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PROCESS FOR TREATING METAL WITH AQUEOUS ACIDIC COMPOSITION 
THAT IS SUBSTANTIALLY l'RBE FllOK CHROMIUM (VI) 

BACKGROUND OF THE INVENTION 

Field of the Invention 
This· invention relates to processes of treatinq metal 

surfaces with aqueous acidic compositions for forminq 
5 conversion coatinqs by dryinq in place. The invention is 

particularly suited to treatinq iron and steel, qalvanized 
iron and ste~l,.zinc and those of its alloys that contain 
at least 50 atomic percent zinc, and aluminum and its 
alloys that contain at least 50 atomic percent aluminum. 

10 Statement of Related Art 
A very wide variety of materials have been tauqht in 

the prior art for the qeneral purposes of the present in­
vention, but most of them contain hexavalent chromium which 
is environmentally undesirable. The specific items of 

15 related art believed by the applicant to be most nearly 
related to the present invention are noted below. 

u. s~ Patent 4~921,552 of May~, .1990 to Sander et al. 
teaches treatinq aluminum with a ~omposition comprising 
fluozirconic acid, hydrofluoric acid, and a water soluble 

20 polymer. 



2 
Published European Patent Application O 273 698 (pub-

lished July 6, 1988) teaches aqueous acidic treating solu­
tions comprisinq trivalent metal compounds, silica, and 
preferably also nickel and/or fluoride ions. The counter 

5 anions for the trivalent metal cations used may be sil­
icofluoride. 

South African Patent 85/3265 granted December 24, 1985 
teaches treating metal surfaces, including galvanized iron 
and steel, with an acidic aqueo_!ls composition comprisinq a 

10 fluoride containinq compound selected from hydrofluoric 
acid and f luoboric, fluosilicic, fluotitanic, and f luozir­
conic acids and their salts; one or more salts of a metal 
such as cobalt, nickel, copper, iron, manganese, strontium, 
and zinc; and, optionally, a sequestrant and/or a polymer 

15 of acrylic acid, methacrylic acid, or esters thereof. Met­
al surfaces are treated with this composition, then rinsed 
with water, and preferably are then rinsed with a solution 
containing chromic acid. 

u. s. Patent 4,339,310 of July 13, 1982 to Oda et al. 
20 teaches an aqueous chromium free composition comprisinq a 

soluble compound of titanium or zirconium which may be flu­
otitanate or fluozirconate, a pyrazole compound, a myo­
inositol phosphate ester or a salt thereof, and a silicon 
compound which may be "silicon hydrofluoride" or "~mmonium 

25 silicafluoride" as a useful surface treatment for tin cans. 
u. s. Patent 4,273,592 of June 16, 1981 to Kelly 

teaches an acidic aqueous composition comprisinq a zirconi­
um or hafnium compound which may be the fluozirconate or 
fluohafnate, a fluoride compound which may also be the 

30 noted complex fluoride compounds, and a polyhydroxy com-. 
pound having no more than about seven carbon atoms: The 
composition is substantially free from hexavalent chromium. 
and elements such as boron, manganese, iron, cobalt, nick­
el, molybdenum, and tunqsten and also substantially free 

35 from ferricyanide and ferrocyanide• 
u. s. Patent 4,148,670 of Apr. 10, 1979 to Kelly 

teaches treating aluminum with an aqueous composition com-
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prising a· zirconium or titanium compound which may be the 
f luozirconate or f luotitanate, a fluoride compound which 
may also be the noted complex fluoride compounds, and.phos­
phate ions. 

u. s. Patent 3,593,403 of Nov. 10, 1970 to Ries teach­
es treatinq qalvanized and_ other zinciferous metal surfaces 
with aqueous acidic compositions comprisinq complex fluor­
ides of iron, titanium, zirconium, and/or silicon and at 
least one oxidizer. 

10 u. s. Patent 3,506,499 of Apr. 14, 1970 to Okada· ·et 
al. teaches treating aluminum and zinc surfaces with an 
aqueous solution of chromic acid and colloidal silica. 

u. s. Patent 3,160,506 of Dec. 8, 1964 to O'Connor et 
al. teaches preparinq a metal substrate for application of 

15 a photographic emulsion by contactinq the metal substrate 
with an aqueous solution containing an acid, alkali metal, 
or alkaline earth metal salt of a transition metal fluoride 
and sealinq the layer formed thereby by subsequent 
treatment with chromic acid. 

