
RELEASABLE POLYMERIC CONJUGATES BASED ON ALIPHATIC
BIODEGRADABLE LINKERS Cross-Reference to related
Applications This application is a
continuation-in-part (CIP) of US Patent Application
Serial No. 10/449,849 filed May 30, 2003 and US Patent
Application Serial No. 10/218,167 filed August 13,
2002, the contents of each of which are incorporated
herein by reference. FIELD OF THE INVENTION The
present invention relates to releasable polymers which
are useful in extending the in vivo circulating life
of biologically active materials. The invention also
relates to conjugates made with the polymers.
BACKGROUND OF THE INVENTION Some of the initial
concepts of coupling peptides or polypeptides to
poly(ethylene glycol) PEG and similar water-soluble
poly(alkylene oxides) are disclosed in U.S. Pat No.
4,179,337, the disclosure of which is incorporated
herein by reference. Polypeptides modified with these
polymers exhibit reduced immunogenicity/antigenicity
and circulate in the bloodstream longer than
unmodified versions. To conjugate poly(alkylene
oxides), one of the hydroxyl end-groups is converted
into a reactive functional group. This process is
frequently referred to as "activation" and the product
is called an "activated poly(alkylene oxide)". Other
substantially non-antigenic polymers are similarly
"activated" or functionalized. The activated polymers
are reacted with a therapeutic agent having
nucleophilic functional groups that serve as
attachment sites. One nucleophilic functional group
commonly used as an attachment site is the e-amino
groups of lysines. Free carboxylic acid groups,
suitably activated carbonyl groups, oxidized
carbohydrate moieties and mercapto groups have also
been used as attachment sites. Insulin and hemoglobin
were among the first therapeutic agents conjugated.
These relatively large polypeptides contain several
free e-amino attachment sites. A sufficient number of
polymers could be attached to reduce immunogeniciry
and increase the circulating life without significant
loss of biologic activity.Excessive polymer
conjugation and/or conjugation involving a therapeutic
moiety's active site where groups associated with
bioactivity are found, however, often result in loss
of activity and thus therapeutic usefulness. This is
often the case with lower molecular weight peptides
which have few attachment sites not associated with
bioactivity. Many non-peptide therapeutics also lack a
sufficient number of attachment sites to obtain the
benefit of polymeric modification. 



One suggestion for overcoming the problems discussed
above is to use longer, higher molecular weight
polymers. Depending on the molecular weight desired,
these materials, however, can be difficult to prepare
and expensive to use. Further, they sometimes provide
little improvement over more readily available
polymers. Another alternative suggested is to attach
two strands of polymer via a triazine ring to amino
groups of a protein. See, for example, Enzyme, 26,
49-53 (1981) and Proc. Soc. Exper. Biol. Med., 188,
364-9 (1988). Triazine, however, is atoxic substance
which is difficult to reduce to acceptable levels
after conjugation. In addition, triazine is a planar
group and can only be double-polymer substituted. The
planar structure rigidly locks the two polymer chains
in place. This limits the benefits of polymer
conjugation to about the same as that obtained by
increasing polymer chain length. Thus,
non-triazine-based activated polymers would offer
substantial benefits to the art. hi the
above-mentioned cases, however, the biologically
active polymer conjugates were formed having
substantially hydrolysis-resistant bonds (linkages)
between the polymer and the parent biologically-active
moiety. Thus, long-lasting conjugates which are
permanently linked rather than prodrugs per se (where
the parent molecule is eventually liberated in vivo)
were prepared. Commonly assigned U.S. Pat. Nos.
5,643,575, 5,919,455 and 6,1 13,906 disclose
additional improvements relating to multiple-strands
of PEG sharing a common point of attachment to a
nucleophile via an aliphatic linker. Unlike the
earlier triazine-based branched polymer conjugates,
the aliphatic linkers allow the artisan to avoid the
toxicities of triazine as well as provide other useful
advantages. Li addition, over the years, several
methods of preparing prodrugs have also been
suggested. Prodrugs include chemical derivatives of a
biologically-active parentcompound which, upon
administration, will eventually liberate the active
parent compound in vivo. Use of prodrugs allows the
artisan to modify the onset and/or duration of action
of a biologically-active compound in vivo. Prodrugs
are often biologically inert or substantially inactive
forms of the parent or active compound. The rate of
release of the active drug is influenced by several
factors including the rate of hydrolysis of the linker
which joins the parent biologically active compound to
the prodrug carrier. Some prodrugs based on ester or
phosphate linkages have been reported, hi most cases,
the particular type of ester linkage used to form the
prodrug provides ti/2 for hydrolysis of up to several
days in aqueous environments. Although one would
expect a prodrug to have been formed, most of the
conjugate is eliminated prior to sufficient hydrolysis
being achieved in vivo. It would therefore be
preferable to provide prodrugs 



which have a linkage which allows more rapid
hydrolysis of the polymer-drug linkage in vivo so as
to generate the parent drug compound more rapidly.
Prodrugs based on amide or carbamate linkages have
also been reported hi general, amide bonds are known
to be highly resistant to hydrolysis. However, it has
recently been found that the C-terminal amides of
e-aniino acids are readily hydrolyzed at 250C and pH
7.4 when the N-terminus is N-hydroxyethylated with one
or two hydroxyethyl groups. Bis N-2-hydroxyethyl
glycine (bicine) type molecules are key to such
hydrolysis reactions. Such bicine type groups have
recently been employed in the synthesis of prodrugs,
see commonly assigned U.S. Patent Applications
10/218,167 and 10/449,849. There is still room for
improvement in the area of prodrug design. The present
invention provides such an improvement.SUMMARY OF THE
INVENTION In one aspect of the invention, compounds of
Formula (I) are provided: wherein: R1 is selected from
the group consisting of substantially non-antigenic
polymer residues, C1-6 alkyls, C2-6 alkenyl, C2-6
alkynyl, aralkyls, and teiininal branching groups; Z
and Z' are the same or different and are independently
selected from among moieties actively transported into
a target cell, hydrophobic moieties, bifunctional
linking moieties and combinations thereof; Y1-3 maybe
the same or different and are selected from among O, S
or NR11; L1 and L3 are independently bifunctional
linkers; R3-R11 R24 and R25 may be the same or
different and are selected from the group consisting
of hydrogen, C1-6 alkyls, C2-6 alkenyl, C2-6 alkynyl,
C3-1 branched alkyls, C3-8 cycloalkyls, C1-6
substituted alkyls, C2-6 substituted alkenyls, C2-6
substituted alkynyls, C3-8 substituted cycloalkyls,
aryls, substituted aryls, aralkyls, C1-6 heteroalkyls,
substituted C1-6 heteroalkyls, C1-6 alkoxy, phenoxy
and C1-6 heteroalkoxy; L is selected from: -C(O)(CR
30R3 1)Y15(CR32R33)C(O)NR 35- Or -C(O)(CR30R3
1)(CR32R33)C(O)NR 35- wherein: Y15 is selected from O,
S, NR34 or CH2 and R3O-35 may be the same or different
and are selected from H, alkyl, alkenyl, alkynyl,
heteroalkyl or aryl;A and A' may be the same or
different and are independently selected from among
alkyl groups, leaving groups, functional groups,
diagnostic agents, targeting moieties, biologically
active moieties and OH; a, g, e, may be the same or
different and are independently 0 or a positive 



integer from about 1 to about 5, preferably 0 or 1; b,
c, d and d' may be the same or different and are
independently 0 or 1, and m, n, o, and p may be the
same or different and are independently a positive
integer from about 1 to about 6, provided that (a + e)
is equal to or greater than 1. Another aspect of the
invention includes bifunctional compounds that are
formed when R1 is a polymeric residue which includes
both an alpha and omega terminal linking group. In
this aspect of the invention, the artisan is capable
of attaching two equivalents of a biologically active
agent drug, protein, polypeptide, oligonucleotide,
diagnostic agent etc. to the polymeric (preferably
PEG) bicine system. An example of such a bifunctional
polymer conjugate is illustrated below as formula
(II): (p) wherein, Y 4 Z and Z' are independently
bifunctional linking groups or - 5 ; wherein, Y4 is O,
S or NR1 1 and L5 is a bifunctional linker, and all
other variables are as described above. Methods of
preparing the compounds of the present invention and
methods of treatment using the same are also
provided.For purposes of the present invention, the
term "residue" shall be understood to mean that
portion of a compound, to which it refers, that
remains after it has undergone a substitution reaction
in which the polymeric prodrug carrier portion has
been attached. For purposes of the present invention,
the term "polymeric residue" or "PEG residue" shall
each be understood to mean that portion of the polymer
or PEG which remains after it has undergone a reaction
with a biologically active compound. For purposes of
the present invention, the term "alkyl" shall be
understood to include straight, branched, substituted,
e.g. halo-, alkoxy-, nitro-, C1_n alkyls, C3 8
cycloalkyls or substituted cycloalkyls, etc. For
purposes of the present invention, the term
"substituted" shall be understood to include adding or
replacing one or more atoms contained within a
functional group or compound with one or more
different atoms. For purposes of the present
invention, substituted alkyls include carboxyalkyls,
aminoalkyls, dialkylaminos, hydroxyalkyls and
mercaptoalkyls; substituted alkenyls include
carboxyalkenyls, aminoalkenyls, dialkenylaminos,
hydroxyalkenyls and mercaptoalkenyls; substituted
alkynyls include carboxyalkynyls, aminoalkynyls,
dialkynylaminos, hydroxyalkynyls and mercaptoalkynyls;
substituted cycloalkyls 



include moieties such as 4-chlorocyclohexyl; aryls
include moieties such as napthyl; substituted aryls
include moieties such as 3-bromo-phenyl; aralkyls
include moieties such as toluyl; heteroalkyls include
moieties such as ethylthiophene; substituted
heteroalkyls include moieties such as
3-methoxy-thiophene; alkoxy includes moieties such as
methoxy; and phenoxy includes moieties such as
3-nitrorhenoxy. Halo- shall be understood to include
fluoro, chloro, iodo and bromo. The term "sufficient
amounts" for purposes of the present invention shall
mean an amount which achieves a therapeutic effect as
such effect is understood by those of ordinary skill
in the art. For purposes of the present invention,
"effectively non-antigenic" and "substantially
non-antigenic" shall be understood to include all
polymeric materials understood in the art as being
substantially non-toxic and not eliciting an
appreciable immune response in mammals. For purposes
of the present invention, a "positive integer" shall
be understood tomean a positive whole number,
preferably from about 1 to 6 and more preferably 1 or
2. One chief advantage of the present invention is
that the bicine linker allows for the manipulation of
the hydrolysis rate of the prodrug, thereby releasing
the native entities at various rates in vivo as well
as in vitro. For example, various bifunctional
moieties, including amino acid or short peptide
residues can be included as part of any OfL1-3 to
modulate the rate of hydrolysis of the prodrug and/or
cellular uptake, etc. in vivo and in vitro. Another
advantage of this invention is that by attaching the
polymer moiety to only one arm of the bicine system,
the conjugation process is cleaner and faster. A
further advantage of this invention is that the
metabolic profile is improved due to little or no
formation of impurities or by-products during
hydrolysis. This lack of impurity formation also leads
to easier purification. Still another advantage of
this invention is that one has the ability to attach
both a targeting moiety as well as a biologically
active moiety i.e. a drug, to the same polymer
platform thereby increasing the potential of having
enhanced therapeutic efficacy. Another advantage of
the invention is that the target compounds delivered
via this novel polymeric transport system often
demonstrate a measurable increase in aqueous
solubility and circulating life in vivo especially in
the case of small molecules. BRIEF DESCRIPTION OF THE
DRAWINGS Figures 1-5 schematically illustrate methods
of forming compounds of the present invention which
are described in the detailed description and
examples. DETAILED DESCRIPTION OF THE INVENTION 



