
THERMOPLASTIC ELASTOMER COMPOSITION AND PROCESS FOR
PRODUCING SAME FIELD OF THE INVENTION The present
invention relates to thermoplastic elastomer
compositions particularly useful for tire and other
industrial rubber applications and to processes for
producing such compositions. BACKGROUND OF THE
INVENTION Thermoplastic elastomer compositions are
particularly useful for tire and other industrial
rubber applications. For example EP 0 722 850 Bl
discloses a low-permeability thermoplastic elastomer
composition that is superior as a gas-barrier layer in
pneumatic tires. This thermoplastic elastomer
composition comprises a lowpermeability thermoplastic
matrix, such as polyamide or a blend of polyamides, in
which there is dispersed a lowpermeability rubber,
such as brominated poly (isobutyleneco-
paramethylstyrene) . In EP 0 857 761 Al and EP 0 969
039 Al, the viscosity ratio of the thermoplastic
matrix and the dispersed rubber phase was specified
both as a function of the volume fraction ratio and,
independently, to be close to a value of one in order
to produce a high concentration of small particle size
vulcanized rubber particles dispersed in a
thermoplastic phase. EP 0 969 039 A l further
discloses that small particle size rubber dispersed in
a thermoplastic resin matrix was important in order to
achieve acceptable durability of the resulting
composition, particularly where such compositions are
intended to be used as innerliners in pneumatic tires.
Compositions exhibiting low gas permeability
performance (i.e., functioning as a gas barrier)
composed of thermoplastic resin/thermoplastic
resin-based blends such as a high density polyethylene
resin and nylon 6 or nylon 66 (HDPE/PA6. 66) , a
polyethylene terephthalate andaromatic nylon
(PET/MXD6) , a polyethylene terephthalate and vinyl
alcohol-ethylene copolymer (PET/EVOH) , where one
thermoplastic resin is layered over the other layer to
form plural layers by molding, and processes for
producing the same, are disclosed, for example, by I .
Hata, Kobunshi (Polymers), 40 (4), 244 (1991).
Further, an application regarding the use of such a
composition as the innerliner layer of a tire is
disclosed in Japanese Patent Application No. 7-55929.
However, since these materials are thermoplastic
resin/thermoplastic resin blends, while they are
superior in gas barrier performance, they lack
flexibility, and therefore, such films are liable to
break when the tire is in use. Further, there are also
examples of the use of a thermoplastic elastomer
composed of a rubber and a thermoplastic resin for use
as an innerliner or in a tire; see, Japanese Patent
Application No. 8-183683, but in general, a flexible
material of the type disclosed therein and having
superior durability has low heat resistance. With a
thermoplastic elastomer using a thermoplastic resin
having a melting point less than the tire
vulcanization temperature as a matrix, when the tire
vulcanization bladder is released at the end of the
tire vulcanization cycle, the tire inside surface is
subject to appearance defects due to the thermoplastic
resin sticking to or rubbing with the bladder. Control
of the viscosity difference between the rubber and
resin during mixing in order to reduce the particle
size of the dispersed rubber has been reported 



by S . Wu, Polym. Eng. Sci., 27(5), 1987. Wu reported
that the dispersed rubber particle size was reduced
where the ratio of melt viscosities of the
rubber/resin is brought close to 1 , that is, no
difference in viscosities. However, it is reported in
EP 0 969 039 Al that, in attempting to fabricate a
thermoplastic elastomer composition having sufficient
flexibility, strength and elongation, as well as
superior durability,by increasing the rubber ratio,
and keeping the ratio of melt viscosities of the
rubber/resin at 1 , the rubber becomes the matrix and
the composition no longer exhibits thermoplasticity.
In Japanese Patent Application Nos . 8-193545, 9-
175150, and 10-235386 it is proposed that, in a
laminate structure in which dynamic fatigue resistance
is required, such as tire or a hose, when using a gas
permeation preventive thermoplastic elastomer
composition composed of rubber/resin dispersed
therein, it is known to obtain a balance between the
flexibility and gas permeation preventive property by
making use of a blend of flexible Nil-nylon or
N12-nylon and the superior gas permeation preventive
property of N6-nylon or N66-nylon. Further, it was
proposed to define volume fraction and melt viscosity
using the following equation: wherein the volume
fractions of the continuous phase component and
dispersion phase component in the thermoplastic
elastomer composition are fm and fd and the melt
viscosities of the components are hm and hd and
further to bring the ratio of viscosities hm/hd close
to 1 to reduce the dispersed rubber particle size
domain to improve the durability. However, it is
reported in EP 0 969 039 A l that the durability at
low temperatures was insufficient by just reducing the
rubber particle size. The limitations of the previous
approaches to achieving improved performance of the
desirable compositions comprising a small particle
size rubber domain dispersed in a thermoplastic
matrix, the composition exhibiting improved fluid (gas
or liquid) barrier properties and desirable levels of
strength and durability suitable for use in tires and
hose applications has been accomplished by use of the
processes of the present invention. Other references
of interest include: WO2004/081107, WO 2004/081106, WO
2004/081108, WO 2004/081116, WO 2004/081099, US
4,480,074, US 4,873,288, US 5,073,597, US 5,157,081,
US 6,079,465, US 6,346,571, and US 6,538,066. SUMMARY
OF THE INVENTION This invention relates to a
thermoplastic elastomer composition comprising (A) at
least one halogenated isobutylene-containing
elastomer; and (B) at least one nylon resin having a
melting point of about 170 0C to about 230 0C ;
wherein: (1) at least one halogenated
isobutylene-containing elastomer is present as a
dispersed phase of small vulcanized particles in a
continuous phase of said nylon where the particles
have been formed by dynamic vulcanization and the
particles comprising greater than about 60 volume % of
the volume of said elastomer and said resin. In a
particularly preferred embodiment the invention is
also directed to a process conducted in a suitable
mixer for producing a thermoplastic elastomer
composition, said mixer having a characteristic
residence time, said composition comprising greater
than about 60 volume % of dispersed particles of a
total amount of at 



least one halogenated isobutylene-containing
elastomer, said particles dispersed in a continuous
thermoplastic nylon resin matrix, said process
comprising the steps of: (1) mixing halogenated
elastomer-containing composition (A) , said
composition (A) comprising a first fraction of the
total amount of halogenated elastomer in said
thermoplastic elastomer composition and further
comprising a cure system for said first elastomer
fraction; and thermoplastic nylon resin (B) under
suitable dynamic vulcanization conditions of time,
temperature and shear to form composition (C) ; (2)
mixing composition (C) and halogenated
elastomer-containing composition (D) , said
composition (D) comprising a second fraction of the
total amount of halogenated elastomer insaid
thermoplastic elastomer composition and further
comprising a cure system for said second elastomer
fraction; under suitable dynamic vulcanization
conditions of time, temperature and shear to form
composition (E) ; (3) if the sum of said first and
second fractions of halogenated elastomer is less than
the total amount of halogenated elastomer in said
thermoplastic elastomer composition, mixing
composition (E) and halogenated elastomer-containing
composition (F) , said composition (F) comprising a
third fraction of the total amount of halogenated
elastomer in said thermoplastic elastomer composition
and further comprising a cure system for said third
elastomer fraction; under suitable dynamic
vulcanization conditions of time, temperature and
shear to form composition (G) ; wherein the step of
dynamically vulcanizing a fractional additional amount
of halogenated elastomer in the presence of the
dynamically vulcanized composition of the preceding
step is repeated as many times as necessary in order
to obtain the total amount of halogenated elastomer in
said thermoplastic elastomer composition; and wherein
each said dynamic vulcanization conditions at each
step are sufficient to effect a cure state in said
elastomer particles of at least about 50% of the
maximum cure state for said elastomer and cure system
and wherein said dynamic vulcanization time period is
equal to or less than about the characteristic
residence time of said mixer. BRIEF DESCRIPTION OF THE
FIGURES Figure 1 is a view of the microstructure
according the embodiment of Example 13, i.e., 20
microns x 20 microns AFM image, wherein the light
phase: Nylon and dark phase: BIMS. DETAILED
DESCRIPTION Preferred applications of the present
invention relate to thermoplastic elastomer
compositions for tireinnerliner and barrier films,
more particularly to thermoplastic elastomer
compositions exhibiting excellent durability and
impermeability to fluids such as air as well as
liquids. Preferred compositional features are directed
to maximized content of dispersed halogenated
isobutylene elastomers in the form of vulcanized
particles dispersed in a polyamide thermoplastic
matrix. Additionally, particularly preferred aspects
of the invention relate to processes for producing a
thermoplastic elastomer composition capable of
providing a rubber domain comprising small sized
particles while such domains are also highly
extensible and elastic. Furthermore, the invention
includes processes for producing pneumatic tires and
hoses using the above compositions. The preferred
elastomer exhibits lowpermeability and is preferably a
polymer such as 



halogenated isobutylene-containing elastomers and
particularly preferred are brominated elastomers,
especially brominated paramethylstyrene-co-isobutylene
polymers (BIMS) ; preferred are bromobutyl elastomers
exhibiting high content of the structure illustrated
hereinafter below; and also preferred are commercial
bromobutyl elastomers, or blends thereof with one or
more of the aforementioned brominated elastomers with
one another or with other polymers. As used herein,
the new numbering scheme for the Periodic Table Groups
is used as disclosed in CHEMICAL AND ENGINEERING NEWS,
63(5), 27 (1985). All molecular weights are weight
average unless otherwise noted. Throughout the entire
specification, including the claims, the word
"comprise" and variations of the word, such as
"comprising" and "comprises," as well as "have,"
"having, " "includes, " "include" and "including, "
and variations thereof, means that the named steps,
elements or materials to which it refers are
essential, but other steps, elements or materials may
be added and still form a construct with the scope of
the claim or disclosure.When recited in describing the
invention and in a claim, it means that the invention
and what is claimed is considered to what follows and
potentially more. These terms, particularly when
applied to claims, are inclusive or open-ended and do
not exclude additional, unrecited elements or methods
steps. In the present context, "consisting essentially
of" is meant to exclude any element or combination of
elements, as well as any amount of any element or
combination of elements, that would alter the basic
and novel characteristics of the invention. Thus, by
way of examples only, a thermoplastic composition that
is prepared by a method other than one involving
dynamic vulcanization or by use of a dynamic
vulcanization method in which all of the rubber
component is added in a single amount or in which high
diene rubber or other polymer or polymer combination
is used to the exclusion of halogenated
isobutylene-containing rubber in such a composition,
would be excluded. Alternatively, and again for
exemplary purposes only, a thermoplastic composition
in which the rubber cure system results in a cure time
to achieve the necessary level of cure state in the
rubber that is substantially greater than the
residence time of the mixer used for conducting
dynamic vulcanization would be excluded. For purposes
of the present invention, unless otherwise defined
with respect to a specific property, characteristic or
variable, the term "substantially" as applied to any
criteria, such as a property, characteristic or
variable, means to meet the stated criteria in such
measure such that one skilled in the art would
understand that the benefit to be achieved, or the
condition or property value desired is met. Polymer
may be used to refer to homopolymers, copolymers,
interpolymers, terpolymers, etc. Likewise, a copolymer
may refer to a polymer comprising at least two
monomers, optionally with other monomers.When a
polymer is referred to as comprising a monomer, the
monomer is present in the polymer in the polymerized
form of the monomer or in the derivative form the
monomer. However, for ease of reference the phrase
"comprising the (respective) monomer" or the like is
used as shorthand. Likewise, when catalyst components
are described as comprising neutral stable forms of
the 



components, it is well understood by one skilled in
the art, that the active form of the component is the
form that reacts with the monomers to produce
polymers. Isoolefin refers to any olefin monomer
having two substitutions on the same carbon.
Multiolefin refers to any monomer having two double
bonds. In a preferred embodiment, the multiolefin is
any monomer comprising two double bonds, preferably
two conjugated double bonds such as a conjugated diene
like isoprene. Elastomer or elastomers as used herein,
refers to any polymer or composition of polymers
consistent with the ASTM D1566 definition. The terms
may be used interchangeably with the term "rubber
(s)." Alkyl refers to a paraffinic hydrocarbon group
which may be derived from an alkane by dropping one or
more hydrogens from the formula, such as, for example,
a methyl group (CH3) , or an ethyl group (CH3CH2) ,
etc. Aryl refers to a hydrocarbon group that forms a
ring structure characteristic of aromatic compounds
such as, for example, benzene, naphthalene,
phenanthrene, anthracene, etc., and typically possess
alternate double bonding ("unsaturation") within its
structure. An aryl group is thus a group derived from
an aromatic compound by dropping one or more hydrogens
from the formula such as, for example, phenyl, or C
Hs. Substituted refers to at least one hydrogen group
being replaced by at least one substituent selected
from, for example, halogen (chlorine, bromine,
fluorine, or iodine) , amino, nitro, sulfoxy
(sulfonate or alkylsulfonate) , thiol, alkylthiol, and
hydroxy; alkyl, straight or branched chain having 1 to
20 carbon atoms which includes methyl, ethyl, propyl,
tert-butyl, isopropyl, isobutyl, etc. ; alkoxy,
straight or branched chain alkoxy having 1 to 20
carbon atoms, and includes, for example, methoxy,
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy,
secondary butoxy, tertiary butoxy, pentyloxy,
isopentyloxy, hexyloxy, heptyloxy, octyloxy, nonyloxy,
and decyloxy; haloalkyl, which means straight or
branched chain alkyl having 1 to 20 carbon atoms which
contains at least one halogen, and includes, for
example, chloromethyl, bromomethyl, fluoromethyl,
iodomethyl, 2- chloroethyl, 2-bromoethyl,
2-fluoroethyl, 3-chloropropyl, 3-bromopropyl,
3-fluoropropyl, 4-chlorobutyl, 4- fluorobutyl,
dichloromethyl, dibromomethyl, dif luoromethyl,
diiodomethyl, 2 ,2-dichloroethyl, 2,2- dibromomethyl,
2 ,2-dif luoroethyl, 3 ,3-dichloropropyl, 3 ,3-dif
luoropropyl, 4 ,4-dichlorobutyl, 4 ,4-dif luorobutyl,
trichloromethyl, 4 ,4-difluorobutyl, trichloromethyl,
trif luoromethyl, 2 ,2 ,2-trif luoroethyl, 2,3,3- trif
luoropropyl, 1 ,1 ,2 ,2-tetraf luoroethyl, and
2,2,3,3- tetraf luoropropyl. Thus, for example, a
"substituted styrenic unit" includes p-methylstyrene,
p-ethylstyrene, etc . The present invention comprises
at least one halogenated isobutylene-containing
rubber. Typically, it is present in a composition with
a thermoplastic engineering resin (preferably nylon)
as described herein, in a volume ratio of rubber to
resin of about 50/45 to 80/20; preferably about 60/40
to about 75/25; more preferably about 65/35 to about
75/25. Halogenated rubber is defined as a rubber
having at least about 0.1 mole% halogen, such halogen
selected from the group consisting of bromine,
chlorine and iodine. Preferred 



halogenated rubbers useful in this invention include
halogenated isobutylene containing elastomers (also
referred to as halogenated isobutylene-based
homopolymersor copolymers) These elastomers can be
described as random copolymer of a C4 to C7
isomonoolefin derived unit, such as isobutylene
derived unit, and at least one other polymerizable
unit. In one embodiment of the invention, the
halogenated isobutylene-based copolymer is a butyltype
rubber or branched butyl-type rubber, especially
brominated versions of these elastomers. (Useful
unsaturated butyl rubbers such as homopolymers and
copolymers of olefins or isoolefins and other types of
elastomers suitable for the invention are well known
and are described in RUBBER TECHNOLOGY 209-581
(Maurice Morton ed., Chapman & Hall 1995), THE
VANDERBILT RUBBER HANDBOOK 105-122 (Robert F . Ohm ed.
, R .T . Vanderbilt Co., Inc. 1990), and Edward Kresge
and H .C . Wang in 8 KIRKOTHMER ENCYCLOPEDIA OF
CHEMICAL TECHNOLOGY 934-955 (John Wiley & Sons, Inc.
4th ed. 1993)). Butyl rubbers are typically prepared
by reacting a mixture of monomers, the mixture having
at least (1) a C 4 to C12 isoolefin monomer component
such as isobutylene with (2) a multiolefin, monomer
component. The isoolefin is in a range from 70 to 99.5
wt% by weight of the total monomer mixture in one
embodiment, and 85 to 99.5 wt% in another embodiment.
The multiolefin component is present in the monomer
mixture from 30 to 0.5 wt% in one embodiment, and from
15 to 0.5 wt% in another embodiment. In yet another
embodiment, from 8 to 0.5 wt% of the monomer mixture
is multiolefin. The isoolefin is preferably a C4 to
C12 compound, non-limiting examples of which are
compounds such as isobutylene, isobutene, 2-
methyl-1-butene, 3-methyl-l-butene, 2-methyl-2-butene,
1- butene, 2-butene, methyl vinyl ether, indene,
vinyltrimethylsilane, hexene, and 4-methyl-l-pentene.
The multiolefin is a C4 to C i multiolefin such as
isoprene, butadiene, 2 ,3-dimethyl-l, 3-butadiene,
myrcene, 6 , 6-dimethyl-fulvene, hexadiene,
cyclopentadiene, and piperylene, and other monomers
such as disclosed in EP 0 279 456 and U.S. Patent Nos.
5,506,316 and 5,162,425.Other polymerizable monomers
such as styrene and dichlorostyrene are also suitable
for homopolymerization or copolymerization in butyl
rubbers. One embodiment of the butyl rubber polymer
useful in the invention is obtained by reacting 95 to
99.5 wt% of isobutylene with 0.5 to 8 wt% isoprene, or
from 0.5 wt% to 5.0 wt% isoprene in yet another
embodiment. Butyl rubbers and methods of their
production are described in detail in, for example,
U.S. Patent Nos. 2,356,128, 3,968,076, 4,474,924,
4,068,051 and 5,532,312. Halogenated butyl rubber is
produced by the halogenation of the butyl rubber
product described above. Halogenation can be carried
out by any means, and the invention is not herein
limited by the halogenation process. Methods of
halogenating polymers such as butyl polymers are
disclosed in U.S. 2,631,984, 3,099,644, 4,288,575,
4,554,326, 4,632,963, 4,681,921, 4,650,831, 4,384,072,
4,513,116 and 5,681,901. In one embodiment, the butyl
rubber is halogenated in hexane diluent at from 4 to
60 (C using bromine (Br2) or chlorine (Cl ) as the
halogenation agent. Post-treated halogenated butyl
rubber can also be used, as disclosed in US 4,288,575.
Useful halogenated butyl rubber typically has a Mooney
Viscosity of about 20 to about 70 (ML 1+8 at 125(C);
for example, and about 25 to about 55 in another
embodiment. 