20 u. s. Patent 3,066,055 of Nov. 27, 1962 to Pimbley 
teaches treatinq aluminum surfaces with a composition com­
prising transition metal cations having atomic numbers from 
23 - 29 inclusive and preferably also c9mprising hexavalent 
chromium, molybdate, or tungstate anions and halogen an-

. . . . . 

25 ions, which may be complex fluorides. 
u. s. Patent 2,825,697 of Mar. 4, 1958 to Carroll et 

al. teaches treatinq aluminum and its alloys with an aque­
ous composition comprising a fluorine bearing compound 
which may be fluozirconic, fluosilicic, fluoboric, fluoti-

30 tanic, or fluostannic acids or their salts together with at . 
least 0.4 grams per liter (hereinafter "g/L") of cro

3 
(or 

its stoichiometric equivalent of other types of hexavalent 
chromium). 

u. s. Patent 2,276,_353 of Mar. 17, 1942 to Thompson 
35 teaches treating· m.etals with a combination of f luosili~ic 

acid or its salts and an oxidizing agent. 
u. s. Patent 1,710,743 of Apr. 30, 1929 to Paez teach-
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es treating aluminum with aqueous solutions containing com­
plex fluoride ions and optionally also including cations of 

silver, nickel, cobalt, zinc, cadmium, antimony, tin, lead, 

iron, and manganese. The amount of the compounds present 

5 containing these heavy metal cations must be substantially 

less than that of the complex fluoride salts present, with 

amounts of about one-tenth that of the complex fluoride 

beinq noted as excel~ent. 
u. s. Patent 1,638,273 of A~g. 9, 1927·to Paez teaches 

10 treatinq aluminum surfaces with an aqueous composition com­

prisinq a combination of a nickel or cobalt salt, a soluble 

fluosilicate salt, and an alkali nitrate, phosphate, or 

sulfate. 

15 

DESCRIPTION OF THE INVENTION 
Except in the claims and the operating examples, or 

where otherwise expressly indicated, all numerical quant­

ities in this description indicating amounts of material or 

conditions of reaction and/or use are to be understood as 

modified by the word "about" in describing the broadest 

20 scope of the invention.. Practice within the exact numeri­

cal limits stated is generally preferred. 

Summary of the Invention 
It has been found that excellent resistance to corro-

. . 
sion,. particularly after subsequent ·conventional coating 

25 with an organic binder containing protective coating, can 

be imparted to active metal surfaces, particularly to iron 

and steel, aluminum and its alloys that contain at least 50 

atomic percent aluminum, zinc and those of its alloys that 

contain at least 50 atomic percent zinc, and, most 

30 preferably, ·qalvanized iron and steel, by drying in place 

on the surface of the metal a layer of a liquid composition 

comprisinq, or preferably consisting essentially of, water 

and: 

.(A) a component of anions, each o~ said anions consisting 

35 of (i) at least four fluorine atoms and ·(ii-) at least 

one atom of an element selected from the group con­

sistinq of titanium, zirconium, hafnium, silicon, and 
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boron arid; optionally, (iii) one or more oxyqen atoms; 
preferably the anions are fluotitanate (i.e., TiF6"2) 

or fluozirconate (i.e., ZrF6"2); 

(B) a component of cations of elements selected from the 
5 group consistinq of cobalt, maqnesium, manqanese, 

zinc, nickel, tin, zirconium, iron, aluminum and 
copper, preferably cobalt, nickel or magnesium, most 
preferably cobalt; preferably, with increasing pref-

10 

. erence in the order qiven, ·the ratio of the total num­
ber of cations of this component to the total number 
of anions of component (A) is at least 1:3, 2:5, 3:5, 
7:10, or 4:5; and 

(C) sufficient free acid to qive the composition a pH in 
the range from o.s to s.o, preferably from 1.7 to 4.0, 

15 more pref er ably in the ranqe from 2. O to 4. o, or still 
more preferably in the range from 2. 5 to 3. 5; and, 
option.ally, 

(D) a composition that will form an organic film upon 
drying in place. 

