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ABSTRACT OF THE DISCLOSURE 

A process for imparting a protective and/or paint base 
coating of the chromate type to ferrous metal surfaces. 
The ferrous metal surface is ?rst given an acidic pretreat 
ment and is then contacted with an aqueous coating solu 
tion containing hexavalent chromium, HF and a soluble 
cyanide, the solution having a pH of from 1.0 to 2.5. 
Fluoboric acid is added to the treating solution to main 
tain the pH within this range, Preferably, the treating 
solution contains at least 0.05% CrO3, 0.01 to 0.5% HF 
and 0.001 to 0.5% potassium ferricyanide and has a total 
?uoride content of from 0.01—6% . 

‘This invention relates to a process for coating metal 
surfaces and more particularly relates to a process for 
imparting a protective and/or paint base coating of the 
chromate type to ferrous metal surfaces. 
In the past, numerous processes have been proposed 

and used for providing a protective and/or paint base 
coating of the chromate type on metal surfaces. For the 
most part, however, although these processes have pro 
duced satisfactory coatings on aluminum surfaces, and 
zinc surfaces, they have not been widely used for pro 
ducing coatings on ferrous metal surfaces. Moreover, 
where chromating processes have been developed for coat 
ing ferrous metal surfaces, the nature of these processes 
has ‘been such that they have not been easily adapted 
for the coating of other types of metal, such as aluminum 
and zinc, Similarly, the chromate coating processes which 
have been used satisfactorily on aluminum and zinc, have 
not generally been suitable for producing satisfactory 
coatings on ferrous metal surfaces. 

‘In recent years, the ability of metal coating processes 
to coat a variety of different metals, and particularly 
aluminum, zinc and ferrous metals, has become of in 
creasing importance. As more and more metal producing 
and metal ?nishing plants have begun to work with all 
three of these metals, it has become increasingly desirable 
to develop coating processes which may be satisfactorily 
used on aluminum, zinc and ferrous metal surfaces, with 
only minor modi?cations of the process being required 
when going from one metal to another. 

-It is, therefore, an object of the present invention to 
provide an improved process for coating ferrous metal 
surfaces, which process may also be used for coating alu~ 
minum and zinc surfaces, with only minor modi?cations 
of the process. 
Another object of the present invention is to provide 

an improved method for treating ferrous metal surfaces. 
which method is easily and economically carried out and 
is also adapted to the treatment of aluminum and zinc 
surfaces. 
A further object of the present invention is to provide 

an improved process for treating ferrous metal surfaces 
to provide thereon an improved protective and/or paint 
base coating. 
These and other objects will become apparent to those 

skilled in the art from the description of the invention 
which follows. 

Pursuant to the above objects, the present invention in 

10 

15 

20 

25 

30 

35 

40 

50 

55 

60 

65 

70 

3,505,129 
Patented Apr. 7, 1970 

CC 

2 
cludes a process for treating ferrous metal surfaces which 
comprises subjecting the ferrous surface to be coated to 
an acidic pretreatment, thereafter, contacting the acid 
treated surface with an aqueous coating solution contain 
ing hexavalent chromium, HF and a soluble cyanide, 
which solution has a pH within the range of about 1 
to 2.5, adding ?uoroboric acid to the solution in an 
amount sufficient to maintain the solution pH within 
the above range and maintaining the surface in contact 
with the solution for a period sut?cient to effect the for 
mation of the desired coating on the surface. The coatings 
produced by this process are found to inhibit corrosion 
and give an increased durability to paint ?nishes applied 
to ferrous metal surfaces which have been thus-treated. 
Moreover, it is found that with only minor modi?cations 
of this process, it is equally applicable for producing 
protective and/or paint base coatings on ‘both aluminum 
and zinc surfaces. 
More speci?cally, in the practice of the present inven 

