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This invention relates to methods or processes
of depositing coatings or fllms on metal surfaces
to make them resistant to corrosion by applying
chemical solutions to such metal surfaces, and to
chemical compositions which may be employed
in making up such chemical treating solutions.

An object of this invention 1s to provide a proc-
ess whereby metal surfaces may be protected
against the corrosive action of the atmosphere

by wetting the surfaces to be protected with a 10

solution containing a water soluble salt of a metal
and a glassy or amorphous phosphate whereby
an amorphous metal phosphate film or coating is
deposited on the treated surfaces.

Another object of the invention is to provide 15

a process of the character above set forth in
which the chemical solution employed is opera-
tive in an unheated state, s rapid in its coat-
ing action, and which does not attack the metal

or cause the metal itself to lose weight. 20

A further object of the invention is to provide
a process of the character set forth above in
which the treating solutions are capable of con-
trolled replenishment so that they may be main-

tained In an actlve and operative condition, 25

thereby making continuous processing of metals
possible without wasteful use of chemicals.

A still further object of the invention is to pro-
vide a chemical composition containing certain

chemical compounds so proportioned with re- 30

spect to each other that treating baths or solu-
tions suitable for the processes may be made up
for use by operators unskilled in the chemical
arts, and whereby, through the use of simple tests,

the effectiveness of the solution may be readily g3

determined and replenishment thereof effected
by the addition of sald composition to the solu-
tion In amounts indicated by the tests.

And a still further object of the invention is

to provide a composition for, and a method of, 4

treating metal surfaces to deposit thereon coat-
ings which not only protect against corrosion,
but also form desirable and useful bases for finish
coatings, such as paints, lacquers, enamels, and

which improve the bonds between the metals and 43

such finish coatings, and in the case of organic
coatings, gives the metals a high degree of pro-
tection against attack in corrosive atmospheres.

The chemical treatment of metals, particu-

larly ferrous metals which are quite susceptible s0

to corrosion, has been practiced for many years.
Oeschger Patent No. 1,354,263 being one of the
early patents teaching the tréatmént of metals -
with aqueous phosphate solutions discloses a -

2

reaction of the phosphate with an iron surface
to be coated. Coslett Patent 1.007,069 and Heath-
cote, British Patent 29,504 both teach the use of
phosphate solutions with attack ferrous metals
to provide a corrosion resistant surface. Many
subsequent patents have been issued which per-
tain to the use of processes involving the chemi-
cal reaction of the phosphate treating solution
and the metal surface. In all of these processes,
there is a visible etching or roughening of the
metal and a loss of metal weight.

Roland applcation Serial No, 468,690 flled
December 11, 1942, now abandoned, discloses the
treatment of ferrous metals with solutions con-
taining certain molecularly dehydrated phos-
phates and ‘a minimum concentration of 100
p. p. m. of calclum, strontium, barium, zine, or
cadmium. In this process, an amorphous metal
phosphate protective coating consisting of the
reaction product of the molecularly dehydrated
phosphate and the metallic element selected is
deposited upon the metal surface, there being no
visible attack of the metal by the phosphate
treating solution.

The invention of this application involves im-
provements over the aforesaid application of
Roland.

I have found that adequate protective phos- |,
phate coatings may be deposited on many metals
other than the ferrous metals. For example, I

-may treat iron, steel, copper, zinc, silver, mag-

nesium, and many alloys of these several metals.
Although unalloyed ferrous metals are usually
extremely susceptible to atmospheric corrosion,
the other metals which may be treated by my
process are also susceptible to corrosion in vary-
ing degrees.

When certain materials which function as oxi-
dizing agents are employed in the coating solu-
tions, a number of new and unexpected results
and advantages are obtalned. Notably, the
treating solution deposits the desired amorphous
metal phosphate coating without heating of the
solution: the coating is deposited at & rapid rate;
the solution may be made more concentrated by
being capable of adjustment to lower pH values;
the solutions are more stable and do not decom-
pose to any material extent; the solutions may
be replenished and restored to their initial con-
dition by adding to the working solution the
chemicals used in making up the solution initial-
1y in the same proportions as they were present
in the original solution, and in the amounts re-
quired to restore the solution to its original or

process forming a protective coating by chemical 85 desired concentration; the ratio of coating metal
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ion to phosphate does not change materially from
that of the original solution even though a sub-
stantially large percentage of the total coating
materlals in the original solution have been re-
moved thus making replenishment easy and sub-
ject to control: and lastly, the solutions are op-
erative at relatively low pH values In the acid
range without attacking the metal surfaces being
treated.

Heretofore, the deposition of a commercially
satisfactory protective amorphous metal phos-
phate coating was considered impracticable if
not impossible at solution temperatures of about
25° C. (room temperature) unless the metal
surfaces were in contact with the treating solu-
tions for ten minutes or more. I have found that
an acceptable coating may be deposited on metal
surfaces in approximately ten seconds at 25° C.
by using my preferred composition in accordance
with the process of this invention. I have also
found that such amorphous metal phosphate
coatings may be applied in less than ten seconds
if the solutions are maintained at slightly elevated
temperatures or if relatively high concentrations
of the chemical compositions are used in the sp-
lution. Operation of the coating process at room
temperature has a two-fold advantage, a saving
in heat and equipment costs and a prolongation
of the effectiveness of the solutions. By adapting
my process to the continuous production of sheet
metals an amount of the protective phosphate
coating can be applied in such a short period
of time that the rate of output i{s not retarded.

10

18

In practicing the invention, the metallle sur- -

faces to be coated are first cleaned to remove
soil. T then apply the treating solution to the
cleaned metal surfaces either by immersion of
the metal in the treating solution or by spray-
ing the solution on the metal. In many cases,
spraying the treating solution on the metal is
preferred.

While the treating solution is in contact with
the metal, an amorphous metal phosphate film
is deposited on the surface thereof. The rate
at which the film is deposited at a given tem-
perature of solution is dependent on a number
of factors such as the concentration of and the
particular kind of metal ion and phosphate em-
ployed in the solution and the ratio of the metal
fon to phosphate, the pH of the solution and the
amount and kind of oxidizing agent employed.

After the metal has been subjected to the treat-
ing solution, the excess solution may, if desired,
be removed from the metal surfaces by rinsing.
A preferred rinsing step if used is described more
in detall elsewhere herein.

The treating solution may be made by adding
to a known quantity of water at least one water-
soluble salt of the metals of the group consist-
ing of ealcium, zinc, magnesium, cobalt, cadmium,
fron, aluminum, barium, strontium, manganese,
chromium, a molecularly dehydrated phosphate
such as a glassy or amorphous alkali metal phos-
phate, for example, glassy sodium phosphate, an
oxidizing agent, and if necessary a pH adjusting
chemical which will establish the desired pH in
the solution. The metal salts of the above group
may for convenience be called coating metals.

The coating metals and phosphate are added to
give a preferred weight ratio of metal lon to
phosphates and in total amount to provide an
optimum concentration at the pH selected, as
set later herein in more detail.

