetrafluoroethylene-

hexafluoropropylene copolymers, for example, those marketed under the trade designation

"TEFLON FEP" (by E. I . du Pont de Nemours and Co.); tetrafluoroethylene-

hexafluoropropylene-perfluoroalkyl vinyl ether copolymers; tetrafluoroethylene-

hexafluoropropylene-vinylidene fluoride copolymers, for example, those fluoropolymers

marketed under the trade designation "THV" (by Dyneon); tetrafluoroethylene-

hexafluoropropylene-vinylidene fluoride-tetrafluoroiodopropoxytrifluoroethylene

copolymers; tetrafluoroethylene-vinylidene fluoride copolymers; chlorotrifluoroethylene-

ethylene copolymers, for example, those marketed under the trade designation "HALAR" (by

Allied Chemical Corporation, Morristown, New Jersey); chlorotrifluoroethylene-vinylidene

fluoride copolymers; vinylidene fluoride-hexafluoropropylene copolymers; and vinylidene

fluoride-trifluoroethy1ene copolymers .

In some embodiments, the fluorothermoplastic film comprises at least one

fluorothermoplastic polymer selected from the group consisting of tetrafluoroethylene-

hexafluoropropylene-vinylidene fluoride copolymers; tetrafluoroethylene-

hexafiuoropropylene copolymers; tetrafluoroethylene-perfluoropropyl vinyl ether copolymers;

tetrafluoroethylene-hexafluoropropylene copolymers; ethylene-tetrafluoroethylene

copolymers; and tetrafluoroethylene-hexafluoropropylene-ethylene copolymers.

If desired, one or both surfaces of a fluorothermoplastic film may be modified to

improve adhesion. Useful methods for modifying the surface include radiation or chemical

treatments (for example, sodium naphthalide). However, typically, adhesion of the pressure

sensitive adhesive layer to the fluorothermoplastic film is sufficiently great that this does not

improve the overall adhesion level.

Various additives such as colorants (for example, pigments and dyes), fillers, UV-

absorbers may be added to the fluorothermoplastic polymers if desired.

In general, the thickness of the fluorothermoplastic film is in a range of from 5

micrometers to 1,000 micrometers, preferably in a range of from 25 micrometers to 500

micrometers, and more preferably in a range of from 100 micrometers to 300 micrometers,

although thicker or thinner films may also be used.



The pressure sensitive adhesive layer comprises at least one tackifier and at least one

silicone polyurea block copolymer. The silicone polyurea block copolymer comprises n

blocks represented by the formula

O R R O
Il I Il

-N-Z-N-C-N-Y— Si- -O— Si- -Y-N-C-
I I I I I I

H H D R R D

and m blocks represented by the formula

O O
Il Il

— N-Z-N-C-N-B-N-C—
I I I I

H H D D

wherein:

Each R independently represents a monovalent group selected from the group

consisting of alky1groups (for example, methyl or ethyl), vinyl groups, higher alkenyl groups,

cycloalkyl groups, aryl groups, and fluorine-containing groups. For example, each R may

independently represent an alkyl group, preferably having 1 to 12 carbon atoms, and which

may be substituted with, for example, trifluoroalkyl and/or vinyl groups; a vinyl radical or

higher alkenyl radical, preferably represented by the formula R2(CH2)aCH=CH2 wherein R2

is -(CH2)b- or -(CH2)CCH=CH- wherein a is 1, 2 or 3, b is 0, 3 or 6 and c is 3, 4 or 5; a

cycloalkyl moiety having from 6 to 12 carbon atoms and which may be substituted with alkyl,

fluoroalkyl, and/or vinyl groups; or an aryl moiety preferably having from 6 to 20 carbon

atoms and may be substituted with, for example, alkyl, cycloalkyl, fluoroalkyl, and/or vinyl

groups; or a perfluoroalkyl group as described in U. S. Pat. No. 5,028,679 (Terae et al.), or a

fluorine-containing group as described in U. S. Pat. No. 5,236,997 (Fujiki), or a

perfluoroether-containing group, as described in U. S. Pat. Nos. 4,900,474 (Terae et al.) and

5,11 8,775 (Inomata et al.). Preferably, at least 50% of the R moieties are methyl radicals with



the balance being monovalent alkyl or substituted alkyl radicals having from 1 to 12 carbon

atoms, alkenylene radicals, phenyl radicals, or substituted phenyl radicals.

Each Z independently represents a divalent group selected from the group consisting

of arylene groups, alkarylene groups, aralkylene groups, alkylene groups, and cycloalkylene

groups, and combinations thereof. Preferably, Z has from 1 (for example, in the case of

alkylene) or 6 (for example, in the case of arylene or cycloalkylene) to 20 carbon atoms.

Examples of suitable Z groups include 2,6-tolylene, 4,4'-methylenediphenylene, -

CH2C6H4C(CH3)2C6H4CH2-, 3,3'-dimethoxy-4,4'-biphenylene, tetramethyl-m-xylylene,

4,4'-methylenedicyclohexylene, S^.S-trimethyl-S-methylenecyclohexylene, 1,6-

hexarnethylene, 1,4-cyclohexylene, 2,2,4-trimethylhexylene or a mixture thereof.

