Patented Nov. 7, 1950

2,528,787

UNITED STATES PATENT OFFICE

2,528,787

PROTECTION OF METALS FROM
CORROSION

Charles T. Roland, Pitisburgh, Pa., assignor to
Hall Laboratories, Inc., Pittsburgh Pa,., a cor-
poration of Pemlsylvama

No Drawing. Application September 8, 1947,
Serial No. 772,894

(CL. 117—127)

10 Claims.
1

This invention relates to a process of making
metallic articles corrosion-resistant by deposit-
ing on the article from an aqueous solution an
amorphous film or coating formed by the inter-
action of one or more coating metal ions with
one or more molecularly dehydrated phosphate
radicals, the solution being of such character
that the film is deposited without visible attack
on the surface of the article. The amorphous
fllms characteristic of my invention are substan-
tially even in thickness, continuous and flexible
as contrasted with the hard granular crystalline
deposits obtained from orthophosphoric acid
metal-treating solutions. They are superior to
the crystalline deposits, particularly for those

uses where the metal is first treated to improve -

its corrosion-resistance and then is formed to
shape, as by bending or drawing, since the flex-
ible amorphous films have less tendency to crack
when bent or drawn.

This application is a continuation-in-part of
my application Serial No. 468,690, filed Decem-
ber 11, 1942, and now abandoned.

The invention is particularly applicable to
making steel or other ferrous metals corrosion
resistant to the atmosphere but may be used
for treating other metals, such as copper, zinc
and their alloys in order to improve their resist-
ance to corrosion. It provides a quick, simple

process whereby mild carbon steel sheets can be =

protected from corrosion by the atmosphere dur-
ing the period of time after the rolling is com-
pleted until the sheet is subjected to a further
treatment such as lithographing, in case thes

sheet is to be made into containers or until en- ;-

amelling, in case it is to be enamelled. The in-
vention is applicable to preventing or retarding
corrosion of the steel sheet by the atmosphere,
irrespective of the particular use to which the
steel is to be put; but the above have been given
merely by way of example of certain applications
of the invention.

The invention will be described as applied to
improving the corrosion-resistance of steel
sheets, it being understood that other metals or
their alloys may be treated according to my proc-
ess to improve their resistance to corrosion.

The steel sheet is first cleaned by any suit-
able method and is then treated with an aqueous
solution which forms an amorphous protective
film or coating on the sheet. The aqueous treat-
ing solution may be applied to the sheet by any
suitable method, for example, immersion of the
sheet in the treating solution or by spraying the
treating solution on the sheet. The treating solu-
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tion is of such character that there is formed on
the sheet an amorphous protective film of ma-
terial produced by the interaction of one or more
molecularly dehydrated phosphate radicals and
one or more coating metals of the group con-
sisting of calcium, strontium, barium, zine, cad-
mium, nickel, cobalt and manganese. As an ex-
ample of the material which can be deposited to
form the amorphous protective coating, I men-
tion calcium metaphosphate Ca(PO3)2. The
calcium metaphosphate film is formed on the
sheet by providing in the treating solution cal-
cium ion and metaphosphate radical in the prop-
er concentrations and ratios and treating the
sheet with the solution under the proper condi-
tions of pH and temperature all as will be ex-
plained more fully hereinafter.

In order to form the desired amorphous pro-
tective film of calcium metaphosphate, for ex-
ample, there must be a sufficient coneentration
of calcium and of metaphosphate radical to form
the film by subjecting the sheet to the treating
solution for a reasonable period of time. Also
the weight ratio of metaphosphate to calcium
must be within certain limits. If the ratio of
metaphosphate to calcium is too low, the solu-
tion does not provide sufficient metaphosphate
radical for uniting with the calcium to form
the protective film of calcium metaphosphate.
On the other hand, if the ratio of metaphosphate
to calcium is too high, the effect is to prevent
the formation of the calcium metaphosphate film.

