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This invention relates to the phosphating, also known 
as phosphatizing, of metals such as steel, and is particu 
larly concerned with means and procedure for controlling 
sludge formation in phosphating baths during the phos 
phating process. 

Phosphating of metals such as iron or steel, aluminum, 
zinc, and magnesium, or alloys thereof, is carried out in 
order to prevent corrosion of the metal and to provide 
a bonding surface for paints and‘ lacquers. Phosphating 
is accomplished by contacting a cleaned surface of the 
iron or other metal suitable for phosphating, with a dilute 
solution of phosphoric acid, or aqueous acid solution con 
taining phosphate ions. The solution also preferably con 
tains various metal compounds such as, for example, one 
or more zinc, iron, manganese, magnesium, nickel, and 
molybdenum compounds. These compounds may be 
present in the phosphating solution as phosphates. Vari 
ous oxidizing materials such as nitrates, nitrites or chlo 
rates are usually also added to these baths to accelerate 
the coating action. Application of the phosphating solu 
tion to the metal to be treated may be by spraying, dip 
ping, or other suitable means. 
The phosphating process, e.g. on steel, results in the 

formation on the metal being processed, of a coating com 
prising phosphate compounds, e.g. iron, manganese, nickel, 
magnesium or zinc phosphate, which are probably of a 
complex nature. These phosphate coatings are termed 
herein “heavy-metal phosphates.” Such coatings are 
usually resistant to being rubbed or cracked off the coated 
metal, exhibit good corrosion resisting properties, and 
form a good bond with paints. 
The art of producing an inorganic heavy-metal phos 

phate coating on such metals as iron and zinc has pro 
gressed from the early stages of development, when ex 
tremely high temperature and long contact time were re 
quired to produce a substantial coating, to the modern 
status wherein coatings of superior quality are produced, 
for example, by zinc phosphate spray applications of 
about one minute, at temperatures only slightly in excess 
of 100° F. 
When processing steel, it is generally recognized that a 

freshly prepared phosphating bath as described above will 
not produce coatings of optimum quality until some iron 
has been dissolved into the working bath. This may be 
done by ?rst processing a few initial loads of work pieces 
and tolerating inferior work for a short time, or preferably 
by directly introducing into the bath ferrous phosphate, 
old sludge, steel wool, iron powder, or clean scrap iron ob 
jects. A limited amount of iron is thus dissolved and is 
held in the bath'as ferrous phosphate and, in very small 
amounts, as ferric phosphate. Ferrous phosphate is solu 
ble in phosphating baths in limited proportion, but it is 
easily oxidized to the nearly insoluble ferric phosphate. 
Most operating baths have a white, milky or cloudy 

appearance due to a colloidal condition probably repre 
senting some kind of ferrous-ferric phosphate complex. 
Such a condition, bordering on insolubility, usually co 
exists with the presence of a solid phase of sludge in or 
at the bottom of the bath. The sludge appears to con 
sist mostly of a mixture of ferrous and ferric phosphates 
when the bath is being used to process steel parts. There 
is probably some kind of dynamic equilibrium between 
the various soluble, insoluble and colloidal ferrous and 
ferric phosphates present. 

10 

15 

20 

25 

30 

40 

45 

50 

55 

60 

70 

iijhl?ib 
Patented May 4, i965 

IC€ 

2 
Such sludge formation often takes place in the early 

stages of operation. However, when employing certain 
types of phosphating solutions, such as those containing 
substantial amounts of acid phosphates, and which may 
also contain appreciable proportions of nitrate, sludge 
tends to form at a later stage of processing. 
The presence of the insoluble phase of sludge causes 

considerable difficulties at times. The sludge sometimes 
accumulates to the point that it clogs spray nozzles, or 
interferes with the coating action of the bath, necessitat 
ing the removal of sludge from the tank at frequent in 
tervals. 
The accumulation of excessive sludge has inspired much 

investigation of ways to reduce or eliminate its formation 
and still maintain adequate but limited amounts of solu 
ble iron phosphates in the bath, which are needed for good 
coating action. Various agents have been suggested as 
siudge suppressors, such as certain forms of tartaric acid 
and tartrates, amino compounds or derivatives, and the 
like. Some of the suggested agents have been bene?cial, 
in limited degree, but most have been either insufficiently 
effective or de?nitely harmful to the phosphate coating. 