Each Y independently represents a divalent group selected from the group consisting

of alkylene groups, preferably having from 1 to 10 carbon atoms (for example, -CH - or -

CH2CH2CH2-); alkarylene groups, preferably having from 6 to 20 carbon atoms; aralkylene

groups, preferably having from 6 to 20 carbon atoms; arylene groups, preferably having from

6 to 20 carbon atoms; and combinations thereof.

Each D is independently selected from the group consisting of hydrogen, alkyl groups

having 1to 10 carbon atoms, phenyl, and groups that complete a ring structure including B or

Y to form a heterocycle.

Each B independently represents a divalent group selected from the group consisting

of alkylene groups (for example, -CH2 - -CH2 CH2 CH2 -, -CH2 CH2 CH2 CH(CH3 )-) and,

alkarylene groups, aralkylene groups, cycloalkylene groups, arylene groups, and

poly(alkyleneoxy) groups (for example, poly(ethylenoxy), poly(propylenoxy),

poly(tetramethyleneoxy)), and combinations thereof.

m is an integer in a range of from at least 1 up to and including 1,000.

n is an integer that is at least 1; and

p is an integer number that is at least 10, preferably 15 to 2,000, more preferably 30 to

1500.



The ratio of n to m is in a range of from 1:10 to 10:1. For example, the ratio of n to m

(that is, n/m) may be in a range of from 1:5 to 5:1, or in a range of from 1:2 to 2:1. In some

embodiments, the ratio of n to m may be one.

Examples of useful silicone diamines used in the preparation of silicone polyurea

block copolymers include polydiorganosiloxane diamines represented by the formula

D R R
I

H-N-Y- -Si- -O— Si- -Y-N-H
I I I I

D R R D

wherein each of R, Y, D, and p are defined as above. Preferably the number average

molecular weight of the polydiorganosiloxane diamines is greater than 700 g/mole.

Useful polydiorganosiloxane diamines include any polydiorganosiloxane diamines

that fall within Formula II above and include those polydiorganosiloxane diamines having

molecular weights in the range of 700 to 150,000 g/mole, preferably from 10,000 to 60,000

g/mole, more preferably from 25,000 to 50,000 g/mole. Suitable polydiorganosiloxane

diamines and methods of manufacturing polydiorganosiloxane diamines are disclosed in, for

example, U. S. Pat. Nos. 3,890,269 (Martin); 4,661,577 (Lane); 5,026,890 (Webb etal.), and

5,276,122 (Aoki et al.); and in PCT Patent Publ. Nos. WO 95/03354 A l (Leir et al.) and WO

96/35458 A2 (Melancon et al.).

Examples of useful polydiorganosiloxane diamines include polydimethylsiloxane

diamine, polydiphenylsiloxane diamine, polytrifluoropropylmethylsiloxane diamine,

polyphenylmethylsiloxane diamine, polydiethylsiloxane diamine, polydivinylsiloxane

diamine, polyvinylmethylsiloxane diamine, poly(5-hexenyl)methylsiloxane diamine, and

mixtures and copolymers thereof.

Suitable polydiorganosiloxane diamines are commercially available from, for

example, Shin Etsu Silicones of America, Inc., Torrance, Calif., and HuIs America, Inc.

Preferably, the polydiorganosiloxane diamines are substantially pure and prepared as

disclosed in U. S. Pat. No. 5,214, 119 (Leir et al.). Polydiorganosiloxane diamines having



such high purity may be prepared from the reaction of cyclic organosilanes and

bis(aminoalkyl)disiloxanes utilizing an anhydrous amino alkyl functional silanolate catalyst

such as tetramethylammonium-3-aminopropyldimethyl silanolate, preferably in an amount

less than 0.15% by weight based on the weight of the total amount of cyclic organosiloxane

with the reaction run in two stages. Particularly useful are polydiorganosiloxane diamines

prepared using cesium and rubidium catalysts as disclosed, for example, in U. S. Pat. No.

5,512,650 (Leir etal.).

The polydiorganosiloxane diamine component provides a means of adjusting the

modulus of the resultant silicone polyurea block copolymer. In general, high molecular

weight polydiorganosiloxane diamines provide copolymers of lower modulus whereas low

molecular polydiorganosiloxane polyamines provide copolymers of higher modulus.

Optionally a polyamine that does not contain polysiloxane groups (referred to

hereinafter as "optional polyamine") derived block may be included in the silicone polyurea

block copolymer. Examples of useful polyamines that may serve as precursors to such blocks

include polyoxyalkylene diamines including, for example, polyoxyalkylene diamines

commercially available under the trade designations "D-230", "D-400", "D-2000", "D-4000",

"ED-2001" and "EDR-1 48" from Huntsman Corporation, Houston, Texas, polyoxyalkylene

triamines including, for example, polyoxyalkylene triamines commercially available under the

trade designations "T-403", "T-3000" and "T-5000" from Huntsman, and aliphatic polyamines

including, for example, ethylene diamine, available under the trade designations "DYTEK A"

(2-methylpentamethylenediamine) and "DYTEK EP" (1,3-pentanediamine) from E. I. du

Pont de Nemours and Company, Wilmington, Delaware.

