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ZIRCONIUM RINSE FOR PHOSPHATE COATED 
. METAL SURFACES 

This is a continuation-in-part of application Ser. No. 
94,531, ?led Dec. 2, 1970 issued as US. Pat. No. 
3,695,952. , 

It is common practice in the art to improve the quali 
ties of the protective metal coating, commonly referred 
to as a conversion coating, by subsequently treating the 
metal surface after the conversion coating has been 
formed thereon. This treatment is usually affected by 
a ?nal rinsing step, whose purpose is to enhance the 
corrosion resistance of the metal surface. In addition, 
the rinsing treatment is employed to prepare the sur 
face for the reception of a ?nal ?nish coating such as 
a paint, enamel, japan, or the like. 
The ?nal rinsing step is commonly effected in the art 

employing chromic acid and salts thereof, as the essen 
tial ingredient of the rinsing solution. Chromate ?nal 
rinses employed after a phosphate conversion'coating 
has been formed on_a metal surface are disclosed, for 
example, in US. Pat. Nos. 3,063,877; 3,104,177 and 
3,450,579. 
An important shortcoming, which rinses of the kind 

to which reference has been made possess, is the inher 
ent toxicity of the hexavalent and trivalent chromium 
compounds contained therein and the resultant waste 
disposal problem created by the presence of hexavalent 
chromium or trivalent chromium in the effluent. 
Another problem with chromium containing ?nal 

rinses is that certain paint systems will chip, peel, or 
blister when applied to a surface which has been rinsed 
with chromate solution. Workpieces having complex 
con?gurations will accumulate residues of chromium 
salts in areas such as crevices, pockets and joints. These 
areas, upon painting, will tend to display blistering, 
peeling, and generally inferior paint adhesion. I 
Chromium ?nal rinses also cause staining problems. 

For example, yellow staining is frequently encountered 
in the ?nal-paint ?lm where a chrome rinse was em 
ployed under a thin siccative ?lm.v 
The present invention eliminates the waste effluent 

problem in present day ?nal rinses by providing a suit 
able chromium~free treatment. The blistering and 
staining problems, encountered when siccative, coat 
ings are applied subsequent to chromium rinses, are 
also alleviated withvthe practice of this invention. 
The principal object of this invention is to provide a 

?nal rinse material which is particularly non-toxic and 
which improves the corrosion resistance of a metal sur 
face on which a conversion coating has already been 
formed. 
Another object of this invention is to provide a non 

chromium ?nal rinse solution for metal surfaces, 
thereby eliminating the important waste disposal prob 
lem inherent in present day rinse treatments. 
A concomitant object of this invention is to provide 

an improved method for rinsing metal surfaces on 
which a conversion coating has already been deposited. 

An added object of this invention is to provide a pro 
cess and treating solution for metal surfaces which will 
greatly enhance the properties of subsequently applied 
siccative ?nishes thereon, the improved properties thus 
extending the life of such later applied siccative ?nish 
when subjected to corrosive atmospheres. 
Further objects of this invention will be apparent in 

the detailed description which follows. 
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2 
I have discovered a chrome-free ?nal rinse process 

and solutions for treating the surfaces of metals such as 
iron, steel, zinc, aluminum, and alloys in which they are 
the predominant constituent. The present invention en 
hances the corrosion resistant properties of a conver 
sion coating which has been formed on the surface. The 
process of the present invention employs an aqueous 
zirconium rinse solution consisting essentially of a solu 
ble zirconium compound which provides the improved 
qualities to the conversion coat. 

It should be understood that by “zirconium rinse so 
lution" or “zirconium rinse composition,” I mean any 
aqueous zirconium‘ solution used in accordance with 
the method of this invention. The concentration of zir 
conium present in the rinse solutions of this invention 
is expressed herein as the concentration of ZrOz. This 
means that the zirconium, present as a soluble zirco 
nium compound in the solution, is in the form of tetra 
valent zirconium whose concentration is expressed as 
the concentration of its oxide. 
The aqueous rinse solution of the present invention 

consists essentially of at least 0.05 grams/liter of solu 
ble zirconium, the zirconium present as a water-soluble 
zirconium compound and expressed as ZrO2 in solu 
tion. 
A wide variety of soluble zirconium compounds can 

be employed in the practice of the present invention. 
The selection of the compound to be employed will de 
pend on its commercial availability and its stability in 
solution at the operating pH of the rinse process. It is 
incumbent upon the particular zirconium compound 
employed, that it does not hydrolyze to insoluble hy 

__ drous zirconium dioxide or an insoluble zirconyl salt 
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,when in solution at the operating pH of the process. 
Such hydrolysis would cause the precipitation of zirco 
nium from solution. When precipitation occurs,,the 
concentration of the necessary zirconium in solution is 
diminished, thereby reducing the amount of zirconium 
available to treat or rinse the conversion coating, re 
sulting in a deterioration of the effectiveness of the so 
lution. ' 

