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The present invention relates to a novel com-
position adapted for use in the preparation of
vitreous coatings for metal articlés. -More par-
ticularly, the invention relates to a composition
in the form of a frit, adapted for use as a vitreous
enamel in the coating of articles of light metals,
such as aluminum, aluminum alloys, magnesium,
magnesium alloys, and the like.

Aluminum and aluminum alloys, because of
their high strength and light weight, have found
increasing use in the manufacture of articles for
industrial purposes. Aluminum- and aluminum
alloys, however, are subject to attack by various
substances which is not only detrimental from
the standpoint of deterioration of the metal arti-
cle, but also from the standpoint of contamina-~
tion of substances brought into contact with the
metal article. It has been proposed to apply
vitreous enamel coatings: to the aluminum or
aluminum alloy article in an attempt to protect
the metal. There are many problems presented
in the application of vitreous coatings on alu-
minum and aluminum alloys which make most of

the presently known vitreous compositions wholly -

unsuitable as protective and decorative coatings
therefor. In the first place, aluminum has a
very high coefficient of thermal expansion. - The
expansion of articles made of aluminum or 0of
aluminum- alloys -at elevated temperatures thus

results in the destruction of vitreous coatings.

thereon, unless the coating has a coeflicient of
thermal expansion approaching that of the metal
to which it is applied.  Most of the presently
‘available enamel  compositions have coefficients
of thermal expansion much less than that of
aluminum and thus are unsuitable, from this
standpoint, for use on metal articles made from
aluminum or aluminum alloys.

Moreover, ordinary vitreous enamels, particu-
larly those high in P20s, contain small guan-
tities of water (or hydrogen ion) within the glass
structure itself. Because of the redueing ‘action
of aluminum at elevated temperatures, hydrogen,
as a result, is evolved at the metal-enamel inter-
face as a gas. These gas bubbles destroy ad-
herence of the enamel to the metal. In addition,
most existing vitreous compositions which might
be suitable for coating aluminum and aluminum
alloys from the standpoint of chemical resistivity
and water-insolubility, must be fired at relatively
.high temperatures. - Pure aluminum melts at
about 1200° F. and aluminum articles become de-
formed and lose tensile strength at temperatures
well below this temperature. In addition, cer-
tain aluminum alloys are deleteriously affected
at temperatures of about 1000° F. Thus a vitre-
ous enamel having a . relatively low maturing
temperature at which the metal is not adversely
affected is much to be desired. It has also been
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found that with the use of existing enamels, a
laborious procedure of pre-treatment of the metal
t0 be coated; is necessary. For instance, it has
previously been necessary to treat the metal

article first-in an oxidizing bath followed by &

pre-firing of the metal article. Some or all of the
problems referred to above in connection with
aluminum and aluminum alloys may also apply
to- magnesium and its alloys.

Relatively recently, a.composition has been de-
veloped primarily as a vitreous coating for light
metals including aluminum, with the view of
overcoming certain of the above difficulties.  ‘This
composition,: however, is composed primarily of
lead oxide and silica with-minor amounts of other
oxides. Lead oxide, as is well known, is toxic, and
this characteristic constitutes a . considerable
health hazard in commercial production. An im-
portant feature of the composition of the present
invention is that it does not require lead oxide
as a constituent thereof, and, in fact is prefer-
ably free of-lead oxide.

It is an object of the present invention to
provide a composition available for use as a
vitreous enamel in the coating of light metals,
wherein the above—ment1oned difficulties are
overcome.

Another object is to provide a vitreous enamel
composition ‘which will. not be destroyed when
applied to articles of light metals, such as alumi-
num, aluminum alloys, magnesium, magnesium
alloys, and the like, when the article is subjected
to high temperature.

Still another object is to provide a compos1tion
available for use as a vitreous coating for light
metals which may be fired at temperatures lower

than existing coatings for light metals.