Silicone diamines may also be prepared according to the method described in U. S.

Pat. No. 6,531,620 (Brader et al.).

Any polyisocyanate including, for example, diisocyanates and triisocyanates, capable

of reacting with the above-described polyamines can be used in the preparation of the silicone

polyurea block copolymer. Examples of suitable diisocyanates include aromatic

diisocyanates, such as 2,6- toluene diisocyanate, 2,5-toluene diisocyanate, 2,4-toluene

dϋsocyanate, m-phenylene diisocyanate, p-phenylene diisocyanate, methylene bis(o-

chlorophenyl diisocyanate), methylenediphenylene-4,4'-diisocyanate, polycarbodiimide-



modified methylenediphenylene diisocyanate, (4,4'-diisocyanato-3,3',5,5'-tetraethyl)

diphenylmethane, 4,4-diisocyanato-3,3'-dimethoxybiphenyl (o-dianisidine diisocyanate), 5-

chloro-2,4-toluene. diisocyanate, and l-chloromethyl-2,4-diisocyanatobenzene, aromatic-

aliphatic diisocyanates, such as m-xylylene diisocyanate and tetramethyl-m-xylylene

diisocyanate, aliphatic diisocyanates such as 1,4-diisocyanatobutane, 1,6-diisocyanatohexane,

1,12-diisocyanatododecane and 2-methyl-l,5-diisocyanatopentane, and cycloaliphatic

diisocyanates such as methylenedicyclohexylene-4,4'-diisocyanate, 3-isocyanatomethyl-3,5,5-

trimethylcyclohexyl isocyanate (isophorone diisocyanate) and cyclohexylene-1,4-

diisocyanate.

Any triisocyanate that can react with a polyamine, and in particular with the

polydiorganosiloxane diamine is suitable. Examples of such triisocyanates include, for

example, polyfunctional isocyanates, such as those produced from biurets, isocyanurates, and

adducts. Examples of commercially available polyisocyanates include portions of the series

of polyisocyanates available under the trade designations "DESMODUR" and "MONDUR"

from Bayer Corp., Pittsburgh, Pennsylvania, and "PAPl" from Dow Chemical Co., Midland,

Michigan.

The polyisocyanate is preferably present in a stoichiometric amount based on the

amount of polydiorganosiloxane diamine and optional polyamine.

The silicone polyurea block copolymer can be prepared by solvent-based processes,

solventless processes or a combination thereof. Useful solvent- based processes are described

by Tyagi et al. in "Segmented Organosiloxane Copolymers: 2. Thermal and Mechanical

Properties of Siloxane-Urea Copolymers" in Polymer, vol. 25, December, 1984, and U. S. Pat.

No. 5,214,1 19 (Leiret al.).

Silicone polyurea block copolymer-based pressure sensitive adhesive compositions

can also be prepared by solvent-based processes, solventless processes or a combination

thereof.

In solvent-based processes, the MQ silicone resin can be introduced before, during or

after the polyamines and polyisocyanates have been introduced into the reaction mixture. The

reaction of the polyamines and the polyisocyanate is carried out in a solvent or a mixture of

solvents. The solvents are preferably nonreactive with the polyamines and polyisocyanates.



The starting materials and final products preferably remain completely miscible in the

solvents during and after the completion of the polymerization. These reactions can be

conducted at room temperature or up to the boiling point of the reaction solvent. The reaction

is preferably carried out at ambient temperature up to 50° C.

In substantially solventless processes, the polyamines and the polyisocyanate and the

MQ silicone resin are mixed in a reactor and the reactants are allowed to react to form the

silicone polyurea block copolymer, which, with the MQ resin, forms the pressure sensitive

adhesive composition.

One useful method that includes a combination of a solvent-based process and a

solventless process includes preparing the silicone polyurea block copolymer using a

solventless process and then mixing silicone polyurea block copolymer with the MQ resin

solution in a solvent. Preferably, the silicone polyurea block copolymer-based pressure

sensitive adhesive composition prepared according to the above-described combination

method.

The molar ratio of amine components (silicone diamine and optional polyamine) to

diisocyanate in the reaction is that suitable for the formation of a block copolymer with

desired properties. Typically, the ratio is maintained in a range of from 1:0.9 to 1:1.1; for

example, in a range of from 1:0.95 to 1:1.05, or even in a range of from 1:0.98 to 1:1.02.

Further details concerning silicone polyurea block copolymers and methods for their

synthesis may be found in, for example, U. S. Publ. Pat. Appln. No. 2003/0 1755 10 A 1

(Sherman et al.); and in U. S. Pat. Nos. 5,214,1 19 (Leir et al.); 5,461,134 (Leir et al.);

5,512,650 (Leir et al.); 6,407,195 (Sherman et al.); 6,441,1 18 (Sherman et al.); 6,569,521

(Sheridan et al.); 6,664,359 (Kangas et al.); 6,846,893 (Sherman et al.).