20 The composition that will form an organic film upon drying 
in place may be (i) a solution of a water soluble polymer 
and/or dispersion of a water insoluble polymer that has a 
sufficiently high molecular weight and sufficiently low 
glass transition temperature to. form a COJ'.ltinuous film 

25 spontaneously upon. drying, (ii) monomers and/or oligomers 
of addition polymerizable compounds that will polymerize 
under the conditions of drying, but will not polymerize to 
any substantial degree under the conditions of storage in 
solution, and/or (iii) combinations of two or more types of 

· 30 molecules that will form elimination polymers under the. 
conditions of drying, but will not polymerize to any 
substantial degree under the conditions of storage in 
solution. Aminoplast resins are a preferred example of the 
latter type of film forming composition. 

35 It should be understood that this description does not 
preclude chemical interactions among the components listed, 
but instead describes the components of a composition ac-
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cording to the invention ~n the form in which they are qen­
erally used as ingredients to prepare such a composition. 

Description of Preferred Embodiments 
It is preferred that compositions accordinq to the in-

s vention as defined above should be substantially free from 
many ingredients used in compositions for similar _purposes 
in the prior art. Specifically, it is increasingly pre­
ferred in th~ order 9iven, independently for each prefer­
ably minimized component liste~ below, that these compo-

10 sitions, when directly contacted with metal in a process 
according to this invention, contain no more than 1. o, 
0.35, 0.10, o.os, 0.04, 0.02, 0.01, or 0.001 percent by . 
weight (hereinafter "w/o") of each of the following con-
stituents: hexavalent chromium; silica; silicates that do 

15 not contain at least four atoms of fluorine per atom of 
silicon; ferricyanide; ferrocyanide; anions containing mo­
lybdenwn or tungsten; nitrates and other oxidizing agents 
(the others being measured as their oxidizing stoichiomet­
ric equivalent as nitrate); phosphorous and sulfur con-

20 taininq anions that are not oxidizing agents; alkali metal 
and ammonium cations; pyrazole compounds; sugars; qluconic 
acid and its salts; glycerine; a-qlucoheptanoic acid and 
its salts; and myoinositol phosphate esters and salts 
theJ;"eof. 

25 Furthermore, in a process accordinq to the invention 
that includes other steps than the drying into place op the 
surface of the metal of a layer of a composition as de­
scribed above, it is preferred that none of these other 
steps include contactinq the surfaces with any composition 

30 that contains more than, with increasinq preference in the · 
order qiven, 1.0, O.JS, 0.10, o.os, 0.04, 0.02, 0.01, 
0.003, 0.001, or 0.0002 w/o of hexavalent chromium. 

In one embodiment of the invention, it is preferred 
that the ac~dic aqueous composition as noted above be ap-

35 plied. to the metal surface and dried thereon within a short 
time interval. With increasing preference in the order 
given, the time interval durinq which the liquid coating is 
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applied to the metal beinq treated and dried in place 
thereon, when heat is used to accelerate the process, is 
not more than 25, 15, 9, 7, 4, 3, 1.8, 1.0, or 0.7 second 
(hereinafter "sec"). In order to facilitate this rapid 

5 completion of the two basic steps of a process accordinq to 
this invention, it is often p;l"eferred to apply the acid 
aqueous composition used in the invention to a warm metal 
·surface, such as one rinsed with hot water after initial 
cleaninq and very. shortly be~ore applyinq the aqueous 

10 composition accordinq to this invention, and/or to ·use 
inf rared or microwave radiant heating in order to effect 
very fast drying of the applied coatinq. In such an 
operation, a peak metal temperature in the ranqe from 30 -
200 ° c, or more preferably from 40 - 90 ° c, would 

15 normally be used. 
In an alternative embodiment, which is equally effec­

tive technically and is satisfactory when ample time is 
availaple at acceptable economic cost, the liquid ·coating 
may be applied to the metal substrate and allowed to dry at 

20 a temperature not exceeding 40° c. In such a case, there 
is no particular advantage to fast drying. 

The effectiveness of a treatment according to the in­
. vention appears ~o depend predominantly on the total 
amounts of the active ingredients that.are dried in ·place 

25 on each unit area of the treated surface, and on the nature 
and ratios of the active ingredients to one another, rather 
than on the concentration of the acidic aqueous composition 
used. Thus, if the surface to be coated is a continuous 
flat sheet or coil and precisely controllable coatinq tech-

30 niques such as roll coaters are used, a relatively small . 
volume per unit area of a concentrated composition as 
described below may effectively be used for direct ap­
plication. On the other hand, for some coating equipment, 
it is equal~y effective to us~. a more dilute acidic aqueous 

35 composition· to apply a heavier liquid coating that contains 
about the same amount of active ing~edients. 

