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COMPOSITION AND PROCESS FOR TREATING METALS

BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to compositions and processes for treating metal surfaces
with acidic aqueous compositions for forming conversion coatings on the metals; the
conversion coatings provide excellent bases for subsequent painting. The invention
is well suited to treating iron and steel, galvanized iron and steel, 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. Preferably the surface treated is predom-
ihantly ferrous; most preferably the surface treated is cold rolled steel.

Statement of Related Art

A very wide variety of materials have been taught in the prior art for the gen-
eral purposeé of the present invention, bui most of them contain hexavalent chromium
which is environmentally undesirable. One object of this invention is to avoid any
substantial use of hexavalent chromium and other materials such as ferricyanide that
have been identified as environmentally damaging.

DESCRIPTION OF THE INVENTION

Except in the claims and the operating examples, or where otherwise expressly

_indicated, all numerical quantities 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‘gl'escrib'ir'lg the broadest scope of the invention. Practice within the numeri-
cal limits stated is generally preferred. Also, unless expressly stated to the contrary:
percent, "parts of", and ratio values are by weight; the term ';polymer“ includes

oligomer; the description of a group of class of materials as suitable or preferred for
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acj di c aqueous conpositions for form ng conversion coatings on the netals;
t he conversi-on coatings provide excellent bases for subsequent painting.
The invention is well suited to treating iron and steel, gal vani zed iron
and steel, zinc and those of its alloys that contain at |east 50 atom c
percent zinc,a given phnpnkmimmoand:ubh svidi thejiavenkiah impliesiihat mixthrea of aﬁy) two omi ¢

percent al um num ef erably t e surface treated.is l.nant .
et rous: - oo AL hE BEpDeIsof b £ip o clast Bt Sapals PRIt Phhreliimg: déscrip-

Statement of R o @flstiipé tsm chﬁmlcaftéfﬁfs%f%sqs M@Ebrﬁhﬁwﬁfs M@ﬁﬁl@'o? addién been
taught in the prior art en- pur poses of the present

i nvention, buo amsc:ommnatiwmpeuﬁedum the:descaiption, arid dodsumot nacessarilyspreclude

envi r onment aI ?aﬁiem rabl e.

Subst ant? al FeCaE oS ot B criaa o & iR ph i fpcfitafiod "

f d
erroyam de O“f‘?ﬁ‘g"?ﬁ(‘ﬁa{%ﬁ@ Rornfl Blids| B8 pRéseRtR/of QITIIBRAREIUALSHNE 3 Peoduce

electrical neutrality for the composition as a whole (any counterions thus implicitly

specified should preferably be selected from among other constituents explicitly spec-
ified in ionic form, to the extent possible; otherwise such counterions may be freely

10 selected, except for avoiding counterions that act adversely to the stated objects of the
invention); and the term "mole" and its variations may be applied to elemental, ionic,
and any other chemical species defined by number and type of atoms present, as well -
as to compounds with well defined molecules. |

Summary of the Invention
15 It has been found that excellent resistance to corrosion, particularly after subse-
quent conventional coating with an organic binder containing protective coating such
as-a paint or lacquer, can be imparted to active metal surfaces, particularly to iron and
steel and other ferrous surfaces, by contacting the metal surfaces for a suificient time
at a sufficient temperature with a composition as described in detail below. Preferab-
.20 ly, the composition is coated in a substantially uniform layer over the metal surface
to be treated and then dried in place on the surface of the metal, without intermediate
rinsing.
A composition according to the invention comprises, preferably consists essen-
tially of, or more preferably consists of, water and:

25 (A) acomponent of fluorometallate anions, each of said anions consisting of (i) at
least four fluorine atoms, (ii) at least one atom of an element selected from the
group consisting of titanium, zirconium, hafnivm, silicon, aluminum, and
boron, and, optionally, (iii) ionizable hydrogen atoms, and, optionally, (iv) one
or more oxygen atoms; preferably the anions are fluotitanate (i.e., TiF;?) or

30 fluozirconate (i.e., ZrF;?), most preferably fluotitanate;

(B) a component of divalent or tetravalent cations of elements selected from the

group consisting of cobalt, magnesium, manganese, zinc, nickel, tin, copper,
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5 ponent to the number of anions in component (A) is at least 1:5, 1:3, 25, 3:5,

7:10, or 4:5; independently, with increasing preference in the order given, the
ratio of the number of cations of this component to the number of anions in
component (A) is not greater than 3:1, 5:2, 5:3, 10:7, 5:4, or 1.1:1;
(C)  acomponent of phosphorus-containing inorganic oxyanions and/or phosphonate
10 anions; and
(D) a component of water-soluble and/or -dispersible organic polymers and/or
polymer-forming resins, preferably in an amount such that the ratio of the sol-.
ids content of the organic polymers and polymer-forming resins in the compo-
sition to the solids content.of component (A) is within the range from, with
15 increasing preference in the order given, 1:5 to 3:1, 1:2 to 3:1, 0.75:1.0 to
1.9:1.0, 0.90:1.0 to 1.60:1.0, 1.07:1.0 to 1.47:1.0, or 1.17:1.0 to 1.37:1.0; and
(E) acidity,.preferably in sufficient amount to give a workihg composition a pH in
the ratige_from 0.5 to 5.0, preferably from 1.7 to 4.0, more preferably in the
range from 2.0 to 4.0, or still more preferably in the range from 2.0 to 3.5;
20 and, optionally,
(F)  a dissolved oxidizing agent, preferably a peroxy compound, more preferably
hydrogen peroxide, and, optionally,
(G) acomponent selected from dissolved or dispersed complexes stabilized against
settling, said complexes resulting from reaction between part of component (A)
25 and one or more materials selected from the group consisting of metallic and
metalloid elements and the oxides, hydroxides, and carbonates of these metallic
or metalloid elements to produce a reaction product other than one which
exists in solution as part of component (B); preferably this component results
from reaction of part of component (A) with silica or vanadium(V) oxide.
30 It should be understood that the components listed need not necessarily all be
provided by separate chemicals. For example, it is preferred that the fluorometallate

anions and phosphorous containing anions both be added in the form of the
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veritional p3-se, such as precleaning, rinsing, and, particularly advantageously, paint-
ing or some similar overcoating process that puts into place an organic binder contain-
ing protective coating over the conversion coating formed according to a narrower em-

bodiment of the invention. Articles of manufacture including surfaces treated accord-

ing to a process of the ‘invention are also within the scope of the invention.

Description of Preferred Embodiments

For a variety of reasons, it is preferred that compositions according to the in-
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 the order given, independently for each preferably minimized component
listed below, that these compositions, when directly contacted with metal in a process
according to this invention, contain no rhore than 1.0, 0.35, 0.10, 0.08, 0.04, 0.02,
0.01, 0.001, or 0.0002, percent of each of the following constituents: hexavalent
chromium; ferricyanide; ferrocyanide; sulfates and sulfuric acid; anions containing mo-
lybdenum or tungsten; alkali metal and ammonium cations; pyrazole compounds; sug-
ars; gluconic acid and its salts; glycerine; a-glucoheptanoic acid and its salts; and
myoinositol phosphate esters and salts thereof.

Furthermore, in a process according to the invention that includes other steps
than the drying into place on the surface of the metal of a layer of a composition as
described above, it is preferred that none of these other steps include contacting the
surfaces with any composition that contains more than, with increasing preference in
the order given, 1.0, 0.35, 0.10, 0.08, 0.04, 0.02, 0.01, 0.003, 0.001, or 0.0002 % of
hexavalent chromium, except that a final protective coating system including an
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In one embodiment of the invention, it is preferred that the acidic aqueous

composition as noted above be appiied to the metal surface and dried thereon within

- a short time interval. With increasing preference in the order given, the time interval

during which the liquid coating is applied to the metal being treated and dried in place
thereon, when heat is used to accelerate the procéss, is not more than 25, 15, 9, 7, 4,
3, 1.8, 1.0, or 0.7 second (hereinafter often abbreviated "sec"). In order to facilitate
this rapid completion of a process according to this invention, it is often preferred to

.apply the acid aqueous composition used in the invention to a warm metal surface,-

such as one rinsed with hot water after initial cleaning and very shortly before treating
with the aqueous composition according to this invention, and/or to use infrared or mi-
crowave radiant heating and/or convection heating in order to effect very fast drying
of the applied coating. In such an operation, a peak metal temperature in the range
from 30 - 200 ° C, or more preferably from 40 - 90 ° C, would normally be preferred.

In an alternative embodiment, which is equally effective technically and is sat-
isfactory when ample time is available at acceptable economic cost, a composition ac-
cording to this invention may be applied to the metal substrate and allowed to dry at
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 invention appears to depend
predominantly on the total amounts of the active ingredients that are dried in place on
each unit area of the treated surface, and on the nature and ratios of the active ingredi-
ents 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 coating techniques such as roll coaters are used, a relatively small volume
per unit area of a concentrated composition may effectively be used for direct applica-
tion. On the other hand, with some coating equipment, it is equally effective to use
a more dilute acidic aqueous composition to apply a heavier liquid coating that con-

tains about the same amount of active ingredients. As a general guide, it is normally

preferably consists
; tially of, or nore preferably consists of, water and: (A
conmponent of fluoronetallate anions,
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zirconium iron, and strontium preferably at |east 60 % by weight of the %
<t otyal of conponent (B) consisting of cobalt, nickel, nanganese, or
magnesi um nore pref erably of nmanganese, cobalt, or nickel;
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Preferably the amount of composition applied in a process according to this in-

vention is chosen so as to result in a total add-on mass (after drying) in the range -
from S to SO0 milligrams per square meter (hereinafter "mg/m*), more preferably
from 10 to 400 mg/m? or still more preferably from 50 to 300 mg/m? of surface

15 treated. The add-on mass of the protective film formed by a process according to the
invention may be conveniently monitored and controlled by measuring the add-on
weight or mass of the metal atoms in the anioné of component (A) as defined 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 measure-

20 ments generaily involve dissolving the coating from a known area of coated substrate

' and detenninihg the content of the metal of interest in the resulting solution. The total

add-on mass can then be calculated from the known relationship between the amount
of the metal in component (A) and the total mass of the part of the total composition
that remains after drying.

25 In a concentrated acidic aqueous composition to be used according to the in-
vention, either directly as a working composition or as a source of active ingredients
for making up a more dilute working composition, the concentration of component (A)
as described above is preferably from 0.15 to 1.0 M/kg, or more preferably from 0.30
to 0.75 M/kg.

.30 Component (C) as defined above is to be understood as including all of the
following inorganic acids and their salts that may be present in the composition: hy-
pophosphorous acid (H,PO,), orthophosphorous acid (H,PO,), pyrophosphoric acid

i
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(F) . a dissolved oxidizing agent, preferably a peroxy conpound, nore
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Generally, inorganic phosphates, particularly orthophosphates, phosphites,
hypophosphites, and/or pyrophosphates, especially orthophosphates, are preferred for
component (C) because they are more economical. Phosphonates are also suitable and

10 may be advantageous for use with very hard water, because the phosphonates are more
effective chelating agents for calcium ions. Acids and their salts in which
phosphorous has a valence less than five may be less stable than the others to.
oxidizing agents and are less preferred in compositions according to the invention that
are to contain oxidizing agents.

15 Component (D) is preferably selected from the group consisting of epoxy
resins, aminoplast (i.e., melamine-formaldehyde and urea-formaldehyde) resins, tan-
nins, phenol-formaldehyde resins, and polyn;ers of vinyl phenol with sufficient
amounts of alkyl- and substituted alkyl-aminomethyl substituents on the phenolic rings
to render the polymer water soluble or dispersible. More preferably, component (D}

20 is selected from epoxy resins and/or, most preferably only from, polymers and/or

) copolymers of one or more y-(N-R'-N-R3-aminomethyl)-4-hydroxy-styrenes, where y
=2, 3, 5, or 6, R! represents an alkyl group containing from 1 to 4 carbon atoms,
preferably a methyl group, and R? represents a substituent group conforming to the
general formula H{CHOH),CH,-, where n is an integer from 1 to 7, preferably from

25 3to0 5. The average molecular weight of these polymers preferably is within the range
from 700 to 70,000, or more preferably from 3,000 to 20,000. The concentration of
component (D) in a concentrated composition is preferably from 1.0 to 10 %, or more
preferably from 4.5 - 7.5 %.