A. FORMULA (T) In one embodiment of the invention,
there are provided compounds of formula (I):(I)
wherein: R1 is selected from the group consisting of
substantially non-antigenic polymer residues, C1-6
alkyls, C2-6 alkenyl, C2-6 alkynyl, aralkyls, and
terminal branching groups; Z and Z' are the same or
different and are independently selected from among
moieties actively transported into a target cell,
hydrophobic moieties, bifuiictional linking moieties
and combinations thereof; Y1-3 may be the same or
different and are selected from among O, S or NR 1; L1
and L3 are independently bifunctional linkers; R3-R11
R24 and R25 may be the same or different and are
selected from the group consisting of hydrogen, C1-6
alkyls, C2-6 alkenyl, C2-6 alkynyl, C3-1 branched
alkyls, C3-8 cycloalkyls, C1-6 substituted alkyls,
C2-6 substituted alkenyls, C2-6 substituted alkynyls,
C3-8 substituted cycloalkyls, aryls, substituted
aryls, aralkyls, C1-6 heteroalkyls, substituted C1-6
heteroalkyls, C1-6 alkoxy, phenoxy and C1-6
heteroalkoxy; L2 is selected from: -C(O)(CR 30R3
1)Y15(CR32R33)C(O)NR 35- Or -C(O)(CR30R3
1)(CR32R33)C(O)NR 35- wherein: Y15 is selected from O,
S, NR34 or CH , and R30-35 may be the same or
different and are selected from H, alkyl, alkenyl,
alkynyl, heteroalkyl or aryl;A and A' are the same or
different and are independently selected from among
alkyl groups, leaving groups, functional groups,
diagnostic agents, targeting moieties, biologically
active moieties and OH; a, g, e, may be the same or
different and are independently 0 or a positive
integer from about 1 to about 5, preferably 0 or 1; b,
c, d and d' are independently 0 or 1, and m, n, o, and
p are independently positive integers, provided that
(a + e) is equal to or greater than 1. hi certain
preferred aspects of the invention, R1 includes a
substantially nonantigenic polymeric residue such as a
polyethylene glycol (PEG) group. Optionally, R1
includes a capping group designated herein as J.
Preferred J groups used for polymer capping include
moieties such as OH, NH2, SH, CO2H, C1 6 alkyl
moieties, such as CH3, and compounds of formula (III):



(III) where all variables are as previously defined.
With regard to the other variables which comprise the
formulae of the present invention, the following are
preferred in certain aspects of the invention: in
certain aspects, R1 is a polyalkylene oxide residue,
and more preferably polyethylene glycol residue; in
other aspects, R1 is a bicine-based terminal branching
group described in more detail below to allow multiple
polymer strand loading; in another aspect, A is
preferably a functional group or biologically active
moiety, and A' is a functional group, targeting moiety
or diagnostic agent;R3-R1 1, and R24-25 are each
hydrogen, and a, b, c, e, m, n, o and p are each
preferably 1. Y4 Preferably, Z and Z' are - 5 a s
defined above, or, alternatively comprise an amino
acid residue, a peptide residue, a group which is
actively transported into a target cell, hydrophobic
or has combinations of such properties, such that when
combined with biologically active A groups, prodrugs
are formed which release from the bicine polymeric
portion of formulae (I) and (II). See also commonly
assigned USSN 09/758,993, the contents of which are
incorporated herein by reference. B.
SUBSTANTIALLYNON-ANTIGENIC POLYMERS As stated above,
R1 is preferably a water soluble polymer residue which
is preferably, substantially non-antigenic, such as,
polyalkylene oxide (PAO) and more preferably
polyethylene glycol such as mPEG. For purposes of
illustration and not limitation, the polyethylene
glycol (PEG) residue portion OfR1 can be selected from
among: J- O-(CH2CH2O)x-, J-O-(CH2CH2O)x-CH2C(O)-O-,
J-O-(CH 2CH2O)x-CH2CH2 NRi 2- , J-O-(CH2CH2O)x-CH2CH2
S-, -OC(O)CH2-O-(CH2CH2O)X-CH2C(O)-O-, -NR
12CH2CH2-O-(CH 2CH2O)X-CH 2CH2NR 12- and -SCH
2CH2-O-(CH 2CH2O)X- CH2CH2Swherein: x is the degree of
polymerization; R12 is selected from among hydrogen,
C1-6 alkyls, C2-6 alkenyls, C2-6 alkynyls, C3-12
branched alkyls, C3-8 cycloalkyls, C1-6 substituted
alkyls, C2-6 substituted alkenyls, C2-6 substituted
alkynyls, C3-8 substituted cycloalkyls, aryls,
substituted aryls, aralkyls, C1-6 heteroalkyls,
substituted C1-6 heteroalkyls, C1-6 alkoxy, phenoxy
and 



C1-6 heteroalkoxy, andJ is a capping group as
described above with regard to Formula II. In one
particularly preferred embodiment, R1 is selected from
among CH3- 0-(CH 2 CH2O)x-, CH3-O-(CH
2CH2O)x-CH2C(O)-O-, CH3-O-(CH 2 CH2 O)X-CH 2CH2 NH-
and CH3-O-(CH2CH2O)x-CH2CH2 S-, where x is a positive
integer, preferably selected so that the weight
average molecular weight from about 2,000 to about
40,000 Da. hi alternative aspects of the invention,
the molecular weight of the polymer ranges from
several hundred up to 40,000 or greater, depending
upon the needs of the artisan. Also contemplated
within the scope of the invention, R1 is selected from
among the branched polymer residues described in
commonly assigned U.S. Patents 5,605,976, 5,643,575,
5,919,455 and 6,1 13,906 the disclosure of each being
incorporated herein by reference. Among these general
formulae, the following are preferred: andwherein: (q)
is an integer of from about 1 to about 5; Z" is O,
NR13 , S, SO or SO2; where R13 is H, Ci-8 alkyl, Ci-8
branched alkyl, C1-8 substituted alkyl, aryl or
aralkyl; (h) is q or l ; (k) is a positive integer,
preferably from about 1 to about 6. Other branched
activated polymers which are contemplated within the
scope of this invention are preferably selected from
among those compounds described in commonly assigned
PCT publication numbers WO02/065988 and WO02/066066,
the disclosure of each being incorporated herein by
reference. Within these general formulae, the
following are preferred:wherein: R is a polymeric
residue such as PEG. hi yet another preferred
embodiment, R1 is a polymeric residue of the formula:
wherein: R1' is a polymeric residue such as PEG; O Il
W is a bifunctional linker, such as O, amino acid, -C
O "-(CH2)y , and -NH(CH 2CH2O)2-; z is O, 1, 2, 3 or
4; n is a positive integer, preferably from about 1 to
about 500, more preferably about 200, and y is a
positive integer, preferably from about 1 to about 6.
PEG is generally represented by the structure: 



and R1' preferably comprises a residue of this
formula.The degree of polymerization for the polymer
(x) can be from about 10 to about 2,300. This
represents the number of repeating units in the
polymer chain and is dependent on the molecular weight
of the polymer. Preferably, x is a positive integer,
selected so that the weight average molecular weight
is from about 2,000 to about 40,000 Da. The (J) moiety
is a capping group as defined herein, i.e. a group
which is found on the terminal of the polymer and, in
some aspects, can be selected from any of NH2, OH, SH,
CO2H, C1 alkyls or other PEG terminal activating
groups, as such groups are understood by those of
ordinary skill. Also useful are polypropylene glycols,
branched PEG derivatives such as those described in
commonly-assigned U.S. Patent No. 5,643,575 (the '575
patent), "star-PEG's" and multi-armed PEG's such as
those described in Shearwater Corporation's 2001
catalog "Polyethylene Glycol and Derivatives for
Biomedical Application". The disclosure of each of the
foregoing is incorporated herein by reference. The
branching afforded by the '575 patent allows secondary
or tertiary branching from the bicine group as a way
of increasing polymer loading on a biologically active
molecule or enzyme from a single point of attachment.
It will be understood that the water-soluble polymer
can be functionalized for attachment to the
bifunctional linkage groups if required without undue
experimentation. Although PAO's and PEG's can vary
substantially in weight average molecular weight,
preferably, R1 and R1' can have a weight average
molecular weight of from about 2,000 to about 40,000
Da in most aspects of the invention. The polymeric
substances included herein are preferably
water-soluble at room temperature. A non-limiting list
of such polymers include polyalkylene oxide
homopolymers such as polyethylene glycol (PEG) or
polypropylene glycols, polyoxyethylenated polyols,
copolymers thereof and block copolymers thereof,
provided that the water solubility of the block
copolymers is maintained. In a further embodiment, and
as an alternative to PAO-based polymers, R1 and R are
optionally selected from among one or more effectively
non-antigenic materials such as dextran, polyvinyl
alcohols, carbohydrate-based polymers,
hydroxypropylmethacrylamide (HPMA), polyalkylene
oxides, and/or copolymers thereof. See
alsocommonly-assigned U.S. Patent No, 6,153,655, the
contents of which are incorporated herein by
reference. It will be understood by those of ordinary
skill that the same type of activation is employed as
described herein as for PAO's such as PEG. Those of
ordinary skill in the art will further realize that
the foregoing list is merely illustrative and that all
polymeric materials having the qualities described
herein are contemplated and that other polyalkylene
oxide derivatives such as the polypropylene glycols,
etc. are also contemplated. 