tion, a ferrous metal surfaces which is to be coated is 
?rst given an acid pretreatment. It is to be appreciated, 
that as used in the speci?cation and claims, the term 
“ferrous metal” is intended to refer to surfaces of iron, 
steel, and the like, as well as alloys which are pre 
dominantly of iron or steel. The acid pretreatment which 
is given to the ferrous metal surfaces may be carried out 
in any convenient manner. For example, the ferrous 
metal surface may ?rst be cleaned using a suitable alka 
line cleaner and may then be immersed in, or sprayed 
wiht, an aqueous solution of an acid, such as phosphoric 
acid, hydro?uoric acid, sulfuric acid, nitric acid, hydro 
chloric acid, HBF, (fluoboric acid), or the like. Alterna 
tively, the ferrous metal surface may be cleaned with an 
acidic cleaner, rather than an alkaline cleaner, whereby 
the acid pretreatment and activation of the metal sur 
face is effected simultaneously with the cleaning thereof. 
In such instances, the need for a separate acid pretreat 
ment of the ferrous metal surface is eliminated. Various 
suitable acidic cleaners can be used for this purpose, as 
are known to those in the art. It is to be appreciated that 
these include many cleaning compositions which have a 
pH below 7, i.e., an acid pH. Typical of these are the 
following: 
Components: Percent by weight 

(1) Monosodium phosphate _______________ __ 90 
Wetting agent ________________________ __ 10 

(2) Sodium acid pyrophosphate ____________ __ 95 
Wetting agent ________________________ __ 5 

(3) Monosodium phosphate _______________ __ 45 
Sodium acid pyrophosphate ____________ __ 45 

Wetting agent _______________________ __ l0 

Desirably the dry compositions, as have been set forth 
above, are dissolved in water to form the acidic cleaning 
solutions. Concentrations of these compositions within the 
range of about 0.5-6 ounces per gallon of cleaning solu- . 
tion are typical. 
The wetting agent in these compositions may beanionic, 

cationic, nonionic or amphoteric. Additionally, these 
acidic cleaners may contain various other components 
either in addition to, or in place of those which have 
been speci?cally set forth above, as is known to those in 
the art. 

It is to be appreciated, however, that regardless of 
whether the acid pretreatment of the ferrous metal sur 
face is eifected with an aqueous acid solution in a separate 
treating step or simultaneously with the cleaning by using 
an acidic cleaner, the acidic solution used in either case 
desirably has a pH within the range of about 0.1 to 6.0, 
with pH values Within the range of about 0.1 to 5.5 being 
preferred. Where a separate pretreatment with an aqueous 
acid solution is used, the aqueous solution may contain 
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from about .01 to 10% by weight of the acid, depending 
upon the particular acid used in each instance. In using 
an alkaline cleaner prior to the acid pretreatment, after 
the ferrous metal surface has been contacted with the 
cleaner for a period of time sufficient to effect the de 
sired cleaning thereof, the surface is preferably rinsed 
in hot water to remove any residual alkali therefrom 
and is then contacted with the aqueous acid solution, either 
by spray or immersion methods, contact times of from 
about 0.5 second to 30 seconds being typical, depending 
upon the contacting techniques being used. Where an 
acidic cleaner is used, so that the acid pretreatment and 
cleaning are carried out simultaneously, the ferrous metal 
surface is contacted, preferably by immersion or by spray 
techniques, with the acidic cleaning solution for a per 
iod of time sufficient to effect the desired cleaning of the 
surface. Typical contact times when using an acidic 
cleaner are from about 10 seconds to 5 minutes, depend 
ing upon the contacting techniques which are used. 

Following the acid pretreatment of the ferrous metal 
surface, whether it is effected with an acidic cleaning 
solution or with a separate aqueous acid solution sub 
sequent to alkaline cleaning steps, the acid pretreated 
metal surface is sometimes preferably rinsed with water 
to remove any residual acid from the surface. Desirably, 
a warm water rinse is used, preferably within the range 
of about 20 to 50 degrees centigrade, with typical rinsing 
contact times being from about 0.5 second to 2 minutes. 
The thus-rinsed surfaces are then contacted with an aque 
ous coating solution containing hexavalent chromium, HF, 
and a soluble cyanide, which coating solutions have a 
pH within the range of about 1.0 to 2.5. Desirably, the 
hexavalent chromium content of these coating solutions 
is at least about 0.05%, calculated as CrO3, with amounts 
within the range of about 0.1 to 1.3% by weight, cal 
culated as CrO3, being preferred. In general, from the 
standpoint of the coatings produced, the maximum 
amount of hexavalent chromium in the solutions has not 
been found to be important. From the standpoint of cost 
however, large quantities of hexavalent chromium, e.g., 
in excess of about 3% by weight of the solution, calculated 
as CrO3, are generally not used. 
The HP in the coating solution functions as a coat 