If used, component (F) préferably is present in a working composition accord-

30 ing to this invention in a an amount to provide a concentration of oxidizing
equivalents per liter of composition that is equal to that of a composition containing
from 0.5 to 15, or more preferably from 1.0 to 9.0 % of hydrogen peroxide. (The
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4 corresponding acids, thereby al so providing sonme, and usually all, of
thel required acidity for conponent (E). Also, if the acidity of the
conposition is sufficiently high and the substrate that is contacted with
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to a process of the invention are also within the scope of the Invention.
Descri pti on dbore areans bat thesempesitignscontaining the material does not suffer any visually

detectable settling or separation into distinct liquid phases when stored for a period

10 of 100, or more preferably 1000, hours at 25° C. Materials for component (G) may
be prepared by adding one or more metallic and/or metalloid elements or their oxides,
hydroxides, and/or carbonates to an aqueous composition containing all or part of .
component (A). A spontaneous chemical reaction normally ensues, converting the
added element, oxide, hydroxide, or carbonate into a soluble species. The reaction to

15 form this soluble species can be accelerated by use of heat and stirring or other agita-
tion of the composition. The formation of the soluble species is also aided by the
presence in the composition of suitable com;ﬁ'exing ligands, such as peroxide and
fluoride. Preferably the amount of component (G) when used in a concentrate compo-
sition is not greater than that formed by addition, with increasing preference in the or-

20 der given, of up to 50, 20, 12, 8, 5, or 4 parts per thousand, based on the ultimate tot-

) al mass of the concentrate composition, of the metallic or inetalloid element or its sto-
ichiometric. equivalent in an oxide, hydroxide, or carbonate, to the concentrate
composition. Independently, the amount of component (G) when used in a concentrate

- composition preferably is at least as great as that formed by addition, with increasing

25 preference in the order given, of at least 0.1, 0.20, 0.50, or 1.0 parts per thousand,
based on the ultimate total mass of the concentrate composition, of the metallic or
metalloid element or its stoichiometric equivalent in an oxide, hydroxide, or carbonate,
to the concentrate composition.

A working composition according to the invention may be applied to a metal

30 workpiece and dried thereon by any convenient method, several of which will be read-
ily apparent to those skilled in the art. For example, coating the metal with a liquid
film may be accomplished by immersing the surface in a container of the liquid com-

e
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For a variety of reasons, it is preferred that conpositions according to
thetin- vention as defined above should be substantially free from many
i ngredients used in conpositions for simlar purposes in the prior art.
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10 stock, application by a roller set in any of several conventional arrangements, followed
by drying in a separate stage, is generally preferred. The temperature during applica-
tion of the liquid composition may be any temperature within the liquid range of the_
composition, although for convenience and economy in application by roller coating,
normal room temperature, i.e., from 20 - 30 ° C, is usually preferred. In most cases

15 for continuous processing of coils, rapid operation is favored, and in such cases drying
by infrared radiative heating, to produce a peak metal temperature in the range already
given above, is generally preferred.

Alternatively, particularly if the shape of the substrate is not suitable for roll
coating, a composition may be sprayed onto the surface of the substrate and allowed

20 to dry in place; such cyclés can be repeated as often as needed until the desired thick-

- ness of coating, generally measured in mg/m?, is achieved. For this type of operation,
it is preferred 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, or still more preferably from 30 to 90 ° C.

25 Preferably, the metal surface to be treated according to the invention is first
cleaned of any contaminants, particularly organic contaminants and foreign metal fines
and/or inclusions. Such cleaning may be accomplished by methods known to those
skilled in the art and adapted to the particular type of metal substrate to be treated.
For example, for galvanized steel surfaces, the substrate is most preferably cleaned

30 with a conventional hot alkaline cleaner, 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, then rinsed in hot water, then, optionally, contact-

-
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5 organic binder, nore particularly those including a priner coat, may
inc/Ude hexaval - ent chronmiumas a constituent. Any such hexaval ent
chromumin the protective coat- ing is generally adequately confined by

t he organi c binder, so as to avoid adverse en- vironnental inpact.

I n one enbodi nent of the invention, it is preferred that the acidic agueous

conposi tion as, noted above be, lied to the netal  surface,and dried
Uher eon wi t hi §8 Wilbiedeitpliins i BRse, Beforg being reecied Mitbnacis aqeans ¢pmange
order given, §ikignta @Bscribe@®abdVe, duri ng which the liquid coating is applied

to the netal being treated and dried in ﬂl ace thereon, when heat is used to
accel erate the prodbednventiomis particulariyh well 28apted to Jreating surfaces tha@ arg to beor

Chis rapd conieudRahy dpiid oo R08d BY Bhfine, Grbehuonal oFfl, plolbetF obldel? .,
preferred to gsyuhlas gaiit, R6quér,amdaRe ke OVERQBe §urfite preduced byhfeatridit Ateording0 2

warm netal surface, such as one rinsed with hot water after initial
cl eani ng and Y:te iBYRAONy before treating

The practice of this invention may be further appreciated by consideration of
the following, non-limiting, working examples, and the benefits of the invention may
be further appreciated by reference to the comparison examples.

10 Preparation and Composition of Concentrates

The compositions of concentrates are given in Tables 1 and 2. The polymer
of substituted vinyl phenol used as component (D) in most of the exampies was made.
adcording to the directions of column 11 lines 39 - 52 of U. S. Patent 4,963,596. The
solution contained 30 % of the solid polymer, with the balance water. This solution

15 is identified below as "Aminomethyl substituted polyvinyl phenol”. RIX 95928 epoxy
resin di_spersion from Rhﬁhe-_Poulenc, which was used alternatively as component (D)
iq these examples, is described by its supplierl' as a dispersion of polymers of pre-
dominantly diglyéidyl ethers of bisphenol-A, in which some of the epoxide groups
have been converted to hydroxy groups and the polymer molecules are phosphate

20 capped. The concentrates were prepared generally by adding the acidic ingredients

) to most of the water required, then dissolving the metallic and/or metallic salt or oxide
ingredients with manganese(II) oxide being added last among these ingredients if used,

I
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wi t h_t.he aqueous conposition according to this invention, and/or to use
infriared or m- crowave radi ant heating and/ or convection heating in order
to effect very fast drying of the applied coating. In such an operation, a
peak netal tenperature in the range from30 - 200 C, or nore preferably

from40 - 90 [err] C, would normally be preferred. In an
alternative enbodl rrent which is equally effective technically and is sat-
i sfactory jnen ) fi'fE S v al at joceenran e reopomc cost, a
conpositio co*di ng jo thig i verticnrra bg applipd o t he netal
substrate P \%dgagl " ft terrperature ngt cepdiflg 40[err] C In
such a casg 5 np phrY| cul ar dyantfage tq fapst Hryiing.
The effect a [reht ngpnt ormnc To tjhe |l nvent onjappears to
depend p % whgl® tgi armpunts of |thd ackivp ifgredients that
are dried n eabf¥ bini 1 ealof [the tjregted suf e, and on the
nat ure and the aftiye |ng edif- entd td one apotfjer, rather than
on the con éﬂ & @aﬁ,ldlcg gugoug congosijti ohe | wsdd. Thus, if the
surface to k&l i sla £SMi nlou flat sheet| or co | _Bnd]jlprecisely
controll ab A ng| t efhn} ques uc rql 1 cdatgrs farejusdd, a relatively
smal | volu ¥ oalnied | /L Pae pf nc&ntrated conp§ ti pn fray effectively
be used fof ®i ‘ &pﬁ‘l’ & & t|<)m On |t hg ot hqgr hand, W t hfsone coati ng
equi pnent , §i Tty e tert fro—yse a—tor-g—cute—adi di ¢ aqueous
conpositiophd ’ g 2oh /i(§ I cgid ¢oatli@g tlhat] con- tlns about the
same amounj Bf kv 1?3 bnt $.°"As 4 g4nTral|l gdidel, if igd normally
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6 preferable Wi th increasing preference in the order grvén. if the
wor Ki'ng conposi tion has a concentration of at |east 0.010x0sfd@as BeeOR lacesy
0.032 gram nol es per Kkilogramof total composition (herein of
conponent (A), at least 0.015, 0.030, 0.038, or 0.045 in gr ? ai“
phosphorus per kil ogram (hereinafter often abbreviated as

conponent (C), and at least 0.10, 0.20, 0.26, or 0.35, %of solids from
conmponent (D). Working conpositions containing up to fromfive to ten tines
t hese anmounts of active ingredients are also generally fully practical to

use, particularly when coating control is %recise enough to neter
rel ativel ygFrnifn '] s o rkfng cpnpdsiii orf ontd tal surface
to be treajed ] -
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I nvent, on. Preferably the anmount of conposition applied in a
process according to this in- vention is chosen so as to result in a total
add-on mass (after drying) in the range from5 to 500 m|ligrans per
square neter (hereinatter "ng/nferr]"”), nore preferably from 10 to 400
ng/nmerr], or still nore preferably from50 to 300 ng/nferr], of surface

treated. The add-on mass Qf fhe protective . fil.mforned. b ocess
hccor ding 1o D the AUEBR i thiTgiuR a8cni, e st if nsedh P A IR R BR BNy by
measuring thejpgldgon weight or mass of the netal atons in the anions of

conponent (A) as defined above. The anpunt of these nmetal atons may be
measured by any of Theveetallic sinrandriranonnied asipart of sarae compositionsds Tablesrl and

t hose skill ed,i he. ar he t reljabl asure- nments.generally

i nvol ve di ssoPvitHty TR the a6 ermpRete e JoRIF ARG TR antbarh S IRERPen (Al
det er m nigng t Ryhileohé 8ahaddbm toxede &Ridesilied notBd Q5 @dted Th tHeCtabRS4tk tallBelR0éd td ON.
The total add-on mass can then be calculated fromthe known rel ationship

bet ween the af@Aght Withf parh ©f nibe aflugtitanie ngric cand/or Ahydregen rperaxides |to neanstiwge t he
art of the t il t r ' ' . a
Eoncent rated géﬁ’h?%ﬁi%?%ﬁp%s&i Oﬂ%@é,&%&d@%@rﬁ& %xgld? 8“‘% H%drll)gqn
vention, eithgerokideearel added ta Concéaitrage Compositidn Onashewn in ;mmecnhanfa peiht ve
Concent r at | on WHeAdBBRHEAOMpRsiTon Srcady Son AR fuaRATeS Fa DHSPRRTIRACIYROSAOD
15 to 1.Q MK f ‘ : < ch.
) Qna.n%a%tﬁ@(gg cfigcgéﬂfequﬁlré ﬁ%galgﬁﬁxd fotfls 2 sdatidh Flﬁt is reddllsﬁx bg*wq he

Conmponent (C) as ve IS to rstood as 1 ncluding a
in color, the known color of some vanadium complexes containing a peroxygen ligand.

After the manganese(II) oxide is added, there is a vigorous evolution of a gas believed _
to be oxygen, and the solution becomes green. Addition of even small quantities of -
hydrogen peroxide to such a solution regenerates a red-brown color.
15 Preparation of Working Compogitions from the Concentrates
Preparation was by diluting the concentrates with deionized water and, in some
cases, adding additional ingredients. Details are given in Table 3. Composition 18
is not according to the invention when prepared, because it lacks component (B).
However, when this composition is applied to cold rolled steel, reactive dissolution
20 of the steel is so vigorous that enough iron 1s dissolved into the working composition
- to cause it to function according to the invention.
General Process Conditions and Test Methods
Test pieces of cold rolled steel were spray cleaned for 15 seconds at 60° C
with an aqueous cleaner containing 22 g/L. of PARCO® CLEANER 338 (commercial-
2% ly available from the Parker+Amchem Division of Henkel Corp., Madison Heights,
Michigan, USA). After cleaning, the panels were rinsed with hot water, squeegeed,
and dried before roll coating with an acidic aqueous composition as described for the
individual examples and comparison examples below. This applied liquid was flash
dried in an infrared oven that produces approximately 50° C peak metal temperature.
30 The mass per unit area of the coating was determined on samples at this point

in the process by dissolving the coating in aqueous hydrochloric acid and determin-

[
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A .

fol‘l oW ng inorganic acids and their salts that may be present
pophosphorous acid (Herr]PJerr]),

eonposi tion:

hy-

acid (Herr]PJerr]),
7 (H4P[err](err]),
acid (Herr]P[err]derr]),

the formula Herr]Plerr]Jerr],

3. Conponent

conposition,
0.30 to 0.75

aI SO i ncl uds _A ]
concentrated |}

pyr ophosphoric acid

ron,

phi t es,

ort hophosphoric acid (HPJerr]),

entr at |

Ceneral ly,

in the

or t hophosphor ous

tripol yphosphoric

) on nmponen
rgﬁW‘? 'f?‘%?ﬁ"é“&g“!‘tl’%i@'!\&ff kg, or nore preferably

I nor gani ¢ phosphat es,

and further condensed phosphoric acids having
where x is a positive integer greater than
: h% aC| ds and their alts