The polymers of the present invention can also be
copolymerized with bifunctional materials such as
poly(alkylene glycol) diamines to form
interpenetrating polymer networks suitable for use in
permeable contact lenses, wound dressings, drug
delivery devices and the like. The steric limitations
and water solubility of such branching will be readily
recognized by one of ordinary skill in the art.
Preferably, however, the molecular weight of multiple
branched polymers should not exceed 80,000 daltons. C.
BIFUNCTIONAL LINKER GROUPS; L L , L and U hi many
aspects of the invention, and formula (I) in
particular, L1 and L3 are linking groups which
facilitate attachment of the bicine derivative to the
polymer strands or other moieties, e.g. R1 and A'. The
linkage provided can be either direct or through
further coupling groups known to those of ordinary
skill. Other L groups are mentioned in the
specification and they are understood to be selected
from among the same groups as L1. While L2 and L5 are
further defined below, in one aspect of the invention,
L1 and L3 are independently selected from among: -NR
19(CR14R15)P- , -NR 19(CR14R15MCR16CR17O)8NR19- ,
-O(CR 14R15)tNR19- , -0(CR 14R15)P- , -NR 19(CR
14R15)tNR19- , -NR 19(CR14R15MCR16CR17O) - , -NR 19(CR
16CR17OX- , -NR 19(CR 16CR17O)t(CR14R15)sNR19- , -NR
19(CR 16CR17O) - , -0(CR 14R15VNR 19- ,-0(CR
14R15XNR19- , -O(CR 14R15)tO- , -0(CR 16CR17OXNR19- ,
wherein: R14 -R17 and R1 are independently selected
from the group consisting of hydrogen, C1-6 alkyls,
C2- alkenyls, C2-6 alkynyls, C3-19 branched alkyls,
C3-8 cycloalkyls, C1-6 substituted alkyls, C2-6
substituted alkenyls, C2-6 substituted alkynyls, C3-8
substituted cycloalkyls, aryls, substituted aryls,
aralkyls, C1-6 heteroalkyls, substituted C1-6
heteroalkyls, C1-6 alkoxy, phenoxy and C1-6
heteroalkoxy; R18 is selected from the group
consisting of hydrogen, C1-6 alkyls, C2-6 alkenyls,
C2-6 alkynyls, C3-19 branched alkyls, C3-8
cycloalkyls, C1-6 substituted alkyls, 



C2-6 substituted alkenyls, C2-6 substituted alkynyls,
C3-8 substituted cycloalkyls, aryls, substituted
aryls, aralkyls, C1-6 heteroalkyls, substituted C1-6
heteroalkyls, C1-6 alkoxy, phenoxy and C1-6
heteroalkoxy, NO2, haloalkyl and halogen; and t and s
are individually selected positive integers,
preferably from about 1 to about 4. hi other aspects
of the invention, L1 and L3 can include amino acid
residues. The amino acid can be selected from any of
the known naturally-occurring L- aminoacids is, e .,
alanine, valine, leucine, isoleucine, glycine, serine,
threonine, methionine, cysteine, phenylalanine,
tyrosine, tryptophan, aspartic acid, glutamic acid,
lysine, arginine, histidine, proline, and/or a
combination thereof, to name but a few. When L1
includes a peptide, the peptide ranges in size, for
instance, from about 2 to about 10 amino acid
residues. In one preferred embodiment, the peptide is
Gly-Phe-Leu-Gly. The amino acid residues are
preferably of the formula wherein X' is O, S or NR26
Y5 is O, S or NR27, and R26, R27 and R28 are
independently selected from the same group as that
which defines R3 but each is preferably H or lower
alkyl (i.e. C1-6 alkyl); and f is a positive integer
from about 1 to about 10, preferably 1. Derivatives
and analogs of the naturally occurring amino acids, as
well as various art-known non-naturally occurring
amino acids (D or L), hydrophobic or non-hydrophobic,
are also contemplated to be within the scope of the
invention. Simply by way of example, amino acid
analogs and derivates include: 2-aminoadipic acid,
3-amino-adipic acid, beta-alanine, beta-aminopropionic
acid, 2-aminobutyric acid, 4-amino-butyric acid,
piperidinic acid, 6-aminocaproic acid,
2-arninoheptanoic acid, 2-aminoisobutyric acid,
3-aminoisobutyric acid, 2-aminopimelic acid,
2,4-aminobutyric acid, desmosine, 2,2-diaminopimelic
acid, 2,3-diaminopropionic acid, n-ethyl-glycine,
N-ethylasparagine, 3-hydroxyproline, 4-hydroxyproline,
isodesmosine, allo-isoleucine, N-methylglycine,
sarcosine, N-methylisoleucine, 6-N-methyl-lysine,
N-methylvaline, norvaline, norleucine, ornithine, and
others too numerous to mention, that are listed in 63
Fed. Reg., 29620, 29622, incorporated by reference
herein. Short peptides are, for example, peptides
ranging from 2 to about 10, or more, amino acid
residues, as mentioned supra. More preferably, L1 and
L3 are independently selected from: -NH(CH2CH2)2O- ,
-NH(CH 2CH2)(CH 2CH2O)NH- , -0(CH 2CH2)NH- , -0(CH
2CH2)O- ,-NH(CH2CH2)NH- , -NH(CH2CH2)(CH2CH2O)- , 



-NH(CH2CH2O)- , -NH(CH2CH2O)(CH2)NH- , -NH(CH2CH2O)2-
, -O(CH2)3NH- , -O(CH2)3O- , -0(CH 2CH2O)2NHIn another
embodiment of the invention, L2 is selected from:
-C(O)CR 30R3 1OCR 32R 33C(O)NR 35-; -C(O)CR30R3
1NR34CR32R33C(O)NR35-; -C(O)CR 30R3 1SCR 32R33C(O)NR
35-, or -C(O)(CR30R3OnC(O)NR 35-; wherein: R30-35 are
independently selected from H, C1-6 alkyl, C2-6
alkenyl, C2-6 alkynyl, C1-6 heteroalkyl or aryl, and n
is a positive integer preferably from about 1 to about
3. Preferably, L2 is selected from:
-C(O)CH2OCH2C(O)NH-; -C(O)CH2NHCH2C(O)NH-;
-C(O)CH2SCH2C(O)NH-; -C(O)CH2CH2CH2C(O)NH-, or
-C(O)CH2CH2C(O)NH- . A chief advantage of the
invention is that the artisan can control the rate of
hydrolysis or release of the biologically active
moiety or drug from the polymeric bicine platform.
Depending on the specific linkers selected, one of
ordinary skill can modify the compounds to manipulate
the rate of hydrolysis. This preferred aspect of the
invention allows the artisan to regulate the rate at
which the biologically active moiety is delivered to
the intended target, hi situations where it would be
desirable to have a quick release of the biologically
active moiety or drug, incorporation of the L linker
provides for an enhanced rate of hydrolysis. Li
contrast, to the earlier bicine basedpolymer platforms
disclosed in commonly assigned U.S. Patent Application
10/218,167 wherein the release of the moiety or drug
from the platform often depends on conditions such as
pH or the presence of enzymes, the linker L2 by virtue
of anchimeric assistance, is able to substantially
enhance the rate of at which the biologically active
moiety or drug is released from the polymeric platform
independent of the pH conditions or the presence or
absence of enzymes. In the presence of enzymes,
however, the rate of hydrolysis will be controlled by
either the anchimeric assistance when applicable or by
the enzymatic reactions whichever is faster.
Accordingly, the 



rate of hydrolysis is highly dependent on the type of
linkers used between the bicine moiety itself and the
PEG portion. D. Z and Z' MOIETIES AND THEIR FUNCTION
In one aspect of the invention Z and Z' are L5-C(=Y4)
wherein L5 is a bifunctional linker and is selected
from among the same groups as L1 and Y4 is selected
from among the same groups as that which defines Y1-3
. In this aspect of the invention, the Z and Z' groups
serve as linkages between the A groups and the
remainder of the bicine transport form. In other
aspects of the invention, Z and Z' are moieties that
are actively transported into a target cell,
hydrophobic moieties, and combinations thereof.
Although Z and Z' are preferably monovalent, they can
optionally be bivalent or multivalent so to allow
attachment of more than one A group to the
bicine-based polymer. In order to achieve the active
transport, Z and Z' can include an amino acid, peptide
residue, or polyamine residue, such as any of those
described above with regard to L1, a sugar residue, a
fatty acid residue, a C6-18 alkyl, a substituted aryl,
a heteroaryl, -C(=O), -C(=S) or -C(=NR29), wherein R29
is H, lower alkyl, etc. This aspect of the invention
is broadly based upon the principle that biologically
active materials suitable for incorporation into the
bicine-polymer-based prodrug conjugates may themselves
be substances/compounds which are not active after
hydrolytic release from the bicine-linked composition,
but which will become active after undergoing a
further chemical process/reaction. With this
embodiment, a therapeutic or diagnostic agent,
peptide, polypetide, etc. that is delivered to
thebloodstream by the bicine-based polymer system,
will remain inactive until entering or being actively
transported into a target cell of interest, whereupon
it is activated by intracellular chemistry, e.g., by
an enzyme or enzyme system present in that tissue or
cell. The prodrugs of this aspect of the invention are
prepared so that in vivo hydrolysis of the
bicine-polymer-based conjugate cleaves the conjugate
so as to release the active biological material
(designated A herein) into extracellular fluid, while
still linked to the Z or Z' moiety. The biologically
active materials in this aspect of the invention are
preferably, but not exclusively, small molecule
therapeutic and/or diagnostic agents. For example, one
potential Z-A combination is leucine-doxorubacin,
another is amino acid-linked camptothecin or
paclitaxel and the tissue to be treated is tumor
tissue. Without intending to be bound by any theory or
hypothesis as to how the invention might operate, it
is believed that, depending upon the additional moiety
selected as a transport enhancer, the rate of
transport of a biologically active material 



into tumor cells is by the delivery of a biologically
active material into extracellular tissue space, e.g.,
of a tissue exhibiting an EPR effect, in a protected
and/or transportenhanced form. In a further still
option, the transport enhancer (Z or Z') is selected
from among known substrates for a cell membrane
transport system. Simply by way of example, cells are
known to actively transport certain nutrients and
endocrine factors, and the like, and such nutrients,
or analogs thereof, are readily employed to enhance
active transport of a biologically effective material
into target cells. Examples of these nutrients include
amino acid residues, peptides, e.g., short peptides
ranging in size from about 2 to about 10 residues or
more, simple sugars and fatty acids, endocrine
factors, and the like. Short peptides are, for
example, peptides ranging from 2 to about 10, or more,
amino acid residues, as mentioned supra. In this
embodiment of the invention, it is believed that such
peptide transport enhancers need not be hydrophobic,
but are thought to function in other ways to enhance
uptake and/or to protect the linked small molecule
agents from premature hydrolysis in the general
bloodstream. For instance, peptidetransport enhancers,
such as, for example polyarginine, and other transport
enhancers of similar molecular weight ranges, are
thought to sterically hinder cleavage from the
biologically active agent by plasma-based hydrolytic
enzymes, but are then cleaved within a target cell by
various peptides and/or proteases, such as cathepsins.
hi certain preferred aspects Z and Z' are hydrophobic
moieties. Without meaning to be bound to any theory or
hypothesis as to how hydrophobicity contributes to
efficacy, it is believed that a hydrophobic moiety
inhibits the extracellular cleavage of the transport
enhancer away from the active biological agent, by
inhibiting the attack of hydrolytic enzymes, etc.
present in the extracellular tissue space, e.g., in
the plasma. Thus, some preferred transport enhancers
include, e.g., . hydrophobic amino acids such as
alanine, valine, leucine, isoleucine, methionine,
proline, phenylalanine, tyrosine, and tryptophane, as
well as non-naturally occurring derivatives, such as,
g-amino acid, and analogs thereof, as mentioned supra.
hi a further option, the transport enhancer is a
hydrophobic organic moiety. Simply by way of example,
the organic moiety is a C6-18, or larger, alkyl, aryl
or heteroaryl-substituted or nonsubstituted. The
organic moiety transport enhancer is also contemplated
to encompass and include organic functional groups
including, e.g., -C(=S) and/or -C(=O). E. FORMULA (T)
A A' and D GROUPS 1. Leaving or activating Groups hi
those aspects where A and A' are leaving or activating
groups, suitable 