By the term molecularly dehydrated phosphate
glass, I means the glassy phosphates having the

40
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ratioc formula of xM20:1Pz:0s. A practical range
of ratios of MaO:P20s extends from about 0.4:1
to about 1.7:1 where M is an alkall metal or the
ammonium radical. In the examples I have dis-
closed a specific sodium phosphate glass, also
known commercially as sodium metaphosphate
glass or a glass of the metaphosphate type, which
has a ratio of NasO:P205 of about 1.1:1. The
glassy phosphates In the range from 0.4:1 to
about 1.1:1 are more or l¢ss acld, from the ratio
of about 1.1:1 to about 1.7:1 the glasses range
from about neutral to alkallne. The glass hav-
ing a ratio of about 1.7:1 i{s most alkaline, having
& pPH In %% solution of about 9.5 to 9.8. The
PH of a ¥ % solution of a sodium phosphate glass
of the ratio of about 0.4:1 is about 2 or less. The
glasses in between these 1imits have intermediate
PH values in 14 % solution depending on the
particular ratio of Na:0:P205 and the extent to
which the glass is dehydrated. .

The coating or film which deposits on meta)
surfaces from the treating solutions is an amor-
phous metal phosphate. The composition of the
coating as determined by analysis 1s that of a
metal phosphate. For example, the amorphous
coating deposited from an aqueous solution made
up from caleium chloride, sodium phosphate glass,
and an oxidizing agent, has approximately the
composition of Ca(PO3): and is amorphous,

The coating metals above mentioned may be
in the form of chlorides, nitrates, sulfates, ace-
tates, oxides, carbonates, or hydroxides. The
sulfates and acetates are not as desirable as the
chlorides and nitrates because the rate at which
the amorphous metal phosphate coating is de-
posited 138 not as high as that attained with the
chlorides and nitrates of these metals.

In the practice of the invention by industry,
it is advantageous that a prepared composition
be avalilable from which coating solutions can be
made by merely dissolving specified quantities of
the composition in water in the proportions re-
quired for any particular or desired concentation
of solution. Since the glassy phosphates suitable
for these compositions are more or less hygro-
scopic, the coating metal salts, the pH adjust-
ing materials, and the compounds which act as
oxidizing agents should be relatively anhydrous
to avold caking of the composition during stor-
age. The preferred metal salts are therefore
chlorides. If the nitrates were readily obtain-
able In relatively anhydrous form, they would
be more preferable for my purpose than the
chlorides.

Of the various water soluble zalts which react
with the phosphate to deposit the amorphous
metal phosphate coating on metal surfaces, cal-
cium chioride is a desirable salt because it is
relatively inexpensive, readily available in the
market as a dry material, and is an effective
compound for my purposes,

The water soluble salts which act as oxidizing
agents and are suitable for purposes of this in-
vention may be in the form of nitrates, nitrites,
sulfites, permanganates, chromates, perborates,
and ferricyanides. Of these, the sodium and po-
tasslum salts are preferable in that they are
readily avallab'e at reasonable cost. In the prac-
tice of my invention I have found sodium nitrite,
sodium nitrate, sodlum sulfite, sodium perborate,
potassium permanganate, potassium dichromate,
potassium ferricyanide, and sodium hypochlorite,
to be both practical and effective. However, any
water soluble salt or substance which functions

8 as an oxidizing agent may be employed.
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In the prior art processes, where the ortho-
phosphate coating solutions are employed, both
oxidizing agents and reducing agents have been
used to accelerate the rate at which coatings are
formed. However, in these processes the solutions
must be heated to temperatures ranging from
160°-200° F. In my process, furthermore, the
reducing agents are not effective in that they
deter the formation of the phosphate coating
and in some cases prevent its formation. The
relative effects of oxidizing agents and reducing
agents on my coating solution are shown later
herein by Table 1.

The effectiveness of my compositions and the
solutions made therefrom or solutions made up
from the individual components of the composi-
tions, depends on the total concentration in solu-
tion of coating metal salt and phosphate glass.
the ratio of the coating metal ion to phosphate
in the solution and the oxidizing agent employed.
The maximum concentration of metal lon and
phosphsate in the solution at a given temperature
depends pon the pH of the solution.

By effectiveness of my composition in solutions
made from the components of the composition,
I mean the quality of and the rate at which an
amorphous metal phosphate coating will be de-
posited per unit area of metal surface per unit
of time. The quality of the coating is a factor
determinable by certain tests, for example, tests
which indicate the ability of the coating or Alm
to protect the metal against attack when (1) im-
mersed in distilled water for a specified number
of hours, (2) exposed to salt spray for a glven
nunther of hours, (3) exposed to atmospheric
conditions at high or saturated humidities, and
other well known tests. The abllity of the coat-
ing to hold a paint or other finish when exposed
as above. Is also a measure of its quality. When
metals which have been coated with the metal
phosphate coatings in accordance with the in-
vention are painted, and the painted surface is
scratched through to the metal, the quality of
the coating 1s measured by its ability to prevent
the spread of corrosion beyond the area of the
stratch. and by its ability to prevent the paint
from lifting off the surface of the metal in the
area contiguous with the scratch.

I have found that in order to obtain an effec-
tive amorphous metal phosphate coating on
metal, the solution must contain not less than
a certain minimum concentration of metal lon.
‘Where calcium chloride is the coating metal salt
employed, minimum effective concentration of
calcium ion is about 100 p. p. m. by welght.
While the solution to be effective must contain
not less than a certain minimum of calcium ion,
the weight ratio of molecularly dehydrated phos-
phate to metal ion must be held between certain
limits, the maximum ratio being perhaps more
critical than the minimum from the standpoint
of ability of the solution to coat metal surfaces
satisfactorily. I have also found that for a given
total concentiration of metal ion and molecularly
dehydrated phosphate glass, and a given ratio of
such phosphate to metal ion at that concentra-
tion, the solution will produce optimum coatings
at a given pH value. In other words, there is
an optimum pH value for a given solution at
which optimum coating results are obtalned.
This is not to say, however, that effective coat-
ing results cannot be obtained at other pH val-
ues because effective coatings can be so obtained.
By varying the concentration of metal ion and
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proper adjustment of the pH of the solution to
obtain optimum coating, the weight ratio of phos-
phate to calcium may vary between 0.05:1 to
about 12:1, In this ratio range the optimum pH
values will le in the range from pH3.0 to pH 8.0.
For solutions containing 100 p. p. m. of calctum,
the effective weight ratio of phosphate to calcium
is In the range of about from 2:1 to about 8:1,
that is, 200 p. p. m. of phosphate to 100 p. p. m.
of calclum to 800 p. p. m. of phosphate to 100
p. p. m, of calcium. As the concentration of cal-
cium is Increased, the ratio range of phosphate
to calcium is broadened. Thus, in a solution con-
talning 5000 p. p. m. of calcium the effective
ratio range of phosphate to calcium lies between
values of about 0.05:1 and about 12:1.

So long as the proper ratio between calcium,
or other coating metal employed, and molecu-
larly dehydrated phosphate is maintained, and
provided the solution is adjusted to the proper
pH, there appears to be no real upper limit to
the total concentration of metal salts such as
calcium chloride, and molecularly dehydrated
phosphate.

