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This invention relates to the treatment of metals to 

provide the same with a protective corrosion-resistant and 
abrasion-resistant coating which also has excellent paint 
bonding characteristics and, more particularly, to an im 
proved coating composition and method for forming the 
coating. 
A simplified flow diagram of the process is as follows: 
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Previously used organic coatings necessitate the use of 
organic solvents and where water soluble resins are used, 
lack the corrosion protective value, wide range of sur 
faces which can be successfully coated, and adhesion 
characteristics covered in this invention. 
An object of this invention is to provide metals and 

alloys thereof, such as steel, aluminum, zinc, cadmium, 
magnesium, silver, copper, etc., and chemical conversion 
coatings, e.g., chromate, phosphate and oxide coatings, 
on these metals with a clear abrasion-resistant and corro 
sion-resistant protective film, which can be used as a final 
finish and which provides an excellent base for subse 
quent painting. This is accomplished by using a water 
soluble resin, i.e., polyacrylamide with suitable corrosion 
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inhibitor or inhibitors, to coat such metals. It is within 
the scope of this invention that the polyacrylamide can 
be added directly to the solution used for generating a 
chromate conversion coating on the metal surface, co 
depositing with the chromate coating. This aspect of the 
invention is limited in application to metals upon which 
a conversion coating can be formed. The corrosion re 
sistance, water repellency, and paint bonding characteris 
tics are thereby improved. 
A further object of this invention is to provide a cor 

rosion protective film on metals and alloys which, if de 
sired, can be removed quickly and easily by immersion in 
a hot alkaline solution; retaining the clean oxide-free sur. 
face available as it was prior to treatment. This is par 
ticularly important where a temporary protective film is 
desired. 
The invention further comprehends the use of poly 

acrylamide plus a corrosion inhibitor or inhibitors in 
aqueous solution as a simple dip brush or spray opera 
tion whereby a coating can be applied to a metal surface 
or to a surface having a previously formed conversion 
coating, without any objectionable chemical reaction tak 
ing place on the surface. 

It is possible by use of this invention to use organic 
and inorganic coloring agents to add color to the film. 

'Still further objects and the entire scope of applicabil 
ity of the present invention will become apparent from 
the detailed description given hereinafter; it should be 
understood, however, that the detailed description and 
specific examples, while indicating preferred embodi 
ments of the invention, are given by way of illustration 
only, since various changes and modifications within the 
spirit and scope of the invention will become apparent to 
those skilled in the art from this detailed description. 
While a polyacrylamide coating on the metal by it 

Self has little Water resistance and a chomate coating by 
itself, likewise, has little water resistance, it has been 
found that if a mixture of the polyacrylamide and chro 
mate is employed under acid conditions, the coating ob 
tained has outstanding water resistance. The film is in 
solubilized simply by drying in open air at room tempera 
ture, although the insolubilization procedure can be ac 
celerated by hot drying. 
We find that polyacrylamide itself possesses little or 

no corrosion protective value over metals, but, surpris 
ingly, when a corrosion inhibitor or inhibitors are com 
bined with the polyacrylamide, there results a greatly im 
proved corrosion protection over the use of the corrosion 
inhibitors alone, as well as the polyacrylamide, so that 
the condition is remedied. In addition, it has been found 
that by utilizing the polyacrylamide with the corrosion 
inhibitor, a greatly reduced amount of corrosion inhibitor 
can be employed to obtain the same amount of protec 
tion. 

In brief, the principal components of the coating which 
form the Subject of the present invention are soluble in 
acid solutions. 
The preferred corrosion inhibitor, or inhibitors, used in 

this invention are water soluble chromium compounds 
such as chromic acid, sodium, potassium, ammonium di 
chromate, and the corresponding chromates, as well as 
less soluble complex chromium-chromate gels containing 
both hexavalent and trivalent chromium, made, for ex 
ample, by adding sodium chromate to chromium nitrate 
under slightly alkaline conditions, and very slightly sol 
uble chromium compounds such as zinc chromate and 
strontium chromate. Such compounds are excellent cor 
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rosion inhibitors when used in conjunction with the poly 
acrylamide in accomplishing the scope of the invention. 
When used as a supplementary coating, the polyacryl 

amide and inhibitors previously mentioned can be mixed 
dry and then dissolved in water at the time of applica 
tion to the metal or they can be premixed with water. 
The aqueous mixtures can have a pH of 1 to 11, desir 
ably on the acid side, and preferably pH 1 to 3. To 
maintain the pH, there can be used any acid or acid 
Salt or alkali or alkali salt that does not reduce the 
chromate too rapidly for practical application. Typical 
acids which can be employed are hydrochloric acid, sul 
furic acid, nitric acid, phosphoric acid, acetic acid, formic 
acid, chromic acid, etc., and as alkalis there can be 
utilized sodium, potassium or ammonium hydroxide, or 
carbonates, such as sodium and potassium carbonates. 
The invention also includes the addition of polyacryl 

