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

(19) World Intellectual Property
Organization

International Bureau
(10) International Publication Number

(43) International Publication Date
6 December 2012 (06.12.2012)

WO 2012/166260 Al
P O P C T

(51) International Patent Classification: (74) Agent: RYAN-LINDQUIST, Lisa; Suite 400, 6640 Shady
C09K 19/38 (2006.01) A61L 29/12 (2006.01) Oak Road, Eden Prairie, Minnesota 55344 (US).
A61L 29/04 (2006.01) A61M 25/10 (2006.01)

(81) Designated States (unless otherwise indicated, for every
(21) International Application Number: kind of national protection available): AE, AG, AL, AM,

PCT/US20 12/034 180 AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

(22) International Filing Date: DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
19 April 2012 (19.04.2012) HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP, KR,

(25) Filing Language: English KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

(26) Publication Language: English OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC, SD,

(30) Priority Data: SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,

61/492,978 3 June 201 1 (03.06.201 1) US TT, TZ, UA, UG, UZ, VC, VN, ZA, ZM, ZW.

(71) Applicant: BOSTON SCIENTIFIC SCIMED, INC. (84) Designated States (unless otherwise indicated, for every

[US/US]; One Scimed Place, Maple Grove, Minnesota kind of regional protection available): ARIPO (BW, GH,

5531 1 (US). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU,

(72) Inventors: CHEN, John J.; 4725 Terraceview Lane TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
North, Plymouth, Minnesota 55446 (US). HORN, Daniel DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
J.; 291 Poplar Drive, Shoreview, Minnesota 55 126 (US). LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
LU, Zhikuan; 5635 Williamsburg Cir., Hudson, Ohio SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
44236 (US). ZHANG, Dong; 1380 Walnut Ridge Dr., GW, ML, MR, NE, SN, TD, TG).
Uniontown, Ohio 44685 (US). JING, Jiaokai; 3846 Ken-

Published:way Blvd., Uniontown, Ohio 44685 (US). HARRIS,
Frank W.; 872 Coventry Street, Boca Raton, Florida — with international search report (Art. 21(3))
33487 (US).

©

o (54) Title: LIQUID CRYSTAL BLOCK COPOLYMER AND METHODS OF MAKING AND USING THE SAME

(57) Abstract: A liquid crystal block copolymer comprising at least one liquid crystal polymer block comprising a polymer of di-
ethylene glycol bis(4-hydroxybenzoate) and diphenyl 2,6-naphthalene dicarboxylate and at least one non-liquid crystal polymer
block.



LIQUID CRYSTAL BLOCK COPOLYMER
AND METHODS OF MAKING AND USING THE SAME

Cross-Reference to Related Applications

This application claims priority to US Patent Provisional Application No.

61/492,978 filed June 3, 201 1, the entire contents of which are hereby incorporated herein

by reference.

BACKGROUND OF THE INVENTION

[0001] The present invention relates to liquid crystal block copolymers and to methods of

making and using the same.

[0002] It is known to use liquid crystal polymers (LCPs) in combination with thermoplastic

polymers, i.e. matrix polymers, for use in the manufacture of insertable and/or implantable

medical devices such as catheter assemblies and components thereof such as inflatable

medical balloons which can be disposed at the distal end of a balloon catheter assembly.

For example, see commonly assigned U.S. Patent Nos. 6,977,103, 6,905,743, 6,730,377 and

6,284,333. See also U.S. Patent Nos. 6,596,219, 6,443,925 and 6,325,780 to Schaible.

[0003] Liquid crystal polymers are known to phase separate from commonly used

thermoplastic polymers into multiphase polymer compositions. For example, see U.S.

Patent Nos. 5,248,305 and 5,156,785 to Zdrahala.

[0004] Compatibilized blends of LCP and thermoplastic polymers have been found suitable

for use as medical device balloon materials. See for example commonly assigned U.S.

Patent No. 6,242,063.



[0005] Liquid crystal block copolymers having a non-liquid crystal polymer block that is

compatible with commonly employed thermoplastic materials are disclosed in commonly

assigned US Patent Nos. 7582078, 7662129, 7857785 and US Patent Publication No.