It is accordingly an object of the invention to provide 
compositions and procedure for phosphating metals, e.g. 
steel, while suppressing sludge formation in the phosphat 
ing baths. 
Another object is the incorporation in conventional 

phosphating compositions, such as phosphating compo 
sitions containing zinc compounds, eg zinc phosphate, 
of a material which functions to minimize or eliminate 
sludge formation in such baths during processing therein 
of metals such as steel, without adversely a?ecting the 
quality of the phosphate coating produced. 

Still another object is the provision of phosphating com 
positions and procedure, employing means for initially 
providing dissolved iron in the phosphating bath, while at 
the same time preventing formation of iron-containing 
sludge. 
Yet another object is to provide a novel composition 

suitable for incorporation into conventional phosphating 
compositions or baths, especially compositions containing 
a zinc compound, eg zinc phosphate, such novel compo 
sitions including a material functioning as a source of dis 
solved iron in such baths, and a second compatible sub 
stance which functions to suppress tendency toward sludge 
formation in the resulting bath, due to the iron phos~ 
phates formed therein. 
A particular object of the invention is the provision of 

a low sludge forming, zinc-containing phosphating com 
position for steel, suitable for producing a ?ne grained 
phosphate coating of good corrosion resistance and paint 
bonding qualities. 

Other objects and advantages of the invention will be 
apparent hereinafter. 

I have found that when a small quantity of an ascorbic 
acid is incorporated into phosphating compositions or 
baths comprising an aqueous acid solution containing 
phosphoric acid or phosphate ions, the formation of 
sludge therein is greatly retarded and minimized, and 
in some instances almost completely eliminated, without 
adversely affecting the quality of the phosphate coating 
produced. The mechanism by which ascorbic acid 
causes suppression of such sludge is presently not known 
to me. 

Ascorbic acid exists in two forms, the “l” and “d” 
forms. Each of the “l” and “d” forms of ascorbic acid 
also exists in two tautomeric forms, namely, the “keto” 
and “eno ” forms. I have found the commercially avail 
able type of ascorbic acid marketed as vitamin C to be par 
ticularly useful. However, any of the above noted forms 
of ascorbic acid, or mixtures thereof, can be employed 
in the invention, and the term “an ascorbic acid” as em 



ployed in the speci?cation and in the claims herein is 
intended to denote any of the known forms of ascorbic 
acid including, but not limited to, any of those forms 
noted above. 

According to the invention, an ascorbic acid can be in 
corporated into an aqueous acid phosphating solution con 
taining phosphoric acid or phosphate ions. In addition 
to phosphoric acid, other sources of a phosphate radical 
or ion can also be employed, including, for example, 
borophosphoric acid, and acid phosphate salts such as 
alkali metal, e.g. potassium and sodium, or ammonium 
dihydrogen phosphates, and alkali metal or ammonium di 
hydrogen pyrophosphates. These compounds and phos 
phoric acid can be present separately or in combinations 
of two or more thereof. The term “phosphate radical” 
or “phosphate ion” employed in the speci?cation and 
claims hereof is intended to denote the phosphorus-con 
taining radical or anion derived from any of the afore 
mentioned sources. A simple phosphating solution con 
taining phosphoric acid or phosphate ion is operative to 
produce phosphate coatings on, for example, steel, and 
the ascorbic acid present in such solution will inhibit 
or prevent formation of sludge in the phosphating op 
eration. 