Still another object is fo provide a composition
which when applied -as_a vitreous coating to

articles of light metals, particularly of aluminum

or aluminum alloys, does: not result in-the forma-
tion of gas bubbles at the enamel-metal inter-
face resulting in loss of adherence,

A further object is to provide & compos1tion
available for use as a vitreous coating for light
metals, such as aluminum, aluminum alloys, mag-
nesium, magnesium alloys, and the like, which
permits the simplification of the pre-treatment.of
the metal article and does away with the cumber-
some pre-treatment procedures encountered with
the use of prior enameling compositions. ‘

A further object is 1o provide a composition
available for use as a vitreous coating for light
metals which does not require lead oxide as a
constituent thereof.

A further object is to provide a composition
available for use as a vitreous coating for light
metals such as aluminum, aluminum alloys, mag-
nesium, magnesium. alloys, and the like, having
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the above-described novel properties and also
possessing high mechanical adherence to the
metal and cheniical resistivity.

Furthier objects will become apparent ffom 3
consideration of the following specification and
claims.

‘The novel composition of the present invention,-

in the form of a frit, comprises between about 5

and about 15 mol percent of LisO; between about:
15 and about 33 mol percent’ of Nu#20; betwee

about 3 and about 12 mol percent of an easily

reducible oxide selected from the group con~

sisting of CuO, CoO, CdO, and NiO, between
about 15 and about 23 mol percent of AlaOs,

between about 20 and about 32 mol percent of

P20s5, from 0 to about 15 mol percent of B20s
and" flildiine i an’ amount equivalent to be:
tween: about’ 27 and: about: 15° mol percent ef
NdzFs; - the stin of the mols of B0z and ALG:
divided: by the mols of P:Os providing: a ratio
of betweeni:- about .6 and about 1.6 and the sum
of the: mols of- B203 and of ALO3x and of P:0Os
divided by the sum of the thols: of LixO" and
N#:20 and of the said: easily reducible oxide pro-
viding a ratio between-about I and about 1.5
THe above analysis is not intended to" exeltide
§iiall: amounts of other reactible oxides which
may e ixcluded foir various purposes. For
instanég; a.small amount of K:O may be present
ih the: domiposition: If Ke0'is present;. it will be
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1 eéxeesy of 5 mol: petrcerit, more generally nof -

- eXcess of 2 mi6l. percent of the composition.
LiKewise; & small damioutit- of the alkudline. earth
‘oXides, - zitie: oxide: ¢r' dntimeny trioxide;. may
présent,. Of the alkaline earth: oxides, BaO
is‘more favorablé froni the standpoint of favoring
THSIBILGY.  Zirie oxide Tavors chiemical resistivity.
If such oxides are present; they” will not'be in
€xcess- of 5 mol percent; and more generally: not
indxces¥ of 2 miol percent. The preferred: com-
positions” of the ‘present: mvention will be: sub-
Stantiglly’ free of K0 glkuline earth oxides,
ZnO, or Sb203, consisting essentially of the
oxides et forth i the foregomg paragraph.
However, as” will: be discussed ore it detail
gifigfter; coriventional coloring and: opacify-
- softipounds 1hay e added to the composi-
tion: of the invention if accordatiee with Khowh
practice.

The above-desciibed coniposition: has. been
found to possess many ufiusual characteristics,
‘Thaking it éspecially’ useful as o vitreouy ergfisl
compositicn” for artlcles midde of alumirium: er
glitminum- alloys In the first plice; the ésm-
Dosition i the form of a-vitrified- coatmg pOsseEsses
‘g, coefficient of thermal expansion: approdching
that of gluminum. Thus, when drticles made
‘ofaluminum or of aluminuii alloys aré sub-
Jected to elevated temperdtures,- there -is no
dariger: of .the coating becomiitig cracked or
_erazed of othefwise destroyed: Im addition, it
Hdg been found that with the composition of the
Drésent Trverition, thére is fio: formation of gas
bubbles at the endmel-ietdl interface which
Wotlld' resiilt in the los§ of adhereiice between
the ergmeél coatitig” and the mietal. This is
believed to bE dile” to the faet that the easily
reduciblé oxidé of tHe type fientioried is iiore
edsily -reduced. by the aluniinubd il the article
than is water. THus, instedd of: Tedueing the
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~water (or hydrogen. ion) in the vitredus coating - -

to. gaseous hydrogen, the said easily réducible
_oxide becomes reduced by the aluminum 6 the
elemental metal form, and this fietal is deposited
‘at an énamel-metal interface itrihibiting furthér