For purposes of practical short-time treat-
ment of iron and steel, to render them corro-
sion-resistant when they are exposed to the at-
mosphere for relatively short periods of time,
the minimum effective concentration of calejum
is about 100 P. P. M. (parts per million by weight).
For a caleium concentration of 100 P. P. M,
the amount of sodium phosphate glass having
s molar ratio of Na2O to P20s of 1.1:1, often
referred to as technical grade Graham’s salt or
sodium hexametaphosphate, should be in the
range of about 200 to 1000 P. P. M, but pref-

. erably about 500 P. P. M. Since this sodium

phosphate glass contains about 67% P20s5, this
mesans that the P:0s content, said P20s being
derived from the aforementioned sodium phos-
phate glass, should amount to about 134-670
P. P. M. The pH value of this particular treat-
ing solution should be in the range of 4 to 7,
preferably about pH 5. The treatment may be
given by immersion of clean ferrous metal in the
solution for ten minutes at room temperature.
or for one minute at 65° C. The optimum weight
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ratio of this phosphate glass to calcium in the
stated concentration of 100 P. P. M. is about 5:1,
the optimum weight ratio of the P20s to cal-
cium being about 3.4:1. In the case-of low con-
centrations such as 100 P. P. M. of calcium, the
effective weight ratio of this phosphate glass to
calcium is about 2:1 to 10:1. However, as the
calcium concentration level is increased, the
range of effective ratios of this phosphate glass
to calcium is widened downwardly, so that a con-
centration of 5000 P. P. M. calcium the effec-
tive weight ratio of this phosphate glass to cal-
cium is between about 0.05:1 and 10:1, which
means 2 weight ratio of P20s to calcium between
about 0.03:1 and 7:1. Thus there appears to be
o minimum effective concentration of this phos-
phate glass at about 200 P. P. M. whereas the
maximum effective concentration bears a con-
stant relation to the calcium concentration, i, e.,
about 10:1. The 5:1 ratio of this phosphate glass
to calcium is the optimum ratio and gives satis-
factory results over the whole range of calcium
concentrations from 100 P. P. M. up to 5000
P. P. M. or even higher.

There appears to be no real upper limit to
the concentrations of calecium and phosphate
glass in solution so long as the proper ratio be-
tween them is maintained. However, due to the
bulk of undissolved or precipitated material pres-
ent, it probably is neither practical nor economi-
cal to operate above the 1000 P. P. M. calcium
level if the pH of the solution is 5 or above. Since
the amount of calcium which can be held in solu-
tion in a solution having a pH of 5 is around 300
P. P. M. calcium at room temperature and is
lower at elevated temperatures, the optimum
concentration of caleium in a solution having
this pH value apvears to be about 300 P. P. M,
Lower concentrations than this are spent more
rapidly whereas higher concentrations lead to
waste of treating material. However, higher con-
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centrations of calcium can be employed if the ,

pH of the solution is lowered.

In one example of the process, a steel sheet
was treated in a solution having a pH of 5 for
one minute at 65° C., the solution containing 300
P.P. M. calcium and 1500 P. P. M. phosphate glass
having a molar ratio of Na:0 to P205 of 1.1:1.
The sheet was then rinsed with water and al-
lowed to dry at room temperature. No rust spots
could be found on this sheet after drying, while
an untreated sheet similarly rinsed with water
and allowed to dry at room temperature showed
many rust spots.

Within practical limits, the higher the tem-
perature and the longer the time of exposure to
the solution, the more effective the treatment
becomes. A one-minute exposure at 65° C. is
roughly equivalent to 10 minutes exposure at
room temperature. At 100° C.,, an amorphous
film can be produced in less than one minute, but
since high temperature causes decomposition ‘of
the phosphate glass, the use of such high tem-
perature is uneconomical.

The invention has been described thus far prin-
cipally in connection with the formation of a
film of calcium metaphosphate. However, other
coating metals may be substituted in whole or in
part for the calcium, and other molecularly de-
hydrated phosphate radicals, for example, tri-
polyphosphate radical P:O1e or pyrophosphate
radical P2071 may be substituted in whole or in
part for the metaphosphate radical POs.