The preferred halogen content is typically about 0.1
to 10 wt% based on the weight of the halogenated
rubber; for example, about 0.5 to 5 wt%;
alternatively, about 0.8 to about 2.5 wt%; for
example, about 1 to about 2 wt%. A particularly
preferred form of halogenated butyl rubber contains a
high content of the following halogenated structure
(preferably 60 to 95% as measured by NMR) , where X
represents the halogen and, in a particularly
preferred embodiment, the halogen is bromine;
alternatively the halogen is chlorine:A commercial
embodiment of a halogenated butyl rubber useful in the
present invention is Bromobutyl 2222 (ExxonMobil
Chemical Company) . Its Mooney Viscosity is typically
about 27 to 37 (ML 1+8 at 125 (C, ASTM 1646,
modified), and its bromine content is about 1.8 to 2.2
wt% relative to the Bromobutyl 2222. Furthermore, the
cure characteristics of Bromobutyl 2222 as provided by
the manufacturer are as follows: MH about 28 to 40 dN
m , ML is about 7 to 18 dN m (ASTM D2084) . Another
commercial embodiment of the halogenated butyl rubber
useful in the present invention is Bromobutyl 2255
(ExxonMobil Chemical Company) . Its Mooney Viscosity
is about 41 to 51 (ML 1+8 at 125 (C, ASTM D1646) , and
its bromine content is about 1.8 to 2.2 wt% .
Furthermore, its cure characteristics as disclosed by
the manufacturer are as follows: MH is from 34 to 48
dN m , ML is from 11 to 21 dN m (ASTM D2084) .
Commercial isobutylene polymers are described in
detail by R.N. Webb, T .D . Shaffer and A .H . Tsou,
"Commercial Isobutylene Polymers," Encyclopedia of
Polymer Science and Technology, 2002, John Wiley &
Sons, incorporated herein by reference. Another useful
embodiment of halogenated butyl rubber is halogenated,
branched or "star-branched" butyl rubber. These
rubbers are described in, for example, EP 0 678 529
Bl, U.S. 5,182,333 and 5,071,913, each incorporated
herein by reference. In one embodiment, the
star-branched butyl rubber ("SBB") is a composition
comprising butyl rubber and a polydiene or block
copolymer. For purposes of the present invention, the
method of forming the SBB is not a limitation. The
polydienes, block copolymer, or branching agents
(hereinafter "polydienes"), are typically
cationicallyreactive and are present during the
polymerization of the butyl or halogenated butyl
rubber, or can be blended with the butyl rubber to
form the SBB. The branching agent or polydiene can be
any suitable branching agent, and the invention is not
limited to the type of polydiene or branching agent
used to make the SBB. In one embodiment, the SBB is a
composition of butyl or halogenated butyl rubber as
described above and a copolymer of a polydiene and a
partially hydrogenated polydiene selected from the
group consisting of styrene, polybutadiene,
polyisoprene, polypiperylene, natural rubber,
styrene-butadiene rubber, ethylene-propylene diene
rubber (EPDM) , ethylene-propylene rubber (EPM) ,
styrene-butadiene-styrene and styrene-isoprene-styrene
block copolymers. Polydienes can be present, based on
the total monomer content in wt%, typically greater
than 0.3 wt% ; alternatively, about 0.3 to about 3
wt%; or about 0.4 to 2.7 wt%. Preferably the branched
or "star-branched" butyl rubber used herein is
halogenated. In one embodiment, the halogenated
star-branched butyl rubber ("HSBB") comprises a butyl
rubber, either halogenated or not, and a polydiene or
block copolymer, either halogenated or 



not. The halogenation process is described in detail
in US 4,074,035, US 5,071,913, US 5,286,804, US
5,182,333 and US 6,228,978. The present invention is
not limited by the method of forming the HSBB. The
polydiene/block copolymer, or branching agents
(hereinafter "polydienes"), are typically cationically
reactive and are present during the polymerization of
the butyl or halogenated butyl rubber, or can be
blended with the butyl or halogenated butyl rubber to
form the HSBB. The branching agent or polydiene can be
any suitable branching agent, and the invention is not
limited by the type of polydiene used to make the
HSBB. In one embodiment, the HSBB is typically a
composition comprising halogenated butyl rubber
asdescribed above and a copolymer of a polydiene and a
partially hydrogenated polydiene selected from the
group consisting of styrene, polybutadiene,
polyisoprene, polypiperylene, natural rubber,
styrene-butadiene rubber, ethylene-propylene diene
rubber, styrene-butadienestyrene and
styrene-isoprene-styrene block copolymers. Polydienes
can be present, based on the total monomer content in
wt%, typically greater than about 0.3 wt%,
alternatively about 0.3 to 3 wt%, or about 0.4 to 2.7
wt%. A commercial embodiment of HSBB useful in the
present invention is Bromobutyl 6222 (ExxonMobil
Chemical Company) , having a Mooney Viscosity (ML 1+8
at 125C, ASTM D164 6 ) of about 27 to 37, and a
bromine content of about 2 .2 to 2 .6 wt%. Further,
cure characteristics of Bromobutyl 6222, as disclosed
by the manufacturer, are as follows: MH is from 24 to
38 dN-m, ML is from 6 to 16 dN-m (ASTM D2084) .
Preferred isoolef in/para-alkylstyrene copolymers
useful herein include random copolymers comprising a
C4 to C7 isoolefin, such as isobutylene, and a
halomethylstyrene. The halomethylstyrene may be an
ortho-, meta-, or para-alkyl-substituted styrene. In
one embodiment, the halomethylstyrene is a
phalomethylstyrene containing at least 80%, more
preferably at least 90% by weight of the para-isomer.
The "halo" group can be any halogen, desirably
chlorine or bromine. The copolymer may also include
functionalized interpolymers wherein at least some of
the alkyl substituent groups present on the styrene
monomer units contain benzylic halogen or another
functional group described further below. These
interpolymers are herein referred to as "isoolefin
copolymers comprising a halomethylstyrene" or simply
"isoolefin copolymer." Preferred isoolefin copolymers
can include monomers selected from the group
consisting of isobutylene or isobutene,
2-methyl-l-butene, 3-methyl-l-butene,
2-methyl-2-butene, 1-butene, 2-butene, methyl vinyl
ether, indene, vinyltrimethylsilane, hexene, and
4-methyl- 1- pentene. Preferred isoolefin copolymers
may also further comprise multiolefins, preferably a
C4 to C i4 multiolef in such as isoprene, butadiene, 2
,3-dimethyl-l, 3-butadiene, myrcene, 6 ,
6-dimethyl-fulvene, hexadiene, cyclopentadiene, and
piperylene, and other monomers such as disclosed in EP
279456 and US 5,506,316 and US 5,162,425. Desirable
styrenic monomers in the isoolefin copolymer include
styrene, methylstyrene, chlorostyrene, methoxystyrene,
indene and indene derivatives, and combinations
thereof. Preferred isoolefin copolymers may be
characterized as interpolymers containing the
following monomer units 



randomly spaced along the polymer chain: wherein R and
R1 are independently hydrogen, lower alkyl, preferably
C i to C7 alkyl and primary or secondary alkyl halides
and X is a functional group such as halogen. .
Desirable halogens are chlorine, bromine or
combinations thereof, preferably bromine. Preferably R
and R1 are each hydrogen. The -CRRiH and -CRRiX groups
can be substituted on the styrene ring in either the
ortho, meta, or para positions, preferably the para
position. Up to 60 mole % of the p-substituted styrene
present in the interpolymer structure may be the
functionalized structure (2) above in one embodiment,
and in another embodiment from 0.1 to 5 mol%. In yet
another embodiment, the amount of functionalized
structure (2) is from 0.4 to 1 mol%. Thefunctional
group X may be halogen or some other functional group
which may be incorporated by nucleophilic substitution
of benzylic halogen with other groups such as
carboxylic acids; carboxy salts; carboxy esters,
amides and imides; hydroxy; alkoxide; phenoxide;
thiolate; thioether; xanthate; cyanide; cyanate; amino
and mixtures thereof. These functionalized isomonoolef
in copolymers, their method of preparation, methods of
functionalization and cure are more particularly
disclosed in US 5,162,445. Particularly useful of such
copolymers of isobutylene and p-methylstyrene are
those containing from 0.5 to 20 mole % p-methylstyrene
wherein up to 60 mole% of the methyl substituent
groups present on the benzyl ring contain a bromine or
chlorine atom, preferably a bromine atom
(p-bromomethylstyrene) , as well as acid or ester
functionalized versions thereof wherein the halogen
atom has been displaced by maleic anhydride or by
acrylic or methacrylic acid functionality. These
interpolymers are termed "halogenated poly
(isobutylene- co-pmethylstyrene) " or "brominated poly
(isobutylene-co-pmethylstyrene) " , and are
commercially available under the name EXXPRO(tm)
Elastomers (ExxonMobil Chemical Company, Houston TX) .
It is understood that the use of the terms
"halogenated" or "brominated" are not limited to the
method of halogenation of the copolymer, but merely
descriptive of the copolymer which comprises the
isobutylene derived units, the p-methylstyrene derived
units, and the p-halomethylstyrene derived units.
These functionalized polymers preferably have a
substantially homogeneous compositional distribution
such that at least 95% by weight of the polymer has a
p - alkylstyrene content within 10% of the average p -
alkylstyrene content of the polymer as measured by gel
permeation chromatography (as shown in US 5,162,445).
More preferred polymers are also characterized by a
narrow molecular weight distribution (Mw/Mn) of less
than5 , more preferably less than 2.5, a preferred
viscosity average molecular weight in the range of
about 200,000 to about 2,000,000 and a preferred
number average molecular weight in the range of about
25,000 to about 750,000 as determined by gel
permeation chromatography. Preferred halogenated poly
(isobutylene-co-pmethylstyrene) polymers are
brominated polymers which generally contain from about
0.1 to about 5 wt% of bromomethyl groups. In yet
another embodiment, the amount of bromomethyl groups
is about 0.2 to about 2.5 wt% . Expressed another way,
preferred copolymers contain about 0.05 to about 2.5
mole% of bromine, based on the weight of the polymer,
more preferably about 0.1 to about 1.25 mole %
bromine, and are substantially free of ring 



halogen or halogen in the polymer backbone chain. In
one embodiment of the invention, the interpolymer is a
copolymer of C4 to C7 isomonoolefin derived units, p -
methylstyrene derived units and p-halomethylstyrene
derived units, wherein the p-halomethylstyrene units
are present in the interpolymer from about 0.4 to
about 1 mol% based on the interpolymer. In another
embodiment, the p-halomethylstyrene is
p-bromomethylstyrene. The Mooney Viscosity (1+8, 125C,
ASTM D1646) is about 30 to about 60 Mooney units. In
another embodiment, the relationship between the triad
fraction of an isoolefin and a p-alkylstyrene and the
mol% of p-alkylstyrene incorporated into the copolymer
is described by the copolymer sequence distribution
equation described below and is characterized .by the
copolymer sequence distribution parameter, m . F = 1 -
{m A / (1 + mA) } where: m is the copolymer sequence
distribution parameter, A is the molar ratio of
p-alkylstyrene to isoolefin in the copolymer and,F i s
the p-alkylstyrene-isoolef in-palkylstyrene triad
fraction in the copolymer. The best fit of this
equation yields the value o f m for copolymerization o
f the isoolefin and p-alkylstyrene in a particular
diluent. In certain embodiments, m i s from less than
38; alternatively, from less than 36; alternatively,
from less than 35; and alternatively, from less than
30. In other embodiments, m is from 1-38;
alternatively, from 1-36; alternatively, from 1-35;
and alternatively from 1-30. Copolymers having such
characteristics are disclosed in W O 2004058825 and W
O 2004058835. In another embodiment, the
isoolefin/paraalkylstyrene copolymer is substantially
free o f long chain branching. For the purposes of
this invention, a polymer that is substantially free o
f long chain branching i s defined to b e a polymer
for which g'vis .avg. i s determined t o b e greater
than or equal to 0.978, alternatively, greater than or
equal t o 0.980, alternatively, greater than or equal
to 0.985, alternatively, greater than or equal to
0.990, alternatively, greater than or equal t o 0.995,
alternatively, greater than or equal t o 0.998,
alternatively, greater than or equal t o 0.999, a s
determined b y triple detection size exclusion
chromatography (SEC) as described below. Such polymers
are also disclosed in WO 2004058825 and W O
2004058835. In another embodiment, the relationship
between the triad fraction o f an isoolefin and a
multiolefin and the mol% o f multiolefin incorporated
into the halogenated rubber copolymer is described b y
the copolymer sequence distribution equation below and
is characterized by the copolymer sequence
distribution parameter, m . F = in A / (1 + mA) 2
where: m is the copolymer sequence
distributionparameter, A is the molar ratio of
multiolefin to isoolefin in the copolymer and, F is
the isoolef in-multiolef in-multiolef in triad
fraction in the copolymer. Measurement of triad
fraction of an isoolefin and a multiolefin and the
mol% of multiolefin incorporated into the copolymer is
described below. The best fit o f this 



equation yields the value of m for copolymerization of
the isoolefin and multiolefin in each diluent. In
certain embodiments, m is from greater than 1.5;
alternatively, from greater than 2.0; alternatively,
from greater than 2.5; alternatively, from greater
than 3.0; and alternatively, from greater than 3.5. In
other embodiments, m is from 1.10 to 1.25;
alternatively, from 1.15 to 1.20; alternatively, from
1.15 to 1.25; and alternatively, m is about 1.20.
Halogenated rubbers that have these characteristics
are disclosed in W O 2004058825 and W O 2004058835. In
another embodiment, the halogenated rubber is
substantially free of long chain branching. For the
purposes of this invention, a polymer that is
substantially free of long chain branching is defined
to b e a polymer for which g'vis.avg. is determined to
be greater than or equal to 0.978, alternatively,
greater than or equal to 0.980, alternatively, greater
than or equal to 0.985, alternatively, greater than or
equal to 0.990, alternatively, greater than or equal
to 0.995, alternatively, greater than or equal to
0.998, alternatively, greater than or equal to 0.999,
as determined b y triple detection SEC as follows. The
presence or absence of long chain branching in the
polymers is determined using triple detection SEC.
Triple detection SEC is performed on a Waters
(Milford, Massachusetts) 150C chromatograph operated
at 400C equipped a Precision Detectors
(Bellingham,Massachusetts) PD2040 light scattering
detector, a Viscotek (Houston, Texas) Model 150R
viscometry detector and a Waters differential
refractive index detector (integral with the 150C) .
The detectors are connected in series with the light
scattering detector being first, the viscometry
detector second and the differential refractive index
detector third. Tetrahydrofuran is used a s the eluent
(0.5 ml/min.) with a set of three Polymer
Laboratories, Ltd. (Shropshire, United Kingdom) 10
micron mixed-B/LS GPC columns. The instrument is
calibrated against 16 narrow polystyrene standards
(Polymer Laboratories, Ltd.). Data is acquired with
TriSEC software (Viscotek) and imported into
WaveMetric's Igor Pro program (Lake Oswego, OR) for
analysis. Linear polyisobutylene is used to establish
the relationship between the intrinsic viscosity
[h]linear determined by the viscometry detector) and
the molecular weight (M M, determined b y the light
scattering detector) . The relationship between
[hlnnear and Mw is expressed by the Mark-Houwink
equation. [h ] linear = KM/ Parameters K and a are
obtained from the doublelogarithmic plot of intrinsic
viscosity against Mw , a is the slope, K the
intercept. Significant deviations from the
relationship established for the linear standards
indicate the presence of long chain branching.
Generally, samples which exhibit more significant
deviation from the linear relationship contain more
significant long chain branching. The scaling factor g
' also indicates deviations from the determined linear
relationship. [h ] sample = g ' [h 3linearThe value o
f g ' is defined to b e less than or equal t o one and
greater than or equal to zero. When g ' is equal or
nearly equal to one, the polymer is considered to b e
linear. When g ' is significantly less than one, the
sample is long chain branched. See e.g. E .F . Casassa