75

‘ably low firing' temperatures.
_compositions of the present invention will com-
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reaction. It has also been found that with the
composition of the present invention, the cum-
bersoriie” pre~treatment procedure: of ‘the metal
article to be coated is-not required. Thus, in
most cases, all that is needed by way of pre-
tieatment of the metal article is normal removal
of-grease and. other dirt from the surface as by
the use of common soaps or detergents, although
it is- preferted practice also to slightly etch the

¢ surface: witht thie help of alkaline or acid solu-

tions: Another important feature of the com-
positions. of the present invention is that they
may. be fired at temperatures as low as 900°
., in other words, they have maturing tem-
peratures-as low as 900° F. As stated previ-
ously, the compositions of the present invention
do-not-require lead: oxide-as a- constituent there-
of. This- freedom- from- lead- oxide - thus. elimi-
nates- the health hazard. encountered. previously
in cases-where-lead oxide was used.. The -com-~
positions-of: the present-invention. are also.char-
acterized by good: mechanical adherenee: to- the
metal and chemical: resistivity. The properties
of adherence, resistivity, and low maturing. tem-
perature: are, of course, somewhat dependent
upon: the chemical compositions. seleeted.. How-
ever, the compositions- having the  preferred
analysis: as set- forth: below exhibit execellent
mechanical- adherence:.

Referring further to-the composn;mn of the
present. invention, it has: been. found- that-if the
Li»O-is present in-an: amount less-than about. 5
mol:percent, the coating is- too seluble.for most
purposes and. requires a. relatively high firing
temperature; and if the Li2O is present in. an
amount higher than-about 15 percent, the: ecoat-
ing must- also- be. fired- at- relatively high. tem=
peratures: With respeet fto the. Na20, if the
amount-: thereof is: outside the: above-recited
range; the coating has- been: found to. require
reldtively High- firing temperatures.. - In order. to
provide the elimination of gas bhubbles at the
etigmel<metal interfaece, it- has-been found that
the easily reducible oxide of the type-set-forth
above must:-be present- in an amount of: at least
about. 3 mol percent. However, if: the: ameunt
thereof is higher than: about: 12 mol percent,
tHe: coniposition requires: excessively high - firing
temperatures. With. respect- to the: Al203 and
the P0s, it has been: found- that if. these ma-
terials are riot within the ranges:set forth-above,
the composition is: too soluble for most praetical
purposes or réquires-excessively high firing' tem-
peratures. With respéct to:the B20s, it-has been
found- that if this- madterial is present in. an
amount greater than abotit 15 mol percent; the
c¢oating is too soluble -for miost practical purposes
and- bécomes excessively hygroscopic, and the
frit tenids to hydrate upon water gquenching.
HoWever, amounts less than about 15 :mol per-
cent.of B20g3; for-exainple;, from about 2 to: about
15 mol percent; preferdbly froim about 6 to 12
mol percent, are advantageously present; as: the
preserice of the B:Os3 lowers the firiig temper-
atire of the ¢omposition. The above-described
oxide proportions thus provide proper chemical
resistivity and insolubility coupled with reason-
The wpreferred

prise between about 8 and about 13" mol percent
of LizO, bétween about 25 and about 30 mol

_percent of NazO, between about 4 and about 6

ol peicent of the edsily reducible oxide, between
abolit 18 and .about. 32 mol percent .of AlO3,
between about 24 and about 28 mol percent of
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P20s5, between about 2 and about 12-mol percent
of B0, -and:-fluorine in: -the -amount: stated
above; iand will have-a ratio of the sum .of mols
of B20s; and AlaO3 divided by the mols: of P20s
of between about 0.8 and about 1.2, and a ratio
of. the sum of mols of B203 and of Al20s-and of
P:0s divided by the sum of mols of LizO and
of ‘Na20 and of easily. reducible oxide of he-
tween about 1.2 and about 1.4.

