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. PROCESS FOR TREATING METAL WITH AQUEOUS8 ACIDIC COMPOSITION
THAT I8 SUBSTANTIALLY FREE FROM CHROMIUM (VI) ‘

BACKGROUND OF THE INVENTION

Field of the Invention
This invention relates to processes of treating metal

surfaces with aqueous acidic compositions for forming
5 conversion coatings by drying in place. The invention is

‘particularly 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.

10 Statement of Related Art

A very wide variety of materials have been taught in
the prior art for the general purposes of the present in- _
vention, but most of them contain hexavalent chromium which
is environmentally undesirable. The specific items of
related art believed by the applicant to be most nearly
related to the present invention are noted below.

U. S. Patent 4,921,552 of May 1,.1990 to Sander et al.
teaches treating a1uminum with a'goﬁposition comprising'
fluozirconic acid, hydrofluoric acid, and a water soluble

polymer.
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i ron and steel, zinc and those of its alloys that contain at least 50
at.om c percent zinc, and alumnumand its al l oys that contain at
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hydrof | uori ¢ aci dcofddaridg-er sol uble 20 pol ymer .

2, Publ i sheg ey R?Fi‘@aﬁaﬁﬂﬂéngpﬁgﬁ%é Fﬁ’tﬁt‘%@lﬁ%@mﬁaﬂb?ﬂ 198S
i shed July 6, 1988) teaches aqueous acidic treating_sol u- i 6ns
conpri si ngtri vateachas treagipgunetsals surfacegndincluding gakyamiyed| ivon
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15 of atbyli coficadryldéchacid) imethhckrybicemtial,s orhestefs théreof. Met-
' al surfaces are treated with this composition, then rinsed

with water, and preferably are then rinsed with a solution

containing chromic acid.

U. 8. Patent 4,339,310 of July 13, 1982 to 0Oda et al.

20 teaches an aqueous chromium free composition comprising a

soluble compound of titanium or zirconium which may be flu-

otitanate or fluozirconate, a pyrazole compound, a myo-

inositol phosphate ester or a salt thereof, and a silicon

‘compound which may be "silicon hydrofluoride" or "ammonium

25 ‘silicafluoride” as a useful surface treatment for tin cans.

U. S. Patent 4,273,592 of June 16, 1981 to Kelly

teaches an acidic aqueous composition comprising a zirconi-

um or hafnium compound which may be the fluozirconate or

fluohafnate, a fluoride compound which may also be the
30 noted complex fluoride compounds, and a polyhydroxy com- -

pound having no more than about seven carbon atoms. The

composition is substantially free from hexavalent chromium

and elements such as boron, manganese, iron, cobalt, nick-

_ el, molybdenum, and tungsten and also substantially free

35 from ferricyanide and ferrocyanide: . '

U. S. Patent 4,148,670 of Apr. 10, 1979 to Kelly

teaches treating aluminum with an agueous composition com-



al- éyr—-ﬁaces are treated with this conposition, then rinsed W th
wat'er, and preferably are then rinsed vm3th a solution cont ai ni ng

chroni ¢ acid. rising a %1&%@&&”&:4&%%:&&9 95mﬁ84rl]§(d 1§h1¢1:ﬂ8%a&0 v %5
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ester or a salt thereof, and a silicon conmpound WhICh nay be
hydr of | uori de " phatedrnsum 25 silicafluoride" as a useful surface

treatment fgor t' n canyg; s. Patent 3 '59354@5“0?”&04; 217(73,7 i%%@ftojm%sl‘fbeajéiﬁl

to Kelly t eaches an acid jueous coggom tio corrprl sing _.a zirconi -
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zirconium and/or silicaon and

or alkaline earth metal salt of a transition metal fluoride
and sealing the layer formed thereby by subsequent
treatment with chromic acid. |

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

25 ions, which may be complex fluorides.

U. S. Patent 2,825,697 of Mar. 4, 1958 to Carroll et
al. teaches treating aluminum and its alloys with an aque-
ous composition comprising a fluorine bearing compound
which may be fluozirconic, fluosilicic, fluoboric, fluoti-

30 tanic, or fluostannic acids or their salts together with at -
least 0.4 grams per liter (hereinafter "g/L") of Cro; (or
its stoichiometric equivalent of other types of hexavalent
chromium) .

_ U. s. Patent 2,276,353 of Mar. 17, 1942 to Thompson

35 teaches treatmg metals wlth ‘a .combination of fluosilicic
acid or its salts and an oxidizing agent.

U. S. Patent 1,710,743 of Apr. 30, 1929 to Pacz teach-



Ieast -ane oxidizer. 10 U S. Pat %nt 3,506,499 of Apr. 14, 1970 to
Ckada et al . teaches treating alum’num and zi nc surfaces vmth an
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(hereinafter chi OIE! tri cpggw al. ent of

err i
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2,276, 353 of Margulflatd942 to Thorrpson 35 t eaches treat| ng netals with a
conblnatlon of fluosilicic acid or its salts and an oxi di zi ng agent.
U S. Patent 1, HESCHBPDIORPOF BRE ISYENTIONacz teach- 4 es

treating allélm num w tr@xggﬂgofﬁ UL EPAEmE OQhE! Eﬁggoﬁgﬁting examples, or
where otherwise expressly indicated, all numerical gquant-
ities in this description indicating amounts of material or
conditions of reaction and/or use are to be understood as
modified by the word "about" in describing the broadest
20 scope of the invention. Practice within the exact numeri-
cal limits stated is generally preferred.

Summary of the Invention
It has been found that excellent resistance to corro-
sion, particularly after subséquent conventional coating
25 with an organic binder containing protective coating, can
be imparted to active metal surfaces, particularly to iron
and steel, aluminum and its alloys that contain at least 50
atomic percent aluminum, zinc and those of its alloys that
contain at least 50 atomic percent zinc, and, most
30 preferably, galvanized iron and steel, by drying in place.
on the surface of the metal a layer of a liquid composition
comprising, or preferably consisting essentially of, water

and: _

_ ._(_A) a component of am.ons, each of said anions consisting
35 of (1) at least four fluorine atoms and (ii) at least
one atom of an element selected from the group con-

sisting of titanium, zirconium, hafnium, silicon, and

“



plex fLuorlde ions and optionally also including cations of
S|Jver ni ckel , cobalt, zinc, cadn1un1 antlmony tin, |ead, I ron,

and manganese. The ampun he c pr t 5 cont ai ni.ng,t hese
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particularly after subsequent conventional coating with an organi c

bi nder cont ai ni ng pr ot?édOiv8¥cBabiing"dcan be |rrparted to active
nmetal surfaces, peyti gufFikciehe ifree acid to v Sﬂﬁebpn@dﬁilﬁildﬁ aeimbnt in

all oys that contain at.least 50 at er.cen nm nu nc

those of its alloys t 5@ range £ropQ,5; ?Pa?ora'egg f§5aé} Emﬂeg]t:‘én{: zfn
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conpri sing, or prefergg%? @5%5@5% a'oeﬁrge%blgal g %%% ez‘r)'rk to 3'S'an%‘.'“i’
(A). a conponent of anp&rlsmaéiwh of said anions consisting 35 . of

(i) at |east fou r d ty | e
of an el enent se gfroﬁﬁ@l%ugﬁé’gnz\eﬁ £8th an organic £iSR® GhOH
drying in place.