In a

particul g

48 % HF
in Water
1 34
2 166 4
3 166 34
4 172 28
5 172 28
6 172 28
7 172 28
8 172 28
9 172 28
10 166 34 10
11 166 34 10
12 166 34 10
13 166 34
14 166 34 10
15 166 34 10
16 166 34 10
17a 171 29 8.5 0.77
175 17 29 85 0.85
18 171 30 8.8
...Table continued on next page...
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hypophosphltes and/ or pyrophosphates, especially orthophosphates, are
'preferred for conponent (C) because they are nore econom cal. Phosphonates
are also suitable and may be advantageous for use with very hard water,
because the phosphonates are nore effective chelating agents for cal cium
lons. Acids and their salts in which phosphorous has a val ence | ess than
five may be Iess stabIe than the others to. OXIdIZIng agents and are | ess
Pam@bmm C@B’qulﬂfm%ﬁer abI y sel ect ed fromt |
group consi st nging gpoxy resins, am noplast (i.e., melam ne-formalde
and urea-forng ge) resins, tan- nins, phenol-fornal dehyde resins,
pol ymers of Vi ngitiamhejnol with sufficient anounts of alkyl- and substij
al kyl - am nomef hyggsublst i t uents on the phenolic rings to render the pg
wat er sol ubl e ersi ble. Mre preferabl Y, corrponent (D) is seled
from epoxy repi :
copol yners of
y-(N-Rerr]-
or 6, R reprg
preferably a
conformng to

"Déon- Concen- 30 % 75 % l-Hy- 48 %

R IRty kpaté - HY H,0% In § MIPTS | Vdidke- Y| i Wates.
Wakedl laroup cqniyiighien frﬁgn “lt o @pearpon at ons

group, and R err]j represgnt bs}b\ﬁin group

t hd®€ geheral fdrrmul a H(ICHOH) [ erfr ] errf - ere n is an
integer fromj tNum- preferably from{ 3 to 5.| The ave ra?é | pcul ar wef ght
of these poly is withijn the range -frdm P88t o} 70, 000,

nore preferabjy fromB, 000 tg 20, 000.] The con entratiorPllﬂ;‘“ccanponent
in a concentrfted co hosition i s preflerably ffom 1.0 o8ty pr nore

173 28
170 30
166 34
166 34
166 34

21a
21b
21c

0.5
1.0

Notes for Table 3

§ The concentrate used for each working composition had the same number as
§ the numeric part of the number of the working composition. Blanks indicate |

none of the noted ingredient in the working composition in question, and there |
1 were no other ingredients added to the working composition at the time of its ‘
| contact with the substrate to be treated. Compositions 21a - 21c are compari-
son examples.

ing the titanium content in the resulting solution by inductively coupled plasma spec-
troscopy, which measures the quantity of a specified element.

- After drying, the panels were normally coated with a conventional paint or
paint system according to the manufacturer’s directions. The following paint systems,

5 and identifiers for them in the subsequent tables, were used:

High Reflectance White Polyester Paint 408-1-W-249 from Specialty Coatings Com-
pany, Inc. - Designated "A".
60 G Metalux Black Polyester Paint 408-1-K-247 from Specialty Coatings Company,

Inc. - Designated "B". _—
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If used component (F) preferably is present in a working conposition

accerd- ing to this invention in a an anount to provide a concentration
of . oxi di zi ng equi val ents per liter of conposition that is equal to that
of a conposi tion:centaining fromO0.5 to 15, or nore preferably from1.0

to 9.0 %of hydrogen peroxi de. (The

8 term"oxidizing equivalent" as used herein is to be understood as equal
to the number8X3 WiiteoRaiat 408rd- Wi fromy iSpecialty Goatings) Gompaayt Ingei-ght
in grans of t SM .ng agent. The equival ent weight of the oxidizing
agent is the 3 ecul ar wei ght of the agent divided by the change in

val ency of all at oTsBend téseowere heording WhAnkricitSetsety forTestngbarerialsheeimcul e
act S. as an OXI dl ZI nSql'Mg)eMetholclelgglusy 83; tlrxlrlxpsac{ %ests were according to ASTM Method
5 D2794-84E1 with 140 inch-pounds of impact force; and Salt Spray tests were accord-
ing to ASTM Method B-117-90 Standard for 168 hours, with scribe creepage values
reported.
Control (A type of Comparative Example)
The composition used here was made from BONDERITE™ 1402W, a chrom-
10 ium containing dry-in-place treatment that is commefcially available from Par-
ker+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 examples.

Results of the "Control”, the working examples,' and the other comparison ex-
15 amples are shown in Table 4. Most examples according to the invention produced test
results as good or better than the "Control" with hexavalent chromium in every re-

spect.
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A

only one el enment, such as oxygen in hydrogen peroxide.)

“stabilized against settling” in the description of conponent (G above

does not suffer any

i quid phases when

stored for a period of 100, or nore preferably 1000, hours at 25[err]C
di

means that the conposition containing the nmateri al
visually detectable settling or separation into distinct

Materi al s

The term

_nore netallic

. red
and/ or net} 5, carponates to
an aqueoud} co pa A
spont aneous NSl
el ement, ap b
reaction tp f h b heat and
stirring g afalS t he
sol ubl e sp 5en
sui tabl e gpnp D b Hlefeyably the
anount of DITC [ S not
greater thf addj t i ith &fn the or-
der given,} 2T 815 or 4 based on t he
ultimat e tf g concehtrhatelco lic or
met al | oi d | xhm2|i2 3
hydr oxi de, he| cohceptr pte ) hdent |y,

t he anmount} of Feefpenet rRef—tE-ea---a—6ohré | on

pr ef er abl yj eat| g qu or ncreasi ng
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netal l,oid el enent or its stoichionetric equivalent in an oxide, hydroxide,
or carbonat e, to the concentrate conposition. A wor ki ng
conposition according to the invention my be applied to a netal

wor kpi ece and driredrthereon by any conveni ent nethod, several of which wll
be read- ily apparent to those skilled in the art. For exanple, coating

the netal_with a liquid filmmy be acconplished by i nmersing the surface
e S T T | S R T e S S R
in a contjal ) $ quijd d¢omy £
REPLACE = a posi §i on,
sprayi ng Jt hel cojrgdsi §iOn o1 TheTquf|at, coalnlgghe sglrfac-eb“)'/passi git
be- 5 ol ~| || o & XS of =
g
ol & ejielelelele ) o =} ol o
E — p— -y — — pu— ey —
El =
2
Y ;
[} H
L] a\
Elcgl & 2222l (= [= |2 |gf=
el &
E‘ <+| tfwv] o] | n . Lol ol ]
a 1 t [} [ ] NE ::"él- '_éi- ] Y
Al o] | | 0| 2| w»n - S PSPl ale
@ cleleleielel |2 |2 |2 |22
£
g. <
175) =
b | O
E 2la12l2l2lel |2 (2 |2 |e]lglx
(-™ o
Z
I IR 3 ot S P
L] ] l_ 4 1 L ] t L] ] ) ]
] < (-] ot —t —t —t o o O E g — —
E
z| §
HE: 2i2elelelelele |2 |2 |gls
=
3|18
S| R
| &
. .
! » b= S B B BB B = = " al o
{ 8 > |l ]| ]| n] ] — — 1= | — !
i |
B0 a o B
€282 ls|sls|z|s|s|sls |2 |2 ||| &
Q<=E [y
| o |
2 )
BO ont he B
| 5E=S § = =S| E|®R]2|R|3 |3 |s |E|l=E 1
238 =z 3| S =

This Sheet Has Been RTlaced

) AT




tween ,upper and lower rollers with the lower roller inrersed in a container
of tthe li- quid conposition, and the like, or by a mixture of nethods.

Excessive amounts of the |iquid conposition tT@L_m;dgbj,OUEu\ﬂ'—S_e_ remai n on

the surface prior tro drying may be renoved before dryi ng by any conveni ent

met hod, such as drai nage under the influ- ence ] E ﬁegees,

passi ng bet ween r oThs jnventiont tleimedkis: Dryi ng al %ﬂ'\lﬂ“m;mmm W i'shed by any
conveni ent nethod, such as a hot air oven, exposure tb ithfr%a-r‘ed radiation,

m crowave heaCLAIMSnd the |ike. For flat and particularly
continuous flat workpieces such as sheet and coil stock, application by a

roller set intany ah sgesisdiquid domposiGnforardaling snetat Surfaced, saideebmpbgitidnyi Ng
in a separate stage, is generally preferred. The tenperature during

applica- ti ofonsistingesseptialiyofcwapoand:i on nay be any tenperature within the

i quid range th | B I ' . €C0 I n
apgl I cat i%og bgA)r ol Flelre‘i%gg;)? ;édng',lg no néaﬂl??g@ﬁ{)@%ﬁ%g ?g‘*%g‘?@,%ﬁ?'g%ﬁb%%%f- 30
[e_rlr] C i _sdusual I ya_iqblanibﬁs?mﬂisﬁhg oﬁ(isgt mebu%ﬂﬁﬁﬁmﬂgin@}l@i)&t Eam%ﬁsdtmd‘)f
coils, rapid operatjion is favored,, and in such cases drying ., by infrare
radi ative heating, 0*. G“p"flgﬂffﬁeseiecﬁféaﬁ"’ﬁ’ef’&ﬂ ﬁ@ﬁpﬁ‘?‘&!@ﬂ&_‘%’fﬂug’ﬂm’aﬁg@nwmeady
given above, is gepghii SilkoR! Abmithm, and boron, O{Sété%%ﬂy,eﬂciﬂ) joRable GydRy-| ¥

if the shape of the substrate I's not suitable oatlng, a
conposi ti on may begepatemsdanshyoptiodallys (iv) emecomihordhexygehstoms;e and al | owed

dosi rod Bhi kD) nBEOmBINRIS 2f SAIeRs oh GRS S3iois o8 cletaenty fecsrd RgEy ey o
For this type of Opmupldonsisting éfi cdbaltPmasmishusl hifganth ARRRkel Whecpet,ne
metal substrate surface during application of
: zirconium, iron, and strontium in such an amount that the ratio of the total -
number of cations of this component to the number of anions in component
(A) is at least about 1:5 but not greater than about 3:1; o
15 (C)  at least about 0.15 My/kg of a component selected from the group consisting
of phosphorus-containing inorganic oxyanions and phosphonate anions; and
(D)  at least about 1.0 % of a component sélected from the group consisting of
water-soluble and water-dispersible organic polymers and polymer-forming
resins, the amount of this component also being such that the ratio of the sol-
2 ids content of the organic polymers and polymer-forming resins in the compo-
sition to the solids content of corﬁponent (A) is within the range from about
1:2 to 3:1; and
(E). acidity; and, optionally,
(F)  a dissolved oxidizing agent; and, optionally,
2 (G)  acomponent selected from dissolved or dispersed complexes stabilized against
settling, said complexes resulting from reaction between part of component (A)
and one or more materials selected from the group consisting of metallic and
metalloid elements and the oxides, hydroxides, and carbonates of these metallic
or metalloid elements to produce a reaction product other than one which

20 exists in solution as part of component (B).
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t he \;\prki ng conposition be in the range from20 to 300, nore preferably

frofi'30 to 100, or still more preferably from 30 to a&nm"”m“ L <

Preferably, the netal surface to be treated according
first cl eaned .of;rany contam nants, particularly organit contan®naht s* and
foreign netal fines and/ or inclusions. Such cleaning may be acconplished

by methods kpown AQoidiRsition aéddrding o cRih g vi}fel'exﬁ @Qmﬂgﬁ’d?ﬁ eA) is%elé%&d from

parti cul ar Sg;pe of metal substraté to be freated For exanpl e,
gal vani zed stleasitanate mutﬁgomwt@ anjons; at bas@m%sqf qemponent(By ls:wwromw th

a convention hot al n t he hot geed,
and dri ed. ‘%ﬁ&%ﬂ “d’ﬁ? &t‘%bag&ﬁ{’k&b %ngag ’F@a‘f‘@éf S aﬁ&éﬁe’?ﬁﬁﬁyﬁﬂg
first contacfofd nihiber of Catiofs v ihis Eondponeat toathE auimber 6f aﬁomn doRfponeat(@d i n
hot water, then, optionall { cont act -

REPLACENENT isratfeast about 1:5 but not greater than about 5:2; component (C) is selected from
orthophosphate, phosphite, hypophosphite, phosphonate and pyrophosphate anions;
component (D) is selected from the group consisting of epoxy resins, aminoplast
resins, tannins, phenol-formaldehyde resins, and polymers of vinyl phenol with
sufficient amounts of alkyl- and substituted alkyl-aminomethyl substituents on the

10 phenolic rings to render the polymer water soluble or dispersible to the extent of at
least 1 %; and the amount of component (D) is such that the ratio of the solids content
of the organic polymers and polymer-forming resins in the composition to the solids
content of component (A) is within the range from about 0.75:1.0 to 1.9:1.