moieties include, without limitation, groups such as
N-hydroxybenzotriazolyl, halogen,
N-hydroxyphthalimidyl, p-nitrophenoxyl, imidazolyl,
N-hydroxysuccinimidyl; thiazolidinyl thione, O-acyl
ureas, pentafluorophenoxyl, 2,4,6-trichlorophenoxyl or
other suitable leaving groups that will be apparent to
those of ordinary skill. For purposes of the present
invention, leaving groups are to be understood as
those groups which are capable of reacting with a
nucleophile found on the desired target, i.e. a
biologically active moiety, a diagnostic agent, a
targeting moiety, a bifunctional spacer, intermediate,
etc. The targets thus contain a group for
displacement, such as NH2 groups found on proteins,
peptides, enzymes, naturally orchemically synthesized
therapeutic molecules such as doxorubicin, spacers
such as mono-protected diamines. The compounds of the
present invention can also include a spacer group
between the bicine group and the leaving group or
attached target (drug) if desired. The spacer moiety
maybe a heteroalkyl, alkoxy, alkyl containing up to 18
carbon atoms or even an additional polymer chain. The
spacer moieties can be added using standard synthesis
techniques. It is to be understood that those moieties
selected for A and A' can also react with other
moieties besides biologically active nucleophiles. 2.
Functional Groups A and A' can also be functional
groups. Non-limiting examples of such functional
groups include maleimidyl, vinyl, residues of sulfone,
hydroxy, amino, carboxy, mercapto, hydrazide,
carbazate and the like which can be attached to the
bicine portion through an amine-containing spacer.
Once attached to the bicine portion, the functional
group, (e.g. maleimide), can be used to attach the
bicine-polymer to a target such as the cysteine
residue of a polypeptide, amino acid or peptide
spacer, etc. 3. Biologically Active Moieties hi those
aspects of formula (I) where A and A' are residues of
an amine- or hydroxyl-containing compound. A
non-limiting list of such suitable compounds includes
residues of organic compounds, enzymes, proteins,
polypeptides, etc. Organic compounds include, without
limitation, moieties such as anthracycline compounds
including daunorubicin, doxorubicin; p-aminoaniline
mustard, melphalan, Ara-C (cytosine arabinoside) and
related anti-metabolite compounds, e.g., gemcitabine,
etc. Alternatively, the moiety can be a residue of an
amine- or hydroxyl-containing cardiovascular agent,
anti-neoplastic agent such as camptothecin and
paclitaxel, antiinfective, anti-fungal such as
nystatin, fluconazole and amphotericin B, anti-anxiety
agent, gastrointestinal agent, central nervous
system-activating agent, analgesic, fertility agent,
contraceptive agent, anti-inflammatory agent,
steroidal agent, agent, etc. In addition to the
foregoing, the biologically active moiety can also be
a residue 



of an enzyme, protein, polypeptide, monoclonal
antibodies, immunoconjugates, such as, SSlP, single
chain antigen binding proteins (SCA' s), such as,
CC49, and fragments thereof are also contemplated.
Suitable proteins include but are not limited
to,polypeptides, enzymes, peptides and the like having
at least one available group for polymer attachment,
e.g. an e-amino, cystinylthio, N-terminal amino,
including materials which have physiological or
pharmacological activities as well as those which are
able to catalyze reactions in organic solvents.
Proteins, polypeptides and peptides of interest
include, but are not limited to, hemoglobin, serum
proteins such as blood factors including Factors VII,
VIII, and IX; immunoglobulins, cytokines such as
interleukins, i.e. IL-I through IL-13, etc., alpha, b
and g interferons, colony stimulating factors
including granulocyte colony stimulating factors,
platelet derived growth factors and
phospholipase-activating protein (PLAP) as well as
Thymosin alpha 1 and Secretin. Other proteins of
general biological or therapeutic interest include
insulin, plant proteins such as lectins and ricins,
tumor necrosis factors and related proteins, growth
factors such as transforming growth factors, such as
TGF'alpha or TGF$3 and epidermal growth factors,
hormones, somatomedins, erythropoietin, pigmentary
hormones, hypothalamic releasing factors, antidiuretic
hormones, prolactin, chorionic gonadotropin,
follicle-stimulating hormone, thyroid-stimulating
hormone, tissue plasminogen activator, and the like.
Immunoglobulins of interest include IgG, IgE, IgM,
IgA, IgD and fragments thereof. Some proteins such as
the interleukins, interferons and colony stimulating
factors also exist in non-glycosylated form, usually
as a result of using recombinant techniques. The
non-glycosylated versions are also among the proteins
of the present invention. Enzymes of interest include
carbohydrate-specific enzymes, proteolytic enzymes,
oxidoreductases, transferases, hydrolases, lyases,
isomerases and ligases. Without being limited to
particular enzymes, examples of enzymes of interest
include asparaginase, arginase, arginine deaminase,
adenosine deaminase, superoxide dismutase,
endotoxinases, catalases, chymotrypsin, lipases,
uricases, adenosine diphosphatase, tyrosinases and
bilirubin oxidase. Carbohydrate-specific enzymes of
interest include glucose oxidases, glucodases,
galactosidases, glucocerebrosidases, glucouronidases,
etc. Also included herein is any portion of a
biological polymer demonstrating in vivo bioactivity.
This includes amino acid sequences, nucleic acids
(DNA, RNA),peptide nucleic acids (PNA), antibody
fragments, single chain binding proteins, see, for
example U.S. Patent No. 4,946,778, disclosure of which
is incorporated herein by reference, binding molecules
including fusions of antibodies or fragments,
polyclonal antibodies, monoclonal antibodies and
catalytic antibodies. 



The proteins or portions thereof can be prepared or
isolated by using techniques known to those of
ordinary skill in the art such as tissue culture,
extraction from animal sources, or by recombinant DNA
methodologies. Transgenic sources of the proteins,
polypeptides, amino acid sequences and the like are
also contemplated. Such materials are obtained from
transgenic animals, i.e., mice, pigs, cows, etc.,
wherein the proteins are expressed in milk, blood or
tissues. Transgenic insects and baculovirus expression
systems are also contemplated as sources. Moreover,
mutant versions of proteins, such as mutant
interferons are also within the scope of the
invention. Other proteins of interest are allergen
proteins such as ragweed, Antigen E, honeybee venom,
mite allergen, and the like. The foregoing is
illustrative of the proteins which are suitable for
the present invention. It is to be understood that
those proteins, as defined herein, not specifically
mentioned but having an available amino group are also
intended and are within the scope of the present
invention. In a preferred aspect of the invention, the
amino- or hydroxyl-containing compound is a
biologically active compound that is suitable for
medicinal or diagnostic use in the treatment of
animals, e.g., mammals, including humans, for
conditions for which such treatment is desired. The
foregoing list is meant to be illustrative and not
limiting for the compounds which can be modified.
Those of ordinary skill will realize that other such
compounds/ compositions can be similarly modified
without undue experimentation. It is to be understood
that those biologically active materials not
specifically mentioned but having suitable attachment
groups are also intended and are within the scope of
the present invention. The only limitations on the
types of amino- or hydroxyl containing molecules
suitable for inclusion herein is that there is
available at least one (primary or secondary) amine-
or hydroxyl- which can react and link with the
polymeric conjugate and that there is not substantial
loss of bioactivity after the prodrug system releases
and regenerates the parent compound.4. Alkyl Groups In
those aspects of formula (I) where A and A' are alkyl
groups, a non-limiting list of suitable groups
consists of C1-6 alkyls, C2-6 alkenyls, C2-6 alkynyls,
C3-1 branched alkyls, C3-8 cycloalkyls, C1-6
substituted alkyls, C2-6 substituted alkenyls, C2-6
substituted alkynyls, C3-8 substituted cycloalkyls,
aralkyls, C1-6 heteroalkyls, and substituted C1-6
heteroalkyls. 5. Diagnostic Agents In those aspects of
formula (I) where A and A' are diagnostic agents, a
nonlimiting list of suitable agents includes dyes,
chelating agents, and isotope labeled compounds and
other labeling compounds such as Green Fluorescent
Protein (GFP). 



6. Targeting Moieties In those aspects of formula (I)
where A and A' are targeting moieties, a nonlimiting
list of suitable agents includes, peptides such as,
TAT peptide and U-7 peptide, single chain antibodies
such as, CC49, and small molecules, such as, for
example, taurine and biotin. F. SYNTHESIS OF BICINE
LINKED POLYMERS Synthesis of specific bicine-based
polymer compounds is set forth in the Examples.
Turning now to Figure 1 for the purpose of
illustration, one preferred method includes: 1)
reacting about one equivalent of an extended blocked
bifunctional linker such as, with about one equivalent
of the acid protected bicine moiety (identified as 1
in Fig.l) to form an intermediate such as:where tBu is
a protecting group; 2) reacting the intermediate of
step 1) with an acylating agent such as, for example,
acetyl chloride, to form an intermediate such as: 3)
deblocking the resultant intermediate above and
reacting it with an activated polymer such as PNP-PEG
or SC-PEG under basic coupling conditions, 4)
deprotecting the bicine acid and thereafter activating
the acid with a suitable activating group such as
thiazolidinyl thione or N-hydroxylsuccinimide, under
coupling conditions. An alternative method for making
the bicine derivatives includes: 1) reacting one
equivalent of an extended blocked bifunctional linker
with one equivalent of the acid protected bicine
moiety to form an intermediate such as: where tBu is a
protecting group; 2) reacting the intermediate from
step 1) with an appropriately modified activating
group such as to form an intermediate such as:3)
deblocking the resultant intermediate above and
reacting it with an activated polymer such as PNP-PEG
or SC-PEG under basic coupling conditions, and 4)
deprotecting the bicine acid and thereafter activating
the acid with a suitable activating group such as
thiazolidinyl thione or N-hydroxylsuccinimide, under
coupling conditions. It will be understood that other
art recognized protecting groups can be used in place
of t-Bu. The activated PEG or polymer bicine
derivative is now capable of reacting with and
conjugating to a drug, peptide, spacer, etc. A
non-limiting list of suitable coupling agents include
1,3-diisopropylcarbodiimide (DIPC), any suitable
dialkyl carbodiimide, 2-halo-l-alkyl-pyridinium 