In place of calcium, I may use as coating metals
strontium, barium, zinc, cadmium, nickel, co-
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balt and manganese. All of these coating metals
have the common property of reacting in solu-
tion with molecularly dehydrated phosphate rad-
icals when in proper concentrations and ratios
and at proper pH values to form amorphous pro-
tective films on base metals without visible at-
tack on the base metal.. The nature of the an-
jons in compounds of the coating metals does not
appear to be critical. ‘Apparently any compound
of these metals can be used which provides one
or more of the coating metals in solution in the
treating bath. I may, for example, use the sol-
uble chiorides, sulphates, acetates, chromates, ni-
trates or hydroxides of the metals for supplying
the metal ions o the solution. Certain com-
pounds of the metals are especially effective due
to their pH value or neutralizing or buffer value.
For example, calcium chloride is a very effective
compound for use with a phosphate glass having
a molar ratio of Naz0 to P=0s of 1.1:1, because the
PH values of aqueous solutions containing effec-
tive amounts of caleium chloride and such phos-
phate glass are about 5, which has been found
to be the optimum pH value of the treating so-
lution when the solution contains about 100-300
P. P. M, of calcium. If a more acid phosphate
glass, for example, one having a ratio of Naz0 to
P05 of 0.7:1 is employed in the treating solu-
tion, desirable coating metal compounds are the
carbonates or hydroxides. Such compounds not
only supply part or all of the necessary coating
metal which is to react with the molecularly de-
hydrated phosphate radical to form the protec-
tive film but act as neutralizing agents as well.
The whole range of molecularly dehydrated
phosphates, starting with tetrasodium pyrophos-
phate and extending to metaphosphoric acid
(fresh P20s5 solution) appears to be effective in
forming the protective fiizta when the pH value is
adjusted fo the proper level. By “molecularly
dehydrated phosphate” is meant any phosphate
or phosphoric acid which can be considered as
derived from monobasic or dibasic orthophos-
phate or orthophosphoric acid or mixtures there-
of by removal of water of constitution. Included
in this term are the sodium phosphate glass com-
monly referred to as technical grade Graham’s
salt, which has a molar ratio of Na:O to P20s
of 1.1:1, pentasodium tripolyphosphate NasP3O10,
which has a molar ratio of Na20 to P20s of 5:3,
and tetrasodium pyrophosphate Na:P:07 having
a molar ratio of Na=O to P20s of 2:1. These are
given merely by way of example, as illustrating
the more common alkali-metal molecularly de-
hydrated phosphates which are either substan-
tially neutral or alkaline in reaction. 'The pre-
ferred molecularly dehydrated phosphates for use
according to the invention are the glasses which
extend from P205 at the acid end of the materials

through the phosphate glasses made by rapidly

chilling a melt of the proper composition in-
cluding the acid phosphate glasses, the neutral -
phosphate glasses and the alkaline phosphate
glasses up to a composition at the alkaline end
of the range of materials in the vicinity of so-
dium tripolyphosphate NasP:010, which has a
molar ratio of Na20 to P20s5 of 5:3. The sodium
phosphate glass with a molar ratio of Na20 to
P20s5 of 5:3 is more effective than crystalline so-
dium tripolyphosphate NasP3:Oie. Acid sodium
phosphate gless with a molar ratio of Na20 to
P05 of 0.87:1 (pH 2.8) and freshly dissolved
P20s5 both give good results when the pH value of
the solution is adjusted to the proper level, The
water soluble crystalline pentasodium tripoly-
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phosphate and the tetrasodium pyrophosphate
and sodium trimetaphosphate are not nearly as
effective in producing the amorphous protective
film as are the glassy molecularly dehydrated
phosphates.