20 The composition that will form an organic f£ilm upon drying
in place may be (i) a solution of a water soluble polymer
and/or dispersion of a water insoluble polymer that has a
sufficiently high molecular weight and sufficiently low

: glass transition temperature to. form a continuous film

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

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

35 It should be ﬁnderstood that this description does not.
preclude chemical i_nteractiohs amohg the cbmponents listed,
but instead describes the components of a composition ac~



S|st|ng of titanium zirconium hafnium silicon, and
5, boron and, optionally, (iii) one or nore oxygen atons;

preferably the aé'bP&'f Ff félﬁ)tﬂrfv%f}ﬁffo 'gnetheTEEi'ﬂrIﬂ)which {they aﬁé gen-~

fluozirconate (i. onponent of catio
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magnesi um  man anese, tlt_p zirconium iron,
al umi num and escripti PeNthi ckel or nmgnesium

nost prefergbly piwztnedawa@ @bhpos\itibns rwmmg rwfthe in-
erence in the order given, %ef of t to&%e ¢ of

cations of % his YoRb ORRS { 1 bs an&ﬁ"&ﬁ”oﬁ?%ﬁ from
conponent (A) i &uﬁy|m§fedi&:t£ tﬁse& fn compositions’ £b@, simida¥; pmti:oses

(C sufficient f Cld oglv t he cou n a
range from0.5 t Er&ﬁ f rReS gf‘f%ifbv itgkis increa%pgly pre-
preferably in- ti‘ﬁetﬁ@@e:.ﬁrbh@Zoﬁdén §iengr iadepbndently for each prefer-

preferably in tofp{ﬁn@fnilpfg%& éoéﬁoﬁeﬁgnﬂgye? below, tRRE! Qﬂggé

(D) a conpositi orm ry|

place. 2010 Thesitigns;t wbent ﬁérewtllw fconbagteds gdrthc metiah ubbnadppqq:gass
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di spersion of a I nSol ubl e

mol ecul ar wei ghtO ¥, sQfLP¢i @n@ﬂy |04, 0@& aQsOir aREi tq Orﬁut Wa@tr drt o
forma continuoyge{dheén ?ﬁerelﬁ&@f’éf‘”“@?%‘"lj YRORa¢hY ig¥d tHd 'ﬁoi‘?&‘@ﬂﬁ?s con-

and/ or oligoners ddition pol ynerizabl e

. gh{rcpounds fhat wl
pol yneri ze Qﬁﬁé‘?n?%e l&wﬂm& ehremiamy s 3w |$iigates yRhatzda o
any substamfial HiggreenvadR’ athqa@wlfd:wswém&aramubame perSOAtbnOBE

and/or (iii) combjpnations_of two or, nore t nol ecu] e hat wi ||
form el ,(m nZat i orS ,am erkisYanide; ferrde yancide, anions con ainting mo-

lybdenum or tungsten; nitrates and other oxidizing agents
(the others being measured as their oxidizing stoichiomet-
ric equivalent as nitrate); phosphorous and sulfur con-
20 taining anions that are not oxidizing agents; alkali metal
and ammonium cations; pyrazole compounds; sugars; gluconic
- acid and its salts; glycerine; a-glucoheptanocic acid and
its salts; and myoinositol phosphate esters and salts
- -thereof. _ o ' |
25 Furthermore, in a process according to the 1nvention
that includes other steps than the drying into place on the
surface of the metal of a layer of a composition as de-
scribed above, it is preferred that none of these other
steps include contacting the surfaces with any composition

30 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 w/o of hexavalent chromium.

In one embodiment of the invention, it is preferred
that the acidic aqueous composition as noted above be ap-
35 plied to the metal surface and dried thereon within a short
time interval. With increasing preference in the order
given, the time interval during which the liquid coating is

i



oridi t'rb'ns of drying, but will not polymerize to any '~ substanti al
dagree under the conditions of storage in sol ution. Am nopl ast resins
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contacted with a c on o) \Y; 0]
o e m)rerah ﬁ% AP %fy shor@lc‘;f l'ﬂdf&et a Blgihg eﬂﬁ% ”a%ueous

0.001 per déht b;ﬁomposim'gmaceﬁé’ N ERr *Wso }"‘fﬁn"efaﬁfhv oRNA{O% okPoHisR
con- sti t Ugftrard@xa¥angbrowhveninadiagit inaatisg i itesdéPatdeifect

not contal n 3t Least U s 4 VBRSOl el ing, o S TSRT o
tungsten; nitr atogserdiion hed paaldlnfetragl dgmperature int kheotatige [Tidig 30 -
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agents; albali mermally be amsedmoni um cat i ons; pyr azol e conpounds;
oS 9O i 364 A o B scheSE) alagiPUAn e
tive technically and is satisfactory when ample time is
available at acceptable economic cost, the liquid coating
may be applied to the metal substrate and allowed to dry at
20 a temperature not exceeding 40° C. 1In such a case, there
is no particular advantage to fast drying.
The effectiveness of a treatment according to the in-
~vention appears to depend predominantly on the total
. amounts of the active ingredients that are dried in place
25 on each unit area of the treated surface, and on the nature
and ratios of the active ingredients to one another, rather
than on the concentration of the acidic aqueous composition
used. Thus, if the surface to be coated is a continuous
flat sheet or coil and precisely controllable coating tech-
30 niques such as roll coaters are used, a relatively small -
volume per unit area of a concentrated composition as
described below may effectively be used for direct ap-
plication. On the other hand, for some coating equipment,
it is equally effective to use a more dilute acidic aqueous
35 composition ‘to apply a heavier liquid coating that contains
about the same amount of active ingrediehts.
Preferably the amount of composition applied in a
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agqueous conposi migm®used in the invention to a warm rret aI surface,

such as one rinsed wifh Goty Hﬁéé’ﬁtﬂﬁ%{ hEi&ié agueous Gélkglt?{@nvﬁﬁy be

shortly before applying the aqueo nposiItion ac
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I'n an al ternati vg gi¥ididBifonertt C(h) aseaestkibéd dfove is preferably from
0.15 to 1.0 gram moles per kilogram of total composition
(hereinafter "M/kg"), or more preferably from 0.30 to 0.75
M/kg. If component (D) is present, its concentration in a

20 concentrated composition is preferably from 0.5 to 5 w/o,
or more preferably from 1.2 -~ 2.4 w/o. Working
compositions, i.e., those suitable for direct application

. to metal in a process according to this invention, prefer-
ably contain at least 5 w/o, or more preferably at least 10

25 w/o, of the concentrations of active ingredients as de-
scribed above for a concentrated 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 readily ap-