2010/0016941 and US Patent Application Serial No. 12/974467.

[0006] There continues to be a need for liquid crystal polymers which have increased

compatibility with other polymer materials which can be employed in the formation of

medical devices, particularly in the manufacture of catheter assemblies or components

thereof.

SUMMARY OF THE INVENTION

[0007] The present invention relates to polymer compositions useful in the formation of

medical devices which include at least one liquid crystal block copolymer having at least

one A block and at least one B block.

[0008] In one embodiment, the present invention relates to a liquid crystal block copolymer

comprising at least one liquid crystal polymer block comprising a condensation polymer

composed ofdiethylene glycol bis(4-hydroxybenzoate) and diphenyl 2,6-naphthalene

dicarboxylate and at least one non-liquid crystal polymer block.

[0009] In one embodiment the present invention relates to a medical device, at least a

portion of the medical device is formed from a polymer composition comprising at least one

liquid crystal polymer block comprising a polymer composed of diethylene glycol bis(4-

hydroxybenzoate) and diphenyl 2,6-naphthalenedicarboxylate and at least one non-liquid

crystal polymer block .

[0010] Methods of making and using the same are also disclosed herein.



[001 1] These and other aspects, embodiments and advantages of the present disclosure will

become immediately apparent to those of ordinary skill in the art upon review of the

Detailed Description and Claims to follow.

DETAILED DESCRIPTION OF THE INVENTION

[0012] While embodiments of the present disclosure may take many forms, there are

described in detail herein specific embodiments of the present disclosure. This description

is an exemplification of the principles of the present disclosure and is not intended to limit

the disclosure to the particular embodiments illustrated.

[0013] The description provided herein is not to be limited in scope by the specific

embodiments described which are intended as single illustrations of individual aspects of

certain embodiments. The methods, compositions and devices described herein can

comprise any feature described herein either alone or in combination with any other

feature(s) described herein. Indeed, various modifications, in addition to those shown and

described herein, will become apparent to those skilled in the art from the foregoing

description and accompanying drawings using no more than routine experimentation. Such

modifications and equivalents are intended to fall within the scope of the appended claims.

[0014] All publications, patents and patent applications mentioned in this specification are

herein incorporated by reference in their entirety into the specification to the same extent as

if each individual publication, patent or patent application was specifically and individually

indicated to be incorporated herein by reference. Citation or discussion of a reference herein

shall not be construed as an admission that such is prior art.



[0015] The present invention relates to liquid crystal block copolymers including at least

one liquid crystal block that is a polymer composed of diethylene glycol bis(4-

hydroxybenzoate) and diphenyl 2,6-naphthalenedicarboxylate and at least one non-liquid

crystal polymer block .

[0016] In some embodiments, the non-liquid crystal polymer block is a polyamide, i.e.

nylon, for example. Any nylon may be employed herein including, but not limited to, nylon

6, nylon 66 and nylon 12.

[0017] These nylons may be formed by the condensation of hexanedioic acid and

hexamethylenediamine (nylon 6,6), ring opening polymerization of caprolactam (nylon 6)

or ring opening polymerization of laurolactam (nylon 12), for example. For nylon 6,6,

hexanedioyl dichloride may be used in place of hexanedioic acid.

[0018] Nylon 6 (polycapro lactam) is not a condensation polymer, but rather is formed by

the ring opening polymerization of caprolactam monomers.

caprolactam

o o o o
I I I I I I I I

etc - -(CH2)5-C- -(CH2)5-C-N-(CH )5-C - -(CH2)5-C - etc

H H H H

nylon 6



[0019] In some embodiments, the non-liquid crystal polymer block is nylon 12. In one

particular embodiment, this block is formed by the reaction of dodecanedioic acid and

lauro lactam.

[0020] The liquid crystal polymer block and the non- liquid crystal polymer block can be

connected via conventional condensation reactions.