:

3. A composition according to claim 2, wherein component (A) is made up of flu-
15 otitanate anions; at least 60 % of component (B) is selected from the group consisting
of cobalt, nickel, and manganese, and the rzitio of the total number of cations of this
component to the number of anions in component (A) is at least about 1:3 but not
greater than about '10:7; the amount of component (C) is from about 0.30 to 0.75
My/kg; component (D) is selected from the group consisting of epoxy resins and poly-
20 mers and copolymers of one or more y-(N-R'-N-R%-aminomethyl)-4-hydroxy-styrenes,
- where y = 2, 3, 5, or 6, R! represents an 'alkyl group containing from 1 to 4 carbon
atoms, and R? represents a substituent group conforming to the general formula
H(CHOH),CH,-, where n is an integer from 1 to 7, the substituted styrene polymers
having an average molecular weight within the range from 700 to 70,000; the concen-
25 tration of component (D) is from about 4.5 to about 7.5 %; and the amount of
component (D) is such that the ratio of the solids content of the organic polymers and
polymer-forming resins in the composition to the solids content of component (A) is

within the range from about 0.90:1.0 to 1.6:1.

—_—
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10 ed with a neutralizing acid rinse, before being d wth an acid
‘aquUEBUs conpo- sition as described above. - Th%@iﬂﬂaﬂhmﬂylﬁuuﬂ
particularly well adapted to treating surfaces that ¢ O] s dguent | y
further protected hy .applying conventional organic protective coatings such
as paint, lacquer, and the |Iike over the surface produced by treatnent
accordi ng to4t he iNpfitessfor treating a metald SuificR( did Hroédess borplising Slepoof:nay be
further appreciated by consideration of the followng, non-limtin

wor ki ng examiPes, caing the metpdrsurfaceoithna snbﬁmﬁaﬂlanumégmbeomgt%ﬂiquid
appreci ated by refcg{nﬁgglgpbgomn%mﬁhﬁp&,exanpl es. Preparation and
es

Conposition of Concentra € ‘cohpositions of concentrates are

given in Tables 1 (A)d 2 cobiponemt ofrflworométaliate ahions, eath \of 33id anfonsaonsisting as
conponent (D) in nost of

t he exappl es was nade ., according to the djrections
of Golurfh 11 1ines 39 -OFD abdeast for %m%emmﬁeés,@ﬁwt? atoghpf a1} glgment
contained 30 % of the | JordM 2 ; t iGh. hafkQhl | on
is identified bel ow asssekﬁqegg?néar%‘@f %‘mﬁs{:’? L ut 'e‘g%foi yw“‘r%@lﬁgﬁgno URX
95928 epoxy resin di spiiconpaluminum,Rnfl dordm endcnpitionally, (#ii)donizable hydrogen

alternatively as conmponent (D) in these.exanples, is described by its
supplier as a dispersi &20‘8% aﬂh1 W@ﬂhil‘gg"@? FIOFE PXXEEN AQMS} y ci dyl et hers
of bisphenol - A, i ngyhi & cafifiShent of Wbvakit® or detr&Nfaliti Scations of elements selected

10 from the group consisting of cobalt, magnesium, manganese, zinc, nick-

el, tin, copper, zirconium, iron, and strontium in such an amount that:
the ratio of the total number of cations of this component to the
number of anions in component (A) is at least about 1:5 but not greater
than about 3:1;

15 (C) a component selected from the group consisting of phosphorus-

| containing inorganic oxyanions and phosphonate anions; and

()] a component selécted from the gmup consisting of water-soluble and
water-dispersible organic polymers and polymer-forming resins; and

(E) sufficient acidity to provide a pH value for the composition within the

2 range of about 0.5 to about 5.0; and, optionally,

(F) a dissolved oxidizing agent: and, optionally,

(G) acomponent selected from dissolved or dispersed complexes stabilized
against settling, said complexes resulting from reaction between part of
component (A) and one or more materials selected from the group con-

25 sisting of metallic and metalloid elements and the oxides, hydroxides,
and carbonates of these metallic or metalloid elements to produce a re-
action product other than one which exists in s‘olution as part of com-
ponent (B);

and

30 (II)  drying into place on the surface of the metal the coating applied in step (II),
without intermediate rinsing,

2i " This Sheet Has BeenRe‘ilaced

TN




have been converted to hydroxy groups and the pol ynmer
capped. The concentrates were prepared gene
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acidic ingredients to nost of the water required, then ! *
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metallic and/or metal kic salt or oxide ingredients with manganese(ll)
oxi de bei ng aéided 'IA‘ast anong these ingredients if used
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process according to claim 4, wherein, in the liquid composition coated in
step (T), the concentration of component (A) is at least about 0.010 M/kg; the ratio of
the total number of cations of component (B) to the number of anions in component
(A) is at least about 1:5 but not greater than about 3:1; the concentration of compon-
ent (C) is at least about 0.015 M/kg; and the concentration of component (D) is at
least about 0.10 %. |

6. A process according to claim 5, wherein, in the liquid composition coated in
step (I), component (A) is selected from fluotitanate and fluozirconate anions and the
concentration of component (A) is at least about 0.020 M/kg; at least 60 % of com-
ponent (B) is selected from the group consisting of cobalt, nickel, manganese, and
magnesium, and the ratio of the total number of cations of this component to the

number of anions in component (A) is at least about 1:3 but not greater than about

5:2; component (C) is selected from orthophosphate, phosphite, hypophosphite,-

phosphonate and pyrophosphate anions, and the concentration of component (C) is at
least about 0.030 My/kg; component (D) is selected from the group consisting of
epoxy resins, aminoplast resins, tannins, phenol-formaldehyde resins, and polymers of
vinyl phenol with sufficient amounts of alkyl- and substituted alkyl-aminomethyl
substituents on the phenolic rings to rendér the polymer water soluble or dispersible
to the extent of at least 1 %; the amount of component (D) is such ﬁxat the ratio of
the solids content of the organic polymers and polymer-forming resins in the composi-
tion to the solids content of component-(A) is within the range from about 1:2 to
3.0:1.0; and the concentration of component (D) is at least about 0.20 %.
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7. A process according to claim 6, wherein, in the liquid composition coated in

¢ ¥

step (I), the concentration of component (A) is at least about 0.026 M/kg; component
(B) is selected from the group consisting of cobalt, nickel, and manganese and the ra-
tio of the total number of cations of this component to the number of anions in com-
5 ponent (A) is at least about 1:3 but not greater than about 10:7; the concentration of
component (C) is at least about 0.0380 M. /kg; component (D) is selected from the
group consisting of epoxy resins and polymers and copolymers of one or more y-(N-
R'-N-R*-aminomethy})-4-hydroxy-styrenes, where y = 2, 3, 5, or 6, R! represents an
alkyl group containing from 1 to 4 carbon atoms, and R? represents a substituent group.
10 conforming to the general formula H(CHOH),CH,-, where n is an integer from 1 to
7, the substituted styrene polymers having an average molecular weight within the
range from 700 to 70,000, and the amount of component (D) is such that the ratio of
the solids content of the organic polymers and polymer-forming resins in the composi-
tion to the solids content of component (A) is within the range from about 0.75:1.0
15 to 1.9:1.0; and the concentration of component (D) is at least about 0.26 %.

8. A process according to claim 7, wherein, in the liquid composition coated in

' stép (D, the concentration of component (A) is.\at least about 0.032 M/kg; the ratio of

the total number of cations of component (B) to the number of anions in component

(A) is At least about 2:5 but not greater than about 5:4; the concentration of

20 component (C) is at least about 0.045 My/kg; component (D) is selected from the

group consisiing of polymers and copolymers of one or more y-(N-R'-N-R*amino-

methyl)—4—hydroxy—styrenés, where y =2, 3, 5, or 6, R' represents a methyl group, and

R? represents a substituent group conforming to the general formula H(CHOH),CH,-,

where n is an integer from 4 to 6, the substituted styrene polymers having an average

2 molecular weight within the range from 3,000 to 20,000, and the amount of compon-

ent (D) is such that the ratio of the solids content of the organic polymers and

polymer-forming resins in the composition to the solids content of component (A) is

within the range from about 0.90:1.0 to about 1.6:1.0; and the concentration of
component (D) is at least about 0.35 %.

‘\
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9. A process according to claim 8, wherein, in the liquid composition coated in
step (I), the ratio of the total number of cations of component (B) to the number of
anions in component (A) is at least about 2:5 but not greater than about 1.1:1.0; and
the amount of component (D) is such that the ratio of the solids content of the organic

€ ¥ o«

polymers and polymer-forming resins in the composition to the solids content of
component (A) is within the range from about 1.07:1.0 to about 1.47:1.0.

10. A process according to claim 9, wherein the metal coated is cold rolled steel
and amount of coating added-on at the end of step (B) of the process is within the
range from 50 - 300 mg/m?

11. A process according to claim 8, wherein the metal coated is cold rolled steel
and amount of coating added-on at the end of step (B) of the process is within the
range from 50 - 300 mg/m?

12. A process according to claim 7, wherein the metal coated is cold rolled steel
and amount of coating added-on at the end of step (B) of the process is within the
range from 50 - 300 mg/m?.

13. A process according to claim 6, wherein the metal coated is cold rolled steel
and amount of coating added-on at the end of step (B) of the process is within the
range from 10 - 400 mg/m>

14. A process according to claim 5, wherein the metal coated is cold rolled steel
and amount of coating added-on at the end of step (B) of the process is within the
range from 10 - 400 mg/m?

15. A process according to claim 4, wherein the metal coated is cold rolled steel
and amount of coating added-on at the end of step (B) of the process is within the
range from 5 - 500 mg/m> '

16. A process according to claim 14, comprising additional steps of conventionally
cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic binder.

_—
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17. A process according to claim 13, comprising additional steps of conventionally
cleaning the metal to be treated before step (A) and coating the treated metal surface

N

after step (B) with a conventional protective coating containing an organic binder.

18. A process according to claim 12, comprising additional steps of conventionally
cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic' binder.

19. A process according to claim 11, comprising additional steps of conventionally
cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic binder.

20. A process according to claim 10, comprising additional steps of conventioz:ally
cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protecti\ie coating containing an organic binder. -

_—
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Abstract of the Disclosure

A chromium free conversion coating at least equivalent in corrosion protective
quality to conventional chromate conversion coatings can be formed on metals, partic-
ularly cold rolled steel, by a dry-in-place aqueous acidic liquid comprising:

5 (A) a component of anions, each of said anions consisting 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) ionizable hydrogen atoms, and, optionally, (iv) one or more oxygen atoms;

(B) a component of cations of elements selected from the group cons:stmg of
10 cobalt, magnesium, manganese, zinc, mckel tin, zirconium, iron, 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 1:5;
(C) sufficient free acid to give the composition a pH in the range from 0.5 to 5.0; .
(D) a component selected from the group consisting of phosphorus-containing
15 inorganic oxyanions and phosphonate anions; and
(E) - a component selected from the group consisting of water-soluble and water-
dispersible organic polymers and polymer-forming resins.

-
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13 then the organic filmforming agents, then silica if used, and finally
hydr ogen peroxide if used. The netallic tin and iron noted as part
af sone conpositions in Tables 1 and 2 react with the acid constituents to
yield cations that are part of conponent (A), while the vanadi um oxi de and
silica noted as added in the table are all believed to react with part of
the fluotitanic acid and/or hydrogen peroxide to constitute conponent (Q
as defined above. For exanple, when vanadi um oxi de and hydrogen peroxide
are added to Concentrate Oorrp05|t|‘on 9 as shown in Table 1, at a point when

the partial composition already contains fluotitanic and phosphorl c acids
but not manganese(l1) X1 d%p?ﬁ RervipNuRaRETSSols@s apd forns a sol ution
that is reddish-brown. ji pyegl Qf’,mhhﬁa Qy\mgcgi,mi (rf sone vanadi um conpl exes
cont ai ni ng a peroxygen il @@@ ..... ) oxide is added,
there is a vigorous ev I (SZ b.g_l.* & t_g‘bP oxygen, and the

sol uti on becones green. f. %n,‘s[gaﬁ Quantities of hydrogen
peroxi de to such a soli | egener sa're %rdii\)r'l col or. Preparation of
Wor ki ng Conpositions frjomthe Ooncentrate Pf epar ati on was by

di | uting the concent r atePHFE HOHRGRERI M?er and..in sone

COMPOSITION AND PROCESS FOR TREATING METALS

BACKGROUND OF THE INVENTION
Field of the Invention

This invention relates to compositions and processes for treating metal surfaces
with acidic aqueous compositions for forming conversion coatings on the metals; the
conversion coatings provide excellent bases for subsequent painting. The invention
is well suited to treating iron and steel, galvanized iron and steel, zinc and those of
its alloys that contain at least 50 atomic percent zinc, and aluminum and its alloys that
contain at least SO atomic percent aluminum. Preferably the surface treated is predom- |
inantly ferrous; most preferably the surface treated is cold rolled steel.