Preferably the amount of composition applied in a 
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process a·ccording to this invention is chosen so as to 
result in an add-on mass of the metal in the complex 
fluoride anions described in part (A) of the composition 
above in the range from 5 to 500 milligrams per square 

5 meter (hereinafter "mq/m2") of surface treated. If the 
metal in the complex fluoride anions is titanium, the add­
on mass is more prefer~bly 10 to 270 mg/m2, or still more 
preferably 18 -. 125 mq/..,}. · If the metal in the complex 

. fluoride anions is zirconium; the add-on mass is more 
10 preferably 10 - 220 mg/m2, or stfll more preferably 17 - ·120 

mq/m2 • 

In a concentrated acidic aqueous composition to be 
used according to the invention, either directly as a work­
inq composition or as a source of active ingredients for 

15 making up a more dilute working composition, the concentra­
tion of component (A) as described above is preferably from 
0.15 to 1.0 gram moles per kilogram of total composition 
(hereinafter "M/kg"), or more preferably from o. 30 to o. 75 
M/kq. If component (D) is present, its concentration in a 

20 concentrated composition is preferably from o.s to 5 w/o, 
or more preferably from 1.2 2.4 w/o. Working 
compositions, i.e., those suitable for direct application 
to meta_l in a process according to this invention, pref er­
ably contain. at leas.t 5 w/o, or more preferably ·at. least 10 

25 w/o, of the concentrations of active inqredients as de­
scribed above for a concentrated compositi~n. 

A workinq composition accordinq to the invention may 
be applied to a metal workpiece and dried thereon by any 
convenient method, several of which will be readily ap-

30 parent to those skilled in the art. For example, coating . 
the metal with a liquid film may be accomplished by immers­
inq the surface in a container of the liquid composition, 
sprayinq the composition on the surface, coatinq the surf­
ace by passing· it between upper and lower rollers with the 

35 lower rolier immers.ed in a c_ontainer of the liquid composi­
tion, and the like, or by a mixture.of methods. Excessive 
amounts of the liquid composition that might otherwise 
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remain on the ~Urface prior to dryinq may be removed before 

drying by any convenient method, such as drainage under the 

influence of gravity, squeegees, passing between rolls, and 

the like. Drying also may be accomplished by any conven-

5 ient method, such as a ho~ air oven, exposure to infra-red 
radiation, microwave heating, and the like. 

For flat and particularly continuous flat workpieces 

such as sheet and coil stock, application by a roller set 
. . 

in any of several conventional arrangements, followed by 
10 drying in a separate stage, is generally preferred. The 

temperature during application of the liquid composition 

may be any temperature within the liquid range of the com­
position, although. for convenience and economy in appli­
cation by roller coating, normal room temperature, i.e., 

15 from 20 - 30 ° c, is usually pref erred. In most cases for 

continuous processing of coils, rapid operation is favored, 

and in such cases drying by in~rared radiative heating, to 
produce a peak metal temperature in the range already given 
above, is generally preferred. 

2.0 Alternatively, particularly if the shape of the subs-
trate is not suitable for roll coatinq, a composition may 
be sprayed onto the surface of the substrate and allowed to 
dry in place; such cycles can be repeated as often as need­
ed until the desired thickness of coating, . generally mea-

. . 
25 sured in grams of add-on mass per square meter (hereinafter 

"g/m2"), is achieved. For this type of operation, it is 
pref erred that the temperature of the metal substrate 
surface during application of 'the working composition be in 

the range from 20 to 300, more preferably from 30 to 100, 
30 or still more preferably from 30 to 90 ° c. 

The amount of protective fi~m formed by a process ac­
cording to the invention may be conveniently monitored and 
controlled by measuring the add-on weight or mass of the 

metal atoms in the anions of. component (A) as defined 

35 above. The amount of these. metal atoms may be measured by 

any of several conventional analytical techniques known to 
those skilled in the art. The most reliable measurements 
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generally involve dissolving the coating from a known area 
of coated substrate and determining the content of the me~­
al of interest in the resulting solution. 