Although ascorbic acid alone is effective for sludge 
suppression, I have also found that the presence of cal 
cium in the above phosphating solution further enhances 
the elfectiveness of the ascorbic acid in minimizing sludge 
formation. Such calcium ions can be produced by in 
corporating into the phosphating solution any soluble 
calcium compound which does not adversely affect the 
bath or the coatings to be formed. Thus, for example, 
the calcium may be incorporated as calcium nitrate, cal 
cium carbonate, or calcium hydroxide. I prefer to em 
ploy calcium nitrate, since it is readily soluble and eco 
nomical, and also introduces some nitrate ion which is 
bene?cial as a phosphating accelerator, as noted below. 
While I am presently unaware of the mechanism by which 
calcium combines with the ascorbic acid to suppress sludge 
in the phosphating bath, it is probable that in the case 
of processing steel, the iron dissolved from the work sur 
face enters into a soluble complex with the calcium, the 
phosphate ion, and the ascorbic acid. The calcium ion 
also aids in providing an improved fine grained phosphate 
coating. 

In preferred practice, the phosphating solution of the 
invention also contains compounds of other metals, in 
cluding, for example, ferrous iron, zinc, manganese, mag 
nesium, nickel or molybdenum, or combinations thereof, 
in order to produce the above mentioned heavy-metal 
phosphate type coatings on the metal surface. Such com 
pounds may be in the form of phosphates, nitrates, oxides, 
chlorides, sulfates, or molybdates, and may be of a soluble 
or relatively insoluble nature. In the latter case, acidic 
materials, such as nitric acid, can be incorporated into 
the phosphating solution to solubilize the compound in 
the phosphating bath. Under conditions of operation of 
the bath it is accordingly seen that a metal-containing ion, 
e.g. the zinc ion, is present in combination with the phos 
phate radical or ion derived, for example, from the 
phosphoric acid and/ or acid phosphates. 
As previously noted, it is also often desirable to in 

corporate into the phosphating solution various oxidizing 
materials including nitrates, nitrites, chlorates and per 
oxides, e.g. hydrogen peroxide, to accelerate the coating 
action. Such oxidizers or accelerators can be supplied in 
the form of the free acid, such as nitric acid, to furnish 
the nitrate radical or ion, or the accelerator radical or 
anion can be derived from salts containing such radical, 
for example, sodium or zinc nitrate. In this connection 
it is preferred to employ as a source of nitrate at least 
some nitric acid since the use of this acid serves to 
solubilize any relatively insoluble metal compounds, for 
example, zinc oxide, which may be present in the bath. 

If desired, compatible surface active agents or wetting 
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4 
agents can be included in the phosphating compositions 
of the invention. These may include, for example, non 
ionic or anionic wetting agents. The wetting agent func 
tions to enhance the wetting power of the solution and im 
prove its effectiveness. Examples of nonionics which 
can be employed are the alkyl aryl polyether alcohols, 
such as the material marketed as Triton X-114 and 
believed to be a water soluble octyl phenoxy polyethoxy 
ethanol. Exemplary of the anionic Wetting agents suit 
able for use in the phosphating solution hereof are the 
alkyl aryl sulfonates, such as Nacconol Z, believed to be 
an 85% alkyl benzene sulfonate having an average of 
12 carbon atoms (in the alkyl chain. Alkyl aryl sulfo 
nates having, for example, 9 to 15 carbon atoms in the 
alkyl chain, can be employed. 
As previously noted, in order to obtain hard, uniform 

coatings from the commencement of operation of the 
bath, and with minimum break-in period, it is preferred 
to incorporate into the phosphating bath iron, either by 
working the bath initially on clean scrap iron, steel wool 
or iron powder or, for example, by incorporating an iron 
compound, such as ferrous phosphate into the bath. This 
expedient, however, causes the above noted formation of 
sludge which may be ?occulent and voluminous in the 
initial period of operation of the bath, and which precipi 
tate is inhibited by the presence of an ascorbic acid ac 
cording to the invention. 
The range of proportions of ascorbic acid which can 

be employed in the working phosphating solution accord 
ing to the invention is from about .0010 to about 1.0%, 
usually about .0015 to about 0.75%, by weight of the 
solution. 
The use of quantities of an ascorbic acid below .0010% 