, Typical examples of solutions which can be em 
ployed in the process of the present invention are aque 
ous solutions comprised of soluble zirconium com 
pounds selected from the group consisting of alkali 
metal and ammonium ?uozirconates, zirconium car 
boxylates, and alkali metal and ammonium salts of zir-. 
conium hydroxy carboxylates. Examples of zirconium 
carboxylates which have given excellent results are zir 
conium acetate and zirconium oxalate. 
The zirconium hydroxy carboxylates are difficultly 

soluble in water, but their alkali and ammonium salts 
are readily water-soluble. Examples of ammonium zir 
conium hydroxy carboxylates which can be employed‘ 
in the process of the present invention are ammonium 
zirconium glycolate, ammonium zirconium lactate, am 
monium zirconium mandelate, ammonium zirconium 
citrate, ammonium zirconium gluconate, and ammo 
nium zirconium tartrate. 
An aqueous rinse solution comprised of a soluble 

complex salt of zirconium has also been found to be ef 
fective when utilized in the process of the present in 
vention. A typical example of these complex zirconium 
salts is zirconium ethylenediamide tetraacetate. 

Prior to treatment with the aqueous rinse solution, 
the metal surface will have been treated with a solution 
which reacts with the surface to form what is known in 
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the art as a conversion coating. The conversion coating 
will have been applied using commonly employed pro 
cesses and techniques known to the art. Particularly, 
the conversion coatings employed prior to the process 
of the present invention are those referred to as phos 
phate coatings. By phosphate coatings, I mean the crys 
talline zinc phosphate coatings produced from aqueous 
baths containing primary zinc phosphate with phos~ 
phoric acid, and the iron phosphate coatings produced 
from aqueous baths containing alkali metal or ammo 
nium acid phosphates. The iron phosphate coatings can 
be employed over iron, steel, or alloys thereof, and the 
zinc phosphate coatings can be applied on iron, steel, 
zinc, aluminum, or alloys thereof. Examples of com 
monly practiced zinc phosphate and iron phosphate 
coating processes and compositions can be found in 
US. Pat. Nos. 3,333,988; 3,297,494; 3,425,876; 
3,520,737; 3,101,286; 2,987,428 and 3,129,123. 
Formula 1 is an example of a suitable concentrated 

zinc phosphate coating solution which can be diluted to 
desired strength with water and can be employed to 
treat iron, steel, aluminum, and zinc surfaces prior to 
their treatment with the rinse process of the present in 
vention. 

FORMULA 1 

Percent by weight 
Zinc oxide 11.01 
Nickel oxide ' 2.65 
75% phosphoric acid 35.33 
38°Bc nitric acid 12.50 
70% hydro?uoric acid 1.28 
Ferrous phosphate .67 
49% ?uoboric acid 3.18 
Water 33.38 

Formula 2 is an example of a suitable concentrated 
alkali metal acid phosphate coating solution which can 
be diluted to desired strength with water and can be 
employed to treat iron and steel forming an iron phos 
phate coating thereon prior to treatment with the rinse 
process of the present invention. 

FORMULA 2 

Percent by weight 
Phosphoric acid (75% solution) 26.88 
Soda ash 8.08 
Sodium chlorate l 1.22 
Water 53.82 

The coating process will ordinarily include a prior 
cleaning step, intervening rinsing steps, an activating 
step, and the conversion coating application. 
The cleaning step, which forms no part of the present 

invention, is necessary to insure complete physical 
contact of the subsequently applied coating solution 
with the metal surface and to remove any grease and 
soil ?lms that are on the metal surface. This cleaning 
and degreasing process, usually effected by spraying, 
can be accomplished with known alkaline cleaning 
agents. After the surface has been effectively cleaned, 
it will require at least one water rinse to completely re 
move the cleaner from the metal surface. The water 
rinse can be followed by an activating treatment before 
the conversion coating is deposited on the metal sur 
face. 

In the coating operation, the workpiece is brought 
into contact with the aqueous coating solution under 
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4 
suitable conditions of temperature, pH and contact 
time. Contact is effected by either spraying, immersion 
techniques, roller coating, or brushing to produce the 
desired surface conversion coating. Subsequent to the 
formation of said conversion coating, the process of the 
present invention is utilized. 
The present invention can be effected with or with 

out an intervening water rinse between the prior con 
version coating application and the aftertreatment pre 
scribed herein. An intervening rinse is employed when 
it is desired to remove any adhering ingredients on the 
surface carried over from the coating bath, which may 
cause subsequent corrosion or paint blistering should 
they remain thereon. 
The rinse solution employed in the process of the 

present invention should be operated at a pH above 
3.0. Preferably, the rinse process should be effected 
with a solution having a pH of from about 4.0 to about 
8.5. The pH of the rinse solution should not be allowed 
to fall below 3.0 since the conversion phosphate coat 
ing which has been applied on the surface will be at 
tacked and partially dissolved by a solution whose pH 
is below 3.0 and the rinse will not be as effective in pre 
paring the surface for the siccative ?nish to be applied. 
In general, the pH of a rinse solution which is prepared 
according to the invention will automatically end up 
within the pH range of about 3.0 to 8.5. Should the pH 
of the rinse solution fall below the critical limit of 3.0, 
the solution pH can be raised by additions of alkali. 
Should it be desired to raise the pH to a particular value 
within the range of 3.0 to 8.5, then alkali can be added. 
Suitable alkalis are the alkali metal hydroxides, with 
ammonium hydroxide being preferred. The addition of 
a suitable alkali in an amount sufficient to adjust the pH 
of the rinse solution to a desired or preferred level will 
not interfere with the effectiveness of the present pro 
cess. 