As has been pointed out previously herein,
where calcium is employed as the coating metal
and is used in the minimum concentration of
about 100 P. P, M,, the optimum pH value of the
-solution is about 5 and the effective pH range is
from 4 to 7. The optimum pH value of the so-
lution, according to my invention, will vary de-

" pending upon such factors as the coating metal
employed, the concentration of the coating metal
in the treating solution, the concentration of the
molecularly dehydrated phosphate in the treat-
ing solution and the P20s content of the molecu-
larly dehydrated phosphate. In general, lower
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"pH values can be employed with higher concen-

trations of coating metal. Thus, a pPH of 3 can
be wused if the calcium concentration is, say, 1500
P. P. M. or higher, whereas if the calcium con-
centration is of the order of 300 P. P, M, or lower,
the pH should be 4 or higher. The pH of the so-
lution should not be above about 8 or 9 because
with a higher pH than this no substantial amount
of coating is formed. In general, the pH should
not be above 7 and I prefer to employ a pH of
about 4 or 5. )

The weight ratio of the P20s5 content of the
molecularly dehydrated phosphate to the coating
metal varies over a fairly wide range for some
coating metals and over a narrower range for
other coating metals. The optimum ratio and
the effective range of this ratio for each of the
coating metals is given in Table I.
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Table I _
P10; content of molecularly dehydrated phosphate
Weight Ratio Coating Motal
1 2 3
' Optimum | Range of
Coating Metal Ratio | Ratios
Calcium 3.4 .03-7.0
Strontium 1.5 .7-2.0
Barium.. 1.0 .5-18
Zinc. 1.0 .3-3.5
Cadmium 0.7 .3 -5
Nickel.__. 0.1  .073.5
Cobalt. - 1.4 .3 3.5
Manganese. 0.7 .07-3.5

Table II which follows gives numerous .ex-
amples embodying widely varying conditions un~

der which my process can be carried out in the

treatment of mild carbon steel. In this table,
column 1 shows the molecularly dehydrated phos-
phate used in the treating solution. Column 2
shows the molar ratio of Na2O:P20s5 of the molec-
ularly dehydrated phosphate. Column 3 shows
the concentration in parts per million of the
molecularly dehydrated phosphate. Column 4
shows the coating metal compound employed in
the treating solution and column 5 the concen-
tration in parts per million of the coating metal.
Column 6 shows the weight ratio of P20s con-
tent of the molecularly dehydrated phosphate to
the coating metal employed. Column 7 shows the
pH value of the treating solution and columns 8
and 9 show respectively the temperature of the
treating solution and the time of treatment in
minutes.

Table II
v
Molecularly Dehydrated Phosphate “Coating Metal Treating Solu
Weight Ratio— "
No. Molar P30s u;‘th- Tltle‘;?:)glrlt,
. Ratio | Concentra- Congentra- | Phate: Coating Temp Minutes
Compound NaiO tion, Compound tion pH C.
. P.P. P.P.M .
P10s
) NtuP:01 12 W 2 500 300 0.89 5.0 25 10
2 ory 2 1,500 300 2.67 5.0 25 10
3 NasPaOlo (OrySt) e oo 1.7 1,500 - 300 2.90 5.0 25 10
4 1.7 1,500 300 2,90 50 65 1
1.7 1, 500 300 2.90 6.0 25 10
1.7 1,500 300 2.90 5.5 65 10
1.7 1,000 200 1.8 5.0 25 10
1.7 2,000 300 3.86 5.0 25 10
0 500 300 1.67 5.0 25 10
0 1, 500 300 5.0 5.0 25 10
0 500 300 1.67 5.0 65 1
0 2,000 300 6.67 5.0 85 1
0.87 500 300 1.21 5.0 25 10
0.87 2,000 300 483 5.0 .25 10
0.87 500 300 1.21 50| 25 10
0.87 2,000 300 1.83 5.0 25 10
0.87 1,000 300 2.42 5.0 65 10
0.87 500 300 1.21 5.0 65 1
0.87 2, 500 300 6.03 5.0 85 1
1.5 500 200 1.04 5.0 25 10
1.5 2,000 300 4.16 5.0 25 10
1.5 500 300 L04 5.0 65 1
1.5 2, 500 300 5.20 5.0 65 1
L7 500 300 0.97 5.0 25 10
1.7 2, 500 300 4.83 5.0 25 10
L1 7, 500 1,500 3.38 3.0 49 5
11 7, 500 1,500 3.38 3.0 49 30
1.1 1,500 300 2.38 5.0 49 5
11 7,500 |- 1,500 3.38 3.2 19 5
1.1 7, 500 1,500 3.38 3.2 19 30
1.1 7,500 1,500 3.38 35 2 10
11 7,500 1,500 3.38 3.5 19 5
11 7. 500 1,500 3.38 3.5 49 -30
1.1 7,500 1,500 3.38 3.5 49 5
1.1 7, 500 1,500 3.38 3.5 49 30
1.1 4,500 900 3.38 3.7 19 1
1.1 750 150 3.38 4.0 19 10
11 4,500 900 3.38 4.0 40 10
1.1 750 150 3.38 5.0 49 10
11 4,500 900 3.38 50 49 10
1.1 1,500 oo 0 ceee. 300 3.38 6.0 65 1
1.1 A0eeeoo 600 3.38 7.0 48 10
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Table II—Continued
Molecularly Dehydrated Phosphate Coating Metal Treating Solu-
Weight Ratio—
No. P30; in Phos- oo of
Molar | oo contra- Concentra- | Phate: Coating T, Minutes
Compound Nm.‘o tion, Compound tion, Metal pH %’é‘p" N
P.P.M P.P.M. . -
P1Os .