by weight results in decreased effectiveness While if quan 
tities of ascorbic acid substantially greater than about 
1.0% by weight are employed this tends to inhibit and 
adversely aiiect the coating action of the solution. 
The proportion of phosphate radical or ion which is 

generally present in the phosphating baths ranges from 
about 0.05 to about 10% by Weight of the solution. 
The amount of calcium in elemental or ionic form 

which may be present in the phosphating solution should 
be in the range of about 0.12 to about 0.3%, by weight 
of the solution. If the amount of calcium present in the 
bath is less than about 0.12%, it is essentially ineffective 
as a sludge suppression aid for the ascorbic acid. On 
the other hand, if the amount of calcium present exceeds 
about 0.3%, the formation of a satisfactory phosphate 
coating is inhibited. 
The proportion of other metallic constituents in ionic 

or elemental form, such as zinc, iron, manganese, mag 
nesium, nickel or molybdenum, which may be present, 
can vary from about 0.01 to about 5%, and preferably 
is in the range of about 0.1 to about 4%, by weight of 
the solution. 
The proportion of nitrate radical, or ion, or other ac— 

celerator type radical or material present, can range from 
about 0.05 to about 8%, preferably from about 1 to about 
7%, by weight of the solution, and the amount of Wetting 
agent which can be employed, if desired, can range from 
about 0.001 to about 0.2%, by weight of the solution. 
The working bath can be formed by adding the individ 

ual components separately to water or, in preferred prac 
tice, a concentrate is formed containing the desired com~ 
ponents which, when added to Water in suitable propor 
tions forms the phosphating bath. The ascorbic acid may 
be present in such concentrate or, if desired, the ascorbic 
cid can be added separately to the working bath after 

the concentrate has been properly diluted with water. 
Where the ascorbic acid is present in the concentrate, this 
material can be present in proportions of about 0.05 to 
about 3% ‘by weight of the concentrate, preferably about 
0.5 to about 3.0% by weight of the concentrate. The 
concentration of the other components described above 
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and present in such concentrate are also increased pro 
portionately. 

In producing the working solution from a concentrate, 
the concentrate is generally diluted with water in pro 
portions such that the amount of concentrate present in 
the working solution may range from about 1 to about 
20% by weight of the solution, usually about 2 to about 
15 %.by weight of the solution. 
Under certain conditions, but usually not in preferred 

practice, a relatively concentrated solution of the com 
ponents can be employed without dilution as a working 
solution. It is of course intended that the most dilute 
to the most concentrated solutions containing ascorbic 
acid and the other components of the bath, be within the 
purview of the invention. Hence, for example, the con 
centration of the components of the phosphating solutions 
or compositions of the invention can range broadly as 
follows: from about 0.05 to about 50% of phosphate 
radical, from about .0010 to about 3% of an ascorbic 
acid, from about 0.12 to about 5% of calcium, from about 
0.01 to about 20% of ferrous iron, zinc, manganese, mag 
nesium, nickel or molybdenum, from about 0.05 to about 
40% of an accelerator, such as nitrate radical, and from 
about 0.001 to about 5% of wetting agent, by weight of 
the solution. The above ranges cover concentrations of 
these components from dilute working solutions thereof 
to high concentrates. It will be understood, however, 
that the various individual components stated above as 
being present within the range of about 0.01 to about 
20%, e.g. Zinc, manganese and nickel, can be employed 
conveniently in different respective amounts in the work 
ing solution and in the concentrate, to obtain the desired 
coating results. For example, in the concentrate, when 
employing manganese, usually it is preferred to use not 
more than about 10%, and when employing nickel or 
molybdenum, preferably an amount of the order of not 
more than about 4% is used, based on the weight of the 
concentrate. 

