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Article Coated with Fluoropol:z:mer 

' Ftnish with 'Im-pr.oved Ourabilitv ..._.....,. _____________ ..,......,. ___________ -=-=="'---

S It is widely recoqnized that coating composi-
tions based on fluorocarbon polymers, especially poly­
tetrafluoroethylene (PTFE) , serve the useful purpose of 
providing a nonstick surface on various articles. The 
cookware industry in particular has found the use of 

10 fluoropolymer finishes to be advantageous • 
. While cookware bearing such finishes is 

generally quite durable, manufacturers of nonstick cook­
ware continue to try to improve coatinq compositions so 
that the ultimate user can have a product of superior 

15 characteristics which will last as long as possible. 
The same qoal exists with respect to nonstick-coated 
articles other than cookware. 

There et.re many patents relating to articles 
coated with a fluoropo.lymer composition of enhanced 

20 durability. Representative of some of the more recent 
is U "·S. Patent 4, 180, 609 issued to Vassili.cu Decenlber 
25, 1979, directed to an article mult±.coated wit...~ a . . 
fluoropolymer composition which "contains mica particles, 
mica particles coated with p~qment, or metal flake in 

25 varying 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, ~978 by Concannon and Vary, directed toward 
a coatinq composition co~taininq a blend of PTFE and co-

30 polymers of perfluor±nated polyvinyl ether and tetra-
f luoroethylene C'rFE}. ~his coating composition ex..~ibited 
reduced crystallinity and a lonqer useful life than would 
be expected from averaqing the properties of the unblended 
resins themselves. 



The present invent~cn provides an· article com~ 
prising a substrate having on it multiple coatings in­
cluding a basecoat directly on.th~ substrate, which 

5 basecoat is overlaid by at least one other coat, and 
wherein the basecoat is derived from a composition con­
sisting essentially of, by weight: 

(aT l5-65t of a particulate polymer of monoethylen±cally 
unsaturated hydrocarbon monomers completely sub-

10 stituted with fluorine· atoms or a combination of 
fluorine and chlorine atoms, the polymer having a 
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(b) 

number average molecular weight of at leas_t 20, 000; 
30-50% of at least one of a particulate copolymer 
containing 
C.il 99~5-92% of tetrafluoroethylene., 
Cii) 0.5-8%, preferably 3%, of at least one per­

fluorinated vinyl ether having the formula.: 

CF2 = CF - 0 - Rf 

in which R~ represents one or more per-
• 

fluoroalkyl radicals having from 1 to 10 
g~9ms or a ~articulate perfluorinated ether 

havi~~ the formula: 

in which n is zero to 4, and, optionally, 

(iii) hexafluoropropylene~ and 

fc) 0-25% of a polymer havi~g a glass~transit~on tempera­

ture (Tg} greater than· or equal to l30°C which is also 

ther:nally 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 c·oncentration of' ( b) 
being at least 10% by weight, and also 
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3 
less than or equal to 0.75 times the proporti~n of 
(b) in the basecoat composi'tion, and the 
concentration of· (c) being 0-151:.~ · (Percentages and 
proportions herein a~e 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·, 

10 55-90% (a), 10-30% (b), and 0-15% (c), and the 
composition of the topcoat comprising 80-100% (a), 
0-101 (b), and 0-10% (c). 

The above-mentioned component (c) may be a 

polyamide acid salt consisting essentially of the 
15 nonvolatile content of: 

Ca) 10-70% by weight, based on the soiution, of a 

salt of a polyamide acid with a tertiary amine, 

wherein t.l-ie polyamide acid is of the gell:e:=-.al . I 

20 

formula i 

i 
.! 

I 

l 
wherein G is a hydr9gen atom or a carbonyl group; 

wherein the~ denotes ··isomerism so that in any 

re~urring unit within the polymeric structure the 

groups to which the a~rows point may exist as shown 

25 or in an interchanged~position; wherein R is an 



4-
organic tetravalent radical containing at least two 
carbon atoms and no more than two carbonyl groups 
of ea.ch polyamide acid unit are attached to any one 
carbon atom; wherein R1 ~s a divalent.radical con-

s 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 

10 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 car~onylic acid groups in said polya.~ide ·acid; 

15 (b) 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 
dispersion component in .the range of 7.0-l-0.0, a 

20 po·1ar component in the range of 2.0.:.11.0, and a 
hydrogen bonding component in the range of 7.0-
14.0; 

(c) S to 35% by weight, based on the solution, of 
~ coalesc~ng ~gent,.wherein said coalescing agent 

25 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-

30 
prises 30-80% by weight of the solution. 

