2090165 1 Non-Stick Coated Steel Article Steel cookﬁa}e s difficult to
coat_ 5 with non-stick coatings such as fluorocarbon coatings. Because of
th w thermal conductivity and thermal diffusivity conpared to al um num

. or per, steel cookware tends to devel op portions hotterzgﬁg} tﬁ‘usr
portions. This leads to 10 softening or deterioration of s of

the coating faster than other parts™ To minimze rusting, and because of
the hardness of steel, it is preferable to use a ceranmic. frit to prepare £

theu§ubstrate fortrﬁbﬂjgéiggrggaggansggﬂl|x}ﬂfgﬂgw than grit blasting as
Is often done wi th aromrmonTcooRkware. However, current fluorocarbon priners

general ly contain pol yam de-i m de resins which have undesirabl e reactions
with the frit used qmtséfetoenhareaﬁesdiﬁ&iﬂuﬁ: #d ¢sawecessary to find

fluoro arb ri ners [ esir ahl e on fritted steel
substrate §°’ba§%m 3%% ng g‘ﬁﬁ's%ﬁ i%f)iﬁl,%zlr"sés#é tober 19, 1976,
descri bes Gméﬂmwcarmansepofnthecdmpbsme'mh\mqndtwhiﬁihx 1-10% of an

al kyl ben ﬁ.ﬁ{ a@%ffagg_yggg Egahli@ae do° aafxﬂﬁi’f?\?ﬁ &pi ch shoul d be .

avoi ded mhen fea ar | ous ave. descri be rits that can be {
fired on Qﬁﬁﬁeﬁyuﬁ$¢¢¥s°?ﬂk€3ﬁﬁ Sﬁnﬂﬁnéﬂ(ﬁ?WG%QPfPQEﬁ%E%§bon coat i ngs. {
I ncl uded hotter than other porticns. This leads to ;

10 softening or deterioration of some parts of the

. coating faster than other parts.

\ ~ To minimize rusting, and because of

J the hardness of steel, it is preferable to use
a ceramic frit to prepare the substrate for the

15 . fluorocarbon coating rather than grit blast;ng as is
often done with aluminum cookware. However,
current f£luorocarbon primers ggnerally contain

]

polyamide-imide resins which have undesirable
reactions with the frit used on steel substrates.
20 Thus, it is necessary to find fluorocarbon primers
which will give desirable results on fritted steel
substrates. _ |
U.S. Patent 3,986,993 - Vassiliou,
issued October 19, 1976, describes a fluorocarbon
25 primer composition which contains 1-10% of an
alkyl benzene, preferably toluene. Toluene is a
solvent which should be avcided when feasible.
Various patents have described frits _
that can be fired on steel and frits in com- ' 3
30 bination with fluorocarbon coatings. Included
are U.S. Patent 3,850,867 - Hartmann, issued
November 25, 1974 on an aqueous blend of fluoro-
carbon resins and frits for use on metal such
as aluminum.
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are U. S Patent 3,850,867 - Hartmann, issued Novenber 25, 1974 on an

aqueous bl end of fluoro- carbon resins and frits for use on netal such as

al um num 35 2 Japanese patent publication 52/121,685 - Mtsushita

. Electri@™l ndustries KK, of October 13, 1977 provides a fluorocarbon coating:
over a a fritted netal substrate; as do Brit#sh Patent 5 1,239,217 - \élsh

- Tinplate & Metal Stanping Qpapai;égb patdnt Sisisl ed yich, 52]/972]1 €88 -British

i Ratent 1,377,955 VEB ae cenb
1 1974, HomeverMaﬁ8H§f]’b£a ﬁﬁeﬁﬁ%ﬁ fn‘ﬁg %’f’?él’gg Weﬁf g'yf‘?eren wrenrch
i Ul ly satisfacl8@y pnovméessal5ku@xnmaxkp@w9@ﬂtxng UMVERY OF THE

| NVENTI ON The 'nVeE&heaapﬁe&ﬂe§uﬁsefé\£@d &% L4S | BrLOfBY imdthe substrate of
i steel on which is agslle 15 a first, layer of subiagltlaEIHH/ n- por ous

| ceramic frit, & séedhf-Rijer Belph Tivelatent Metd %@@w of
. fluorocarbon prlnntd.anﬂubmishedlﬂulg 16pr1971 ayand British Ratdron t opcoat,