I have found that in the coating solutions a
very orderly relationship exists between the fol-
lowing variables: pH value, total concentration
of the sum of coating metal ion and molecularly
dehydrated phosphate, and the ratio of coating
metal fon to molecularly dehydrated phosphate.
Thus, for a given time and temperature of treat-
ment, I may prepare satisfactory treating solu-
tions over a wide range of pH, concentration, and
ratio of metal ion to phosphate. In order to
adjust the pH of my coating solutions above pH
about 5, a buffer must be employed. For exam-
ple, if NaOH alone is used to adjust the pH of
the coating solution from an initial pH of 5 to a
final pH of 8, the properties of the solution are
such that the pH will slowly return to near the
original value. A buffer such as borax in con-
junction with NaOH or other suitable alkaline
material is satisfactory for adjusting the pH
above 5. No speclal precautions need be observed
when adjusting the solutions to pH values below
about 5. I have found, for example, that at any
given pH within the range above disclosed, I
may prepare relatively more concentrated solu-
tions merely by increasing the ratio of phosphate
to metal jon. If, on the other hand, I choose to
maintain & constant ratio of phosphate to metal
ton, I may then prepare concentrated solutions
by working in the lower range of pH values.
When I prefer to employ solutions in the higher
range of pH values, I may do so by using rela-
tively lower total concentrations, keeping the
ratio of metal ion to phosphate fixed; or, if I
prefer to work both at a relatively higher value
of pH and total concentration I may do so by
increasing the ratio of phosphate to metal fon.

I have found that amorphous metal phosphate
protective coatings can be deposited from treat-
ing solutions containing a metallic element in
the sol:tion, an oxidizing agent, and a soluble
molecularly dehydrated phosphate over a rather
broad range of pH values running from a mini-
mum of 3 to a maximum of about 8. However,
I have found that solutions containing a mixture
of caleium and aluminum as metal fons in con-
junction with the molecularly dehydrated phos-
phate glass in proper proportions and an oxidiz-
ing agent, will produce satisfactory amorphous
phosphate coatings at pH values as low as 2.0,
there being no visible attack on the meta] even
at this low pH value. When I employ a treat-
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ing solution having a total concentration of cal-
cium and molecularly dehydrated phosphate of
about 9000 p. p. m. by weight, the ratio of calcium
to phosphate being 1:5, the most satisfactory pH
range is from 3 to 5, whereas when I use a s50-
lution containing about 1800 p. p. m. of the sum
of calcium and phosphate in the ratio of 1:5, the
preferred pH range is from about 4 to about 8.
I have found that at a concentration of 5.5%
(33,300 p. p. m. of the combined calcium ion and
phosphate) at a pH value of 3, a protective amor-
phous mietal phosphate coating is very rapidly
deposited on a ferrous metal surface. The pH
value of these solutions may be conirolled by
adding the proper amount of either alkaline or
acidic compound to the solutions or to the pre-
pared compositions; or I may use a combination
of metallic compounds and certain molecularly
dehydrated phosphates which will produce the
desired pH value without further adjustment.

I have prepared numerous compositions which
may be dissolved in water to form effective treat-
ing solutions which may be used in accordance
with this invention. By way of illustration, the
following compositions are given which have
proved tc be very satisfactory for commercial
use.

Compositions
Chemical Components
A B
Bodium metaphosphate glass (ratlo of NaxO Percent | Percent
PiOy=10:1).___________ - 49.2 54.8
Calelum chlodde (78%) .. M.7 38.6
Sodium nitrite. .. _______ . 6.8 .. ______
Bodium wid sulfate ........................... 2.5 8.1
Bodfum dichromate ... .| 0.7
100,0 100.0
Chemical Components Oompasition
Percent
CoCh.6HyO . . .. iiiciciicaaas 86.5
Endlul)n metapbosphate glass (ratio of NasO:P;0y= 8.0
NuCr.fi{z'ﬁ{diiiiiiiiZIZiiiZZIZZIZZ:IIﬁZIIZZiZZ 0.5

Sufficlent amount of pH adjusting agent added
to bring pH value to about 4.0 when this com-
position is dissolved In water to give a concen-
tration of approximately 2%.

Chemical Components Complgdtion

CaCl (18%) Percent 1
o) 1. 2 S U .

CoCl.8H;0_ .~ TII T .0

Sold;ugl metuphosphaba glass (ratio of Na;O:PyOy= @

NaxCryOy 28,0 11111 6.7

Sufficlent amount of pH adjusting agent is
added to bring pH value to about 4.5 when this
composition 1s dissolved in water to give a con-
ceniration of approximately 1.76%. In this ex-
ample two coating metal salts (calcium chloride
and cobalt chloride) are employed.

Chemical Components Compﬁsltlon

cent
Zn{NODs.dH0. i icuaoaas 61.7
Soidlluf)z metaphosphate glass (ratio of N8sO:P1Os= 8.3

Sufficilent amount of pH adjusting agent is
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added to bring the pH value to about 5.0 when
this composttion i3 dissolved in water to give a
concentration of approximately 1.5%. This is .
an example of a compound in which the metal
fon and oxidizing agent (NOs) are supplled by
one compound.

Chemical Components Compﬂqnitlon

Percent
59,

GO tr

Sufficlent amount of pH adjusting agent is
added to bring the pH value to about 4.5 when
this composition is dissolved in water to provide
& concentration of about 1.9%.

Chemical Components Comp(t})sitinn
Py
Mn(NO)s6HsO ... ... eru"T‘B. 0
Soidiu?)l metaphosphate glass (ratio of NagO:P;O;m=
NaNo,. 11T 23’3

Sufficient amount of pH adjusting agent is
added to bring the pH value of the solution to
about 4.0 when this composition s dissolved in
water to provide a concentration of about 1.99%.

Chemical Components Compﬁsltlon
Pereent
8rCh_ .. ... 4.7
Bodiui])l metaphosphate glass (ratio of NasO: PyO=
.............................................. 55.5
NaaCreOr 2840 .. 0.8

Sufficient amount of pH adjusting agent is
added to bring the pH value to about 3.7 when
this composition is dissolved in water to provide
a concentration of about 1.5%.

Chemical Components Comp})smon
Percent
................................................. 10.7
OaOh T8 e 5. 60
Bodln{n metaphosphate glass (ratio of Na:;0:P;0;= .80
NauOn(');.':::::::::f:::f:::f:::ff::: 51

Sufficlent amount of pH adjusting agent is
added to bring the pH value of a solution of this
composition to about 2.5 when the composition
is dissolved in water to provide a concentration
of about 2%.

Chemical Components Compesition
Percent
CaCly. ...l 45.0
CaCL2MH0....____ 24.5
Eoldiuln)x matophocphaﬂa glnss (ratio of NaO:P;Os=
05 T T 30.0
NaaOrOr. o . 0.5

Sufficient amount of pH adjusting agent is
added to bring the pH value of the solution to

78 about 4.5 when this composition is dissolved in
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tater to provide a concentration of about 2.5%.
Where the compositions above described are
made up as a dry mixture and sold as such to
be used for making coating solutions by adding
the same to water in amounts required to give
the desired concentration, the pH adjusting ma-
terial, preferably in anhydrous form, is added to
the mixture. Thus, in each of compositions A
and B, I have included sodium acid sulfate in
such amounts that when a solution of 14% by
welght concentration is made up, the pH of the
solution will be about 3.8. When preparing so-
lutions of compositions A and B having either a
greater or lesser concentration than 1.4%, the
pH of the solution Is automatically adjusted to
the approximate optimum level. Thus, if I pre-
pare more concentrated solutions, the concen-
tration of sodium acid sulfate is likewise greater
and the solution has a relatively lower pH. For
example & 5% % solution of composition A or B
will have a pH of about 3.2. Conversely, a solution
more dilute than 1.4%, having a lesser amount of
sodium acid sulfate, has a relatively higher pH.
For example, the pH of a Y% solution of com-
position B is 45. The concentration of oxidiz-
ing agent is likewise automatically present in
these solutions in approximately the optimum
amounts, because the amount is always propor-
tional to the concentration of the solution.