halides (Mukaiyama reagents),
l-(3-dimethylaminopropyl)-3-ethyl carbodiimide (EDC),
propane phosphonic acid cyclic anhydride (PPACA) and
phenyl dichlorophosphates, etc. which are available,
for example from commercial sources such as
Sigma-Aldrich Chemical, or synthesized using known
techniques. Preferably the substituents are reacted in
an inert solvent such as tetrahydrofuran (THF),
acetonitrile (CH3CN), methylene chloride (DCM),
chloroform (CHCl3), dimethyl formamide (DMF) or
mixtures thereof. Suitable bases include
dimethylaminopyridine (DMAP), diisopropylethylamine,
pyridine, triethylamine, KOH, potassium t-butoxide and
NaOH etc. The reactions are usually carried out at a
temperature of from about 0 C up to about 22 C (room
temperature). Regardless of the route selected, some
of the preferred compounds which result from the
synthetic techniques described herein include:TITLE
FLUOROPOLYMER RELEASE COATING HAVING IMPROVED HEAT
TRANSFER PROPERTIES AND ABRASION RESISTANCE FIELD OF
THE INVENTION This invention is in the field of a
substrate having a reinforced fluoropolymer release
coating thereon. In particular, the invention is in
the field of cookware having a release coating
thereon, where the coating has improved heat transfer
properties such that a reduced time is required to
reach cooking temperature, while exhibiting improved
abrasion resistance. BACKGROUND OF THE INVENTION It
has long been desirable to produce coated cookware
which has an inner cooking surface having good release
properties while exhibiting good abrasion resistance.
It is also desirable that heat can be rapidly
transferred to such cooking surfaces without the need
to subject the outer bottom surface of the cooking
vessel to excessive heat. Cookware with a release
coating that includes a heat conductive pattern that
enhances heat transfer to and evenly distributes heat
about the cooking surface is disclosed in U.S. Patent
No. 6,114,028 to Muchin et at. The heat conductive
pattern in Muchin is arranged such that it extends
outwardly from the central region of the inner surface
of a cooking vessel toward the outer peripheral
region. This facilitates transfer of heat from the
central region to the outer region and assists in
maintaining the entire cooking surface at a uniform
temperature, especially if the cooking vessel is
placed on a heating element that has a smaller
diameter than the diameter of the vessel's bottom. 



However, as discussed in U.S. Patent No. 6,248,435 to
Leek, it is common to expose cookware to heating over
the entire flat surface of the cookware. Leek thus
provides an improved heat transfer release finish on
cookware by coating the cookware interior with a
mixture of fluoropolymer and magnetic flakes, such as
stainless steel, and magnetically orienting the flakes
to run in the thickness direction of the coating.
However, both of the above mentioned patents rely on
magnetically orienting flake to achieve enhanced
thermal properties of the release coatings disclosed.
The requirement to magnetically induce orientation
ofthe flake necessitates special equipment that can
hamper the efficient commercial production of the
cookware. Recent inventions recognize the advantage of
adding an inorganic filler film hardener component to
the undercoat of multilayer nonstick coatings. Leek,
U.S. Patent No. 6,248,435, discloses that this
component may be one or more metal silicate compounds
such as aluminum silicate and metal oxides, such as
titanium dioxide and aluminum oxide. Thomas, U.S.
Patent No. 6,291 ,054, and Tannenbaum, U.S. Patent
6,761 ,964 A 1 disclose the advantage of reinforcing
the undercoat with particles of silicon carbide for
superior abrasion resistance. It would be desirable to
provide cookware which has even better heat transfer
properties than those exhibited by the prior art to
allow the cookware to heat up even faster and exhibit
good or improved abrasion resistance while maintaining
good release characteristics. SUMMARY OF THE INVENTION
While stainless steel is known to provide increased
thermal conductivity, it has been found magnetizable
flake, such as stainless steel flakes in a release
coating, acts both as a reinforcing material and
effects efficient heat transfer. The flake in
conjunction with silicon carbide particles as an
inorganic filler film hardener, achieves a synergistic
effect, providing both excellent heat transfer
properties and superior abrasion resistance. Thus, the
structure of the present invention is able to heat up
faster than cookware using known release coatings of
the prior art while retaining excellent release
characteristics. By "heat up faster" is meant that the
release coating of this invention can reach a cooking
temperature of 400 0F (204 0C) in less time than a
similar system that does not contain a combination of
magnetizable flake and silicon carbide particles.
Thus, in accordance with the present invention, there
is provided a 



structure comprising a substrate and a baked release
coating on the substrate, the coating comprising an
undercoat and a fluoropolymer overcoat, wherein said
undercoat contains magnetizable flakes and a plurality
of silicon carbide particles.DETAILED DESCRIPTION OF
THE PREFERRED EMBODIMENTS The present invention
comprises a structure comprising a substrate and a
baked release coating on the substrate. The release
coating comprises an undercoat and a fluoropolymer
overcoat, wherein the undercoat contains magnetizable
flakes and a plurality of silicon carbide particles.
The undercoat comprises a primer layer and an
intermediate layer positioned between said primer and
said overcoat. The undercoat may be any coating under
the overcoat, and comprises a primer layer and/or one
or more intermediate layers positioned between the
primer layer and the overcoat. The "overcoat" is the
top or surface coating which may also comprise one or
more additional coatings. The overcoat comprises a
fluoropolymer which when baked together with the
undercoat provides a non-stick, release surface. The
undercoat, including the intermediate layer,
preferably comprise a fluoropolymer. Fluoropolvmer The
fluoropolymer component of the release coating which
may be present in the primer layer, the intermediate
layer and the overcoat is preferably
polytetrafluoroethylene (PTFE) having a melt viscosity
of at least 1 x 10 Pa s at 38O0C for simplicity in
formulating the composition and the fact that PTFE has
the highest heat stability among the fluoropolymers.
Such PTFE can also contain a small amount of comonomer
modifier which improves film-forming capability during
baking (fusing), such as perfluoroolefin, notably
hexafluoropropylene (HFP) or perfluoro(alkyl vinyl)
ether, notably wherein the alkyl group contains 1 to 5
carbon atoms, with perfluoro(propyl vinyl ether)
(PPVE) being preferred. The amount of such modifier
will be insufficient to confer melt-fabricability to
the PTFE, generally being no more than 0.5 mole%. The
PTFE, also g for simplicity, can have a single melt
viscosity, usually at least 1x 10 Pa*s, but a mixture
of PTFE's having different melt viscosities can be
used to form the fluoropolymer component. Use of a
single fluoropolymer in the composition, which is the
preferred condition, means that the fluoropolymer has
a single chemical identity and melt viscosity. 



While PTFE is preferred, the fluoropolymer component
can also be melt-fabricable fluoropolymer, either
combined (blended) with the PTFE,or fin place thereof.
Examples of such melt-fabricable fluoropolymers
include copolymers of TFE and at least one fluorinated
copolymerizable monomer (comonomer) present in the
polymer in sufficient amount to reduce the melting
point of the copolymer substantially below that of TFE
homopolymer, polytetrafluoroethylene (PTFE), e.g., to
a melting temperature no greater than 315C. Preferred
comonomers with TFE include the perfluorinated
monomers such as perfluoroolefins having 3-6 carbon
atoms and perfluoro(alkyl vinyl ethers) (PAVE) wherein
the alkyl group contains 1-5 carbon atoms, especially
1-3 carbon atoms. Especially preferred comonomers
include hexafluoropropylene (HFP), perfluoro(ethyl
vinyl ether) (PEVE), perfluoro(propyl vinyl ether)
(PPVE) and perfluoro(methyl vinyl ether) (PMVE).
Preferred TFE copolymers include FEP (TFE/HFP
copolymer), PFA (TFE/PAVE copolymer), TFE/HFP/PAVE
wherein PAVE is PEVE and/or PPVE and MFA
(TFE/PMVE/PAVE wherein the alkyl group of PAVE has at
least two carbon atoms). The molecular weight of the
melt-fabricable tetrafluoroethylene copolymers is
unimportant except that it be sufficient to be
film-forming and be able to sustain a molded shape so
as to have integrity in the primer application. 2
Typically, the melt viscosity will be at least 1x 10
Pa s and may range up to about 60-100 x 10 Pa s as
determined at 372C according to ASTM D- 1238. The
fluoropolymer component is generally commercially
available as a dispersion of the polymer in water,
which is the preferred form for the composition of the
invention for ease of application and environmental
acceptability. By "dispersion" is meant that the
fluoropolymers particles are stably dispersed in the
aqueous medium, so that settling of the particles does
not occur within the time when the dispersion will be
used; this is achieved by the small size of the
fluoropolymer particles, typically on the order of 0.2
micrometers, and the use of surfactant in the aqueous
dispersion by the dispersion manufacturer. Such
dispersions can be obtained directly by the process
known as dispersion polymerization, optionally
followed by concentration and/or further addition of
surfactant. Alternatively, the fluoropolymer component
may be a fluoropolymer powder such as PTFE
micropowder. In which case, typically an
organicl'tfUld  s used in order to achieve an intimate
mixture of fluoropolymer and 



polymer binder. The organic liquid may be chosen
because a binder dissolves in that particular liquid.
If the binder is not dissolved within the liquid, then
the binder can be finely divided and be dispersed with
the fluoropolymer in the liquid. The resultant coating
composition can comprise fluoropolymer dispersed in
organic liquid and polymer binder, either dispersed in
the liquid or dissolved in order to achieve the
intimate mixture desired. The characteristics of the
organic liquid will depend upon the identity of the
polymer binder and whether a solution or dispersion
thereof is desired. Examples of such liquids include
N-methylpyrrolidone, butyrolactone, high boiling
aromatic solvents, alcohols, mixtures thereof, among
others. The amount of the organic liquid will depend
on the flow characteristics desired for the particular
coating operation. Polymer Binder The composition of
the primer layer preferably contains a heat resistant
polymer binder. The binder component is composed of
polymer which is film-forming upon heating to fusion
and is also thermally stable. This component is well
known in primer applications for non-stick finishes,
for adhering a fluoropolymer-containing primer layer
to substrates and for film-forming within and as part
of a primer layer. The fluoropolymer by itself has
little to no adhesion to a smooth substrate. The
binder is generally non-fluorine containing and yet
adheres to the fluoropolymer. Preferred binders are
those that are soluble or solubilized in water or a
mixture of water and organic solvent for the binder,
which solvent is miscible with water. This solubility
aids in the blending of the binder with the
fluorocarbon component in the aqueous dispersion form.
A n example of the binder component is polyamic acid
salt which converts to polyamideimide (PAI) upon
baking of the composition to form the primer layer.
This binder is preferred because in the fully imidized
form obtained by baking the polyamic acid salt, this
binder has a continuous service temperature in excess
of 25O0C. The polyamic acid salt is generally
available as polyamic acid having an inherent
viscosity of at least 0.1 as measured as a 0.5 wt%
solution in N,N-dimethylacetamide at 300C . It is
dissolved in a coalescing agent such as
Nmethyipyrrolldohe, and a viscosity-reducing agent,
such a furfuryl alcohol and reacted with tertiary
amine, preferably triethylamine, to form the salt,
which is soluble in water, as described in greater
detail in U.S. Pat. 4,014,834 (Concannon). The
resultant reaction medium containing the 