The above-mentioned co~ponent (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 consisting of, in copolymerized 

s form, 
(a) tetrafluoroethylene, 
(b) between about 1 and 12 weight percent hexa­

fluoropropylene, and 
(~) between about 0.5 and about 6 weight percent of 

10 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, 
15 comprise a copolymer consisting of, in copolymerized 

form, polytetrafluoroethylene and 3% perfluoro(propyl 
vinyl ether). 

The above~mentioned component. (c) may again 
comprise the nonvolatile content of a solution 

20 consisting 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 anhydride and bis(4-aminophenyl) 

25 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 

30 (c) 10-25% by weight, based on the solution, of 

N-methylpyrrolidone. 
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b 
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 comprising 30.:.ssi 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 0-10% (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% (c); a 
midcoat derived from a composition comprising 70-80% 
(a), 15-20% (b) and 5-10% (c); and a topcoat derived 
from a composition comprising 85-93% (a), 4-$% (p) 

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.f~om a composition 

·. . 
comprising 70-80% (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 polytetrafluoroethylene, 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 
35 four, with: a basecoa~ 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 topcoat of 95.26% (a), 
4.74% (b) and 0% (c). 
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BRtEF OESCR!PTIO'N OF OR..2.\t4iNG 

The sole f igu~e of the drawing is a graphic 
representation of the improved durability performance of 

the invention as com~~re~ ~~ prior ~rt. 
DETAILED DESCRIPTION OF THZ INVENTION 

U.S. Patent Application Serial No. 956,349 filed 

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-

10 polymers referred to as PFA. (Except where indicated 
otherwise, the PPVE content of PFA is approximately 3%.) 

The utility of such a PTFE-PFA blended coating composition 
was illus~rated by means of abuse cooking tests using an 
apparatus referred to herein as a "Tiger Paw". The test 

15 involved a device simulating a metal fork which was 
stirred at constant pressure·around both sides of a pan 
with dif~e,.rent coatings 6n the right and left sid~s. 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 

coat~ng tha~ wa~ signifi9~ntly ~~ugher~ more scratc~­
res·istant, less permeable, more elastic and less brittle 
than PTFE coatings. These ·factors led to longer useful 

25 lives for cookware bearing coatings of the PTFE-PFA blend, 
as compared to cookware with only a PTFE c6·atinq com:posi­

tion. 
The present invention provides for an article 

comprised of a substrate which may be foJ:'!tled from, e.g., 
30aluminum~ carbon steel> stainless steel, glass or cer­

amic. This article bears multicoats of a PTFE-PFA blend 



l 

to which is optionally, but preferably, added a polymer 
having a glass-transition temperature (Tg) greater than ·\..;I· 
or equal to l30°C which is also thermally stable at 

' 
temperatures up to 200°C. While· Concannon et al. {Ser. 

s 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 addition of a thermally st.able polymer with a 
high Tg and the specific variation of the proportion of 

10 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 proportion of PFA and high Tg, thermally stable 

15 polymer in each coat was related to the function of each 
- coat. In the basecoat, it is desirable to maximize ad­
hesion, strength and toughness while minimizing porosity. 
The midcoat must provide toughness and excellent inter­
coat adhesion as well as elasticity and recovery poten-

20 tial. Finally~ the to~coat must exhibit superior release 
properties in additio~ 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 ~ew · 

25 morphology which exhibits reduced crystallinity and in­
creased elasticity. The decrease in crystallinity and 
increase i.n modulus of elasticity result in coatings 
which are less brittle, tending to spring back when 
deformed, and consequently more durable than prior art 

30 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 100% PTFE can be easily 
stripped from alu:min~. Similar results are obtained 

35 on stainless steel foil. 
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For these reasons, the largest proportion of 
PFA is used in the basecoat where. adhesion, toughness 

and elastidity are critically impo:i:-tant. ~rnile the pro­
portion of PFA in the midcoat is less, it is enough to 

5 provide th.e to~ghness, 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-

10 mize light scratching. 
Test data indicates that durab!li ty perfo:ccrance 

is more significantly affected by the % PFA in th~ base­
coat than the percentage in the mid- and topcoats. While 
a la~ge propo~tion of PFA is desirable in the basecoat, 

15 work with 50%, 75% and 100% PFA in the primer indicates 
t~at levels above 50% form le~s than desirable .films, 
often leading to blisters on curing and severe cracking 
in the final films. Consequently, the invention provides for 
30-SO'fe PFA ~ the primer, preferably 40-SO'fe, and most preferably 40%. 