Statement of Related Art

A very wide variety of materials have been taught in the prior art for the gen-
eral purposes of the present invention, but most of them contain hexavalent chromium
which is environmentally undesirable. One object of this invention is to avoid any

substantial use of hexavalent chromium and other materials such as ferricyanide that
have been identified as environmentally damaging.

DESCRIPTION OF THE INVENTION

Except in the claims and the operating examples, or where otherwise expressly .
indicated, all numerical quantities 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 scope of the invention. Praclice within the numeri-
cal limits stated is generally preferred. Also, unless expressly stated to the contrary:
percent, "parts of”, and ratio values are by weight; the term “polymer” includes
oligomer; the description of a group or class of materials as suitable or preferred for

"k,c':-" -




cases, adding additional ingredients. Details are given in Table 3.
-Conposition 18 is not according to the invention when prepared, because it
| acks component (B). However, when this conposition is applied to cold
rolled steel, reactive dissolution of the steel is so vigorous that enough
iron is dissolved into the working conposition to cause it to function
according to the invention. General Process Conditions and Test Met hods
Test pieces of cold rolled steel weke spray cleaned for 15 seconds at
60[err] C wth an aqueous cleaner containing 22 g/L of PARCO CLEANER 338
(comerci al - 5 giJet paﬁs%!sé ﬁabéoanécheﬁwhqnmw&ﬁfoﬁmmnm ixtie@ofdny iRE e !

Corp., thlson Hei M chi gan, USA). After cleanlng t he panels were
rinsed with Fsreof emelrﬁxquééga@ﬁoup oaﬁassm eqrallysuitable on pretemad:ideserigi t h an
aci di ¢ aqueoygy opEy Eiut-,meﬁh ﬁﬁmﬂ:‘iﬁ& rwm& Esnsmdeﬂe'avuﬂ%e GPaARbEs and
conpari son exanpl e

el ow 'S appled iquid | ash dried 1n an
infrared ovete mtcoq»bmmmﬁpd dx iteadestypton, @'Cbéafks pAdtngressarily oresinde e

The mass per hi s
pornt it ilaieaPecibnd RnEAS oA B 4Fh HALAE Sk nBRARERNBCh 01 T
aci d and det ®f mpaterials in ionic form implies the presence of sufficient counterions to produce

REPLA_CENE'\'T %ﬂ%@d neutrality for the composition as a whole (any counterions thus implicitly

specified should preferably be selected from among other constituents explicitly spec-
ified in jonic form, to the extent possible; otherwise such counterions may be freely
selected, except for avoiding counterions that act adversely to the stated objects of the
invention); and the term ".mole" and its variations may be applied to elemental, ionic,
and any other chemical species defined by number and type of atoms present, as well -
as to compounds with well defined molecules.

Summary of the Invention

It has been found that excellent resistance to corrosion, particularly after subse-
quent conventional coating with an organic binder containing protective coating such
as a paint or lacquer, can be imparted to active metal surfaces, particularly to iron and
steel and other ferrous surfaces, by coniacﬁng the metal surfaces for a suificient time
at a sufficient temperature with a composition as described in detail below. Preferab-
ly, the composition is coated in a substantially uniform layer over the metal surface
to be treated and then dried in place on the surface of the metal, without intermediate
rinsing.

A composition according to the invention comprises, pieferably consists essen-
tially of, or more preferably consists of, water and:

(A)  acomponent of fluorometallate anions, each of said anions consisting of (i) at
least four fluorine atoms, (ii) at least one atom of an element selected from the
group consisting of titanium, zirconium, hafnium, silicon, aluminum, and
boron, and, optionally, (iii) ionizable hydrogen atoms, and.bptionally. (iv) one
or more oxygen atoms; preferably the anions are fluotitanate (i.e., TiFs?) or
fluozirconate (i.e., ZrF,?), most preferably fluotitanate;

(B) a component of divalent or tetravalent cations of elements selected from the

group consisting of cobalt, magnesium, manganese, zinc, nickel, lin, copper,
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zirconium, iron, and strontium; preferably at least 60 % by weight of the total
of component (B) consisting of cobalt, nickel, manganese, or magnesium, more
preferably of manganese, cobalt, or nickel; preferably, with increasing pref-
erence in the order given, the ratio of the total number of cations of this com-
ponent to the number of anions in component (A) is at least 1:5, 1:3, 2:5, 3:5,
7:10, or 4:5; independently, with increasihg preference in the order given, the
ratio of the number of cations of this component to the number of anions in
component (A) is not greater than 3:1, 5:2, 5:3, 10:7, 5:4, or 1.1:1;

a component of phosphorus-containing inorganic oxyanions and/or phosphonate
anions; and

a component of water-soluble and/or -dispersible organic polymers and/or
polymer-forming resins, preferably in an amount such that the ratio of the sol-.
ids content of the organic polymers and polymer-forming resins in the compo-
sition to the solids content.of component (A) is within the range from, with
increasing preference in the order given, 1:5 to 3:1, 1:2 to 3:1, 0.75:1.0 to
1.9:1.0, 0.90:1.0 to 1.60:1.0, 1.07:1.0 to 1.47:1.0, or 1.17:1.0 to 1.37:1.0; and
acidity, preferably in sufficient amount to give a working composition a pH in
the range from 0.5 to 5.0, preferably from 1.7 to 4.0, more preferably in the
range from 2.0 to 4.0, or still more preferably in the range from 2.0 to 3.5;
and, optionally,

a dissolved oxidizing agent, preferably a peroxy compound, more preferably
hydrogen peroxide, and, optionally, :
‘a component selected from dissolved or dispersed complexes stabilized against
settling, said complexes resulting from reaction between part of component '(A)
and one or more materials selected from the group consisting of metallic and
metalloid elements and the oxides, hydroxides, and carbonates of these metallic
or metalloid elements to produce a reaction product other than one which
exists in solution as part of component (B); preferably this component results
from reaction of part of component (A) with silica or vanadium(V) oxide.

It should be understood that the components listed need not necessarily all be

provided by separate chemicals. For exainple, it is preferred that the fluorometallate

anions and phosphorous containing anions both be added in the form of the
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corresponding acids, thereby also providing some, and usually all, of the required
acidity for component (E). Also, if the acidity of the composition is sufficiently high
and the substrate that is contacted with it is predominantly ferrous, component (B) can
be provided by iron dissolved from the substrate and need not be present in the liquid
composition when the liquid composition is first contacted with the substrate.
Various embodiments of the invention include working compositions for direct
use in treating metals, concentrates from which such working compositions can be pre-

pared by dilution with water, processes for treating metals with a composition accord-

- ing to the invention, and extended processes including additional steps that are con-

ventional per se, such as precleaning, rinsing, and, particularly advantageously, paint-
ing or some similar overcoating process that puts into place an organic binder contain-
ing protective coating over the conversion coating formed according to a narrower em-
bodiment of the invention. Articles of manufacture including surfaces treated accord-
ing to a process of the invention are also within the scope of the invention.

Description of Preferred Embodiments

For a variety of reasons, it is preferred that compositions according to the in-
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 the order given, independently for each preferably minimized component
listed below, _that these compositions, when directly contacted with meial in a process
according to this invention, contain no more than 1.0, 0.35, 0.10, 0.08, 0.04, 0.02,
0.01, 0.001, or 0.0002, percent of each of the following constituents: hexavalent
chromium; ferricyanide; ferrocyanide; sulfates and sulfuric acid; anions containing mo-
lybdenum or tungsten; alkali metal and ammonium cations; pyrazole compounds; sug-
ars; gluconic acid and ‘its salts; glycerine; o-glucoheptanoic acid and its salts; and
myoinositol phosphate esters and salts thereof.

Furthermore, in a process according to the invention that includes other steps
than the drying into place on the surface of the metal of a layer of a composition as
described above, it is preferred' that none of these other steps include contacting the
surfaces with any composition that contains more than, with increasing preference in
the order given, 1.0, 0.35, 0.10, 0.08, 0.04, 0.02, 0.01, 0.003, 0.001, or 0.0002 % of

hexavalent chromium, except that a final protective coating system including an

ber:

28
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5

organic binder, more particularly those including a primer coat, may include hexaval-
ent chromium as a constituent. Any such hexavalent chromium in the protective coat-
ing is generally adequately confined by the organic binder, so as to avoid adverse en-
vironmental impact.

- In one embodiment of the invention, it is preferred that the acidic aqueous

composition as noted above be appiied to the metal surface and dried thereon within

a short time interval. With increasing preference in the order given, the time interval

during which the liquid coating is applied to the metal being 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 often abbreviated "sec"). In order to facilitate

this rapid completion of a process according to this invention, it is often preferred to

apply the acid aqueous composition used in the invention to a warm metal surface,-

such as one rinsed with hot water after initial cleaning and very shortly before treating
with the aqueous composition according to this invention, and/or to use infrared or mi-
crowave radiant heating and/or convection heating in order to effect very fast drying
of the applied coating. In such an operation, a peak metal temperature in the range
from 30 - 200 ° C, or more preferably from 40 - 90 ° C, would normally be preferred.

In an alternative embodiment, which is equally effective technically and is sat-
isfactory when ample time is available at acceptable economic cost, a composition ac-
cording to this invention may be applied to the metal substrate and allowed to dry at
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 invention appears to depend
predominantly on the total amounts of the active ingredients that are dried in place on
each unit area of the treated surface, and on the nature and ratios of the active ingredi-
ents 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 coating techniques such as roll coaters are used, a relatively small volume
per unit area of a concentrated composition may effectively be used for direct applica-
tion. On the other hand, with some coating equipment, it is equally effective to use

a more dilute acidic aqueous composition to apply a heavier liquid coating that con-

tains about the same amount of active ingredients. As a general guide, it is normally

16
15

6
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preferable, with increasing preference in the order given, if the working composition
has a concentration of at least 0.010, 0.020, 0.026, or 0.032 gram moles per kilogram
of total composition (hereinafter *"M/kg"), of component (A), at least 0.0(5, 0.030,
0.038, or 0.045 in gram-moles of phosphorus per kilogram (hereinafter often
abbreviated as "My/kg") of component (C), and at least 0.10, 0.20, 0.26, or 0.35, %
of solids from component (D). Working compositions containing up to from five to
ten times these amounts of active ingredients are also generally fully practical to use,
particularly when coating control is precise enougﬁ to meter relatively thin uniform
films of working composition onto the metal surface to be treated according to the
invention. _

Preferably the amount of composition applied in a process according to this in-
vention is chosen so as to result in a total add-on mass (after drying) in the range .
from 5 to SO0 milligrams per square meter (hereinafter “mg/m’"), more preferably
from 10 to 400 mg/m?, or still more preferably from SO to 300 mg/m?, of surface
treated. The add-on mass of the protective film formed by a process according 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 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 measure-
ments generally involve dissolving the coating from a known area of coated substrate
and determinihg the content of the metal of interest in the resulting solution. The total
add-on mass can then be calculated from the known relationship between the amount
of the metal in component (A) and the total mass of the part of the total composition
that remains after drying.

In a concentrated acidic aqueous composition to be used according to the in-
vention, either directly as a working composition or as a source of active ingredients
for making up a more dilute working composition, the concentration of component (A)
as described above is preferably from 0.15 to 1.0 M/kg, or more preferably from 0.30
to 0.75 M/kg. _

Component (C) as defined above is to be understood as including all of the '
following inorganic acids and their salts that may be present in the composition: hy-

pophosphorous acid (H,PQ,), orthophosphorous acid (H,PO,), pyrophosphoric acid
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19 172 28 10 20 170 =~ 30 10
1.0 21a 166 34 21b 166 34
0.5 21¢ 166 34 1.0

Notes for Table 3 The concentrate used for each working conposition had
t he sanme nunber as the nuneric part of the nunmber of the working
conposition. Blanks indicate none of the noted ingredient in the working
conposition in question, and there?7 were no other ingredients added to the
wor ki ng conposition at the time of its contact with the substrate to be

treated. Co nuns;o,).@na%ﬂfoephorile acid m;?olm mmyphosgwﬁcaxﬁmﬁﬂ,aa.o). anF mgufelh e
titaniumcontent i e.resul.tipg.solutjion by i ctiv coupl ed. pl asma
Spear 1T ooreenss phAORRSE Bt FERE s el Wi A 05 Bp e S RSIIRe

After dryi nginidgee gRaBethan 36 rConlsuneml (Cy atsddhelddes dihplrosphonie adidLarl theiai nt  or
pai nt system acc%gi ng to the manufacturer's directions.

pai nt syst ensdltsy Fﬂt&ﬁ%mdé‘:og‘wspmi-mqnﬁeqwoga E‘é’ﬁ%ﬁf“-r b‘;fglg"l: %pg
EoRt i Copsbeuei Ml ot OS2
Pai nt 408- 10|£2Mi’k8°r om Speci al ty Coatings Conpany,

Generally, inorganic phosphates, particularly orthophosphates, phosphites,
hypophosphites, and/or pyrophosphates, especially orthophosphates, are preferred for
component (C) because they are more economical. Phosphonates are also suitable and
may be advantageous for use with very hard water, because the phosphonates are more
effective chelating agents for calcium ions. Acids and their salts in which
phosphorous has a valence less than five may be less stable than the others to.
oxidizing agents and are less preferred in compositions according to the invention that
are to contain oxidizing agexits. '

Component (D) is preferably selected from the group consisting of epoxy
resins, aminoplast (i.e., melamine-formaldehyde and urea-formaldehyde) resins, tan-
nins, phenol-formaldehyde resins, and polymers of vinyl phenol with sufficient
amounts of alkyl- and substituted alkyl-aminomethyl substituents on the phenolic rings
to render the polymer water soluble or dispersible. More preferably, component (D}
is selected from epoxy resins and/or, most preferably only from, polymers and/or
copolymers of one or more y-(N-R'-N-R*-aminomethyl)-4-hydroxy-styrenes, where y
=2, 3, 5, or 6, R! represents an alkyl group containing from 1 to 4 carbon atoms,
preferably a methyl group, and R? represents a substituent group conforming to the
general formula H(CHOH),CH,-, where n is an integer from 1 to 7, preferably from
310 5. The average molecular weight of these polymers preferably is withiri the range
from 700 to 70,000, or more preferably from 3,000 to 20,000. The concentration of
component (D) in a concentrated composition is preferably from 1.0 to 10 %, or more
preferably from 4.5 - 7.5 %.