ing weight control agent so that the amount present 
will vary, depending upon the coating weight desired 
on the metal surface and the processing time utilized in 
each instance. In general, the coating solutions used will 
contain HF in an amount within the range of about 0.01% 
to about 0.5%, with amounts within the range of about 
0.05% to about 0.3% of the coating solutions being 
preferred. It will be appreciated, however, that in some 
instances coating baths may be used which contain HF 
in amounts which are either greater than or less than the 
typical concentrations which have been indicated here 
inabove. 
The soluble cyanide component of the treating bath 

functions as an accelerating agent and is desirably selected 
from the group consisting of ferricyanic acid, ferrocyanic 
acid and the water soluble salts of these acids, such as 
the alkali metal salts and the like. By the term “alkali 
metal” it is intended to include sodium, potassium, lithium, 
cesium, and rubidium. Of these, the salts of sodium and 
potassium have been found to be particularly suitable 
so that primary reference hereinafter will be made to 
such material. In many instances, excellent results have 
been obtained when using potassium ferricyanide 
[-K3Fe(CN)6] as the soluble cyanide compound so that 
hereinafter, primary reference will be made to this mate 
rial. Desirably, the soluble cyanide compounds are pres 
ent in the treating solution in amounts Within the range 
of about .001 to about .5% by Weight, calculated as 
potassium ferricyanide, with amounts within the range 
of about .005 to about 3% by weight, calculated as 
potassium ferricyanide being preferred. 
As has been noted hereinabove, the treating solutions 

used in the process of the present invention have a pH 
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4 
within the range of about 1 to 2.5 and preferably within 
the range of about 1.3 to 1.9. As the metal coating bath 
is used, it is found that the pH of the solution rises and 
that as this takes place, the quality of the coating pro 
duced is adversely affected. It is, therefore, necessary 
to control the pH of the coating bath and maintain it 
within the desired range as has been indicated, so as to 
maintain the quality of the coating produced. This con 
trol of the pH of the operating bath is effected by add 
ing ?uoboric acid (HBF4) to the operating solution in 
amounts sufficient to control the pH of the solution and 
maintain it within the desired range. Obviously, the 
amount of fluoboric acid added will depend upon the de 
gree of pH reduction which is necessary and this will 
vary in each instance, depending upon the operating char 
acteristics of the coating solution Which is used. In gen 
eral, however, it has been found that additions of ?uo 
boric acid to the solution in amounts within the range 
of about 5 to 200 grams per 1000 square feet of metal 
surface to be treated are typical and will maintain the 
solution pH within the desired ranges. In some instances, 
however, amounts of fluobon'c acid which are both greater 
than and less than those indicated as typical may also 
be used to obtain the desired pH control. 

Generally, the coating baths of the present invention 
will have a total ?uoride content within the range of 
about 0.0l-6% by weight of the bath, with a total ?uo 
ride content within the range of about 0.1-4% by weight 
of the bath being preferred. By total ?uoride in the bath‘, 
it is meant the ?uoride present as HF, as well as that 
which has reacted to form chromium and iron ?uorides 
and also that which is present as the fluoboric acid. In 
this regard, it is to be noted that in some instances it 
has been found to be desirable to utilize an “aged” bath, 
i.e., one containing iron and trivalent chromium. Such 
aged baths may contain the iron and chromium in amounts . 
up to the saturation point of each in the solution, al 
though maximum amounts of about 3—4% by Weight of 
each are typical. Preferably, the solutions will contain 
from about 0.05—2% by weight of each of the iron and 
chromium. Generally, it is found that the higher amounts 
will be present in strip line operations and the lower 
amounts in monorail operations. The reason for this is 
the greater drag-out encountered in monorail operations 
which tends to physically remove these materials, some 
times to the point that substantially no iron or chromium 
is present in the bath. 