[0021] The block copolymers may be of the general formula A-B diblock, A-B-A triblock

and B-A-B triblock, polyblock copolymers of the formula (A-B) where n is 1 to 20, A(B-

A)n and B(A-B)„ where n is 2 to 20, A-B-A-B-A pentablock, multiblock polymers such as

A-B-C, A-C-B or BAC triblock copolymers, B-(A-B-C) n wherein n is 3 to 20, A-B-C-D

multibock copolymers, random block copolymers and alternating random block

copolymers, etc.

[0022] Furthermore, branched architecture block copolymers including H-type, T-type,

stars (including symmetric and heterobranched stars), combs, brushes,

dendrons/hyperbranched, etc. may be employed herein.

[0023] In some embodiments, the block copolymer may also be of a multiblock variety

including C blocks, D blocks, etc. The C block and the D block may be either non-liquid

crystal blocks or liquid crystal blocks. For example, in the case of an ABC block

copolymer, the A block may be formed of a first mesogenic repeating unit, the B block may

be formed of a non-mesogenic repeating unit, and the C block may be formed of a second

mesogenic repeating unit different that the first mesogenic repeating unit or the B block is

formed from the mesogenic repeating unit and the A and C blocks are formed of non-

mesogenic repeating units and the A block and C block are different from one another. See,

for example, commonly assigned US Patent Nos. 7582078, 7662129, 7857785 and US



Patent Publication No. 2010/0016941 and US Patent Application Serial No. 12/974467,

each of which is incorporated by reference herein in its entirety.

[0024] In some embodiments, the block copolymer is a B-A-B block copolymer. Suitably,

the A block is the liquid crystal polymer block and the B block is the non-liquid crystal

polymer block.

[0025] The liquid crystal block copolymer suitably comprises about 50% to about 95% by

weight of the A block and about 50% to about 5% by weight of the B block accordingly.

[0026] In some embodiments, the liquid crystal block copolymer comprises about 60% to

about 90% by weight of the liquid crystal polymer block and about 40% to about 10% by

weight of the non-liquid crystal polymer block accordingly.

[0027] The relative number average molecular weight of the liquid crystal block copolymer

may be from about 10,000 grams/mole to about 100,000 grams/mole, more suitably about

15,000 grams/mole to about 50,000 grams/mole. In one embodiment, the molecular weight

was found to be about 20,000 grams/mole.

[0028] The A block may have anywhere from about 20 to about 200 repeating units, and

more suitably about 20 to about 50 repeating units, and the B block may have anywhere

from about 2 to about 50 repeating units, and suitably about 2 to about 25 repeating units.

[0029] In specific embodiments, a B-A-B block copolymer wherein the A block is the

liquid crystal polymer block and the B block is the non-liquid crystal polymer block is

formed.

[0030] In a specific embodiment, described in thorough detail in example 1 below, a liquid

crystal block copolymer is prepared having a liquid crystal polymer block formed from a

diethylene glycol bis(4-hydroxybenzoate) monomer and a diphenyl naphthalene 2,6-



dicarboxylate monomer and a non-liquid crystal block formed primarily of nylon 12 which

is the reaction product of dodecandioic acid and laurolactam.

[0031] The architecture is suitably a B-A-B block copolymer wherein the A block is the

liquid crystal polymer of diethylene glycol bis(4-hydroxybenzoate) and diphenyl

naphthalene 2,6-dicarboxylate and the B block is the non-liquid crystal polymer block of

nylon 12.

[0032] In one embodiment, the mole ratio of diethylene glycol bis(4-hydroxybenzoate) and

diphenyl naphthalene 2,6-dicarboxylate is about 1:1.

[0033] The block copolymer exhibits a low melting points of about 275° C or less, suitably

about 250° C or less, even more suitably about 150° C to about 200° C which makes them

easy to process and more thermally compatible with other conventional plastics. The liquid

crystal block copolymer further exhibits a high modulus or stiffness similar to that of

conventional liquid crystal polymers or polyimides, high tensile strength superior to that of

nylon 12 alone, and it is not brittle.

[0034] The block copolymer disclosed herein also is compatible with typical materials used

in catheter devices and can thus be readily melt blended or admixed therewith.