If used, component (F) preferably is present in a working composition accord-
ing to this invention in a an amount to provide a concentration of oxidizing
equivalents per liter of composition that is equal to that of a composition containing

from 0.5 to 15, or more preferably from 1.0 to 9.0 % of hydrogen peroxide. (The

REPLACEMENT SHEET

09 JAN 1997




Inc. - Designated "B".
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White Paint 408-1-W976 from Specialty Coatings Corrpany, Inc. - Designated
"C'. T-Bend tests were according to Anerican Society forTesting

Materials (herein- after "ASTM') Mt hod D4145-83; Inpact tests were
according to ASTM Met hod D2794-84E1 with 140 inch-pounds of inpact force;

and Salt Spray tests were accord- #ng to ASTM Met hod B-117-90 Standard for
168 hours, with scribe cree

e values re
term “oxidizing equivale q % heresm is (8 ?)c ungerstood as equal to the number
of grams of oxidizing agent divided by the equivalent weight in grams of the
oxidizing agent. The equivalent weight of the oxidizing agent is the gram molecular

16 80G Newel |

weight of the agent divided by the change in valency of all atoms in the molecule
which change valence when the molecule acts as an oxidizing agent; usually, this is
only one element, such as oxygen in hydrogen peroxide.)

The term "stabilized against settling” in the description of component (G)
above means that the composition containing the material does not suffer any visually
detectable settling or separation into distinct liquid phases when stored for a period
of 100, or more preferably 1000, hours at 25° C. Materials for component (G) may

- be prepared by adding one or more metallic and/or metalloid elements or their oxides,
hydroxides, and/or carbonates to an aqueous composition containing all or part of
compdneﬁt. (A). A spontaneous chemical reaction normally ensues, converting the
added element, oxide, hydroxide, or carbonate into a soluble species. The reaction to
form this soluble species can be accelerated by use of heat and stirring or other agita-
tion of the composition. The formation of the soluble species is also aided by the
presence in the composition of suitable complexing ligands, such as peroxide and
fluoride. Preferably the amount of component (G) when used in a concentrate compo-
sition is not greater than that formed by addition, with increasing preference in the or-
der given, of up to 50, 20, 12, 8, 5, or 4 parts per thousand, based on the ultimate tot-
al mass of the concentrate composition, of the metallic or metalloid element or its sto-
ichiometric equivalent in an oxide, hydroxide, or carbonate, to the concentrate
composition. Independently, the amount of component (G) when used in a concentrate
composition preferably is at least as great as that formed by addition, with increasing
preference in the order given, of at least 0.1, 0.20, 0.50, or 1.0 parts per thousand,
based on the ultimate total mass of the concentrate composition, of the metallic or
metalloid element or its stoichiometric equivalent in an oxide, hydroxide, or carbonate,
to the concentrate composition. _

A working composition according to the invention may be applied to a metal
workpiece and dried thereon by any convenient method, several of which will be rgad-
ily apparent to those skilled in the art. For example, coating the metal with a liquid

film may be accomplished by immersing the surface in a container of the liquid com-
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Cont r ol ) The conposition used here
- was nmade from BONDERI TE[ err] 1402W a chrom i '
treat ment that
Henkel Corp., Madi son Heights, M chigan, USA. The materi al
used as directed by the manufacturer,
of the other conparative exanples.
wor ki ng exanpl es, and the ot her con%ari son ex-

4.
or

(A type of Conparative Exanple)

I um cont ai ni ng dry-in-pl ace
is comercially available fromPar- ker+Anmchem Div. of

was prepared and
under the sane conditions as. those

Results of the "Control", the
anpl es are shown in Table
Most exanpl es according to the inv

Dot er & nERARSPEIRE ( COmRpSion ARG SHeEite CORMRRPE A1 BY @RS Redt be™s pacy -
tween upper and lower rollers with the lower roller immersed in a container of the li-
qhid composition, and the like, or by a mixture of methods. Excessive amounts of the
liquid composition that might otherwise remain on the surface prior to drying may be
removed before drying by any convenient method, such as drainage under the influ-
ence of gravity, squeegees, passing between rolls, and the like. Drying also may be
accomplished by any convenient method, such as a hot air oven, exposure to ihfra-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 drying in a separa'te stage, is generally preferred. The temperature during applica-
tion of the liquid composition may be any temperature within the liquid range of the
composition, although for convenience and économy in application by roller cbating,
normal room temperature, i.e., from 20 - 30 ° C, is usuaily preferred. In most cases
for continuous processing of coils, rapid operation is favored, and in such cases drying
by infrared radiative heating, to produce a peak metal temperature in the range already
given above, is generally preferred.

Alternatively, particularly if the shape of the substrate is not suitable for roll
coating, a composition may be sprayed onto the surf:;ce of the substrate and allowed
to dry in place; such cycles can be repeated as often as needed until the desired ttﬁék-
ness of coatihg. generally measured in mg/m?, is achieved. For this type of operation,
it is preferred 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, or still more preferably from 30 to 90 ° C.

Preferably, the metal surface to be treated according to the invention is first
cleaned of any contaminants, particularly organic contaminants and foreign metal fines
and/or inclusions. Such cleaning may be accomplished by methods known to those
skilled in the art and adapted to the particular type of metai substrate to be treated.
For example, for galvanized steel surfaces, the substrate is most preferably cleaned
with a conventional hot alkaline cleaner, then rinsed with hot water, squeegeed, and
dried. For aluminum, the surface 1o be treated most preferably is first contacted with

a conventional hot alkaline cleaner, then rinsed in hot water, then, optionally, contact-
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ed with a neutralizing acid rinse, before being contacted with an acid aqueous compo- .

sition as described above,

The invention is particularly well adapted to treating surfaces that are to be
subsequently further protected by applying conventional organic protective coatings
such as paint, lacquer, and the like over the surface produced by treatment according
to the invention.

The practice of this invention may be further appreciated by consideration of
the following, non-limiting, working examples, and the benefits of the invention may
be further appreciated by reference to the comparison examples.

Preparation and Composition of Concentrates _

The compositions of concentrates are given in Tables 1 and 2. The polymer
of substituted vinyl phenol used as cbmponent (D) in most of the examples was made .
according to the directions of column 11 lines 39 - 52 of U. S. Patent 4,963,596. The
solution contained 30 % of the solid polymer, with the balance water. This solution
is identified below as "Aminomethyl substituted polyvinyl phenol”. RIX 95928 epoxy
resin dispersion from Rhéne-Poulenc, which was used alternatively as componeat (D)
in these examples, is described by its supplier as a dispersion of polymers of pre-
dominantly diglyéidyl ethers of bisphenol-A, in which some of the epoxide groups
have been converted to hydroxy groups and the polymer molecules are phosphate
cappéd. The concentrates were prepared generally by adding the acidic ingredients
to most of the water required, then dissolving the metallic and/or metallic salt or oxide

ingredients with manganese(II) oxide being added last among these ingredients if used,
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-conposition for treating netal surfaces,
essentially of water and: (A) at
fluoronetal | ate ani ons, each of

|l east four fluorine atoms, (ii) at |east one atom _
sel ected fromthe group consisting of ‘titanium zirconium

silicon,

The invention clainmed is: CLAIMS 1. An aqueous liquid

sai d conposition consisting
| east about 0.15 M kg of a conponent of
sai d anions consisting of (i) at

of an el enent

haf ni um

al um num and boron, and, ;gptionally, (iii) ionizable hydro-

then the organic film forming agents, then silica if used, and finally hydrogen peroxide
if used. |
The metallic tin and iron noted as part of some compositions in Tables 1 and
2 react with the acid constituents to yield cations that are part of component (A),
while the vanadium oxide and silica noted as added in the table are all believed to
react with part of the fluotitanic acid and/or hydrogen peroxide to constitute
component (G) as defined above. For example, when vanadium oxide and hydrogen
peroxide are added to Concentrate Composition 9 as shown in Table 1, at a point
when the partial composition already contains fluotitanic and phosphoric acids but not
manganese(II) oxide, the mixture dissolves and forms a solution that is reddish-brown.
_ in color, the known color of some vanadium cc;mplexes containing a peroxygen ligand.
After the manganese(IT) oxide is added, there is a vigorous evolution of a gas believed
to be oxygen, and the solution becomes green. Addition of even small quantities of
hydrogen peroxide to such a solution regenerates a red-brown color.
Preparation of Working Compogitions from the Concentrates
Preparation was by diluting the concentrates with deionized water and, in some
cases, adding additional ingredients. Details are given in Table 3. Composition 18
is not according to the invention when prepared, because it lacks component (B).
However, when this composition is applied to cold rolled steel, reactive dissolution

of the steel is so vigorous that enough iron is dissolved into the working composition
to cause it to function according to the inirentiqn.

General Process Conditions and Test Methods

Test pieces of cold rolled steel were spray cleaned for 15 seconds at 60° C
with an aqueous cleaner containing 22 g/L. of PARCO® CLEANER 338 (commercial-
ly available from the Parker+Amchem Division of Henkel Corp., Madison Heights,
Michigan, USA). After cleaning, the panels were rinsed with hot water, squeegeed,
and dried before roll coating with an acidic aqueous composition as described for the
individual examples and comparison examples below. This applied liquid was flash
dried in an infrared oven that produces approximately 50° C peak metal temperature.

The mass per unit area of the coating was determined on samples at this point

in the process by dissolving the coating in aqueous hydrochloric acid and determin-
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gen atons, and,

optionally,

(iv) one or

nmore oxygen at omns;

(B) a.

-conponent of dlvalent or tetraval ent cations of elenents selected fromthe
group consi sting of cobalt,

copper,
ratio of the total

zirconi um

magnesi um nanganese,
i ron,

nunber of cations of this conponent to the nunber

zi nc,

ni ckel

tin,

and strontiumin such an armunt that t he

of anions in conponent (A) is at |east about 1:5 but not greater
than about 3:1; (O at | east aboyg 0.15 Mo/ kg of a conponent sel ected
fromthe group consisting phosphor us- cont ai.ni ng i norganic
oxyani ons and phosphonate ani ons; and {t)) at | east about 1.0 % of a
conponent sel gloun.cons LSl 0oQf | e and

wat er - di sper IW&korgmlmWoymg&:m%smwmr form ng
amount of thifs ¢

ent al so being such that the ratio of the sol
i ds content @fcémBoo ' '

conpo- siiéd Op to the solids content of conponent (A) is witfhin the
range from aljoutge, ~1:2 to 3:1; and (E) acidity; and, optifonally,
(F) a di ssql Xt di zi ng agent; and, optionally, ent
selected fro 185! j | :
settling, sai P! fxpelohe hd t VIREly- P onent
(A GE| Orize®r € Medaty i CtRPO; qmdrbgy-grlddpwvares] sti ng
of netallic am- watsietlal | oi d angnt hgd oxtiles,| hydr oxi fles, and
car bonates off t ﬁ'et allic ' or e} alWaeerd |el iemnat § to prodpce a
reaction prodycis,pl.h¢r than pne whig¢h 1,1-dl-
ber phos-
_ phonic
—-——T——-—ﬁ 1 -
1 166 34 :
2 166 34
3 166 34
4 172 28
5 172 28
6 172 28 ]
7 172 28
8 172 28
9 172 28
10 166 34 10
11 166 34 10
12 166 34 10
13 166 34
14 166 34 10
15 166 34 10
16 166 34 10
17a 171 29 8.5 0.77
17b 171 29 8.5 0.85
18 171 30 8.8

...Table continued on next page...
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exists in solution as part of conponent. (B).