The pressure sensitive adhesive includes sufficient MQ tackifying resin to tackify at

least one silicone polyurea block copolymer. The MQ tackifying resin and the silicone

polyurea block copolymer can be present in the form of, for example, a blend of MQ

tackifying resin and silicone polyurea block copolymer.

Typically, the silicone polyurea block copolymer is present in the pressure sensitive

adhesive in an amount of from 30% by weight to 70% by weight, more typically 35% by



weight to 65% by weight, based on the total weight of the pressure sensitive adhesive,

however other amounts may also be used.

The MQ tackifying resin is typically present in the pressure sensitive adhesive

composition in an amount of from 30% by weight to 70% by weight, preferably from 40% by

weight to 60% by weight, more preferably 45% by weight to 55% by weight, based on the

total weight of the pressure sensitive adhesive, however other amounts may also be used.

Useful MQ tackifying resins include, for example, MQ silicone resins, MQD silicone

resins, and MQT silicone resins, which also may be referred to as copolymeric silicone resins

and which preferably have a number average molecular weight of 100 to 50,000, more

preferably 500 to 20,000 and generally have methyl substituents. The MQ silicone resins

include both non-functional and functional resins, the functional resins having one or more

functionalities including, for example, silicon- bonded hydrogen, silicon-bonded alkenyl, and

silanol.

MQ silicone resins are copolymeric silicone resins having R'3SiO]y2 units (M units)

and Siθ 4/2 units (Q units). Such resins are described in, for example, Encyclopedia of

Polymer Science and Engineering, vol. 15, John Wiley & Sons, New York, ©1989, pp. 265 to

270, and U . S. Pat. Nos. 2,676,182 (Daudt et al.); 3,627,851 (Brady); 3,772,247 (Flannigan);

and 5,248,739 (Schmidt et al.). MQ silicone resins having functional groups are described in

U . S. Pat. No. 4,774,310 (Butler), which describes silyl hydride groups, U . S. Pat. No.

5,262,558 (Kobayashi et al.), which describes vinyl and trifluoropropyl groups, and U. S. Pat.

No. 4,707,53 1 (Shirahata), which describes silyl hydride and vinyl groups. The above-

described resins are generally prepared in solvent. Dried or solventless MQ silicone resins are

prepared as described in U. S. Pat. Nos. 5,319,040 (Wengrovius et al.); 5,302,685 (Tsumura et

al.); and 4,935,484 (Wolfgruber et al.).

MQD silicone resins are terpolymers having R'3SiO /2 units (M units) and SiC>4/2

units (Q units) and R SiC / units (D units) as described, for example, in U. S. Pat. No.

5,1 10,890 (Butler).

MQT silicone resins are terpolymers having R SiO \/2 units (M units), Siθ 4/2 units

(Q units), and R'SiC>3/2 units (T units).



Commercially available MQ tackifying resins include resins available in toluene under

the trade designation "SR-545 MQ" from General Electric Co., Silicone Resins Division,

Waterford, New York; MQOH resins which are MQ silicone resins in toluene available from

PCR, Inc., Gainesville, Florida. Such resins are generally supplied in organic solvent. These

organic solutions of MQ silicone resin may be used as is or may be dried by any number of

techniques known in the art including, for example, spray drying, oven drying, and steam

separation, to provide a MQ silicone resin at 100 percent non-volatile content. The MQ

silicone resin can also include blends of two or more silicone resins.

The pressure sensitive adhesive may contain one or more light stabilizers (for

example, UV absorbers or hindered amine-light stabilizers), antioxidants, colorants,

fragrances, and combinations thereof.

Suitable optional release liners include, for example, polymeric films and papers that

have optionally been treated with a release agent such as silicone. For example, the optional

release liner may comprise a sheet material such as a polyester web, a polyethylene web, or a

polystyrene web, or a polyethylene-coated paper, coated with a suitable silicone based

coating.

Adhesive articles and composite articles according to the present invention may be

converted to a variety of forms including, for example, strips, sheets, and rolls.

In general, it was discovered that the pressure sensitive adhesive layer of adhesive

articles according to the present invention, typically aggressively adheres to

fluorothermoplastics (for example, fluorothermoplastic films) and, in some embodiments,

other substrates resulting in cohesive failure modes (that is, in the adhesive) in composite

structures wherein an adhesive article according to the present invention is bonded to a

substrate.

Further, it is discovered in the case of silicone polyurea block copolymers having a

block



O R R O
Il I I l

-N-Z-N-C- -N-Y-Si- O — Si- -Y-N-C-
I I I I I

H H D R R D

with a formula weight in a range of from 10,000 to 37,000 grams per mole (for example, from

14,000 to 35,000 grams per mole), and a ratio of n to m in a range of from 10:1 to 1:10, that

the adhesion (for example, as measured by 180° peel adhesion) to other substrates is typically

less than that observed to the unmodified fluorothermoplastic. Indeed, the strength of

adhesion is typically sufficiently strong that, if adhesive articles according to the present

invention are adhered to a substrate having a higher surface energy than the

fluorothermoplastic film, they can typically be cleanly removed from the substrate by peeling.