[0035] Examples of thermoplastic polymers which may be employed in a blend with the

liquid crystal block copolymer disclosed herein include, but are not limited to, polyamides,

polyesters, polyethers, polyolefins, polyimides, block copolymers comprising at least one

polyolefin, polyester, polyether, polyamide, and/or polyimide segment, silicones, and

mixtures thereof and mixtures thereof.

[0036] A specific example of a class o f thermoplastic polymer materials that finds utility in

a melt blend with the liquid crystal polymer disclosed herein is the amide family of



materials such as polyether-block-amides for example, as well as nylon 12, amorphous

nylons, etc. These materials exhibit excellent compatibility with the liquid crystal block

copolymer because of the similarity to the amide block.

[0037] Of course, more than one liquid crystal polymer and non-liquid crystal polymer may

also be included in the polymer composition.

[0038] The amount of LCP block copolymer employed may be from about 5% to about

75% and more suitably about 5% to about 50% and even more suitably about 10% to about

30% and about 25% to about 95%, more suitably about 50% to about 95% and even more

suitably about 70% to about 90% of a non-liquid crystal polymer.

[0039] Most suitably, the polymer composition includes about 5% to about 30% of the

liquid crystal block copolymer and about 70% to about 95% of the non-liquid crystal

polymer, but is not limited as such.

EXAMPLE 1

[0040] A liquid crystal copolymer block was prepared using diethylene glycol bis(4-

hydroxybenzoate) and diphenyl 2,6-naphthalenedicarboxylate using the following

procedure.

[0041] In a first step, diethylene glycol bis(4-hydroxybenzoate) (monomer component 1)

was prepared according to the following chemical reaction:

[0042] The reaction of methyl 4-hydroxy benzoate (152.2 g) and diethylene glycol (42.4 g)

was conducted at 170°C for about 24 hrs under nitrogen gas and in the presence of catalytic



amount of n-butyl titanate. The resulting product was purified and dried. The purified

monomer (80 g) was characterized by thin layer chromatography (TLC) and proton nuclear

magnetic resonance (NMR).

[0043] In a second step, diphenyl 2,6-naphthalene-dicarboxylate (monomer component 2)

was prepared according to the following chemical reaction:

Dimethyl naphthalene-2,6-dicarboylate (171 g), diphenyl carbonate (180 g) and titanium

butoxide ( 1 mL) were placed in a dry 1000 ml three neck round-bottom flask equipped with

a mechanical stirring, nitrogen inlet and a distillation short path. The reaction mixture was

heated to 240° C. Dimethyl carbonate started distilling out after about 1 hour with

continued stirring and a flow of nitrogen. The reaction temperature was gradually increased

to 260°C over a 3 hour period. The reaction was continued until all the starting dimethyl

ester was converted to the diphenyl ester as indicated by TLC. The resulting product was

purified and dried. The final product (189 g) was characterized by proton NMR.

[0044] In a third step, the liquid crystal polymer (LCP) block was prepared. A 1:0.97 mole

ratio of diethylene glycol bis(4-hydroxybenzoate) and diphenyl naphthalene 2,6-

dicarboxylate was used in the polymerization to ensure hydroxyl chain ends in the finished

liquid crystal polymer. Diethylene glycol bis(4-hydroxybenzoate) (135.07 g), diphenyl

naphthalene-2,6-dicarboylate (139.36 g) and antimony oxide (200 mg) were placed in a 500

mL three-neck round-bottom flask equipped with an argon inlet, a mechanical stirring and a



distillation short path. Air was evacuated from the system and argon was refilled. The

reaction system was kept under argon atmosphere with a slow steam of argon. The

polymerization was conducted at 280° C. The polymerization was conducted for

approximately 10 hours with a constant slow flow of argon to remove the evolving phenol

through a distillation short path. After the phenol distillation was nearly complete, vacuum

was applied and the reaction continued until a shining liquid crystal phase appeared. No

more phenol evolved from the reaction. This process took about 10 hours.

[0045] The final liquid crystal polymer block was extracted in a Soxhlet apparatus with

chlorobenzene for 24 hour. Other solvents such as toluene or xylene, for example, may also

be used for extraction purpose. The final product was characterized by GPC (gel

permeation chromatography) for molecular weight. The product had a relative weight

average molecular weight of about 45,000 grams/mole.

