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Article Coated with Fluérqpolymer
Finish with Improved Durability

It is widely recognized that coating composi-
tions based on fluorocarbon polymers, especially poly-
tetrafluo:oethylene (PTFE), serve the useful purpose of
providing a nonstick surface on various articles. The
coockware industry in particular has found the use of
fluoropolymer finishes to be advantageous.

While cookware bearing such flnzshes is
generally quite durable, manufacturers of nonstick cook-
ware continue to try to improve coating compositions so
that the ultimate user can have a product of superior
characteristics which will last as long as possible.

The same goal exists with respect to nonstick-coated
articles other than cookware.

There are many patents rélating to articles
coated with a fluoropolymer composition of enhanced
 durability. Representative of some of the more recent |
is U,S. Patent 4,180,609 issued to Vassiliou December
25, 1979, directed to an article multicoated with a )
fluoropolymer composition which contains mica particles,
mica partidles coated with pigment, or metal flake in
varyihg proportions in the different coats. '

Of particular importance to the present inven-
tion is U.S. Patent Application Serial No. 956,349 filed
October 31, 1978 by Concannon and Vary, directed toward
'a coating composition containing a blend of PTFE and co-
polymers of perfluorinated polvvinyl ether and tetra-
fluorcethylene (TFE). This coating composition exhibited
reduced crystallinity and a'lgnger useful life than would
be expectéd from avéraging the propertieé of the unblended
resins themselves.
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‘The present invention provides an article com-

- prising a substrate having on it multiple coatings in-

cluding a basecoat dlrectly on. the substrate, which

basecoat is overlald bv at least one othe* ¢coat, and

wherein the basecoat is derived from a composxtlon con-
sisting essentially of, by weight:

(a)

(b)

(c)

15-65% of a particulate polymer of mondethylénically

unsaturated hydrocarbon monomers completely sub-

stituted with fluorine atoms or a combination of
fluorine and chlorine atoms, the polymer having a
number average molecular weight'of at'leasﬁ 20'000~
30~50% of at least one of a particulate copolymer
containing

(i} 99.5-92% of tetrafluoroethylene,

(i) 0.5-8%, preferably 3%, of at least one per-
fiucrinated vinyl ether having the formula:
CF, = CF - 0 - Rg |
in which R, represents one or more per-
fluoroalkyl radicals having from 1 to 10
ét@ﬁs or a garticulate perfluorinated ether
having the formula:

F CF |
'\ L0 '3 . .
F NEF
. . ro- -CF -CF= ]
F o L ¢F-C 0-CF=cF,
)5  F 3

in which n is zero to 4, and, optionally,
(ii1) hexafluoropropylene; and
0-25% of a polymer having a glass~transition tempera-
ture (Tg) greater than or egual to 130°C which is akw
thermally stable at temperatures up to 200°C;

and wherein the basecoat is overlaid by-at least one other

coat derived from a composition consisting essentially
of (a), (b) and (c), with the concentration of (b)
being at least 10% by weight, and also
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C\ P
R
N
.o - e TN C . CNE=-R i

[ 14 "

L0 ] -

less than or equal to 0.75.%imes the proportion of
(b) in the basecoat composition, and the
concentration of'(c)'being 0-15%: (Percentages and
proportions herein are by weight except where
indicated otherwise.)

Thus the basecoat may be overlaid with two coats
of a composition consisting essentially of the
above-mentioned components (a), (b) and (c), the
composition of the midcoat comprising, by weight,
55-90% (a), 10-30% (b), and 0-15% (c), and the
composition of the topcoat comprising 80-1007 (a),
0-10% (b), and 0-10% (c). |

The above-mentioned component (c) may be a
polyamide acid salt consisting eSsentially of the
nonvolatile content of:

-

(a2) 10-70% by weight, based on the solution, of a

salt of a polyamide acid with a tertiary amine,
wherein the polyamide acid is of the general

wherein G is a hydrogen atom or a carbonyl group;
wherein the —> dencotas isomerism so that in any
recurring unit_within the polymeric structure the
groups to which the arrows point may exist as shown
or in an interchanged-position; wherein R is an '
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(b)

(c)

organic tetravalent g;dical containing at least two
carbon atoms and no more than two éarbonyl groups
of each polyamide acid unit are attached to'any one
carbon atom; wherein Rl is amdivalent.radical con-~

taining at least two carbon atoms, the amide groups

- of adjacent polyamide acid units are attached to

separate carbon atoms of said divalent radical; and
wherein n is an integer sufficient to provide a
polyamide acid having an inherent viscosity of at
least 0.1, preferably 0.3-5.0, as measured as a
0.5% solution in N, N'-dimethylacetamide at 30°C,
and wherein said tertiary amine is present in at
least a stoichiometrically equivalent ‘amount to the
free carbonylic acid groups in said@ polyamide acid;

S to 25% by weight, based on. the solution, of
a v15cos;ty reducing agent which is miscible with
water and has a solub;llty parameter range of
10-21.6 wherein said solubility parameter has a
dispersidn component in .the range of 7.0-10.0, a
polar component in the range of 2.0-11.0, and a
hydrogen bonding component in the range of 7.0-
14.0; . -
5 to 35% bv weight, based on the solution, of
a coalescing agent,.wherein said coalescing agent
is at least one member selected from the group con-
sisting of N-methylpyrrolidone, dimethyl formamide,
dimethyl acetamide, dimethyl sulforide, eresylic
acid, sulfolane, formamide; and wherein water com~
prises 30-80% by weight of the solution.

The above—mentloned component {b) may comprise

one or more copolymers of -
perfluoroalkyl perfluorovinyl ethers with tetrafluoro-
ethylene, said ether having the formula
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in which n is 1 to 4.

The above~-mentioned component (b) may again
comprise a terpolymer con31st1ng of, in copolymerized
form,

(a) tetrafluoroethylene,

(b) between about 1 and 12 weight percent hexa-
fluoropropylene, and '

(¢) between about 0.5 and about 6 weight percent of
either perfluoro(ethyl vinyl ether) or
perfluoro-{(n-propyl vinyl ether).

. The above-mentioned component (a) may comprise
polytetrafluoroethylene.

The above-mentioned component (b) may, further,
comprise a copolymer consisting of, in copolymerized
form, polytetrafluoroethylene and 37 perfluoro(propyl
vinyl ether). _

The above-mentioned compbnent.(c).may again
comprise the nonvolatile content of a solution
consisting essentially of:

(a) 25-457 by weight, based on the solution, of a

salt of a polyamide acid with tertiary amine,
wherein the polyamide acid is formed from
trimellitic anhydride and bis(4-aminophenyl) -
methane and wherein the tertiary amine is a 4:1
to 1:4 by weight mixture of triethylamine and
diethyl 2-hydroxy-ethylamine;

(b) 10-20% by weight, based on the solution, of
furfuryl alcohol; and

(c) 10-257 by weight, based on the solution, of

N-methylpyrrolidone.
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This component (c) may yet again comprise the
nonvolatile content of a solution consisting
essentially of the constituents specified in the last
preceding paragraph, water compriSLng 30- -55% by
weight of the solution.

An article according to the present invention
may for example have a basecoat derived from a
composition comprising 30-50% (a), 40-50% (b), and
10-20% (c), and a single topcoat derived from a
composition of (a), (b) and (c) comprising O—IO%I(c),
in which topcoat (b) is at least 15% and also less
than or equal to 0.50 times the proportion of (b) in
the basecoat. : :

An article according to the present invention
may ‘again have a basecoat derived from a composition
comprising 30-50% (a) 40-50% (b) and 10- 20% (¢); a
midcoat derived from a composition comprising 70-80%
(a), 15-20% (b) and 5-107 (c); and a topcoat derived
from a composition comprising 85-937 (a), 4-8% (b)
and 3-7% (c).