20 2. A conposition according to claim1, wherein corrponent (A is
selected fromfluotitanate and fluozirconate anions; at |east 60 % of
conponent (B) is selected fromthe group consisting of cobalt, nickel,
manganese, and magnesium and the ratio of the total nunber of cations of
this component to the number of anions in conmponent (A) is at |east about
1:5 but not greater than about 5:2j5conponent (C) is select ed from

ort hophosphat e, phosphlte hypophosphlte phosphonat e and pyrophosphat e
anions; conponent (D) is selected fromthe group consisting of epoxy
resins, am'fn I st eS| formal dehyde resins, ahd
pol yners of V'iﬁ D 85‘&“\” lﬁ‘? &%mp&%onof :
Compo-
sition
for -
Exam-
ple or
Com- Delon- | Concen-| 30 % 75 % 1-Hy- 48 % HF
Exam- | Yvater Water in eth-
ple Water ylene-
Num- 1,1-di-
ber: phos-
phonic
ﬁ acid ]
[ — — _T
19 172 28 TF__—T— :
20 170 30 10 1.0
21a 166 34 |
21b 166 34 ' 0.5
21c 166 34 | 1.0
Notes for Table 3
The concentrate used for each working composition had the same number as
the numeric part of the number of the working composition. Blanks indicate
none of the noted ingredient in the working composition in question, and there
were no other ingredients added to the working composition at the time of its
contact with the substrate to be treated. Compositions 21a - 21¢ are compari-
son examples.

ing the titanium content in the resulting solution by inductively coupled plasma spec-
troscopy, which measures the quantity of a specified element.

After drying, the panels were normally coated with a conventional paint or
paint system according to the manufacturer’s directions. The following paint systems,
and identifiers for them in the subsequent tables, were used:

High Reflectance White Polyester Paint 408-1-W-249 from Specialty Coatings Com-
pany, Inc. - Designated "A". '

60 G Metalux Black Polyester Paint 408-1-K-247 from Specialty Coatings Company,
Inc. - Designated "B".
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sufficient anounts of al kyl- and substituted al kyl -am nonet hyl substituents
-on the phenolic rings to render the polynmer water .soluble or dispersible to
the extent of at least 1 % and the anount of conponent (D) is such that
the ratio of the solids content of the organic polynmers and pol yner-form ng
resins in the conposition to the solids content of conponent (A) is within
the range fromabout 0.75:1.0 to 1.9:1. 3. . A conposition according to
claim 2, wherein conponent (A) is magg up of flu- otitanate anions; at

| east 60 % of conponent (B) is selectéd fromthe group consisting of
cobalt, ni ck%&wd rina\&ganﬁs_e, nd the ratio of the total nunber of cations
of this conp ewgll; White, baigh AU - WA 78 fsom nSpegiap feqptingsaCompanys Inast
about 1:3 butp&pgnagdearer than about 10:7; the anmount of conponent (C) is
fromabout 0.30 tq %Fééqel*\g/ kg; conponent (D) is selected fromthe group

consi sting of epox¥ WeIe3ceondine to American SecieydpoTesting Maistials erein- nor e
- (N-R] er r] - Nafi@r erAStrvey ivat i - - § i [ 1 3, 5,
)(;r(G, R[R[ er]r] epr esent s.hgn al E§Imsgggr%{}%é§ﬁt¥%ﬂ§trﬁgﬁgg%%nﬁwg‘%%%%%

atons, and R r@? 94§45 withe H0dneh-pawnds oft impact fgrooAndcSaliy Sprasi weys weretdeeordener al
formula  H( Grighh [ Mididd B-11 -wlﬁiagxdﬁd'rér 68 holiE St %cﬁ-@?nc%‘gagﬁ,} pe

substituted styrene polyners avi ng an average nol ec hi n
the range frofPeed.t o 70, 000; the concen- .tration of component (D) is

: - :
that the rati SopoLtAes bt Codburdie LalRpBT LN Ooni ¢ ol yior's and
pol ymer - f or mi ng r eSheepmpesitine used hpesivdsimadet foorh BONDERIFE™ d4023M] a clfrom-
conpqnent (A ide? conig'.ntilm 'ar);-ﬂl?pl{c@ GG P tcox(t)tm%géiajllyo abR1abteOfedin Par.
ker+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 examples.

Results of the "Control”, the working examples, and the other comparison ex-
amples are shown in Table 4. Most examples according to the invention produced test
results as good or better than the "Control" with hexavalent chromium in every re-
spect.
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21 4. A process for treating a netal

steps of: (I) coating the netal surface with a substantially uniform
coating of a liquid conposition consisting essentially of:

(A a conponent of fluoronetallate anions, each of said anions consisting
of (i) at least four fluori-ne atons, (ii) at |east one atom of an el enent
sel ected fromthe group consisting of titanium zirconium hafnium

silicon, alum num and boron, and, _gptionally, (iii) ionizable hydrogen
atons, and, optionally, (iv) one ot 'nor e oxygen at ons; (B) a

surface, said process conprising

conponent_qf _divalen Letr catlane o i ted
from t he }jgr qup jcensifstijng |of coaalt, |agriesijum nggdnege, |zi nc, nick-
wn L .lllllll '
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el, tin, copper, zirconium iron, and strontiumin such an anount that
- the ratio of the total nunber of cations of this conponent to the
nunber of anions in component (A) is at |east about 1:5 but not greater

t han about 3:1; (O a conponent selected fromthe group
consi sting of phosphorus- cont ai ni ng i norgani c oxyani ons
and phosphonat e ani ons; and (D) a conponent selected fromthe
group consi sting of water-soluble argd wat er - di spersi bl e
organic polyrrers and polyrrer form ng resins; and (EB) suf ficient
acidity g=er ‘ ) (Sume i ; ' BA R LR RS )
range off about (P
di ssol ved £ (G| ca{ compdnent
sel ected fr LSS S lb§|l¢ cg —
agai nst | [ B 'ng f fom rqacti gn_ bet peen rt of
conponeny 1 ‘ ‘ | & rom fihelgroup con-
si sting ts arjd thgq oxi des] hydroxifes,
and car bpna g thes¢ o ldEp et ol Lpi 4 & ereat s |[tg|pspduce p re-
action pfodf hej Than|ohk wWhitth™eki sg 5" i rf Sol JtTon |a3 |paft of fom
ponent (B);}| & and I dryinp ipto pl age on {t he qurflacg of the netal
t he coat]ng a£.| edgin{step (11T, rThoar tnrerifedilat e. r f nsi ng.
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22 5. A process according to claim4, wherein,
. coated in step (I),

0.010 MKkg; t
t he number of
t han about 3:
0. 015 Mo/ kg;

in the liquid conposition
the concentration of conponent (A) is at |east about
he ratio of the total nunmber of cations of conponent (B) to

anions in conponent (A) is at |east about 1:5 but not greater

1; the concentration of conpon- ent —(—@——l—s——at——l—east—-almt

and the concentration of conponent (D ut 0.10
% 6. A process according to ghaimb5, wherein, I! m m iEﬂlH
conposi tion coated in step (1), conponent (A) isj E

titanate
and f| uozi r conaflde inveation elaimedfiss concentration of conponent (A) is at |east

about 0. 020 / kg; at | east 60 % of com
CLAMS °

1.

An aqueous liquid composition for treating metal surfaces, said composition

consisting essentially of water and:

(A)

(B)

©

D)

E)

@)

at least about 0.15 M/kg of a component of fluorometallate anions, each of
said anions consisting of (i) at least four fluorine atoms, (ii) at least one atom
of an element selected from the group consisting of titanium, zirconium,
hafnium, silicon, aluminum, and boron, and, optionally, (iii) ionizable hydro-
gen.atoms, and, optionally, (iv) one or more oxygen atoms;

a component of divalent or tetravalent cations of elements selected from the
group consisting of cobalt, magnesium, manganese, zinc, nickel, tin, copper,
zirconium, iron, and strontium in such an amount that the ratio of the total -
number of cations of this component to the number of anions in component
(A) is at least about 1:5 but not greater than about 3:1; ,
at least about 0.15 My/kg of a component selected from the group consisting
of phosphorus-containing inorganic oxyanions and phosphonate anions; and
at least ébout 1.0 % of a component selected from the group consisting of
water-soluble and water-dispersible organic polymers and polymer-forming
resins, the amount of this component also being such that the ratio of the sol-
ids content of the organic polymers and polymer-forming resins in the compo-

sition to the solids content of component (A) is within the range from about
1:2 to 3:1; and

acidity; and, optionaliy.

a dissolved oxidizing agent; and, optionally,

a component selected from dissolved or dispersed complexes stabilized against
settling, said complexes resulting from reaction between part of component (A)
and one or more materials selected from the grou§ consisting of metallic and
metalloid elements and the oxides, hydroxides, and carbonates of these metallic

or metalloid elements to produce a reaction product other than one which
exists in solution as part of compbnent (B).
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ponent (B) is selected fromthe group consisting of cobalt, nickel,
_ manganese, and magnesium and the ratio of the tot

al nunber of | of
this conmponent to the nunber of anions in conponen I s at | east about

ort hophosphat e, phosphite, hypophosphite, phosphonét

1: 3 but not greater than about 5:2; conponent (C) is ﬁ“ mm
U |
~east s

anions, and the concentration of conponent (C) is at
Mp/ kg; conponent (D) is selected fr?gm
or

am nopl ast resins,

'abdut 0. 030
t he group consisting of epoxy resins,

t anni ns, phenol - mal dehyde resins, and pol yners of

vinyl phenob W t I\ confgobitioR Récordiipidictaiff 1, HeYdin camfforedDEA) i béleded from

al kyl - am nonet hyl

substituents on the phenolic rings to render the polyner

wat er sol ublfiuodtanye andfuqzijrenaeaniqns: aleashe0 &rof pompanent (B) isselesied HpMunt ~ of

conponent ( [he groupesmistifaés cobah, hﬁk&l?maﬁ%ahéé. S theneSiOML &Y thO fatioe ufer gani c
pol ymers and pol yner-formng resins in

content of dewb

the concent righi RAqGbotiOlD BGERN gridler' BarPibouf 32 caRpotient (B0is Rlected from

orthophosphate, phosphite, hypophosphite, phosphonate and pyrophosphate anions;
component (D) is selected from the group consisting of epoxy resins, aminoplast
resins, tannins, phenol-formaldehyde resins, and polymers of vinyl phenol with
sufficient amounts of alkyl- and substituted alkyl-aminomethyl substituents on the
phenolic rings to render the polymer water soluble or dispersible to the extent of at
least 1 %; and the amount of component (D) is such that the ratio of the solids content

of the organic polymers and polymer-forming resins in the composition to the solids

content of component (A) is within the range from about 0.75:1.0 to 1.9:1.

3. A composition according to claim 2, wherein component (A) is made up of flu-

otitanate anions; at least 60 % of component (B) is selected from the group consisting

of cobalt. nickel, and manganese, and the ratio of the total number of cations of this |

component to the number of anions in component (A) is at least about 1:3 but not
greater than about 10:7; the amount of component (C) is from about 0.30 to 0.75
My/kg; component (D) is selected from the group consisting of epoxy resins and poly-
mers and copolymers of one or more y-(N-R'-N-R2-aminomethyl)-4-hydroxy-styrenes,
where y = 2, 3,5, or 6, R! representS an a.lkyl group containing from 1 to 4 carbon
atoms, and R? represents a substituent group conforming to the general formula
H(CHOH),CH,-, where n is an integer from 1 to 7, the substituted styrene polymers
having an average molecular weight within the range from 700 to 70,000; the concen-
tration of component (D) is from about 4.5 to about 7.5 %; and the amount of
component (D) is such that the ratio of the solids content of the organic polymers and

polymer-forming resins in the composition to the solids content of component (A) is

within the range from about 0.90:1.0 to 1.6:1.