Referritig to the easily reducible oxxde men-
tioned above, it may be-selected from the group
consisting of CuO; CoO, NiO, and CdO. Mixture
of two or more-of these oxides may be employed
if desired. All these oxides are di-valent and are

‘more easily reduced by aluminum at elevated

temperatures than ‘is water; of the- easily’ re-
ducible-oxides, CuO, CoO, and NiO are preferred
from the standpoint of ease of reduction, and of
these,CuO is most easily reducible and thus most
advantageous for use, with CoO of second prei-
erence. ~ The easily reducible oxide may impart
a. characteristic color to the resulting  enamel
coating.  Thus 'CuO will  impart a blue-green
‘color to the coating; CoO will-impart a blue color,
and NiO-will impart a brown color, while CdO
imparts no color to the coating. For many pur-

poses, these colored effects are not disadvanta-

geous, ‘however, if different colors are desired

they may be provided by the use of conventional

coloring .agents of the type discussed hereinafter.

The composition, in the form of g frit, having
the above-described chemical composition, may
be prepared in accordance with conventional
practice. - As is well-known, in preparing the frit,
compounds ultimately providing the desired ox-
ide. analysis, in the present case, providing the

‘above-described oxide analysis—are mixed to-

gether in fine particle size and melted, and the
molten bass quickly cooled, as by water-quench-
ing, and dried. With respect to the compounds
employed to provide the above chemical analysis,
such. compounds are well-known in the art and
the provision of the: -above-described chemical
analysis will present no problem to those skilled
in the vitreous enamel art.- Thus, the LizO may
be provided, for example, by lithium carbonate,
tribasic lithium phosphate, lithium nitrate, and
the like; the Na20 may be provided for example,
by sodium ‘carbonates,: for instance, soda ash,

:sodium. carbonate monohydrate, and the like,

phosphates, for instance tetrasodium pyrophos-
phate, sodium - tripolyphosphate, sodium -hexa-
metaphosphate, and the like, sodium nitrate, bo-=

‘rates, for inistance, borax, and the like; the easily

reducible oxides may be provided, for example,
by carbonates of the corresponding metal, or
the free oxides themselves may be used; the
Al:0O3 may be provided, for example, by alumi-
num meta~ or ortho-phosphate, aluminum hy-
droxide, or the free aluminum oxide itself may
he used; the P20s5 may be provided, for example,
by the various phosphates such as the sodium
phosphates, for instance those mentioned ahove,
ammonium pvhosphates, for instance monoam-
monium - phosphate, dibasic ammonium phos-
phate, and the like, tribasic lithium phosphate,
the .aluminum . phosphates, for instance ‘those
mentioned above, and the like; the B203 may be
provided, for example, by borates, such as;sodium
bhorates, for instance borax, boric acid, and the
like; the fluorine may be provided by.any of the

-alkali or alkaline earth metal fluorides such as
:sodium fluoride, lithium fluoride, calcium fiuo-

ride, barium -fluoride, and the like, aluminum

“fluoride, and ‘more complex  fluorides, for in-
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‘be sclution colorants.

6 ;
stance; cryolite, and the like. It will be under-
stood, of course; that during melting-in the‘prep-
aration of the frit, a certain amount of fiiorine
is lost due to volatilization, the exact amount de-
pending ‘upon the fritting - procedure followed.
The amount of the source of fluorine will, there=
fore, be selected to provide & fluorine content in
the frit as specified ‘above. = One compound may
provide some or all.of a plurality of the above-
mentioned oxides, for example, sodium  phos«
phate may be relied upon to provide Na20 and
P20s. - In any event, the compounds will be se-
lected: in accordance with well-known. practice
to provide the proper chemical analysis and in
the event such compound contains the:constit-
uent not desired in the ultimate frit, such con-
stituent will.be of a volatile nature so that it may
be removed during the heating and melting -of
the mixture: For example, where carbonates sre

-employed, carbon dioxide is liberated and where

ammonium compeounds, such as ammonium phos-
phate, are employed, the ammonia is liberated.