An article according to the present invention
may yet again have a basecoat derived from a
composition comprising 30-50% (a), 40-50% (b) and
10-20% (c); a midcoat derived . from a composition
comprising 70-807% (a), 15-20% (b) and 0-10% (c); and
a topcoat derived from a composition comprising
85-93% (a), 4-8% (b) and 0-7% (c).

More specifically still, an article according to
the present invention may for example have a
component (a) which is polytetrafluorcethylene, a
component . (b) comprising a copolymer consisting of
(in copolymerized form) polytetrafluoroethylene and
3% perfluoro(propyl vinyl ether), and a component (c)
as specified in the last preceding paragraph but
four, with: a basecoat derived from a composition
consisting essentially'of, by weight, 58.68% (a),
37.88% (b) and 3.44% (c); a midcoat of 85.397 (a),
14.60% (b) and 0% (c); and a topcoat of 95.26% (a),
4.74% (b) and 0% (c).

Y
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BRIEF DESCRIPTION OF DRAWING
The sole figure of the drawing is a graphic
representation of the improved durability performance of
the invention as compared to prior art. .
DETAILED DESCRIPTION QF THE INVENTION

October 31, 1978 by Concannon and Vary teaches the use of :
a blend of PTFE and perfluorinated vinyl ether copolymers |

]
{
of TFE and perfluoro(propyl vinyl ether) (PPVE), the co- E
!

10 Polymers referred to as PFA. (Except where indicated :
otherwise, the PPVE content of PFA is approximately 3%.) 3
The utility of such a PTFE-PFA_blended coating compositioni
was illustrated by means of abuse cooking tests using an :
apparatus referred to herein as a "Tiger Paw". The test 5

15 involved a device simulating a metal fork which was
stirred at constant pressure ‘around both sides of a pan
with different coatings on the right and left sides. One

side was coated with a commercial coating composition with
PTFE as the sole fluorocarbon while the other side was
20 coated with a PTFE-PFA blend. It was discovered that the
addition of PFA, within a specified range, provided a
coating that was significantly tougher, more scratch-
—resistant, less permeable, more elastic and less brittle
than PTFE coatings. These factors led to lénqer useful

U.S. Patent Application Serial No. 956,349 filéd:-

25 lives for cookware bearing coatings of the PTFE~PFA blend,
as compared to cookware with only a PTFE coating composi-
tion. o '

' The present invention provides for an article
comprised of a substrate which may be formed from, e.g.,

30 aluminum, carbon steel, stainless steel, glass or cer-

amic. This article bears muliticoats of a PTFE-PFA blend
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to which is optionally, but preferably, added a polymer
having a glass-transition temperature'(Tg)egreater than
or equal to 130°C which is a{so thermally stable at
temperatures up to 200°C. While'Concannon et al. (Ser.
No. 956,349) describe a multicoat system, they do not
recommend different proportions of PFA in different
layers. The present invention involves the discovery
that the addltzon of a thermallj stable polymer with a
high Tg and the specific variation of the proportion of
PFA in the different coats, e.g., base-, mid- and topcoat,
result in an article bearing a unique finish with opti-
mal durability and release characteristics. For cook-
ware, a preferred three-coat system was discovered in
which the proportxon of PFA and high Tg, thermally stable
polymer in each coat was related to the function of each

"coat. In the basecoat, it is desxrable to maximize ad-

hesion, strength and toughness while m;nlmzzzng porosity.
The midcoat must provide toughness and excellent inter-
coat adhesion as well as elasticity and recovery poten-
tial. Finally, the tovcoat must exhibit superior release
properties in addltlon to intercoat adhesion.