[ € he conposi- tion to the solids
miaber of eations of jhisirompppent te HigaumbshrLAUeRs in compenest A1, 0; and
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23 7. A process according to claim®6, wherein, in the [iquid conposition
. coated in step (l), the concentration of comonentht

0. 026 M Kkg; conponent (B) is selected fromthe group consi sting aIt,

ni ckel , and rmanganese and the ra- tio of the total, {mm\”'“,

this conponent to the number of anions in com pore Mﬂmﬁgﬁt about
- 1.3 but not greater than about 10:7; the concentration bf ‘component (C)

at | east about 0.0380 M/ kg; conpongnt (D) is selected fromthe group

consi sting of epoxy resins and pol ymers and copolyners of one or nore y-(N
Rl err]-N-R[ err] - adt PrOaEss Kon eating,y mcipt puracg; said procosscompyisiag stepgol:s, or 6,
R represent gpan ghiie mequaalcamaeé Viti%a sg&@.&aﬁ? uﬂlcsﬁﬂ Qe&ngt&”& ligRiyd

Rl err] represents a substltuent group conformng to the r al formJIa

H( CHOH) [ err] CH2-, Wfé‘!%@é\sﬁmgm@g@ﬂywom 1 to 7, the substituted

styrene pol yners I n ' from
700 to 70, 000, anzﬂyhegac%g1 ?@%ﬂg@g@%@%ﬁ% Q:QI; é\ﬁlga%sa}?&?he rat1o of
the solids content of mlﬁél)@r mlfcurpfbioymeatsmndl)p@llmmfmmoﬁgn elegienss i n

t he conposi- tion to t [ n A).
range from about 0. 75: ?glﬁﬁgé f%ﬁbﬁ% %'(B{;ﬁan(g&sfshYiﬁ gﬁgg‘% '(1 %0?1“‘10 h@é%‘éhent
(D) is at least about Giltenalumisnm, and/baoom apd,sopsionaliyl (mglmimbllealymozcn

ot s i S SRR BB TR b pdsconcent ot en o
(B) a component of divalent or tetravalent cations of elements selected
from the group consisting of cobalt, magnesium, manganese, zinc, nick-
el, tin, copper, zirconium, iron, and strontium in such an amount that
the ratio of the total number of cations of this component to the -
number of anions in component (A) is at least about 1:5 but not greater
than about 3:1; .
(C) a component selected from the group consisting of phosphorus-
containing inorganic oxyamons and phosphonate anions; and
(D) a component selected from the group consisting of water-soluble and
water-dispersible organic polymers and polymer-forming resins; and
(E) sufficient acidity to provide a pH value for the composition within the
range of about 0.5 to about 5.0; and, optionally,
(F)  a dissolved oxidizing agent; and, optionally,
(G) acomponent selected from dissolved or dispersed complexes stabilized
- against settling, said complexes resulting from reaction between part of
' component (A) and one or more materials selected from the group con-
sisting of metallic and metalloid elements and the oxides, hydroxides,
and carbonates of these metallic or metalloid elements to produce a re- |

action product other than one which exists in solution as part of com-

ponent (B);
and

(I)  drying into place on the surface of the metal the coating applied in step (1),
without intermediate rinsing.
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the total nunber of cations of conponent (B) to the nunber of anions in
conponent (A) is at |east about 2:5 but not greater t han about 5:4; the

concentration of conponent (C) is at |east about llu ﬁ

(D) is selected fromthe group consisting of polymaﬂmummu ﬂ wmr
one or more y-(N-R -N-R err]-am no- met hyl ) - 4- hydr oxy- stfyr & erey =
2, 3, 5, or 6, R represents a nethyl group, and R err] represents a
substituent group conformng to the general fornula H(CHOH)[err]CHerr]-
where n is an5| nt egrproetsscm&dmg t6 clairh @, SHBein, i irRdiqhid/ étifositioh XBRESinhaVi ng
an aver age ar wei V\élthlnthe range from 3 000 to 20,000, and
the anount of S%R ﬁb . con “?'b? Gompopent (Ahiseal Jeass abaps QOH} Mikes thegptigjef

content of t heeast@dlintbepof ¥4TRAS ofEGponBt! (BYES mEQ{umbegof £iibd3Sin icBm
conposition to the soI i ds cont ent of component (A) withint range

from about 0.9 i§ ableash abo Js5 E“‘G“’&SG“&WG“ abaut 3k qus%nteﬁ%pf compAponent

(D) is at | eagdt @@yt 18asBabo® 0.015 My/kg; and the concentration of component (D) is at
REPLACENMENT SHEET

least about 0.10 %.

6. A process according to claim 5, wherein, in the liquid composition coated in
step (I), component (A) is selected from fluotitanate and fluozirconate anions and the
concentration of component (A) is at least about 0.020 M/kg; at least 60 % of com-
ponent (B) is selected from the group consisting of cobalt, nickel, manganese, and
magnesium, and the ratio of the total number of cations of this component to the
number of anions in component (A) is at least about 1: 3 but not greater than about
5:2; component (C) is selected from orthophosphate, phosphite, hypophosphite, -
phosphonate and pyrophosplrate anions, and the concentration of component (C) is at
least about 0.030 My/kg; component (D) is selected from the group consisting of
epoxy resins, aminoplast resins, tannins, phenol-formaldehyde resins, and polymers of
vinyl phenol with sufficient amounts of alkyl- and substituted alkyl-aminomethyl
substituents on the phenolic rings to render the polymer water soluble or dispersible
to the extent of at least 1 %; the amount of component (D) is such rhat the ratio of
the solids content of the organic polymers and polymer-forming resins in the composi-
tion to the solids content of component (A) is within the range from a_bout 1:22 to
3.0:1.0; and the concentration of component (D) is at least about 0.20 %.
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24°9. A process according to claim@8, wherein,

.coated in st

(B) to the nunber of anions in conponent (A) is at |g

in the liquid conposition
ep (1), the ratio of the total nunber of conponent

not
greater than about 1. 1: 1.0; and the anount of corrpo%mg \“ﬂ“glﬁﬂ“'hat
the ratio of the solids content of the organic polyner

resins in the conposition to the solids content of corrponent (A)

the range fr
according to
anount of co
the range fr
wherein the
added-on at

ywnes- f orm ng

Is within
omabo ut 1.07: 1.0 to ut 1.47:1.0. Aprocess

I 9, wh t h t ed doled te and
I51 noitnes sisotgihe (R 6. el o8 e iGfa phPhy B SRR o i
swep %0, the B&&emg(msh of codmpongit (A) isfatdeasc elsout 8026 Mikgcompondndi M 8

CRLRenR) Borafe B0 oirdisnae pf csbBuARie IFF ot 87 he'h

. tio of the total number of cations of this component to the number of anions in com-

ponent (A) is at least about 1:3 but not greater than about 10:7; the concentration of

~ component (C) is at least about 0.0380 M /kg; component (D) is selected from the

group consisting of epoxy resins and polymers and copolymers of one or more y-(N-

R‘-N-R’-ammomethyl)-4-hydroxly-styrenes, where y = 2, 3, 5, or 6, R' represents an

alkyl group containing from 1 to 4 carbon atoms, and R? represents a substituent group

conforming to the general formula H{CHOH),CH,-, where n is an integer from 1 to

7, the substituted styrene polymers having an average molecular weight within the

range from 700 to 70,000, and the amount of component (D) is such that the ratio of
the solids content of the organic polymers and polymer-forming resins in the composi--
tion to the solids content of cofnponent (A) is within the range from about 0.75:1.0
to 1.9:1.0; and the concentration of component (D) is at least about 0.26 %.

8. A process according to claim 7, wherein, in the liquid composition coated in

'sfep (1), the concentration of component (A) is at least about 0.032 M/kg; the ratio of
the total number of cations of component (B) to the number of anions in component
(A) is at least about 2:5 but not greater than about 5:4; the concentration of
component (C) is at least about 0.045 Mykg: component (D) is selected from the
group consisting of polymers and copolymers of one or more y-(N-R'-N-R*-amino-
methyl)-4-hydroxy-styrenes, where y = 2, 3, 5, or 6, R! represeﬁts a methyl group, and
R? represents a substituent group conforming to the general formula H(CHOH),CH,-,
where n is an integer from 4 to 6, the substituted styrene polymers having an average
molecular weight within the range from 3,000 to 20,000, and the amount of compon-
ent (D) is such that the ratio of the solids content of the organic polymers and
polymer-forming resins in the composition to the solids content of component (A) is

within the range from about 0.90:1.0 to about 1.6:1.0; and the concentration of
component (D) is at least about 0.35 %.
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range from50 - 300 ng/nferr]. 12. A process according to claim?7,
wherein the netal coated is cold rolled steel and a unt of coating
added-on at the end of step (B) of the process is

h| m 50
- 300 ng/nferr]. 13. A process according to clai m 6 ’mﬁﬂmﬂuﬂmﬂsg
coated is cold roil ed steel

and anount of coating added oh ak t*e sen

step (B) of the process is within the range from 10 - 400 ng/nferr]. 14.
A process according to claim5, wher2én the netal coated is cold rolled
st eel

and mtﬁuntA@iooessato'cmgmfgddelimgls @hereleircogd lcduxcsémpdsﬁaon%a&man
rocess is within.t e from 10 - rpcess
gCCOI’dI ng to ?:“F%hﬂ"g We‘ﬁéﬁ tofa} pu f@ﬂg@%@jq%qfiglu& @&‘?gﬂ’ %F

and
amount of coahniogs iaddmgosEnt GA) rsheleeﬂdb@\h 23§ 6 (d)grédtertifish &oRC €39.0;9ndv t hi n

t he range froms5 - ess accordln to clalm
14, conpri si nfeAMpupY %ﬁaﬁﬂ%b@)& S‘E’Bmﬁéﬂﬁ ‘6\‘%& @g solidseonte AP ProrgRYG
be treated bepfiyferstMd folymerbnfringtrbdits inh&etéoﬂﬂioﬁﬁoﬁﬁb&he solids2&chtent Bf t er
step (B) with a conventional protective coating containi n% an organl C
bi nder . component (A) is within the range from about 1.07:1.0 to about 1.27:1

10. A process according to claim 9, wherein the metal coated is cold rolled steel

and amount of coating added-on at the end of step (B) of the process is within the
range from SO - 300 mg/m?

11. A process according to claim 8, wherein the metal coated is cold rolled steel

and amount of coating added-on at the end of step (B) 'of the process is within the
range from 50 - 300 mg/m?

12. A process according to claim 7, wherein the metal coated is cold rolled steel

and amount of coating added-on at the end of step (B) of the process is within the
range from 50 - 300 mg/m?2.

13. A process according to claim 6, wherein the metal coated is cold rolled steel

and amount of coating added-on at the end of step (B) of the process is within the
range from 10 - 400 mg/m?®.

14. A process according to claim 5, wherein the metal coated is cold rolled steel

and amount of coating added-on at the end of step (B) of the process is within the
range from 10 - 400 mg/m>

15. A process according to claim 4, wherein the metal coated is cold rolled steel

and amount of coating added-on at the end of step (B) of the process is within the
range from 5 - 500 mg/m2

16. A process according to claim 14, comprising additional steps of conventionally

cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic binder.
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25 17. A process according to claim 13, conpri WMS of
.conventionally cleaning the netal to be treated b re step (A coating
the treated metal surface after step (B) with a co \A,mn ‘\!q@we
coating containing an organic binder. 18. A pr‘o?\ m claim .
12, conprising additional steps of conventlonally clearfind the nmetal to be
treated_before step (A) and coating the treated netal surface after step
(B) with a conventional protective cgqting containing an organi c bi nder.

19. A procags agcprochssaccomding taicliind 13, comppisingiadgitionkl isteboaadonednepsmnf
Ol eteaSing 20 el b il vefort S (RF o coaing e A héth ke 02t 10
after step (B) with a conventional protective coating containing an organic binder.

18. A process according to claim 12, comprising additional steps of conventionally

cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic binder.

19. A process according to claim 11, comprising additional steps of conventionally
cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic binder.

20. A process according to claim 10, comprising additional steps of conventionally

cleaning the metal to be treated before step (A) and coating the treated metal surface
after step (B) with a conventional protective coating containing an organic binder.. -




after step (B) with a conventional protective coating containing an organic
. binder. 20. A process according to claim 10, conprising additional steps

of conventionally cleaning the nmetal to be treated before step (A and
coating the treated nmetal surface after step (B) with a conventi onal
protective coating containing an organi c binder.

26

COMPOSITION AND PROCESS FOR TREATING METALS

Abstract of the Disclosure

A chromium free conversion coating at least equivalent in corrosion protective
quality to conventional chromate conversion coatings can be formed on metals, partic-
ulacly cold rolled steel, by a dry-in-place aqueous acidic liquid comprising:

(A) a component of anions, each of said anions consisting 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) ionizable hydrogen atoms, and, optionally, (iv) one or more oxygen atoms;

(B) a component of cations of elements selected from the group consisting of
cobalt, magnesium, manganese, zinc, nickel, tin, zirconium, iron, 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 1:5;

(C)  sufficient free acid to give the composition a pH in the range from 0.5 to 5.0; .

(D) a component selected from the group consisting of phosphorus-containing
inorganic oxyanions and phosphonate anions; and

(E)  a component selected from the group consisting of water-soluble and water-
dispersible 6rganic polymers and polymer-forming resins. |
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