2 0 Th~ % PFA in the mid- and topcoats of the ·.three-coat system is not as 

25 

. . 
critical. The invention provides for ·the % PFA ·in a coat overlying 
the basecoat to be at least 10% and at most' O. 75 times % PFA in the 
prinier; for a midcoat, this% PFA is prefer~ly. at most 

·. 

a.so times % PFA in the primer, and most p=eferably 
0.375 times % PFA in the primer. The % PFA in the top­
coat should be less than or equal to O .2·so times % PFA 
in the primer, more preferably less tban or equal to 

30 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 t!lan or equal to 130°C can serve a very useful. 
purpose in a coatinq composition, expecially in a system 

35 designed for cookware where the coatinq can be exposed 

. :· 

.· . 
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to very high temperatures. As an amorpho·US polymer is 
raised through ·its glass-tradsition temperature, it 

changes from a hard and brittle material to a soft and 
rubbery one. The Tg of PTFE.is_ ,l27°C while the Tg for 

5 the PTFE-PFA blend is slightly lower. When cookware 
bearing coatings· of PTFE or the PTFE~PFA blend is ex­
posed to higher temperatures, especially such as might 
develop with carbon steel ·or stainless steel cookware, 
there can be a significant softening of the coating 

10 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 hel~ counter this excessive.soft­
ening, creating a tougher, harder coati~qof improved 

15 durability. 
Those polymers which are suitable for such a 

purpose include, for example: 
(1) Polybenz~midazoles, 

(2) . ~olimide, 
20 (3) Polyarnide-Imide, 

(4) .Polythiazoles, 
(5) Polyhydroxy Benzoic Acids (e.g., Carborundµm 

Ekonals), 
( 6 ) Flolyphei;:iylenes (e.g.,., Gulf Thermid (Regd. ·T .M.) 600 series 

25 and Hercules (Regd. T .M.) H-resins) , 

(7) Polybenzoxazoles, 
(8) Polyquinoxalines, 
(9) Polyoxadiazoles 
(10) Polytriazoles, 

30 (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 

35 
Edition, Vol. 18, 1511-1521 (1980). 
By weighing such factors as the end-use and 

substrate of the coated article, one skilled in the art 

• 
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II 

will be able to choose which one or ones of the above 

polymers _inay be suitable for any given 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 coating composition. 
One, it forms an exceptionally strong adhesive bond with 

10 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-

15 
strate. 

The coatings were prepared and applied by 
techniques known in the art and generally according to 

t .• . 

the teachings of U.S. Patents 4, 123, 401 is.sued to · 
Berqhmans and Vary October 31, 1978 and 4,122,226 issued 
to Vass~liou Octobe~ 24, 1978,, among others. As noted 

20 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

media~e coating w-as !Sprayed on the primer. F:i,nally, a· 
topcoat was sprayed onto the intermediate coat. Al-

25 thouqh 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 reconunended 
film build for th±s system is 38.1-"""'"" to 45.7'°"',.m with 
up to 7. 62.,µ""- of pr_imer, 19. 05""""'1\ of midcoat and 

30 19.0S~JJ"t of topcoat. 

35 

Althouqh this is the optimu.~ coating system 
for cookware, especially aluminum cookware, there are 
many other applications where a two-coat system would 
be preferred. Therefore, dependinq on the substrate 
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and the end-use, the composition of the different layers 
and the recommended film build will vary to optimize re­
lease, hardness, adhesion, porosity or chemical inert."'less. 

In the t..'lree-coat system, after all three 

layers have been applied, the coated substrate is baked 
to cure the coating, preferably at temperatures 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 coati~g by causing coalescence. 