Although the reason is not fully understood, it has been 
found that in order to consistently obtain a high coating 
quality, the coating bath should contain both the HF as 
the coating weight control agent and also the ?uoboric 
acid as the pH control agent. Thus, where it is attempted 
to control pH by the addition only of HP, or to control 
the coating weight only by the addition of ?uoboric acid, 
it is not possible consistently to obtain a coating having 
the desired high quality. Moreover, it has further been 
found that nitrate, chloride, sulfate, and the silico?uo~ 
ride ions are detrimental to the coating bath and the 
coatings produced so that the coating solutions are de 
sirably maintained substantially free of these ions. It is 
to be appreciated, however, that in indicating that the 
coating baths are “substantially free” of these ions, it is 
not intended to exclude the presence of these ions in 
amounts which are sufficiently small as to havev no de 
trimental effect on the coating ‘bath, as for example, 
amounts of these ions which may be contained as im 
purities in the water used in making up the coating solu 
tion. 

In coating the ferrous metal surfaces in the practice 
of the present method, the coating solutions, as have 
been described hereinabove, are brought into contact 
with the acid pretreated ferrous metal surface to be coated. 
Any suitable contacting technique may be used, although 
spray and immersion techniques are preferred. Desirably, 
the treating bath is at a temperature within the range 
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of about 20 to about 60 degrees centigrade, with tem 
peratures within the range of about 30 to 45° centigrade 
being preferred. In general, the length of time that the 
ferrous surfaces are in contact with the treating solu 
tions will depend upon the coating weights which are de 
sired on the metal surface. Typically, the coating weights 
produced will be within the range of about 3 to 100 
milligrams per square foot and the contact time used to 
achieve these coating weights will be within the range 
of about 0.5 second to 5 minutes. It is to be appreciated, 
however, that in some instances it may be desirable to 
produce either greater or lesser coating weights on the 
metal, so that in these instances, suitable contact times 
to produce these coating weights will be used. 

After the desired coating has been produced on the 
ferrous metal surfaces, in many instances it has been 
found desirable to give the coated surfaces a ?nal rinse 
with an aqueous solution containing hexavalent chromium. 
Such rinsing solutions and their use are well known to 
those in the art. Typically, the rinsing solutions used are 
aqueous solutions containing hexavalent chromium, cal 
culated as CrO3, in amounts within the range of about 
0.001 to about 0.5% by weight of the solution. Follow 
ing the hexavalent chromium solution rinse, the treated 
surfaces are then dried and may, if desired, be given a 
paint coating. 

In formulating the treating solutions for use in the 
present method, one or more concentrate compositions 
are formed which are then diluted with water to give 
a treating bath which contains the bath components 
in the desired amounts. In these concentrate compositions, 
the hexavalent chromium may be present in the form 
of any water soluble hexavalent chromium compound, 
such as chromic acid, the alkali metal or ammonium 
chromates and dichromates, and the like. The HF is 
normally present in the concentrate compositions as 
hydro?uoric acid, and the preferred concentrate com 
position, therefore, contains hydro?uoric acid and 
chromic acid. Generally, it has been found to be desir 
able if the soluble cyanide compound is not incorporated 
in the concentrate composition with the hexavalent chro 
mium compound and the hydrogen ?uoride, but rather 
is added separately to the treating bath. The reason for2 
this is that the soluble cyanide compounds used, such 
as potassium ferricyanide, are somewhat unstable in acidic 
solutions so that in an aqueous concentrate solution, 
decomposition of these materials would take place before 
the concentrate solutions were diluted to form the treat 
ing bath. 

During the operation of the treating baths in the 
present process, replenishment of the solutions are neces 
sary, as is known in the art, to compensate for the 
depletion of the bath components due to both the chem 
ical reaction of these components with the metal surface 
being treated as well as the physical removal of the bath 
components on the metal surface by dragout. The replen 
ishing materials, like those used for making up the orig 
inal bath solution, are typically concentrated aqueous 
solutions containing the desired components, in amounts 
and ratios which are suitable to compensate for the 
depletion which takes place in the bath. Here again, how 
ever, it is desirable that the soluble cyanide compounds 
are added separately to the treating bath rather than 
being combined with the other components in the re 
plenishing concentrate material. It will, of course, be 
apparent that in the replenishing concentrate material, 
in addition to the hexavalent chromium compound such 
as chromic acid and hydro?uoric acid, ?uoboric acid will 
also be present in amounts su?icient to maintain the 
desired control of the pH of the solution. 7 
As has been' noted hereinabove, the thus-described 