Preferably, the metal surface to be treated accordinq 
5 to the invention is first cleaned of any contaminants, par­

ticul_arly organic contaminants and foreign metal tines and/ 
or inclusions. such cleaning may be accomplished by meth­
ods known to those.skilled in the art and ad~pted to the 
particular type of metal substrate to be treated. For ex-

10 ample, for galvanized steel surfaces, the substrate is most 
preferably cleaned with a conventional hot alkaline clean­
er, then rinsed with hot water, squeegeed, and dried. For 
aluminum, the· surface to be treated most preferably is 
first contacted with a conventional hot alkaline cleaner, 

15 · then rinsed in hot water, then, optionally, contacted with 
a neutralizing acid rinse, before being contacted with an 
acid aqueous composition as described above. 

The invention is particularly well adapted to treating 
surf aces that are to be subsequently further protected by 

20 applying conventional organic protective coatings over the 
surface produced by treatment according to the invention. 

The practice of this invention may be further appreci­
ated by consideration of the followinq, non-limitinq, work­
inq examples, and the be~efits of the invention may be fur-

25 ther appreciated by reference to the comparison examples. 

EXAMPLES 

Test Methods and Other General Conditions 
Test pieces of hot dipped galvanized steel were spray 

cleaned for 10 seconds at 54° C with an aqueous cleaner 
30 containing 7 g/L of PARCO™ CLEANER 338 (commercially avail­

able from the Parker+Amchem Division of Henk.el Corp., Mad­
ison Heiqhts, Michigan, USA). After cleanin9, the panels 
were rinsed· with hot water, squee9eed, and dried before 
roll coat.inq with an acidic aqueou_s composition as de-

35 scribed for the i~dividual examples and comparison examples 
below. This applied liquid was flash dried in an infrared 

_.:~ 
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oven that ·produces approximately 49° C peak metal tempera-

ture. 
The mass per unit area of the coating was determined 

on samples at this point in the process by dissolvinq the 

5 coating in.aqueous hydrochloric acid and determining the 

zirconium or titanium content in the resulting solution by 

inductively coupled plasma spectroscopy, which measures the 

quantity of a specified element._ 
T"'."Bend tests were · accordinq to American Society for 

10 Testing Materials (hereinafter "ASTM") Method 04145-83; Im­
pact tests were according to ASTM Method D2794-84El; Salt 

Spray tests were according to ASTM Method B-117-90 Stand­
ard; and Humidity· tests were according to ASTM 02247-8 

Standard. 
15 

20 

Example 1 

The acidic aqueous composition used for this example 
contained the following ingredients: 

82.5 parts by weight of coco3; 

550.5 parts by weight of 20 w/o aqueous H2ZrF6 also 
containing 2.1 w/o HF; and 

367.0 parts by weight of deionized water. 

All ingredients were combined with stirring and co2 gas is 

evolved. 

Example 2 
25 The acidic aqueous composition used for this example 

contained the following ingredients: 
45.2 parts by weight of MgC~; 
132.6 parts by weight of aqueous 60 w/o H2TiF6 ; 

751.5 parts by weight of deionized water; and 

30 70. 7 parts by weight of an aqueous solution containing 
28. 4 w/o solids of a water soluble polymer (a Mannich 
adduct of poly{4-vinylphenol} with N-methylethanol­

amine and formaldehyde) made according to the direc­
tions of Examplel of u. s. Patent 4 1 517,028, except 

35 that PROPASOL™ P (a propoxyia~ed propane solvent 
commercially available from Union carbide Corpora-



'• 

5 

12 
tion) was used as the solvent instead of ethanol and 
no nitric acid was added. 

The first three ingredients were mixed as in Example 1, and 
after the reaction ceased, the last in9redient was added 
with stirrinq. 

Example 3 
The acidic aqueous composition used for this example 

contained. the following ingredients: 
56.0 parts by· weight of· CoC03 ; 

10 149.9 parts by weight of aqueous 60 w/o H2TiF6 ; 

719.1 parts by weight of deionized water; and 
75.0 parts by ~eight of an aqueous solution containing 
28.4 w/o solids of the same water soluble polymer as 
in Example 2. 

15 The first three ingredients ~ere mixed as in Example 1, and 
after the reaction ceased, the last ingredient was added 
with stirring. 