and G .C . Berry in "Comprehensive Polymer Science,"
Vol. 2 , (71-120) G . Allen and J .C . Bevington, Ed.,
Pergamon Press, New York, 1988. In triple detection
SEC, a g ' is calculated fpr each data slice o f the
chromatographic curve. A viscosity average g ' or
g'vis .avg. i calculated across the entire molecular
weight distribution. The scaling factor g'vis.avg. is
calculated from the average intrinsic viscosity of the
sample: g'vis.avg. = [h ]avg. / (KM/)) Other preferred
halogenated elastomers or rubbers include halogenated
isobutylene-p-methylstyrene-isoprene copolymer a s
described in W O 01/21672A1. The
isobutylene-containing elastomers used in the
thermoplastic elastomer compositions useful a s fluid
permeation prevention layer as described herein may b
e the same o r different as halogen containing
elastomers present in other layers o f the article
being manufactured. For example if the fluid
permeation layer is present a s a tire innerlayer,
then the other layers o f the tire, particularly those
in contact with the innerlayer may also contain the
same isobutylenecontaining elastomers. Likewise, the
halogenated isobutylene containing elastomer useful in
the air permeation prevention layer and the elastomer
useful in a tie layer, adhesive layer, and/or carcass
may b e the same or different elastomer. In a
preferred embodiment, the halogenated isobutylene
containing elastomer present in the air permeation
prevention layer and the elastomer present in the tie
layer, adhesive layer, and/or carcass are the same
elastomer. In another embodiment, they aredifferent.
By same is meant that the elastomers have comonomer
and halogen content within 2 weight % of each other,
respectively. By different is meant that the
elastomers comprise different halogens or comonomers
or that the elastomers have comonomer or halogen
contents that are not within 2 weight % of each other.
For example a BIMS copolymer having 3 weight %
para-methyl styrene (PMS) and 5 weight % bromine is
considered different from a BIMS copolymer having 11
weight % PMS and 5 weight % bromine. In a preferred
embodiment, the elastomer present in the air
permeation prevention layer is a brominated copolymer
of isobutylene and para-methyl styrene and the
halogenated isobutylene containing elastomer present
in the tie layer, adhesive layer, and/or carcass is
the same or a different brominated copolymer of
isobutylene and para-methyl styrene. In another
embodiment, the elastomer present in the air
permeation prevention layer is a brominated copolymer
of isobutylene and para-methyl styrene and the
halogenated isobutylene containing elastomer present
in the tie layer, adhesive layer, and/or carcass is a
brominated butyl rubber. Useful DVA compositions
described herein also comprise a thermoplastic or
engineering resin ( such as nylon) in addition to the
elastomer. For purposes of the present invention, an
engineering resin (also called an "engineering
thermoplastic resin, " a "thermoplastic resin, " or a
"thermoplastic engineering resin") is defined to be
any thermoplastic polymer, copolymer or mixture
thereof having a Young's modulus of more than 500 MPa
and, preferably, an air permeation coefficient of less
than 60 x 10 12 cc cm/cm2 sec cm Hg (at 30 0C), and,
preferably, a melting point of about 170 0C to about
230 0C , 



including, but not limited to, one or more of the
following: a ) polyamide resins: nylon 6 (N6) , nylon
66 (N66) ,nylon 46 (N46) , nylon 11 (Nil), nylon 12
(N12) , nylon 610 (N610) , nylon 612 (N612) , nylon
6/66 copolymer (N6/66) , nylon 6/66/610 (N6/66/610) ,
nylon MXD6 (MXD6), nylon 6T (N6T) , nylon 6/6T
copolymer, nylon 66/PP copolymer, nylon 66/PPS
copolymer; b ) polyester resins: polybutylene
terephthalate (PBT), polyethylene terephthalate (PET),
polyethylene isophthalate (PEI) , PET/PEI copolymer,
polyacrylate (PAR) , polybutylene naphthalate (PBN) ,
liquid crystal polyester, polyoxalkylene diimide
diacid/polybutyrate terephthalate copolymer and other
aromatic polyesters; c ) polynitrile resins:
polyacrylonitrile (PAN), polymethacrylonitrile,
acrylonitrile-styrene copolymers (AS) ,
methacrylonitrile-styrene copolymers ,
methacrylonitrile-styrene-butadiene copolymers; d )
polymethacrylate resins: polymethyl methacrylate,
polye thy lacry late; e ) polyvinyl resins (for
illustration, not limitation: vinyl acetate (EVA) ,
polyvinyl alcohol (PVA) , vinyl alchohol/ethylene
copolymer (EVOA) , polyvinylidene chloride (PVDC) ,
polyvinyl chloride (PVC) , polyvinyl/polyvinylidene
copolymer, polyvinylidene chloride/methacrylate
copolymer; f ) cellulose resins: cellulose acetate,
cellulose acetate butyrate; g ) fluorine resins:
polyvinylidene fluoride (PVDF), polyvinyl fluoride
(PVF), polychlorofluoroethylene (PCTFE) , tetraf
luoroethylene/ethylene copolymer (ETFE) ; h )
polyimide resins: aromatic polyimides) ; i ) polysulf
ones; j ) polyacetals; k ) polyactones; 1 )
polyphenylene oxide and polyphenylene sulfide; m )
styrene-maleic anhydride;n ) aromatic polyketones; and
o ) mixtures of any and all of a ) through n )
inclusive as well as mixtures of any of the
illustrative or exemplified engineering resins within
each of a ) through n ) inclusive. For purposes of the
present invention, this definition of engineering
resin excludes polymers of olefins, such as
polyethylene and polypropylene. Preferred engineering
resins include polyamide resins and mixtures thereof;
particularly preferred resins include Nylon 6 , Nylon
6/66 copolymer, Nylon 11, Nylon 12, Nylon 610, Nylon
612 and their blends. According to an alternative
preferred embodiment of the present invention, the
thermoplastic elastomer composition may be formulated
using a thermoplastic resin component where the nylon
resin component is comprises nylon 11 or nylon 12, and
nylon 6/66 copolymer in a ratio of composition (ratio
by weight) of about 10/90 to about 90/10; preferably
about 30/70 to about 85/15. Such a thermoplastic
elastomer composition based on blended resins can
provide a thermoplastic elastomer composition having
superior durability and appearance, e.g., of the cured
surface of a tire innerliner as well as superior air
retention properties, as well as demonstrating a good
balance of these properties. 



Optionally, other rubbers or elastomers can be used in
combination with the halogenated isobutylenecontaining
elastomer. Such an optional rubber component includes
high diene rubbers and their hydrates. High diene
content rubbers or elastomers are also referred to as
high diene monomer rubber. It is typically a rubber
comprising typically at least 50 mole % of a C4 - C i2
diene monomer, typically at least about 60 mole % to
about 100 mole%; more preferably at least about 70
mole % to about 100 mole % ; more preferably at least
about 80 mole % to about 100 mole % . Useful high
diene monomer rubbers include homopolymers and
copolymers of olefins orisoolefins and multiolef ins,
or homopolymers of multiolef ins. These are well known
and are described in RUBBER TECHNOLOGY, 179-374
(Maurice Morton ed., Chapman & Hall 1995), and THE
VANDERBILT RUBBER HANDBOOK 22-80 (Robert F . Ohm ed. ,
R .T . Vanderbilt Co., Inc. 1990). Generally, other
optional rubbers useful in the present invention
include, for example natural rubber (NR) , isoprene
rubber (IR) , epoxylated natural rubber, styrene
butadiene rubber (SBR) , polybutadiene rubber (BR)
(including high cis BR and low cis BR) , nitrile
butadiene rubber (NBR) , hydrogenated NBR,
hydrogenated SBR, olefin rubbers (for example,
ethylene propylene rubbers (including both EPDM and
EPM) , maleic acid-modified ethylene propylene rubbers
(M-EPM) , butyl rubber (IIR) , isobutylene and
aromatic vinyl or diene monomer copolymers, acrylic
rubbers (ACM) , ionomers, other halogen-containing
rubbers (for example, chloroprene rubbers (CR) ,
hydrin rubbers (CHR) , chlorosulf onated polyethylenes
(CSM) , chlorinated polyethylenes (CM) , maleic
acid-modified chlorinated polyethylenes (M-CM) ),
silicone rubbers (for example, methylvinyl silicone
rubbers, dimethyl silicone rubbers, methylphenylvinyl
silicone rubbers) , sulfur-containing rubbers (for
example, polysulfide rubbers) , fluoro rubbers (for
example, vinylidene fluoride rubbers,
fluorine-containing vinyl ether-based rubbers, tetraf
luoroethylene-propylene rubbers, fluorine-containing
silicone rubbers, fluorine-containing phosphagen
rubbers) , thermoplastic elastomers (for example,
styrene-containing elastomers, olefin elastomers,
ester elastomers, urethane elastomers, or polyamide
elastomers), and their mixtures. Preferred examples of
high diene monomer rubbers include polyisoprene,
polybutadiene rubber, styrene-butadiene rubber,
natural rubber, chloroprene rubber,
acrylonitrile-butadiene rubber and the like, which may
be used alone or in combination and mixtures. Since
the thermoplastic engineering resin and thehalogenated
isobutylene-containing rubber differ significantly in
solubility, a further optional compatibilizing
ingredient may be useful for the purposes of enhancing
compatibility of these polymers. Such compatibilizers
include ethylenically unsaturated nitrile-conjugated
diene-based high saturation copolymer rubbers (HNBR) ,
epoxylated natural rubbers (ENR) , NBR, hydrin
rubbers, acryl rubbers and mixtures thereof.
Compatibilizers are thought to function by modifying,
in particular reducing, the surface tension between
the rubber and resin components. Other compatibilizers
include copolymers such as those having the structure
of both or one of the thermoplastic resin and rubber
polymer or a structure of a copolymer having an epoxy
group, carbonyl group, halogen group, amine group,
maleated group, oxazoline group, hydroxy group, etc.
capable of 



reacting with the thermoplastic resin or rubber
polymer. These may be selected based upon the type of
the thermoplastic resin polymer and rubber polymer to
be mixed, but useful copolymers typically include,
e.g., a styrene/ethylene-butylene/styrene block
copolymer (SEBS) and its maleic acid-modified form;
EPDM, EPDM/styrene, or EPDM/acrylonitrile graft
copolymer and their maleic acidmodified forms;
styrene/maleic acid copolymer; reactive phenoxy
thermoplastic resin; and their mixtures. The amount of
the compatibilizer blended is not particularlylimited,
but, when used, typically is about 0.5 to about 10
parts by weight, based upon 100 parts by weight of the
polymer component, in other words, the total of the
thermoplastic engineering resin polymer and rubber
polymer. With reference to the polymers and/or
elastomers referred to herein, the terms "cured,"
"vulcanized," or "crosslinked" refer to the chemical
reaction comprising forming bonds as, for example,
during chain extension, or crosslinks between polymer
chains comprising the polymer or elastomer to the
extent that the elastomer undergoingsuch a process can
provide the necessary functional properties resulting
from the curing reaction when the tire is put to use.
For purposes of the present invention, absolute
completion of such curing reactions is not required
for the elastomer-containing composition to be
considered "cured," "vulcanized" or "crosslinked. "
For example, for purposes of the present invention, a
tire comprising an innerliner layer composition based
on the present invention is sufficiently cured when
the tire of which it is a component passes the
necessary product specification tests during and after
manufacturing and performs satisfactorily when used on
a vehicle. Furthermore, the composition is
satisfactorily, sufficiently or substantially cured,
vulcanized or crosslinked when the tire can be put to
use even if additional curing time could produce
additional crosslinks . Generally, polymer
compositions, e.g., those used to produce tires, are
crosslinked in the finished tire product. Crosslinking
or vulcanization is accomplished by incorporation of
curing agents and/or accelerators; the overall mixture
of such agents being typically referred to as a cure
"system." It is known that the physical properties,
performance characteristics, and durability of
vulcanized rubber compounds are directly related to
the number (crosslink density) and types of crosslinks
formed during the vulcanization reaction. (See, e.g.,
HeIt et al., The Post Vulcanization Stabilization for
NR1 RUBBER WORLD 18-23 (1991) . Curing agents include
those components described above that facilitate or
influence the cure of elastomers, and generally
include metals, metal oxides, accelerators, sulfur,
peroxides, and other agents common in the art, and as
described above. Crosslinking or curing agents include
at least one of, e.g., sulfur, zinc oxide, and fatty
acids and mixtures thereof. Peroxidecontaining cure
systems may also be used. Generally, polymer
compositions may be crosslinked by adding
curativeagents, for example sulfur, metal oxides
(i.e., zinc oxide, ZnO) , organometallic compounds,
radical initiators, etc. and heating the composition
or mixture. When the method known as "dynamic
vulcanization" is used, the process of dispersing the
cure system is modified as described in detail
hereinafter. Generally, the term "dynamic
vulcanization" is used to denote a vulcanization 



process in which a thermoplastic or engineering resin
and at least one vulcanizable rubber are mixed under
conditions of high shear and elevated temperature in
the presence of a curing agent or curing system for
the rubber (s). A s a result, the rubber is
simultaneously crosslinked and dispersed as particles,
preferably in the form of a microgel, within the resin
which forms a continuous matrix. The resulting
composition is known in the art as a "dynamically
vulcanized alloy" or DVA. Typically, dynamic
vulcanization is effected by mixing the ingredients at
a temperature which is at or above the curing
temperature of the rubber, and at or above the melting
temperature of the thermoplastic resin, using
equipment such as roll mills, Banbury(r) mixers,
continuous mixers, kneaders, or mixing extruders (such
as twin screw extruders) . The unique characteristic
of the dynamically vulcanized or cured composition is
that, notwithstanding the fact that the rubber is
cured the composition can be processed and reprocessed
by conventional thermoplastic processing techniques
such as extrusion, injection molding, compression
molding, etc. Scrap and or flashing can also be
salvaged and reprocessed. In a typical dynamic
vulcanization process, curative addition is altered so
as to substantially simultaneously mix and vulcanize,
or crosslink, at least one of the vulcanizable
components in a composition comprising at least one
vulcanizable rubber, elastomer or polymer and at least
one polymer or resin not vulcanizable using the
vulcanizing agent (s) for the at least one
vulcanizable component. (See e.g., US 6,079,465 and
the references cited therein.) However, in the
presentinvention, the dynamic vulcanization process is
further modified, as described below, in order to
achieve the particular advantages resulting from such
modification. The following are common curatives that
can function in the present invention: ZnO, CaO, MgO,
Al2O3, CrO3, FeO, Fe2q3, and NiO. These metal oxides
can be used in conjunction with the corresponding
metal stearate complex (e.g., the stearate salts of
Zn, Ca, Mg, and Al), or with stearic acid, and either
a sulfur compound or an alkylperoxide compound. (See
also, Formulation Design and Curing Characteristics of
NBR Mixes for Seals, RUBBER WORLD 25-30 (1993). To the
curative agent (s) there are often added accelerators
for the vulcanization of elastomer compositions. The
curing agent (s), with or without the use of at least
one accelerator, is often referred to in the art as a
curing "system" for the elastomer (s) . A cure system
is used because typically more than one curing agent
is employed for beneficial effects, particularly where
a mixture of high diene rubber and a less reactive
elastomer is used. Furthermore, because the present
invention employs a specifically defined DVA process,
it is necessary that the properties of the cure system
are adapted to the mixing process so that the
conditions of the invention can be met. In particular,
the present DVA process utilizes the staged addition
of the vulcanizable rubber component (s) wherein the
rubber (s) to be dynamically vulcanized are added in
at least two portions. Furthermore, it is necessary
that all of the rubber added in a stage be cured
before the rubber (s) in the next stage are added,
such time period being characterized or measured by
the mixer residence time. Typically the first, or if
there are more than two stages of rubber addition,
then in a preceding stage, rubber (s) are cured to a
level of about 50% of the maximum cure which the
particular rubber (s) and cure system 



are capable of reaching at the temperature of cure if
measured independently of the dynamic vulcanization
process in a time period that is less than about the
mixerresidence time. For example, in order to
determine the cure response of the particular rubber
(s) present in a composition, the rubber (s) and cure
system can be combined by means known to those skilled
in the art, e.g., on a two-roll mill, Banbury mixer or
mixing extruder. A sample of the mixture, often
referred to as the "accelerated" compound, can be
cured under static conditions, such as inthe form of a
thin sheet using a mold that is subjected to heat and
pressure in a press. Samples of the accelerated
compound, cured as thin pads for progressively longer
times and/or at higher temperatures, are then tested
for stress strain properties and/or crosslink density
to determine the state of cure (described in detail in
American Society for Testing and Materials, Standard
ASTM D412) . Alternatively, the accelerated compound
can be tested for state of cure using an oscillating
disc cure rheometer test (described in detail in
American Society for Testing and Materials, Standard
ASTM D2084) . Having established the maximum degree of
cure, it is preferable to dynamically vulcanize the
first or preceding stage rubber (s) added to the
dynamically vulcanizable mixture to the extent that
the degree of cure of such rubber (s) is selected from
the group consisting of about 50%, for example, about
60 % to greater than about 95 % ; about 65 % to about
95 % ; about 70 % to about 95 % ; about 75 % to
greater than about 90 % ; about 80 % to about 98 % ;
about 85 % to about 95 % ; and about 85 % to about 99
% in a time period less than or substantially
equivalent to about the residence time of the mixer
used for dynamic vulcanization. Subsequent additions
of rubber (s) to the dynamically vulcanizable mixture
are similarly cured before further additions of rubber
(s), if any. Consequently, at the conclusion of the
dynamic vulcanization process, the vulcanizable
rubbers added to the composition are sufficiently
cured to achieve the desired properties of the
thermoplastic composition of which they are a part,
e.g., a fluid (air or liquid) retention barrier such
as a innerliner for atire. For purposes of the present
invention, such state of cure can be referred to as
"substantially fully cured. " It will be appreciated
that the vulcanizable rubbers will be cured to at
least 50% of the maximum state of cure of which they
are capable based on the cure system, time and
temperature, and typically, the state of cure of such
rubbers will exceed 50% of maximum cure. If the cure
state of the rubber (s) added in one stage are not
cured to at least about 50% of their maximum, it is
possible for dispersed rubber particles to coalesce
into larger size particles, particularly during the
mixing operations, which is undesirable. Conversely,
it may be desirable to cure the rubber particles to
less than the maximum state of cure of which the
rubber is capable so that the flexibility, as
measured, for example, by Young's modulus, of the
rubber component is at a suitable level for the
end-use to which the composition is to be put, e.g., a
tire innerliner or hose component. Consequently, it
may be desirable to control the state of cure of the
rubber (s) used in the composition to be less than or
equal to about 95% of the maximum degree of cure of
which they are capable, as described above. For
purposes of dynamic vulcanization in the presence of
an engineering resin to form, for example, a
highlyimpermeable 