If it is desired to make up coating solutions
from the individual components of the composi-
tion above stated, a liquid rather than a solid
acldifying or pH adjusting material may be em-
ployed. Thus, for example, instead of solid so-
dium acid sulfate, I may employ hydrochloric acid
to adjust the solutions to the desired pH value.

I have found that a 1.4% solution of composi-
tion A containing sodium acid sulfate as the pH
adjusting agent has a coating rate of about 36
mg./sq. ft./min. at room temperature, whereas
a similar solution adjusted to the same pH with
hydrochloric acid instead of sodium acid sulfate
has a coating rate of 64 mg./sq. ft./min. at room
temperature. The rate of coating of composi-
tion B containing sodium acid sulfate as the pH
adjusting agent, is about 62 mg./sq. ft./min.
Since it has been observed that almost 70% of
the coating deposited in one minute is formed
during the first 10 seconds of contact with the
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treating solution both compositions A and B are 5

satisfactory for commercial application even
though the sodium acid sulfate interferes to a cer-
tain extent with maximum deposition of the
amorphous calcium phosphate film. I may over-
come the slight inhibiting effect of the sulfate,
however, by resorting to the use of another type
of solid acidifying agent such as alumipjium chlo-
ride, for example, if I desire {o obtain maximum
coating weight.

In practical applications, solutions prepared
from compositions A or B, produce relatively uni-
form coatings during a treatment of a large area
of metal surface and thus require only infrequent
replenishment in order to maintain the solutions
at uniform effective coating efficiency. I have
found, for example, that when the time of con-
tact between 1.49% solution of composition B and
metal is one minute, the solution being at room
temperature (about 25° C.) approximately 800 -
sq. ft. of metal per pound of composition may
be effectively coated without making additions
to the solutions. The weight of coating obtained
during this period will not vary by more than
+20% of the average coating weight value of
50 mg./sq. It. If I use a like concentration of

60

70
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composition A under the same conditions I may
treat approximately 800 sq. ft. of metal surface
per pound of composition without making addi-
tlons to the solution. In this instance, the coat-
ing weight will not vary by more than +15%
of the average value of 38 mg./sq. ft. I have
found that in treating metals which are to be
subsequently finished with an organic coating
such as a paint or lacquer, s very short immer-
sion time of the order of 5 to 60 seconds is ade-
quate. For example, in the case of 2.56% solu-
tions prepared from compositions A or B, the
coating rate at room temperature is so rapid that
& treating time of 5 seconds produces adequate
coatings. '

In composition A, 6.6% by weight of sodlum
nitrite iIs present. When composition A is dis-
solved in water to concentration of 1.4%, the
amount of sodium nitrite present in the solution
will be approximately 0.09% by weight. In com-
position B, 0.7% of sodium dichromate is pres-
ent. When this composition is dissolved in water
to a concentration of 149 by weight, there will
be approximately 0.01% of sodium dichromsate
present in the solution. On a weight basis, so-
dium dichromate is considerably more effective
for my purposes than sodium nitrite, conse-
quently smaller amounts are required in the dry
compositions.

As has been pointed out, one of the advantages
of my compositions when dissolved is that the
composition ratio of coating metal ion to phos-
phate remains substantially fixed even after long
periods of use and the metal ion-phosphate con-
centration is depleted to the extent of about 35%.
‘When depleted to this extent the solution should
be restored to its original condition by merely
adding the required amount of the composition
and adding sufficient water to compensate for
loss as carry-out or spray loss. In this respect
the invention is a substantial improvement over
the aforementloned Roland application.

In a typical treating solution such as is formed
by preparing a 1.4% solution of composition B,
the ratio of calcium to sodium metaphosphate
glass Is approximately 1:5. This ratio remains
substantially constant up to a point where the
concentration of the solution has been depleted
to about 30-35%. In the course of reaching
this point of depletion, the ratio will vary in nar-
row limits from 1:5 to about 1:4.74, but beyond
this point the ratio decreases rapidly. There-
fore, the proper time to add replacement mate-
rial is before this point is reached. To deter-
mine this, the concentration of one of the com-
ponents of the solution is determined. I may
take samples of the solution and analyze for
P20s content by any well known method, for ex-
ample a colorimetric phosphate test, or I may
analyze the sample for calcium content by one
of several methods. I prefer to determine P05
concentration since this may be done quite
rapidly with reasonable accuracy, whereas the
determination of calcium is either less rapid, or
less accurate, depending upon the method chosen.
Having determined that the treating solution has
reached a point requiring sdditional materials,
I merely add the ready-mixed composition in
sufficient amounts to restore the bath to its orig-
inal concentration,

Although my new compositions and the various
solutions I have developed will produce a corro-
slon resistant coating on many metal surfaces
which will adequately protect the surfaces for
reasonable periods of time if they are exposed
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to atmospheric conditions, the primary applica-
tion of my compositions and processes is in the
fleld of processing metals which are to be sub-
sequently coated with organic finishes or vitreous
enamels

When a metal such as hot or cold rolled steel
s cleaned and dried and an organic finish is
applied, the slightest break in the protective film
will enable corrosion to set in thereby causing
oxidization not only at the exact point of rup-
ture but in the surrounding area as well. It is
common knowledge that when the paint cover-
ing & steel surface is so scratched that the steel
is exposed, corrosion will occur rapidly at the
scratch and will soon cause a lifting of the paint
from the surface adjacent the scratch. Eventu-
ally the corrosion extends from the scratch to
a large surrounding area.

Light gauge steel sheet or strip which is
painted or lithographed is frequently formed into
various shapes In & later operation and in these
forming operations quite frequently the protee-
tive coating is ruptured thereby enabling cor-
rosion to set in. When the metal is treated in
the usual orthophosphate type solution, the coat-
ing formed is crystalline, and consequently can-
not withstand sharp bending to the degree toler-
ated by the amorphous phosphate coatings which
are deposited from the solutions of my invention.

Since the solutions I employ do not visibly at-
tack a metal surface but deposit a transparent
glass-like film, the advantages are obvious if the
surface is to be covered by a transparent varnish
or lacquer. Not only is the surface proiected
against corrosion and the lacquer firmly bound
to the amorphous phosphate, but the surface of
the metal is visibly unimpaired. This means a
great deal when decorative metals, possessing a
natural lustre or a pleasing surface design are
treated with my solutions and subsequently lac-
quered or varnished. The ordinary orthophos-
phate treatment would visibly etch the metal so
that its desired appearance would be obliterated,
The reflective power of metals treated by my
process is affected but slightly whereas it is de-
stroyed to a very large extent by the mat finish
of the orthophosphate coating.

The amorphous phosphate coatings are per-
fectly smooth as contrasted with the uneven sur-
face of the orthophosphate coatings and less

50
paint or varnish is required to cover a given area

of metal protected by my coatings than an equiv-
alent area protected by the crystalline coatings.