The operating limits of the present process require 
that the zirconium compounds utilized herein should 
be those which will not hydrolyze when the solution pH 
is above 3.0. When the soluble zirconium compound 
that is available will hydrolyze when added to water, at 
a solution pH above 3.0, its use should be avoided. 
The rinse solutions employed in this invention are 

generally made up as aqueous solutions and preferably 
contain from about .05 grants/liter to about 3 grams/ 
liter of zirconium, expressed as ZrO2 and present in the 
form of a water-soluble zirconium compound. In the 
preferred practice of the present invention, zirconium 
acetate is employed as the water-soluble zirconium 
compound. Optimum results have been obtained 
wherein there is from about .2 grams/liter to about .4 
grams/liter of zirconium, expressed as ZrOZ, in a zirco 
nium acetate rinse solution. 
The recommended method for preparing the rinse 

solution comprises the aqueous dilution of an aqueous 
concentrate solution, said concentrate comprising 
water and the soluble zirconium compound. The maxi 
mum amounts of the zirconium compound which can 
be present in the concentrate is limited only by the sol 
ubility of the material employed as the source for the 
zirconium. Alternatively, a dry commercially available 
zirconium compound can be dissolved in a measured 
amount of water producing the zirconium rinse solu 
tion having a zirconium concentration within the limits 
speci?ed herein. 
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The rinse solution and the aqueous concentrated so 
lution employed to make ‘up the zirconium rinse solu 
tion can be comprised of the zirconium constituent and 
preferably distilled or deionized water. Tap water or a 
commercial water supply almost invariably includes 
undesirable mineral agents. It is desirable to avoid the 
presence of material in the rinse solution which will 
leave deposits or corrosive residues. The use of deion 
ized water in the rinse solution leaves no interfering 
residues deposited on the surface. 

It has been found that the interference caused by the 
undesirable mineral agents can be avoided by addition 
to the aqueous concentrate solution, comprising water 
and the soluble zirconium compound, of a stabilizing 
agent such as, for example, gluconic acid or citric acid 
or salts thereof. The addition of the stabilizing agent 
causes the rinse solution to be more resistant to the 
harmfuleffects of the undesirable mineral agents and 
alkaline impurities. Once the rinse solution has been 
stabilized to prevent both hydrolysis of the zirconium 
compound and the deposition of corrosive residues, the 
rinse solution can be comprised of the zirconium com 
pound and water having mineral agents and alkaline 
earth metals present in amounts as high as 400 ppm, 
thereby allowing most commercial water supplies to be 
employed in preparing the zirconium rinse solutions. 

It appears that the improved stability and results ob 
tained by the addition of the stabilizing agent to the zir 
conium rinse solution results from the formation of 
complexes in the solution, thereby allowing the zirco 
nium to be more resistant to hydrolysis and also to pre 
vent the deposition of corrosive residues. It should be 
recognized that an amount of stabilizing agent should 
be employed which will result in the formation of these 
complexes in solution without any detrimental effect to 
the desired corrosion resistance results obtained. For 
best results, the stabilizing agent should be present in 
an amount such that for each part‘ by weight of zirco 
nium measured as ZrO2, there is at least .5 parts by 
weight of stabilizing agent in the rinse solution. ‘ 

It is within the scope of this invention to employ a 
wetting agent in the improved rinse solution, in order 
to improve the contact between the metal surface and 
rinse solution. Any organic wetting agent which is suffi 
ciently soluble and stable at the operating pH of the so 
lution can be employed. Typical examples of wetting 
agents which will improve the ability of the rinse solu 
tion to thoroughly wet the metal surface are sodium 
alkyl sulfonates, and sulfonated hydrocarbons, such as 
alkylated naphthalene sulfonic acids. 
The rinse process can be effected by employing any 

of the contacting techniques known to the art. Prefera 
bly, the rinse solution will be applied to the metal sur 
face by conventional spray or immersion methods. 
The time of treatment of the metal surface with the 

?nal rinse solution need only be long enough to ensure 
complete wetting of the surface and can be as long as 
5 minutes. Preferably, the surface should be immersed, 
sprayed‘, or flowcoated for a rinse time from about 15 
seconds to about 1 minute. 
The rinse solution can be operated at temperatures 

as high as 200°F. It is preferred that the process of the 
present invention be operated at ambient tempera 
tures, that is from about 65° F to about 95° F. 
Subsequent to the ?nal rinse treatment, the metal 

surface is usually dried. This can be accomplished by 
conventional techniques such as passing the metal sur 
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6 
face through a heated oven, subjecting it to a warm air 
stream, or by just allowing it to dry on its own at room 
temperature. If speed is a necessary factor, such as 
when the surface is to be painted immediately following 
the rinse treatment, any forced method of drying the 
rinsed surface can be accomplished. In some instances. 
the metal surface can be rinsed with water following 
the treatment with the zirconium rinse solution and 
prior to the deposition of a siccative ?nish thereon with 
a resulting improvement in corrosion resistance. 
A siccative ?nish can be deposited on the metal sur 