coating baths produce an excellent protective and/or 
paint base coating on ferrous metal surfaces, While applied 
in accordance with the method of the present invention. 
Additionally, it has been found that where aluminum 
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and/or zinc surfaces are also to be treated, coating of 
these surfaces may be effected using the same treating 
bath but with only minor modi?cations of the treating 
process. Where zinc and aluminum surfaces are treated, 
the acid pretreatment of the metal surface, prior to con 
tact with the coating solution, has generally not been 
found to be necessary. Additionally, the pH control of 
the operating bath by the addition of ?uoboric acid, has 
likewise \generally not been found to be necessary for 
the treatment of aluminum and zinc. Accordingly, by 
eliminating the acid pretreatment and by replenishing 
the bath only with chromic acid, hydro?uoric acid, and 
the potassium ferricyanide, aluminum and zinc surfaces 
may also be treated to obtain thereon a protective and/or 
paint base coating. 

In order that those skilled in the art may better under 
stand the present invention and the manner in which 
it may be practiced, the following speci?c examples are 
given. In these examples, unless otherwise indicated, parts 
and percents are by weight and temperatures are in degrees 
centigrade. It will be appreciated, however, that these 
examples are merely exemplary of the present invention 
and are not to be taken as a limitation thereof. 

EXAMPLE 1 

Steel panels were cleaned by spraying for 30 seconds 
with an alkaline cleaning solution at a temperature of 
about 72 degrees centigrade. Thereafter, the panels were 
rinsed by spraying for 30 seconds with hot water and 
were then given an acid pretreatment by being immersed 
for 10 seconds in a 10% by volume aqueous solution of 
sulfuric acid. The acid treated panels were then again 
rinsed, by spraying with water for about 30 seconds, 
after which they were sprayed with a chromate coating 
solution for 20 seconds at a temperature of about 40 
degrees centigrade. The chromate coating solution used 
had a pH of about 1.6 and contained the following com 
ponents in the amounts indicated: 

Components: Grams per liter 
CI‘O3 _________________________________ ___ 5 

HF ___________________________________ __ 0.7 

Potassium ferricyanide ___________________ __ 0.3 

Thereafter, the thus-coated panels were then rinsed by 
spraying for 10 seconds with cold water and then dried. 
In each instance, an excellent adherent coating was pre 
duced on the panels thus-treated. 

EXAMPLE 2 

The process of Example 1 was continued and additional 
steel panels were processed, the overspray of the chromate 
coating solution being continuously collected and re 
cycled. As additional panels were thus-treated, the pH of 
the chromate coating solution gradually increased to 
about 1.9. At this point, 3 grams per liter of ?uoboric 
acid were added to the coating solution to bring the pH 
down to the desired level of about 1.6. Thereafter, addi 
tional quantities of ?uoboric acid were added to the coat 
ing solution to maintain the pH at this level, and there 
was also added chromic acid, hydro?uoric acid, and 
potassium ferricyanide to maintain the concentration of 
these materials in the coating solution at substantially 
that as originally formulated. As in the previous example, 
an excellent, adherent coating was produced on the panels 
thus treated. 

EXAMPLE 3 

The procedure of Example 2 was repeated with the 
exception that no hydro?uoric acid was added to replenish 
the chromate coating solution, the replenishing material 
added being only chromic acid, potassium ferricyanide, 
and ?uoboric acid. Although the panels initially treated 
had an excellent coating produced thereon, there was a 
gradual inhibition of the coating formed, although the 
pH of the coating solution was maintained at about 1.6, 
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until the point was reached at which no coating was 
formed on the panels treated. 

EXAMPLE 4 

The procedure of Example 2 was repeated with the 
exception that no ?uoboric acid was added as a replenish 
ing material to maintain the pH of the coating solution 
at about 1.6. In this instance, the replenishing materials 
added were chromic acid, hydro?uoric acid and potas-_ 
sium ferricyanide. Although the panels initially treated 
had an excellent coating produced thereon, there was a 
gradual inhibition and deterioration of the coating 
formed until a pH of 2.7 was reached, at which point no 
coating was formed on the panel. 