amide directly to baths employed for the formation of 
the chromate conversion coatings. Corrosion resistance, 
paint bonding characteristics and abrasion resistance are 
thereby improved. Chromate conversion coatings referred 
to here are formed by immersion of a metal in a solu 
tion comprising hexavalent chromium compounds, and 
an activator or activators in an acid solution. The metal 
is dissolved at the interface, the reaction with the metal 
resulting in a chromate gel which is precipitated on the 
Surface. When polyacrylamide is incorporated in the 
formulation this is coprecipitated with the chromate gel 
improving the characteristics, e.g., corrosion resistance, 
paint bond properties and abrasion resistance, of the film 
formed. 

In what follows, unless otherwise indicated, all parts 
and percentages are by weight. 
The aqueous compositions of the present invention con 

tain 0.05 to 5 parts of polyacrylamide per 100 parts of 
water. If the polyacrylamide is the film former, as pre 
viously described, then it is used in an amount of 0.2 
to 5 parts per 100 parts of water. The chromate or 
other corrosion inhibitor is used in admixture with the 
polyacrylamide in the amount of 0.01 to 10 parts of 
inhibitor per 100 parts of water. 

If the chromate conversion bath is the primary film 
former, then only 0.05 to 1 part of polyacrylamide is 
normally used per 100 parts of water in the aqueous 
mixture containing 0.01 to 50 parts of chromate as hex 
avalent chromium, 
One of the advantages of the instant invention is that 

the compositions are relatively low in cost. 
Temperatures of 60 to 100 F. are preferably em 

ployed in the coating process. Temperatures as high 
as 200' F. can be employed, however. It is surprising 
that Such high temperatures can be used since it would 
be expected that there would be quantitative decompo 
sition of the polyacrylamide in the presence of acidified 
chromates, a strong oxidizing system, at elevated tem 
peratures, e.g., 180° F. 

Accelerated drying can be carried out at 120 to 250° 
F., preferably 140 to 180° F. When acid solutions of 
polyacrylamide are employed, the drying insolubilizes 
the film, particularly if the solution is applied over a 
chromate conversion coating. 
The polyacrylamide used in this invention is usually 

of such a molecular weight range that a 4% aqueous 
Solution has a viscosity varying from 60 to 600 centi 
poises at 77 F., and preferably 100 to 250 centipoises 
under these conditions. In the following examples, the 
polyacrylamide used has a viscosity of 200 centipoises 
at 77 F. at a 4% concentration. 
As dry compositions, there can be used mixtures of 

polyacrylamide and inhibitor or inhibitors in the follow 
ing proportions: 

Parts 
Polyacrylamide ------------------------------- 100 
Inhibitors ------------------------------ 0.2 to 100 
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4. 
or mixtures of polyacrylamide and chromate conversion 
composition mixtures in the following proportions: 

Parts 
Polyacrylamide -------------------------- 0.1 to 50 
Chromate composition ------------------------ 100 

Example l 

A steel test panel electroplated with zinc and at room 
temperature was immersed in the following aqueous 
solution having a temperature of 80 F. and immediately 
withdrawn, the panel being covered with liquid and then 
dried at 160 F. 

Polyacrylamide -----------------------percent-- 2 
Chromic acid, CrO3 ---------------------do---- 0.2 
pH ----------------------------------------- 2 

A clear abrasion-resistant coating was formed. The 
test panel showed only slight edge corrosion after 68 
hours' exposure in a standard 20% salt spray. A similar 
panel, zinc plated only, was severely corroded after 24 
hours' salt spray exposure. 

Example 2 
Example 1 was repeated using half the specified con 

centration. Corrosion in salt spray was slightly less than 
with Example 1, but still an improvement over zinc 
plate alone. 

Example 3 
Example 1 was repeated using double the specified 

concentrations. Corrosion in salt spray was somewhat 
greater than with Example 1. 

Example 4 

A steel panel was zinc plated, rinsed with water, im 
mersed in the following aqueous solution at 80° F. and 
then dried at 160 F. 

Polyacrylamide -----------------------percent - 2 
Sodium bichromate, NaCrO2HO ------ do---- 0.2 
PH ----------------------------------------- 6 

A clear abrasion-resistant coating was formed. After 
24 hours' salt spray, the panel was only slightly corroded 
as compared to severe corrosion on a similar panel that 
was Zinc plated only. 