The materials, in fine particle size, providing
the desired chemical - analysis ‘upon melting
thereof, are mixed together in accordance with
common practice and heated to an elevated tem-
perature to provide a mollen, pourable mass.
With the compositions of the present invention,
temperatures-in the neighborhood of from about
1800 to about 2000° F. will be required to provide
the molten mass.. The. molten mass is then
quickly chilled such as by pouring it into a water
bath, and.such quick chilling causes the glass-
like mass to fracture into small pieces. These
small pleces are recovered and dried to-provide
the frit having the chemical analysis . as de-
scribed above. ‘

The resulting frit may be.too ccarse for direct
Use as an enameling compocsition and may, there-
fore, be ground tc the desired size in accordance
with well-known practice, As stated, the com-
position of the invention may have mixed there-
with an opacifying agent and the opacifying
agent may, in accordance with known practice,
be incorporated with the frit during milling.
This insures thorough distribution of the opacifier
throughout the composition. Opacifiers.are well-
known and are essentially materials which, in
relation to the remainder of the composition, are
refractory and which thus do not fuse and dis-
selve in the composition during firing thereof.
They thus remain suspended and dispersed
throughout the ceating in the form of fine par-
ticles imparting opacity to ‘the coating. Ex-
amples of = opacifiers” are  zirconium : oxide,
titanium oxide, other high melting ccmpounds of
zirconium and titanium, and of antimony, and
thelike.

Coloring agents may also be added to the com-
position, if .desired, in accordance with known
practice, and these may also be added to the com-
position  during milling thereof. The coloring
agents employed may be inert pigments or may
Examples of coloring
agents are the various high melting colored cad-
mium salts, cobalt salts; and the like.

Other additives of ‘the type normally incorpo-
rated in vitreous enameling compositions may be
added to the composition of the invention.  'For
example, it is normally the practice to'incorporate
a -suspending agent in the composition, usually
during milling of the frit. A particularly advan- -
tageous suspending agent for use with the pres-
ent product s sodium silicate, and- this may be
added either as a solid or as 4 solution in water.
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n: electrolyte: salb. is. also. normally
led 1o compaosition; Such salt- ﬁocculates
the composition: when: water is: added thereto:to
nrovide: the slip; and; thus serves as a control.on
the-viscosity-of the:slip. Examples.of such salts
are: the: water-soluble, -particularly. the- alkali
metal, chlorldes, mtrates, phosphates;, and - the
like.

-'The resulting: finely: ground: mixture, before ap-
plication: as. an. enamel, will have incorporated
therewith a.liquid vehicle, most generally water,
‘torimpart fluid: fiow characteristic to the. material,
and: thus: to: provide the slurry-or slip-which. is
applied to.the metaliarticles. In accordance with
eommon. practice, some. or all' of the: water may
he added: at: the mill. Some or all of the above=
deseribed: additives which are water-soluble may
be -mixed:with the water; and in. this way incor-
porated: in the. enamel. For instance, the sus-
pending:agent and/or:the electrolyte salt may be
added; to the composition as.an aqueoug solution.
In.this.regard, sodium silicate, either added dur~
ing: milling: or subsequently, such as in: aqueous
solution, functions-as a binder imparting strength
to:the coating until it is fired.

In  applying- the coating composition to the
articles of. aluminum or aluminum alloys, the
metal articles: are previously cleaned of grease
and.other foreign matter, using soaps-and/or de-
tergents and water, and preferably also with the
aid off an alkali or acid- bath. The composition
in the-form of a fluid suspension or slurry, termed
the- slip, is then applied to -the cleaned metal
‘griicle as by spraying; brushing; and the like.
“The- coating-is then fired, preferably after excess
surface water has evaporated, to cause the coat-
ing to fuse and to vitrify into a continuous glassy
coating. The firing of the coating follows well
known procedures, however, as stated, an im-
portant: feature of the compositions of the pres-
enf invention is their ability to be fired at tem-
peratures as.-low as about 900° F. It will be
understood, however, that temperatures above
900> F. may be employed, if desired, although
temperatures muych in excess of about 1000° F, will
generally not. be employed for reasons set. forth
previously.