face subsequent to treatment with the process of the 
present invention. The application of such a finish, 
such as paint or lacquer, can be accomplished by well 
known methods in the art which form no part of the 
present invention. 
An important aspect of the present invention is the 

improved corrosion resistance portrayed by a metal 
surface on which an electrophoretiically deposited paint 
?nish has been applied subsequent to treatment with 
the process of this invention. I have found that a metal 
surface which is treated with a phosphate coating solu 
tion, rinsed with a zirconium rinse solution of the pres 
ent invention, followed by a water rinse, and then elec 
tropainted, possesses superior corrosion resistance to a 
surface which is electropainted without undergoing a 
rinse treatment with a solution of the present invention. 

The following examples are illustrative. of this inven 
tion and are not considered a limiting for other materi 
als and operating conditions falling within the scope of 
this invention that might be substituted. Examples 1 
through 6 are set forth for the purpose of illustrating 
the preparation of aqueous concentrates and rinse solu 
tions within the purview of the invention. Examples 7 
through 14 illustrate the improved results obtained em 
ploying the process of the present invention. 

EXAMPLE I 

A 1 liter sample of an aqueous concentrate was pre 
pared by adding 110.8 grams of anhydrous diammo 
nium citrate to 600 grams of a commercially available 
aqueous ammonium zirconyl carbonate solution com 
prising 10% by weight of zirconium, measured as ZrO2. 
The aqueous mix was heated to 140°F with continuous 
stirring. Heating and agitation was continued until the 
evolution of CO2 had ceased. An ammonium zirconium 
citrate concentrated solution was formed having a zir 
conium concentration of 60 grams/liter measured as 
ZrO2. The aqueous concentrated solution was then 
added to water, at a rate of 5 ml. of concentrate per 
liter of water, to produce a zirconium rinse solution 
consisting of ammonium zirconium citrate having a zir 
conium concentration of .3 grams/liter, measured as 
ZrO2. The pH of this zirconium rinse solution was mea 
sured at 5.9. 

EXAMPLE 2 

A 1 liter aqueous concentrate was prepared by dis 
solving 81.2 grams of commercially available dry zirco- _ 
nium glycolate in 500 ml. of 1 molar ammonium hy 
droxide solution at ambient temperature. Water was 
added so that the total volume of the concentrated so‘ 
lution was 1 liter. A diammonium zirconium glycolate 
concentrated solution had been formed with a zirco 
nium concentration of 30 grams/liter, measured as 
ZrO2. The aqueous concentrate was added to water, at 
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the rate of 10 ml. per liter of water, producing an aque 
ous zirconium rinse solution consisting of ammonium 
zirconium glycolate having a zirconium concentration 
of .3 grams/liter, measured as ZrO2. The pH of this zir 
conium rinse solution was measured at 4.9. 

EXAMPLE‘ 3 

A 1 liter aqueous zirconium rinse solution was pre 
pared by dissolving .59 grams of commercially avail 
able dry ammonium zirconium ?uoride in 1 liter of 
water at ambient temperature. The rinse solution was 
ready for use having a zirconium concentration of .3 
grams/liter, expressed as ZrOz. The pH of this zirco~ 
nium rinse solution was measured at 4.0. 

EXAMPLE 4 

A 1 liter sample of an aqueous concentrate was pre 
pared by adding 428.6 grams of commercially available 
carbonated hydrous zirconia to 485 ml. of 5 Molar 
acetic acid at ambient temperature. The aqueous mix 
was continuously agitated until the evolution of CO2 
had ceased. Water was added to make 1 liter of con— 
centrated solution, having a zirconium concentration 
of 150 grams/liter, measured as ZrO2. 
The aqueous concentrate was added to water at a 

rate of 1 ml. of concentrate per liter or water, to form 
a zirconium rinse solution consisting essentially'of zir 
conium acetate, having a zirconium concentration 
therein of .15 grams/liter, expressed as ZrO2. The pH 
of this zirconium rinse solution was measured at 4.6. 

EXAMPLE 5 

One liter of an aqueous concentrate was prepared by 
adding 318.6 grams of a commercially available gluco 
nate solution consisting of partially neutralized glu 
conic acid in the form of sodium gluconate and having 
a gluconic acid equivalent of 50% by weight to 455 
grams of commercially available aqueous zirconium ac 
etate solution comprising 22% by weight of zirconium, 
measured as ZrO2. Water having undesirable mineral 
agents, such as calcium and magnesium salts, in an 
amount above 300 ppm was then added to make 1 liter 
of concentrated solution having a zirconium concentra 
tion of 100 grams/liter, measured as ZrO2. The aqueous 
concentrate was added to tap water having undesirable 
mineral agents such as calcium and magnesium salts, in 
an amount above 300 ppm, at a rate of 3 mls. of con 
centrate per liter of water, to form a zirconium rinse so 
lution having a zirconium concentration of .3 grams/ 
liter, expressed as ZrOz. The pH of the zirconium rinse 
solution was 5.5. 