It has been found particularly convenient to prepare 
a concentrate of all of the desired materials except the 
ascorbic and the ferrous iron, and after diluting such con 
centrate with water in the proportions described above, 
adding to the resulting solution a solid composition con 
taining an ascorbic acid and a soluble ferrous salt, for 
example, ferrous phosphate, ferrous chloride, ferrous ni 
trate, ferrous sulfate, and the like, preferably, ferrous 
phosphate. Such composition ‘furnishes the iron ion in 
the phosphating bath, which functions to produce uni 
form, hard, satisfactory phosphate coatings substantially 
from the initial operation of the bath and with very little, 
if any, break-in period, and also furnishes the ascorbic 
acid to minimize or prevent sludge ‘as result of the ferrous 
phosphate-ferric phosphate colloidal complexes and sludge 
produced particularly in the early stages of the opera 
tion of the bath. The proportions of the ascorbic acid and 
ferrous salt, e.g. ferrous phosphate present in such solid 
mixtures, can range from about 10% of ferrous salt and 
about 90% of ascorbic acid, to about 90% of ferrous 
salt and about 10% of ascorbic acid, by weight of the 
composition. Such mixture can be added to the working 
phosphating bath in an amount ranging from about 1 to 
about 100 ounces per 100 gallons of the solution. 
The phosphating bath, containing the ascorbic acid ac 

cording to the invention, is generally operated at a pH 
of between about 2 and 4,’ preferably from about 2.5 to 
about 3.2. The amount of phosphoric acid and/or acid 
phosphates employed is generally sufficient to achieve 
such pH range, and particularly so where nitric acid is 
also present. It is often necessary to adjust the pH of 
the bath, particularly at the commencement of the oper 
ation, by the addition of an alkali, such as caustic soda, to 
bring the pH up to a desired operating value, say of 
about 2.8. 

In order to obtain best coating results employing the 
phosphating solutions of the invention, it is preferred to 
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operate at relatively high temperatures, ranging generally 
from about 100 to about 210° F., preferably maintaining 
the phosphating bath at between about 130 to 190° F. 
Time of treatment of the metal being coated, e.g. steel, can 
range from about 30 seconds to as high as 30 minutes, de 
pending on the phosphating composition employed, the 
type of application of the solution, for example, whether 
by spray or dip application, amount of coating desired, 
and other factors.’ The normal contact time is usually 
from about 1 to about 5 minutes. 
The following are examples of operation of the inven 

tion: 
EXAMPLE 1 

The following concentrate was prepared: 

Composition A 
Percent by weight 

75% phosphoric acid _________________________ __ 15 
42 Bé. nitric acid ____________________________ __ 24 
Zinc oxide ___________________________________ __ 11 

Calcium nitrate _____________________________ __ 24 

Water _____________________________________ __ 26 

100 

Solution B was formed by adding the above Composi 
tion A to water in a proportion of 4 gallons of Composi 
tion A per 100 gallons of water. 
A second Solution C was formed by adding to an in 

dividual portion of Solution B, ferrous phosphate in a 
proportion of 3 ounces per 100 gallons of Solution B. 
A third Solution D was formed by adding to another 

separate portion of Solution B, the dry Composition E 
below, in a proportion of 6 ounces of Composition E per 
100 gallons of Solution B. 

Composition E 
Percent by weight 

Ferrous phosphate ___________________________ __ 50 

Ascorbic acid (vitamin C) ____________________ __ 50 

100 

A fourth Solution F was prepared by adding to still 
another separate portion of Solution B, ascorbic acid in 
a proportion of 3 ounces per 100 gallons of Solution B. 

_ The amount of ascorbic acid present in each of Solu 
tions D and F was therefore only about 023% by weight 
of the solution. 

Similar steel parts were introduced into each of Solu 
tions B, C, D and F above, and the baths were each 
operated in the range of about 170 to about 190° F. for 
production of a phosphate coating on the parts. The 
baths were each ?rst adjusted to a pH of about 2.8 by ad 
dition of caustic soda to each of the baths. 

It required an initial break-in period involving the treat 
ment of a number of steel parts in Solution B, which did 
not contain any ferrous phosphate or ascorbic acid, in 
order to dissolve sufficient iron so as to obtain a uniform, 
hard, complete coating over the entire exposed surface of 
the parts placed in such solution, and such break-in pe— 
riod was attended by formation of a sludge in the solu 
tion. 