Two. or more coats of the enamel may be; and
preferably are, applied, This may he accom-
plished by following the same procedure each
time. For instance, after the first coating has
been applied.and fired as described, a second coat-
ing may-be applied and fired in the same manner.
In: the event only one.coating is to be. applied, it
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EXAMPLE, I o
The following materials; all of' which were ofa
particle size less than 30 mesh, are mixed:in the
indicated amounts:
Parts-by- wexght
Lithium carbonate .
Sodium fluoride.
Sodium carbonate monohydrate
Alumine,
Boriec acid oo
Aluminum; meta,ph_os
Black: copper axide ...

clay- crucible, and the; mixture; smelj;cd ) 1;n
fired pot furnace: Singe.th er:oxi
sitive: to, reductlon an. oxidizing: atmosphere 1s
mamtamed in, the furnace At.a furnace. tem-
molis down 0 & ﬂuid; blue-green glass. This
takes about:30-t0-40 mmutes

accordance with, normal practice, and the result-
ing frit is dried. The frit has.an oxide analysis
as follows:

Per- cent:by: weight
2:9

40

is. preferable to coat the metal surface with a -

:solution. of sodium silicate, such as a 5%, solution,
prior to the application of the slip. This pro-
cedure provides an enamel of good surface texture
-and-adherence, free of surface pits which may he
assoeciated with- the first coating. A top coating
-of-another type -of enamel may be applied to a
.ground or base coat.of the enamel of the present
invention. For instance, the composition of the
present. invention, because of its high adherence
to aluminum and aluminum alloys mnay serve as a
base coating on which may be applied a second,
-or-‘“‘cover’” coating which may-be of conventional
composition.

The. preparation of the compositions of the
present invention may be readily understood from
.a.consideration of the following specific examples
which, are given. for the purpose of illustration
only: and are not intended to limit the scope of
‘theinvention in any way.

60

65
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The frit is prepared as an enamel by mixing
in a poreelain jar mill, per 100 parts;, by weight,
of frit, 2 parts of sodium s1hcate, 25 part potas-
sium- chloride, and 40:parts of water: This mix-
ture is- ground in the mill until the remdue on-a
200 mesh sereen is less than. 2-grams-per:100 ce.
of slip. At this point the slip is-suitable for ap-
plication as by spraying, dlpplng, and the:like.

The aluminum panel to be enameled is prepared
by washing with soap and water to remove all
traces of grease and other foreign matter. After
drying the washed panel it is sprayed: with: the
slip to provide about 25 ounces: of: enamel (dry)
to the square: foot. As soon as:the:surface. water
disappears, the: piece. is fired- at: a- temperature
of 900° F. for five minutes. Higher temperatures
may be used in which: case the.firing time is. re-
duced. For example; at 950¢ F. the firing time
is about: 3% minutes; and at-1000° F. the firing
time is about 2% minutes.

In accordance with preferred praetice; ‘&, sec~
ond coat is applied following the same pro-
cedure as used in applying the. first coat. The
resulting enamel is free of surface defects and
possesses: g high gloss and: a. pleasing: blue-green
color.

EXAMPLE II. -

A mixfure is prepared consisting of:

Parts by werght
Lithium: earhonate: . o
Sodlum fluoride: ...

Boric amd
Alumina, - oo
Aluminum metaphospha,te
Titania

,ThJs m1xture is' melted and prepared info a- fnt
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following the procedure of Example I. . The re~
sulting frit hasd the following analysis:

Per cent by weight

Lo 2.8
N2 e e 11,85
Na P o e i 8.0
AlOs e Dl 20.3
BaOs o i 111
PoOs5 o e e 34.0
COO o 7.2 10
TiO2 e e S 4.8
When ground and prepared as a slip follow-
ing the procedure of Example I, the slip-is ap-
plied to an aluminum panel and fired at 980° |5
¥, for 5 minutes. Two applications are made.
The resulbting enamel is a semi-opague cobalt
blue.