layer or film, any conventional curative system which
is capable of vulcanizing saturated or unsaturated
halogenated polymers may be used to vulcanize at least
the elastomeric halogenated copolymer of a C4 to C
isomonoolef in and a para-alkylstyrene, except that
peroxide curatives are specifically excluded from the
practice of this invention when there is present one
or more thermoplastic engineering resins such that
peroxide would cause such resins themselves to
crosslink. In that circumstance, if the engineering
resin would itself vulcanize or crosslink, it would
result in an excessively cured, non-thermoplastic
composition. Suitable curativesystems for the
elastoitieric halogenated copolymer component of the
present invention include zinc oxide in combination
with zinc stearate or stearic acid and, optionally,
one or more of the following accelerators or
vulcanizing agents: Permalux (the
di-orthotolylguanidine salt of dicatechol borate) ;
HVA-2 (mphenylene bis maleimide) ; Zisnet (2, 4 ,
6-trimercapto-5- triazine) ; ZDEDC (zinc diethyl
dithiocarbamate) and also including for the purposes
of the present invention, other dithiocarbamates;
Tetrone A (dipentamethylene thiuram hexasulfide) ;
Vultac 5 (alkylated phenol disulfide) ; SP1045 (phenol
formaldehyde resin) ; SP1056 (brominated alkyl phenol
formaldehyde resin) ; DPPD (diphenyl phenylene
diamine) ; salicylic acid, orthohydroxy benzoic acid;
wood rosin, abietic acid; and TMTDS (tetramethyl
thiuram disulfide) , used in combination with sulfur.
However, in the present invention, since each addition
of vulcanizable rubber (s) must be cured to at least
50% of its, or their, maximum state of cure under the
temperature conditions of the process before the next
addition of rubber(s), as measured by the residence
time of the mixing device, it is also necessary to
adjust the composition of the cure system to achieve
such a suitable result. The methods by which this can
be achieved are generally known to those skilled in
this art and are further described in detail above,
e.g., by use of the method set forth in ASTM D2084.
Curative accelerators include amines, guanidines,
thioureas, thiazoles, thiurams, sulf enamides,
sulfenimides, thiocarbamates, xanthates, and the like.
Acceleration of the cure process may be accomplished
by adding to the composition an amount of the
accelerant. The mechanism for accelerated
vulcanization of rubber involves complex interactions
between the curative, accelerator, activators and
polymers. Ideally all of the available curative is
consumed in the formation of effective crosslinks
which join individual polymer chains to oneanother and
enhance the overall strength of the polymer matrix.
Numerous accelerators are known in the art and
include, but are not limited to, the following:
stearic acid, diphenyl guanidine (DPG) ,
tetramethylthiuram disulfide (TMTD), 4 ,4
'-dithiodimorpholine (DTDM), tetrabutylthiuram
disulfide (TBTD), 2 ,2 '-benzothiazyl disulfide
(MBTS), hexamethylene-1, 6-bisthiosulfate disodium
salt dihydrate, 2- (morpholinothio) benzothiazole (MBS
or MOR), compositions of 90% MOR and 10% MBTS (MOR
90), N-tertiarybutyl-2-benzothiazole sulfenamide
(TBBS) , and Noxydiethylene
thiocarbamyl-N-oxydiethylene sulfonamide (OTOS), zinc
2-ethyl hexanoate (ZEH), N , N'-diethyl thiourea.
Curatives, accelerators and the cure systems of which
they are a part that are useful with one or more
crosslinkable polymers are well-known in the art. The
cure system can be dispersed in a suitable
concentration into 



the desired portion of the rubber component, the
rubber component optionally containing one or more
filler, extender and/or plasticizer by, e.g., mixing
the rubber and the cure system components in a step
prior to addition of the rubber-containing composition
to the thermoplastic using any mixing equipment
commonly used in the rubber industry for such purpose,
e.g., a two-roll rubber mill, a Banbury mixer, a
mixing extruder and the like. Such mixing is commonly
referred to as "accelerating" the rubber composition.
Alternatively, the rubber composition can be
accelerated in a stage of a mixing extruder prior to
carrying out dynamic vulcanization. It is particularly
preferred that the cure system be dispersed in the
rubber phase, or in a rubber composition also
optionally including one or more fillers, extenders
and other common ingredients for the intended end-use
application, prior to the addition of the rubber to
the thermoplastic resin (s) in the mixing equipment in
which it is intended to carry out dynamic
vulcanization. In one embodiment of the invention, at
least one curing agent is typically present at about
0.1 to about20 phr; alternatively at about 0.5 to
about 10 phr. Useful combinations of curatives, cure
modifiers and accelerators can be illustrated as
follows: As a general rubber vulcanization agent,
e.g., a sulfur vulcanization agent, powdered sulfur,
precipitated sulfur, high dispersion sulfur,
surface-treated sulfur, insoluble sulfur,
dimorpholinedisulf ide, alkylphenoldisulf ide, and
mixtures thereof are useful. Such compounds may be
used in an amount of about 0.5 phr to about 4 phr
(parts by weight per 100 parts by weight of the
elastomer component) . Alternatively, where the use of
such a material is feasible in view of other polymer
and resin components present an organic peroxide
vulcanization agent, benzoylperoxide,
t-butylhydroperoxide, 2 ,4-dichlorobenzoylperoxide, 2
,5-dimethyl-2, 5- di (t-butylperoxy) hexane, 2
,5-dimethylhexane-2, 5- di (peroxylbenzoate) , and
mixtures thereof. When used, such curatives can be
present at a level of about 1 phr to about 20 phr.
Other useful curatives include phenol resin
vulcanization agents such as a bromide of an
alkylphenol resin or a mixed crosslinking agent system
containing stannous chloride, chloroprene, or another
halogen donor and an alkylphenol resin and mixtures
thereof. Such agents can be used at a level of about 1
phr to about 20 phr. Alternatively, other useful
curing agents, cure modifiers and useful levels
include zinc oxide and/or zinc stearate (about 0.05
phr to about 5 phr), stearic acid (about 0.1 phr to
about 5 phr), magnesium oxide (about 0.5 phr to about
4 phr), lyserge (10 to 20 phr or so) ,
p-quinonedioxime, pdibenzoylquinonedioxime,
tetrachloro-p-benzoquinone, poly-p-dinitrosobenzene
(about 0.5 phr to about 10 phr), methylenedianiline
(about 0.05 phr to about 10 phr), and mixtures
thereof. Further, if desired or necessary, one or more
of a vulcanization accelerator may be added in
combination with the vulcanization agent, including
for example, an aldehyde-ammonia, guanidine,
thiazole,sulfanamide, thiuram, dithio acid salt,
thiurea, and mixtures thereof, for example, in an
amounts of about 0.1 phr to about 5 phr or more. The
dynamic vulcanization process of the present invention
is particularly distinguished from those generally
known in the prior art as a consequence of the use of
staged addition of at least one vulcanizable 



rubber or elastomer component. Consequently, the
process employs several additions of at least one
rubber component, preferably at least two such
additions although three, four or more can also be
used. However, in each instance, the staging is
subject to the vulcanization criteria, including mixer
residence time, as described above. As described
herein, the preferred polymer components comprise
halogenated isobutylene-containing copolymers as the
vulcanizable component (s) , e.g., halogenated butyl
such as chlorinated butyl or brominated butyl, and
brominated isobutylene-pmethylstyrene copolymer (BIMS
copolymer) , and a thermoplastic polymer such as nylon
or a blend of various nylon polymers. It is
particularly preferred that the dynamically vulcanized
compositions of the present invention comprise the
rubber component (s) as a dispersed, substantially
fully cured, phase of small particle size in a
continuous matrix of thermoplastic. Without wishing to
be bound by theory, it is believed that the fine
rubber dispersions thus obtained in the compositions
of the present invention are the result, in part, of
the chemical reaction between, e.g., benzylic bromine
present in BIMS, or allylic halogen in halogenated
butyl, and terminal amines in polyamides at the phase
boundary between the dispersed rubber particles and
the thermoplastic formed during mixing. The presence
of such interfacial reactions during blending and
simultaneous reaction of two immiscible polymers
avoids coalescence of the small particle size
dispersed rubber phase, thereby leading to
particularly fine dispersionsof the rubber phase. The
occurrence of such interfacial reactions is commonly
referred to as "reactive compatibilization" and is
described, e.g., in U.S. Patent Nos . 5,571,864 and
6,469,087, incorporated herein by reference. At the
same time, because of the interfacial stability in
these reactive compatibilized immiscible systems,
phase inversion of the higher concentration, lower
viscosity polymer blend component, the rubber phase,
is inhibited as a consequence of the stabilizing
effect of interfacial compatibilization. Ordinarily,
in a polymer blend based on two polymers of different
viscosity, polymer physics would dictate that the
lower viscosity phase in such a blend is the
continuous phase. (See, e.g., D . R . Paul and J . W .
Barlow, J . Macromol . Sci., Rev. Macromol. Chem. ,
C18(1980), 109; V . I . Metelkin and V . S . Blekht,
Kolloid. Zh., 46(1984), 476, and L . A . Ultracki, J .
Rheol., 35(1991), 1615). The primary invention that
eventually led to the introduction of commercial,
dynamically vulcanized alloys, or DVA was that by A .
M . Gessler, U.S. Patent No. 3,037,954. Subsequent
compositions based on EPDM and polypropylene were
successfully developed and commercialized, (such as
Santoprene(r), Advanced Elastomer Systems) , as a
consequence of causing a higher concentration, lower
viscosity EPDM component to be the dispersed phase by
vulcanizing the EPDM during mixing of the
polypropylene and EPDM in a mixer. Even in the absence
of reactive compatibilization, vulcanization leads to
the most significant increase in viscosity; in other
words, the viscosity of a vulcanized component is
effectively infinite and the thermoplastic phase can
become the continuous phase. By imposing what amounts
to phase inversion, the maximum rubber content of EPDM
rubber in such systems can be increased to greater
than 



70 volume percent of rubbers. Furthermore, while again
not wishing to be bound by theory, it is believed that
according to packing theory,the maximum volume
fraction of mono-dispersed spheres that can be put
into a fixed volume, based on a hexagonal close
packing arrangement is 0.74 or 74 % of the available
volume. The maximum volume fractions achievable based
on random close packing and cubic packing for
mono-dispersed spheres are believed to be 0.64 and
0.52, respectively. These computations are described
in R . K . McGeary, J . Am. Ceram. Soc, 44(1961), 513.
In polymer blends, the dispersions are poly-dispersed
which is beneficial in maximizing the packed volume
fraction. Taking these factors into consideration, it
is expected that maximum packing volume of a
poly-dispersed polymer in a binary polymer blend would
be about 70 to about 80 volume percent. However,
because interfacial stabilization prevents phase
inversion, the maximum rubber content in the
dynamically vulcanized polyamide/BIMS systems
disclosed in EP 0 857 761 A l and EP 0 969 039 Al was
limited to less than 60 volume % . Higher rubber
content can be achieved in the dynamically vulcanized
compositions of the present invention as a consequence
of further packing of rubber particles through
multi-stage mixing, provided that the previously
occluded rubbers are substantially fully stable and
cannot coalesce into larger sized domains. This can be
achieved by causing all rubber (s) incorporated in a
given stage of mixing to be sufficiently cured, in
other words, reaching at least about 50% of maximum
cure, (preferably at least about 60%, preferably at
least about 70 % , preferably at least about 80%)
before the next quantity of rubber is added, also
referred to as the next stage of rubber addition. The
preferred halogenated isobutylene elastomer content,
typically present in the composition in the form of
particles, is greater than about 60 volume % , most
preferably greater than about 70 volume % . For
example, the elastomer particles are present in an
amount selectedfrom the group consisting of greater
than about 60 volume % to about 80 volume % (based
upon the volume of the elastomer (s) and the
engineering resin(s)); about 62 volume % to about 78
volume % ; about 65 volume % to about 75 volume % ;
about 68 volume % to about 75 volume % ; about 70
volume % to about 78 volume % ; about 71 volume % to
about 80 volume % ; about 72 volume % to about 79
volume % ; and about 71 volume % to about 80 volume %
; for example wherein said elastomer particles
comprise about 62 volume % to about 76 volume % . In
the present invention, a thermoplastic elastomer
composition having high rubber content is achieved by
use of multistage addition of rubber (s) in which the
cure rates of such rubbers are controlled to be less
the mixer residence time, thereby achieving a
sufficiently high state of cure. Dynamic vulcanization
can be carried out in various types of commercial
equipment generally available in the rubber and
plastics industry including Banbury internal mixers,
roll mixers, and mixing extruders. The preferred
mixing equipment is a twin-screw extruder with
intermeshing screw. As described above, mixing is
generally conducted under such time and temperature
conditions that the dispersed rubber particles are
cured to the extent necessary to maintain their
stability, i.e., to avoid coalescence of such
particles prior to or 



during the addition of the next stage of rubber
addition or completion of mixing of the composition. A
suitable range of dynamic vulcanization temperatures
is typically from about the melting temperature of the
resin (s) to about 300 0C ; for example, the
temperature may range from about the melting
temperature of the matrix resin (s) to about 275 0C .
Preferably dynamic vulcanization is carried out at a
temperature range from about 10 0C to about 50 0C
above the melting temperature of the matrix resin.
More preferably the mixing temperature is about 20 0C
to about 40 0C above the melting temperature of the
polyamide ormixed polyamide thermoplastic matrix. In
one embodiment of the present invention the necessary
amount of crosslinking agent (s) or cure system is
dispersed in the elastomer component by mixing the
crosslinking agent capable of crosslinking the
elastomer into the elastomer component at a low to
moderate temperature, insufficient to substantially
activate the cure system, prior to contacting the thus
compounded elastomer component with the resin
component (s) for the purpose of carrying out dynamic
vulcanization of the mixture. Furthermore, when the
elastomer is added to the resin in stages or portions
until the overall desired composition is achieved,
each portion of the rubber composition can be the
same, or, if desired, the amount of the cure system
present in a portion of the rubber can be modified to
achieve a desired effect, e.g., greater or lesser
degree of crosslinking of a portion of the elastomer.
By this method the crosslinking agent does not
substantially react with the rubber, nor does it have
an opportunity to partially react with the
thermoplastic resin to cause either molecular weight
degradation or crosslinking of the resin. Furthermore,
control of the crosslinking rate and extent of
crosslinking of the elastomer component is more
readily achieved. Consequently, the compositions of
the present invention exhibit improved properties. One
process for producing of the thermoplastic elastomer
composition can be performed by the following
procedure. First, a mixing device such as a Banbury
mixer, two-roll rubber mill, etc. is used to pre-mix
the elastomer component and predetermined amount of
crosslinking agent until a substantially uniform
dispersion is obtained. At this time, the elastomer
component may have added thereto suitable amounts of
optional fillers such as carbon black or modified
carbon black, clay or modified clay oil and/or
plasticizer. During this phase of mixing the
temperature has to becontrolled at a low enough level
for the particular elastomer (s) selected and in
consideration of the activity of the cure system, to
avoid premature crosslinking of the elastomers. A
useful temperature during this mixing step can be less
than about 120 0C . The desired amount of the
crosslinking agent-containing elastomer component thus
prepared and the predetermined amount of nylon resin
(s) are preferably charged into a twin-screw mixing
extruder or other mixing device capable of effecting
dynamic vulcanization under controlled conditions. The
rubber component is made to dynamically crosslink,
while effecting the melt mixing of the resin (s) to
cause the elastomer component to disperse as a
dispersed phase (domain) in the nylon resin which
forms the continuous phase or matrix. Further, various
compounding agents other than vulcanization agents may
be added to the nylon resin or 



elastomer component during the above mixing, but it is
preferable to mix them in advance before the dynamic
vulcanization step. The mixing device used for the
carrying out dynamic vulcanization of the nylon resin
and elastomer component is not particularly limited,
including for example, a screw extruder, kneader,
Banbury mixer, twin-screw mixing extruder, and the
like. Among these, a twin-screw mixing extruder is
preferably used for dynamic vulcanization.
Alternatively, two or more types of mixers may be used
in successive mixing operations. As the conditions for
the dynamic vulcanization step involving melt mixing
of the resin (s), the temperature should be at least
the temperature at which the predetermined nylon resin
melts, but preferably above the melting temperature as
described above. Furthermore, the shear rate at the
time of mixing is typically greater than about 500 sec
1; preferably about 500 to about 7500 sec 1;
alternatively, about 1000 to about 7500 sec 1; for
example about 2000 to about 7500 sec 1 . The overall
time of mixing during each stageof dynamic
vulcanization is preferably about 30 seconds to about
10 minutes. Since the process of the present invention
involves multistage addition of the rubber component
to the resin (s) or resin (s) plus previously
dynamically vulcanized and dispersed elastomer, the
above dynamic vulcanization step is repeated with at
least one or more additional portions of the rubber
composition until the total amount of rubber desired
in the final thermoplastic composition is achieved.
Consequently, this process will involve a minimum of
two stages, but can be conducted in more than two such
stages, e.g., three, four, five or more, as desired.
Furthermore, the amount of rubber introduced in each
stage can be varied, provided the total amount of
rubber desired in the overall composition is achieved
at the conclusion of all of the mixing operations and
a suitable amount of rubber is introduced in each
stage so as to achieve the desired small particle size
and high volume percent of rubber in the final
composition. The thermoplastic elastomer composition
thus obtained is structured with the elastomer
component forming a discontinuous phase dispersed as a
dispersion phase (domain) in a matrix of the nylon
resin which forms a continuous phase. As a consequence
of dynamic vulcanization, the composition remains
thermoplastic and a film, layer or sheet-like
structure of the composition can be formed using
ordinary molding, extrusion or calendering. This
result is illustrated in Figure 1 which is a view of
the microstructure shown by an atomic force microscope
tapping phase micrograph (20 by 20 micron area) of the
thermoplastic elastomer composition obtained according
to the embodiment of Example 13 described below. The
figure shows a high concentration of small particulate
or globular areas of vulcanized brominated isobutylene
paramethyl styrene elastomer dispersed in a continuous
polyamide matrix, thecontinuous matrix having the
appearance of a lighter region surrounding the
discrete elastomer particles. The composition
described herein may also have one or more filler
components such as calcium carbonate, clay, mica,
silica and silicates, talc, titanium dioxide, starch
and other organic fillers such as wood flour, and
carbon black. Suitable filler materials include carbon
black such as channel black, furnace black, thermal 