EXAMPLE 5 

The procedure of Example 2 was repeated with the 
exception that in place of the ?uoboric acid, the pH of 
the chromate coating solution was controlled by the 
addition of nitric acid, hydrochloric acid, sulfuric acid, 
and ?uosilicic acid. In each instance, it was found that 
the presence of each of these acids in the coating solu— 
tion resulted in the production of a poor quality coating 
and in the case of the nitric acid, sulfuric acid and ?uo 
silicic acid, there was ultimately a complete inhibition of 
the coating produced. 

EXAMPLE 6 

The procedure of Example 2 was repeated with the 
exception that the acidic pretreatment was effected using 
an acidic cleaning solution, rather than an alkaline cleaner 
and an acid rinse. The cleaner used was formulated by 
dissolving a dry composition of 90% by weight of mono 
sodium phosphate and 10% by weight of a nonionic 
wetting agent, in water in an amount of 2 ounces per , 
gallon. The steel panels were cleaned with this solution 
by spraying for 30 seconds at about 72° Centigrade, the 
solution having a pH of about 5.2-5.4. The panels were 
then rinsed by spraying with hot water for 30 seconds 
and were then coated by spraying for 20 seconds using 
the coating solution and method of Example 2. As in 
this example, an excellent adherent coating was produced 
on the panels treated. 

This acid cleaning solution was also used in the proc 
esses of Examples 3-5, in place of the alkaline cleaner 
and the acidic rinse. In each instance results similar to 
those in these examples were obtained. 
While there have been described various embodiments 

of the invention, the compositions and methods described 
are not intended to be understood as limiting the scope 
of the invention as it is realized that changes therewithin 
are possible and it is intended that each element recited 
in any of the following claims is to be understood as 
referring to all equivalent elements for accomplishing 
the same result in substantially the same or equivalent 
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manner, it being intended to cover the invention broadly 
in whatever form its principle may be utilized. 
What is claimed is: 
1. A process for coating ferrous metal surfaces which 

comprises subjecting the ferrous metal surface to be coated 
to an acidic pretreatment, thereafter contacting the acid 
treated surface with an aqueous coating solution contain 
ing hexavalent chromium, calculated as CrO3, in an 
amount of at least about 0.05%, HP in an amount with~ 
in the range of about 0.01 to 0.5%, and a soluble cyanide, 
calculated as potassium ferricyanide, in amount within 
the range of about 0.001 to 0.5%, which solution has a 
total ?uoride content within the range of about 0.001 to 
6% and a pH within the range of about 1 to 2.5, adding 
?uoroboric acid to the solution in an amount su?‘lcient 
to maintain the solution pH within the range of 1 to 2.5 
and maintaining the ferrous metal surface in contact with 
the solution for a period sut?cient to eifect the formation 
of the desired coating thereon. 

2. The process as claimed in claim 1 wherein the pH 
is within the range of about 1.3 to 1.9. 

3. The process as claimed in claim 2 wherein the ter 
rous metal surface is ?rst cleaned with an alkaline cleaner 
and then contacted with an aqueous solution of an acid 
to elfect the acid pretreatment. 

4. The method as claimed in claim 2 wherein cleaning 
and the acid pretreatment of the ferrous metal surface 
is effected simultaneously by contacting the metal sur 
face with an aqueous acidic cleaning composition. 

5. The method as claimed in claim 4 wherein the coat 
ing solution contains hexavalent chromium, calculated 
as CrOa in an amount within the range of about 0.1 to 
1.3%, HF in an amount within the range of about 0.05 
to 0.3%, a ferricyanide, calculated as potassium ferri 
cyanide, in an amount within the range of about 0.005 
to 0.3 and a total ?uoride content within the range of 
about 0.1 to 4%. 

6. The method as claimed in claim 5 wherein the 
?uoboric acid is added to the treating solution in an 
amount within the range of about 5 to 200 grams per 
1000 square feet of metal surface treated. 
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