As was mentioned previously, oxidizing agents
have desirable and unexpected effects in the
treating solutions made up from compositions
used in accordance with this invention, whereas
reducing agents elther reduce materialy the ef-
fectiveness of the solutions or in some cases
nullify their effectiveness. The following table
shows the relative effects of oxidizing and re-
ducing agents on coating solutions of this in-
vention.

Tabdle 1

Effect of oxidizing and reducing agents in
treating solutions containing 1500 p. p. m. by
welght of calcium (from calcium chiloride) and
7500 p. p. m. by welght of sodium phosphate
glass—ratio of NaxQ:PaOs=1.1:1,

Temperature of solution 49° C.; pH 3.5; time
of immersion of cold rolled steel panels, 10 min-
utes. Weight of phosphate coating expressed
in miligrams per square decimeter and per
aquare foot. ‘

30

35

Conocentra- | Welght of Phosphate
Reagent tlon Coating
s Pereent by

Oxldiring: Weight mg.jdm3 | mg.jeg. L.
INODO._ oL 11.841.6 1114:15.0
NaNOy... .00 0,08 30.5 285
6.10 32.3 202
0.30 3.9 28
100 % =
10 Nea80s.............__... 0.01 2.7 194
el B
NaNOw....___._.......... 0.17 171 160
0.34 2.6 212
o5 o m
16 EMRO. 0.001 Eig 108

, A 44
0RO i@ oM
KsFo(CN)aooee oo .. 0.10 36.5 342
NaOC1..[ DT & (l)‘l’ }g 3 182
el . 178
- N 1L.8£1.6 111::16.0
20 Hydroquinone._..____. by (l‘(l) & g 2
“Elon”_ ... ... 0.01 8.0 75
(p-methylaminophenol) 0.10 1.0 0.4
8nCly. ... 0.01 8.7 63
) 0.10 58 5
285

In the following Table II, the effect of oxidiz-
Ing agent on a coating solution at 25° C. is shown,
The solution as made contained 7500 p. p. m. of
sodium phosphate glass having a ratio of

Na20:PaOs
of about 1.1:1, 3000 p. p. m. of calclum from
calclum chloride, 2.46 grams of NaHSO4 to ad-
just the pH of the solution to 3.8. The solution
was divided into two equal parts. To the one,
no oxidizing agent was added, to the other, 100
p. p. m. of Na2Cr207 was added as oxidizing agent.
A steel test panel was placed in each solution

40 for one minute and the coating weight deter-
mined.

Table 1T
Coating weight in
45 Bolution Containing NagCryOr in-P. P. M. g.faq. ft./min,
0 (none) — e - .. 18.0
b L PPN 50.0

The solution containing 100 p. p. m. of Nas;CraO1
gave a coating weight over three times heavier
than the solution without any Na:Cr:07 in one
minute of contact with the solution.

65 I have found that if the treated metal is given

a specially adjusted chromic acid rinse imme-
diately after exposure to the coating solution,
superior bond is obtained between an organic
coating and the treated metal surface. If

80 chromic acid itself is used, the resuits are not

noticeably superior to those obtained when speci-
mens are rinsed In plain water, but I have found
that by adjusting the pH of the chromic acid
rinse solution, extraordinary results are obtalned.
For example, chromic acid solution in a concen-
tration of 0.05% has a pH of about 2.3, but if I
adjust the pH of this solution so that its pH
value is in the range of from about 3.9 to about

70 6.5, the adherence of the paint to the metal sur-

face is markedly improved as is the salt spray
resistance and the ability to withstand water
immersion test. The optimum pH range I have
found for the 0.05% chromic acid rinse solution

78 is from about 3.9 to about 5.4. The rinse step may
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be performed by immersing or rinsing the coated
. steel in the adjusted chromic acid solution for

about one minute or less, the temperature of the

solution being in the range of from about 40° C.

to about 100° C. although I have found that supe-

rior results are obtained at the lower tempera-

tures in this range.

A 0.1% solution of chromic acid has a pH of
about 2.0 but if I adjust the pH value to within
the range of from about 3 to about 5.5, the opti-
mum range being about 3.5 to about 5.5, I again
observe startling results in the adherence cor-
rosion and water immersion resistance of the
subsequently applied organic coatings. Although
the use of a plain water rinse following the dep-
osition of the phosphate coating on metalllec
surfaces produces satisfactory results, I prefer
to employ the adjusted chromic acid rinse since
there is a deflnite improvement over the use
of water. I may also use dichromates or chro-
mates, provided the pH of the solutions of these
is adjusted to or falls within the range above
stated. The metal undergoing treatment may
be taken from the phosphate treating solution
into the dilute adjusted chromic acid bath with-
out an intermediate rinse in water or without an
intermediate drying process. Following the
chromic acid rinse the metal surface may be
dried.

I have found that my metal phosphate coating
solution may be applied to metallic surfaces by
any means which brings the solution in contg.ct
with the surface, such as by immersion, by spray-
ing, by brushing, or by roller coating. Tests have
been conducted in a 4-tank spray washing and
treating unit combined with a drying tunnel. In
the fAirst tank, an alkaline detergent maintained
at a concentration of 1-oz./gallon at a temper-
ature of about 140° F. (60° C.) was used. In the
second tank, a hot water rinse was employed,
the temperature of this rinse being in a range of
120° F. to 150° F. (49° to 66° C.) with the water
being constantly replaced through a float con-
trolled valve. In the third tank, a 1% concen-
tration of my composition hereinbefore desig-
nated as composition B was employed at a tem-
perature of about 90° F. (32° C.). Fresh water
was added only to maintain working volume since
there is a certain amount of carryover as the
metal surfaces moves from this solution to the
next stage in the process. The final operation
was a hot water rinse maintained at a tempera-
ture of 120° F. to about 150° F. (49° C.—66° C.).

In the first two tanks the metal containers be-
ing processed were treated for about 40-50 sec-
onds and in the last two stages, contact was main-
tained for about 20 seconds. The finished parts
had s multi-colored iridescent sheen which is
typical of the amorphous metal phosphate coat-
ing deposited on ferrous metals, and they were
free from rust despite the fact that some mois-
ture remained inside these container parts as
the result of incomplete drying. The corrosion
resistance of the subsequently painted containers
as indicated by the standard salt spray test was
excellent.

I have successfully treated large quantities of
what is commercially known as bright annealed
black plate by spraying the metal with a 1.5%
solution of composition B. In this particular
processing, the unit consisted of a series of rub-
ber rolls which moved the metal sheets along in
8 horizontsal plane between top and hottom spray
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nozzles, The contact perlod between metal and
treating solution was approximately 10 seconds
followed by a hot water rinse for about 2 sec-
onds and a forced hot air drying stage. The
temperature of the phosphate coating solution
was maintained in the range of from about 76-85°
P. (24° C-29.5° C.). The coating welght of the
phosphate film as determined by the anodic strip-
ping of the coating from small panels in a 10%
caustic soda solution varied from an average
of about 31 milligrams per sq. foot at the begin-
ning of the run to about 30 milligrams per sq.
foot at the end of the run.