While a variety of combinations of PTFE,. poly­
amide-imide (PAI) and PFA were tried in each layer of 

the coating the typical preferred coatings consist of: 

·rnqredient 

% Weight 
Solids in Each 

Ingredient 
P'rimer PTFE/PFA = 60/40 

PTFE dispersion 
PFA dispersion (where· PFA 

is a copolymer of 97% 
~E and 3\ PPVE) 

Furfuryl alcohol 
Deionized water 
Water solution of amide-
. • imide polymer from Amoco 

60.0 

61.9 

30.0 

Each Inqredi­
ent: as % Weight 

of Tot.al 
Com-oosition 

20.82 

13.44 

1.22 
27.83 
12.18 

25 Chemicals Co. 

30 

Cobalt blue pigment dis­
persion 

Silica sol dispersion 
Tio

2
-coated mi~a flake 

Intermediate PTFE/PFA = 
PTFE dispersion 
PFA dispersion 
Deionized water 
Channel black 
Cobalt blue pigment dis-

35 pers·ion 

45.0 

30.0 

100.0 

85/15 

60.0 

61.9 

45.0 

45.0 

10.43 

14.0l 

0.07 

57.23 
9.79 

6.36 

0.26 

a. 26· 

• 
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Tio 2-coated mica flake 

Ce-octoate ~elution in 
2-ethyl-hexanoic acid 

,., 
J..:J 

100.0 

Acryl~c ~is~ersion 40.0 

0.89 

12.68 

12.53 

5 Topcoat PTFE/PFA = 95/5 

10 

15 

20 

25 

30 

35 

PTFE dispersion 

PFA dispersion 
Deionized water 

Tio2-coated mica flake· 

Ce-octoate solution in 
2-ethyl-hexanoic acid 

60.0 

51.9 

100.0 

66.58 

3.31 
4.18 

12.49 

Acrylic dispersion 50.0 13.02 

All dispersions are ·aqueous. 

M~re ·details of the i~gredients used are pre­

sented in U~S. Patent_ 4,.123,401·, issued to Berghmans and 

Vary October 31, 1978, and.U.~. Patent 4~122,266, issued 

to Vassiiiou October 24, 19 78. ·Reference to these u .S.Patents~ 
. . 

especially the examples of U.S.Patent 4,123,401, is particularly 

recorrmerided. 

The most important component of the "three-coat 

system is the PFA content in each layer. A comparison 
study was conducted to study the abuse cooking perform­

ance of a system wherein the %. PFA (based on the total 

fluorocarbon content} ·in the base-, mid- and topcoat was 
40/15/5. It· was ·discovered that~this ·partictilar system 

at a total film build of about 38.1 to 45.7""'"'"" 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 graphical~y illustrates the im­

proved durability performance of the invention compared 

to prior art. The durability performance is measured by 

the nu."ttber of "Tiqer Paw" abuse cooks conducte~ 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. For this particular 

5 test, a coating system was deemed to have failed when 

it re...ached 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 drawing, the shaded area under A repre-

10 sents the range of durability performance for prior art 

coated articles, represented by a multicoat system in 

which the different layers are derived from a composi­
tion containing PTFE and mica. The shaded area under B 

represents the improved durability rang~ for a multi-
15 coated ~rticle of a PTFE-PFA blend outside the J:>re.sent 

.invention where the·% PFA in the base~, mid~ and to~coat 

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 

20 topcoat is 40/15/5. The curved line below the box 

represents data collected where the film build was out­

side the shaded area of the box. At these film builds, 

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

25 ent invention which specifies the % PFA in each layer of 

a coated article results in an article bearing a unique 

finis~ combining optimal durability and superior release 

characteristics. 

•••• 
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CLAIMS 

l. An article comprising a s·ubstrate having 
on it multiple c~at±ngs ,· 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 consisti~g essentiaily of, by weight: 
(a) 15-65% of a particulate polymer of monoethylenically 

unsaturated hydrocarbon monomers completely sub­
stituted with fluorine atoms or a combination of 

10 fluorine and chlorine ·atoms, the polymer having a 

number average molecular weight. of. at least 20,000~ 
(b) 30-50% of at least one 'of a particulate copolymer 

containing 
(i) 99.5-92% of tetrafluoroethylene, 

15 {ii) O.S-8'5. of at least one perfluor±nated vinyl 
ether having the 'formula: 

CF2 = CF - 0 - Rf 

in which Rf represents one or more_per-
20 fluoroalkyl radicals having from·1 to 10 

atoms or a particulate perfluorinated ether 
h . . ~h ~ 1 aving -·e .ormu a: 

25 

in which n is zero to 4, and, 09tionally, 

30 {iii) hexafluoropropylene1 and 

35 

(c) 0-25% of a ~olymer having a glass-transition tempera­
ture greater than or equal to l30°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 essentially of (a),(b} and 

(c), with 

111111111111111111111111111111 
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the concentration of (b) beinq at leas~ 10% by weiqht, 

and also less than or equal to 0.75 times the propor­
tion of (b) in the basecoat composition, and the con-
centration of (~J beinq 0-15%. 