black, acetylene black, lamp black, modified carbon
black such as silica treated or silica coated carbon
black (described, for example, in U.S. Patent No.
5,916,934, incorporated herein by reference), and the
like. Reinforcing grade carbon black is preferred. The
filler may also include other reinforcing or
non-reinforcing materials such as silica, clay,
calcium carbonate, talc, titanium dioxide and the
like. The filler may be present at a level of from 0
to about 30 percent by weight of the rubber present in
the composition. Exfoliated, intercalated, or
dispersed clays may also be present in the
composition. These clays, also referred to as
"nanoclays", are well known, and their identity,
methods of preparation and blending with polymers is
disclosed in, for example, JP 2000109635, JP
2000109605, JP 11310643; DE 19726278; WO98/53000; and
U.S. Patent Nos. 5,091,462, 4,431,755, 4,472,538, and
5,910,523. Swellable layered clay materials suitable
for the purposes of the present invention include
natural or synthetic phyllosilicates, particularly
smectic clays such as montmorillonite, nontronite,
beidellite, volkonskoite, laponite, hectorite,
saponite, sauconite, magadite, kenyaite, stevensite
and the like, as well as vermiculite, halloysite,
aluminate oxides, hydrotalcite and the like. These
layered clays generally comprise particles containing
a plurality of silicate platelets having a thickness
typically about 4 to about 2OA in one embodiment, and
about 8 to about 12A in another embodiment, bound
together and containing exchangeablecations such as
Na+, Ca+2, K+ or Mg+2 present at the interlayer
surfaces. Layered clay may be intercalated and
exfoliated by treatment with organic molecules
(swelling agents) capable of undergoing ion exchange
reactions with the cations present at the interlayer
surfaces of the layered silicate. Suitable swelling
agents include cationic surfactants such as ammonium,
alkylamines or alkylammonium (primary, secondary,
tertiary and quaternary) , phosphonium or sulfonium
derivatives of aliphatic, aromatic or arylaliphatic
amines, phosphines and sulfides. Desirable amine
compounds (or the corresponding ammonium ion) are
those with the structure R1R2R3N , wherein R1, R2, and
R3 are C i to C30 alkyls or alkenes which may be the
same or different. In one embodiment, the exfoliating
agent is a so-called long chain tertiary amine,
wherein at least R i is a C i2 to C2o alkyl or alkene.
Another class of swelling agents include those which
can be covalently bonded to the interlayer surfaces.
These include polysilanes of the structure -Si(R') 2R2
where R 1 is the same or different at each occurrence
and is selected from alkyl, alkoxy or oxysilane and R2
is an organic radical compatible with the matrix
polymer of the composite. Other suitable swelling
agents include protonated amino acids and salts
thereof containing 2-30 carbon atoms such as
12-aminododecanoic acid, epsiloncaprolactam and like
materials. Suitable swelling agents and processes for
intercalating layered silicates are disclosed in US
4,472,538, 4,810,734, 4,889,885 and WO92/02582. In a
preferred embodiment of the invention, the exfoliating
or swelling agent is combined with a halogenated
polymer. In one embodiment, the agent includes all
primary, secondary and tertiary amines and 



phosphines; alkyl and aryl sulfides and thiols; and
their polyfunctional versions. Desirable additives
include:long-chain tertiary amines such as
N,N-dimethyloct adecylamine , N
,N-dioctadecyl-methylamine , dihydrogenated
tallowalkyl-methylamine and the like, and
amine-terminated polytetrahydrofuran; long-chain thiol
and thiosulfate compounds such as hexamethylene sodium
thiosulfate. In another embodiment of the invention,
improved interpolymer impermeability is achieved by
the use of polyfunctional curatives such as
hexamethylene bis (sodium thiosulfate) and
hexamethylene bis (cinnamaldehyde) . The amount of
exfoliated, intercalated, or dispersed clay
incorporated in the composition in accordance with
this invention is an amount sufficient to develop an
improvement in the mechanical properties or barrier
properties of the composition, e.g. tensile strength
or air/oxygen permeability. Amounts typically can be
from about 0.5 to about 15 wt% in one embodiment, or
about 1 to about 10 wt% in another embodiment, and
about 1 to about 5 wt% in yet another embodiment,
based on the polymer content of the composition.
Expressed in parts per hundred rubber, the exfoliated,
intercalated, or dispersed clay may be present at
about 1 to about 30 phr in one embodiment, and about 3
to about 20 phr in another embodiment. In one
embodiment, the exfoliating clay is an
alkylamine-exfoliating clay. As used herein, the term
"process oil" means both the petroleum derived process
oils and synthetic plasticizers . A process or
plasticizer oil may be present in air barrier
compositions. Such oils are primarily used to improve
the processing of the composition during preparation
of the layer, e.g., mixing, calendering, etc. Suitable
plasticizer oils include aliphatic acid esters or
hydrocarbon plasticizer oils such as paraffinic or
naphthenic petroleum oils. The preferred plasticizer
oil for use in standard, non-DVA, non-engineering
resin-containing innerliner compositions is a
paraffinic petroleum oil; suitablehydrocarbon
plasticizer oils for use in such innerliners include
oils having the following general characteristics .
Generally, the process oil may be selected from
paraffinic oils, aromatic oils, naphthenic oils, and
polybutene oils. Polybutene process oil is a low
molecular weight (less than 15,000 Mn) homopolymer or
copolymer of olef in-derived units having from about 3
to about 8 carbon atoms, more preferably about 4 to
about 6 carbon atoms. In another embodiment, the
polybutene oil is a homopolymer or copolymer of a C
raffinate. Low molecular weight "polybutene" polymers
is described in, for example, SYNTHETIC LUBRICANTS AND
HIGH-PERFORMANCE FUNCTIONAL FLUIDS 357-392 (Leslie R .
Rudnick & Ronald L . Shubkin, ed., Marcel Dekker 1999)
(hereinafter "polybutene processing oil" or
"polybutene"). Useful examples of polybutene oils are
the PARAPOL(tm) series of processing oils (previously
available form ExxonMobil Chemical Company, Houston
TX, now available from Infineum International Limited,
Milton Hill, England under the "INFINEUM c , d , f or
g tradename) , including grades previously identified
as PARAPOL(tm) 450, 700, 950, 1300, 2400, and 2500.
Additionally preferred polybutene oils are SUNTEX(tm)
polybutene oils available from Sun Chemicals.
Preferred polybutene processing oils are typically
synthetic liquid polybutenes having a certain
molecular 



weight, preferably from about 420 Mn to about 2700 Mn.
The molecular weight distribution -Mw/Mn- ("MWD")
ofpreferred polybutene oils is typically about from
1.8 to about 3 , preferably about 2 to about 2.8. The
preferred density (g/itil ) of useful polybutene
processing oils varies from about 0.8 5 to about 0.91.
The bromine number (CG/G) for preferred polybutene
oils ranges from about 40 for the 450 Mn process oil,
to about 8 for the 2700 Mn process oil. Rubber process
oils also have ASTM designations depending on whether
they fall into the class of paraffinic, naphthenic or
aromatic hydrocarbonaceous process oils. The type of
process oil utilized will b e that customarily used in
conjunction with a type of elastomer component and a
rubber chemist of ordinary skill in the art will
recognize which type of oil should be utilized with a
particular rubber in a particular application. For an
innerliner composition the oil is typically present at
a level of 0 to about 25 wt % ; preferably about 5 to
20 wt % of the total composition. For a thermoplastic
elastomer composition the oil may b e present at a
level of 0 to about 20 wt % of the total composition;
preferably oil is not included in order to maximize
impermeability of the composition. In addition,
plasticizers such as organic esters and other
synthetic plasticizers can b e used. A particularly
preferred plasticizer for use in a DVA composition is
N-butylsulfonamide or other plasticizers suitable for
polyamides. In another embodiment, rubber process oils
such as naphthenic, aromatic or paraffinic extender
oils may b e present at about 1 to about 5 phr. In
still another embodiment, naphthenic, aliphatic,
paraffinic and other aromatic oils are substantially
absent from the composition. By "substantially
absent", it is meant that naphthenic, aliphatic,
paraffinic and other aromatic oils may b e present, if
at all, to an extent no greater than 2 phr in the
composition. The degree of cure o f the vulcanized
rubber can b e described in terms of gel content,
cross-link density,the amount of extractable
components or it can be based on the state of cure
that would be achieved in the rubber were it to be
cured in the absence of the resin. For example, in the
present invention, it is preferred that the
halogenated elastomer achieve about 50 to about 85% of
full cure based on the elastomer per se as measured,
e.g., by tensile strength or using the oscillating
disc cure meter test (ASTM D 2084, Standard Test
Method for Rubber Property-Vulcanization Using
Oscillating Disk Cure Meter) . By molding the
thermoplastic elastomer composition obtained into a
sheet, film, or tube using a T-sheeting die, straight
or crosshead structure tubing die, inflation molding
cylindrical die, etc. at the end of a single-screw
extruder, or by calendering, it is possible to use the
composition as the air permeation preventive layer,
e.g., an innerliner, of a pneumatic tire and as a
component or layer of a hose, etc. The thermoplastic
elastomer compositions of the present invention may be
taken up into strands once, pelletized, then molded by
using a single-screw extruder that is typically used
for resin. The sheet or tubular molded article thus
obtained can be effectively used for an innerliner
layer of a pneumatic tire or the hose tube or hose
cover of a low gas permeable hose. Furthermore, the
low permeability 



characteristics of the composition are suitable for
uses with fluids other than gasses, e.g., liquids such
as water, hydraulic fluid, brake fluid, heat transfer
fluid, etc., provided that the layer in direct contact
with the fluid has suitable resistance to the fluid
being handled. Any range of numbers recited in the
specification hereinabove or in the paragraphs and
claims hereinafter, referring to various aspects of
the invention, such as that representing a particular
set of properties, units of measure, conditions,
physical states or percentages, is intended to
literally incorporate expressly herein byreference or
otherwise, any number falling within such range,
including any subset of numbers or ranges subsumed
within any range so recited. Furthermore, the term
"about" when used as a modifier for, or in conjunction
with, a variable, characteristic or condition is
intended to convey that the numbers, ranges,
characteristics and conditions disclosed herein are
flexible and that practice of the present invention by
those skilled in the art using temperatures, times,
concentrations, amounts, contents, carbon numbers,
properties such as particle size, surface area, bulk
density, etc., that are outside of the range or
different from a single value, will achieve the
desired result, namely, an dynamically vulcanized,
high elastomer-content composition comprising at least
one isobutylene-containing elastomer and at least one
thermoplastic suitable for use, for example, in a
pneumatic tire or hose, or as a tire innerliner.
EXAMPLES The following commercially available products
were used for the components employed in the
ExamplesPURIFICATION OF PROTEINS WITH CATIONIC
SURFACTANT CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] The present application claims priority to and
the benefit of U.S. provisional application Serial No.
60/670,520, filed on April 11, 2005, the disclosure of
which is being incorporated by reference herein. FILED
OF INVENTION [0002] The invention relates to the field
of protein purification using surfactants. BACKGROUND
[0003] Production of biological macromolecules,
particularly proteins, often involves purity-enhancing
steps based on physical and physicochemical
properties. Difficulties encountered in such process
steps include, but are not limited to, determining
conditions which enable separation of soluble and
insoluble molecules, relatively low recovery of the
desired molecule after a treatment step, loss of
biological activity in the course of the process, and
sensitivity of the protein to process step conditions
such as pH. [0004] Surfactants have been utilized in
the processing of biological macromolecules. Cationic
surfactants are a recognized subclass of surfactants,
and include amphipathic ammonium compounds.
Amphipathic ammonium compounds comprise quaternary
ammonium compounds of the general formula QN+ and
paraffin chain primary ammonium compounds of the
general formula RNH3 +. Both types of amphipathic
ammonium compounds include longchain ammonium
surfactants that have a long aliphatic chain of
preferably at least six carbon atoms (Scott (1960)
Methods Biochem. Anal. 8:145-197, incorporated herein
by reference in its entirety). The long-chain
quaternary ammonium surfactants are known to interact
with biological macromolecules. The long-chain
quaternary ammonium compounds have at least one
substituentat the nitrogen which consists of a linear
alkyl chain with 6-20 carbon atoms. The best known
representatives of this class are the benzalkonium
salts (chlorides and bromides), hexadecylpyridinium
chloride dequalinium acetate, cetyldimethylammonium
bromide (CTAB) and hexadecylpyridinium chloride
(CPCl), and benzethonium chloride. Quaternary ammonium
surfactants include salts such as cetyl pyridinium
salts, e.g. cetyl pyridinium chloride (CPC),
stearamide-methylpyridinium salts, lauryl pyridinium
salts, cetyl quinolynium salts, lauryl aminopropionic
acid methyl ester salts, lauryl amino propionic acid
metal salts, lauryl dimethyl betaine stearyl dimethyl
betaine, lauryl dihydroxyethyl betaine and
benzethonium salts. Alkyl pyridinium salts comprise
stearyl-trimethyl ammonium salts,
alkyl-dimethylbenzyl-ammonium chloride, and
dichloro-benzyldimethyl-alkylammonium chloride. [0005]
Known uses of cationic surfactants for purifying
biological macromolecules 



include 1) solubilization of aggregates, including
protein aggregates; 2) elution of chromatographic
column-bound biological macromolecules; and 3)
precipitation of polyanions such as hyaluronic acid
(HA), nucleic acids, and heparin (and molecules which
co-precipitate with polyanions) . [0006] Cationic
surfactants have been used for solubilizing protein
aggregates. Otta and Bertini ((1975) Acta Physiol.
Latinoam. 25:451-457, incorporated herein by reference
in its entirety) demonstrated that active uricase
could be solubilized from rodent liver peroxizomes
with the quaternary ammonium surfactant, Hyamine 2389.
It is found that increase of the ammonium surfactant
concentration resulted in increase of dissolution of
both uricase (based on enzymatic activity) and total
protein such that there is no increase in the relative
amount of uricase protein with respect to the amount
of total protein. In other words, there was no
selective solubilization of the uricase protein with
respect to the total protein, and the uricase protein
didnot constitute a higher percentage of the total
protein upon solubilization with the cationic
surfactant. Thus, in this process, uricase purity with
respect to the total protein content is apparently not
enhanced as a result of quaternary ammonium surfactant
solubilization. [0007] In another study, Truscoe
((1967) Enzymologia 33:1 19-32, incorporated herein by
reference in its entirety) examined a panel of
cationic, anionic, and neutral detergents for their
extraction efficacy of urate oxidase (uricase) from ox
kidney powders. While the neutral and anionic
detergents were found to enhance soluble urate oxidase
activity, the cationic detergents, e.g., quaternary
ammonium salts, were found to decrease total enzymatic
activity with increasing concentration. The authors
concluded that cationic detergents were not useful for
purifying ox kidney urate oxidase [0008]
Solubilization of recombinant proteins, porcine growth
hormone, methionylporcine growth hormone, infectious
bursal disease virus protein, B-galactosidase fusion
protein, from E. coli inclusion bodies or cells, with
cationic surfactants is described in United States
Patent No. 4,797,474, United States Patent No.
4,992,531, United States Patent No. 4,966,963, and
United States Patent No. 5,008,377, each incorporated
herein by reference in its entirety. Solubilization
under alkaline conditions is accomplished using
quaternary ammonium compounds including
cetyltrimethylammonium chloride, mixed n-alkyl
dimethyl benzylammonium chloride, CPC,
N,N-dimethyl-N-[2-[2-[4-(l,l,3,3,-tetramethylbutyl)-
phenoxy]ethoxy] ethyl] benzenemethanammonium chloride,
tetradecyl trimethylammonium bromide, dodecyl
trimethylammonium bromide, cetyl trimethylammonium
bromide. These publications mention that, after each
solubilization process, the solutions are centrifuged,
and little to no pellet is observed in each case. This
observation suggests that most or all of the proteins
are solubilized without regard to selectivity for the
solubilization of a target protein. Thepurity of the
recovered proteins is not indicated. United States
Patent No. 5,929,231, incorporated herein by reference
in its entirety, describes cetyl pyridinium chloride
(CPC) disintegration of granules and aggregates
containing starches. Thus, the prior art relates to
use of cationic surfactants for general, nonspecific
solubilization of particulate biological
macromolecules. These methods of the prior art do not
disclose increasing the purity of a desired target
protein with respect to total protein with a cationic
surfactant. [0009] Cationic surfactants have also been
used to elute biological macromolecules adsorbed to
cation exchange resins or aluminum-containing
adjuvants (Antonopoulos, et al. (1961) Biochim.
Biophys. Acta 54:213-226; Embery (1976) J . Biol.
Buccale 4:229-236; and Rinella, et al. (1998) J .
Colloid Interface Sci. 197:48-56, each of which is
incorporated herein by reference in its entirety).
United States Patent No. 4,169,764, incorporated
herein by reference in its entirety, describes elution
of urokinase from carboxymethyl cellulose columns
using a wide variety of cationic surfactant solutions.
The authors state a preference for using tetra
substituted ammonium salts in which one alkyl group is
a higher alkyl group up to 20 carbon atoms and the
others are lower alkyl groups up to 6 carbon atoms.
Use of such cationic surfactants enables removal of
biological macromolecules from their attachment to a
solid matrix. [0010] Conversely, impregnation of
filters such as those composed of nylon, with cationic
surfactant enables immobilizing of polysaccharides or
nucleic acids (Maccari and Volpi (2002)
Electrophoresis 23:3270-3277; Benitz, et al. (1990)
United States Patent No. 4,945,086; Macfarlane (1991)
United States Patent No. 5,010,183, each of which is
incorporated herein by reference in its entirety).
This phenomenon is apparently due to cationic
surfactant-polyanion interactions which enable
precipitation of the polyanion.[0011] It is well
established that amphipathic ammonium compounds, which
comprise quaternary ammonium compounds of the general
formula QN+ and paraffin chain primary ammonium
compounds of the general formula RNH3 +, can
precipitate polyanions under defined conditions
(reviewed in Scott (1955) Biochim. Biophys. Acta
18:428-429; Scott (1960) Methods Biochem. Anal.
8:145-197; Laurent, et al., (1960) Biochim. Biophys.
Acta 42:476-485; Scott (1961) Biochem. J . 81:418-424;
Pearce and Mathieson (1967) Can. J . Biochemistry
45:1565- 1576; Lee (1973) Fukushima J. Med. Sci.
19:33-39; Balazs, (1979) United States Patent No.
4,141,973; Takemoto, et al., (1982) United States
Patent No. 4,312,979; Rosenberg (1981) 