Consi St f‘gi gsgrelnpﬁ‘élz’@ 855 Ve%grggﬁﬁeﬁoeigggﬁ?gr?%%lp @%’ds a

publlshed December 18,

% o .~ However, none of the known prlor ‘art
7_ 10 provides a system whlch is fully satisfactory
N - for non-stick coating on steel.

SUMMARY OF THE INVENTION -
The invention provides a coated article
‘comprising a substrate of steel on which is applied
15. a first layer of substantially non-porous ceramic
.frit, a second layer of porous ceramic frit, a
third-layer of fluorocarbon primer, and optionally
a fourth layer of fluorocarbon topcoat, wherein |
said primer is derived from a coating composition
20. consisting essentially of:
a. 20-90%, by weight of total solids, a
particulate fluorocarbon polymer:;
b. 10-80%, by weight of total solids,
colloidal silica having a pH of 8.4-9.9
25 at 25°C, whose particles having a size
of 5-100 millimicrons and specific sur-
face area of 125+420-squaré meters per

. o gram; -
1;' ' ) c. 1.5-3.5%, by weight of total comp031t10n,
L .
- 30 . . alcohol containing 4 or more carbon atoms,

said alcohol being miscible with water;
d. 1.0-1.5%, by weight of total composition,
fatty acid containing 8 or more carbon
atoms;
'35



particul ate fluorocarbon polyner; b. 10-80% by wei ght -of totat solids,
'_idal silica having a pH of 8.4-9.9 25 at [err], whose particles
Qg a size of 5-100 n1II| rons and specific sur- face area of 125-420
net-ers per gram c. L 3. 5% by wei ght of total conpositi.on, 30
alNcoyol containing 4 or nDre carbon atons,. said al cohol being mscible with
water: d. 1.0-1.5% by weight of total conposition, fatty acid containing 8

or nore carbon atons; 35 - 3- e 0.3-0.7%, by weight of total .
conposi tion, triethanol ani ne or.an anine having the fornula R3- NRLR2 \,ﬁf
wherei n ger ol 3coNtal,npy Wdighe &F hetall empohi €8onp - contain ot her .

functional gr.oups, and R2 and R3 contain one to six carbon _atons or
hydrogen; f .trieihariylacightonfan camine chadsngothei Foemngar esins, g. 1-4%
by wei ght of total solids, 10 - of a polyneric adjunct; h. up to 40%
by wei ght of - ‘tot aI solﬁds l\?é Epi gnent; and

1re _

‘wherein Rl'containsﬁlfto 6 carbon atoms- and may

5 contain other functional groups, and Rz'and R3 ' - ef
contain one to six carbon atoms or hydrogen; . '