EXAMPLE 6 

An aqueous concentrate was prepared by adding 200 
mls. of an aqueous diaamonium citrate solution consist 
ing of 69% by weight of the citrate salt, to 681.8 grams 
of commercially available aqueous zirconium acetate 
solution comprising 22% by weight of zirconium, mea 
sured ZrOz. The mixture was heated at 140° F for 30 
minutes with agitation. Tap water having undesirable 
mineral agents, such as calcium and magnesium salts, 
in an amount above 300 ppm, was added to make 1 
liter of concentrated solution having a zirconium con 
centration of 150 grams/liter, measured as ZrO2. The \ 
aqueous concentrate was added to tap water at a rate 
of 2 mls. of concentrate per liter of water, to form a zir 
conium rinse solution having a zirconium concentra 
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8 
tion of .3 gram/liter, measured as ZrO2. The pH of the 
rinse solution was measured at 5.9. 

EXAMPLE 7 

Four inches by six inches cold rolled steel test panels 
were employed in this procedure. The panels were 
cleaned, rinsed with water and then subjected to a con‘ 
ventional prepaint processing sequence which provided 
a zinc phosphate conversion coating on their surfaces. 

One set of control panels was then rinsed with deion 
ized water, and another set of control panels was rinsed 
with a commonly employed chromic acid solution with 
a hexavalent chromium concentration of .3 grams/liter 
(measured as CrO3) at a pH of 3.5. A third set of panels 
was rinsed with an aqueous ammonium zirconyl car 
bonate solution having a zirconium concentration of .2 
grams per liter, measured as ZrOz. 
The treated panels were immersed in the zirconium 

rinse solution for 1 minute at room temperature, al 
lowed to air dry,v and were oven baked for 5 minutes. 
The pH of the zirconium rinse solution was recorded at 
8.3. 

All test panels, ie those treated with zirconium rinse 
solution, as well as the control panels that were rinsed 
with deionized water or chromic acid, were then 
painted with two coats of an asphaltum based baking 
enamel, and the painted surfaces were cured at 450°F 
for 45 minutes. 
The painted panels were scribed diagonally so that 

base metal was exposed. The panels were then sub 
jected to a 5% salt fog test at 35°C conducted in accor 
dance with ASTMB-l 17. 

After a 168 hour exposure period, the panels were 
rated in accordance with ASTMD 1654-61, by inspect 
ing the paint loss and measuring the average failure of 
the paint ?lm from the scribe. The corrosion failure re 
sults are listed in Table 7. The results of the salt fog test 
in Table 7 are the averages of results of four tests. The 
performances of the zirconium rinsed panels was better 
than the controls rinsed with deionized water and were 
equal to the results obtained by the panels treated with 
the chromic acid solution. 

TABLE 7 

Average Scribe 
Final Rinse Treatment Failure in Inches 

Control — DI water rinse 
and no further treatment 6.0 4/32 
Control — Chromic Acid Rinse 3.5 2/32 
Ammonium Zirconyl Carbonate 8 3 2/32 

EXAMPLE 8 

Cold rolled steel and galvanized steel test panels were 
employed in this procedure. The panels were cleaned, 
rinsed with water, and coated with a conventional zinc 
phosphate conversion coating. 
One set of control panels was treated with a deion 

ized water rinse and another set of control panels was 
rinsed with a commercially available chromic acid ?nal 
rinse with hexavalent chromium concentration of .28 
grams/liter (measured as CrO3) at a pH of 3.5. A third 
set of test panels was aftertreated with a zirconium ace 
tate rinse solution. 
The zirconium concentrated solution, as prepared in 

Example 4, was added to water at a rate of 2 ml. per 



3,850,732 

liter of water to form the zirconium rinse solution con 
sisting of .6 grams/liter of zirconium acetate. The con 
centration of zirconium in the rinse solution was .3 
grams/liter (measured as ZrOZ). The pH of the rinse so 
lution was recorded at 4.6 with no pH adjustments re 
quired during use of the solution. The test panels were 
treated by spraying the respective rinse solutions onto 
the test panel surfaces as a conveyor moved the panels 
through a power spray chamber. All the rinse baths, i.e. 
the deionized water rinse, the chromic acid rinse, and 
the zirconium acetate rinse, were operated at room 
temperature. The rinse spray was allowed to contact 
the panel surface for no more than 20 seconds. The 
panels were dried by passing them through an oven for 
one minute at 200°F. 