Example 4 
The acidic aqueous composition used for this example 

20 contained the following ingredients: 
56. o parts by weight of coco3 ; 

149.9 parts by weight of aqueous 60 w/o H2TiF6 ; 

734.6 parts by weight ·of deionized water; and 
59.S parts by weight of AEROTEXTN 900 Reactant 

25 (ethylene modified urea resin, commercially avail-

30 

able from American Cyanamid Co.) 
The first three ingredients were mixed as in Example 1, and 
after the reaction ceased, the last ingredient was added 
with stirring. 

Comparative Example 1 
The acidic aqueous composition used for this example 

contained_ the followinq inqredients: 
3 8 • 6 part!; by weight of aqueous 6 O w / o H2 T iF 6 ; 

941.6 parts by weight· of deionized water; and 
35 19.8 parts by weight of the same water soluble polymer 
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solution as in Exampl~s 2 and 3. 

All ingredients were combined with stirring. 

Comparative Example 2 
The acidic aqueous composition used for this example 

5 contained the following ingredients: 
207.1 parts by weiqht of aqueous 45 .w/o ~ZrF6 ; 

651.8 parts by weight of deionized water; and 
141.i parts by waight of the same water soluble 
polymer solution as in ·Examples 2 and· 3. 

10 All ingredients were combined with stirring. 

Comparative Example 3 
The acidic aqueous composition used for this example . 

contained the following ingredients: 
207. 2 parts by weight of aqueous 45 w/o H2ZrF6 ; 

15 770.8 parts by weight of deionized water; and 
22.0 parts by weiqht of the same water soluble 
polymer solution as in Examples 2 and 3. 

All ingredients were combined with stirring. 

Comparative Example 4 
20 The acidic aqueous composition used for this example 

contained the following ingredients: 
207. 2 parts by weight o~ aqueous 45 w/o H2ZrF6 ; 

324. 8 parts by weight of deionj,zed wa.ter; and 
468.0 parts by weight of an aqueous solution contain-

25 ing 10 w/o solids_ of a water soluble polymer made 
according to the directions of Example 1 of u. s. 
Patent· 4,963,596. 

30 

35 

All ingredients were combined with stirring. 

Comparative Example 5 
The acidic aqueous composition used for this example 

contained the following ingredients: 
201.0 parts by weight of aqueous 60 w/o H2TiF6; 

620.1 p~rts by weight of deionized water; 
73.7 parts by weight of aqueous 28 w/o ammonia; and 

105.2 parts by weight of the same water soluble 
polymer solution as in Examples 2 and 3. 
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The first· three ingredients listed were mixed with stir­

ring, then the last ingredient was added with stir.ring. 

Control (A type of Comparative Example) 
The composition used here was made from BONDERITE™ 

5 141SA, a chromium containing dry-in-place treatment that is 

commercially available from Parker+Amchem Div. of Henkel 

Corp., Madison Heights, Michigan, USA. The material was 

prepared and used as . directed by the manufacturer, under 

the same conditions "as those .of the other comparative 

10 examples. 

15 

20 

25 

30 

The coating amounts obtained in these examples and 
comparison examples are shown in Table 1. 

Table 1 
COATING WEIGHTS .(MASSES) IN EXAMPLES 1-4 AND COMPARATIVE 

EXAMPLES 1-5 
Milli~ramsLSquare Meter of: 

Zr Ti -
Example 1 26 

Example 2 21 
Example 3 21 

Example 4 110 

·comparative Example 1 21 
Comparative Example 2 26 

Comparative Example 3 34 

Comparative Example 4 22 

Comparative Example 5 30 

The test sheets prepared as described above were then · 
coated according to the supplier's directions with one or 

more conventional primer and topcoat protective coating 
compositions as identified in the Tables below, then 
subje'Cted to conventional tests as identified above to 

35 determine the protective value of the coatings. Results 
are shown in Tables 2 - 4 below. 
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Treatment 

B-1415A. 
Control 

Example 1 

1 

15 

Table 2 
TEST RESULTS WITH GREY CERAM-A-SILTM PAINT1 

T- Reverse Salt spray Humidity 
bends Impact 1008 hours 1008 hrs 

3T 

= 

= 

Room Temp 
ao in.lbs. 