Suitable substrates include, for example, glass, polymers (for example, polyester,

polyamide, polymethyl methacrylate, polypropylene), metal (including painted metal),

fiberglass, and ceramic.

Accordingly, adhesive articles according to the present invention may be useful, for

example, as adherent protective films for glass (for example, displays of electronic devices or

windows), architectural surfaces (for example, walls, doors, floors), graphic articles (for

example, commercial signage or highway signage), motor vehicles (for example, cars, trucks

or buses), watercraft (for example, boats or jet skis), airplanes, and many commercial

polymeric substrates (for example, polyesters or polyamides).

In some cases, silicone polyurea block copolymers having a block

O R R O
I Il

-N-Z-N-C-N-Y— Si- O — Si- -Y-N-C-
I I I I I I

H H D R R D

with a formula weight outside the range of from 10,000 to 37,000 grams per mole, and a ratio

of n to m in a range of from 10:1 to 1:10, may also exhibit the same or similar properties.



Objects and advantages of this invention are further illustrated by the following non-

limiting examples, but the particular materials and amounts thereof recited in these examples,

as well as other conditions and, details, should not be construed to unduly limit this invention.

EXAMPLES

Unless otherwise noted, all parts, percentages, ratios, etc. in the examples and the rest

of the specification are by weight, and all reagents used in the examples were obtained, or are

available, from general chemical suppliers such as, for example, Sigma-Aldrich Company,

Saint Louis, Missouri, or may be synthesized by conventional methods.

Test Methods

180° Peel Adhesion Test

This peel adhesion test is performed according to ASTM D 3330-90; however, instead

of testing tapes adhered to a stainless steel substrate, 3-layer laminates of

substrate/adhesive/fluoropolymer film of 1.27 centimeters by 15 centimeters are adhered to a

17.8 centimeter by 33 centimeter steel panel using double-coated adhesive tape (commercially

available from 3M Company under the trade designation "410B") via the substrate side using

a 2.3-kg rubber roller. The fluoropolymer/adhesive is then peeled at 180° at using an IMass

model SP2000 peel tester obtained from IMASS, Inc., Accord, Massachusetts or using an

Instron peel tester available from the Instron Company, Canton, Massachusetts. The failure

mode is noted as "cohesive" if adhesive residue remains on both the substrate and the

fluoropolymer film, or "adhesive" if the adhesive residue remained only on either the

substrate or the fluoropolymer film. For adhesive failure, the site of failure is also noted, that

is, whether the substrate/adhesive bond fails "failure at the substrate" or the

fluoropolymer/adhesive bond fails "failure at the fluoropolymer film". Measurements are

obtained in ounces/inch and converted to Newtons per centimeter (N/cm).
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Preparative Examples

Adhesive A

A 30% solids adhesive solution in a mixture of 70 parts toluene and 30 parts

isopropanol was prepared. The adhesive was a 50:50 mixture by weight of elastomeπMQ

Resin 1, the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK AJ H-MDI in a

molar ratio of 1/0.5/1.5.

Adhesive B

A 25% solids adhesive solution in a mixture of 85 parts toluene and 15 parts

isopropanol was prepared. The adhesive was a 50:50 mixture by weight of elastomeπMQ

Resin 2, the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK AJ H-MDI in a

molar ratio of 1/1/2.

Adhesive C

A 30% solids adhesive solution in a mixture of in 70 parts toluene and 30 parts

isopropanol was prepared. The adhesive was a 40:60 mixture by weight of elastomeπMQ

Resin 1, the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK A/ H-MDI in a

molar ratio of 1/0.5/1.5.

Adhesive D

A 25% solids adhesive solution in a mixture of 85 parts toluene and 15 parts

isopropanol was prepared. The adhesive was a 45:55 mixture by weight of elastomeπMQ

Resin 2, the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK AJ H-MDI in a

molar ratio of 1/1/2.

Adhesive E

A 25% solids adhesive solution in a mixture of 85 parts toluene and 15 parts

isopropanol was prepared. The adhesive was a 40:60 mixture by weight of elastomer:MQ

Resin 2, the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK AJ H-MDI in a

molar ratio of 1/1/2.



Adhesive F

A 30% solids adhesive solution in a mixture of in 70 parts toluene and 30 parts

isopropanol was prepared. The adhesive was a 50:50 mixture by weight of elastomeπMQ

Resin 1, the elastomer was a copolymer of PDMS diamine 94,000/ DYTEK A/ H-MDI in a

molar ratio of 1/0.5/1.5.

Adhesive G

A 30% solids adhesive solution in a mixture of in 70 parts toluene and 30 parts

isopropanol was prepared. The adhesive was a 50:50 mixture by weight of elastomeπMQ

Resin 1 the elastomer was a copolymer of PDMS diamine 35,000/ DYTEK AJ H-MDI in a

molar ratio of 1/0.5/1.5.

Adhesive H

A 30% solids adhesive solution in a mixture of in 70 parts toluene and 30 parts

isopropanol was prepared. The adhesive was a 50:50 mixture by weight of elastomeπMQ

Resin 1, the elastomer was a copolymer of PDMS diamine 14,000/ DYTEK AJ H-MDI in a

molar ratio of 1/0.5/1.5.