In the operation of Solution C, containing ferrous phos 
phate but no ascorbic acid, this initial break-in period was 
substantially eliminated due to the presence of ferrous 
ion in the solution, so that uniform and hard coatings were 
observed on the parts almost from commencement of the 
coating operation. However, in the initial period of oper 
ation of Solution C, sludge was formed in the bath, as 
in the case of operation using Solution B above. 
When operating with Solution D, containing Composi 

tion E, including both ferrous phosphate and ascorbic acid, 
uniform and hard coatings were formed on the parts con 
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tained in Solution D substantially from commencement of 
the operation, and no sludge was formed in the bath. 

In the operation of Solution F, containing ascorbic acid, 
but no ferrous phosphate, an initial period of operation on 
a number of steel parts was required in order to dis 
solve su?icient iron to obtain uniform, hard coatings on 
the parts in such solution. However, no sludge was 
formed during such initial period or during the coating 
operation. 
The parts were maintained in each of the above Solu 

tions B, C, D and F for a total period of about 5 minutes 
after which the parts were removed from the bath and 
rinsed. Superior ?ne grained, thick, hard phosphate coat 
ings were obtained particularly on parts processed in Solu 
tions D and F. 

EXAMPLE 2 

The following concentrate was prepared: 

Composition G 
Percent by weight 

75% phosphoric acid _______________________ __ 48.5 

Zinc oxide ________________________________ __ 11.4 

42 Bé. nitric acid ___________________________ __ 11.4 

Nickel carbonate ___________________________ __ 1.1 

Water ____________________________________ __ 24.5 

100.0 

Concentrate G is added to water in an amount to form 
an aqueous solution containing about 3% by weight of 
Concentrate G. 
To such aqueous solution is added Composition H 

below in an amount such that the resulting solution con 
tains about 0.5% by weight of Composition H. 

Composition H 
Percent by weight 

Ferrous phosphate ___________________________ __ 40 

Ascorbic acid (vitamin C) ____________________ __ 60 

100 
The ?nal Solution J is effective as a phosphating solu 

tion for steel, to form uniform, hard coatings from the 
initiation of operation, and without formation of sludge. 

EXAMPLE 3 

The following concentrate is prepared: 

Composition K 

Percent by weight 
75% phosphoric acid ______________________ __ 39.4 
Manganese carbonate ______________________ __ 18.0 

4-2 Bé. nitric acid _________________________ __ 2.9 

Water __________________________________ __ 39.7 

100.0 

Concentrate K is added to water in an amount to 
form an aqueous soltuion containing about 10% by weight 
of Concentrate K. 
To this aqueous solution is added Composition L be 

low in an amount such that the resulting solution con 
tains about 0.2% by weight of Composition L. 

Composition L 

Percent by weight 
Ferrous nitrate ____________________________ __ 3O 

Ascorbic acid (vitamin C) ____________________ __ 70 

100 

The ?nal Solution M when used for treatment of steel 
parts produces uniform, hard coatings substantially from 
the commencement of treatment, and without formation 
of sludge in the bath. 
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EXAMPLE 4 

The following concentrate is prepared: 
Composition N 

Percent by weight 
Monosodium dihydrogen phosphate __________ __ 59.0 
Sodium dihydrogen pyrophosphate __________ __ 15.0 
Borophosphoric acid (BPO4-H2O) ___________ __ 7.0 
Sodium molybdate _______________________ __ 0.5 

Triton X~114 ____________________________ __ 3.5 

Sodium nitrate _________ -3. _______________ __ 15.0 

100.0 

Composition N is added to water in an amount to form 
an aqueous solution (Solution 0) containing about 3% 
by weight of Concentrate N. To such solution is added 
an ascorbic acid in an amount such that the resulting solu 
tion contains about 0.3% of ascorbic acid by weight of 
the solution. The ?nal Solution 0 when used for treat 
ment of steel parts produces uniform thin amorphous 
coatings substantially from the commencement of treat 
ment, and without the formation of sludge. 
From the foregoing, it is seen that the invention pro 

vides a novel means for preventing sludge in phosphating 
baths, namely, by incorporation of an ascorbic acid in 
the bath, thus facilitating the coating operation and avoid 
ing the nuisance and disadvantages inherent in sludge 
formation in such baths, while at the same time achiev 
ing hard, uniform phosphate coatings. 