= = =· 

= + = 

Notes for Table 2 

Akzo Coatings SA3Z 15025 topcoat over Akzo 
Coatinqs HYDRASEA™ WY9R 13063 primer 

+ Indicates performance better than the control 
= in~icates performance equal to the control 

Table 3 
TEST RESULTS WITH BROWN FLUOROPOLYMER1 

TJ:'.eatment T-Bend Salt Humidity 
Impacts spray 1008 

1008 hours 
hours 

lT R.T. 2 cold3 

SOin.lb soin.lb 

B-1415A = = = = 
Control 

Example 1 = = = = = 

Example 2 = = = = = 

Example 3 = = = = = 

Example 4 = = = = = 

... 
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Notes for Table 3 

1 Valspar FLUROPON"' Topcoat 4541<30~ over Valspar 
KOROLITH111 803X403 Primer 

2 Room temperature 
3 cold = -23° Centigrade. 

= indicates equal performance to control. 
indicates poor performance as compared to control. 
indicates very poor performance as compared to control 

Table 4 
TEST RESULTS WITH BLUE VINYL PLASTISOL1 

Treatment T-Bend Impacts Salt Humidity 
Spray 1008 
1008 hours 
hours 

R.T. 2 cold5 
lT SOin.lb soin.lb 

Control = = = = = 

Example 1 = = = = = 

Example 2 = = = = = 

Example 3 = = = = = 

Example 4 = = = = = 
Comparative = = = 
Example 1 

Comparative = = = 
Example 2 

Comparative = = = 
Example 3 

Comparative . = = - = 
Example 4 

Comparative = - . = 
Example 5 

·:,, 
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Notes for Table 4 

1 Sherwin Williams G77 L C78 SUPER CLAD™ 1130 
Topcoat over Sherwin Williams SUPER CLAD™ P66 Y 
Cl Primer 

2 Room temperature 
3 cold • -23° Centiqrade. 

= indicates equal performance to control. 
indicates poor per(ormance as compared to control. 
indicates very· poor performance as compared to control. 
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What ls claimed is: 18 

CLAIMS 

1. A process for forminq a protective conversion coatinq 
on the surface of a qalvanized steel substrate, said pro­

s cess comprising steps of: 

10 

15 

(I) coverinq said surface with a layer of an aqueous acid­
ic liquid composition comprising water and: 
(A) a component·of anions, each of said anions con­

sisting of (i) at least four fluorine atoms ~nd 
(ii) at least one atom of an element selected 
from the qroup consistinq of titanium, zirconium, 
hafnium, .silicon, and boron and, optionally, 
(iii) one or more oxygen atoms; 

(B) a component of cations of elements selected from 
the group consisting of cobalt, magnesium, manqa­
nese, zinc, nickel, tin, zirconium, iron, 
aiuminum and copper; and 

(C) sufficient free acid to give the composition a pH 
in the ranqe from about o. 5 to about 5 .• o; and, 

20 optionally, 

25 

30 

(D) a composition that will form an organic film upon 
drying in place. 

(II) drying i~ place, without intermediate rinsing, said 
layer of.an aqueous acidic liquid composition. 

2. A process accordinq to claim 1, wherein said aqueous 
acidic liquid composition contains a number of cations of 
component (B) that is at least about 1/3 of the number of 
anions of component (A) present in the composition. 

3. A process accordinq to claim 2, wherein said aqueous · 
acidic liquid composition contains not more than about 
0.001 w/o of hexavalent chromium. 

4 • A process accordinq to claim 3, wherein the pH of said 
aqueous acidic liq-Uid comp.osition. is in the range from 
about 1. 7 to about 4 • O • ·· 

---------
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5. A process according td9claim 4, wherein step (II) is 
accomplished by heating the metal substrate to a peak tem­
perature in the range from about 40 to about 90 ° c by in­
frared radiative heating. 

6. A process according to claim 4, wherein either (a) the 
ions of component (A) are fluozirconate ions and the add-on 
mass of zirconium is in the range from about 10 to about 

· 220 milligra~s per· Sc;IUare meter of surface coated or .(b) 
the ions of component (A) are_ fluotitanate ions and the 

10 add-on mass of titanium is in the range from about 10· 'to 
about 270 milligrams per square meter of surface coated. 

7. A process accqrdinq to claim 6, wherein said aqueous 
acidic liquid composition contains not more than about 1.0 
M/kq of component (A) ·and not more than about 5 w/o of 

15 component (D). 