Adhesive I

A 25% solids adhesive solution in a mixture of in 85 parts toluene and 15 parts

isopropanol was prepared. The adhesive was a 50:50 mixture by weight of elastomeπMQ

Resin I3 the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK AJ H-MDI in a

molar ratio of 1/0.5/1.5.

Adhesive J

A 40% solids adhesive solution in a mixture of in 39 parts toluene and 2 1 parts

isopropanol was prepared. The adhesive was a 5:3 mixture by weight of elastomeπMQ Resin

1, the elastomer was a copolymer of PDMS diamine 33,000/ DYTEK A/ H-MDI in a weight

ratio of 14.80/0.03/0.17.



Examples 1-4

Adhesive A was coated onto Film 5 and dried to a thickness of 38 micrometers (1.5

mils). Fluoropolymer films were laminated to samples of these adhesives with a hand roller.

The formed laminates were aged at 60° C for 3 days and tested for peel adhesion according to

the 180° Peel Adhesion Test. The results are reported in Table 1. The 180° Peel Test for

examples reported in Table 1 (below) was measured using the Instron peel tester with a peel

rate of 6 inches per minute (15 cm/min).

TABLE 1

Example 5-8

The adhesive solution of Adhesive C was coated onto Film 5 using a Number 12

Mayer rod and dried at 60 0C for about 10 minutes to a thickness of 0.3 mil (8 micrometers).

Fluoropolymer films were laminated to samples of these adhesives with a hand roller (hand

lamination) or vacuum laminated. Specimens of initially formed laminates were tested for

peel adhesion according to the 180° Peel Adhesion Test to give initial peel adhesion values.

Specimens of the laminates were also tested after aging at 85°C/85% Relative Humidity for 10

days. The results are reported in Table 2. The 180° Peel Test for examples reported in Table



2 (below) was measured using the Instron peel tester with a peel rate of 6 inches per minute

(15 cm/min).

TABLE 2

Examples 9-18

The adhesive solution of Adhesive A was dried after coating onto Film 5 using either a

Number 12, a Number 22, or a Number 34 Mayer rod. Fluoropolymer films were laminated

to samples of these adhesives with a hand roller. Specimens of initially formed laminates

were tested for peel adhesion according to the 180° Peel Adhesion Test to give initial peel

adhesion values. Specimens of the laminates were also tested after aging at 85°C/85%



Relative Humidity for 10 days. The results are reported in Table 3. The 180° Peel Test for

examples reported in Table 3 (below) was measured using the Instron peel tester with a peel

rate of 6 inches per minute ( 15 cm/min).
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Example 19

The adhesive solution of Adhesive B was coated onto Film 5 and dried at 70° C in a

forced air oven for 5 minutes to provide a dry adhesive film approximately 5 1 micrometer (2

mils) thick. The adhesive samples were laminated to several fluorine-containing

thermoplastic polymeric films with a single pass of a 2-kg hand roller. The formed laminates

were aged for 5 days at room temperature and tested for 180° peel adhesion using the IMass

peel tester with a platen speed of 0.3 meters/minute according to the 180° Peel Adhesion Test.

The results are reported in Table 4.

Examples 20 and 2 1

Examples 20 and 2 1 were prepared and tested using the same procedure of Example

19, with the exceptions that the adhesive of Example 20 was Adhesive D, and the adhesive of

Example 2 1 was Adhesive E . Results are reported in Table 4 (below).



TABLE 4

In Table 4, the term "picking" refers to adhesive failure at a substrate that leaves small

pieces of adhesive stuck to the substrate



Example 22

The adhesive solution of Adhesive F was coated onto FILM 5 and dried to a thickness

of 64 micrometers (2.5 mils). Fluoropolymer films of Film 7 were laminated to samples of

these adhesives with a hand roller. The formed laminates were aged at 60° C for 3 days and

tested for 180° peel adhesion using the IMass peel tester with a platen speed of 2.5

meters/minute (100 inches/minute) according to the 180° Peel Adhesion Test. Results are

reported in Table 5.

Example 23

The adhesive solution of Adhesive G was coated onto Film 5 and dried to a thickness

of (2.5 mil). Fluoropolymer films of Film 7 were laminated to samples of these adhesives

with a hand roller. The formed laminates were aged at 60° C for 3 days and tested for 180°

peel adhesion using the IMass peel tester with a platen speed of 2.5 meters/minute ( 100

inches/minute) according to the 180° Peel Adhesion Test. Results are reported in Table 5.

Example 24
The adhesive solution of Adhesive H was coated onto Film 5 and dried to a thickness

of (2.5 mil). Fluoropolymer films of Film 7 were laminated to samples of these adhesives

with a hand roller. The formed laminates were aged at 60° C for 3 days and tested for 180°

peel adhesion using the IMass peel tester with a platen speed of 2.5 meters/minute (100

inches/minute) according to the 180° Peel Adhesion Test. Results are reported in Table 5

(below).