A large quantity of steel sheets treated by the
above mentioned method was stored in the mill
atmosphere for observation on corrosion resist-
ance in comparison with similar sheets treated
in an orthophosphate bath which produced a
crystalline phosphate coating. The samorphous
metal-phosphate coating gave protection supe-
rior to both untreated sheets and to those which
had been run through a treating process using
orthophosphate baths,

A portion of the treated sheets was used in the
formation of can ends. An observation of the
phosphate coating by means of a binocular micro-
scope showed the amorphous coating to be per-
fectly continuous even over sharp bends, where-
as some of the can ends which were treated In
orthophosphate solutions showed a rupture of
the crystalline phosphate fllm at some points.
Samples of both the amorphous metal-phosphate
coated sheets and the crystalline phosphate
coated sheets were given an organic finish by a
roller coating process and the can ends were
then stamped from the coated sheets and sub-
jected to an adherence test, a humidity test, and
an outdoor exposure test. Definite superiority
in the amorphous metal-phosphate coated can
ends was observed in each of these tests which
would indicate that the flexibility of the amor-
phous coating has a definite relationship to the
results obtained when coated metal surfaces are

5 subjected to bending operations.

I have also employed my treating solution in
conjunction with iron surfaces to be later coated
with vitreous enamels. The adherence of vit-
reous enamel to the metal surfaces is of prime
importance to the industry and one of the prin-
cipal obstacles in the one-coat light enameling
process sultable for refrigerators and other simi-
lar appliances, is the lack of adherence of the
white enamel after it is fired. I have processed
iron panels by a standard commercial cleaning
and pickling procedure followed by the immer-
sion of these panels in different phosphate treat-
ing solutions. I have found that the use of wa-
ter-soluble nickel salts in conjunction with a
molecularly dehydrated phosphate and the use
of water-soluble cobalt salts in conjunction with
the same type of phosphate improves the bond
between the vitreous enamel and the iron sur-
face. Visual comparison of the degrees of ad-
herence is made by employing a %2 inch steel ball
loosely held over the enamel surface and centered
over a l-inch hole in an anvil. The impact of a
falling weight on the ball will cause the enamel
to separate from the metal if the adherence is
not satisfactory, whereas with good adherence
qusalities, the separation is very slight or almost
negligible.

I have found that the amorphous protective
phosphate coatings are also effective in the pre-
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vention of high temperature oxidation of metals.
For example, a steel strip coated with a phos-
phate film when exposed to a temperature of
600° C. for one hour will oxidize very slightly
whereas an untreated strip is oxidized appreci-
ably. Weight loss measurements indicate that
oxidation is reduced apprecilably, the reduction
being of the order of 80% under the conditions
described.

Having thus described the invention, what I
claim as new and desire to secure by Letiers
Patent Is:

I claim:

1. A water-soluble composition, solutions of
which are capable of rapidly depositing coatings
on surfaces of metals to prevent their corrosion,
said composition containing approximately 54.6 %
by weight of a sodium phosphate glass having a
ratio of Naz0:P30s of about 1.1:1, about 38.6%
by weight of 78% calcium chloride, 6.1% by
weight of sodium acid sulfate and about 0.7% by
weight of sedium dichromate, said composition
being characterized by the fact that a protective
amorphous calcium phosphate coating is de-
posited in approximately ten seconds from a solu-
tion containing approximately 2.5% by weight
of said composition at a solution temperature of
approximately 25° C.

2. A process for depositing an amorphous
metal - phosphate coating on the surfaces of
metals to prevent corrosion thereof which com-
prises subjecting a metallic surface composed of
at least one of the metals of the group consist-
ing of iron, copper, zinc, silver, and magnesium
to the action of an agueous solution having a
PH value between about 3 and 8, and containing
in solution at least 100 p. p. m. by weight of a
metal ion of at least one element selected from
the group consisting of calcium, zinc, cobalt, mag-
nesium, cadmium, iron, aluminum, barium,
strontium, manganese, chromium, and nickel, at
least 200 p. p. m. by weight of & water-soluble
alkali-metal phosphate giass and at least 10
p. p. m. of an oxidizing agent selected from the
group consisting of water-soluble inorganic ni-
trates, nitrites, sulfites, permanganates, chro-
mates, ferricyanides, dichromates, and perbo-
rates, and maintaining the ratic of the phos-
phate glass concentration in sald solution to the
concentration of the metal ion therein between
the values of about 0.05:1 and about 12:1.

3. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
prevent the corrosion thereof which comprises
subjecting a metallic surface composed of at
least one of the metals of the group consisting
of iron, copper, zinc, silver, and magnesium, to
the action of an agqueous solution having a pH
value between 2.0 and 5 and containing in solu-
tion at least 100 p. p. m. by weight of the ions

of calcium and aluminum, at least 200 p. p. m. by-

weight of a water-soluble alkali-metal phosphate
glass and at least 10 p. p. m. of an oxidizing
agent selected from the group consisting of
water-soluble inorganic nitrates, nitrites, sulfides,
permanganates, chromates, ferricyanides, di-
chromates, and perborates.
4. The method as deflned in claim 2 in which
the alkali-metal phosphate glass has a molar
ratio of alkali-metal oxide to P2Os of from about
.04:1 to about 1.7:1.
5. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to pre-
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vent corrosion thereof which comprises subjecting
a metallic surface composed of at least one of the
™Metals of the group consisting of iron, copper, zine,
sliver, and magnesium, to0 an agueous solution
having a pH value between 3 and 8, and containing
from about 100 p. p. m. to about 19,000 p. p. m. by
weight of a metal ion of at least one element se-
lected from the group consisting of calcium,
zine, cobalt, magnesium, cadmium, manganese,
chromium, iron, aluminum, barium, strontium,
and nickel, at least 200 p. p. m. by weight of a
water-soluble alkali-metal phosphate glass and
at least 10 p. p. m. of an oxidizing agent selected
from the group consisting of water-soluble in-
organic nitrates, nitrites, sulfites, permanganates,
ferricyanides, chromates, dichromates, and per-
borates.

6. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
prevent the corvosion of metals which comprises
sub,ecting a metallic surface composed of at least
one of the metals of the group consisting of iron,
copper, zinc, silver, and magnesium, to an aqueous
solution having a pH value of from about 3 to
about 8 and containing not less than about 100
pP. p. m. of & metal ion of at least one element
selected from the group consisting of calcium,
strontium, chromium, manganese, barium, zinc,
cadmium, cobalt, nickel, magnesium, alumium,
and iron, a water-soluble alkali-metal phosphate
glass, and not less than about 10 p. p. m. of an
oxidizing agent selected from the group consist-
ing of water-soluble inorganic nitrates, nitrites,
sulfites, permanganates, ferricyanides, chromates,
dichromates, and perborates for accelerating the
rate of deposition by said solution of an adherent
protective amorphous phosphate film on said
metal surface, and maintaining a ratio between
the concentration of the phosphate glass and the
metal ion in the solution between the values of
about 0.05:1 and about 12:1.

7. A process for depositing sn amorphous
metal-phosphate coating on metal surfaces to
protect the same against corrosion which com-
prises subjecting a metallic surface composed of
at least one of the metals of the group consist-
ing of iron, copper, zinc, silver, and magnesium
to the action of an aqueous solution having a
pH value in the range of from about 3 to about 8
and containing from about 100 p. p. m. to about
10,000 p. p. m. by weight of a metal ion of at
least one element selected from the group con-
sisting of Ca, Zn, Co, Mg, Cd, Fe, Al, Ba, Sr, Cr,
Mn, and Ni, a water-soluble alkali-metal phos-
phate glass in amount to give a weight ratio of
sald phosphate glass to the element of said group
between about 0.05:1 and 12:1 and at least 10
p. p. m. of an oxidizing agent selected from the
group consisting of water-soluble inorganic ni-
trates, nitrites, sulfides, permanganates, ferricy-
anides, chromates, dichromates, and perborates.

8. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
protect the same against corrosion which com-
prises subjecting a metallic surface composed of
at least one of the metals of the group consisting
of iron, copper, zinc, silver, and magnesium, to
the action of an aqueous solution containing at
least 100 p. p. m. of a metal ion of at least one
element selected from the group consisting of Ca,
Zn, Co, Mg, Cd, Fe, Al, Ba, Cr, Sr, Mn, and Ni,
and also containing a water-soluble alkali-metal
phosphate glass in amount to give a weight ratio

78 of said phosphate glass to the element of said
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@toup between about 2:1 and about 12:1 and at
least 10 p. p. m. of an oxidizing agent selected
from the group consisting of water-soluble in-
organic nitrates, nitrites, sulfites, permanga-
nates, ferricyanides, chromates, dichromates, and
perborates, the pH value of said solution being
between about 3 and 8.

8. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
protect the same against corrosion which com-
prises subjecting a metallic surface composed of
at least one of the metals of the group consisting
of iron, copper, zinc, silver, and magnesium to the
action of an aqueous solution containing at least
100 p. p. m. of a metal ion of at least one element
selected from the group consisting of Ca, Zn, Co,
Mg, Cd, Fe, Al, Ba, Sr, Cr, Mn, and Ni, and con-
taining an alkali-metal phosphate glass in which
the molar ratio of alkali-metal oxide to PiOs is
from 0.4:1 to about 17:1, the amount of glass
in said solution being such as to give a weight ratio
of said glass to said metal ion of between about
0.05:1 to about 8:1, and the concentration of
pbhosphate glass being not less than about 200
b. p. m. by wefght, the treating solution also con-
taining at least 10 p. p. m. by weight of an oxidiz-
ing agent selected from the group consisting of
water-soluble inorganic nitrates, nitrites, sulfites,
permanganates, ferricyanides, chromates, di-
chromates, and perborates, the pH value of the
solution being adjusted to a value between about
3 and about 8. -

10. A process for treating metal surfaces com-
posed of at least one of the metals of the group
consisting of iron, silver, magnesium, copper, and
zine to withstand corrosion which comprises sub-
Jecting a metal of said group to an aqueous solu-
tion containing at least 10 P. p. m. by weight of
an oxidizing agent selected from the group con-
sisting of water-soluble Inorganic nitrates, ni-
trites, sulfites, permanganates, chromates, di-
chromates, ferricyanides, and perborates, a metal
ion of at least one element selected from the group
consisting of caleium, zinc, cobalt, magnesium,
cadmium, iron, aluminum, barium, strontium,
manganese, chromium, and nickel, and a water-
soluble alkali-metal phosphate glass, the com-
bined amount of said meta] ion and sald phos-
phate in the solution being from about 300 p, p. m.
by weight to about 50,000 P. p. m. by weight and
the ratio of alkali-metal] phosphate glass to said
metal ion being within the range of about 0.05:1
and about 12:1 so that an amorphous phosphate
of said metal fon will deposit as a film upon the
metal being treated, said film being sufficient to
protect the metal from corrosion, the pH vilue of
the solution being maintained at a value between
about 3 and 8,

11. A method of rapidly forming a protective
amorphous metal-phosphate coating on metal
surfaces composed of at least one of the metals of
the group consisting of silver, magnesium, copper,
iron, and zinc which comprises treating said
metals with an aqueous soluytion having a pH
value of from 3 to 8, and at a temperature range
of about 15° C. and not in excess of about 50° C.,
sald solution containing a metal ion of at least
one element selected from the group consisting of
calcium, zine, cobalt, magnesium, cadmium, iron,
aluminum, barium, strontium, manganese, chro-
mium and nickel, at least 10 p. p. m. by weight of
an oxidizing agent selected from the group con-
sisting of water-soluble inorganic nitrates, ni-
trites, sulfites, bPermanganates, ferricyanides,
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chromates, dichromates, and perborates and at
least 200 p. p. m. of & water-soluble alkali~meta;
phosphate glass, the concenfration of the metal
ion being not less than 100 P. p. m. and the ratio
of phosphate glass to metal ion in said solution
being such that there is deposited upon the metal
being treated an amorphous metal-phosphate
protective coating exceeding one milligram per
square decimeter in approximately ten seconds.

12. A method whereby metal surfaces composed
of at least one metal of the group consisting of
iron, silver, magnesium, copper, and zinc, may be
treated to resist corrosion which comprises con-
tacting a metal of sald group for a relatively short
period of time with g non-heated aqueous solution
containing in solution at least 10 p. p. m. by
weight of an oxidizing agent selected from the
Broup consisting of water-soluble inorganic ni-
trates, nitrites, sulfites, permanganates, chro-
madtes, dichromates, ferr.cyanides, and perborates,
&t least 200 p, p. m. of g water-soluble alkali-
metal phosphate glass and a metal ion of at least
one element of the group consisting of Ca, Zn, Co,
Mg, Cd, Fe, Al, Ba, Sr, Mn, Cr, and Ni, the con-
centration by weight of such metal ion being
maintained at such a value that the ratio of phos-
phate glass by weight to metal ion is within a
range of not less than about 0.05:1 and not more
than about 8:1,

13. In the treatment of the surfaces of metals
composed of at least one of the metals of the
group consisting of iron, zinc, copper, magnesiym
and silver, to produce a protective amorphous
phosphate coating deposited by contacting the
surfaces of such metals with an aqueous so.ution
containing at least 100 P. p. m. of a metal ion of at
least one element selected from the group consist-
ing of calcium, zinc, cobalt, magnesium, cadmium,
iron, aluminum, barium, stroncium, manganese,
chromium, and nuckel, at least 10 P. P.m. of an
oxidizing agent selected from the group consst~
ing of morganic water-solunle nitrates, nitrites,
suifites, bermanganates, ferricyanudes, caromaltes,
dicaoromates, and Perborates, and at least 2uy
D. p. m. of g water-soluble alkali-metal phosphate
glass, that step whicn COmpr.ses rinsig sa.d metal
surrace white wet with the amorphous metal coat-
ing sowution with an aqueous soiution of s saly of
caromic acid having g concentrat.on of Crus of
trom about uv.05% to U.b% ana aGjusied 1o a pH
of 1rom about 3 to about 5.5,

14, A process as aenned in claim 13 charac-
terized by the fact taat the rinse solution is a
caromic acid soiution having a conceatrav.on of
CrOs of irom avout GUdY% to aboug VoY% and
adjusted to 8 pH vasue of irom avout 5 to avout
6.5,

15. An aqueous solution for depositing an
amorphous metal-pnospaate coating on tne sur-
faces of metais composed of at ieast one of tne
metals of tie group consisting of iron, zinc, cop-
ber, suver ana magnesium, wanich sowution con-
tains as the major poruion of its acsive cnemical
composition at ieast 100 p. p. m. or & metai 100
of at least one e.ement selected from tue group
consisting of calcium, zine, cobait, maghesium,
cadmium, iron, aluminum, barium, strontium,
chromium, manganese, and nickel, and at least
200 p. p. m. of a water-soluble alkali-metal
Phosphate glass and at least 10 p. p. m. of an
oxidizing agent selected from the group consist-
ing of water-soluble inorganic nitrates, nitrites,
sulfites, bermanganates, chromates, ferricy-
anides, dichromates, angd perborates, the ratio of
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phosphate to metal fon in said solutions being
within the range of about 3:1 to 8:1.