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

35 lower roller immersed in a container of the liquid composi-
tion, a'nd' the '-like', or by a mixture. of methods. Excessive
amounts of the 1liquid composition that might otherwise
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acidic aqueous conposition use if the surface to be coated Is
a continuous  ra iﬁ%\’éc’%he’é%cm"éwm%ﬂﬂ’fﬂeé I5he: 3dK& | abl e coati ng

tech- 30 ni ques susdy ag14€! lan&%h@tiaﬁl&rﬂfedonaiﬁebahl feht WoHKpieces
vol ume per unit area of a copcentrate descriked bel ow

s
may effectivel y SH¥eh 38 sheeqi ap tcabg stolk, pf?egf‘?%ﬁioﬁnq’h@ &eF
for sonme coati ng!ﬁ%ﬁmm ,several Iéon\ﬁ‘emd]y af:favgemts), ugellowedr by

dilute acidi c aguequs 35 conposi.tion to a a he UId oat
that cont é'(g d %"%ﬁ)o’a? hé %@tfmﬁ%ﬁtg p’fctq rﬁaélid? grrea e
Preferably the &mpﬁraﬁuw@usﬁ.hgoamﬂ&batdonnot the llquid composition

'n an add- on maBeYobs ARt ERtRE Mt tr€ 1GRAR0 rARgR oF s CBEL |

descri bed in papos@i®iari, t adthoughs lfbrononvemeabevanm emamgénf rppli~t o

500 m I ligrams # ]:m# S5 AT syrface
treat ed. | f tl%%tl%waﬁﬁrsfgne etcltg)‘%gl ex‘ﬂﬁ l}OrI an o éi:la% ?E li L
the add- 15 Sxoms2P is Idre q).reifemlayllmperefgmeﬁg/ 8y mp:stopagteﬂ for
mor e Pr ef it dhudus Lf;k?o”c {H(?%E] coils, tfh%i@bi‘ier‘dtitdiﬁ 1eoFake¥ed,
fluoride anions is zirconi th on_mass i s nor

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

20 Alternatively, particularly if the shape of the subs-
trate is not suitable for roll coating, a composition may
be sprayed onto the surface of the substrate end allowed to
dry in place; such cycles can be repeated as often as need-

. ed until the desired thickness of coating, generally mea-

25 sured in grams of add-on mass per square meter (hereinafter
ng/m®"), is achieved. For this type of operation, it is
preferred that the temperature of the metal substrate
surface during epplication of the working composition be in
the range from 20 to 300, more preferably from 30 to 100,

30 or still more preferably from 30 to 90 ° C.

The amount of protective film formed by a process ac-
cording to the invention may be conveniently monitored and
controlled by measuring the add-on weight or mass of the
metal atoms in the anions of. component (A) as defined

35  above. The amount of these metal atoms may be measured by
any of several conventional analytical techniques known to
those skilled in the art. The most reliable measurements



~preferab|y 10 - 220 ng/nferr], or still nore preferably 17 - 120
ngjrr[err] In a concentrat ed aci di ¢ aqueous conposition to be

used accor ding Lankle g Ieige BLEESTVHECEAYcaTt Py hkom a Knoldithrea

COITE)OSI'[IOI’I or S a sou actirve |ngre rrakln up a
dil ute working esnpoatedoaubsheatemmeminmq tthe cbntenponanthgmees

descri bed abovean o' §hek Q.ley: ihOfhe ﬁesugﬁgggte j_.K/?&gf,am nol es per

ki | ogram of total conposit , nor e
preferably from O. 30Preferably. thel\m‘galwu%ah%n@ntbq B)rq!%t?ﬂ eaegarding

concentratgon 'eoatﬁe invéﬁﬂiéﬁtié‘tﬂQ'sftOEll‘é%hbHOBf'&n?r@éﬁﬁé‘ﬁiﬂaﬁéé’ }%.é-to

5 wo, nor e ref er abl from 1. 4 " w n/q
conposi ti ons, |téc‘11ﬁh’é¥e°§9?ﬂ&ﬁl@ﬂwmqrf&§ andhfprgdigpnmetal figesand/in

a process aCCOth”ﬂn&Qukﬁbﬁs' ”VSﬂéhO@Ieﬁﬁformay be aé&&n}bPﬁﬁ@drb Hetfast
5 wo, or nore ﬁgreferably at Ieast 10 of the oncentratlons of
€

5
active ingredi knowygl to thosg § eoﬁ)o% 'Flb? art ARd adapted he
conp05| tion. particulaf wpbl 80 EOLPDSEUbSEr DS Aol g trodtted ) n\mﬁt Ieafl- -

dt d.dried
TS o ot TRRP S8, BB O bl R, SR8 LS S50 d g most
]thoseds]lcq : | ed ipréfierably cEaanedam:tre a cxiventional hdte alkalling tdlean-
i qui i mmay_he [ r
coﬂt ai ner of tKePf gﬁggﬁg%}r}%gadvm‘ l{m?éater sqdé%%e corrposa#iﬁiéé:' oﬁc}rhe
surface, coati nylwhiéngmgf-the surface byOpase;l hgeatedemm\ pppéerahuyl dwer
rollers wth t 1§§t coh%}éﬁﬁ:efioblﬁﬂ a”EBB%‘éﬂtienﬁlcﬁPrta'aﬁ?a&% 2 @y d

conposi - xSty
amounts dk5t he them vinsagointhow wafazr.mizjmn.otqp&mrwély. contacted with

3 _ remain a’”néﬁﬁrﬂ&%iﬁ EEh&r %ﬁsgryb@ﬂo{@yb@igge%ﬁﬁgclﬁﬁoW.th an
rying by any conveni ent method, suc dral nage un
acid aqueous composition as described above.

The invention is particularly well adapted to treating

surfaces that are to be subsequently further protected by

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

The practice of this invention may be further appreci-

ated by consideration of the following, non-limiting, work-

ing examples, and the benefits of the invention may be fur-

25 ther appreciated by reference to the comparison examples.

EXAMPLES

Test Methods and Other General Conditions
Test 'pieces of hot dipped galvanized steel were spray
cleaned for 10 seconds at 54° C with an aqueous cleaner
30 containing 7 g/L of PARCO™ CLEANER 338 (commercially avail-
able from the Parker+Amchem Division of Henkel Corp., Mad-
ison Heights, Michigan, USA). After cleaning, the panels
were rinsed with hot water, squeegeed and dried before
roll coatmg with an acidic aqueous composition as de-
35 scribed for the individual examples and comparlson examples
below. This applied liquid was flash dried in an infrared




[ nf'fpen'c‘e of gravity, squeegees, passing between rolls, and the |iKke.
Dryi‘ng al so may be acconplished by any co.nven- 5 I ent nmethod, such as a
hot air oven, e u 0..L.nfa-re hat 189, oM} egli and
the 1ike " “SVER ERakopk Bl SpproxipafBhd UBY: ¢ pEaR ALEaT EpRPExa]
such as sheet atdreeil stock, application by a roller set I n any of

several conventional Rkl FRAGITHUS ufiX | &4l & € codE¥hgIwad dctePRinked

stage, is generally preferred.” The tenperature durin | cation of

appl
the |iquid conp@Bi samples at s, PRt (hdiaRFRCeFS Py 3&%591%413 thege

of the comy  coaPhigl I13) aghéb@sIHyAPECROOY¥ £6i ABEE ANA HSEOFNin IngPehie
cation by roller coatiing, norT%I r.oom t enperature

. €., f 0 - 30
[err] C is usuéi-??OB#-é‘%ePFed‘. anjum, cENELBLS poj:helrgsu&éipgnﬁgigaon by

processing of cohdSctivlily epapaeloplasna spudcttboscopy, ¥hdchmedslireasthe
drying by infrared Trzgqﬁll ative heati produce a peak netal