While I have described particular embodiments of my 
invention for the purpose of illustration, it should be 
understood that various modi?cations and adaptations 
thereof may be made within the spirit of the invention as 
set forth in the appended claims. 

I claim: 
1. An aqueous acid solution for phosphating metals, 

consisting essentially of a material containing an effec~ 
tive amount of a phosphate radical and about .0010 to 
about 3% by weight of an ascorbic acid. 

2. An aqueous acid solution for phosphating metals, 
consisting essentially of a material containing an effec 
tive amount of a phosphate radical, about .0010 to about 
3% by weight of an ascorbic acid, and about 0.12 to 
about 5% by weight of calcium. 

3. A composition for phosphating metals, consisting 
essentially of a material containing the phosphate radical 
in an amount equivalent to about 0.05 to about 50% by 
weight of said phosphate radical, and about .0010 to 
about 3% by weight of an ascorbic acid. 

4. A composition for phosphating metals, consisting 
essentially of a material containing the phosphate radical 
in an amount equivalent to about 0.05 to about 50% by 
weight of said phosphate radical, about .0010 to about 
3% by weight of an ascorbic acid, and about 0.12 to 
about 5% by weight of calcium. 

5. An aqueous phosphating composition consisting es 
sentially of a material containing an effective amount of 
the phosphate radical, an effective amount of a com 
ponent of the group consisting of ferrous iron, zinc, 
manganese, magnesium, nickel and molybdenum, and 
about .0010 to about 3% by weight of an ascorbic acid. 

6. An aqueous phosphating composition consisting es 
sentially of a material containing a phosphate radical in 
an amount equivalent to about 0.05 to about 50% by 
weight of such phosphate radical, about 0.01 to about 
20% by weight of a component of the group consisting 
of ferrous iron, zinc, manganese, magnesium, nickel and 
molybdenum, and about .0010 to about 3% by weight of 
an ascorbic acid. 

7. An aqueous phosphating composition consisting es 
sentially of a material containing a phosphate radical in 
an amount equivalent to about 0.05 to about 50% by 
weight of such phosphate radical, about 0.01 to about 
20% by weight of a component of the group consisting 



3,181,976 

of ferrous iron, zinc, manganese, magnesium, nickel and 
molybdenum, a material containing the nitrate radical in 
an amount equivalent to about 0.05 to about 40% by 
Weight of said nitrate radical, and about .0010 to about 
3% by weight of an ascorbic acid. 

8. An aqueous acid phosphating solution consisting es< 
sentially of about 0.05 to about 10% by weight of phos 
phate ion, about 0.01 to about 5% by weight of a metal 
containing ion of the group consisting of ferrous iron, 
zinc, manganese, magnesium, nickel and molybdenum 
containing ions, and about .0010 to about 1% by weight 
of an ascorbic acid, said solution having a pH of from 
about 2 to about 4. 

9. An aqueous acid phosphating solution consisting 
essentially of about 0.05 to about 10% by weight of phos 
phate ion, about 0.01 to about 5% by Weight of a metal 
containing ion of the group consisting of ferrous iron, 
zinc, manganese, magnesium, nickel and molybdenum 
containing ions, about 0.12 to about 0.3% by weight of 
calcium ion, about 0.05 to about 8% by weight of nitrate 
ion, and about .0010 to about 1% by weight of an ascorbic 
acid, said solution having a pH of from about 2 to about 4. 