The PFA in the. coating composition has the
value of adding toughness and elasticity to the PTFE.
The PFA melts and flows into the PTFE creating a new
morphology which exhibits reduced crystallinity and in-
creased elasticity. The decrease in crystalllnlty and
increase in modulus of elastzcxty result in coat;ngs
which are less brittle, tending to spring back when
deformed, and consequently more durable than prior art
PTFE coatings. Furthermore, early work with PFA re-~
vealed that it exhibits superior substrate adhesion when
compared to PTFE. For example, 100% PFA adheres strongly
to smooth aluminum foil, while 1008 PTFE can be easily
stripped from aluminum. Similar results are obtained
on stainless steel foil.
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For these reasons, the lazgest proportion of
PFA is used in the basecoat where adhesion, toughness

‘and elastidity are critically important. While the pro-

portion of PFA in the midcoat is less, it is enough to
provide the toughness, elasticity and adhesion required.
In the topcoat, the proportion of PTFE is maximized to

take advantage of its release properties. However a

small proportion of PFA is preferably present to provide
improvements in toughness and elasticity so as to mini-
mize light scratching.

Test data indicates that durability performance
is more significantly affected by the % PFA in the base-
coat than the percentage in the mid- and topcoats. While
a large proportion of PFA is desirable in the basecoat,
work with 50%, 75% and 100% PFA in the primer indicates
that levels ébove 50% form less than desirable films,
often leading to blisters on curing and severe cracking
in the final films. Consegquently, the invention provides for
30-50% PFA in the primer, preferably 40-50%, and most prefersbly 40%.
The % PFA in the mid- and topcoats of the three—coat system is not as
critical. The inventidn pro?ides for the % PFA in a coat overlying
the basecoat to be at least 10% and at most 0.75 times % PFA in the

' primér; for a midcoat, this % PFA is preferajly at most

* Cae . . ¢ o °

0.50 times % PFA in the priﬁer, and most preferably
0.375 times % PFA in the primer. The % PFA in the top-
coat should be less than or equal to 0.250 times % PFA
in the primer, more preferably less than or equal to
0.20 times % PFA in the primer, and most preferably
0.125 times % PFA in the primer. _

The thermally stable polymer having a Tg
greater than or equal tq 130°C can serve a very useful
purpose in a coating composition, expecially in a system
designed for cookware where the coating can be'exposed
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to very high,temperatures.' As an amorphous polymer is
raised through its glass~-trardsition temperature, it
changes from a hard and brittle material to a soft and
rubbery one. The Tg of PTFE.is 127°C while the Tg for
the PTFE-PFA blend is slightly lower. When cookware
bearing coatings of PTFE or the PTFE-PFA blend is ex-
posed to higher temperatures, eépecially such as might
develop with carbon steel or stainless steel cookware,
there can be a significant SOfteninq of the coating
which may lead to decreased durability performance.
However, it has been discovered that the addition of a
thermally stable polymer with a Tg higher than the PTFE
or PTFE-PFA blend can help counter this excessive soft-
éning, creating a tougher, harder coating of improved
durability. | | |
Those polymers whlch are suitable for such a
purpose include, for example-
(1) Polybenz;m;cazoles,

(2) _Polimide,

(3)  Polyamide-Imide,
(4)  Polythiazoles, _
(5) Polyhydroxy Benzoic Acids (e.g., Carborundum
' Ekonals), '
(6) Polyphenylenes (e.g%, Gulf Thermid (Regd. T.M.) 600 series
and Hercules (Regd. T.M.) H-resins),
(7) Polybenzoxazoles,
(8} Polyguinoxalines,
(9) Polyoxadiazoles
(10) Polytriazoles, : :
(11) Poly Aryl Sulfones or Poly phenylene Sulfides as
' modified by a cyclization process as described
in an article by A. Somers and C. S. Marvel in
Journal of Polymer Science: Polymer Chemistry
Edition, Vol. 18, 1511-1521 (1980).
By weighing such factors as'the end-use and
substrate of the coatad article, one skilled in the art
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will be able to choose which one or ones of the above
polymerS_ha? be suitable for anjzéiven system. Addi-
tionally, any polymer to be used in a system where the
coated article is cookware must necessarily satisfy the
appropriate FDA standards.