polyamic acid salt can then be blended with the
fluoropolymer aqueous dispersion, and because the
coalescing agent and viscosity-reducing agent are
miscible in water, the blending produces a uniform
coating composition. The blending can be achieved by
simple mixing of the liquids together without using
excess agitation so as to avoid coagulation of the
fluoropolymer aqueous dispersion. Other binders that
can be used include polyether sulfone(PES) and
polyphenylene sulfide (PPS). Whether the primer
composition is applied as a liquid medium, wherein the
liquid is water and/or organic solvent, the adhesion
properties described above will manifest themselves
upon drying and baking of the primer layer together
with baking of the next-applied layer of fluoropolymer
to form the non-stick coating of the substrate. For
simplicity, only one binder may be used to form the
binder component of the composition of the present
invention. However, multiple binders are also
contemplated for use in this invention, especially
when certain end-use properties are desired, such as
flexibility, hardness, or corrosion protection. Common
combinations include PAI /PES, PAI/PPS and PES/PPS.
The proportion of fluoropolymer and binder, especially
if the composition is used as a primer layer on a
smooth substrate, is preferably in the weight ratio of
0.5 to 2.0:1 . The weight ratios of fluoropolymer to
binder disclosed herein are based on the weight of
these components in the applied layer formed by baking
the composition after application to its substrate.
The baking drives off the volatile materials present
in the coating composition, including the salt moiety
of the polyamic acid salt as the imide bonds are
formed during baking. For convenience, the weight of
binder, when it is polyamic acid salt which is
converted to polyamideimide by the baking step, can be
taken as the weight of polyamic acid in the starting
composition, whereby the weight ratio of fluoropolymer
to binder can be determined from the amount of
fluoropolymer and binder in thestarting composition.
When the composition of the invention is in the
preferred aqueous dispersion form, these components
will constitute about 5 to 50 wt% of the total
dispersion. Silicon carbide particles The undercoat of
the present invention contains silicon carbide
particles, which is an inorganic filler film hardener
component. Preferably, the primer layer comprise
silicon carbide particles. This material is inert 



with respect to the other components of the
composition and thermally stable at its eventual
baking temperature which fuses the fluoropolymer and
binder. The film hardener is water insoluble so that
it is typically uniformly dispersible but not
dissolved in the aqueous dispersion form of the
composition of the invention. Preferably the silicon
carbide particles have a mean average particle size in
the range of about 3 to about 100 micrometers, more
preferably in the range of about 5 to about 45
micrometers. The silicon carbide particles of the
inorganic film hardener preferably have a Knoop
hardness of 2500. Knoop hardness is a scale for
describing the resistance of a material to indentation
or scratching. Values for the hardness of minerals and
ceramics are listed in the Handbook of Chemistry, 77th
Edition, 12-186,187 based on reference material from
Shackelford and Alexander, CRC Materials Science and
Engineering Handbook, CRC Press, Boca Raton FL, 1991.
The film hardener component imparts durability to the
non-stick fluoropolymer composition applied as a
coating on a substrate by deflecting abrasive forces
applied to the coating surface and by resisting
penetration of sharp objects that have penetrated the
fluoropolymer overcoat. The silicon carbide particles
of the inorganic film hardener preferably have an
aspect ratio (as defined above) of not greater than
2.5, and more preferably not greater than 1.5.
Preferred particles of this invention, which are able
to deflect abrasive forces applied to a coating
containing the particles, have an aspect ratio of not
greater than 2.5 and a size wherein the largest
diameter of the particle is at least 50% of the
coating thickness and does not exceed 125% of the
coating film thickness.In a preferred embodiment where
the primer is the undercoat and contains SiC
particles, the dry primer comprises at least 2 wt% of
SiC particles, preferably 2 - 45 wt%. Other Fillers In
addition to the large particles and small particles of
silicon carbide particles, the non-stick coating
compositions of the primer layer and the intermediate
layer of this invention may contain other filler
materials having high Knoop hardness of greater than
1200 as well as low value of less than 1200. Examples
of inorganic filler film hardener include inorganic
oxides, carbides, borides and nitrides having a Knoop
hardness of at least 1200. Preferred are inorganic
oxides, nitrides, borides and 



carbides of zirconium, tantalum, titanium, tungsten,
boron, aluminum and beryllium. Preferably, the
intermediate layer and/or the primer layer comprise
aluminum oxide. Typical Knoop hardness values for
preferred inorganic compositions are: zirconia (1200);
aluminum nitride (1225); beryllia ( 1300); zirconium
nitride (151 0); zirconium boride ( 1560); titanium
nitride (1770); tantalum carbide (1800); tungsten
carbide (1880); alumina (2025); zirconium carbide
(2150); titanium carbide (2470); silicon carbide
(2500); aluminum boride (2500); titanium boride
(2850). Suitable additional fillers of lower Knoop
harness values include glass flake, glass bead, glass
fiber, aluminum or zirconium silicate, mica, metal
flake, metal fiber, fine ceramic powders, silicon
dioxide, barium sulfate, talc, etc. Magnetizable
flakes The undercoat contains magnetizable flakes.
Preferably, the intermediate layer of the undercoat
comprises the flakes. Further preferably at least a
portion of said flakes have no induced orientation. In
Muchin and Leek, orientation of the magnetizable
flakes is disclosed and purported to aid in the
conduct of heat applied to the underside of a flat
bottom such as a fry pan from the primer to top
surface of the coating. Flakes which are exposed to
magnetic force are oriented generally in the direction
of the thickness of coating. Without the application
of magnetic force to the coating, the magnetizable
flakes orient parallel to the plane. Thus, it has been
found,that there is ho need for application of a
magnetic force to the flake when SiC particles are
present. Surprisingly, the application of an undercoat
to a substrate, containing magnetizable flakes in
combination with silicon carbide particles effects
improved heat transfer properties over conventional
release coating systems, even those systems which
contain oriented magnetizable flakes. The flakes in
the release coating should be made of material that
while magnetizable, are unaffected by such heating.
Examples of material from which the flakes can be made
include such metals as iron and nickel and alloys
containing these metals, with stainless steel being
the preferred material. Metals are much more thermally
conductive that the polymers in the release coating.
For simplicity, the fluoropolymer /flake coating
composition is referred to as a release coating both
before and after the baking step, when in fact the
baking step is necessary before the release
(non-stick) characteristic is 



realized. The magnetizable flakes include flakes which
have a longest dimension which is greater and or less
than the thickness of the layer formed from the
coating composition which contains the flakes. The
layer (coating) thickness will generally be from 5 to
40 micrometers thick. The flake size will then depend
on the layer thickness desired. Particularly useful
are 3 16L stainless steel flakes having an average
longest dimension of from 20 to 60 micrometers, and
normally, the flakes will be a mixture of sizes in
which a substantial proportion, preferably at least 40
wt%, has a longest dimension of at least 44
micrometers. Preferred magnetizable flake-containing
dry undercoat compositions include those containing 70
to 90 wt% fluoropolymer, 2 to 10 wt% magnetizable
flakes, more preferably 2 to 7 wt%, and 2 to 20 wt%
SiC particles with 2 to 15wt% of polymer binder. The
fluoropolymer component is preferably a blend of 50 to
95 wt% PTFE and 5 to 50 wt% melt-fabricable
tetrafluoroethylene copolymer, such as PTFE/PAVE
described above, based on the combined weight of these
two fluoropolymers. In the liquid form, the liquid
medium will generally constitute 75 to 95 wt% of the
combined weight of the liquid medium and the three
components described above.APbTTfcatiop The
compositions of the present invention can be applied
to substrates by conventional means. Spray and roller
application are the most convenient application
methods, depending on the substrate being coated.
Other well-known coating methods including dipping and
coil coating are suitable. The non-stick coating
compositions may be a single coat or a multi-coat
system comprising an undercoat and an overcoat. The
overcoat of one or more fluoropolymer-containing
layers can be applied by conventional methods to the
undercoat layer prior to its drying. When the
undercoat and overcoat layer compositions are aqueous
dispersions, the overcoat composition can be applied
to the undercoat layer preferably after drying to
touch. When the undercoat layer is made by applying
the composition from an organic solvent, and the next
layer (intermediate layer or topcoat) is applied from
an aqueous medium, the undercoat layer should be dried
so that all water-incompatible solvent is removed
before application of such next layer. The applied
coating system can be baked to fuse all the coatings
at 



the same time to form a non-stick, release coating on
the substrate. When the fluoropolymer is PTFE, a quick
high bake temperature is preferred, e.g., for 5 min.
at a temperature starting at 800 0F (427 0C) and
rising to 825F (44O0C). When the fluoropolymer in the
primer or the overcoat is a blend of PTFE and FEP,
e.g., 50-70 wt% PTFE and 50-30 wt% FEP, the bake
temperature may be reduced to 780 0F (415C), rising to
800 0F (427 0C) in 3 minutes (total bake time). The
baked undercoat layer thickness is measured with film
thickness instruments based on the eddycurrent
principle (ASTM B244) or magnetic induction principle
(ASTM B499). In preferred embodiments, the release
coating of this invention has a total dry film
thickness of from 32 to 40 micrometers, with the
undercoat having a preferred DFT of 22 to 30
micrometers, and the overcoat having a preferred DFT
of 8 to 10 micrometers. In the more preferred
embodiment the undercoat comprises a primer having a
DFT of 7.5 to 10 and an intermediate layer of 15 to
22.I n th'eUestapt structure, the substrate can be of
any material which can withstand the bake temperature,
such as metal and ceramics, examples of which include
aluminum, anodized aluminum, cold-rolled steel,
stainless steel, enamel, glass, and pyroceram. The
substrate can have a roughened surface, such as by
grit blasting or chemical etching to create cavities
to which the release coating can anchor. Preferably,
however, the substrate has a smooth surface which
saves the need for the cookware manufacturer to
roughen the substrate surface. In this embodiment, the
layer containing the flakes is adhered to the
substrate via a primer layer. The substrate can be
smooth, i.e. having a surface profile of less than 50
microinches ( 1.25 micrometers) as measured by a
profilometer, e.g. a PocketSurf(r) model surface
tester made by Mahr GmbH of Gottingen, Germany, and
needs to be clean. For pyroceram and some glass,
improved results are obtained by activation of the
substrate surface such as by a slight chemical etch,
which is not visible to the naked eye, i.e., the
surface is still smooth. The substrate can also be
chemically treated with an adhesion agent such as a
mist coat of polyamic acid salt, such as disclosed in
U.S. Pat. 5,079,073 to Tannenbaum. When the undercoat
layer is a primer, it can be considered as the first
fluoropolymercontaining layer on the substrate, and
preferably the primer layer is 