All the test panels were then painted with a one coat 
gloss acrylic paint system. The painted surfaces were 
cured at 350°F. for 30 minutes. The painted panels 
were scribed diagonally so that base metal was ex 
posed. The panels were then subjected to a 5% salt fog 
corrosion test at 35°C, conducted in accordance with 
ASTMB-l17. 
Following a 312 hour exposure period to the salt fog 

corrosion test, the panels were examined for corrosion 
failure, and rated in accordance with ASTMD 1654-61 
by measuring the average paint failure from the scribe. 
The results are illustrated in Table 8. The results of the 
salt fog tests in Table 8 are the averages of results of 
four tests. The test panels which were rinsed with the 
deionized water showed vast areas of corrosion and 
scribe failure compared to those panels which were 
rinsed with the zirconium acetate rinse solution. The 
panels rinsed with the zirconium acetate solution pos 
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sessed corrosion resistant properties and scribe failure / 
equal to the control panels rinsed withthe chromic acid 
solution. ‘ 

TABLE 8 
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at 450°F for 45 minutes. The painted panels were 
scribed diagonally so that base metal was exposed. 
The test panels were then subjected to a 5 percent 

salt fog corrosion test at 35°C, conducted in accor 
dance with ASTMB-l l7. Fillowing 96 hours of salt fog 
exposure testing, the panels were examined for corro 
sion failure. The panels were rated in accordance with 
ASTMD 1654-61 by measuring the average failure of 
the paint ?lm from the scribe. The results are shown in 
Table 9. Those panels treated with the zirconium final 
rinse displayed superior corrosion resistance compared 
to both the deionized water rinsed and the chromic 
acid rinsed panels. The results in Table 9 are the aver 
ages of results of four tests. 

TABLE 9 

Average Scribe 
Final Treatment Failure in lnches 

Deionized Water 7/32 
Chromic Acid Solution 7/32 
Zirconium Acetate Rinse Solution l/32 

EXAMPLE 10 

Four inches by six inches rolled steel panels were em 
ployed in this procedure. The test panels were cleaned, 
rinsed with water, and were then coated in an alkali 
metal acid phosphate coating bath producing on their 
surface an adherent conversion coating of iron phos 
phate. 
One set of control panels received a deionized water 

rinse and another set of control panels was rinsed in a 
chromic acid solution having a hexavalent chromium 
concentration of .28 grams/liter (measured as CrO3) at 
a’p'H of 3.5. A third set of test panels was aftertreated 

Final Treatment 
Average Scribe Failure in Inches ' 

Galvanized Panels Steel Panels 

Deionized Water Rinse _. Control 12/32 4/32 
Chromic Acid Rinse Solution 2/32 traces 
Zirconium Acetate Rinse Solution 2/32 traces 

EXAMPLE‘ 9 

Four inches ‘by six inches cold rolled steel panels 
were employed in this procedure. The test panels were . 
cleaned, rinsed with water, and were then coated in an 
alkali metal acid phosphate coating bath producing on 5 
their surface an adherent conversion coating of iron‘ 
phosphate. 
One set of control panels received a deionized water 

rinse and another set of control panels was rinsed in a 
chromic acid solution having a hexavalent chromium 
concentration of .28 grams/liter (measured as CrO3) at 
a pH of 3.5. A third set of test panels was aftertreated 
with an aqueous rinse solution consisting of .6 grams/ 
liter of zirconium acetate so as to impart a concentra 
tion of .3 grams/liter of zirconium in the solution (mea— 
sured as ZrO2). The pH of the zirconium rinse solution 
was measured at 4.6. The panels were aftertreated with 
the deionized water, chromic acid rinse, and zirconium 
rinse, by immersing them into the respective rinse solu-‘ 
tion for 30 seconds at room temperature. The panels 
were then dried in an ovenfor 5 minutes at 300°F. 
The panels were painted with a two coat asphaltum 

based baking enamel. The painted surfaces were cured 

55 

60 

with an aqueous rinse solution consisting of .6 grams/ 
liter of zirconium acetate so a to impart a concentra- ‘ 
tion of .3 grams/liter of zirconium in the solution (mea 
sured as ZrOz). The pH of the zirconium rinse solution 
was measured at 4.6. 

The panels were aftertreated with the deionized wa 
ter, chromic acid rinse, and zirconium rinse, by im 
mersing them into the respective rinse solution for 30 
seconds at room temperature. The panels were then 
dried in an oven for 5 minutes at 300°F. 
The panels were then painted with a one coat gloss 

alkyd paint system. The painted surfaces were cured at 
350°F for 30 minutes. The painted panels were scribed 
“diagonally so that base metal waspxposed. 
The test panels were then subjected to a 5% salt fog 

corrosion test at 35°C, conducted in accordance with 
ASTMB-l 17. Following 96 hours of salt fog exposure 
testing, the panels were examined for corrosion failure. 
The panels were rated in accordance with ASTMD 
1654-61 by measuring the average failure of the paint 

' film from the scribe. The results are shown in Table 10. 
The results of the salt fog tests in Table 10 are the aver~ 
ages of results of four tests. Those panels treated with 
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the zirconium ?nal rinse displayed superior corrosion 
resistance compared to both the deionized water rinsed 
panels and the chromic acid rinsed panels. 