10. An aqueous phosphating composition consisting 
essentially of phosphoric acid in an amount providing 
about 0.05 to about 50% by Weight of phosphate radical, 
about 0.01 to about 20% by weight of zinc, and about 
.0010 to about 3% by weight of an ascorbic acid. 

11. An aqueous phosphating solution consisting essen 
tially of phosphoric acid, including from about 0.05 to 
about 10% by weight of phosphate ion, about 0.01 to 
about 5% by weight of ferrous ion, about 0.01 to about 
5% by weight of zinc ion, and about .0010 to about 1% 
by weight of an ascorbic acid, said solution having a pH 
of from about 2 to about 4. 

12. An aqueous phosphating solution consisting essen 
tially of phosphoric acid, nitric acid, zinc oxide, calcium 
nitrate, ferrous phosphate and an ascorbic acid, and con 
taining about 0.05 to about 10% of phosphate ion, about 
0.01 to about 5% of zinc ion, about 0.01 to about 5% of 
ferrous ion, about 0.12 to about 0.3% of calcium ion, 
about 0.05 to about 18% of nitrate ion, and about .0010 
to about 1% of an ascorbic acid, by Weight of solution, 
said solution having a pH of from about 2 to about 4. 

13. A process for phosphating metals selected from the 
group consisting of iron steel, aluminum, zinc and mag 
nesium, which comprises contacting said metal with an 
aqueous solution consisting essentially of an effective 
amount of phosphate ion, an effective amount of a metal 
containing ion of the group consisting of ferrous iron, 
zinc, manganese, magnesium, nickel and molybdenum 
containing ions, and about .0010 to about 1% by weight of 
an ascorbic acid, said solution having a pH in the range 
of about 2.0 to about 4.0. 

14. A process for phosphating metals selected from the 
group consisting of iron, steel, aluminum, zinc and mag 
nesium, which comprises contacting said metal with an 
aqueous solution as de?ned in claim 8. 

15. A process for phosphating metals selected from the 
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group consisting of iron, steel, aluminum, zinc and mag 
nesium, which comprises contacting said metal with an 
aqueous solution as de?ned in claim ,9. 

16. A process for phosphating metals selected from 
the group consisting of iron, steel, aluminum, zinc and 
magnesium, which comprises contacting said metal with 
an aqueous solution as defined in claim 11. 

17. in the process of phosphating steel with an aqueous 
solution of phosphate ion and zinc ion present in an 
amount of about 0.01 to about 5% by weight, the step of 
incorporating into said aqueous solution prior to contact 
thereof with said metal, a composition consisting essen 
tially of ferrous phosphate and an ascorbic acid, in pro 
portions ranging from about 10% of ferrous phosphate 
and about 90% of an ascorbic acid, to about 90% of fer 
rous phosphate and 10% of an ascorbic acid, said com 
position being employed in an amount to form in the 
resulting solution about 0.05 to about 10% by weight of 
phosphate ion, and about .0010 to about 1% by weight 
of said ascorbic acid, the resulting solution having a pH 
of about 2 to about 4-. 

18. A solid composition for use in phosphating solu 
tions consisting essentially of ferrous phosphate and an 
ascorbic acid, in proportions ranging from about 10% of 
ferrous phosphate and about 90% of an ascorbic acid, to 
about 90% of ferrous phosphate and 10% of an ascorbic 
acid. 

19. A process for phosphating metals which comprises 
contacting said metal with an aqueous solution containing 
as essential components phosphate ion and about .0010 
to about 3% by weight of an ascorbic acid, said solution 
having a pH in the range of about 2.0 to about 4.0. 

20. A process for phosphating metals which comprises 
contacting said metal with an aqueous solution containing 
as essential components phosphate ion and about .0010 
to about 1% by weight of an ascorbic acid, said solution 
having a pH in the range about 2.0 to about 4.0. 

21. A process for phosphating metals selected from the 
group consisting of iron, steel, aluminum, zinc and mag— 
nesium, which comprises contacting said metal with an 
aqueous acid solution as de?ned in claim 2. 
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