United States Patent No. 4,301,153; Takemoto, et al.,
(1984) United States Patent No. 4,425,431;
d'Hinterland, et al., (1984) United States Patent No.
4,460,575; Kozma, et al. (2000) MoI. Cell. Biochem.
203:103-1 12, each of which is incorporated herein by
reference in its entirety). This precipitation is
dependent on the precipitating species having a high
polyanion charge density and high molecular weight
(Saito (1955) Kolloid-Z 143:66, incorporated herein by
reference in its entirety). The presence of salts can
interfere with or reverse cationic surfactant-induced
precipitation of polyanions. [0012] Additionally,
polyanions can be differentially precipitated from
solutions containing protein contaminants, under
alkaline pH conditions. In such cases, proteins not
chemically bound to the polyanions will remain in
solution, while the polyanions and other molecules
bound to the polyanions will precipitate. For example,
precipitation of polyanions such as polysaccharides
and nucleic acids is accompanied by co-precipitation
of molecules such as proteoglycans and proteins
interacting with the polyanions (Blumberg and Ogston
(1958) Biochem. J . 68:183-188; Matsumura, et al.,
(1963) Biochim. Biophys. Acta 69: 574-576;
Serafini-Fracassini, et al. (1967) Biochem. J .
105:569-575; Smith, et al. (1984) J. Biol. Chem. 259:1
1046-1 1051; Fuks and Vlodavsky (1994) United States
Patent No.5,362,641; Hascall andHeinegard (1974) J .
Biol. Chem. 249:4232-4241, 4242-4249, and 4250-4256;
Heinegard and Hascall (1974) Arch. Biochem. Biophys.
165: 427-441; Moreno, et al. (1988) United States
Patent No. 4,753,796; Lee, et al. (1992) J . Cell
Biol. 116: 545-557; Varelas, et al. (1995) Arch.
Biochem. Biophys. 321: 21-30, each of which is
incorporated herein by reference in its entirety).
[0013] The isoelectric point (or pi) of a protein is
the pH at which the protein has an equal number of
positive and negative charges. Under solution
conditions with pH values close to (especially below)
a protein's isoelectric point, proteins can form
stable salts with strongly acidic polyanions such as
heparin. Under conditions which promote precipitation
of such polyanions, the proteins complexed with the
polyanions also precipitate (LB Jaques (1943) Biochem.
J . 37:189-195; AS Jones (1953) Biochim. Biophys. Acta
10:607-612; JE Scott (1955) Chem and Ind 168-169;
United States Patent No. 3,931,399 (Bohn, et al.,
1976) and United States Patent No. 4,297,344 (Schwinn,
et al., 1981) , each of which is incorporated herein
by reference in its entirety). [0014] United States
Patent No. 4,421,650, United States Patent No.
5,633,227, and Smith, et al. ((1984) J . Biol. Chem.
259:1 1046-1 1051, each of which is incorporated
herein by reference in its entirety) describe
purification of polyanions by sequential treatment
with a cationic surfactant and ammonium sulfate (that
enables dissociation of polyanion-cationic surfactant
complexes) and subsequent separation using hydrophobic
interactions chromatography. European patent
publication EP055188, incorporated herein by reference
in its entirety, describes cationic surfactant-enabled
separation of RTX toxin from lipopolysaccharide.
However, there is no mass balance in the amount of
lipopolysaccharide that is quantified by endotoxin
activity assays. Neutralization of endotoxin activity
by strongly interacting cationic compounds has been
demonstrated (Cooper JF (1990 J Parenter Sci Technol
44:13-5,incorporated herein by reference in its
entirety). Thus, in EP055188, the lack of endotoxin
activity in the precipitate following treatment with
increasing amounts of cationic surfactant possibly
results from neutralization of the activity by
surfactant- lipopolysaccharide complex formation.
[0015] The above-mentioned methods require
intermediary polyanions, solid supports or aggregates
comprising proteins with selective solubility by a
cationic surfactant for enabling purification of
soluble proteins using cationic surfactant. Hence, the
prior art does not provide a method of purifying a
target protein by contacting the protein with a
cationic surfactant in an amount effective to
preferentially precipitate proteins other than the
target protein, i. e. , contaminating proteins,
particularly when such contacting is done in the
absence of intermediary polyanions, solid supports, or
aggregates of proteins. Often, one skilled in the art
encounters mixtures of soluble proteins and does not
have a simple, efficient means for purifying the
desired protein. The novel method for purifying
proteins, described herein, enables efficient
purification of target proteins by using cationic
surfactants to preferentially precipitate proteins
other than the target protein. Preferably such
precipitation of contaminating proteins is direct, and
does not depend upon the presence of polyanions, solid
supports or aggregates comprising the contaminating
proteins and other molecules. SUMMARY OF THE INVENTION
[0016] The subject invention provides a method for
purifying a target protein from a mixture comprising
the target protein and contaminating protein,
comprising the steps of exposing the mixture to an
effective amount of a cationic surfactant such that
the contaminating protein is preferentially
precipitated and recovering the target protein.BRIEF
DESCRIPTION OF THE FIGURES [0017] FIG. 1 depicts the
effects of CPC concentration on uricase activity and
purity. [0018] The protein concentration (A) and
enzymatic activity (B) of mammalian uricase, from
dissolved E. coli inclusion bodies, are measured
following the indicated CPC treatments and centrifugal
separation. The specific activity (C) of each isolate
is calculated as a ratio of 



these values (activity/ protein concentration). [0019]
FIG. 2 depicts size-exclusion HPLC chromatographic
analysis of crude mammalian uricase prepared from
inclusion bodies and following treatment with 0.075%
CPC. [0020] Size-exclusion HPLC profiles of A.
solubilized E. coli inclusion bodies without CPC
treatment, and B. the supernatant following CPC
(0.075%) precipitation and filtration are analyzed.
The areas of each peak and the percent of total area
aresummarized in the adjacent tables. [0021] FIG. 3
depicts SDS-PAGE (15% gel) analysis of CPC treated
uricase. [0022] The uricase-containing samples are
prepared as described in Example 1. Samples from
various process steps are aliquoted as follows: Lane 1
- dissolved IBs; Lane 2- supernatant after CPC
treatment; Lane 3 - pellet after CPC treatment. [0023]
FIG. 4 depicts size-exclusion HPLC analysis of crude
scFv antibody following treatment with 0.02% CPC.
[0024] Size-exclusion HPLC profiles of A. Reference
standard BTG-271 scFv antibody, B. solubilized
inclusion bodies, and C. the supernatant following
refolding and CPC (0.02%)precipitation and filtration
are analyzed. The areas of each peak and the percent
of total area are summarized in the adjacent tables.
[0025] FIG. 5 depicts SDS-PAGE (15% gel) analysis of
CPC treated scFv antibody. [0026] The scFv antibody
-containing samples from various process steps and
standards are presented in the following order: Lane 1
- molecular weight standards; Lane 2 - dissolved IBs;
Lane 3 - refolded protein; Lane 4 - CPC pellet; Lane 5
- supernatant after CPC treatment. [0027] FIG. 6
depicts HPLC gel filtration chromatography of
interferon beta before and after treatment with CPC.
A. Before CPC treatment B. After CPC treatment. 200ml
of a solution of 0.1mg/ml interferon beta was loaded
into the column. DETAILED DESCRIPTION OF THE INVENTION
[0028] Proteins are ampholytes, having both positive
and negative charges. The pH of a solution and charged
molecules that interact with a protein impact the net
charge of that protein. Strong interactions between
proteins can occur when the net charge of a protein is
neutral (the isoelectric point). When the pH of the
solution is below the isoelectric point of the
protein, the protein has a net positive charge, and
there may be electrostatic repulsion between cationic
molecules, including other proteins. [0029] It is an
object of the invention to provide a method for
purifying a solubilized target protein from a solution
comprising a mixture of the target protein and
contaminating proteins comprising contacting the
solubilized mixture with an effective amount of a
cationic surfactant and recovering the target protein.
Cationic surfactants are surface-active moleculeswith
a positive charge. In general, these compounds also
have at least one non-polar aliphatic group.
Preferably the target protein has an isoelectric point
greater than 7. In a particular embodiment, the pH of
the solution is about the same as the isoelectric
point of the target protein. In a preferred
embodiment, the pH of the solution is less than the
isoelectric point of the target protein. In a
particular embodiment, when the pH of the solution is
above the isoelectric point of the target protein, the
pH of the solution is within 1-2 pH units of the
isoelectric point of the target protein. In a
particular embodiment, when the pH of the solution is
above the isoelectric point of the target protein, the
pH of the solution is within 1 pH unit of the
isoelectric point of the target protein. [0030] In a
particular embodiment, the contaminating protein or
proteins are preferentially precipitated, thereby
increasing the proportion of the proteins remaining in
solution represented by the target protein. For
example, starting from a solution of target protein
and contaminating protein wherein the target protein
is 20% of the total protein in solution, one can
purify the target protein using the methods provided
to achieve a solution wherein the target protein is
30% or more, 40% or more, 50% or more, 60% or more,
70% or more, 80% or more, 90% or more, 95% or more of
the total protein remaining in solution. [0031] As
used herein, the term "preferentially precipitate"
means that a protein or group of proteins are
precipitated to a greater extent than another protein
or group of proteins. For example, in the case of a
mixture of a target protein and contaminating
proteins, the contaminating proteins are
preferentially precipitated with respect to the target
protein when 20% or more of the contaminating proteins
are precipitated, while less than 20% of the target
protein is precipitated. Preferably, a high percentage
of contaminating proteins are precipitated, while a
low percentage of the target protein is precipitated.
In preferred embodiments, 30% ormore of the
contaminating proteins are precipitated, while less
than 30% of the target protein is precipitated; 40% or
more of the contaminating proteins are precipitated,
while less than 40% of the target protein is
precipitated; 50% or more of the contaminating
proteins are precipitated, while less than 50% of the
target protein is precipitated; 60% or more of the
contaminating proteins are precipitated, while less
than 60% of the target protein is precipitated; 70% or
more of the contaminating proteins are precipitated,
while less than 70% of the target protein is 



precipitated; 80% or more of the contaminating
proteins are precipitated, while less than 80% of the
target protein is precipitated; 90% or more of the
contaminating proteins are precipitated, while less
than 90% of the target protein is precipitated; 95% or
more of the contaminating proteins are precipitated,
while less than 95% of the target protein is
precipitated. Preferably, a small percentage of the
target protein is precipitated. For example, less than
60%, less than 50%, less than 40%, less than 30%, less
than 20%, less than 10%, less than 5% or less than 1%
of the target protein is precipitated. [0032] In a
particular embodiment, the total amount of protein in
solution (target protein plus contaminating protein),
prior to carrying out the purification method of the
invention, is from 0.1 to 10 mg/ml. In particular
embodiments, the total amount of protein in solution
prior to carrying out the purification method of the
invention is from 0.1 to 3 mg/ml, 0.3 to 2 mg/ml, 0.5
to 2 mg/ml, 0.5 to 1 mg/ml, 1 to 2 mg/ml, or about 1
mg/ml. [0033] In particular embodiments, the
preferential precipitation of contaminating proteins
is direct, and does not depend, or does not
substantially depend, upon the presence of polyanions.
In another embodiment, the preferential precipitation
of contaminating proteins is direct, and does not
depend, or does not substantially depend, upon the
presence of a solid support. In another embodiment,
the preferential precipitation of contaminating
proteins does not depend, ordoes not substantially
depend, upon the presence of aggregates between
contaminating proteins and other molecules. The
preferential precipitation of contaminating proteins
does not depend or substantially depend upon a
component (e.g., polyanions, solid supports, or
aggregates of contaminating proteins and other
molecules) when, for example, the removal of that
component does not effect or does not substantially
effect, respectively, the preferential precipitation
of contaminating protein. An example of an
insubstantial effect of the removal of a component
would be that the contaminating proteins are
preferentially precipitated both when the component is
present and when it is absent. A further example would
be the contaminating proteins are preferentially
precipitated to the same extent when the component is
present and when it is absent. Preferably, the same or
substantially the same amount of contaminating
proteins are precipitated in the absence or
substantial absence of the component as is in the
presence of the component. [0034] In another
embodiment, the method is performed in the absence of
polyanions or in the absence of substantial amounts of
polyanions. hi another embodiment, the method is
performed in the absence of a solid support or in the
absence of a substantial solid support. In another
embodiment, the method is performed in the absence of
aggregates between contaminating proteins and other
molecules, or in the absence of substantial amounts of
aggregates between contaminating proteins and other
molecules. Preferably, the method is performed in the
absence of or in the absence of substantial amounts of
two or three members of the group consisting of
polyanions; a solid support; and aggregates between
contaminating proteins and other molecules. [0035]
Once provided the method of the invention, it is
routine for one of skill in the art to select the
particular surfactant used and the conditions, e.g.,
pH, temperature, salinity, cationicsurfactant
concentration, total protein concentration, under
which this procedure is accomplished to enhance
efficiency of the purification of a particular target
protein. For example, purifications performed at
differing pH values and surfactant concentrations may
be compared to establish the optimal purification
conditions. Examples of this procedure are provided
below in the Examples section. In a particular
embodiment, the pH of the solution is chosen such that
it is as high as is possible without substantially
reducing the amount of target protein recovered.
[0036] It is a further objective of the invention to
provide a method for determining conditions which
enable efficient purification of target proteins on
the basis of their solubility, as impacted by cationic
surfactants. [0037] An effective amount of cationic
surfactant is an amount of surfactant that causes the
preferential precipitation of contaminating proteins.
In particular embodiments, the effective amount of
surfactant precipitates 40%, 50%, 60%, 70%, 80%, 90%,
95% or 99% of the contaminating proteins. [0038] In an
embodiment of the invention, the cationic surfactant
is added to a concentration of from 0.001% to 5.0%,
preferably the cationic surfactant is added to a
concentration of from 0.01% to 0.5 % and more
preferably, the cationic surfactant is added to a
concentration of from 0.03% to 0.2%. In particular
embodiments, the cationic surfactant is added to a
concentration of from 0.01% to 0.1%, 0.01% to 0.075%,
0.01% to 0.05% or 0.01% to 0.03%. [0039] In an
embodiment of the invention, the above-mentioned
method is accomplished when the cationic surfactant is
an amphipathic ammonium compound. [0040] In a
preferred embodiment, the solubilized target protein
is subjected to further processing after contaminating
proteins have been preferentially precipitated. Such
furtherprocessing can include additional purification
steps, assays for activity or concentration, dialysis,
chromatography (e.g., HPLC, size exclusion
chromatography), electrophoresis, dialysis, etc.
[0041] As used herein, amphipathic ammonium compounds
comprise compounds having 