TABLE 10 

Average Scribe 
Final Rinse Treatment Failure in Inches 

Deionized Water 18/32 
Chromic Acid Solution 6/32 
Zirconium Acetate Solution l/32 

EXAMPLE 1 1 

Cold rolled steel panels were employed in this proce— 
dure. The panels were cleaned, rinsed with water, and 
were then treated with a zinc phosphate conversion 
coating solution. The panels were then treated with 
rinse solutions falling within the scope of this invention. 
Particularly, ammonium zirconium glycolate, ammo 
nium zirconium lactate, and ammonium zirconium 
mandelate were employed in this procedure. One set of 
control panels was rinsed with deionized water and an 
other set was treated with a chromic acid rinse solution 
with a concentration of hexavalent chromium of .28 
grams/liter (measured as CrO3) at a pH of 3.5. The zir 
conium rinse solutions employed in this procedure 
were prepared so that each rinse solution consisted of 
.3 grams/liter of zirconium (measured as ZrO2). 
The panels were immersed in the respective rinse so 

lutions for 30 seconds at room temperature, and were 
oven baked for 5 minutes at 300°F. The rinse solution 
pH was recorded as indicated in Table 1 1. 
The panels treated with the zirconium rinse solutions, 

as well as the control panels which were rinsed with de 
ionized water or chromic acid solution, were then 
painted with a two coat asphaltum-based baking 
enamel. The painted surfaces were cured at 450°F. for 
45 minutes. The painted panels were scribed diagonally 
so that base metal was exposed. The panels were then 
subjected to 5 percent salt. fog corrosion testing at 
35°C, conducted in accordance with ASTMB-l 17. 
The panels were rated in accordance with ASTMD 

1654-61 by measuring the average failure of the paint 
?lm from the scribe and recording this failure in inches. 
The corrosion test results, as indicated in Table 11, 
showed those panels which had been rinsed with the 
rinse solutions of the present invention to be superior 
in corrosion resistance to the panels rinsed with deion 
ized water or chromic acid solution. The salt fog test 
results in Table 11 are the averages of results of four 
tests. 
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112 
els were then treated with rinse solutions falling within 
the scope of this invention. Particularly, ammonium 
zirconium citrate, ammonium zirconium tartrate, zirco~ 
nium ethylenediamine tetraacetate, and ammonium 
zirconium gluconate were employed in this procedure. 
One set of control panels was rinsed with a chromic 
acid solution, and another set of control panels was 
rinsed with deionized water. 
The zirconium rinse solutions were prepared so that 

there was .3 grams/liter of zirconium (measured as 
ZrO2) in said rinse solutions. The pH of the respective 
rinse solutions was recorded and is indicated in Table 
12. The test panels were immersed in the rinse solu 
tions for a period of 30 seconds at room temperature, 
allowed to air dry, and then were oven baked for ?ve 
‘minutes at 300°F. 

The panels treated with the zirconium rinse solutions, 
as well as the control panels that were rinsed with de 
ionized water or chromic acid solution, were then 
painted with a two coat asphaltum-based baking 
enamel. The painted surfaces were cured at 450°F for 
45 minutes. The painted panels were scribed diagonally 
so that base metal was exposed. 
The panels were then subjected to 5 percent salt 

spray testing at 35°C, conducted in accordance with 
ASTMB-l 17. The respective panels were then rated in 
accordance with ASTMD 1654-61 by measuring the 
average failure of the paint ?lm from the scribe and re 
cording this failure in inches. The corrosion test results 
are illustrated in Table 12. The panels treated with the 
zirconium rinse solutions showed superior corrosion 
resistance compared to the deionized water rinsed pan 
els and the chromic acid rinsed panels. The salt fog test 
results in Table 12 are the averages of results of four 
tests. 

TABLE 12 

Average Scribe 
Final Rinse Treatment pH Failure in Inches 

Control - Deionized Water 6.0 2/32 
Control ~ Chromic Acid 

Solution 3.5 H32 
Ammonium Zirconium 
Citrate 5.9 H64 
Ammonium Zirconium 
Tartrate 6.0 H64 
Ammonium Zirconium 
Gluconate 7.3 H64 
Zirconium Ethylenediaminc 
tetraacetatc 6.7 1/64 

EXAMPLE 13 

Four inches by six inches cold rolled steel test panels 
were employed in this procedure. The panels were 

TABLE 11 

Final Rinse Treatment pH Average Scribe Failure in Inches 

Control - Deionized Water 6.0 2/32 
Control - Chromic Acid Solution 3.5 1/32 
Ammonium Zirconium Glycolate 5.7 H64 
Ammonium Zirconium Lactate 5.3 H64 
Ammonium Zirconium Mandelate 6.5 1/64 

EXAMPLE 12 

Four inches by six inches cold rolled steel panels 65 
were employed in this procedure. The panels were 
cleaned, rinsed with water, and treated with a zinc 
phosphate coating solution and possessed upon their 
surfaces a zinc phosphate conversion coating. The pan 

cleaned, rinsed with water and then subjected to a con 
ventional zinc phosphate coating solution producing a 
zinc phosphate coating on their surfaces. 
One act of control panels was rinsed with deionized 

water. Another set of control panels was rinsed with 
chromic acid solution having a hexavalent chromium 
concentration of .3 grams/liter, followed by a deionized 
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water rinse. A third set of test panels was treated with 
a rinse solution consisting of .6 grams/liter of zirconium 
acetate so as to impart a Concentration of .3 grams/liter 
of zirconium in the solution, expressed as ZrO2. The pH 
of the zirconium rinse solution was measured at 4.6. 
The panels were rinsed with deionized water after their 
treatment with the zirconium rinse solution. 
The panels were treated in the respective rinses by 

immersing them in the aqueous solution for 30 seconds 
at room temperature. After each set of panels was sub 
jected to a deionized water rinse, they were dried in an 
oven for five minutes at 350°F. The panels were then 
painted electrophoretically with a polyacrylic based 
paint system for 90 seconds at a temperature of 75°F 
and with a voltage of 185 volts. The painted surfaces 
were cured at 350°F for 30 minutes. 