2. The article of claim l wherein the base­
co_at is overlaid with two coats of a compos±t±on con­
sisting essentially of C"aJ, (b} and (cl of claim l, 
where the_ composition of the midcoat comprise$, by 
weiqht, 55-90% (a} ,·10-30% (b), and 0-15% (c), and the 

10 composition of the topcoat comprises 80-100% (a}, 0-10% 
(b) , and 0-10% (c) • 

3. The article of claim l or 2 wherein {c) 
of the coating composition is selected from ~he group 
of polymers consistinq of polybenzimidazoles, polyimide, 

15 polyamide-im±de, polythiaz~les, polyhydroxy benzoic 
acids, polyphenylenes, _ polybenzoxa-zoles, polyquinoxa­
lines, polyoxadiazoles, and polytriazoles. 

4. The article of claim 1 or 2 wherein (c) 
of the coating composition is a polyamide acid salt 

20 consisting essentially of the nonvolatile content of: 

25 

30 

(a) 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 qeneral 
formula · · 

'RJ'COOH 

/\.a l 
HNC CNH-R 

" " 0 0 n 

wherein G is a hydroqen atom or a carbonyl qroup: 
wherein the~ denotes isomerism so that in any 
recurrinq unit within the polymeric structure t.r.11e 
qroups to which the arrows point may exist as shown 

35 or in an interchanqed position; wherein R.is an 

I IJIJl~ll~ 11(8 /~I~' 
I . ' • 
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organic tetravalent radical containing at least two 
carbon atoms and no more that( two carbonyl groups 
of each polyamide ·acid unit are attached to any one 
carbon atom; wherein R1 is a. divalent radical con­
taining at least two carbon ~toms, the amide groups 
of adjacent polyamide acid units are attached to 
secarate carbon atoms of said divalent radical: and .. 
wherein n is an integer sufficient to provide a 
polyamide acid having an inherent viscosity of at 

10 least 0.1, preferably 0.3-5.0, as measured as a 
O.Si solution in N, N'-dimethylacetamide at 30°C, 
and wherein said tertiary amine is present in at 
least a stoichiometrically equivalent amount ~o the 
free carbonylic acid groups in said polyamide acid; 

·1s Cb) S 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 
dispersion component in the range of 7.0-10.0, a 

20 polar component in the range of 2.0~ll.O, and a 
hydrogen bonding component in the range of 7.0-
14.0: 

(c} 5 to 35% by, weight, ba!!i_ed on the s.olution., of·~ 

a coalescing agent, wherein said coalescing agent 
25 i.s at least one member selected from the group con­

sisting of N-methylpyrrolidone, dimethyl formamide, 
dimethyl acetamide, dime·thyl sulforide, eresylic 
acid, sulfolane, formamide; and wherein water com-

-30 

35 

prises 30-80% by weight of the solution. 
~~ . -ti;-"f-

S, The article o~jclaim~l a• ~;/wherein (b) 
of the coating composition is one or more copolymers of 
perfluoroalkyl perfluorovinyl· ethers with tetrafluoro-
ethylene, said ether having the formula 

,_,lllll l//lll Ill/I lllll I/ 111/ 
C L H S * 

. , 
.:.:' 



19 

s in which n is 1 to 4. ~, ~· -&; 4 
6. The article 0¥.(claim l er ~;(wherein (b} 

of the coating composition is a ~erpo!~~e= co~sisting of, 
in copolymerized form, 
Ca} ·tetraf 1 uoroethylene, 

10 (b) between about l-and 12 weight percent hexa­

fluoropropylene, and 
{c) between about O;S and about 6 weight percent of 

either perfluoro(ethyl vinyl ether) or perfluoro-

- Cn-pro:;yl vinyl ether} • ot: G G 
15 7. The article djclaim.sl sr 2jwherein (a) 