[0046] In a fourth step, the nylon 12 oligomer block was prepared. Dodecanedioic acid and

lauro lactam were reacted as follows:

Phosphoric acid. N purge

1mol, Dodecanedioic acid] + [(x-t-y)inol, Laiirolacram]
Temp: 250 - 2S0 °C

[0047] The nylon 12 oligomer block is represented by the following chemical formula:



[0048] This nylon 12 oligomer block was actually prepared in two separate processes. The

first was to make Nylon 12 oligomer with acid chain ends per synthetic scheme above. The

resulting product had a relative weight average molecular weight of about 2,500 grams/mole

as characterized by GPC.

[0049] The second process was to convert the acid chain ends to phenyl ester chain ends for

reactivity enhancement in block copolymer polymerization. In this process, the nylon 12

oligomer product (71 g) was reacted with diphenyl carbonate (90 g) in the presence of 4-

dimethylpyridine (120 mg) at 180°C under nitrogen. The gas evolution stopped as the

mixture became a completely homogeneous melting solution. This chain end exchange

reaction was continued for another 10 minutes after the mixture become a homogeneous

melt solution. The product was quickly precipitated into toluene solution with rapid

stirring. The toluene solution was heated to boiling and the resulting solid product was

filtered. The product was further purified with toluene in a Soxhlet apparatus for 8 hours.

The final product was characterized by GPC to confirm molecular weight retention during

the processes.

[0050] In a fifth step, the Liquid Crystal block copolymer was prepared.

[0051] The LCP (55.0 g) and fiinctionalized nylon-12 oligomer block (16.4 g) were added

into a reactor with an antimony oxide (30 mg) catalyst at a 1:2 mole ratio. The reaction was

carried out under argon gas at 215 to 225°C with a stirring mechanism. After the contents

in the reactor melted, agitation was applied and the reaction was continued for 20 minutes.

A vacuum was gradually to reach a high vacuum for over 20 minutes. After about 1 to 6

hours, the product was pulled out as fibers.



[0052] The relative weight average molecular weight of the liquid crystal block copolymer

was about 81,000 grams/mole when using the same column and solvents as used for the

liquid crystal polymer block and nylon oligomer block.

[0053] This liquid crystal block copolymer exhibited a melting temperature of about 180°

C.

[0054] The liquid crystal block copolymer was melt spun into fiber at 190°C and the fiber

tensile strength was about 15,000 psi with elongation at yield of about 4%.

[0055] The liquid crystal block copolymers disclosed herein and any blends thereof may be

employed in the manufacture of any medical device or component thereof which is suitably

formed from polymer compositions, for example, catheter assemblies and components

thereof, including, for example, shafts, tips, manifolds and expandable medical balloons.

[0056] The present invention finds utility in the manufacture of expandable medical

balloons, particularly those employed in the cardiovascular system wherein the balloon size

is very small.

[0057] Balloon formation is known in the art. In some processes, a tube of polymer

material is extruded and then expanded radially and axially. Balloon formation is described

in U.S. Patent No. 4490421 and in commonly assigned U.S. Patent Nos. 6024722, both of

which are incorporated by reference herein in their entirety. Of course, other processes are

known and may be employed in the present invention.

[0058] The above disclosure is intended to be illustrative and not exhaustive. This

description will suggest many variations and alternatives to one of ordinary skill in this art.

All these alternatives and variations are intended to be included within the scope of the

attached claims. Those familiar with the art may recognize other equivalents to the specific



embodiments described herein which equivalents are also intended to be encompassed by

the claims attached hereto.



CLAIMS:

1. A liquid crystal block copolymer comprising at least one liquid crystal polymer

block comprising a polymer of diethylene glycol bis(4-hydroxybenzoate) and diphenyl-2,6-

naphthalenedicarboxylate and at least one non-liquid crystal polymer block .

2 . The liquid crystal block copolymer of claim 1 wherein said mole ratio of diethylene

glycol bis(4-hydroxybenzoate) to diphenyl 2-6-naphthalene dicarboxylate in the liquid

crystal polymer block is about 1:1.