both cationic and non-polar components with the
general formula of either QN+ or RNH3 +. Q indicates
that the nitrogen is a quaternary ammonium (covalently
bonded to four organic groups which may or may not be
bonded one to another). When organic groups are bonded
one to another, they may form cyclic aliphatic or
aromatic compounds, depending on the electronic
configuration of the bonds between the components
which form the cyclic structure. When the amphipathic
ammonium compound selected has the general formula,
RNH3 +, the compound is a primary amine wherein R is
an aliphatic group. Aliphatic groups are open chain
organic groups. [0042] In an embodiment of the
invention, the selected amphipathic ammonium compound
may form a salt with a halide. Commonly, halide salts
refer to those comprising fluoride, chloride, bromide,
and iodide ions. [0043] In an embodiment of the
invention, the amphipathic ammonium compound has at
least one aliphatic chain having 6-20 carbon atoms,
preferably, the amphipathic ammonium compound has at
least one aliphatic chain having 8-18 carbon atoms.
[0044] In an embodiment of the invention, the selected
amphipathic ammonium compound is selected from the
group consisting of cetyl pyridinium salts,
stearamidemethylpyridinium salts, lauryl pyridinium
salts, cetyl quinolynium salts, lauryl aminopropionic
acid methyl ester salts, lauryl amino propionic acid
metal salts, lauryl dimethyl betaine, stearyl dimethyl
betaine, lauryl dihydroxyethyl betaine and
benzethonium salts. [0045] Amphipathic ammonium
compounds which may be used include, but are not
limited to hexadecylpyridinium chloride dequalinium
acetate, hexadecylpyridinium
chloride,cetyltrimethylammonium chloride, mixed
n-alkyl dimethyl benzylammonium chloride, cetyl
pyridinium chloride (CPC),
N,N-dimethyl-N-[2-[2-[4-(l,l,3,3,-tetramethylbutyl)-
phenoxy]ethoxy] ethyl] benzenemethanammonium chloride,
alkyl-dimethylbenzyl-ammonium chloride, and
dichloro-benzyldimethyl-alkylammonium chloride,
tetradecyl trimethylammonium bromide, dodecyl
trimethylammonium bromide, cetyl trimethylammonium
bromide, lauryl dimethyl betaine stearyl dimethyl
betaine, and lauryl dihydroxyethyl betaine. [0046] In
an embodiment of the invention, the amphipathic
ammonium compound is a cetylpyridinium salt such as
cetylpyridinium chloride. [0047] In an embodiment of
the invention, the mixture containing the desired
protein further comprises cellular components such as
cellular components derived from microorganisms, for
example, bacteria such as E. coli. [0048] In an
embodiment of the invention, the cellular components
are one or more proteins. [0049] In an embodiment of
the invention the target protein may be a recombinant
protein, for example, an enzyme. [0050] The method of
the invention can be used to purify a variety of
proteins. These proteins may include, but are not
limited to antibodies, uricase, interferon-beta, leech
factor X inhibitor, acid deoxyribonuclease II,
elastase, lysozyme, papain, peroxidase, pancreatic
ribonuclease, trypsinogen, trypsin, cytochrome c,
erabutoxin, staphylococcus aureus enterotoxin Cl, and
monoamine oxidase A, and other proteins that are
positively charged under alkaline conditions.[0051] In
an embodiment of the invention the target protein may
be an antibody, receptor, enzyme, transport protein,
hormone, or fragment thereof or a conjugate e.g.,
conjugated to a second protein or a chemical or a
toxin. [0052] Antibodies include but are not limited
to monoclonal, humanized, chimeric, single chain,
bispecific, Fab fragments, F(ab')2 fragments,
fragments produced by a Fab expression library,
anti-idiotypic (anti-Id) antibodies, and
epitope-binding fragments of any of the above, but
with the proviso that at the conditions of the
purification the antibody is positively charged.
[0053] For preparation of monoclonal antibodies, any
technique that provides for the production of antibody
molecules by continuous culture of cell lines may be
used. These include but are not limited to the
hybridoma technique of Kohler and Milstein, ( 1975,
Nature 256, 495- 497; and U.S. Pat. No. 4,376,1 10),
the human B-cell hybridoma technique (Kozbor et al.,
1983, Immunology Today 4, 72; Cole et al., 1983, Proc.
Natl. Acad. Sci. USA 80, 2026-2030), and the
EBV-hybridoma technique to produce human monoclonal
antibodies (Cole et al., 1985, Monoclonal Antibodies
And Cancer Therapy, Alan R. Liss, Inc., pp. 77-96).
[0054] Such antibodies may be used as the basis from
which to clone and thus recombinantly express
individual heavy and light chains. The two chains may
be recombinantly expressed in the same cell or
combined in vitro after separate expression and
purification. Nucleic acids (e.g., on a plasmid
vector) encoding a desired heavy or light chain or
encoding a molecule comprising a desired heavy or
light chain variable domain can be transfected into a
cell expressing a distinct antibody heavy or light
chain or molecule comprising an antibody heavy or
light chain, for expression of a multimeric protein.
Alternatively, heavy chains or molecules comprising
the variable region thereof or a CDR thereof can
optionally be expressed and used 



without the presence of a complementary light chain or
light chain variable region. In otherembodiments, such
antobodies and proteins can be N or C-terminal
modified, e.g., by C-terminal amidation or N-terminal
acetylation. [0055] A chimeric antibody is a molecule
in which different portions are derived from different
animal species, such as those having a variable region
derived from a murine mAb and a human immunoglobulin
constant region. (See, e.g., Cabilly et al, U.S. Pat.
No. 4,816,567; and Boss et al., U.S. Pat. No.
5,816,397.) Techniques for the production of chimeric
antibodies include the splicing the genes from a mouse
antibody molecule of appropriate antigen specificity
together with genes from a human antibody molecule of
appropriate biological activity (see for example,
Morrison, et al., 1984, Proc. Natl. Acad. Sci., 81,
6851-6855; Neuberger, et al., 1984, Nature 312,
604-608; Takeda, et al., 1985, Nature 314, 452-454).
[0056] Humanized antibodies are antibody molecules
from non-human species having one or more
complementarity-determining regions (CDRs) from the
non-human species and framework regions from a human
immunoglobulin molecule. Techniques for the production
of humanized antibodies are secribed for example in
Queen, U.S. Pat. No. 5,585,089 and Winter, U.S. Pat.
No. 5,225,539. The extent of the framework regions and
CDRs have been precisely defined (see, "Sequences of
Proteins of Immunological Interest", Kabat, E. et al.,
U.S. Department of Health and Human Services (1983).
[0057] Single chain antibodies are formed by linking
the heavy and light chain fragments of the Fv region
via an amino acid bridge, resulting in a single chain
polypeptide. Techniques for the production of single
chain antibodies are described for example in U.S.
Pat. 4,946,778; Bird, 1988, Science 242, 423-426;
Huston, et al., 1988, Proc. Natl. Acad. Sci. USA 85,
5879-5883; and Ward, et al., 1989, Nature 334,
544-546).[0058] A bispecific antibody is a genetically
engineered antibody which recognizes two types of
targets e.g. (1) a specific epitope and (2) a
"trigger" molecule e.g. Fc receptors on myeloid cells.
Such bispecific antibodies can be prepared either by
chemical conjugation, hybridoma, or recombinant
molecular biology techniques. [0059] Antibody
fragments include but are not limited to: The F(ab')2
fragments, which can be produced by pepsin digestion
of the antibody molecule and the F(ab') fragments,
which can be generated by reducing the disulfide
bridges of the F(ab')2 fragments. Alternatively, Fab
expression libraries may be constructed (Huse, et al.,
1989, Science 246, 1275-1281) to allow rapid and easy
identification of monoclonal Fab fragments with the
desired specificity. [0060] In an embodiment of the
invention, the protein is uricase. [0061] In another
embodiment of the invention, the uricase is a
mammalian uricase. [0062] In another embodiment of the
invention, the mammalian uricase is a variant
mammalian uricase. [0063] In another embodiment of the
invention, the mammalian uricase is a porcine uricase.
[0064] In another embodiment of the invention, the
variant porcine uricase is designated PKSDN uricase.
[0065] In another embodiment of the invention, the
protein is an antibody. [0066] In another embodiment
of the invention, the antibody is a single chain
antibody. [0067] In another embodiment of the
invention, the protein is an interferon. [0068] In
another embodiment of the invention the interferon is
interferon beta. In a particular embodiment, the
interferon is interferon beta Ib. Nagola, S. et al.,
Nature, 284:316(1980); Goeddel, D. V. et al., Nature,
287:411 (1980); Yelverton, E. et al, Nuc. Acid Res.,
9:731 (1981); Streuli, M. et al., Proc. Nat'l Acad.
Sci. (U.S.), 78:2848 (1981); European Pat. Application
No. 28033, published May 6, 1981; 321134, published
July 15, 1981; 34307 published Aug. 26, 1981; and
Belgian Patent No. 837379, issued July 1, 1981
described various methods for the production of
beta-interferon employing recombinant DNA techniques.
Procedures for recovering and purifying bacterially
produced IFNs are described in U.S. Pat. Nos.
4,450,103; 4,315,852; 4,343,735; and 4,343,736; and
Derynck et al., Nature (1980) 287:193-197 and
Scandella and Romberg, Biochemistry, 10:4447 (1971).
[0069] In a particular embodiment, the target protein
is leech factor Xa. Leech factor Xa may be produced by
any method known to one of skill in the art, such as
the method described in United States Patent No. 6,21
1,341 and International Patent Publication No.
WO94/23735. [0070] In an embodiment of the invention,
the contacting is done for between about 1 minute and
about 48 hours, more preferably from about 10 minutes
to about 24 hours, about 30 minutes to about 12 hours,
about 30 minutes to about 8 hours, about 30 minutes to
about 6 hours, about 30 minutes to about 4 hours,
about 30 minutes to about 2 hours, about 30 minutes to
about 1 hour, or about 1 to about 2 hours. [0071] In
an embodiment of the invention, the contacting is done
at a temperature from about 4C to about 36C; more
preferably from about 4C to about 26C. [0072] The
subject invention also provides use of cationic
surfactant as a single agent for purifying a protein
having an isoelectric point greater than 7 under
alkaline conditions. [0073] The subject invention also
provides a uricase purified under alkaline conditions 



from a mixture by the addition of cetylpyridinium
chloride to the mixture.[0074] In an embodiment of the
invention, the uricase is obtained from a bacterial
cell comprising DNA encoding the uricase by a method
comprising treating the bacterial cell so as to
express the DNA and produce the uricase and recovering
the uricase. [0075] In an embodiment of the invention,
the uricase is recovered from precipitates within the
bacterial cell. [0076] The subject invention also
provides purified uricase for use in preparing a
uricasepolymer conjugate. [0077] The invention also
provides a purified protein having an isoelectric
point greater than 7 obtainable by a method comprising
contacting a mixture containing the protein with an
effective amount of a cationic surfactant under
conditions such that the protein is positively charged
or has an area of positive charge, and recovering the
protein. [0078] The subject invention also provides
use of a cetylpyridinium salt for purifying a protein
having an isoelectric point greater than 7. [0079] As
to the pH, in embodiments where the mixture is
contacted with an effective amount of a cationic
surfactant under conditions such that the target
protein is positively charged, the pH will vary with
the nature of the target protein. However, the pH is
preferably between pH7 and pHl 1; preferred ranges are
from about pH7 and pHIO, pH7 to pH9, pH8 to pHl 1, pH8
to pHIO or pH8 to pH9. EXAMPLES [0080] The examples
which follow are set forth to aid in understanding the
invention but are not intended to and should not be
construed to limit its scope in any way. EXAMPLE 1.
Use of CPC for Purification of Recombinant Mammalian
Uricase1.1. Background [0081] Pharmaceutical grade
uricase must be essentially free of non-uricase
protein. Mammalian uricase (isoelectric point of 8.67)
produced in E. coli accumulated intracellularly in
precipitates similar to organelles referred to as
inclusion bodies (IBs) which can be easily isolated
for further purification. In contrast to the classical
view that IBs contain scrambled/ misfolded expressed
protein, these IB-like elements contain correctly
folded uricase in a precipitated form. Exposure of
uricase IB-like elements to an alkaline pH, e.g.,
about pH 9-1 1, re-dissolved the precipitated protein.
The uricase content in solubilized IB-like elements
was about 40 - 60% and required extensive purification
to obtain a homogeneous uricase preparation. Herein,
we demonstrate purification of uricase and other
protein with CPC that can be assessed by a variety of
methods. For example, mammalian uricase purity can be
assessed by determining the specific activity, the
number of bands which appear following electrophoresis
and staining of SDS-PAGE gels, and the number and size
of peaks which appear in a chromatogram following size
exclusion HPLC. 1.2. MATERIALS AND METHODS 1.2.1. 50
mM NaHCO3 Buffer (pH 10.3) [0082] This buffer was
prepared by dissolving NaHCO3 to a final concentration
of 50 mM. The pH was adjusted t 10.2 -10.4. Depending
on starting pH, 0.1 M HCl or 1N NaOH may be used.
1.2.2. 10% CPC solution [0083] 10% CPC was prepared by
dissolving CPC in distilled water to a final
concentration of 10 gr/ 100ml.1.2.3. Recombinant
porcine uricase expression [0084] Recombinant
mammalian uricase (urate oxidase) was expressed in E.
coli K-12 strain W31 10 F , as described in
International Patent Publication WO00/08196 of Duke
University and United States Patent Provisional
Application No. 60/095,489, incorporated herein by
reference in their entireties. 1.2.4. Culture and
harvest of uricase-producing bacteria [0085] Bacteria
were cultured at 37C in growth medium containing
casein hydrolysate, yeast extract, salts, glucose, and
ammonia. [0086] Following culture, bacteria in which
uricase accumulated were harvested by centrifugation
and washed with water to remove residual culture
medium. 1.2.5. Cell disruption and recovery [0087]
Harvested cell pellet was suspended in 50 mM Tris
buffer, pH 8.0 and 10 mM EDTA and brought to a final
volume of approximately 20 times the dry cell weight
(DCW). Lysozyme, at a concentration of 2000-3000
units/ml, was added to the suspended pellet while
mixing, and incubated for 16-20 hours, at 4 - 8C.
[0088] The cell lysate was treated by high shear
mixing and subsequently by sonication. The suspension
was diluted with an equal volume of deionized water
and centrifuged. The pellet, containing uricase
inclusion bodies, was diluted with deionized water
(w/w) and centrifuged to further remove impurities.
The pellet obtained from this last wash step was saved
for further processing, and the supernatant was
discarded. 1.2.6. Dissolution[0089] The inclusion body
(IB) pellet was suspended in 50 niM NaHCO3 buffer, pH 



10.3+0.1. The suspension was incubated at a
temperature of 25+2C for about 0.5 - 2 hours to allow
solubilization of the IB-derived uricase. 1.2.7. CPC
treatment [0090] 10% CPC solution was added in
aliquots to homogenized IBs (pH 10.3), while briskly
mixing, to obtain the desired CPC concentration. The
sample was incubated for 1 to 24 hours as indicated,
during which precipitating flakes formed. The sample
was centrifuged for 15 minutes, at 12,000 x g. The
pellet and supernatant were separated, and the pellet
was suspended with 50 mM NaHCO3 buffer (pH 10.3) to
the original volume. The enzymatic activity of each
fraction was determined, and the fractions were
concentrated and dialyzed to remove the remaining CPC.
1.2.8. Protein assay [0091] The protein content of
aliquots of treated and untreated IB samples was
determined using the modified Bradford method (Macart
and Gerbaut (1982) Clin Chim Acta 122:93-101). 1.2.9.
Uricase assay 1.2.9.1. Enzymatic activity [0092]
Activity of uricase was measured by the UV method
(Fridovich, I . (1965) The competitive inhibition of
uricase by oxonate and by related derivatives of
s-triazines. J Biol Chem, 240, 2491-2494; modified by
incorporation of lmg/ml BSA). Enzymatic reaction rate
was determined, in duplicate samples, by measuring the
decrease in absorbance at 292 nm resulting from the
oxidation of uric acid to allantoin. One activity unit
is defined as the quantityof uricase required to
oxidize one mmole of uric acid per minute, at 25C, at
the specified conditions. Uricase potency is expressed
in activity units per mg protein (U/mg). [0093] The
extinction coefficient of 1 niM uric acid at 292 nm in
a 1 cm path length is 12.2. Therefore, oxidation of 1
mmole of uric acid per ml reaction mixture results in
a decrease in absorbance of 12.2 HiA 2. The absorbance
change with time (DA292 per minute) was derived from
the linear portion of the curve. Uricase activity was
then calculated as follows: DA292nm (AU/min) x DF x
VRM Activity (U/ml)= Vs x 12.2 Where:DF = Dilution
factor; VRM= Total volume of reaction mixture (in ml)
Vs = Volume of diluted sample used in reaction mixture
(in ml) 1.2.9.2. HPLC analysis with Superdex 200
[0094] The amount and the relative percentage of the
native uricase enzyme, as well as possible
contaminants, were quantified according to the elution
profile obtained by HPLC using a Superdex 200 column.
Duplicate samples of uricase solution were injected
into the column. The areas of each peak and the
percent of total area were automatically calculated
and summarized in the adjacent tables. 1.2.10.
SDS-PAGE analysis [0095] Proteins in samples
containing ~20 Dg protein/ lane, were separated on 15%
SDS-PAGE gels. The resulting gels were stained with
Coomassie brilliant blue. 1.3. RESULTS [0096] The
effects of CPC (0.005 - 0.075%) treatment (for 1 - 24
hours) on uricase activity recovered in the
supernatant, and its purity are presented in Table 1
and FIG 1. Prior toCPC treatment (at pH 10.3), the
protein concentration was 1.95 mg/ml, and the specific
enzymatic activity was 3.4 - 4.67 U/mg. The results
presented in FIG. IB indicate that within each
incubation period, the protein concentration of the
supernatant decreased with increasing CPC
concentration. At less than 0.04% CPC, a relatively
minor effect on the protein concentration was
observed. CPC, in concentrations of 0.04% to 0.075%,
could reduce the protein concentration to about 50% of
the original concentration. [0097] In contrast to the
effects of CPC on total protein concentration, the
total soluble uricase activity was not significantly
influenced by increasing CPC concentration and
incubation time (FIG. IA). Within each incubation
period, the specific enzymatic activity (FIG. 1C)
consistently increased as a function of CPC
concentration within the range 0.04% - 0.075%. This
increase was a result of specific removal of
non-uricase proteins. Since the specific enzymatic
activity of the final purified enzyme was
approximately 9 U/mg, the majority of contaminating
proteins were removed by CPC precipitation. Indeed,
HPLC and SDS-PAGE analyses performed support this
conclusion. TABLE 1. EFFECT OF CPC EXPOSURE ON URICASE
SPECIFIC ACTIVITY AND PURITY1.4. Confirmation Of CPC
enhancement Of uricase purity [0098]
Uricase-containing IBs were isolated and solubilized,
as described in section 1.3. Samples of the soluble
material were analyzed prior to CPC treatment and
following filtration of the CPC-precipitated protein.
1.4.1. HPLC analysis of non-uricase proteins following
treatment with 0.075% CPC 