TABLE 5

Examples 25-64

A series of 3 layer laminates (substrate/ adhesive/ fluoropolymer film) were prepared

using Adhesive f or Adhesive B and differing substrates (either film substrates such as Film 5,

Film 12 or Film 13 or solid substrates such as Glass or PMMA) and fluoropolymer films as

shown in Table 6. For each sample, the adhesive solution was coated onto the substrate and

dried at 70° C in a forced air oven for 5 minutes to provide a dry adhesive film approximately

5 1 micrometers (2 mils) thick. The adhesive samples thus prepared were laminated to

fluoropolymer films with a single pass of a 2-kg hand roller. The formed laminates were aged

for 5 days at room temperature and tested for 180° peel adhesion using the IMass peel tester

with a platen speed of 2.5 meters/minute (100 inches/minute) according to the test method

outlined above. Results are reported in Table 6 (below).



TABLE 6







Examples 65-68

A series of 3 layer laminates (substrate/ adhesive/ fluoropolymer film) were prepared

using Adhesive J and differing substrates and fluoropolymer films as shown in Table 7. For

each sample, the adhesive solution was coated onto the substrate and dried at 70° C in a

forced air oven for 5 minutes to provide a dry adhesive film approximately 5 1 micrometers (2

mils) thick. The adhesive samples thus prepared were laminated (with a single pass of a 2-kg

hand roller) to fluoropolymer films and the formed laminates were aged overnight, and then

tested for 180° peel adhesion using an Instron peel tester at a peel rate of 4 inches per minute

(10 cm/min) according to the 180° Peel Test. Results are reported in Table 7 (below).



TABLE 7

Various modifications and alterations of this invention may be made by those skilled

in the art without departing from the scope and spirit of this invention, and it should be

understood that this invention is not to be unduly limited to the illustrative embodiments set

forth herein.



What is claimed is:

1. An adhesive article comprising:

a fluorothermoplastic film having a interior portion and a major surface; and

a pressure sensitive adhesive layer adhered to at least a portion of the major surface,

wherein the pressure sensitive adhesive comprises a silicone polyurea block copolymer and an

MQ tackifying resin, and wherein the silicone polyurea block copolymer comprises n blocks

represented by the formula

O R R O
I I Il

N-Z— N-C-N- Y-Si- -O— Si- -Y-N-C-
I I I I I

H H D R R D

and m blocks represented by the formula

O O
I l Il

— N-Z-N-C- N-B-N-C-
I I I I

H H D D

wherein

each R independently represents a monovalent group selected from the group

consisting of alkyl groups, vinyl groups, higher alkenyl groups, cycloalkyl groups, aryl

groups, and fluorine-containing groups;

each Z independently represents a divalent group selected from the group consisting of

arylene groups, alkarylene groups, aralkylene groups, alkylene groups, and cycloalkylene

groups, and combinations thereof.

each Y independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, arylene groups, and combinations

thereof;



each D is independently selected from the group consisting of hydrogen, alkyl groups

having 1 to 10 carbon atoms, phenyl, and groups that complete a ring structure including B or

Y to form a heterocycle;

each B independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, cycloalkylene groups, arylene

groups, and poly(alkyleneoxy) groups, and combinations thereof;

p is an integer number that is at least 10;

n is an integer that is at least 1; and

m is an integer in a range of from at least 1 up to and including 1,000, and wherein the

ratio of n to m is in a range of from 1:10 to 10:1.

2. An adhesive article according to claim 1, wherein the major surface and the interior

portion of the fluoropolymer film have the same composition.

3. An adhesive article according to claim 1 wherein

O R R O
I Il

-N-Z-N- C-N-Y- Si- O — Si- -Y-N-C-
1 I I I I I
H H D R R D

has a formula weight of 10,000 to 37,000 grams per mole.

4. An adhesive article according to claim 1, wherein

O R R O
I Il

-N-Z-N-C-N-Y— Si- -O— Si- -Y-N-C-
I I I I I I

H H D R R D



has a formula weight of 14,000 to 35,000 grams per mole.

5. An adhesive article according to claim 1, wherein the film has a thickness in a range of

from 100 micrometers to 300 micrometers.

6. An adhesive article according to claim 1, wherein R is methyl, Z is

-CH2C6H4C(CH3)2C6 H4CH2 -, Y is -CH2 CH2 CH2 - , D is H, and B is

-CH2 CH2 CH2 CH(CH3 )-.

7. An adhesive article according to claim 1, wherein the fluorothermoplastic film

comprises at least one fluorothermoplastic material selected from the group consisting of

tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride copolymers; tetrafluoroethylene-

hexafluoropropylene copolymers; tetrafluoroethylene-perfluoropropyl vinyl ether copolymers;

tetrafluoroethylene-hexafluoropropylene copolymers; ethylene-tetrafluoroethylene

copolymers; tetrafluoroethylene-propylene copolymers; and tetrafluoroethylene-

hexafluoropropylene-ethylene copolymers.

8. An adhesive article according to claim 1, further comprising a release liner releasably

adhered to at least a portion of the pressure sensitive adhesive layer.