FEa— Sodium Phosphate Glass_____| L1 7,500 | Zn(NOs. . 5,000 1.0t 3.0 49 5
do L1 4500 do 5, 500 0.55 35 48 10
L1 4 500 5, 500 0.55 40 43 10
11 4,500 5, 500 0.55 50 48 10
L1 3,750 3,750 0.68 5.0 49 10
L1 500 500 0.68 5.0 25 10
L1 2, 500 500 3.38 50 25 10
L1 7,500 5,000 1.96 40 48 10
L1 7, 500 3,300 1.89 3.0 8 10
L1 7, 500 3,300 1.89 45 4 10
L1 500 1,000 0.34 5.0 25 10
L1 2,000 1,000 1.35 50 25 10
11 278 2,222 0.08 40 4 10
L1 278 2222 0.08 5.0 49 10
L1 1,250 1,250 0.68 5.0 49 10
L1 500 500 0.68 5.0 25 10
Ll 2,500 500 3.33 5.0 25 10
i1 1, 500 500 2.03 5.0 65 1
11 1,500 500 2.03 40 25 10
L1 1,500 500 2.03 50 2 10
L1 1,500 500 203 6.0 25 10
L1 1,500 500 203 7.0 25 10
L1 500 500 0.68 5.0 25 10
L1 2, 500 500 3.38 5.0 25 10
L1 250 250 0.68 5.0 25 10
L1 750 250 2.03 5.0 25 10
L1 1,250 250 3.38 5.0 25 10
L1 500 4,500 0.68 35 ] 10
L1 ! 500 4500 0.68 10 ] 10
L 800 8,200 0.07 £0 ] 10
Li 800 8, 200 0.07 5.0 n 10
11 4,500 4 500 0.68 5.0 " 10

L1 7, 500 1,500 3.37 5.0 "

Instead of making up the treating solution by
dissolving a coating metal compound and a molec-
ularly dehydrated phosphate in water, I may
dissolve a material containing both coating metal
and molecularly dehydrated phosphate radical in
water., I may, for example, form the treating
solution by dissolving a calcium phosphate glass
in water or I may maintain the strength of the
treating solution by adding calcium phosphate
glass to a bath previously formed by dissolving
a calcium compound and a sodium phosphate
glass in water. The calcium phosphate glass is
quite slowly soluble and this is advantageous
because it provides an effective means for con-
tinuously supplying calcium and molecularly de-
hydrated phosphate to replace that which is re-
moved in the formation of the film on the metal
being treated to render it correcsion resistant.
When a glass with a molar ratio of CaO to P20s
of 1:1, corresponding to calcium metaphosphate,
is dissolved in water, it provides molecularly de-
hydrated phosphate radical and calcium in sub-
stantially the optimum ratio for preventing cor-
rosion.

I may use a sodium calcium phosphate glass,
for example, that having the formula

N2a20.2Ca0.3P20s

or any sodium-calcium phosphate glass having
less sodium oxide than that contained in the
glass having the formula Na:0.2C20.3P20s.