3 . The liquid crystal block copolymer of claim 1 wherein the non-liquid crystal

polymer block is polyamide.

4 . The liquid crystal block copolymer of claim 1 wherein the non-liquid crystal

polymer block comprises nylon-12.

5 . The liquid crystal block copolymer of claim 1 selected from the group consisting of

at least one member selected from the group consisting of an A-B diblock copolymer, an

(A-B) block copolymer wherein n is 1 to 20, an A(B-A) block copolymer where n is 2 to

20, a B(A-B) block copolymer wherein n is 2 to 20, an A-B-A block copolymer, a B-A-B

block copolymer, an A-B-A-B-A block copolymer, a B-A-B-A-B block copolymer, a

multiblock copolymer, a linear tetrablock copolymer, a random block copolymer and a

random alternating block copolymer, a radial star block copolymer, an H-type branched

block copolymer, a T-type branched block copolymer, a comb, a brush and a dendrons.

6 . The liquid crystal block copolymer of claim 5 wherein the A block is the liquid

crystal polymer block and the B block is the non-liquid crystal polymer block.



7 . The liquid crystal block copolymer of claim 1, the liquid crystal block copolymer is

a mixture of B-A-B and B-A-B-A-B liquid crystal block copolymer wherein the A block is

the liquid crystal polymer block and the B block is the non-liquid crystal polymer block.

8. The liquid crystal block copolymer of claim 7, the liquid crystal block copolymer

comprises about 50% to about 95% by weight of said liquid crystal polymer block and

about 5%> to about 50%> by weight of said non-liquid crystal polymer block.

9 . The liquid crystal block copolymer of claim 7, the liquid crystal block copolymer

comprises about 60% to about 90%> by weight of said liquid crystal polymer block and

about 10% to about 40%> by weight of said non-liquid crystal polymer block.

10. The liquid crystal block copolymer of claim 1 in a polymer blend, the polymer blend

further comprising at least one non-liquid crystal polymer which is a member selected from

the group consisting of polyamides, polyesters, polyethers, polyolefms, polyimides, block

copolymers comprising at least one polyolefm, polyester, polyether, polyamide, and/or

polyimide segment, silicones, and mixtures thereof and mixtures thereof.

11. The liquid crystal block copolymer of claim 1 in a polymer blend, the polymer blend

further comprises at least one polyether-block-amide copolymer.

12. The liquid crystal block copolymer of claim 10 wherein said melt blend comprises

about 5%o to about 30%> of said liquid crystal block copolymer and about 70%> to about 95%

of said non-liquid crystal polymer.

13. A medical device, at least a portion of said medical device is formed from a polymer

composition comprising at least one liquid crystal polymer block comprising a polymer of

diethylene glycol bis(4-hydroxybenzoate) and diphenyl 2,6-naphthalenedicarboxylate and

at least one non-liquid crystal polymer block .



14. The medical device of claim 13 wherein the non-liquid crystal polymer block is

polyamide.

15. The medical device of claim 13 wherein the non-liquid crystal polymer block is

nylon- 12.

16. The medical device of claim 13 wherein the liquid crystal block copolymer

comprises about 50% to about 95% by weight of said liquid crystal polymer block and

about 5%> to about 50%> by weight of said non-liquid crystal polymer block.

17. The medical device of claim 13 wherein the polymer composition further comprises

at least one non-liquid crystal polymer which is a member selected from the group

consisting of polyamides, polyesters, polyethers, polyolefms, polyimides, block copolymers

comprising at least one polyolefm, polyester, polyether, polyamide, and/or polyimide

segment, silicones, and mixtures thereof and mixtures thereof.

18. The medical device of claim 13 wherein the polymer composition further comprises

a polyether-block-amide copolymer.

19. The medical device of claim 1 wherein the polymer composition comprises about

5%> to about 30% of said liquid crystal block copolymer and about 70%> to about 95% of

said non-liquid crystal polymer.

20. The medical device of claim 13, the medical device is a catheter shaft or expandable

medical balloon.
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