Example 5 
A steel panel was zinc plated, rinsed with water and 

Subjected to the following procedure: 
(1) Immersed for 20 seconds, at 80° F., in an aqueous 

solution containing: 
Chromic acid, CrO3 ------------------percent.-- 0.1 
Sodium bichromate, NaCrO2HO ----- do---- 0.3 
Sulfuric acid ------------------------- do---- 0.28 
Nitric acid ---------------------------- do---- 1.5 
P ---------------------------------------- 0.2 

(2) Rinsed with water, 
(3) Immersed in the solution of Example 4, and 
(4) Dried at 160° F. 
A clear abrasion-resistant coating was formed. After 

120 hours' Salt spray exposure, the panel treated by 
steps 1-4 was markedly less corroded than a panel that 
had been treated by steps 1, 2, and 4 only. Steps , 2, 
and 4 are an example of a typical commercial chromate 
conversion treatment designed to improve the corrosion 
resistance of zinc surfaces. 

Example 6 
An aluminum test panel of 3003 alloy was cleaned, 

immersed in the solution of Example 4, and dried at 
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160° F. A clear abrasion-resistant coating was formed. 
After 66 hours' salt spray exposure, the panel was mark 
edly less corroded than a similar panel that had been 
cleaned only. 

Example 7 

An aluminum test panel of 3003 alloy was subjected 
to the following procedure: 

(1) Cleaned, 
(2) Rinsed with water, 
(3) Immersed for 3 minutes, at 80° F., in an aqueous 

solution containing: 
Chromic acid, CrO3 -----------------percent. 0.05 
Potassium ferricyanide, Ksfe(CN)6 ------ do---- 0.01 
Sodium fluosilicate, Na2SiF6 ------------ do---- 0.014 
Barium nitrate ----------------------- do---- 0.02 
pH --------------------------------------- 2.5 

(4) Rinsed with water, 
(5) Immersed in the solution of Example 4, and 
(6) Dried at 160° F. 
A clear abrasion-resistant coating was formed. After 

120 hours' salt spray exposure, the panel was markedly 
less corroded than a similar panel that had been treated 
by steps 1, 2, 3, 4, and 6 only. Steps 1, 2, 3, 4 and 6 
are an example of a typical commercial chromate con 
version treatment designed to improve the corrosion re 
sistance of aluminum surfaces. 

Example 8 

A steel panel was cleaned and immersed in the fol 
lowing aqueous solution at 80 F. and dried at 160 F.: 

Percent 
Polyacrylamide ------------------------------- 2 
Sodium chromate, Na2CrO4 --------------------- 1. 
A clear abrasion-resistant coating was formed. After 

1 hour salt spray exposure, the panel was only slightly 
rusted, as compared to severe rusting of a similar panel 
that had been cleaned only. 

Example 9 
Example 8 was repeated, using double the specified 

concentrations. The resistance to rust in salt spray was 
somewhat greater than with Example 8. 

Example 10 
To one liter of an aqueous acidic solution for passi 

vating and improving the corrosion resistance of zinc 
surfaces and containing 10 grams of NaCr2O.2H2O, 10 
grams of HBO, 2.3 grams of NaCl and 1 ml. of 42 
Bé. HNO3 was added 2 grams of polyacrylamide. 
A hot-dipped galvanized zinc sheet was immersed in 

this bath 5 seconds at 140 F. and then dried at 70 F. 
The coating obtained had improved corrosion resistance 
as determined by humidity tests, compared to a similar 
coating from which the polyacrylamide was omitted. 

Example 11 
Example 10 was repeated utilizing 0.25 gram of the 

polyacrylamide. Corrosion resistance was less than that 
obtained in Example 10; however, there was a measur 
able improvement over the coating from which the 
polyacrylamide was omitted. 

Example 12 
Example 10 was repeated utilizing 5 grams of poly 

acrylamide with comparable results. Polyacrylamide 
can be added as above indicated to any of the formula 
tions disclosed in Hartman Patent No. 2,799,601. The 
performance of said formulations is improved by the 
polyacrylamide addition. 
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6 
Example l 3 

An aluminum test panel of 3003 alloy was subjected to 
the following procedure: 

(1) Cleaned, 
(2) Rinsed with water, 
(3) Immersed for 3 minutes, at 80° F., in an aqueous 

solution containing: 
Chromic acid, CrO3 -----------------percent.-- 0.2 
Potassium ferricyanide, KFe(CN)6 ------ do---- 0.04 
Sodium fluosilicate, Na2SiF6 -------------do---- 0.05 
Barium nitrate ------------------------ do---- 0.08 
Polyacrylamide ------------------------do---- 0.1 
pH ---------------------------------------- .9 

(4) Rinsed with water, 
(5) Dried at room temperature. 
The panel was then painted with a white baked enamel, 

along with a panel similarly treated, except that the 
polyacrylamide was eliminated from the solution of step 
3. The adherence of the paint to the metal surface was 
markedly improved by the presence of polyacrylamide as 
compared to no polyacrylamide. 