20 

25 

of the coatinq composition is polytetrafluoroethylene. 
3, 4 •t.-r 7 

8. The article of claim 1, M 2,lwherein (b) 
of the coating composition is a copolymer consisting of, 

in copolymerized form, polytetrafluoroethylene and 3% 

perfluoro ('propyl vinyl ether} • ~c..a../-: 

. 9. . The aJ;"tic~ oijciaim ~ which is an article 

of cookware. 
10. 

of the coati.qg 

.s; "> ~ e c-r 9 
The article of claim l,e:- 2Jwherein (c). 

composition is the q9nvoiatile 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, wherein 

the polyamide acid is for.med from trimellitic anhy­
dride and bis(4-aminQphenyl) methane and wherel.n 

30 the tertiary amine is a 4:1 to 1:4 by weight 
mixture of t.riethylamine and ciet~yl 2-hycroxy­
ethylamine; 

(b) 10~20ts by weight, based on the solution, of fur-
furyl alcohol; and 

35 rcJ 10-25% by weight, based on the s·o1ution I o= N-

methylpyrr~lidone. 

.1 .111111.1 .111111 01111111111 1111 
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11. The article of claim l,~ 2,[Nherein (c) 

of the coating composition is the nonvolatile content 

of a soluti6rt co~sisting essentially of: 

fa) 25-45% by weight, based on.the ~elution, 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 and wherein 

the tertiary amine is a 4:1 to 1:4 by weight mix­

ture of triethylamine and diethyl 2-hydroxy-

10 ethylamine; 
(b) 10-20% by weight, based on the solution, of furfu.ryl 

alcohol; and 

(c) 10-2.5% by weight, based on the solution, of N­

methylpyrrolidone; and wherein water com9rises 

15 30-55% by weight of the solution..;,. ~ c..d~ 3 t::- // 
. . 1 ~ . 12. The a~ticle of claim l wherein the base-

coat is derived from a composition comprising 30-50% (a), 

40-50 % (b), and 10-20~ (c} and a single topcoat is de­

rived from a composition of (a), (b) and (c) comprising 

20 0-10% (c) and wherein (b) is at least 15% and also less 

than or equal to a.so times the proportion ·o: (b} in the 

basecoat. ~ ~ ~ 11 

13. The article ofjclaims2jwherein the base-

· coat is-derived from a composition comprising 30-50% 
25 ·ca>, 40-50% (b) and 10-20% Cc); the midcoat is derived 

from a composition comprising 70-80% (a}, lS-20% (b} and 
s-10 % (c);,and the topcoat is derived from a composition 

comprising 85-93~ (a), 4-8% (bJ and 3-7% (c}. 
~~ ~// 

. 14. The article of/claims2jwherein t...~e base-

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

Cal, 40-50% (b) and 10-201. (c); the midcoat is derived 

from a composition comprisi~q 70-80% (a), 15-20% (b) 

and 0-10% (c); and the toccoat is derived from a comoo-. -
sition comprising 85-93% (aJ, 4~8% (b).and O-i% {c). . a..ar ~ '"t'o" ~I 

15. The article oijclaims2jwherein the ratio 35 

11111111 111111 11111 1111111 1111 
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of (a) to · (b) is 60/40 in the basecoat, 85/15 in the mid­
coat, and 95/5 in the ·topcoat. 

16. The article of claim 1 or 2 wherein (a) . 
of the coatinq composition is polytetrafluoroethylene, 

S (b) is as described in claim 8, and Cc) is as described 
in claim 10. 

17. The article of claim 16 wherein a base­
coat is derived from a·composition consistinq essentially 
of, by weight, 58.68% (a},. 37.88% (b) and 3.44% (c); a 

10 midcoat of as·. 39% (a), 14. 60% Cb) and 0% (c); and a top­
coat of 95. 26% {a) , 4. 74% (b)· and 0% (c) • 

.. . 
18 •: The a-rt·icle· ·of claim 1 h:av i".ng coating~ subst·antiall y 

. . 

as set forth in the foregoing listing of typical preferred 

coatings. 

!be ten ot 1:be •,.m.tioatian baa bee nprodlaoecl 10" pbOtooo~ tb• applioau o:igiD&l 
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