, 4L 0
tenpérature in FWAN e OF] Pemc&r}a&ﬂ elementy e s generally preferred.
20 Al t er nat i peBendpatdstesi wete atcohdingpape ameiticaniiSociety for

onto the L0rt acke8FiReciaspip1Ee urRLpREfRERAS M 8] hod papeBtast BE"
cycles can be rppett tésts ofdrm acomtihg to ASHH Methad tD2794<84EL; Salt
ber squar e et coPt A, SHEEE Heve Wkarting, 4RV WU £ P b0 5ERAS-

type of operatiand;itand Humidigyecrtestal ware @ecording otor &SIM (D2242+8I

substrate ggﬁaggg during application of the working conposition be in
t he rangefrom% to 6, rmore preferably from30 to 100, 30 or still
nore pref®Pabl ygfsppnadito 90 C The anmount of protective film
formed by a pr - .., cording to the inventi on may be conveniently
noni t ored and Thet aeidde tsnw»g@rqq@%iaadw Ghithis rexampie
the net al cgheaEned the FolQowialy dagpeatentsd) as defined 35

above. The anount of these netal at may he peasured by any of
several conventional 82n3 P& %tye&'ﬁggg&e#kﬁﬁﬁf't 0 those skilled in
the art. The nost rebbabl partasbyewedght of 20 w/o aqueous H,ZrF, also

20 containing 2.1 w/o HF; and

367.0 parts by weight of deionized water.

all ingredients were combined with stirring and €O, gas is
evolved.

Example 2
25 The acidic aqueous composition used for this example

contained the following ingredients:
45.2 parts by weight of MgcCo;;
132.6 parts by weight of aqueous 60 w/o H,TiF,;
751.5 parts by weight of deionized water; and
30 70.7 parts by weight of an aqueous solution containing
28.4 w/o solids of a water soluble polymér (a Mannich
adduct of poly{4-vinylphenocl} with N-methylethanol-
amine and formaldehyde) made according to the direc-
tions of Example 1 of U. S. Patent 4,517,028, except
35 that PROPASOL™ P (a propoxylated propane solvent
commercially available from Union Carbide Corpora-

T S



10-_':,“:."' general ly invol ve dissolving the coating froma known area

of, coated substrate and determ ning the contqgt of the net- al of
interest in the resultj -sol ution. Preferaply, the netal
surface to be treated ggg&ﬁdi"’ﬁ& uged a?otpﬂes?k(/%'ﬁ?igﬂsggzﬁi pEiethanal japd
any contam nants, par-no nitrtiiccaicdd wasr gdded.contam nants and foreign

i o ods TasRieBt: hEEsY LiiFeatkin MUY s T ERSHBLEL, o

particul ar type aftert &hesubsictien tcedsed, cthedladtr imgredlient avgs caadea

gal vani zed st eel f e substrate is nost preferably cl eaned
wth a conv%nt i o%gﬁ;h%gigf'l} i'ne cl ean- er, then rinsed with hot

wat er, squeegeedExgﬂﬂlgr '5ed. For al um num the surface to be treated -
nost preferably irst contacted with a conventional hot alkaline -

cl eaner, 15 t hen rTheeadidigorguecys, conpesitienonsedy fanithis cxicamp be
a neutralizing aghichineq thef gggégg\gigg gﬂé}{.@&i&%g\g th an acid

aqueous conposition as describ The invention is

particularly wel | adaB6e@ tBartsabynyeight of £eGRgs that are to be

subsequentdg further pgotochadtlyb¢OweigRORbYi SOy EEY i I gapic
b g ove dce t[o‘??igd, beg?rggtan%%:ﬁgécordi ng
t

protective coatings over the sur;

to the invention. 719.1 _Pa’r‘ﬁg _BYan? ght R t‘!’%ﬁe_ﬁfaya’b@ further
PG exarpl e, and the, Bengriie b (oo mvert an e s ForiCAdh ddta Mty
appr eci at ed by referengg'ﬁow{ﬂe59$ﬁ€§r?€oﬁl%m éZa_ter soluble polymer as
EXAMPLES Test MehhBgamphd £t her General Conditions Test
pi eces of

seconds at1 E1[ girﬁfee%%a ?lﬁ a@#%% u%?%%&%eﬁgggymusg n?%! fﬁg %gaf;@illgf and
PARCO err] CLEANGR&@BStheomeactiinin ceas®d,- the last ingredient was added
with stirring.

Example 4
The acidic aqueous composition used for this example

20 contained the following ingredients:
56.0 parts by weight of CoCOy;
. 149.9 parts by weight of agueous 60 w/o H,TiF,;
734.6 parts by weight of deionized water; and
59.5 parts by weight of AEROTEX™ 900 Reactant
25 (ethylene modified urea resin, commercially avail-
able from American Cyanamid Co.)
The first three ingredients were mixed as in Example 1, and
after the reaction ceased, the last ingredient was added
with stirring. ‘

30 Comparative Example 1

The acidic aqueoizs composition used for this example
contained the following ingredients:
 38.6 parts by weight of aqueous 60 w/o H,TiF,;
941.6 parts by weight of deionized water; and
35 19.8 parts by weight of the same water soluble polymer




abl é feom the Parker+Anchem Division of Henkel Corp., Mad- i son
Hei ghts, M chigan, USA). After cleaning, the panels were rinsed with

hot wat er, squeegeed, and.dried_befote 3 oll ,cQating with an acidic
aqueous conposition a§°§'é’-tq§§ as ggr F’E@ﬂpiﬁ? #h%n?n' *vidual exanpl es and
conpari son exanflas ingrediemtsweréhcembppedewithgatdirrdngi.l ash dried in an

I nfrared oven that produces approximtely 49[err] C peak netal
t enper a- Comparative ExamplRe2nass per unit area of the coating was
det er mi ned on | e S i ' I QRSP ' | Vi e
5 coating in aqueg‘g%phay rd?)ct:uh}a | f?%%ci émgﬁgﬁggtogr m ni ng&?%gtﬁfé) gx%i@

zi rconi um®r ticentatnednithe fodlowdngeingredientstuti on by
i nductively coupl ed Qt'o%%fiﬁp%%%t Bgsgfg%gh%thgfct 5L £5 ;,pg zlEFé.quant ity
- Bén S in

of a specified el enent. e wer e accor 'Anerican
Society for 10 Te§51n$ parssi bysvehghti afrdeionhaetl yakerioanda145- 83;

Im pact tests1yqrd PaceslbpovelgheTdt MaidosahB794t84E2018816

Spray tests were accordiing to ASTM Met hod, B-117- 9£) Stsgnd-. , ard; and
Hum dity tests were a®@ g SPUELPR 1?)225_4’7-%"31“9 es aﬂ_ﬂgrar 15 Exanpl e
1 10 TARlagndreddentesUwerenpembined wibeh soiribhg.exanpl e :
contained the follow ng ingredients: 82.5 parts by wei ght of
CoCQ0[err]; Comparati®eb Bxampleby wei ght of 20 w o aqueous

Parts by wel aht of  daPgnasidiseeaReols”Bipgstell Uned or snis srpmle °
with stirring acdn€aiaed thesfpilowing ingredients:
207.2 parts by weight of aqueous 45 w/o H,ZrF;
15 770.8 parts by weight of deionized water; and
22.0 parts by weight of the same water soluble
polymer solution as in Examples 2 and 3.
All ingredients were combined with stirring.