After 500 hours' salt spray exposure, there was notice 
ably less corrosion of the metal and less blistering and 
flaking of the paint where polyacrylamide was included as 
compared to no polyacrylamide, indicating the beneficial 
effect of polyacrylamide on corrosion resistance. 

Example 14 
Example 13 was repeated except using 0.5% polyac 

rylamide instead of 0.1%. There was a further improve 
ment in initial paint adherence and in corrosion resistance 
as indicated by 500 hours' salt spray exposure. 

Referring to Examples 13 and 14, polyacrylamide can 
be profitably added to any of the formulations disclosed 
in Ostrander et al. Patent No. 2,796,371. 

Example 15 
Zinc metal sheet was dipped into an aqueous solution 

containing: 
Chromic acid, CrO3 ------------------ 7 grams/liter. 
Sodium sulfate ----------------------. 1 gram/liter. 
Nitric acid, 42 Bé. ------------------- 3 ml/liter. 
pH-------------------------------- 0.3. 
The sheet was allowed to remain in the solution until a 

visible conversion coating was formed (about 15 sec 
onds). The sheet was then removed, rinsed in water 
and immersed in an aqueous solution containing: 
Polyacrylamide ----------------------- 2.0%. 
Hydrochloric acid, 20 Bé. -------------- 1.7 ml/liter. 
The sheet was then dried at 160 F. A clear water 

resistant coating was formed which was superior in abra 
sion resistance to the conversion coating itself. 

Example 16 
Example 1 was repeated but the aqueous polyacryi 

amide solution was maintained at 160 F. The results 
obtained were similar to those in Example 1. 
We claim: 
1. A composition containing 0.05 to 5 parts of poly 

acrylamide and 0.01 to 10 parts of a hexavalent chromium 
compound. 

2. A composition according to claim 1 wherein the 
chromium compound is present in an amount of 0.05 to 
0.5 part. 

3. An aqueous composition containing 0.05 to 5 grams 
70 of polyacrylamide and 0.01 to 10 grams of a hexavalent 

75 

chromium compound per 100 parts of water. 
4. A composition according to claim 3 having a pH of 

not more than 5. 
5. A method of imparting a corrosion-resistant coating 

to a metal which comprises subjecting the metal to an 
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aqueous solution containing polyacrylamide and a hexa 
valent chronium compound. 

6. A method according to claim 8 wherein the polyac 
rylamide is present in an amount of 0.5 to 50 grams per 
liter of solution and the hexavalent chromium compound 
is present in an amount of 0.1 to 100 grams per liter of 
solution. 

7. A method according to claim 6 wherein the solution 
has a pH not greater than 5. 

8. A method of imparting increased abrasion resistance 
to a metal having a coating containing a hexavalent chro 
mium compound as a corrosion inhibitor comprising Sub 
jecting the metal having said initial coating to an aqueous 
solution containing polyacrylamide and a hexavalent chro 
mium compound. 

9. A method according to claim 8 wherein the poly 
acrylamide is present in an amount of 0.5 to 50 grams per 
liter of solution and the hexavalent chromium compound 
is present in an amount of 0.1 to 100 grams per liter of 
solution. 

10. A method of imparting increased abrasion resist 
ance to a metal having a corrosion-resistant chromate con 
version initial coating comprising Subjecting the metal 
having said initial coating to an aqueous solution contain 
ing polyacrylamide. 

11. A method according to claim 10 wherein the poly 
acrylamide is present in an amount of 0.5 to 50 grams per 
liter of solution. 

12. A method of imparting a corrosion-resistant coat 
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ing to a metal which comprises subjecting the metal to an 
aqueous solution containing polyacrylamide and a hexa 
valent chromium compound and thereafter drying the 
coated metal. 

13. A method according to claim 12 wherein the aque 
ous solution has a pH not greater than 5. 

14. A method of imparting increased abrasion resist 
ance to a metal having a corrosion-resistant chromate 
conversion initial coating comprising subjecting the metal 
having said initial coating to an aqueous solution con 
taining polyacrylamide and thereafter drying. 
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