A wide variety of composition may be preparsd
following - the same general procedure ouilined o0
in Example I, Thus by way of further exam-
ples, the following compositions are given in
which the proportions of the various oxides in

. the irit are set forth as percent by weaight:

Table I 25

E;ﬁ‘;n‘ I IV | Vo { VI | VI |VIE| IX | X | XI
Li2O....| 3.6 | 3.5[ 2.7

Na,0._| 13.5 | 13.1 ] 10.9

NaP. .| 82| 7.8] 7.4

Al0s___| 20.7 [ 19.9 | 18.7

By0s....| 7.0 | 6:8] 6.4

P:Os.___| 43.1 | 41.5 | 46.9

CuO_.| 39| 37| 70

[67:70 PN I MU A

CdO. ||l

NiO_ |- |l

TiOs. | 2020 MR NSRS NN SN RN ORI

Considerable modification is possible in the
selection of the ingredients; as well as in propor-
tions thereof, in the preparation of the com-
position -of the present invention without de-
parting from the scope of the present inven-
tion.

I claim:

1. A composition in'the form of a frit, available
for use as a vitreous enamel composition com~
prising:

LiaO—between about 5 and about 15 mol percent
Na2z0—hetween about 15 and about 33 mol per-
cent

an easily reducible oxide selected from the group
consisting of

Cu0, CoO, NiO, and CdO-—hetween about 3 and
about 12 mol percent

Al2O3—between about 15 and about 23 mol per-
cent

P20s—between about 20 and about 32 mol percent

and fluorine in an amount equivalent to between
about 2 and ahout 15 mol percent of Nasih; the
sum of the mols of any B203 and of AleO2 divided
by the mols of P20s providing a ratio- between
about 0.6 and about 1.6, and the sum of the mols
of any B203 and of Al203 and of P2:0s divided by
the sum of the mols of LisO and of Naz:O and of
the said easily reducible oxide providing a ratio
between about 1 and about 1.5,

2. The product of claim 1 wherein said easily
reducible oxide comprises CuO

3. The product of claim 1 wherein sazid easily
reducible oxide comprises CoO.

4, The product of claim 1 wherein said easily
-reducible -oxide comprises NiO,

5. A composition in the form of a frit, avail-
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able for use as a.vitreous enamel composition
comprising:

LisO—between about 8 and about 13 mol percent
Na2O—hetween ahout 25 and about 30 mol per-
cent

an easily reducible oxide selected from the group
consisting . of

Cu0, Co0, Ni0Q, and CdO—hetween agbout 4 and
about 6 mol percent

Al2O3—between about 18 and about 20 mol per-
cent

P2Os—between shoub 24 and about 28 mol per-
cent

B2Os—hetween about 2 and about 12 ol percent

and fluorine in an amount equivalent to betwesn
about 2 and about 15 mol percent of NaszFa; the
sum of the mols of B203 and of Al2O3 divided by
the mols of P20s providing a ratio between about
0.8: and about 1.2, and the sum of the mols of
B203 and of AlaO3 and of P20s.divided by the sum
of the mols of Li2O and of Na20 and of the said
easily reduecible oxide providing a ratio between
about 1.2 and about 1.4,

6. The product of claim. b5 wherein said easily
reducible oxide comprises CuO.

7. The product of claim 5 wherein said easily
reducible oxide comprises CoO.

‘8. The product of claim 5 wherein said easily
reducikle oxide comprises NiO.

9. A composition in the form of a frit, avallable
{for use as a vitreous enamel composition com-
prising:

LiaO—hetween about 5 and about 15 mol percent
NaxO—between about 15 and’about 33 mol per- -
cent

an easily reducible oxide seiected from the group
consisting of

CuO, Co0, NiO; and CdO—bhetween about 3 and
about 12 mol per cent :

AlaOs—between about 15 and about 23 mol per~
cent

P20s—between about 20 and about 32 mol per-
cent

B20s—up to about 15 mol percent

and fluorine in an amount equivalent to between
about 2-and-about 15 mol percent of Na2Fe; the
sum of the mols of B20s3 and of Al=Os divided by
the mols of P20s providing a ratio between about
0.6 and about 1.6, and the sum of the mols of
B203 and of AlaO3z and of P20s5 divided by the sum
of the mols of Li2O and of Na20 and of the said
easily reducible oxide providing a ratio between
about 1 and about 1.5.

10. The product of claim 9 wherein said easily
reducible oxide comprises CuO.

11. The product of claim 9 wherein said easily
reducible oxide comprises CoO.

12. The product of claim 9 wherein said easily
reducible oxide comprises NiO.

JOHN W, DONAHEY.
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