£. 1-4%, by weight of total solids, of : ' ¥
© silicone resins,
_ " g. 1-4%, by weight of total sollds.'
10 of a polymeric adjunct;
' h. up to 40%, by weight of total sollds,'
of pigment; and
f i. a liquid carrier.
N .The.fiuorocarbon polymer of component "a"
| 15 * of the primer may be a fiuorojcarbon polymer
polymerized or copolymerized from monomers selected -
ﬂmmlmomoethylenically unsaturated hydrocarbon monomers
and hydrocarbon ether monomers, said monomers belng
completely substituted with fluorine atoms or a
20 combination of fluorine atoms and chlorlne atoms,
| the polymer having a number average molecular weight
of at least 20,000.. '
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i..aliquid carrier.. The fluorocarbon polymer of canponent "a" of the <l§)
prinmer may be a quorocarbon pol ymer pol ynmerized. or copolynerlzed from |
nonongrs sel éct ed. from nono et hyl ent cglly unsaturated hydrocarbon nononers,
and hydrocarbon et her nononers, said nononers being. conpletely substituted.
wi t-h fluorine atons or a 20 -conmbi nation of fluorine atons and chlorine
at ons, the pol yner having a nunber average nol ecul'ar wei ght of at |east
20,,000. . - 4 - DETAI LED DESCRI PTI ON The fl uorocarbon. prinmers used in the
i nvention utilize some of the technology of the aforenentioned U. S. Patent
3,986, 993, except that -the al kyl benzene 5 is advantageously elim nated
and nmuch narrower ranges of congﬁhﬁ g ﬁﬁéb '%thﬁo be needed to obtain
sati-sfactory coating on steel F+s i nvention. The steel
substrates. cont enpl at.ed forTl”l@ le@rQﬁ4¥bQ!hePﬁm%m|1éﬁﬁ%rhnpthﬁarl ly

(C::gn\éent ' ?na: car bﬁﬁ‘v%ﬁ@fé??hiﬁhﬁé e@ém%r@f Stié ni:é‘&@néia ?ﬁaﬁﬁé' al ts _
rbon steel was.used in e e rits I'n the invention can
* be® %ﬁWEFE‘?Pe r%p#ré?%??nt i#%ﬁgrgify the first 15 frit
Iayer is of a conp03|t|on that cdn he éxeept: that the alkyl benzene

&

;o 5 is  advantageously el;mlnated and much narrower

ranges of constituents are found to be needed

to obtain satisfactory coating on steel in :
- accordance with this invention. ' i

The steel substrates contemplated for
10 uSe'with:the invention are primarily conventional
carbon steel, alloy steel and stainless steel
materials. Carbon steel was used in the example.
' Frits to be used in the invention can
" be ordinary or proprietéry. Preferably the first é
15 frit layer is of a composition that can be firad '
to a rough. (unglazed) but substantially ndn-porous e
‘condition at a first temperature, and the second .
frit layer is of a composxtlon that can be fired
. -at a higher temperature than the first tampazﬁmme ta
20 give an adhered and porous layer. The porosity should ke

‘l\ i 3 (“'4.



to a rough (unglazed) but .substantially non-porous- condition at a first
t apperature, and the second frit |layer is of a conposition that can be
ed at a higher tenperature than the first. tenperature to 20 gi ve an
bred and porous |ayer. The porosity should be adjusted by firing and
| ating so that the f 1 uor ocar Bn prinmer |ayer infiltrates the porosity

for bond'aa?-eykeaesfl £5r fn§ OdMid NER0 ] LBl g Mo Hafafeddie frit. This |
enhances |£ er coat,  adhesj on ﬁ%%ﬂpthﬁ *iiég tq£c at. Suitable frit 3
composi t | ShUOFAERERRR { PEEER nAYET rintil thates, dHe ParPait%e or |ower theS
needed fi fongbbrdprg abut uresalys foreantinumgud edyemwas known in the art. .
For insta , kD ddi.sLon : AL ' | the firing

t enper gt u?éso?&a&l%i ?H‘tfi ts %% %@%&# o%%%m%a%e%é%o i nclude toxic

mat eri al swihButhebfiuldecarhen ckrperat . SBuktakle (fxit are disclosed in U S
Patent 3, 38#p886e1okealhdDudé SERGSL Jhowrl bin Wnd %k, French Patent

2,282,410 - Ferro Corp., issped ch 19,.1976, and, t.he af orenentioned U. S.
Pat ent 3, %96}%%7‘9—%%{35? ePBrOYYF r“??‘ﬁ‘g B SRR Ferro frit .
CN500. Fetuve$rby £di0Qlasingrtechhiqies dosiwmbire tid art. Afrit

has thg GROE, SpEpafien. Pend Yol ffid bf UED Pl Meddifally |10 oMPErature s
raise the firing temperature of a frit. -
Frits to be used on cookware do : LA
- not include toxic materials unsuitable for -'
food contact. Suitable frits are disclosed in