Similarly, glasses containing other coating
metals than ealcium may be used in place of the
phosphate glasses containing calcium. -

When phosphate glasses containing caleium or
other coating metal are employed, the concentra-
tions of calcium or other coating metal and mo-
lecularly dehydrated phosphate radical, the
weight ratios of the P20s content of the molec-
ularly dehydrated phosphate to coating metal

and the pH values of the treating solution are

preferably maintained within the ranges given in
connection with the formation of the treating
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solution by the separate use of calcium or other
metal compound and molecularly dehydrated
phosphate not containing coating metal.

Any of the molecularly dehydrated phosphates
may contain potassium or ammonium in place
of sodium whether they do or do not contain
coating metal.

The following method is one which may be em-
ployed in forming the corrosion resistant amor-
phous film on a mild carbon steel strip. The
strip is cleaned with an alkaline detergent, fol-
lowed by a 15-second pickle in 5 to 10% sulphuric
acid. The pickling is not an essential step and
it is to be understood that any method which
provides a clean grease-free surface is a satisfac-
tory preparation of the metal for the corrosion
resisting treatment. The strip is immersed in
the treating solution at a temperature and for a
time dependent upon the particular corrosion
conditions to which the strip is to be subjected.
Where the treating solution containg 300 P. P. M.
calcium, 1500 P. P. M. phosphate glass having a
molar ratio of Naz:0 to P20s of 1.1:1 and has a
PH of 5, the strip may be immersed in the solu-

_tion maintained at a temperature of about 65° C.

for a périod of the order of one minute. After
this treatment, the strip may be allowed to dry
without rinsing or it may. be rinsed in ¢old or
hot water. Such treatment provides an amor-
phous film on the strip which renders the strip
corrosion-resistant when exposed to air during
the time and under conditions normally encoun-
tered between the end of the rolling of the strip
and the time that it is given an enamellmg or
lithographing treatment,

The invention is not limited to the preferred
materials or practice, which have been given
merely for illustrative purposes, but may be
otherwise embodied or practiced within the scope
of the following claims.

Iclaim:

1. The process of treating base metal artxcles
of the group consisting of ferrous metals, copper,

u
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zin¢, and their alloys, for improving the‘r resist-
ance to atmospheric corrosion, preparatory to ap-
plying a nonferrous finish which comprises treat-
ing the articles to render substantially grease-
free an exterior surface to be protected, applying
to the grease-free surface an aqueous solution
containing at least one hundred parts per mil-
lion by weight, of at least one coating metal se-
lected from the group consisting of calcium,
strontium, barium, zine, cadmium, nickel, cobalt,
and manganese, the metal being ‘present in the
form of a water-soluble salt, and at least one
molecularly dehydrated phosphate, the weight
ratio of the P20s content of the molecularly dehy-
drated phosphate to the coating metal being be-
tween 0.03:1 and 7:1, the pH value of the solu-
tion being between 3 and 9 and such that an
amorphous coating metal phosphate film is de-
posited on the base metal without visible attack
on the base metal surface, and thereafter drying
the articles so as to provide a dry finish-receptive
exterior surface having a substantially amor-
phous film thereover, the film being character-
ized by a good quality of bondability with non-
ferrous finishes.

2. The process of treating base metal articles
of the group consisting of ferrous metals, cop-
per, zine, and their alloys for improving their
resistance to atmospheric corrosion, preparatory
to applying a nonferrous finish which comprises
- treating the articles to render substantially
grease-free an exterior surface to be protected,
applying to the grease-free surface an aqueous
solution containing at least one hundred parts
per million by weight of calcium, the metal being
present in the form of a water-soluble salt, and
at least one molecularly dehydrated phosphate,
the weight ratio of the P:0s content of the mo-
lecularly dehydrated phosphate to the calcium
being between 0.03:1 and 7:1, the pH value of the
solution being between 3 and 9 and such that an
amorphous calcium phosphate film is deposited
on. the base metal without visible attack on the
base metal surface, and thereafter drying the ar-
ticles so as to provide a dry finish-receptive ex-
terior surface having a substantially continuous
amorphous film thereover, the film being char-
acterized by a good quality of bondability with
nonferrous finishes.