[0099] HPLC analysis of solubilized IBs indicated that
the uricase-associated peak (retention time (RT) -25.5
minutes) comprises about 46% of the protein of the
crude IB sample (FIG 2A). Following CPC treatment, the
uricase-associated peak increased to approximately 92%
of the protein (FIG 2B), and was accompanied by
significant reduction of the contaminants eluting
between RT 15 - 22 min. (FIG 2A). The area of the
uricase peak is approximately 70% of that in FIG 2A.
Thus, these results indicate a doubling of uricase
purity resulting from removal of non-uricase protein
upon CPC treatment. 1.4.2. Effect of 0.075% CPC on
enzymatic activity [0100] The results (presented in
Table 2) indicate that mass balance of uricase
activity was retained during the treatment process.
CPC exposure was found to precipitate 60% of all
proteins in solution. More than 85% of the enzymatic
activity remained in solution, thus the removal of
extraneous protein afforded an increase in specific
activity of the produced supernatant of more than
110%. As in most purification processes, some of the
desired activityremained in the pellet. In this
instance, only 17.6% of the original activity remained
in the pellet (and was extracted using 50 mM sodium
bicarbonate (7 mSi, pH 10.3) for analytical purposes),
which is a relatively minor fraction of the total
amount. TABLE 2. EFFECT OF CPC TREATMENT ON URICASE
ACTIVITY 1.4.3. SDS-PAGE Analysis Following Treatment
with 0.075% CPC [0101] Samples of the crude uricase,
prior to exposure to CPC, and of the subsequent
fractions, following separation of soluble and
insoluble material, following CPC treatment,
centrifugal separation of the fractions, and
reconstitution of the pellet obtained after
centrifugation, containing equal amounts of protein
were analyzed by SDS-PAGE methodology. The results
(see FIG. 3) show the presence of contaminating
proteins prior to CPC treatment. Following CPC
treatment, the pellet contained most of the
contaminating proteins, while the supernatant
contained uricase that resulted in the single major
protein band. EXAMPLE 2. Effect of CPC on Purification
of Single Chain (scFv) Antibodies 2.1. MATERIALS AND
METHODS 2.1.1. Buffers 2.1.1.1. Inclusion body
dissolution buffer [0102] Dissolution buffer contained
6 M urea, 50 mM Tris, 1mM EDTA, and 0.1 M cysteine.
The pH of the buffer was titrated to 8.5.2.1.1.2.
Folding buffer [0103] Folding buffer contained 1M
urea, 0.25 rnM NaCl, 1 niM EDTA, and 0.1 M cysteine.
The pH of the buffer was titrated to 10.0. 2.1.2.
Expression of scFv Antibodies in Bacteria [0104] ScFv
antibodies (pi 8.9) were expressed in E. coli
transformed with a vector encoding a scFv having
cysteine-lysine-alanine-lysine at the carboxyl end as
described in PCT Publication WO 02/059264,
incorporated herein by reference in its entirety.
2.1.3. Culture and Harvest of scFv Antibody-Producing
Bacteria [0105] ScFv-containing bacterial cells were
cultured in minimal medium, at pH 7.2, and
supplemented with L-arginine, final concentration
0.5%, during the five hour period prior to induction.
Expression of scFv was induced by limitation of
glucose amount in the medium. ScFv-containing
bacterial cells were harvested from culture by ultra
filtration. 2.1.4. Cell disruption and recovery of
inclusion bodies [0106] Harvested cell pellet was
suspended in 50 mM Tris buffer, pH 8.0 and 10 mM EDTA
and brought to a final volume of approximately 20
times the dry cell weight (DCW). Lysozyme, at a
concentration of 2000-3000 units/ml, was added to the
suspended pellet while mixing, then incubated for
16-20 hours, at 4 C. [0107] The cell lysate was then
treated by high shear mixing and subsequently by
sonication. The scFv antibody-containing inclusion
bodies were recovered by centrifugation at 10,000 x g.
The pellet was diluted approximately sixteen fold with
deionized water (w/w) and centrifuged to further
remove impurities. The pellet obtained from this last
wash step was saved for further processing. 2.1.5.
Dissolution and refolding[0108] The IB-enriched pellet
was suspended in inclusion body dissolution buffer
(see above), incubated for 5 hours at room
temperature, and refolded in vitro in a solution based
on arginine/oxidized glutathione. After refolding, the
protein was dialyzed and concentrated by tangential
flow filtration against containing urea/phosphate
buffer. 2.1.6. CPC treatment [0109] 10% CPC solution
was added to the scFv refolding mixture to a final
concentration of 0.02%, and after 1- 2 hr incubation,
at room temperature, the precipitate was removed by
filtration. The supernatant contained the scFv
antibody. 2.2. RESULTS 2.2.1. Effect of CPC
concentration on recoverable scFv antibody [0110] The
effects of CPC (at pH 7.5 or 10) on scFv antibody
purity and recovery are presented in Table 3. Prior to
CPC treatment, the initial amount of IB protein was 73
mg, 



containing 15.87 mg scFv antibody as determined by
HPLC analysis on Superdex 75. The retention time (RT)
of the scFv antibody-containing peaks was
approximately 20.6 minutes. The results indicate that
recovery of total protein generally decreased with
increasing CPC concentration, and recovery of scFv
antibody remained >80% when the CPC concentration was
<0.03%. More efficient removal of contaminating
protein was achieved at pH 7.5 relative to that at pH
10. Thus, scFv antibody purification was achieved by
treatment with 0.01 to 0.03% CPC.Table 3. Effect of
CPC treatment on scFv antibody recovery and purity
2.3. CONFIRMATION OF CPC ENHANCMENT OF scFv ANTIBODY
PURITY 2.3.1. HPLC analysis of scFv recovery following
treatment with CPC [0111] HPLC analysis of refolded
protein indicates that the scFv antibody-associated
peak (retention time (RT) -20.6 minutes) comprised
about 22.7% of the protein of the total protein (FIG
4B). The chromatogram of FIG 4C indicates that
following treatment with 0.02% CPC, the scFv
antibody-associated peak of the supernatant comprised
approximately 75.9% of the total protein injected, a
3.3-fold purification. Thus, CPC treatment removed
protein impurities from scFv antibody solutions.
2.3.2. SDS-PAGE analysis on scFv recovery following
treatment with CPC [0112] The results (see FIG. 5)
indicate that prior to CPC treatment, the sample
contained significant amounts of a large number of
proteins. Similarly, following CPC treatment, the
pelletcontained a large number of proteins. In
contrast, the post-CPC treatment supernatant contained
one major protein band, that of scFv antibody. EXAMPLE
3. Effect of CPC on purification of recombinant
interferon-beta [0113] Interferon beta (IFN-beta, pi
8.5-8.9) was expressed in E-coli by known methods.
Nagola, S. et al., Nature, 284:316 (1980); Goeddel, D.
V. et al, Nature, 287:41 1 (1980); Yelverton, E. et
al., Nuc. Acid Res., 9:731 (1981); Streuli, M. et al.,
Proc. Natl Acad. Sci. (U.S.), 78:2848 (1981); European
Pat. Application No. 28033, published May 6, 1981; 321
134, published July 15, 1981; 34307 published Aug. 26,
1981; and Belgian Patent No. 837379, issued July 1,
1981 described various methods for the production of
beta-interferon employing recombinant DNA techniques.
Procedures for recovering and purifying bacterially
produced IFNs are described in U.S. Pat. Nos.
4,450,103; 4,315,852; 4,343,735; and 4,343,736; and
Derynck et al., Nature (1980) 287:193-197 and
Scandella and Kornberg, Biochemistry, 10:4447 (1971).
Inclusion bodies containing IFN-beta were isolated and
solubilized. [0114] The resulting solution was treated
with CPC. The results shown in Figure 6 indicate a
substantial decrease in the level of contaminating
proteins present after CPC treatment. The actual
amount of IFN-beta (area under the peak) did not
change appreciably following CPC treatment. [0115]
Table 4 summarizes the effects of the CPC treatment.
Total protein (Bradford) decreased by 40%, UV
absorbance decreased by about 40% but the amount of
IFN-beta remained unchanged.TABLE 4. a Quantified by
Vydac C4 column b The SEC profile contained several
peaks. The peak eluting at 13 min (RT. 13 min) is
reduced upon treatment with CPC and corresponds to the
region where high molecular weight proteins and
variants thereof elute. EXAMPLE 4. Effect of CPC on
purification of factor Xa inhibitor. [0116] CPC was
used to purify leech factor Xa inhibitor. Leech factor
Xa inhibitor (FXaI, pi 8.4-9. 1) may be produced as
described in United States Patent No. 6,21 1,341 and
International Patent Publication No. WO94/23735.
Following isolation of FXal-containing inclusion
bodies (IBs), the FXaI was purified from IBs
substantially as described in example 1. After
dissolution of the IB pellet, the preparation was
incubated with 10% CPC solution. Then, the mixture was
centrifuged for 15 minutes, at 12,000 x g. The pellet
and supernatant were separated. The pellet was
suspended with 50 rnM NaHCO3 buffer to the original
volume. The pellet and supernatant were separately
concentrated and dialyzed to remove the remaining CPC.
The protein content and activity were assayed and FXaI
was found to be the predominant component in the
supernatant and substantially absent from the pellet.
The results indicate that CPC treatment enhanced the
efficiency of recovery and the purity of the recovered
FXaI. EXAMPLE 5. Purification of carboxypeptidase B
(CPB) by CPC[0117] Identical amounts of inclusion
bodies obtained from a clone expressing CPB were
solubilized in 8M urea, pH 9.5 (control and test).
Production of CPB is described in International Patent
Publication No. WO96/23064 and in United States Patent
No. 5,948,668. The test sample was treated with CPC
0.1 1% and clarified by filtration prior to refolding.
Refolding of control and test samples were carried out
by diluting the solutions 1:8 into refolding buffer.
After treatment with endoproteinase over night at
ambient temperature, equal amounts of control and test
solutions were loaded onto a DEAE Sepharose column.
The column was washed and the active enzyme was
subsequently eluted with 60 mM Sodium Chloride in 20
mM Tris buffer pH 8. TABLE 5. (*) Protein
determination was carried out by the Bradford method. 



(**) Prior to refolding the protein was inactive
[0118] The results presented in Table 5 show that
total OD in the CPC treated material dropped by 49.5%
and the total protein content was reduced by 44.5%.
Interestingly, totalenzyme activity recovered in the
CPC treated sample increased by 79%, suggesting that
CPC removed a component that partially inhibited
generation of active enzyme. [0119] All references
cited herein are incorporated herein by reference in
their entirety and for all purposes to the same extent
as if each individual publication or patent or patent
application was specifically and individually
indicated to be incorporated by reference in its
entirety for all purposes. [0120] Many modifications
and variations of the present invention can be made
without departing from its spirit and scope, as will
be apparent to those skilled in the art. The specific
embodiments described herein are offered by way of
example only, and the invention is to be limited only
by the terms of the appended claims along with the
full scope of equivalents to which such claims are
entitled.We claim: 1. A method for purifying a target
protein comprising identifying a target protein and
contacting a solution comprising the solubilized
target protein and one or more solubilized
contaminating proteins with one or more cationic
surfactants in an amount effective to selectively
precipitate the one or more contaminating proteins. 2.
The method of claim 1, further comprising the step of
recovering the solubilized target protein. 3. The
method of claim 1 wherein at least one of the one or
more cationic surfactants is an amphipathic ammonium
compound. 4. The method of claim 3 wherein the
amphipathic ammonium compound is selected from the
group consisting of quaternary ammonium compounds of
the general formula QN+; paraffin chain primary
ammonium compounds of the general formula RNH3 +; and
salts thereof. 5. The method of claim 4 wherein the
amphipathic ammonium compound is selected from the
group consisting of cetyl pyridinium salts,
stearamide-methylpyridinium salts, lauryl pyridinium
salts, cetyl quinolynium salts, lauryl aminopropionic
acid methyl ester salts, lauryl amino propionic acid
metal salts, lauryl dimethyl betaine, stearyl dimethyl
betaine, lauryl dihydroxyethyl betaine and
benzethonium salts. 6. The method of claim 5 wherein
the amphipathic ammonium compound is selected from
hexadecylpyridinium chloride, dequalinium acetate,
hexadecylpyridinium chloride, cetyltrimethylammonium
chloride, mixed n-alkyl dimethyl benzylammonium
chloride, cetylpyridinium chloride,
N,N-dimethyl-N-[2-[2-[4-(l,l,3,3,-tetramethylbutyl)-
phenoxy]ethoxy] ethyl] benzenemethanammonium chloride,
alkyl-dimethylbenzyl-ammonium chloride, and
dichloro-benzyldimethyl-alkylammonium chloride,
tetradecyl trimethylammoniumbromide, dodecyl
trimethylammonium bromide, cetyl trimethylammonium
bromide, lauryl dimethyl betaine stearyl dimethyl
betaine, and lauryl dihydroxyethyl betaine. 7. The
method of claim 5 wherein the amphipathic ammonium
compound is a cetylpyridinium salt. 8. The method of
claim 7 wherein the cetyl pyridinium salt is a halide
salt. 9. The method of claim 8 wherein the cetyl
pyridinium halide salt is cetylpyridinium chloride.
10. The method of claim 9 wherein the amphipathic
ammonium compound has at least one aliphatic chain
having 6-20 carbon atoms. 11. The method of claim 10
wherein the aliphatic chain has 8-18 carbon atoms. 12.
The method of claim 1 wherein the solution further
comprises one or more cellular components. 13. The
method of claim 12 wherein the one or more cellular
components are derived from a microorganism. 14. The
method of claim 13 wherein the microorganism is a
bacteria. 15. The method of claim 14 wherein the
bacteria is E. coli. 16. The method of claim 12
wherein the one or more cellular components are one or
more proteins. 17. The method of claim 1 wherein the
target protein is a recombinant protein. 18. The
method of claim 17 wherein the recombinant protein is
an enzyme. 19. The method of claim 17 wherein the
target protein is selected from the group consisting
of an antibody, a uricase, an interferon-beta, a
factor X inhibitor, an acid deoxyribonuclease II, an
elastase, a lysozyme, a papain, a peroxidase, a
pancreatic ribonuclease, a trypsinogen, atrypsin, a
cytochrome c, an erabutoxin, staphylococcus aureus
enterotoxin Cl, an interferon and a monoamine oxidase
A. 20. The method of claim 19 wherein the target
protein is a uricase. 21. The method of claim 20
wherein the uricase is a mammalian uricase. 22. The
method of claim 2 1 wherein the mammalian uricase is a
porcine uricase. 23. The method of claim 17 wherein
the target protein is an antibody. 



24. The method of claim 23 wherein the antibody is a
single chain antibody. 25. The method of claim 17
wherein the target protein is an interferon. 26. The
method of claim 25 wherein the interferon is an
interferon beta. 27. The method of claim 1 wherein the
one or more cationic surfactants are added to a
concentration of from 0.001% to 5.0%. 28. The method
of claim 27 wherein the one or more cationic
surfactants are added to a concentration of from 0.01%
to 0.5%. 29. The method of claim 27 wherein the one or
more cationic surfactants are added to a concentration
of from 0.03% to 0.2%. 30. The method of claim 1,
wherein the contacting is done for from 5 minutes to
48 hours. 31. The method of claim 30, wherein the
contacting is done from 10 minutes to 24 hours. 32.
The method of claim 1, wherein the contacting is done
at a temperature of from 4C to 360C. 33. The method of
claim 32, wherein the contacting is done at a
temperature of from 4C to 26C. 34. The method of claim
1, wherein the solution is substantially free of
polyanions. 35. The method of claim 1, wherein the
solution is substantially free of solid supports.36.
The method of claim 1, wherein the solution is
substantially free of aggregates of the contaminating
proteins with other molecules. 37. The method of claim
1, wherein the solution is substantially free of
polyanions; solid supports and aggregates of the
contaminating proteins with other molecules. 38. The
method of claim 35, 36 or 37, wherein the cationic
surfactant is a cetylpyridinium salt. 39. The method
of claim 37, 38 or 39, wherein the cetylpyridinium
salt is cetylpyridinium chloride. 40. The method of
claim 1, wherein the target protein has an isoelectric
point greater than or equal to 7. 4 1. A purified
protein prepared according to the method of claim 1.
42. A purified uricase prepared according to the
method of claim 1. 43. The uricase of claim 42 wherein
the uricase is a mammalian uricase. 44. The uricase of
claim 43 wherein the mammalian uricase is a porcine
uricase. 45. The uricase of claim 42, wherein the
uricase is from a bacterial cell, wherein the
bacterial cell comprises DNA encoding the uricase and
the DNA is expressed to produce the uricase. 46. The
uricase of claim 45 wherein the uricase is recovered
from inclusion bodies produced by the bacterial cell.
47. A method for purifying a target protein comprising
the steps of: a. identifying a target protein; b.
contacting a solution comprising solubilized target
protein and one or more solubilized contaminating
proteins with one or more cationic surfactants in
anamount effective to selectively precipitate the one
or more contaminating proteins; and c. recovering the
soluble target protein. 48. A method of increasing the
percentage of a target protein in a solution of
proteins comprising the steps of a. obtaining a
solution of a plurality of proteins, wherein the
proteins in solution comprise the target protein and
contaminating proteins, and the target protein
comprises a first percentage by weight of the total
protein in the solution; b. contacting the solution
with one or more cationic surfactants in an amount
effective to selectively precipitate the contaminating
proteins; wherein the target protein in the solution
of step b comprises a second percentage by weight of
the total protein, and the second percentage is
greater than the first percentage. 