'U.S. Patent 3,393,086 - Keating, issued July 16,

15 1968; French Patent 2,282,410 - Ferro Corp.,
issued March 19, 1976 and the aforementioned U.S.
Patent 3,890,867 which refers to Bayer frits _
AL6110 and AL8 Ferro frit CN500. Ferro frit -
CN700 is particularly desirable. _ '
20 A frit composition which can be adjusted
to raise or lower the firing teﬁperature has the
general batch formula:
' Parts by Weight
Quartz - . - 18.0
25 Feldspar ' 31.0
Hydxated bhorax - 37.1
Soda ash 5.9
Soda niter 3.8
Fluorspar 3.0 !
30 Co40, 0.5 N
Nio 0.6 .
'Mnoz 1.1
Total 10l1l.0
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Part:sby.* Wi ght Quartz ~ . ' . 18.0 25 . Fel ds ql{ %
31. @ Hydrated bor ax : ~ 37.1 Soda ash L\ \
5.9 Soda niter C _ 3.8 gl uor spar

3.0 326, . Co34 0.5 NN O

0.6 whee - The fluoreocdrHonotepcoat can be any 0£101.0 35

The fl uorocar bo Ng y to be
, |tabl e such agﬂtﬁcﬁose o?&%xn? }?Qf {#?gPatent ‘gahgélé Ber ghmans
ary, issuedtiRsemef Byampl @7@3 11”~AIF+S FPakeny -visz?)a‘! t3 are

con5| dered to bep&f Wﬁécéﬁ@rvéﬁ?rﬁéuedmanptﬂQT@ fralland

: I or ocar bon ‘10" C88 | FRPVE, PALEREE (AR FPRBHARERE TonREpPrBPEIRS e by
bl endi ng: Partslrbyeflgasght» of - ~of ‘total - solids 15
conp05|t|on . EXAMPLE :
. B ‘Since the frit and fluorocarbon topcoats
. o can use conventional technology, the £luorocarbon
f" 10 primer will be ekempliﬁied here.  The priﬁer.was
) made by blending: ) S
* o ' ' Parts by Weight
of of
- _ total - solids
- 15 _ S _ composition
' Aqueous dispersion PTFE, '  -
. 60% by weight solids 46.9 - 63
"Ludbx*AM”'colloidal silica a _
| _* (Du Pont) . 32.4 22
20 rid, pigment | a6 16
Diethylene glycol monobutyl - ' '
ether - 1.5-3.5
Oleic acid - -~ .~ 1.0-1.5
| ®riethanolamine : - 0.3-0.7
25 Silicone resin . B ' _
(608 solids in xylene 1.9 3
Acrylic resin o 1.0 ; -2
(methyl methacrylate/ethyl '
1 N o acrylate methacrylic
- . acid - as in U.S.
< : Patent 3,986,993)
> _ Deionized water . ' _8.0 .
' 100 100

| * "Ludox" is a registered Trade Mark



Aqueous di spersion PTFE, .60% by wei ght solids -'46/9 : 63 *

i"Ludox AM' colloidal silica (Du Pont) 32. 4 22 20
/mi r]\ pi gnent 4.6 10 Di et hyl ene gl ycol nonobut yl
 ef{Hds 1.5-3.5 Oeic acid 1.0-1.5

TA_et hanol am ne _ ~ 0.3-0z7 25« Silicone resin (60%solids in

xyl ene 1.9 2 .