3. The process of treating ferrous metal arti-
cles for improving their resistance to atmospheric
corrosion, preparatory to applying a nonferrous
finish' which comprises treating the articles to
render substantially grease-free an exterior sur-
face to be protected, applying to the grease-free
surface an aqueous solution containing at least
one hundred parts per million by weight of at
least one coating metal selected from the group
consisting of calcium, strontium, barium, zine,
cadmium, nickel, cobalt, and manganese, the
metal being present in the form of a water-solu-
ble salt, and at least one molecularly dehydrated
phosphate, the weight ratio of the P:0s5 content
of the molecularly dehydrated phosphate to the
coating metal being hetween 0.03:1 and 7:1, the
PH value of the solution being between 3 and 9
and such that an amorphous coating metal phos-
phate film is deposited on the base metal without
visible attack on the base metal surface, and
thereafter drying the articles so as to provide a
dry finish-receptive exterior surface having a
substantially continuous amorphous film there-
over, the film being characterized by a good qual-
ity of bondability with nonferrous finishes.

4. The prosess of treating ferrous metal articles
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for improving their resistance to atmospherie
corrosion, preparatory to applying a nonferrous
finish which comprises treating the articles to
render substantially grease-free an exterior sur-
face to be protected, applying to the grease-free
surface an aqueous solution containing at least
one hundred parts per million by weight of cal-
cium, the metal being present in the form of &
water-soluble salt, and at least one molecularly
dehydrated phosphate, the weight ratio of the
P20s content of the molecularly dehydrated phos.
phate to the calcium being between 0.03:1 and
7:1, the pH value of the solution being between
3 and 9 and such that an amorphous ecalefum .
phosphate film is deposited on the base metal
without visible attack on the base metal surface,
and thereafter drying the articles so as to pro-
vide a dry finish-receptive exterior surface hav-
Ing a substantially continuous amorphous film
thereover, the film being characterized by a good
quality of bondability with nonferrous finishes.

5. The process of treating articles of zine and
its alloys for improving their resistance to atmos-
pheric corrosion, preparatory to applying a
nonferrous finish which comprises treating the
articles to render substantially grease-free an
exterior surface to be protected, applying to the
grease-free surface an aqueous solution contain-
ing at least one hundred parts per million by °
weight of at least one coating metal selected from
the group consisting of ecalcium, strontium,
barium, zine, cadmium, nickel, cobalt, and man- -
ganese, the metal being present in the form of a )
water-soluble salt, and at least one molecularly -
dehydrated phosphate, the weight ratio of the
P205 content of the molecularly dehydrated
phosphate to the coating metal being between
0.03:1 and 7:1, the pH value of the solution being
between 3 and 9 and such that an amorphous *
coating metal phosphate film is deposited on the
base metal without visible attack on the base
metal surface, and thereafter drying the articles
5o as to provide a dry finish-receptive exterior
surface having a substantially continuous amor-
phous film thereover, the film being character-
ized by a good quality of bondability with non-
ferrous finishes.

6. The process of treating articles of zine and
its alloys for improving their resistance to atmos-
pheric corrosion, preparatory to applying a non-
ferrous finish which comprises treating the arti-
cles to render substantially grease-free an exte-
rior surface to be protected, applying to the

‘grease-free surface an aqueous solution contain-

ing at least ome hundred parts per million by
weight of calcium, the metal being present in
the form of a water-soluble salt, and at least
one molecularly dehydrated phosphate, the
weight ratio of the P20s content of the molecy-
larly dehydrated phosphate to the ealeium ‘being
between 0.03:1 and 7:1, the pH value of the solu-
tion being between 3 and 9 and such that an
amorphous calcium phosphate film is deposited
on the base metal without visible attack on the
base metal surface, and thereafter drying the
articles so as to provide a dry finish-receptive
exterior surface having a substantially continu-
ous amorphous film thereover, the film being
characterized by a good quality of bondability
with nonferrous finishes.