16. A water-soluble composition adapted for
the preparation of solutions for forming
amorphous metal phosphate coatings on metals
at room temperatwre to prevent the corrosion of
said metais, said composition containing ap-
proximately 49.2% by weight of a sodium phos-
phate glass having a ratio of NasO:P:0s of about
1.1:1, 34.7% by welght of apout 78% calclum
chloride, about 6.6% by weight of sodium nitrite
and about 8.5% by weight of sodium acid sulfate.

17. A dry, homogeneous composition which
when dissolved in water will form & solution
which is eftective to deposit rapidly an amor-
phous protective coating on metal surfaces
wetted by said solution so that said surfaces are
protected by said iim against corrosion, sald
composition containing approximately 40.2% by
weight of a sodium phosphate glass having &
ratio of NasO:PiOs of about 1.1:1, 347% Dby
weight of 78% caicium chloride, 6.6% by weight
of sodium nitrite and 9.5% by weight of sodium
acid sulfate, solutions containing about 2.5% hy
welght of said composition being such that &
protective amorphous phosphate coating having
& weight of about 44 milligrams per square toot
is deposited on the metai surfaces in approxi-
mately ten seconds of contact with said sotution
at & temperature of about 24° C.

18. A dry, homogeneous water-soluble com-
position consisting essentially of an alkali-metal
phosphate glass having a ratio of Mz0:P:0s of
about 0.4:1 to about 1.7:1 where M is an alkall
metal or the ammonium radical, & water-sol-
uble compound containing & metal selected from
the group consisting of calcium, zine, cobalt,
magnesium, cadmium, iron, aluminum, barium,
strontium, manganese, chromium and nickel, an
oxidizing agent seiected from the group consist-
ing of water-soluble inorganic nitrates, nitrites,
sulfites, permanganates, chromates, ferricy-
anides, dichromates, and perborates, and a wa-
ter-soluble pH adjusting agent, the ratio by
weight of the phosphate glass to the metal of
the metal-containing compound being between
about 0.05:1 and 12:1 s0 that when metals of
the group consisting of silver, magnesium, ¢op-
per, iron, and zinc are contacted with & solution
containing about 2.5% by welght of said com-
position, sald 2.5% solution containing not less
than 10 p. p. m. of oxidizing aggnt and not less
than 300 p. p. m. of phosphate glass, an amor-
phous phosphate coating will be deposited on
the surface of said metals which is effective to
protect the coated surface and provide a base
for paints and enamels.

19. A composition whose water solutions are
capable of depositing on metal surfaces in con-
tact therewith an amorphous metal-phosphate
coating, sald composition consisting essentially
of the following components:

(@) at least one water-soluble salt of a coating
metal selected from the group consisting of
ga. Zn, Co, Mg. Cd, Fe, Al, Ba, Br, Mn, Cr, and

1,

(b an alkali-metal phosphate glass,

(¢) an oxidizing agent selected from the group
consisting of water-soluble inorganic nitrates,
nitrites, sulfites, permanganates, chromates,
ferricyanides, dichromates, and perborates,

(d) a dry solid water-soluble pH adjusting com-
pound,
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the proportions of components (a) and (b) being
such that when said composition is dissolved in
water, the ratio of (b) to the metal ion of (@)
in said solution is within the ratio range of 0.05:1
to 12:1, the amount of (d) is such as willi produce
& pH value within the range of about 3 to 8, the
amount of (¢) is such as to give & cuacentration
of at least about 10 p. p. m. by weig.t, and the
amount of (@) is such as will produce & concen-
tration of metai ion in said solution of not less
than about 1W p. p. m. by weight.

30. A composition sceoraing to claim 19 char-
acterized by the fact that component (@) is a
water-solubie calcium sait.

21. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
protect the same against corrosion which com-
prises subjecting a metallic surtace composed
of at least one metal of the group consisung of
iron, copper, zinc, silver and magnesium to the
action of an agueous solution having a pH value
in tne range of from about 3 to 8 and containing
at least 100 p. p. m. by weight of a metal lon of
at least one element selected from the group con-
sisting of Ca, Zn, Co, Mg, Cd, Fe, Al, Ba, Sr, Cr,
Mn, and Ni, a water-soiubie alkali-metal phos-
phate giass in amount to give a weight rauo of
said phospnate glass to the metal ion of the ele-
ment of said group between about 0.05:1 and
12:1 and at least 10 p. p. m. of an oxidizing
agent selected trom the group consisting of water-
soluble inorganic nitrates, nitrites, ferricyanides,
suifites, permanganates, chromates, dichromates
and perborates.

22. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
prevent the corrosion thereof which comprises
subjecting a metallic surface composed of at least
one of the metals of the group consisting of iron,
copper, zinc, silver, and magnesium, to the action
of an aqueous solution having a pH value be-
tween about 3 and about 8 and containing in
solution not less than 100 p. p. m. of the 10ons of
calcium and a water-soluble molecularly dehy-
drated alkali-metal phosphate having a ratio of
alkali-metal oxide to P3Os of about 0.4:1 to 1.7:1,
the ratio of the concentration of alkali-metal
phosphate to calcium lon being from about 2:1
to about 8:1, and at Jeast 10 p. p. m. of an oxi-
dizing agent selected from the group consisting
of water-soluble inorganic nitrates, nitrites, sul-
fites, ferricyanides, permsanganates, chromates,
dichromates, and perborates.

23. A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
prevent the corrosion thereof which comprises
subjecting a metallic surface composed of ut least
one of the metals of the group conslisting of iron,
copper, zinc, silver, and magnesium, to the action
of an agueous solution having a pH value between
about 2.0 and about 5.0 and containing in solution
not less than 100 p. p. m. of calcium ion and
also a water-soluble molecularly dehydrated
alkall-metal phosphate having a ratio of alkall-
metal oxide to P2Os of about 0.4:1 to 1.7:1, the
ratio between the concentration of phosphate and
of calclum ion being within the range of 0.05:1
and 12:1, and at least 10 p. p. m, of an oxidizing
agent selected from the group consisting of
water-soluble inorganic nitrates, nitrites, ferrl-
cyanides, suifites, permanganates, chromates,
dichromates, and perborates.

24, A process for depositing an amorphous
metal-phosphate coating on metal surfaces to
prevent the corrosion thereof which comprises
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subjecting a metallic surface composed of at least
one of the metals of the group consisting of iron,
copper, zing, silver, and magnesium, to the action
of an aqueous solution having a pH value be-
tween about 3 and about 8 and containing in
solution a concentration of not less than 100
p. p. m. of calcium ion and a water-soluble molec-
ularly dehydrated alkali-metal phosphate hav-
ing a ratio of alkali-metal oxide to P20s of from
gbout 0.4:1 to 1.7:1, the ratio of alkali-metal
phosphate to calcium ion being within the range
of about 2:1 to about 8:1, and at least 10 p. p. m.
of sodium dichromate.
HAROLD I. ROSENBLOOM.
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