For a cookware system, the polyamide-imide
polymer is preferred. This polymer has additional
properties which make it useful in a coéting composition.
One, it forms an exceptionally strong adhesive bond with
most metal substrates, especially aluminum and ferrous
metals. In addition to its adhesive properties, it is
added to the basecoat composition to minimize porosity
'so as to reduce chemical attacks on the metal sub-

strate. _ _
The coatings were prepared and applied by

techniques known in the art and generally according to
the teachings of U.S: Patents 4,123,401 issued to
Berghmans and Vary October 31, 1978 and 4,122,226 issued
to Vassiliou Octcober 24, 1978, among others, As noted
earlier, the preferred system for cookware embraces a
three-layer coating. A primer coat was sprayed onto
bare metal which had been grit-blasted. Then the inter-
mediate coating was sprayed on the primer. Finally, a-
topcoat was sprayed onto the intermediate coat. Al-
though it is not necessary to dry or cure each coat
before applying the next, it is sometimes preferable

to permit some drying between coats. The recommended
film build for this system is 38.1 am to 45.7 «4m with
up to 7.62 u/m of primer, 19.05 «.m of midcoat and

19.05 4&m of topcoat. '

Although this is the optimum coating system
for cookware, especially aluminum cookware, there are
many'other applications wheré a two-coat system would
be preferred. Therefore, depending on the substrate



10

15

20

25

30

L
and the end-use, the composition oflthe'differegt layers

and the recommended film build will vary to optimize re-

lease, hardness, adhesion, porosity or chemical inertness.
In the three-coat system, after all three

layers have been applied, the coated substrate is baked
to cure the coating, preferably at températurés'in the

: range of 340-470°C, more preferably 385-440°C, most
. preferably 420°C, for times up'to one hour, preferably

about 10 minutes; long enough, depending on the tempera-
ture, to cure the coating by causing coalescence.

While a variety of combinatidns of PTFE, poly-
amide-imide (PAI) and PFA were tried in each layer of
the coating the typical preferred coatings consist of:

Each Ingredi-
% Weight en¥ as % Weight
‘ o Solids in Each = of Total
Tngredient Ingredient - Composition

"Primer PTFE/PFA = 60/40

PTFE dis?ersion ' - 60.0 _ 20.82

PFA dispersion (where PFA 61.9 13.44
- is a copolymer of 97% ' '
TFE and 3% PPVE)

Furfuryl alcohol - 1.22
Deionized water - 27.83
Water solution of amide- 30.0 12.18

imide polymer from Amoco
Chemicals Co.

‘Cobalt blue pigment dis- 45.0 10.43
persion :
. Silica sol dispersion 30.0 14.01
' TiO,-coated mica flake 100.0 - 0.07
_ Intermediate PTFE/PFA = 85/15
PTFE dispersion 60.0 57.23
PFA dispersion . 61.9 ‘ 9.79
Deionized water - ' 6.36
Channel black : 45.0 0.26
Cobalt blue pigment dis- 45.0 0.26°

35

persion
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T10,~coated mica flake

Ce-octoate solution in
2-ethyl-hexanoic acid

Acrylic dispersion .|
- Topcoat PTFE/PFA = 95/5
PTFE dispersion
PFA dispersion
Deionized water

'Tioz-coated mica flake:

Ce=-octoate solution in
2-ethyl-hexanoic acid

Acrylic dispersion

100.0 0.89
- ~ 12.68
40.0 12.53
60.0 66.58
61.9 3.31
- 4.18
100.0 ‘0,43
- . 12.49
50.0

13.02

All dispersions are agueous.

More details of the ingredients used are pre-

sented in U.S. Patent 4,123,401, issued to Berghmans and

. Vary October 31, 1978, and. U.