L . a3 Acrylic sin s 1.0
(et hyl nethacrylatgFSFﬁyPaXEr§¥8V8 %E?h38?§lfgh§51°n of thecid - as in
U. S. Pat eoatiggs, 9fsprpovernighitwaoaking in detergent 8.0 100

¥ "LudoX'sointdonSeombined wirHecMitk resigehiaclavs BAOyEsthe peel adhesi.on

of the coat,ings,after ovyerni ght soaking in detergent solution conbined with
“§F§n5§etGuBEtﬁgéﬁsmP%hsfﬂécﬂgﬁnt?FF¥§18f3§¢Iicone, acrylic and 5

crack resi
pi gnents s pdgnientd specitiiedi feentheninvention.

[ 4
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g

C@\IMS 1 ‘A’ coat ed’ ar'tlcle conprising a sub- strate of steel on which is
applied a first.l'ayer of substanti al }éﬁ&ﬁ-porous ceramic frit, 5 a second 1’7/

) Iayer/.of porous ceram § _ frlAf cfcfatéﬁrgr %8k (goﬁeéf@%ﬁﬁgego%ﬂl mer, and

optidgnally a fourth |ayér O orocarbon to I'n sard prinmer is

deri ved froﬁtg%tq’iﬁgsé‘-@#éogn |Vd’nlcboh§| mﬂg-%s%nfinslty of:. .10 a.

2Q: 90% Labal: g@&g c poI yer; b.
-¥)-80% by vvel ght (?)% t ot al “%"Fgﬂ e‘?éc’?*ﬁ%e. %ﬂq{lpH of 8.4-9.9
at\J er r ] 2wh@s &9agnd clayeran g?QFQ#%eC§5amlC fﬁ#ts éobhmndlrncrons and

specific SulaféiE%frfﬁuBEoW ?ﬂﬂﬁéﬁ , Tl o oﬂéiﬁ:!y c. 1.5-3.5% by
wei ght of total conposition, alcohol containing nore“car bon atons, 20

sai d al cohoP FOURERi 3¥BFe Ofi (L uRERFarhon; W@/&r b’gfhemlg‘ht of total

conposi ti ongafsat tprfab g sgnaﬁﬁiﬁtnfteémnar%d&%ﬂﬁ&lé@ﬁ 53%389n3-0. 7% by
wei ght of total conposition, triethanol am ne. or an am ne Jhaw ng the

formul a [ er CPRAHF g esgmt&.,ar;lsln 826 carbon atons and-may 30 cont ai'n
ot her. fupctional 200908, BRdweéig®loR total solids, a

i: particulate fluoroCarbon polyerx;

4 - b. 10-80%, by weight of total sollds,
® '; | colloidal szlzca havzng a pH of 8.4-9. 9
| - . at 25°C, whose particles having ‘a size

15 of 5-100 millimicrons and specific sur—-
. face area of 125—420 square meters per
gram; |
c. 1.5-3.5%, by welght of total composition,
alcohol.contalnlng 4 or more carbon atoms,
.20 said alcohol being miscible with water;
d. 1.0-1.5%, by weight of total composition, =
fatty acld contalnlng 8 or more carbon '
atoms; : : ,
'Zeg 0.3-0.7%, by welght of total composxtlon,.
25 triethanolamlne or an amine having the formula i
W P '1“31R2_'

‘ whereln R1 contalns 1 to 6 carﬁSE-Etoms.éhﬁfmay '
“¥» | 30 = contain other functional groups, and. R, and R
. contain one to six carbon atoms or hydrogen,
W - £. 1-4%, by welght of total sollds, of o

| ~silicone reslns, o : . _ -
'-g._l-4% by welght of the total sollds.
35 " of a polymer1c adjunct;
h. up to 40%, by weight of the ‘total SOllds,