> Thepainted panels were scribed diagonally so that 
base metal was exposed. The panels were then sub 
jected to a 5 percent salt fog corrosion test at 35°C, 
conducted in accordance with ASTMB-l 17. Following 
336 hours of salt spray exposure, the painted surfaces 

20 

were examined for corrosion failure. The panels were . 
rated in accordance with ASTMD 1654-61 by measur 
ing the average failure of the paint ?lm from the scribe. 
The results are shown in Table 13. The results in Table 
13 are the averages of results of four tests. 

TABLE 13 

Average Scribe 
Final Rinse Treatment Failure in Inches 

Deionized Water Rinse 4/32 
Chromic Acid Based Rinse Followed by ' 
Deionized Water Rinse l/32 
Zirconium Acetate Rinse Solution 
Followed by Deionized Water Rinse l/64 

Table 13 illustrates the superior corrosion resistance 
displayed by the panels rinsed with the zirconium rinse 
solution over those control panels rinsed with chromic 
acid and deionized water. 

EXAMPLE 14 
Four inch by six inch cold rolled steel test panels 

were employed in thisprocedure. The panels were 
cleaned, rinsed with water, and then subjected to a con 
ventional prepaint processing step which provided a 
zinc phosphate conversion coating on their surfaces. 
A set of control panels was then rinsed with water. 

Another set of panels was rinsed with the zirconium 
rinse solution prepared as described in Example 5. A 
third set of panels was rinsed with the zieconium rinse 
solution prepared as in Example 6. 

All panels were immersed in the respective rinse so 
lutions for one minute at room temperature, allowed to 
air-dry, and were oven baked for 5 minutes at 200°F. 
All panels were then painted with two coats of an as 
phaltum-based baking enamel, and the painted surfaces 
were cured at 450°F for 45 minutes. 
The painted panels were scribed diagonally so that 

base metal was exposed. The panels were then sub 
jected to a 5 percent salt fog test at 35°C, conducted in 
accordance with ASTMB-l 17. 
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14 
After a 264 hour exposure period, the panels were 

rated in accordance with ASTMD 1654-61, by inspect 
ing the paint loss and measuring the average failure of 
the paint ?lm from the scribe. The corrosion failure re 
sults are listed in Table 14. The performance of the 
panels rinsed with the respective zirconium rinse solu 
tions was better than the controls rinsed with water. 

TABLE 14 

' Average Scribe 
Final Rinse Treatment pH Failure in Inches 

Control — WaterRinse and no 6.9 4/32 
Further Treatment I 

Zirconium Rinse (as prepared 55 2/32 
in Example 5) 

Zirconium Rinse (as prepared 5.9 3/32 
in Example 6) 

I claim: 
1. A methodvfor rinsing a metal surface having a 

phosphate conversion coating thereon, comprising ap 
plying to the surface an aqueous composition consist 
ing essentially of water, at least .05 grams/liter of zirco 
nium, expressed as ZrOZ, wherein the source for the zir 
conium in said composition is a water soluble zirco 
nium compound, and a stabilizing agent selected from 
the group consisting of gluconic acid and salts thereof, 
and citric acid and salts thereof, present in anamount 
such that for each part by weight of zirconium there is 
at least .5 parts by weight of stabilizing agent; and 
wherein the pH of the composition is within the range 
of from about 3 to about 8.5. 

2. A method-according to claim 1 wherein the con 
centration of zirconium is from ‘about .05 grams/liter to 
about 3 grams/liter, expressed as ZrOz. _ v 

3. A method according to claim 1 wherein the water 
soluble zirconium compound is selected from the group 
consisting of a) zirconium carboxylate, b) alkali metal 
and ammonium zirconium hydroxy carboxylate, c) al 
kali metal and ammonium ?uozirconate. 

4. A method for rinsing a metal surface coated with 
a phosphate conversion coating, comprising applying 
to the surface an aqueous composition consisting es 
sentially of water, from about..05 grams/liter to about 
3 grams/liter of zirconium, expressed as ZrO2, wherein 
the source for the zirconium in said composition is a 
water soluble zirconium compound, and a stabilizing 
agent selected from the group consisting of gluconic 
acid, citric acid, and salts thereof, in an amount such 
that for each part by weight of zirconium there is at 
least .5 parts by weight of stabilizing agent, and wherein 
the pH of the composition is within the range of from 
about 3 to about 8.5, thereafter rinsing the surface with 
water and then depositing a paint finish on the surface. 

5. The method according to claim 4 wherein the sur~ 
face is'dried prior to depositing the paint finish thereon. 

6. The method according to claim 4 wherein the 
paint finish is electrophoretically deposited. 

7. The method according to claim 4 wherein the zir 
conium compound is zirconium acetate. 
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