directly bonded to the substrate. Performance
Characteristics The improved heat transfer of a
structure of this invention is manifested by the
reduced ramp up time required once heat is applied to
the underside of the structure to achieve cooking
temperatures, e.g., as demonstrated in the examples
with heating to 400F (204C). The enhanced thermal
performance of the invention can be illustrated using
a controlled heat source with IR monitoring. An
aluminum substrate (fry pan) is coated with the
undercoat described in the invention and a standard
overcoat. The structure is compared to a typical prior
art fluoropolymer non-stick undercoats having the
standard overcoat on the same aluminum base substrates
and the same coating thicknesses. The structures are
compared side by side. The temperaturemonitoring
apparatus used was a Thermacam PM280 IR thermograph
video camera manufactured by lnframetrics with time
and temperature capability that records a video of the
pans being heated. The pans are placed on a Waage
electric stove DDSF15 (550-1 100 watt- dual element)
calibrated to 4000F (2040C) across the ceramic
surface. At ambient room temperature both pans appear
black in the video. As the heat from the source is
transferred through the pan, the appearance of the
viewed surface begins to brighten until it reaches a
luminescent golden appearance. The aluminum pan coated
with the undercoat invention reached the set point
temperature and bright, gold appearance at a faster
rate than the standard fluoropolymer non-stick
coating. The identical side by side comparison is
repeated on aluminum clad stainless steel substrate
(fry pan). The recorded video shows the standard
fluoropolymer non-stick coating to have a section of
the pan begin to heat up at a faster rate than the
invention. However, as the test progresses, the pan
with the undercoat of the invention is shown to heat
up more uniformly and reach cooking temperature at a
faster rate across the entire surface of the pan as
compared to the standard fluoropolymer non-stick
coating. The standard fluoropolymer non-stick coating
shows what is typically called a "hot spot" and does
not heat up uniformly. This effect of better heat
distribution of the invention is consistent across
substrates and coating types. This is exhibited by the
equal gradient of color change across the visual
surface of the invention as opposed to the standard
fluoropolymer coated pan. The advantage of the even
heat 



distribution allows the coated pan to cook foods more
evenly across the entire surface of the pan. The
coated substrate of the present invention may be in
the form of numerous articles of cookware such as
frying pans, pots, casseroles, woks, griddles, rice
cookers and inserts therefor, as well as non cookware
items that benefit from fast heat up times such as
iron sole plates and the like.TEST METHODS SBAR TEST:
A coated substrate is evaluated for abrasion
resistance of the non stick coatings using the SBAR
test. This test is based on the British Standard
Specification for cookware BS 7069: 1988 in which the
coating system is subjected to an abrasive pad
attached on a vertical arm with reciprocal horizontal
movement. The apparatus performs an arm reciprocal
horizontal movement of 100 mm  5 mm (4 in. +/- 0.25
in.) from cylinder center at an average speed of  10
m/min. The abrasive pad (3M Scotch-Brite 07447) is a
random nylon web impregnated with phenolic resin and
aluminum oxide is secured to the cylinder and loaded
to apply a total force of 15 N (mass of arm + dead
weight =.5 kg or 10 lbs) on the coating. The test
sample is prepared by coating a substrate as explained
in the examples with drying and baking as specified.
The coated substrate is washed with clear water and
dried gently before testing. The test is run on dry
and wet substrate as explained below. The coated
substrate is fixed on a fixed support and the loaded
abrasive pad is applied on the non-stick surface. For
running the procedure wet, the surface is lubricated
by adding 50 ml of a dishwashing solution containing
5g mild detergent in one liter (33 oz) solution. The
dry procedure is run without adding the detergent
solution and all other procedures remain the same. The
specimen is kept stationary and the abrasive pad arm
is moved backwards and forwards over a distance of 50
mm  2.5 mm (2 in +/-0.1in) on both sides of the
cylinder center point. The abrasive pad is turned
after 250 cycles and renewed after another 250 cycles.
This procedure is continued until metal is visible and
then the number of cycles for coating breakthrough is
recorded. Coating breakthrough is the final point of
the test. Breakthrough pattern must be similar to
pictures in attachment CONTACT METHOD - RAMP UP TIME
TO COOK TEMPERATURE: 



The test for measuring the effect of temperature
ramping and heat distribution by contact method is
described as follows:The energy source was a specially
made ceramic surface hot plate from Wenesco, Chicago,
IL. This hot plate has high uniformity control, will
decrease any point to point plate temperature
variation to as close as 2% of set point. The data
acquisition was compiled using a temperature profiler
from Datapaq, Cambridge, UK (Wilmington, MA). The
model was a Datapaq 9000 Tracker system with 6
temperature inputs. The hot plate was calibrated to a
temperature in the range of 4100F (2100C). Six "K"-
type thermocouple wires were connected to the interior
of the pan in the shape of a cross with four contacts
across one center line and 2 contacts at the opposite
exterior points of the other center line. The
thermocouple connectors were inserted into the
transducer interface and the interface connected to
the data logger (memory paq). The pan was placed on
the center of the calibrated hot plate for 10 minutes.
The pan was then removed and the data logger
downloaded into the Datapaq statistical software
program. Key analysis functions of the program include
Datapaq Value, max/min temperature, time at
temperature, slope calculation, rise and fall
calculation, & peak difference. Results are recorded
in seconds to reach a cooking temperature of 400 F
(204 ). The data from each test can be compared to the
directly to other runs of data acquisition. Mechanical
Tiger Paw Abrasion Test (MTP Abrasion Test) As
described in U.S. Patent 6,761 ,964 A 1 to Tannenbaum,
a coated substrate is evaluated for abrasion
resistance by continuously rotating three weighted
ballpoint pen tips on the surface of the coated
substrate while the substrate is heated and oscillated
back and forth on a shaker table. The equipment used
for testing comprises a frame onto which is mounted
drive motor. Extending from the motor is a central
flywheel drive shaft on which is positioned a flywheel
(drive disc). The drive disc is aluminum sheeting
having a diameter of 7 inches (18 cm) and thickness of
0.25 inch (0.64 cm). Housed within the frame is a
shaker table on which is mounted on a hot plate. The
top of the hot plate provides a surface for placing a
test substrate such as a frying pan. The vertical
distance between surface and the bottom of the drive
disc isapproximately "6 irehes (15 cm). At starting
position, the flywheel drive shaft is perpendicular
and centered with the hot plate. The shaker table is
mounted to the frame so that the center of its
reciprocating motion is 



coincident with the center of the flywheel drive
shaft. The direction of reciprocating motion is
front-to-back. A tiger paw head is mounted to the
drive disc by a floating shaft positioned in support a
shaft tube. The support tube is flexibly connected
through the drive disc with the aid of O-rings,
washers and nuts on both sides of the disc. Above the
connection, additional washers are added to the shaft
to provide additional weight. The support tube is
mounted off-center, approximately 2 inches (5 cm) from
the flywheel drive shaft. An adjustment screw bears
against support the shaft tube and permits alignment
of the floating shaft articulated within the support
shaft tube. Also, positioned on the disc, 180 degrees
from the support tube, is a counterbalancing weight.
The tiger paw head is a rotating disc with three
channels positioned near the perimeter of the disc at
equidistant angles from the center (i.e.,
approximately 0, 120, 240 degrees). The channels are
sized to each house a ballpoint pen refill. Set screws
are positioned in the side wall of the disc at the
location of each channel to lock the pen refills in
place during operation. The rotating disc as shown is
stainless steel having a diameter of 2.5 inches (6.4
cm) and thickness of 0.4 inch ( 1 cm). The center of
the disc accommodates a ball bearing and allows the
disc to be attached to the floating shaft by a
coupling. The tiger paw head is free to rotate around
the floating shaft. In operation, a fry pan with
coated aluminum substrate is washed in mild detergent
to remove any dirt or oil. The test pan is placed on
hot plate with the aid of a removable centering rod
temporarily installed in a central drive shaft. The
centering rod acts a plumb line for pan placement on
the surface of the hot plate after which the centering
rod is removed. For each test, three new pen refills
are installed in the channels of the tiger paw head so
that each refill extends downward 3/4 inch ( 1 .9 cm)
from the bottom of the disc. The tiger paw head is
attached to the floating shaft that extends down from
the drive disc attached to the drive shaft. Theweight
of the tiger paw head and floating shaft is regulated.
In the equipment illustrated, the weight is
approximately 400 g. The combined weight of the
floating shaft and washers (all approximately 115 g),
the tiger paw head (approximately 279 g), and the
ballpoint pen points (approximately 10 g) totals 404 g
. The counterbalancing weight also totals
approximately 400 g. 



The hot plate is turned on and the test substrate
(pan) is heated to a temperature of 4000F +/- 100F
(2040C +/- 6C). When the pan reaches test temperature
as determined by infrared temperature measurement on
the substrate surface, the pen refills are lowered
onto the pan and the equipment is activated to begin
the shaker table oscillation and tiger paw head
rotation. In this way, the testing equipment rotates
the pens against and around the surface of the coated
substrate. The speed of tiger paw head rotation is
controlled at 30 rotations per minute. The speed of
the shaker table is controlled for 30 back and forth
oscillations per minute. A counter records the number
of cycles completed. A timer counts down each 15
minute period of tiger paw rotation in a particular
direction. Data is recorded at 15-minute intervals.
The rotation of the tiger paw head is reversed after
each 15-minute period. Periodically the pen refill
points are inspected for build-up of coating. Built-up
coating is removed as necessary. Failure of the
coating on substrate is monitored by observing the
oval-shaped paths that evolve as the points of the pen
refills penetrate through the coating to reach the
bare metal substrate. By heating the substrate, the
time to failure is accelerated. The longer the time to
failure, the better the durability of the non-stick
coating. At the end of each 15-minute cycle, the pan
is evaluated according to the following MTP numerical
ratings:TO New Pan 9 Grooves in coating 8 First nick
to metal (for on smooth substrates) Roughening of
surface (for grit blasted substrates) 7 Lines to metal
(outside and/or inside) 6 Oval beginning outside 5
Oval complete Accelerated Tiqer Paw Cookina (ATP) The
Accelerated Tiger Paw cooking test is an accelerated
lower temperature version of the Tiger Paw cooking
test explained above. The test evaluates substrates
such as fry pans for cooking performance and abrasion
resistance by exposing the coating system to cycles of
acid, salt and fat and detergent. The substrate is
subjected to heat and the manual rotation of a tiger
paw head during cooking. The food cycles, temperature
conditions and number of tiger paw head rotations are
altered as 