9. A composite article comprising an adhesive article according to claim 1 adhered to a

substrate, wherein at least a portion of the pressure sensitive adhesive layer is adhesively

adhered to the substrate.

10. A composite article according to claim 9, wherein the substrate comprises at least one

of glass, polyester, polyamide, polymethyl methacrylate, polypropylene, metal, fiberglass or

ceramic.



11. A method of making a composite article, the method comprising providing a

fluorothermoplastic article according to claim 1, and adhering at least a portion of the pressure

sensitive adhesive layer to a substrate.

12. An adhesive article according to claim 1. wherein if the pressure sensitive adhesive

layer of the adhesive article is adhered to glass and peeled according to the 180° Peel

Adhesion Test, then the pressure sensitive adhesive layer cleanly releases from the glass and

remains adhered to the nonporous fluorothermoplastic film.

13. An adhesive article according to claim 1, wherein the ratio of n to m is one.

14. A method of making an adhesive article, the method comprising adhering a pressure

sensitive adhesive layer to at least a portion of a major surface of a fluorothermoplastic film,

wherein the pressure sensitive adhesive comprises a silicone polyurea block copolymer and an

MQ tackifying resin, wherein the pressure sensitive adhesive comprises a silicone polyurea

block copolymer and an MQ tackifying resin, and wherein the silicone polyurea block

copolymer comprises n blocks represented by the formula

O R R O

N-Z-N-C-N- Y—Si- -O— Si— Y-N-C
t i l l

H H D R R D
P

and m blocks represented by the formula

O O

— N-Z-N-C-N-B-N-C-
I I I I

H H D D

wherein



each R independently represents a monovalent group selected from the group

consisting of alkyl groups, vinyl groups, higher alkenyl groups, cycloalkyl groups, aryl

groups, and fluorine-containing groups;

each Z independently represents a divalent group selected from the group consisting of

arylene groups, alkarylene groups, aralkylene groups, alkylene groups, and cycloalkylene

groups, and combinations thereof.

each Y independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, arylene groups, and combinations

thereof;

each D is independently selected from the group consisting of hydrogen, alkyl groups

having 1 to 10 carbon atoms, phenyl, and groups that complete a ring structure including B or

Y to form a heterocycle;

each B independently represents a divalent group selected from the group consisting

of alkylene groups, alkarylene groups, aralkylene groups, cycloalkylene groups, arylene

groups, and poly(alkyleneoxy) groups, and combinations thereof;

p is an integer number that is at least 10;

n is an integer that is at least 1; and

m is an integer in a range of from at least 1 up to and including 1,000, and wherein the

ratio of n to m is in a range of from 1:10 to 10:1.

15. A method according to claim 14, wherein the fluoropolymer film further comprises an

interior portion, and wherein the major surface and the interior portion of the fluoropolymer

film have the same composition.

16. A method according to claim 14, wherein

O R R O
I Il

-N-Z-N-C-N-Y— Si- -O— Si- -Y-N-C-
I I I I I I

H H D R R D
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has a formula weight of 10,000 to 37,000 grams per mole.

17. A method according to claim 14, wherein

O R R O
I Il

-N-Z-N-C-N-Y— Si- O—Si- -Y-N-C-
I I I I I I

H H D R R D
P

has a formula weight of 14,000 to 35,000 grams per mole.

18. A method according to claim 14, wherein the film has a thickness in a range of from

100 micrometers to 300 micrometers:

19. A method according to claim 14, further comprising adhering a release liner to at least

a portion of the pressure sensitive adhesive layer.

20. A method according to claim 14, further comprising adhering a substrate to at least a

portion of the pressure sensitive adhesive layer.

2 1. A method according to claim 14, wherein R is methyl, Z is

-CH2C6H4C(CH3 )2C6 H4 CH2 -, Y is -CH2 CH2 CH2 - , D is H5 and B is

-CH CH2 CH2 CH(CH3)-.

22. A method according to claim 14, wherein the fluorothermoplastic film comprises at

least one fluorothermoplastic material selected from the group consisting of

tetrafluoroethylene-hexafluoropropylene-vinylidene fluoride copolymers; tetrafiuoroethylene-

hexafluoropropylene copolymers; tetrafluoroethylene-perfluoropropyl vinyl ether copolymers;

tetrafluoroethylene-hexafluoropropylene copolymers; ethylene-tetrafluoroethylene



copolymers; tetrafluoroethylene-propylene copolymers; and tetrafluoroethylene-

hexafluoropropylene-ethylene copolymers.

23. A method according to claim 14, wherein the substrate comprises at least one of glass,

polyester, polyamide, polymethyl methacrylate, polypropylene, metal, fiberglass or ceramic.

24. A method of making an adhesive article according to claim 14, wherein if the pressure

sensitive adhesive layer of the adhesive article is adhered to glass and peeled according to the

180° Peel Adhesion Test, then the pressure sensitive adhesive layer cleanly releases from the

glass and remains adhered to the nonporous fluorothermoplastic film.

25. A method of making an adhesive article according to claim 14, wherein the ratio of n

to m is one.
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