Comparative Example 4
20 The acidic aqueous composition used for this example
contained the following ingredients:
207.2 parts by weight of aqueous 45 w/o H,2rF;
324.8 parts by weight of deionized water; and
468.0 parts by weight of an aqueous solution contain-
25 : ing 10 w/o solids of a water soluble polymer made
according to the directions of Example 1 of U. S.
Patent 4,963,596.
All ingredients were combined with stirring.

Comparative Example 5 :
30 The acidic aqueous composition used for this example
contained the following ingredients:
201.0 parts by weight of agueous 60 w/o H,TiF,;
'620.1 parts by weight of deionized water;
73.7 parts by weight of aqueous 28 w/o ammonia; and
38 105.2 parts by weight of the same water soluble
polymer solution as in Examples 2 and 3.




evol'ved: . Exanple 2 25 The aci di ¢ aqueous conposition used
for this exanple contained the follow ™ ingredients: 45, 2

50 w o 1y err )T A8 FrsE three ingreqlenti AU Mvive ial Wi R,

and 30 g pathenbvheclast bngaedhemam dedowitbnstinrkng.
28.4 wo solids of a water soluble polyner (a Mannich adduct of
pol y{4-vi nyl phe@sintxel (A typeo£: Gomparative Exampkebnd for mal dehyde)

made according to th r f L,g jméﬁ Ue BONDERITE™
4,517,028, except 3561‘1(;":IE ‘E%mpos%tiows%_?gﬁ e réf‘at ed progaEne

solvent 5 1415aomehnoniup sentaipiags ﬁéﬂriﬂfﬂﬁaeﬁr FﬁétWEO‘Fl&at 8

12 Jdniie mfeavanhbses @fwtpazrx@mdﬁezet bawo! o#ndienkel
no nitric acid was acﬁie he first, three in redlengs were m xed as
in Exanpl e 1 _alfPrP-., Madigep H 9P§§at|lﬁ-ﬁ 28ad, makeXdrdnags
added 5 ?z&!p&dféd‘gand used daffrécted by the manﬂﬁc&@xlréqu affaRUS
conposi-tion use for this exa gf ﬁ nt ai ne %gg H) ng, €4

i ngr edi ent s: he same 89E‘g‘p) P8RS A% gﬁ?eofo er PYey o comparative
149.9 parge by ¢ léd. aqueous 60 wo Herr]TiF[err]; 719.1
parts by wei ght of deionized water; and 75. 0 parts by wei ght of

an aqueous sol ution ¢rheaicoatdng amounts oBBained oinolthssefexampiese and

water soluble pQlyMel ASon examples atd RGP fh ZTable 1.

' Table 1
15 COATING WEIGHTS (MASSES) IN EXAMPLES 1~-4 AND COMPARATIVE
EXAMPLES 1-5
Milligrams/Square Meter of:
zr Ti
20 Example 1 26
Example 2 21
Exanmple 3 21
Example 4 110
‘Comparative Example 1 . _ 21
25 Comparative Example 2 26
Comparative Example 3 34
Comparative Example 4 22
Comparative Exampie 5 30
30 The test sheets prepared as described above were then

coated according to the supplier's directions with one or

more conventional primer and topcoat protective coating

compositions as identified in the Tables below, then

subjected to conventional tests as identified above to

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



15. ' ,The first three ingredients were mixed as in Exanple 1, and

aftet the reaction ceased, the last ingredient was added Wi th
stirring. Exanpl e -4 Tehe aci di ¢ aqueous conposition used
for this exanp| eempEmmmmmegeri=prierrerthmi=itamningriln@i g G et it

56.0 parts by weight of CoCderr]; Table 249.9 parts by weight of
aqueous 60 w o H[err]TlF&esT]RESULTs WITH GRBY EERAMLA-BYLWeipdliNTof

dei oni zed water; and 59 parts by wei ght of AEROTEX[err] 900
React ant 25 tet llyrenE modrfred—urea TesTIT T TomTET Tratty—av et
able fromA m d The ee ents were

m xed as i nr%(é%ﬁ%% ngﬂ‘gj sﬁiiéﬁ t he %égci%%ﬁ k | ast

i ngredi ent was added mnth I'TTing. § ara nple 1

The aci di ¢ aqueots—econpPost OFis v _3: MH-S—p v 3518

fol'l owi ng |ngred|ents 3T 3 iﬁ :ﬁarts by melght of aqueous 60 w o
Herr]TiFerr]; 941.% parts by melght of dei oni zed water; and 35

19.8 parts b F—tdre—same—Eter—sotubte—potyTer

sol ution asﬁéiﬁéé@qﬂes 2 and 3. Al ingredients were " combi ned with
stirring. €ontr@pnparative Exanple 2 The aci di ¢ aqueous
conposition used for this exanple 5 contaiqsd the follow ng

i ngr edi ent s Example 1 =

Notes for Table 2
1 Akzo Coatings SA3Z 15025 topcoat over Akzo
Coatings HYDRASEA™ WY9R 13063 primer

+ Indicates performance better than the control
= indicates performance equal to the control

Table 3
TEST RESULTS WITH BROWN FLUOROPOLYMER!

Treatment T-Bend - Salt' Humidity
- : Impacts . . Spray 1008
C 1008 hours
hours
iT R.T.¢ cold’

80in.lb 80in.1lb
B-1415A = = = = =
Control
Example 1 = = = = = )
Examp le 2 = = = = =
Example 3 = = = = =

Example 4 =




207 )-.parts by wei ght of aqueous 45 wo Herr]ZrF[err]; 651. 8
parts by wei ght of deionized water; andile 141.1 parts by wei ght

O e Same VAer SOLUL o AP ML A18 2 T Exarml e, 2 and
Ceaml e 3 o il HARONORD N 466004 Gy 3y R ©

contai ned the foll ow ng
aqueous 45 w o H[err]ZrF[err #?? 803x‘°3'fﬁ}Wf parts by wei ght of
dei oni zed water: ané temperafur® i s py wei ght of the same water

sol ubl e pol yeelds & 23dn Centiigradenpl es 2 and 3. Al l
ingredients werg cq@gﬂaﬂiég rmance tOCQGEQ&anVG Exanple 4 20
The aci di ¢ aqueous %é;f a d the
fol | owi ng i ngredi e C%%eé %%olis &%Er?spart 8 %\Ng %R@(%J&;i 45 W/ o]

que
Herr]zrFlerr]: == indicates yerys noor; pesf %P&ﬁ"ﬁ o jad g’@% f@d

468.0 parts by weight- of an aqueous sol ution contain- 25 |ng 10

W o solids of a water sol ubl e pol.yner nade according to the
directions of EXamnple 1 of U. % Pat ent 4, 963, 596. Al
i ngredients were conbined with stirring. Table 4 Conparatlve Exanpl e 5 30

The aci di ¢ aqueous CO”DOSTESPnRHSGQTQOWITﬁ"QLGBGWINQL PLASTISOLBI ned the
foll owi ng ingredients: 0 parts by melght of aqueous 60 W o