S. Patent 4,122,266, issued

to Vassiliou October 24, 1978. 'Reference to these U.S.Patents,
especially the examples of U.S.Patent-4,123,401, is particularly

recommended.

The most important
system is the PFA content in
study was conducted to study
ance of a system wherein the
fluorocarbon content) "in the
40/15/5. It

component of the three-coat
each layer, A comparison
the abuse cooking perform-
% PFA (based on the total
base-, mid- and topcoat was

It was discovered that ‘this particudlar system

at a total film build of about 38.1 to 45.7 em performed
about 50% better than a system wherein the % PFA in the
base-, mid- and topcoat was 25/25/25 and the total film

build was comparable.

See the accompanying drawing,

The drawing graphically illustrates the im-

proved durability performance of the invention compared

to prior art.

The durability performance is measured by

the number of "Tigexr Paw" abuse cooks conducted before

a coating system fails.

As mentioned

earlier, the test

involves cooking certain specified foods while a device
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simulating a metal fork is stirred at constant pressure
at a controlled elevated temperature (between 375 to
400°F) around both sides of .a pan with different coat-
ings on the right and left sides. PFor this particular
test, a coating system was deemed to have failed when
it reached a scratch level of 3 on a scale of 0 to 10;
10 being where no scratching is evident and O being
where all the coating in the scratch area is removed.

_ In the drawiﬁg. the shaded area under A repre-
sents the range of durability performance'for prior art
coaﬁed articles, represented by a'multicoat'systém in
which the different layers are derived from a composi-
tion containing PTFE and mica. The shaded area under B
represents the improved durability range for a multi-
coated article of a PTFE-PFA blend outside the present
tnvention where the % PFA in the base-, mid- and ﬁopcoat
is 25/25/25. The shaded box under C represents an even
more improved durability range for a system of the pres-
ent invention in which the % PFA in the base-, mid- and
topcdat is 40/15/5. The curved line below the box
represents data collected where the film build was out-
side the shéded area of the box. At these film bﬁilds,

however, there was insufficient data to suggest a range.
From the drawing, it is evident that the pres-

ent invention whi¢h specifies the ¥ PFA in each layer of
a coated article results in an article beafing a unigue
finish combining optimél durability and superior release
characteristics. ‘
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CLAIMS

1, An article comprising a substrate having
on it multiple cqatings; including a basecoat directly _
on the substrate, which'basecoat is overlaid by at least
one other coat, and wherein the basecoat is derived from
a composition consisting essentially of, by weight:

() 15-65% of a particulate polymer of monocethylenically
unsaturated hydrocarbon monomers completely sub-
stituted with fluorine atoms or a combination of
fluorine and chlorine atoms, the polymer having a
number average molecunlar weight. of at least 20,000;

(b) 30-50% of at least one of a particulate copolymer

containing
(1) 99.5-92% of tetrafluorcethylene,
(ii)  0.5-8% of at least one perfluorinated vinyl

ether having the formula:
CF2=CF-—0-Rf

in which R, represents one or more per-
fluoroalkyl radicals having from'l to 10
atoms or a particulate perfluorinated ether
having the formula:

F CF

: 0 3
P - ~/ 7 [_. . X
' 0-CF-CF 0-CF=CF
F 0\ L C 2 2
CF, F CFq n

in which n is zero to 4, and, cptionally,
(iii) hexafluoropropylene; and _
(c) 0-25% of a polymer having a glass-transition tempera-
. ture greater than or equal to 130°c which is also
thermally stable at temperatures up to 200°C;
and wherein the basecoat is overlaid by at least one other coat
derived from a composition consisting essentiaily of (a),(b) and
(¢), with '

- * € L M s &
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the concentration of (b) being at least 10% by weight,
and also less than or equal to 0.75 fimes the propor-
tion of (b) in the basecoat compos:tlon, and the con-
centration of (c] bezng 0~15%. |

2, The article of claim 1 wherein the base-

coat is overlaid with twb'coats of a compoSitich con-

sisting essentially of (aJ, (b) and (c] of claim 1,
where the composition of the midcoat comprlses, by
weight, 55 90% (a), 10-30% (b), and 0-15% (c), and the
composition of the topcoat comprises 80- 100% (a), 0-10%
(b), and 0-10% (c).