explained below. For each test, coated pans plus a
control pan are tested on a commercial gas stove top
with sufficient burners to cook all pans
simultaneously. The control pan is a standard is a pan
coated with a known commercial cookware coating system
for which the standard properties being judged have
been predetermined many times. The temperature for the
test is maintained at 2800F (1380C) to 3000F (149C) as
measured by a contact pyrometer on the substrate
surface. The pans are methodically rotated among all
burners. In operation, the test pans position are
placed on the burners and heated to within the
specified temperature range. The pans are subjected to
the following cooking process. An egg is fried in an
unseasoned pan. The egg is cooked for 3 minutes. The
egg is lifted with a spatula and the pan is tilted to
allow for the egg to slide. The ease with which the
egg slides is assessed. The pan is returned to the
burner and the egg is turned over. The yolk of the egg
is broken with a spatula and the egg is cooked for two
more minutes. The egg is again lifted with a spatula
and the ease with which the eggslides is determined
based on the scale designated "release" described
above. The pan is also rated for scratch. The pan is
rinsed in hot water and wiped out with a paper towel.
Cook 1: One tablespoon of corn oil is placed in the
center of the pan. A preformed hamburger patty salted
with 1/4 teaspoon of salt on one side is placed salt
side down on the oil. The patty is cooked for 3
minutes. Then a lid is placed on the fry pan and the
patty is cooked for 4 more minutes with the lid on.
With the edge of a spoon the patty is cut first into
fourths and each fourth is cut into thirds. The meat
is removed and the pan is wiped out with a paper
towel. Two cups (16 oz.) of prepared tomato sauce
mixture (30 oz. tomato sauce, 1/2 cup salt, 3 qt.
water) is added to each pan and simmered for 20
minutes. During this 20-minute simmer period the
scratch abuse test is performed using the tiger paw
head. The mixture is stirred in each pan with the
tiger paw head in a circular pattern for 50
revolutions in a clockwise direction and with 50 more
revolutions in a counter clockwise direction. At the
conclusion of the 20-minute simmer period, the pans
are removed from the burners, contents are emptied and
each pan is washed thoroughly with a detergent
solution. The pan is rinsed in clear water and 



wiped dry. The pans are returned to the burner and the
cooking procedure beginning with placing one
tablespoon of oil in the center of the pan is
repeated. After every 4 cooks, an egg is fried as
described above and the pan is rated for release and
scratch. At the end of every 7 cooks (or if 7 cooks
cannot be completed, at the end of each day) each pan
is filled with a detergent solution of 2 cups of
water, 1 teaspoon of liquid detergent and 3 teaspoons
of salt. The detergent is brought to a boil and a lid
is placed over the pan. The pan is removed from the
burner and allowed to stand overnight. The next day
the cycle begins with frying an egg and rating the
pan. Testing continues until a pan is determined to
have a scratch rating of 5 at which time testing
stops. Scratch uses the same scale as that used in the
TP test. The release scale is listed below.Keleas'e
(0-5) ':' The release rating is determined by
assessing how easily the egg slides and how much of
the egg sticks to the pan. 5 ~ Excellent 4 - Very good
3 Good 2 - Fair 1 ~ Severe 0 ~ Very Severe AIHAT A
coated substrate such as a fry pan is subjected to a
series of high temperature cooking cycles using common
household metal cooking utensils (fork, spatula,
whisk, knife). A description of the test is described
in US 5,250, 356 (Batzar) column 3, lines 11 -64. The
test is a measure of mar and scratch from common
cooking abuse. Dried Film Thickness (DFT) The baked
coating thickness is measured with a film thickness
instrument, e.g., Fisherscope, based on the
eddy-current principle (ASTM B244). EXAMPLES
Fluoropolvmer PTFE dispersion: DuPont TFE
fluoropolymer resin dispersion grade 30, available
from the DuPont Company, Wilmington, DE. FEP
dispersion: TFE/HFP fluoropolymer resin dispersion
with a 



solids content of from 54.5-56.5 wt% and RDPS of from
150-210 nanometers, the resin having an HFP content of
from 9.3-12.4 wt% and a melt flow rate of 11.8-21 .3
measured at 3720C by the method of ASTM D- 1238
modified as described in U.S. Patent 4,380,61 8. PFA
dispersion: DuPont PFA fluoropolymer resin dispersion
grade 335, available from the DuPont Company,
Wilmington, DE. Polymer Binder PAI is Torlon(r) AI-10
poly(amide-imide) (Amoco Chemicals Corp.), a solid
resin (which can be reverted to polyamic salt)
containing 6-8% of residual NMP.Plya'mlc acid 'salt is
generally available as polyamic acid having an
inherent viscosity of at least 0.1 as measured as a
0.5 wt % solution in N,N-dimethylacetamide at 3O0C. It
is dissolved in a coalescing agent such as N-methyl
pyrrolidone, and a viscosity reducing agent, such as
furfuryl alcohol and reacted with tertiary amine,
preferably triethyl amine to form the salt which is
soluble in water, as described in greater detail in
U.S. patent 4,014,834 (Concannon). Silicon Carbide
Particles Silicon carbide supplied by
Elektroschmelzwerk Kempten GmbH (ESK), Munich Germany
are used in a variety of sizes and mixtures. P1200 =
3.0 + 0.5 micrometers mean average particle size P1000
= 4.5  0.5 micrometers mean average particle size P
800 = 6.5  1.0 micrometers mean average particle size
P 600 = 9.3 + 1.0 micrometers mean average particle
size P 400 = 17.3 + 1.5 micrometers mean average
particle size P 320 = 29.2  1.5 micrometers mean
average particle size P 280 = 36.5 + 1.5 micrometers
mean average particle size P 240 = 44.5 + 2.0
micrometers mean average particle size The mean
average particle size (ds50 ) is measured by
sedimentation using FEPA- Standard-43-GB 1984R 1993
resp. ISO 8486 according to information provided by
the supplier. Other Inorganic Film Hardener Aluminum
oxide (small particles) are supplied by Aluminum
Corporation of America - Grade SG A-16 with an average
particle size 0.35-0.50 micrometers A 3-coat non-stick
system representative of the invention is sprayed onto
test pans of smooth aluminum that have been treated
only by 



washing to remove grease but not mechanically
roughened. The aqueous dispersion compositions of the
primer, intermediate coat and an overcoat. The dried
coating thicknesses (DFT) for primer/intermediate
layer/overcoat are determined from eddy current
analysis to be 0.4 mils ( 10.2 micrometers)/0.7 mils
(17.8 micrometers)/0.3 mils (7.6 micrometers).the
p'rirnef lasers and intermediate layers are listed in
Tables of each example. The fluoropolymer overcoat for
all of the examples is listed in Table 1. The primer
is sprayed onto the aluminum substrate and dried at
150 F (66 0C) for 5 minutes. The intermediate coat is
then sprayed over the dried primer. The topcoat is
applied (sprayed) wet on wet to the intermediate coat.
The coating is cured by baking at a temperature of 800
F (427 C) for 5 minutes. Pans are subjected to tests
to determine 1) abrasion resistance, 2) ramp up time
to cooking temperature, and 3) release. Test Results
for all system are listed in Table 16. Table 1 -
OvercoatComparative Example 1 - No SiC particles, No
magnetizable flakes Table 2 - Primer Composition -
Comp. Ex 1Table 3 Intermediate Layer Composition -
Comp. Ex 1Comparative Example 2 - No SiC particles
Table 4 Primer Composition - Comp. Ex. 2Table 5
Intermediate Layer Composition - Comp. Ex.
2Comparative Example 3 - No magnetizable flakes Table
6 Primer Composition - Comp. Ex. 3 *amps average mean
particle sizeTable 7 tntermeaiate Layer Composition -
Comp. Ex. 3 The examples presented below have varying
amounts and sizes of SiC particles in the primer layer
in conjunction with SS flakes in the intermediate
layer.Example 1 - SS in the Intermediate Layer Table 8
- Primer Composition - Example 1 "amps = average mean
particle sizeTable 9 - Intermediate Layer Composition
- Example 1Example 2 SS and AI2O3 in the Intermediate
Layer Table 10 Primer Composition - Example 2 *amps =
average mean particle sizeTable 11 Intermediate Layer
Composition - Example 2Example 3 - SS in the
Intermediate Layer Table 12 Primer Composition -
Example 3 *amps = average mean particle sizeTable 13
Intermediate Layer Composition - Example 3Example 4 -
SS flakes in the Intermediate Layer Table 14 Primer
Composition - Example 4 "amps = average mean particle
sizeTable 15 Intermediate Layer Composition - Example
4 Performance Testing - Abrasion, Mar, Ramp Up Time to
Cooking Temp, and Release Test pans coated as
described in Comparative Examples 1 - 3 and Examples
1- 4 are subjected to AIHAT scratch test, MTP Abrasion
Test, SBAR, and Accelerated Cooking Test. The results
are shown in Table 16. 



Superior abrasion resistance of the Examples 1 - 4 of
the invention are indicated by the SBAR tests (both
wet and dry) and the MTP test. Good mar and scratch
resistance is evidenced by the AIHAT test. Release of
the inventions of these examples is as good as
conventional prior art cookware. Results of the
contact test show that the pans in the examples of
this invention heat up to a cooking temperature of 400
0F (204 C) in much reduced time. The synergistic
effect of SiC particles and stainlesssteel flake in
the undercoat(s) of a coating system used in cookware
provides much improved abrasion resistance, faster
heat up to cooking temperature and still provides good
release.Table 16 - Performance PropertiesCLAIMS What
is claimed is : 1. A structure comprising a substrate
and a baked release coating on the substrate, the
coating comprising an undercoat and a fluoropolymer
overcoat, wherein said undercoat contains magnetizable
flakes and a plurality of silicon carbide particles.
2. The structure of claim 1 wherein at least a portion
of said magnetizable flakes have no induced
orientation. 3. The structure of claim 1 wherein said
magnetizable flakes are stainless steel. 4. The
structure of claim 1 wherein said undercoat comprises
a primer layer and an intermediate layer positioned
between said primer and said overcoat, wherein said
intermediate layer contains the flakes. 5. The
structure of claim 4 wherein said silicon carbide
particles are supplied to said release coating via
said primer layer. 6 . The structure of claim 4
wherein said intermediate layer further comprises a
fluoropolymer. 7. The structure of claim 4 or 5
wherein said primer layer further comprises a
fluoropolymer. 8. The structure of claim 4 wherein
said magnetizable flakes are supplied via said
intermediate layer. 9. The structure of claim 4
wherein said intermediate layer further comprises a
fluoropolymer. 10. The structure of claim 4, wherein
said primer layer further contains aluminum oxide.
11.The structure of claim 4 wherein said intermediate
layer further contains aluminum oxide. 



12. The structure of claim 1 wherein said substrate is
aluminum. 13. The structure of claim 1 wherein said
substrate is stainless steel.14. The structure of
claim 1 or 5 wherein said silicon carbide particles
have a mean average particle size in the range of
about 3 to about 100 micrometers. 15. The structure of
claim 1 or 5 wherein said silicon carbide particles
have a mean average particle size in the range of
about 5 to about 45 micrometers. 