Herr]TiFerr]; 626t parts—by werght—of—deronmzed—water

73.7 parts i ght of aqu nia; and 35 . arts

by wei ght (#)g?e\hﬂgmgg#‘e wat er e@:ﬁ%ﬁ‘? %838{@0 pol ynngisgcy uti o@%ﬁ#"

Exanpl es 2 and 3. 1008 hours
hours

R.T.° cold’

1T 80in.1b  80in.1b

Control

Example 1

Example 2

Example 3 =

Example 4 = =

Comparative = = - - =
Example 1

Comparative
Example 2

Comparative =
Example 3

Comparative
Example 4

Conparative
Example 5



14. "/W ~The first three ingredients listed were mixed with stir-

ri.ng, then the |ast ingredient was added with stirring. Control (A
type of Conparative Exanple) Thg conposition used here was nade
from BONDERI TE[err] _ 5 1415A, a chromjumcontaining dry-in-place
treatment that is comrer ci al | ywoed |@dy epdyyn £ar ker +Anchem Div.  of
Henkel Corp., Madison Heights, Mchigan, USA. The material was

prepared and used as. direghgghyith WiS19BRYS BITULECTSURBPER CLAD™ he FRMe
conditions as those of theogtbBat e9ePabhkrwinlWilliQwe"BUPER CLAD™ P66 Y

The coating anmounts obtai pgdpirimeiese exanpl es and conpari son

exanpl es are shown gn Tab ) Table 1 15°

COATI NG VIEI GHTS ( MAGSES) FE&’&X&WE@? uﬁ:éND ARAT| VE

EXAVPLES 1-5 co entigrade. \j||igrans/ Square Meter

of : = indicates equal perform3nce to control. Ti 20

Exlamﬂ e 1Ex DA indicates pod® performbh2ePh8 éompared toécontrol. I
anpl e_3 e

p indicates very poor perfgrmance ag com g%l d_te, gﬁgl{gg@

21 25 Conpar atilye Example 2 26 (‘nrmar;:tl ve EFxagnmple 3

34 Conparati ve Exanple 4 22 Conpar ati ve Exanple 5

30



30, s The test sheets prepared as descri bed above were then
coatied according to the supplier's directions wth one OrThlsSheetHg%re&Reﬁlaced

conventional priner t gpcogt .prqtectinge coating
identified in the Ta%ﬂ'@s"’ 8‘@ 18 8 (i subjected to COBIH'I lﬂﬁmlm

as identified abhqv 35 determnethe protective valu
coati ngs. Resu?—%ﬁiﬁ—so are shown in Tables 2 - 4 bel ow.

Table 2 1., T§§}§%§§Ug§?t %IﬁgﬁéEngﬁBgMc%ﬁhLLSHL:-E%N%S&Elng

Treatment T-

| npact 1008 amwithe swfdgeraf a galvamzeQTsteeIRmbﬁﬂW. said pro-
80 in.lbs.g B-1 @ﬂ!} I =

Not es for Tabl e%% ﬁﬂsin@@@k& Coatl ngs SASZ 15025 topcoat over
Akzo (1) covering said surface with a layer of an aqueous acid-

ic liquid composition comprising water and:
(A) a component of anions, each of said anions con-
sisting of (i) at least four fluorine atoms and
10 (ii) at least one atom of an element selected
from the group consisting of titanium, zirconium,
hafnium, .silicon, and boron and, optionally,
(iii) one or more oxygen atoms;
(B) a component of cations of elements selected from
15 the group consisting of cobalt, magnesium, manga-
nese, zinc, nickel, tin, zirconium, iron,
aluminum and copper; and
(C) sufficient free acid to give the composition a pH
in the range from about 0.5 to about 5.0; and,
20 optionally,
(D) a composition that will form an organic film upon
drying in place.
(II) drying in place, without intermediate rinsing, said
layer of an aqueous acidic liquid composition.

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

3. A process according to claim 2, wherein said aqueous
30 acidic 1liquid composition contains not more than about
0.001 w/o of hexavalent chromium.

4. A process according to clalm 3, wherein the pH of said
agqueous acidic liquid composu:lon is in the range from
about 1.7 to about 4.0. ' o

Hllllll I lllll Hlll 0|



Coat'j;n'g's;'HYDRASEA[err] WY9R 13063 pri ner + I ndi cates performance better

t han the control = indicates performance equal to the control

Tabl e 3 5.  AThWcddSldcdo iy BRI ELROROPERAMERE stdpeibifilis

T- Bend %’a\l t i.Hum q{ ty

| mpact s acgcbxp%)yishe Ryoheating the ‘metal substrate to a peak tem-~

1008 hours perature in the range from about 40 to aboukogbse ¢ bg in-

1T RT.[err] £ Cé)| d;deirar_é h { 80in.lb 80in.l

B- 1415A rared radiative heating. = Control Exanpl e
1

Z S Ex a?v'pl : A proces? accordiﬁg tEX gfgli% Z = wh%éthgr (a):the
= = ions of component (A) are fluozirconate ions and thé add-on
Notes for Table 3p,54 of zirconium is in the range from about 10 to about
220 milligrams per- square meter of surface coated or (b)
the ions of component (A) are fluotitanate ions and the
10 add-on mass of titanium is in the range from about 10 to

about 270 milligrams per square meter of surface coated.

7. A process according to claim 6, wherein said aqueous
acidic liqﬁid composition contains not more than about 1.0
. M/kg of component (A) -and not more than about 5 w/o of
15 component (D). ‘
8. A process according to claim 7, wherein the pH of said
aqueous acidic liquid composition is in the range from
about 1.5 to about 3.8. ' '

9. A process according to claim 6, wherein the pH of said
20 aqueous acidic liquid composition is in the range from
about 1.5 to about 3.8.

10. A process according to claim 1, wherein the pH of said
-aqueous acidic liquid composition is in the range from
about 1.5 to about 3.8. |
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KCROLI TH err] 803X403 Pri ner Room t enperature

cold = -23 Centigr cat seu t

et cat oa.poor Wert & Fincess, coB bPRIRGCL BroB Bt N VSR bqEEN Elhttpg

poor performnon thecaurface b aometal substrate, said process compris-

Tabl e 4 T%g RESULTS W TH BLUE VI NYL PLASTI SOL[ err]

Tr eat ment lngT SEERF acts Sal t Hum dity

Spr ay 1008 (I) covering said surface with a layer of an aggegus acidours
hour s e

20in b 580in lb. ]for%thél-g'd cgt(tgcgﬁb;‘ifh] consx‘é@kﬂ& éé&entially of water

= = Exanpland2 =

Exanple 3 (A) a component of anions, Gach of safd ﬁ@ﬁ?'éoﬁ-

sisting of (i) at least four fluorine atoms and
(ii) at least one ato:_n..of an element selected
10 from the group consisting of titanium, zirconium,
hafnium, silicon, and boron and, optionally,
(iii) one or more oxygen atoms;
(B) a component of cations of cations of elements
selected from the group consisting of cobalt,

15 magnesium, manganese, zing, nickel, tin,

zirconium, iron, aluminum and copper; the ratio
of the total number of cations of this component
to the total number of anions of component (A)
being at least about 3:5; and