8. A process according to claim 7, wherein the pH of said 
aqueous acidic liquid composition is in the range from 
about 1.5 to about 3.8. 

9. A process according to claim 6, wherein the pH of said 
20 aqueous acidic liquid composition is in the ranqe from 

about 1.s to about 3.8. 

10. A process accordinq to claim l, wherein the pH of said 
· aqueous acidic liquid composition is in the range froJQ 

about. 1.5 to about 3.8. 

·----- -------·-
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11. A process for forming a protective conversion coating 

on the surface of a metal substrate, said process compris­

ing steps of: 
(I) covering said surface with a layer of an aqueous acid-

5 ic liquid composition consisting essentially of water 

10 

15 

20 

25 

30 

35 

and: 
(A) a component of anions, each of said anions con­

sisting of ( i) at least four- fluorine atoms and 

(ii) at least one atom of an element selected 

from the group consisting of titanium, zirconium~ 

hafnium, silicon, and boron and, optionally, 

(iii) one or more oxygen atoms; 
(B) a component of cations of cations of elements 

selected from the group consisting of cobalt, 

magnesium, manganese, zinc, nickel, tin, 

zirconium, iron, aluminum and copper; the ratio 

of the total number of cations of this component 

to the total number of anions of component (A) 

being at least about 3:5; and 
(C) sufficient free acid to qive the composition a pH 

in the range from about 0.5 to about 5.0; and, 

optionally, 

(0) a compositi9n that will form an organic film upon 
. ' 

drying in place, 
said aqueous acidic liquid composition containing no 

more than about 0.001 w/o of hexavalent chromium and 

no more than about 0.35 w/o of each of silica; sil­
icates that do not contain at least four atoms of 

fluorine per atom of silicon; ferricyanide; ferro­

cyanide; anions containing molybdenum or tungsten; ni­

trates and other oxidizing agents (the others being 

measured as their oxidizing stoichiometric equivalent 

as nitrate); phosphorous and sulfur containing anions 

that are not oxidizing agents; alkali metal and ammon­

ium cations; pyrazole compounds;- sugars; gluconic acid 

and its salts; glycerine; a-qlucoheptanoic acid and 

its salts; and myoinositol phosphate esters and salts 

iii1iiifl1~r 
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thereof. 
(II) drying in place, without intermediate rinsing, said 

layer of an aqueous acidic liquid composition. 

12. A process according to claim 11, wherein said aqueous 
s acidic liquid composition contains a number of cations of 

component (B) ·that is at least about 60 t of the number of 
anions of component (A) present in the composition. 

13. A process according to claim 12, wherein the pH of 
said aqueous acidic liquid composition is in the ranqe from 

10 about 1.7 to about 4.0. 

15 

14. A process according to claim 13, wherein step (II) is 
accomplished by heating the metal substrate to a peak tem­
perature in the range from 40 - 90 .° C by infrared radi­
ative heating. 

15. A process accordinq to claim 14, wherein either (a) 
the ions of component (A) are f luozirconate ions and the 
add-on mass of zirconium is in the range from about 10 to 
about 220 milligrams per square meter of surface coated or 
(b) the ions of component (A) are fluotitanate ions and the 

20 add-on mass of titanium is in the ranqe from about 10 to 
about 270 milligrams per square meter of surface coated. 

16. A process according to claim 13, wherein either (a) 
the ions. of component· (A) are fluozirconate ions and the 
add-on mass of zirconium is in the ranqe from about 10 to 

25 about 220 mill!grams per square meter of surface coated.or 
(b) the ions of component (A) are fluotitanate ions and the 
add-on mass of titanium is in the ranqe from about 10 to 
about 270 milligrams per square meter of surface coated. 

17. A process according to claim 16, wherein said aqueous 
30 acidic liquid composition contains not more than about 1.0 

M/kg of component (A) and not more than 5 w/o of component 
(D) • 

18. A process according to claim ·17, wherein the· pH of 
said aqueous acidic liquid composition is in the range from 

35 about 2.0 to about 3.8. 
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19. A process according to claim 16, wherein the pH of 

said aqueous acidic liquid composition is in the ranqe from 

about 2.0 to about 3.8. 

20. A process according to claim 11, wherein the pH of 

5 said aqueous acidic liquid composition is in the ranqe from 

about 2.0 to about 3.8. 
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