3
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€2

2

Qut ain one to six carbon atons or hydrogen; .f. 1-4%. by weight of total -

I ds, of silicone reS|ns g. 1-4% by melght of the total solids, 35

_\08 Ja polynerlc adjunct; h. up t& 40@6 by wei ght of the total SO|IdS of
7 pfgnent ; éﬂéuuéh arrier. 2. The article of claim1l mhereln t he
quorocarbon % ymer ‘of e primer |s a fl.uoro- 5 carbon pol yner

pol ynmerized bmqma@oMﬁnNLQ%d from nononers sel ected fron1nnnoethy|en|cally~

unsaturat ed hydpocamjn JPRORES 02N 1A @%ﬁ’@f‘eﬁhh%&onomr s, said
mononers being conpléetely 10_supstityted wth quorlne atons or a
conbl%\ﬂq’ﬁﬂcérbplntj(ﬂq]fié“%’e'o‘?r% ERe PRAFRME St dnE1UPRO ol ymer having a

n@““ﬁafﬁ@ﬁaﬂé ?ﬁé%ﬂﬁél ﬂﬁédobrabdpﬁﬁ¥mé£h983 3. The article of claim
2 wherein the 1

fl uorocarb tetr | uor oet hyl ene. 4. The
artlc#%p%fmGPQWﬂFﬁMﬁ§¥§¢l? ef EP@owan%$ﬁ§i%#&Fa ¥gl ycol rmonobutyl et her.

6

10

15

| cR 20

25

30

35

2rti FEIGF BPRPHRESH A4S BRgonets being ‘Comslete

- Ws@tiraked HdidearNbar abfickead and mydﬂocar@bei c acid 20

The article of/claim, wherein the amne Is ithanolanlne 7. The

>

substituted with fluorine atoms or a éombination
"of fluorine atoms and chlorine atoms, the polymer -

having 2 number average molecular weight of at

least 20,000. .
3. The article of claim 2 wherein the
fluorocarbon polymer is polytetrafluoroethylene.
4, The articlezo /claim™ wherein the
alcohol is dlethylene glycol monogutyl ether.
5. The artlcle;oé/blalmaf
‘fatty acid is oleic acid. . -
ey 3 .
6. The article oé(élaim,y wherein the
anine is triethanolamine. ) - )

. wherein the

7. The article of claim 1 wherein the
prlmer is derlved from a coatlng composition
cons1st1ng essentlallz(of about.
a. 64%, by weight of total sollds. poly—
_tetrafluo:oethylene,
b. 22%, by weight of total solids, colloidal
| silica; : .
c. 1.5-3.5%, by wezght of the composition, . j
diethylene glycol monobutyl ethers; -
d. 1.0-1.5%, by. welght of the composztlon,
oleic acid; -
- e. 0.3-0.7%, by weight of the campos;tlon,
triethanolamine;
£. 3%, by weight of total solids, silicone;

* ¢ L M sl* '




pri rrerv is derived froma: coating conposition. consi.st i ng essenti al | y/ of
about: 25 a. 64% by weight of total solids, poly-. ’ :
tetraf .uoroet hyl ene; b. 22% by wei-ght o#0total solids, colloidal silica;

c. 1.5v3.5% by wei ght ,qf itkO . di ethyl ene gl ycol
monobut yl ether; d. gI. (ﬁf &e%l g#g g?t%gese&&ﬁo‘*sﬁ‘-‘i”éﬁ,l%| eic acid; e.”
0.3-0.7% by wei ght of pod¥mestposition, triethanol amine; 35 f. 3% by

i ght of total sol hds g-gidg . 0n L@t t | solids
ackyli o pol yrer ., . "6 $7%7% Fdfents Gy Me1BKe Bol Fol g
i. atiquidcarrier. TRBG& ext of the specificati‘on has been reproduced by
phot ocopyi ng the appli galltﬁpﬁrd' EHat escript.lt may contain a few - .
amendnents which are difficult to rejélédiflgl)'he original typescript contatning
t hese anendnments may be i-nspected on the Pat ent Ofice - :

N . :

i The text of the specificstion has been :npcoanud by photocopying the applicants original
ot - . ‘typescxript. It may ocontain-a few anendments which are difficult to read. The original
? i . typescript cogtd.ning these amendments may be inspected on the premises of the Patent Office
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