20 | (c) sufficient free acid to give the composition a pH

in the range from about 0.5 to about 5.0; and,
optionally, |
(D) a composition that will form an organic film upon
_ drying in place, '

25 . said aqueous acidic liquid composn:lon containing no
more than about 0.001 w/o of hexavalent chromium and
no more than about 0.35 w/o of each of silica; sil-
icates that do not contain at least four atoms of
fluorine per atom of silicon; ferricyanide; ferro-

30 cyanide; anions containing molybdenum or tungsten; ni-
trates and other oxidizing agents (the others being
measured as their oxidizing stoichiometric equivalent
as nitrate); phosphorous and sulfur containing anions
that are not oxidizing agents; alkali metal and ammon-

35 ' jum cations; 'py_ra_z_olé compounds; sugars; gluconic acid
and its salts; glycerine; a-glucoheptancic acid and
its salts; and 'niYoinositéI phosphate esters and salts
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Conpﬁfailve = - 2] -- = Example 1
Conpar at i ve = = -- -- .= Exanple 2
QASNS Cehereer. | - game 3
Conpar ati ve (II)=drying in place, thhout intermEquM&atinsing, said
17 egnf e S lanms G/7 L
C78 SUPER CLAD| err] Hﬁ'ﬁrNgE an 9&“%{3%0&%13\}& %ﬁ"id EQWPP%?%II?BSUPER

CLAD err] P66 Yy %Bntf Prgcg%SFSbESfdln?e%O cla?ﬁogiteﬂﬁéféiHrEald éufous

cold = -23[err] I ndi ca ua ornance to con

i ndi cat es $oor @@Ldbﬁmﬁ-ri&@ids conppsitdono Qﬁﬂt&idls a nynher Ak catigngoof
performance as coEBahefit! ¢BfOLhAL! is at least about 60 % of the number of

anions of component (A) present in the composition.

13.. A'process according to claim 12, wherein the pH of
said aqueous acidic liquid composition is in the range from
10 about 1.7 to about 4.0.

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

" ative heating.

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

20 add-on mass of titanium is in the range from about 10 to

' about 270 milligrams per square meter of surface coated.

16. A process according to claim 13, whereln either (a)
the ions of component (A) are f1u021rconate ions and the
add-on mass of zirconium is in the range from about 10 to
25 about 220 milljgrams per square meter of surface coated or
(b) the ions of component (A) are fluotitanate ions and the
add-on mass of titanium is in the range from about 10 to
about 270 milligrams per sgquare meter of surface coated.

17. A process according to claim 16, wherein said agqueous
30 acidic liquid composition contains not more than about 1.0
M/kg of component (A) and not more than 5 w/o of component

(D) . | _
18. A process acoording'to claim 17; wherein the pH of

said aqueous acidic liquid composition is in the range from
35 about 2.0 to about 3.8.
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18- ,THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOWS: 1. A process
fo=r/‘orm ng a protective coating on the surface of a netal substrate
sel'ected from the grQup consistin

iro | vaai r a
steel, al uni ni udand® t%r%ﬁ?ﬁsa?ﬁgfdéf}ﬁt 21#91 éffir%ag gt%%%ﬁc t%gercgﬂ of
al um nium and glaria aqdzebh@sacqbaict ﬁqulidysompasitbnnam in gheynamge fivom c
percent zinc, r QC cQ steps of : (1) covering said
surface with a P&Vé&g’feua} @?g’é{]: dic liquid conposition
consi sting essentially of r Ayq f 7
M kg of a corrpo%é’nt %’ﬁ?%% 3§2§rdting to claid h' Ws@é:%di(h;gtl:)gﬁsﬁﬂ of
consi stingsof (igaia dqnenmsfaaddﬁbuéﬂqnedap@nﬁoﬁﬁﬁlon is in the range firom
at | east one atqm of I:ﬁcé ed fromthe group
consisting of ti |Hﬁ;212|rcon|um nium silicon, and boron
and, optionally, (iii) one or nobre oxygen atons; (B) a
conponent of cations of cations of elenents_selected from
t he group consisting of cobalt, nagnesi um nanganese,
zinc, nickel, tin, zirconium iron, alum nium and copper; the
ratio of the total nunmber of cations of this conmponent to the
total nunber of anions of conponent (A) being at |east

about 3:5; and (C sufficient free acid to give the
conposition a pHin the range fromabout 0.5 to about

5.0; and, optionally, (D) a conposition that will form an
organic filmupon drying in pl ace, said aqueous acidic -

| i qui d conposition containing no nore than about 0.001

w o of hexaval ent chrom um no nore than about 0.10 w o
of phosphate ani ons, no nore t han about 0.10 w o of
nitrates and ot her oxidizing agents (the others being
measured as their oxidizing stoichionetric equi val ent as _
nitrate), and no nore than about 0.35 w o pf each of

silica; silicates that do not contain at | east four atons

This Sheet Has Been Rerlaced
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of ftuorine per atomof silicon; ferricyanide; ferrocyanide;
ani ons cont ai ni ng nol ybdenum or tungsten; sul fur

19 - cont ai ni ng ani ons that are not oxidizing ‘agents;
al kali met al and anmmoni um cations; pyrazol e cenpounds;
sugars - gluconic acid and its salts glycerine;

c- gl ucohept anoic acid and its salts; and nyoi nositol
phosphate esters and salts t hereof ; and (rn)

drying in place, without internediate rinsing, said |ayer of an

aqueous™acidic liquid conposition, to form®& conversion coating n
the substrate; an OCESS FOR TREAT ING MEBAL WATIY AQROUS ABHIISt EOMPOSTHION THATS 26 d
conversi on coati ni

: : TIALLY FREE FRO

Conyer#1on, coat  ARBECE o7 e Blagiibd=F b ul o containing, more {her
i ncl uding an 'orgam ¢ A chromium fbeadremn'omesmme:odtmq zonearst eywbad 1amgt
(ormed 10 UeR {14k porhonidh HROESSH AT RINRIeh 08! Refluins MIRSE' Tusiihihee
(B) that is at Ieasnvahmuunﬁ@%aﬂimgsacanﬂha fﬁrmﬂdlonsm@tammnmyaﬂﬁidd%arly
Presert o " oLS COMRYaiIg sthog, MRS AR bRoth R A
1.7 to about 4.0.comprisifgprocess accordlng to claim3, wherein step (I1)
I's acconpl i shed bYA) a component of anions, each of said anions consisting
of (i) at 1east four fluorine atoms and (ii) at least

_one atom of an element selected from the group con-

10 sisting of tltanlum, zirconium, hafnium, silicen, and

boron and, optionally, (iii) one or more oxygen atoms;

(B) a component of cations of elements selected from the

group consisting of cobalt, magnesiunm, manganese,

zinc, nickel, tin, zirconium, iron, aluminum and

5 copper; the ratio of the total number of cations of

this component to the total number of anions of

'compbnent (A) being at.least 2:5; and

. {C) suff1c1ent free . acid to glve the comp051tlon, after

dilution w1th from 1 to 19 times its own weight of

20 water, a pH in the range from 0.5 to 5.0; and,

optionally,
(D) a composition that will form an organic resinous film

upon drying in place.
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AWoas31-9 i
heatiig the nmetal substrate to a peak tempgrature