7. The process of treating articles of copper
and its alloys for improving their resistance to
atmospheric corrosion, preparatory to applying a
nonferrous finish which comprises treating the
articles to render substantially grease-free an ex«
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terlor surface to be protected, applying to the
grease-free surface an aqueous solution contain-
ing at least one hundred parts per million by
weight of at least one coating metal selected from
the group consisting of calcium, strontium, bari-
um, zine, cadmium, nickel, cobalt, and manga-
nese, the metal being present in the form of a
water-soluble salt, and at least one molecularly
dehydrated phosphate, the weight ratio of P20s
content of the molecularly dehydrated phosphate
to the coating metal being between 0.03:1 and 7:1.
the pH value of the solution being between 3 and 9
and such that an amorphous coating metal phos-
phate film is deposited on the base metal without

" visible attack on the base metal surface, and
thereafter drying the articles so as to provide a

. dry finish-receptive exterior surface having a
substantially continuous amorphous film there-

- over, the film being characterized by a good qual-
ity of bondability with nonferrous finishes.

8. The process of treating articles of copper
and its alloys for improving their resistance to
atmospherie corrosion, preparatory to applying
a nonferrous finish which comprises treating the
articles to render substantially grease-free an
exterior surface to be protected, applying to the
grease-free surface an aqueous solution contain-
ing at least one hundred parts per million by
weight of calcium, the metal being present in the
form of a water-soluble salt, and at least one
molecularly dehydrated phosphate, the weight
ratio of the P20s content of the molecularly de-
hydrated phosphate to the caleium being between
0.03:1 and 7:1, the pH value of the solution being
between 3 and 9 and such that an amorphous
calcium phosphate film is deposited on the base
metal without visible attack on the base metal
surface, and thereafter drying the articles so
as to provide a dry finish receptive exterior sur-
face having a substantially continuous amor-
phous film thereover, the film being character-

‘ ized by a good quality of bondability with non-
ferrous finishes.

9. The process of treating base metal articles
of the group consisting of ferrous metals, copper,
zinc, and their alloys, for improving their re-
sistance to atmospheric corrosion, preparatory
to applying a nonferrous finish which comprises
treating the articles to render substantially
grease-free an exterior surface to be protected,

_applying to the grease-free surface an aqueous
solution containing at least one hundred parts

(4]

10

25

30

35

40

45

» 12 :
per million by weight of at least one coating
metal selected from the group consisting of
calcium, strontium, barium, zinec, cadmium,
nickel, cobalt, and manganese, the metal being
present in the form of a water-soluble salt, and
at least one molecularly dehydrated phosphate
glass, the weight ratio of the PaOs content of
the molecularly dehydrated phosphate glass to
the coating metal being between 0.03:1 and 7:1,
the pH value of the solution being between 3 and
9 and such that an amorphous coating metal
phosphate film is deposited on the base metal
without visible attack on the base metal surface,
and thereafter drying the articles so as to pro-
vide a dry finish-receptive exterior surface hav-
ing a substantially amorphous film thereover,
the film being characterized by a good quality of
bondability with non-ferrous finishes.

10. The process of treating base metal articles
of the group consisting of ferrous metals, copper,
zinc, and their alloys, for improving their re-
sistance to atmospheric corrosion, which com-
prises treating the articles to render substantial-
ly grease-free an exterior surface to be protected,
applying to the grease-free surface an aqueous
solution containing at least one coating metal
selected from the group consisting of calcium,
strontium, barium, zine, cadmium, nickel, cobalt
and manganese, the metal being present in the
form of a water-soluble salt, and at least one
molecularly dehydrated phosphate, the weight
ratio of the P20s5 content of the molecularly de-
hydrated phosphate to the coating metal being
between 0.03:1 and 7:1, the pH value-of the solu-
tion being between 3 and 9 and such that an
amorphous coating metal phosphate film is de~
posited on the base metal without visible attack
on the base metal surface, and thereafter drying
the article so as to provide a dry exterior surface
having a substantially continuous amorphous

film thereover.
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