) 3. The article of claim 1 or 2 wherein (c)
of the coating composition is selected from the group
of polymers consisting of polybenzimidazoles, polyimide,
polyamide-imide, polythiazoles, polyhydroxy benzoic
acids, polyphenylenes, polybenzoxazoles, polygquinoxa-
lines, polyoxadiazoles, and polytriazoles.

- 4. The article of claim 1 or 2 wherein (c¢)
of the coating composition is a polyamide acid salt
con51st1ng essentially of the nonvolatile content of:
(a) 10-70% by weight, based on the solution, of a

salt of a polyamide acid with a tertiary amine,

wherein the polyami&e acid is of the general

s

formula
[ COOH TV
N
R
e HNC CN'E.-R]' B ——
11 1] .

n

wherein G is a hydrogen atom or a carbonyl group;
wherein the — denctes isomerism so that in any
recurring unit within the polymeric structure the
groups to which the arrows point may exist as shown
or in an interchanged position; wherein R is an

\\

R
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(c)

14.0;

- @

organic tetrévalent radical ccntaining at least two
carbon atoms and no more tHEA two carbonyl groups
of each polyamide ‘acid unit are attached to any one
carbon atom; wherein Rl is a divalent radical con-
taining'at least two carbon atoms, the amide groups
of adjacent polyamide acid units are attached to
separate carbon atoms of said divalent radical; and
wherein n is an integer sufficient to provide a
polyamide acid having an inherent viscosity of at
least 0.1, preferably 0.3-5.0, as measured as a
0.5% solution in N, N'~dimethylacetamide at 30°C,
and wherein said tertiary amine is present in at
least a stoichiometrically equivalent amount to the
free carbonylic acid groups in said polyamide acid;
5 to 25% by weight, based on the solution, of
a viscosity reducing agent which is miscible with
water and has a solubility parameter range of
10-21.6 wherein said solubility parameter has a
dispersidon component in the range of 7.0-10.0, a
polar component in the range of 2.0-11.0, and a
hydrogen bonding component in the range of 7.0-

3 to 35% by weight, based on the solution, of , -
a coalescing agent, wherein said coalescing agent
is at least one member selected from the group con-
sisting of N-methylpyrrolidone, dimethyl formamide,
dimethyl acetamide, dimethyl sulforide, eresylic
acid, sulfolane, formamide; and wherein water com-
prises 30-80% by weight of the solut%gg.

. b=tls 4’
5. The article‘E%?claimsl es—ayWhérein (b)

of the coating composition is one or more copolymers of
perfluoroalkyl perfluorovinyl ethers with tetrafluoro-
ethylene, said ether having the formula

RIS

*
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!— cF, ml
CF3~CF2-CF2——LE ~CF- ~CFJ—0-CF=CF, Oy
.—— 43
in which n is 1 to 4. ' .44

6. The article o%[cialmsl ex—2/wherein (b)
of the coating compositicn is a terpol; mar coensisting of,
in copolymerized form, '_" |
(a) tetrafluoroethylene, -
(b} between about l.and 12 weight percent hexa-
fluoropfopylene, and
{(c) Dbetween about 0.5 and about 6 weight percent of
either perfluoro(ethyl vinyl ether) or perfluoro-
(n-propyl vinyl ether), s 6
7. The article “Eyclalmsl eg—%/whe:exn ()
of the coating compesition is poly»et*aflu%rgﬁzgvlen_.
8. The article of claim 1,ex Zdyhereﬁn (b)
of the coating composition is a copolymer consisting of,
in copolymerized form, polytetrafluorocethylene and 3%
perfluoro (propyl vinyl ether).
9. The a:;tiéf?om;:/mi which is an article

of cookware. ' o S 6, 7, & & 9

10. The article of claim l,e= 21w erein (¢)
of the coating composition is the nonvolatile content of
a solution consisting essentially of:

(a) 25-45% by weight, based on the solution, of a salt
of a polyamide acid with tertiary amine, wherxein
the polyamide acid is formed from trimellitic anhy-
dride and bis(4-aminophenyl) methane and where:in
the tertiary amine is a 4:1.to l:4 by weight
mixture of trlethylamlne and diethyl Z-hydroxy-
ethylamine: |

() 10-20% by we;ght, based on. the solutlon, of fur-
furyl alcohol; and -

(] 10~25% by weight, based on the solution, of N-
methylpyrreolidone.
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11. The article of claim 1,e= Zzwnereln (c)

of the coating composition is the nonvolatile content
of a soluti5ﬁ7consistihg essentially of:

(a) 25-45% by weight, based on. the solution, of a salt
of a polyamide acid with tertiary amine, wherein
the polyamide acid is formed from trimellitic an-
hydride and bis(4-aminophenyl) methane ané wherein
the tertiary amine is a 4:1 to l:4 by weight mix-
ture of triethylamine and diethyl 2-hvdroxy-
ethylamine; .

(b) 10-20% by weight, based on the solution, of furfuryl
alcohol; and

(c) 10-25% by weight, basad on the solution, of N-
methylpyrrolidone; and wherein water comprises
30-55% by weight of the solution%m s 3 N

12, The article of claim 1)wherein the base-

h

coat is derived from a composition comprising 30-30% (a),
40-50 & (b), and lO-ZO% (c) and & single topcoat is de-
rived from a composition of (a), (b) and (c¢) comprising
0-10% (c) and wherein (b) is at least 15% and also less
than or equal to 0.50 times the proportion of (b) in the

basecoat. Ayt %/
13. The article offclaims2/wherein the base-

coat is .derived from a composition comprising 30-50%

“(a), 40-50% (b) and 10-20% (c); the midcoat is derived

from a composition comprising 70-80% (a), 15-20% (b) and
5-10 % (c);.and the topcoat is derived from a composition
comprising 85-93% (a), 4-8% (b), 6 and 34;% (c).

14, The artlcle‘ug/c1a1mszjwn°re1u the base-~
coat is derzved from a composition comprising 30-50%
(a), 40-50% (b) and 10-20% (c); the midcoat is derived
from a composition comprising 70-80% (a), 15-20% (b)
and 0-10% (c); and the topcoat is derived from a2 compo-

sition comprlszng 85-93% (a), 4-8% (Qihand 0-7% (c).
o /

15. The article 23?clalms%/where-“ the ratio

O
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of (a) to (b) is 60/40 in the baseccat, 85/15 in the mid-
coat, and 95/5 in the topcoat. | S
16. The article of claim 1 or 2 wherein (a)
of the coating composition is pol&tetrafiubroethylene,
(b) is as described in claim 8, and (c¢) is as described

in claim 10. | ,
17. The article of claim 16 wherein a base-

coat is derived from a composition consisting essentially
of, by weight, 58.68% (a), 37.88% (b) and 3.44% (c); a
midcoat of 85.39% (a), 14.60% (b) and 0% (c); and a top-
coat of 95.26% (a), 4.74% (b) and 0% (c).

18. The article of claim 1 having coétings substanti%ll§
as set forth in the foregoing listing of tipical preferred

coatings.

The text of the specificaticn has been Teproduced by photocopying the spplicants original
typescript. It say comtain & few amendments which are difficalt to read. The original
typescript containing these amendments may be inspected on the premises of the Patent Office
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