40[err]-90 C by'infrared radiative heating. 5.
cl di m'4, wherein either (a) the ions of conponent
‘ions and the add-on mass of zirconiumis in the r

- QDIT‘ v\@tff#TCﬂHE ES
: “cé?f’é"lawmcdt ney tpg,r

(& CHra(®I uoptreonat £
4n e?r%-f‘ﬁm@bom;;,.g;o t%

.....

the range from about 10 to about 270 mlllgram; pér DaqEa g m Qb f
coat ed. 6. AIMSEDE FIMING TIHE INVENTRON ARE W FOLT CWEF "
of conponent 0 (A) are

fl uozirconate ions and the add-on mass of zirconiumis in the range from

b 10 t bout A2 5! S t.ed or, (b)
fhe T ons of conpohaboqEss 1o BRI, Bt RO Sind optitiel SGAaE6 A it
titani um i s substrate selegted from thieognoupOcansistinguof 260, stekl, :@mrgzwm}i]mam e

to claim ereln

met er of sur a ocess_.acgqrdi
sai d aqueou$ e}& %Ilf@‘ 'iu&hﬁadétérﬁy(%?% %ﬁﬂ'f‘aéiﬂgaﬁgi% Aiomic pescent Rluminium,
M kg of conpagesihc GAN those BPits Alloes tHRtontah &t Mast FOPABATIE p(eF?)ent &Il‘% sa:cf‘
process according to claim7, wherein the pH of sai d aqueous acl
process comprising steps of: SR
(h  covering said surface with a layer of an aqueous acidic liquid

composition consisting essentially of water and:

G

(A) from 0.015 to 0.75 M/kg of 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) one or more oxygen atoms;

(B) acomponent of cations of cations of elements selected from
the group consisting of cobalt, magnesium, manganese,
zinc, nickel, tin, zirconium, iron, aluminium and copper; the
ratio of the total number of cations of this component to the
total number of anions of component (A) bemg at least
about 3:5; and

(C) sufficient free acid to give the composition a pH in the range
from about 0.5 to about 5.0; and, optionally,

(D) a composition that will form an organic film upon drying in
place, said aqueous acidic liquid Composition ‘containing no
more than about 0.001 w/o of hexavalent chrbmium, no
more than about 0.10 w/o of phosphate anions, no more
than about 0.10 w/o of nitrates and other oxidizing agents
(the others being measured as their oxidizing stoichiometric
equivalent as nitrate), and no more than about 0.35 w/o pf
each of silica; silicates that do not contain at least four atoms
of fluorine per atom of silicon; ferricyanide; ferrocyanide;
anions containing molybdenum or tungsten; sulfur
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l'iquid conposition i,s in the range fromabout 2.0 to about 3.8. . 9. A
process according to claim®6, wherein the pH of said aqueous acidic liquid
conposition is in the range fromabout 2.0 to about 3.8. 10. A process
according to claim1, wherein the pH of said aqueous acidic liquid
conposition is in the range fromabout 240 to about 3.8.

21 -t hereof . (I'') drying in place, wthout internedi ate
rinsing, said | ayer of an aqueous acidic |iquid conposition. .
12. A process according to [+ : [N ' Q 5 ... acidic

| i qui d conposition contai ngsh?dﬁﬁhnééarmo §f§:§ ti %%?"gtf 85%3#588%%&%”'(@?‘%%&
is at |east about 60 % of tnd mnpeniuh cationsarmpyrazold compoards; (stigars
present in the conposition. . @3 A.qprocess according to claim12, .
wherein the pH of saidHCoRiR 861 and dfs.Salts,alvserprp 6diveefientancis acid -
range from 10 about 1.7 gng @d@ualtsd inosithf nha C. ' to
claim 13, wherein step (I1) is ts gggorr?gloilnsoﬁétgﬁt?;‘dr%ggtéﬁggﬁ{g &nﬁgﬁﬂg
substrate to a peak tem thereofi@ngture in the range from40 - 90 C by

TS D (S PR iy el S o

i ons and"t he addqueounssidi¢ liguidccomnposition] fo fdien BaEEverSiBR cling A0 -
to about 220 mh'llé [ ElE,per  square meter of surface coated or

()  without any intermediate contact of said conversion coating with
any rinse liquid containing more than 0.01 w/o of hexavalent
chromium, applying a protective coating including an organic
binder over the dried conversion coating formed in step (I1).

2. A process according to claim 1, wherein said aqueous acidic liquid

compbsition contains a number of cations of component (B) that is at least about
60% of the number of anions of component (A) present in the composition.

3. A process according to claim 2, wherein the pH of said aqueous acidic
liquid composition is in the range from about 1.7 to about 4.0.

4. A process according to claim 3, wherein step (ll) is accomplished by
heating the metal substrate to a peak temperature in the range from 40°-90° C
by infrared radiative heating. '

5. A process according to claim 4, wherein either (a) the ions of component
(A) are fluozirconate ions and the add-on mass of zirconium is in the range from
about 10 to about 220 milligrams per s'quare meter of surface coated or (b) the
ions of component (A) are fluotitanate ions and the add-on mass of titanium is in
the range from about 10 to about 270 milligrams per square meter of surface
coated.

6. A process according to claim 3, wherein either (a) the ions of component

A0 R 1 18 o replacament she
* ¢ L M s * ) .
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(b) the ions of copponent (A) are fluotitanate ions and the 20 add-on - -
mass of titaniumis in the range from about 10 to about 270

m | l:si granms per square meter of surface coated. 16. A process
according to claim 13, wherein either (a) the ions of conponent (A)
are fluozirconate ions and the ‘agd-on mass of zirconiumis in the
range from about 10 to 25 about 220 "m I ligrans per square neter of
surface coated or (b) the ions of conponent (A) are fluotitanate ions

and the -on mass of titaniu s in the range fr.om about 10to
about 270 ) aregfﬂléﬂﬂfcséﬁtes'ﬁﬁﬁraé@@\e %Pnéuassaefez' gy is in the range fram

process acggh@ 16 té %b‘ébﬂQEDJrﬁtlhqﬁﬁfs%é’r @ﬁeaﬁ@@?l& séPface c%‘é't@ﬂl or éb)qilﬂed

COprOSI tion contains not nore t n about g conpon
and not noioastdfaonpanentdA) aerfuotitanate i lons quo)the add-on mass otAtltpnmmsssm

Composi {1 ot e bl AHRGE Tl 2R 2Rl mffram§ Hel GRTR e of durtd et ©

22 19¢o4tedr ocess according to claim 16, wherein the pH of said
aqueous acidic liquid conposition is in the range from about 2.0 to
about 3. 8. 20. A process according to claim11, wherein the pH of 5°

ol g 2quesvs, A aploddsd bbbl To! bR’ 6, Whelrbfh 58108qLEBTS acicic gl 2 0
composition contains not more than about 1.0 M/kg of component (A) and not

more than 5 w/o of component {D).

8. A process according to claim 7, wherein the pH of said aqueous acidic
liquid composition is in the range from about 2.0 to about 3.8.

9. A process according to claim 6, wherein the pH of said aqueous acidic
liquid composition is in the range from about 2.0 fo about 3.8.

10. A process according to claim 1, wherein the pH of said aqueous acidic
liquid composition is in the range from about 2.0 to about 3.8.
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